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EXPLORATIONVA & SIENCEOPERATIONS

/ EVA & Science Objectives per the Mission Objective Request (MOR) for NEEMOA

"The primary objectivesfor the EVAOffice & ARES/Sciendaivisionduring NEEMQ23 are to develop
Informatics capabilitiesfor the XxEVASystem (including XEMU), evaluate tools and equipment for

operating on natural bodies,and examineconceptsof operationsfor planetary missions The major
objectivesand componentsfor evaluationon this missioninclude 1) an augmentedvision headsup

display 2) integrated informaticsto allow the crew to operate more effectively, 3) a support system
that enables Intravehicular (IV) crewmembersto efficiently manage large amounts of data while

directing an EVA 4) an equipmenttransportation systemfor planetaryoperations,includingwheeled
and spacesudmounted capabilities 5) tools for core sampleacquisition 6) integrated EVAand science
operations during a lunar mission that includes signal outages/blockagesand 7) equipment and
techniquesfor rescuingan incapacitatede VAcrewmember"

"The results of the NEEMOmissionwill inform updatesto the ExplorationEVASystemConceptsof
Operationsdocument (EVAEXP0042), facilitate closure of EVAcapabilitygaps,and addressCuration
and AnalysisPlanningTeamfor ExtraterrestrialMaterials (CAPTEMand FormulationAssessmenand
SupportTeam(FASTJindingsfor EVAcollectionof sciencesamples Takeawaysfrom the missionwill

provide data for hardwaredesignmaturation to assistin road-to-flight, especiallyfor the EVAscience
anlecollectlonand storagetools, andassesxEVAsystemneedsfor all Exploratlorﬂestlnatlons"/
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NASA ETREMENVIRONMENMISSIONDPERATIONBNVENTYTHREE

Overview Mission Management TeartMMT ¢ EISD/READY)
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Key Dates

A
A
A
A

Crew Members

9-day saturation mission from Aquarius underwater habitat

Exploration EVA, ARES, Gateway, and ISS related objectives A X1/ Trevor Graff
External partner marine science and neuroscience

Numerous participating organizations across NASA, JSC, and ESA

External partnerships with DoD (Navy), Research Institutions,
Universities, and Industry

Astromaterials Research & Exploration Sciences (ARES) | Integration Lead

XI / Kelsey Young

Astromaterials Research & Exploration Sciences (ARES) | Science Lead

XM / Marc Reagan
Exploration Mission Plannir@ffice (EMPQ)Mission Director & IVA Lead

XM / Bill Todd
Exploration Mission Planning Office (EMPO) | Project Lead

XX [ David Coan
Extravehicular Activity Office (EVA) | EVA Lead

Full JSC Crew Training Week: Mayt1,32019
ARB Crew Training Week: Jurg, 2019
Engineering Saturation Run: Junell) 2019
NEEMO 23 MissianJune 1321, 2019
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Samantha Cristoforetti(Astronaut, CDR)
European Space Agency (ESA), ISS Expedition 42/43

Jessica Watking\stronaut Candidate)
NASA

Shirley PomBOHI(Marlne Scientist)
Florida Atlantic Universit
Harbor Branch Oceanographlc Institute

/ A&Af £ | N@eurcscightistd 2 & U
University of South Florida_
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Florida International University

Tom Horn (Habitat Technician)
Florida International University

Adam NaldS& VA Tools Engineer)
NASA, Backup Crewmember



NEEMO 23 ESAT & EVAM

Engineering Saturation (ESAT) Crew & Core Team [SEATEST V]

A 4-day saturation test with experienced NASA aquanauts to configure
equipment and run initial evaluations of objectives with subject matter
experts

A First Aquarius saturation mission since Hurricane Irma

A ESAT Crew

A David Coan
Aguanaut | NASA EVA Office | EVA SME

Trevor Graff
Aquanaut | NASA ARES | Science SME

Tom Horn

Aquanaut | Florida International University | Habitat Technician
al NJ] ahGOSNE | dzf a6S0]
Aquanaut | Florida International University | Habitat Technician

Marc Reagan
Aquanaut | NASA EMPO

A Bill Todd
Aquanaut | NASA EMPO

A Core Topside Team

A Adam Naids
Acting EVA Lead | NASA EVA Tools

A Kelsey Young
Acting Mission Director | NASA ARES

o o o D>

EVA & Science Operations

A David Coan ( XXk/I
EVA Lead, EVA PI, MCC Ops, Dive Team Lead, Working Diver

A Trevor Graff ( XI)r
Integration Lead, S Ops Dive Lead, Working Diver

A Kelsey Youn%/
Science Lead orklng Diver, ST Ops

EVA Tools & Equipment

A Adam Naids (EC7)
EVA Tools Lead, Working Diver, MCC Ops

A MareraIker (EC7) :
EVATools, Working Diver Prospect, MCC Ops

IV Workstation & EVA Support System

A Cameron Pittman (XI) _
EVA Support System & IV Workstation, MCC Ops

A Matthew Miller (XI)
EVA Support System & IV Workstation

MCC Ops Support for EVA

Jordan Lindsey (XX)
MCC Ops

A Natalie Mary (XX)
MCC Ops

Partners & Collaborators (POCs)

Herve Stevenin
ESA, LESA

Paul McMurtrie
U.S. Navy, Diving Equipment RDT&E Program Manager

Dennis Gall%her
U.S. Navy, DAVD Project Manager

Tomas Gonzalekrorres
lowa State University, Suit Mounted Tools Harness

James Stoffel _
UND, EVA Repair of 3D Printed Hab
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/ Extravehicular Activity Office (EVA/XX)

The Extravehicular Activity Office is charged with responsibility to serve as the EVA
program management authority within NASA. The EVA Exploration Group within the
office focuses on developing the Exploration EVA (xEVA) System for a wide range of
destinations being considered by NASA, identifying and closing gaps in knowledge and
capabilities, and defining future concepts of operations for EVA. An EVA Exploration
Engineering & Operations Specialist is filling the critical roles of NEEMO Mission
Management Team (MMT) member, EVA Lead, working diver, and EVA equipment
expert, along with assisting the Mission Director. The EVA Lead has responsibility for all
mission objectives and tasks conducted during EVA excursion operations, including
integrating an executable EVA timeline with traceability back to EVA gaps and relevant
objectives.

EVAEXFO071

Evaluation of the Augmented Vision Device

The primary goal for the EVA Office during NEEMO 23 is to develop informatics
capabilities for the xEVA System, evaluate tools and equipment for operating on natural
bodies, and examine concepts of operations for planetary missions. The major objectives
and components for evaluation on this mission include 1) an augmented vision heads-up
display; 2) integrated informatics to allow the crew to operate more effectively; 3) a
support system that enables Intravehicular (IV) crewmembers to efficiently manage large
amounts of data while directing an EVA; 4) an equipment transportation system for
planetary operations, including wheeled and spacesuit-mounted capabilities; 5) tools for
core sample acquisition; and 6) integrating EVA and science operations during a lunar
\ mission that includes signal outages.

From the Mission Days® Status Report

/ Astromaterials / Science Operations

Scientists from the Astromaterials Research and Exploration Science (ARES/XI) Division
at JSC are leading the integrated science operations of NEEMO 23. This organization
helped prepare the Apollo astronauts for lunar science operations, and continues today
providing scientific support and curation facilities for human and robotic planetary
exploration. Key science aspects incorporated and evaluated during this year's NEEMO
mission include the investigation of an integrated science support team during
scientifically-driven EVA, sampling procedures, sampling tools, operational techniques,
contamination mitigation strategies, storage and transport of science equipment and
samples, traverse planning, handheld instrumentation, and integrated human-robotic
operations. NEEMO 23 science tasks include marine science research as an analog for
planetary surface geologic and scientific research. The Science Team will investigate and
fill the roles of two NEEMO 23 Science Team Co-Leads, two working divers, a SciCom
operating from a Science Backroom, a Science Documentarian, and a Science Officer,
or Liaison, to the primary MCC. The flight-like environment in NEEMO is vital in testing
this science support team structure as exploring the relationship between a separate
science control center and the traditional MCC necessitates a full mission team.

The NEEMO 23 Science Team, ensuring realistic

lunar proxy science objectives to the mission

-
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TOOLUS

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

y A ¥ pog s S

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

by |
Hisoctment does not contain ag

-\ 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

Technology Collaborations

A Commercial Connections

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

Innovations Incubator
A Rapid Testing & Development
A I1dea Generation & Gap Recognition

-

DO ontrolinfaimation (32020500947
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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




n‘@p EVASECIFIGOALFFORINTEGRATEDPERATIONAIESTINGUCHASNEEMO 23

The primary goal for EVAis to inform the Exploration EVA
System Concept of Operations by exploring the

combination of Operationsand Engineeringwith Science
for Explorationdestinationsin a missionlike environment

A Advance the future of the Exploration EVA System and
operations

A Understand EVA capability needs and concepts of
operations for a wide range of Exploration destinations
being considered by NASA

Assess the system and architectural interactions between
Operations, Engineering, and Science

Determine and document closures gaps in EVA
capabilitiesand knowledge

Develop and documerdoncepts of operations for E\&A
the Exploration destination£VAEXP0042)

Realize the needs of EVA equipment and enable the
development of concepts for design maturation on the
road-to-flight

A Evaluate initial concepts for Artemis

o o o I»
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0 Sampling Procedures
0 Sampling Techniques
U Collection Tools

U Contamination

U Storage & Transport

Curation

Astromaterials-Research &
ExplorationsSeience (ARE

U NEEMO EVA science activities
included deployment of
handheld instrumentation,
context descriptions, imaging,
and sampling

U The marine science activities
and associated research
objectives serve as an
appropriate proxy for planetary
surface exploration activities

U Remote Sensing

U In-situ Instrumentation
U Highgrading Samples
U Context Descriptions
U Documentation

Research

| -
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U Science Operations

U Traverse Planning

U Operational Flexibility
U0 HumanRobot Ops

0 Crew Science Training

U Integration, coordination, and EXpIorat|on

education from diverse
disciplines and organizations

EVAEXFO071 This document does not contain any export control information (#20205009473) 10



EVA & GENCEBJECTIVESIDRESULTS

EVANFORMATICS

EVA OOLSS FQUIPMENT

EVA ONCEPTSFOPERATIONS
ARES IANETARSCIENCEBJIECTIVES

EVAEXPO071 This document does
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The primary goal for EVA is to inform tBgploration EVA System ConceyitOperationsby exploring the combination @dperationsand
Engineeringwith Sciencedor Exploration destinations in a missiike environment

EVA Objectives EVA Knowledge/Capability Gaps
.
U Navy Diver Augmented Vision Display (DAVD) U EVA Suit Headslp Display
G9+! 1 dZAYSYydSRLEKFAERY I B& dlzMixed/ Augmented Reality Capability
N 4 A Spacesuit HUD concept development for NASA U EVA Graphical Display
Informatics o B , A8 R \/ A Operational assessment of DAVD for NAVSEA U EVA Short Range Navigation
7 4 U Surface navigation for EVA U IV Support System for EVA Operations

V U EVA Support System and IV Workstation

§ J v U EVA digital cue cards
a o
_&i V U Core Sample Acquisition Syste(roneybee Robotics) I Tools for Science Sampling on a Surface EVA
Q v/ U Modular Equipment Transportation System (METS) A Subsurface samples (core)
O A Wheeled Equipment Transport (WET) U Tool Carrier Device
<>E Tools & 1 ~ A Suitmounted Equipment Carrying System (SECS) (i Tool Attachment/Harness for Surface EVA
7SS T =SS \/ U Pioneering construction - : (i Surface EVA Incapacitated Crewmember Res
=~ : S yu9{'!'Qa [dzy | NJ 9@ Odz UA2y {eausSY !aaSyote o[ 9{'!
E “
= )
| - )
a \/ U Integrated EVA operations with science tasks U Integrated EVA Flight Control Methodology
A Lunarfocused with signal blockages U Tools for Interacting with EVA Over a Comm
e A Comparison of crew IV vs ground IV Latency (Blockage)
Concepts of ’ SO u Integrating informatics_ during EVA . (i Flexible Execution Methodology for EVA
Operations / X 'v; - : A Use of advanced informatics concepts during EVA Science Operations in Undefined Environmer

2 \/ U Flexible Execution Methodology (Flexecution)

CuUe€
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ARES ROXYPLANETARSCIENCEBJECTIVES

Geological Sampling
v A Determine the feasibility for novel sampling science

In Situ Instrumentation Deployment operations techniques including (1) scouting, (2)
V A Coral In Situ Metabolism (CISME) experiment GadSNART SE &l YLI S-tinezsdmpl& Ol A 2
deployment techniques and time constraints are preservation by the NEEMO crew.
analogous to high priority geologic instruments (XRF, A Assess multiple sampling techniques including
XRD, LIBS, etc.) pneumatic coring and chiseling to efficiently collect
A N23 Science Operations objectives focus on feasibility of high volume (~30) of individual samples while
EVA deployment of in situ tools retitne and efficacy of simultaneously minimizing contamination risk.
1 vs 2 person operations A Assess workload of crew sampling with 1 vs 2
V' A Define areas through crew feedback that can be crewmembers

streamlined in support of future space applications

Inygiving noRe Bt CIREESmPIEIcTIZ RS Targeted Geologic and Biomolecular Sraddlume

Sampling ¢ KS a{ 0 A Y 3SNE

Opportunistic Sampling | v A Demonstrate the feasibility of collection of a diversity
A Sponge spawning and fertilization only if observed on EVA of targets using a new small volume sampléne
A Specialized crew training and subsequent EVA G{ GAYy3ISNDb

'flexecution' A Enables collection of higtesolution samples without

damaging fragile structures
v A Collect and preserve samplissitu




Evolve and evaluate a Support Systemthat
utilizes a digital timeline execution and life
support systemmanagementtool to support
the IV crewmemberduringan EVA

Evaluatea potential conceptfor an EVAAugmentedVision HeadsUp Displaythat allows for reak U Examineuseof OpenMCTand Playbook

time data update,augmentedcue input, procedureviewing,and task direction capability,which is U IncorporateDAVD

relevantfor spacesui(xEMU)development i Continuelooking into developingan efficient
A oXthis would be invaluablefor EVAE ¢ Shuttle/ISS-EVAexperiencedastronaut IV workstation

Assesghe conceptof usingan area scanningsystem (sidescansonar)for EVAcrewmemberself

navigation,and IV and MCCsituationalawareness EVA DIGITAL CUE CARDS

Utilizethe DAVDsystemduringtopsidedivesand saturationexcursions : I~ s i

Testingplan

A Topsidetest dives(EVA& ARES)
Saturationtest dives(EVA& ARES)
Saturationmissionevals(NEEMQrew)
TBDfollow-ontestingin the NBL

v v >

U Refineandevaluatedigital cue cardsto capture
data on what information setis idealto enable
additionalEVAcrew autonomy



CueCards_20160514a.pdf

Objective
A Evaluate DAVD as a potential capability concept for an EVA Augmented VisiorUpdaigplay; allowing for reatime data updat,
augmented cue input, procedure viewing, task direction capability, and navigafamrspacesuit (xEMU) development

Implementation
A Utilized Navyprovided DAVD mounted inside a NASAvided KM37 dive helmet

A Sent reatime data to the EVA crewmember from the 1V workstation via DAVD for task direction

Mission Summary

A Evaluated during ESAT by an EVA SME, however system shut down during evaluation, likely due to water intrusion intoesgibie con

on helmet

A Attempted evaluation during mission by an astronaut, however system shut down again, and was not recovered befougsplash

Crew Debrief Comments

A A HUD would be very useful and effective for the xEMU

EVA Results (Key Takavays)

A Initial evaluation showed promise for having multiple types of data displayed to an EVA crewmember

A Usable data displayed during eval included EVA status and consumables, cue cards, and video

Recommendations

A Update xEVA con ops to provide extended details on utilizingtfptDdata during lunar surface operations
A Feed forward into technology development of the xEMU xINFO subsystem

A Evaluate upgraded DAVD in the NBL and then again at NEEMO 24

A Add EVA gap for an xEVA suit heagslisplay type of capability and associated cognitive loading

Lunar 2024 Relevance

A xEVA Suit not likely to have a HUD for 2024

A Subsequent missions will benefit from the deployment of an informatics system that displays EVA/suit data, procedur&sysifot al
near realtime information from the IV and Science Team

NAVBEA

NAVAL SEA SYSTEMS COMMAND

EVA / Suit Status
PET

SUIT PRESS 34
02 PRESS

SOP PRESS

02 RATE

co2

Time Left to SCU

02 (Avg) 2:47
CCC (Avg)
Water

Battery

Buddy Limiting
02 Avg 2:32

ECWS Fault Stack




Objective
A Evaluate an area scanning system for EVA crewaelfjation
A Evaluate an area scanning system for IV and MCC tracking of EVA crew location
A Demonstrate 3D area scanning for situational awareness and EVA crevaggtition

Implementation
A Utilized Navyprovided Kongsberg MS1000 sector scan sonar
A Utilized TrackLink system from Shark Marine
A Utilized Navyprovided CODA Echoscop&@D 3D sonar

Mission Summary
A Sonar evaluated during ESAT, but largely not used by crew during the mission
A TrackLink set up for the mission, but largely not used by the crew due to reliahdienges
A Crew left physical tags at the science location samples were taken

Crew Debrief Comments
A BARYQl NBIFffe dzasS ¢NIO1[AYy]l F2NI 9+! yI@AIAlLGA2yY 2N GNFXrOlAy3a 27
EVA Results (Key Takavays)

A Initial evaluation showed promise of utilizing an area scanning system for IV and MCC situational awareness of EV crew
A Initial evaluation demonstrated potential of EVA smfvigation with area scanning system data displayed to an EVA crewmeialeiidD

Recommendations
A Update xEVA con ops to provide extended details on utilizing an area scanning system for EVA navigation and SA duriagéunperstions
A Feed forward into technology development of the XEMU xINFO subsystem
A Evaluate both the Kongsberg MS1000 sector sonar and CODA Echo&@fp8ITsonar at NEEMO 24
A Add EVA gap for navigation on a planetary surface

Lunar 2024 Relevance

A Subsequent missions will benefit from the deployment of an area scanning system for IV and MCC situational awarenesswfddAar EVA self
navigation on a planetary surface

iKS




Objectives A Easy to set up, liked the hot key
A Evaluate what kind of tools g_support system) the IV crewmember will need in order to effectively handig Liked the live science task and sample tracking

the large amount of information and tasking that they must contend with while actively directing an EV.

A Examine potential EVA task/timeline tracking systems (Playbook), along with tracking of EVA suit data

A and consumables A , - ~ EVA Results (Key Takevays) , - , A |
taasaa KINRGFNBkazFughNB ySSRa F2NJ b 62N adl A Dydefinddsiivtgaddvindoft lafodts cAnstroNoly ¥rtableNV operafoleifbtidchesddy Inihididy f
operations to reduce space and launch mass the overhead workload of initializinéﬁgmd maintainir?g]yan Y worksﬁtion by %

A Easily accessible hotkeys for accessing default layouts significantly improve the likelihood that IV
operators can access IV workstation functionality

A !ntegratin%/lv workstation software design/selection into the EVA planning process significantly
improves 1V operator effectiveness

Allowed IV to effectively track EV suit data and consumables

Implementation
A Open MCT for consolidating input data, visualizing telemetry
A Life support system tracking tool with simulated spacesuit data
A Playbook Tactical EVA Execution Feature

Recommendations
A Programmable keypad (El Gato Stream Deck)

A Continue developing IV workstation layout and functionality through analog xEVA missions
A Add EVA gap for an EVA support system & IV workstation

Mission Summary

A Configured IV workstation in hab with physical keypad with hotkeys for accessing predefined IV
workstation software configurations S s Y 2l Lunar 2024 Relevance

i i i i i i Lunar 2024 and subsequent missions will benefit from the deployment of a workstation that displays
A Observed crew using the predefined software setup to effectively manage information during EVAsA EVA/suit data, proceduqres, S A s e A topbeysent from the IV to the EV crer\)/v Yy

Crew Debrief Comments
A Effective for EVA task/timeline tracking

( Evolution of EVA Support System for IV Operator N

o

\“;i" e

NEEMO 22 NEEMO XXill NEEMO 23

NEEMO 20

NEEMO 21

v,




vasa  EVA D5ITAIQUECARDS

Objective
A Evaluate digital cue cards for EVA crew that allow crew to operate more effectively and autonomously while offloadinggV task

Implementation
A Utilize an iPad in an iDive underwater housing to demonstrate the potential for a single device for cue cards/procedgessjd®a, instrument control, etc.
AAIEVA OO0OS&daSR YR NBIAdANBR AYF2N¥IGA2Y gAff 0SS Lz Ayid2 | RAIAGIE OdzS OF

Mission Summary Sk )
A Crew utilizedhe cue card seto viewthe overview traverse and procedures during tBeAs

Crew Debrief Comments

A Having IV read steps was more effective

A Used cue cards extensively at IV workstation and before EVA to prep
A Used by EVA for METS setup on first day (then knew what to do)

A More illustrations and less words

A Flow chart layout would be useful

EVA Results (Key Takevays)
A Most useful for IV to read from and get quick reference information to crew

Recommendations
A Continue to work cue card development from a cloud based source for faster reaction time for IV support
A Avoid over populating the cue card with words
A Add EVA gap for xEVA suit digital display

Lunar 2024 Relevance

A xE(\j/ASuit igformatics system wilkely not havealigital cue caraapability,subsequent missions will benefibm the capabity of the EVA crew to viewnages
and procedures

A Evaluation of the tools and techniques at NEEMO and other analogs directly lead to development of the proper equipmemdtéoy surface EVA operations

EVAEXFO071 This document does not contain any export control information (#20205009473) 18



N‘Esp MOR BJIECTIVESOMPLETIOSTATUFORXEVA NIFORMATICS

#1: Diver Augmented Vision Display (DAVD) [EVA AVHUD]
Completed Not Completed

Evaluate the DAVD system during topside dives and Evaluate DAVD as a potential capability concept for an

saturation excursions by NASA SME/stakeholders and Augmented Vision Headdp Display allowing for real

astronaut crewmembers time data update, augmented cue input, procedure
viewing, task direction capability, and navigatipfor
spacesuit (XEMU) development

Assess the concept of using an area scanning system
(sidesscan sonar) for EVA crewmember sefigation,
and IV and MCC situational awareness

#2. EVA Navigation and Crew Tracking [Navy Sonar]

Completed Not Completed

Evaluate an area scanning system for IV and MCC trackifityaluate an area scanning system for EVA crew self
of EVA crew location navigation

Technology Prototype: HUD Helmet with DPP and Tether to main workstation

Completed Not Completed
Demonstrate reatime images from Sector Scgtive Demonstrate reatime images from Echoscope 4G C50(
feed SURFACEclose to 1st person perspective imaging but
not mapping

Demonstrate Images and drawing paps on HUD Display Demonstrate OfScreen navigation direction

NAVAL SEA SYSTEMS COMMAND

Demonstrate TEXT messaging communication with Diver

EVAEXFO071 This document does not contain any export control information (#20205009473) 19
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#3: EVA Support System and IV Workstation
Completed Not Completed

Evaluate what kind of tools (support system) the IV Incorporate DAVD into the workstation
crewmember will need in order to effectively handle the

large amount of information and tasking that they must

contend with while actively directing an EVA

Assess hardware negds for a workstation, including ways

G2 YAYAYAT S 6KIFGQ& NBIdZANBR F2NJ 2LISNYGA2ya G2 NBRdAzOS
space and launch mass

Evolve and evaluate a Support System that utilizes a dic

timeline execution and life support system management
tool to support the IV crewmember during an EVA

Examine potential EVA task/timeline tracking systems
(Playbook), along with tracking of EVA suit data and
consumables

Examine use of OpenMCT to display data

Continue looking into developing an efficient IV
workstation

#4: EVA Digital Cue Cards

Completed Not Completed

Refine and evaluate digital cue cards to capture data on
what information set is ideal to enable additional EVA
crew autonomy

EVAEXFO071 This document does not contain any export control information (#20205009473) 20



EvaluateEVAtools and hardware for end-to-
end sciencecore sampleacquisition

Iterate core bit technology developed by
HoneybeeRobotics
Evaluatecurationsystemcapabilities

Look for waysto compensatefor the limited

down-force that crew is able to put into a
samplingoperationdueto lower gravitylevels

Answerwhat efficienciesare gained/lostwith
having 2 crew work together to sample
comparedto 1 crewmemberseparately

MODULAR EQUIPMENT

TRANSPORTATION SYSTEM (METS

Evolve and test the Modular Equipment
Transport System (METS), a concept for
manually transporting & stowing equipment
andsampleson explorationtraverses

Examine improvements to the Wheeled
EquipmentTransport(WETi.e. cart)

Refinethe SuitMounted EquipmentCarrying
System(SECSylo more effectively transport
smallertools

ASTROBIOLOGY SAMPLE AQUISITI

i

IHMC and Harbor Branch Oceanographic
Institute objectiveto evaluatesamplingtool

Include in EVAops con to evaluatetools and
techniquesfor collectingastrobiologysamples
duringan EVA

ESA EACE

Ly

Integrate and evaluate Lunar Evacuation
SystemAssemblyLESAR.0), 9 { Inéx&version
of their crewrescueconcept

Integrate and evaluate various ESAgeological
samplingtools, including scoopsand sample
markers



EVA BIENCEAMPLEACQUISITIONIOOLS

Objective EVA Results (Key Talkavays)
A Evaluate EVA hardware and o/pera_tions_for subsurface (core) and regolitf A rotary percussive power tool alleviates some of the issues with being
science sampling in a surface/partgaenvironment able to apply the input force needed to acquire a core sample

A Detegmine the feasibility for nqvel sampling science operatigns me ONS <« x < & A L A . A s
USOKYAIldzSa Ay Of dzRAelgEl oMU aoO2dzuA AauUSNRATEt S alYLIXS O2tft SOuUA2Z2
reaktime sample preservation by the NEEMO crew Pursue an EVA multiuse rotary percussive handheld power tool for use

A Gap addressedEVAGARA5G ¢22f & F2NJ { OA Sy 0S8 { | YDRBSHRY syigces; g N 08 9+1 4 ¢

Lunar 2024 Relevance

Implementation The H bee breakoff hnol ‘
A Apﬁly a breakaway core bit technolo%y_develope_d by Honeybee Roboticé& ang Shoonu%/ beeeutir"ezaeé) fo(r:?g?(i%: Cg?eogy N
ri

with an underwater battery powered drill to acquire core samples samples of rock on the moon

A Use small tools, such as forceps, to stow samples for curation A A rotary percussive handheld power tool g |
N will enable core sample acquisition for | '
Mission Summary 2024 and subsequent lunar surface missic.,
A The rotary Ipercuss_ive handheld drill coupled with the Honeybee core bit Eyaluation of the tools and techniques at
worked well to retrieve sponge samples NEEMO and other analogs directly lead t

: development of the proper equipment for |
Crew Debrief Comments planeta‘l)ry surface E\F/)A 8pera ioﬁs
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https://eisd.sp.jsc.nasa.gov/EVA/Exploration-EVA-Gaps/SitePages/GapTool.aspx#view/45

n%)a ASTROBIOLOGXMPLECOLLECTION

Objective
A Demonstrate the feasibility of collection of a diversity of targets using a new small volume
samplet 0 KS a{ 0Ay 3SNX
Implementation
A Utilized the Stinger developed by IHMC and FAU

Mission Summary
A Stinger was successfully utilized for taking multiple small volume sponge samples

Crew Debrief Comments
A Mechanism worked
A Got good info for improvement
A Preservation worked well

EVA Results (Key Talkavays)

A Atool that enables acquisition of multiple small samples may benefit any mission in terms of
providing a lower mass solution for a science tool

Recommendations
A Develop and evolve small sample of devices that would help reduce overall system mass

Lunar 2024 Relevance

A Mission may benefit from a small volume core sample acquisition tool in order to return a large
number of smaller samples

A Evaluation of the tools and techniques at NEEMO and other analogs directly lead to development of t
proper equipment for planetary surface EVA operations
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Objective

A Integrate and evaluate various ESA EAC geological sampling tools, including scoops and sample markers
A Gapaddressed=VAGARP45G ¢22f a F2NJ { OASYOS {IFYLXAy3a 2y {dz2NFI OS 9=+! &¢
Implementation

A ESA NEST (Nearby Equipment Support Trolley)

Mission Summary
A Astronauts tested the geological sampling tools and NEST duringpaskKic evaluations

Crew Debrief Comments
A Add capability for opening the grabber on the jaws for easier dumping of samples into bags

A Likely not worth havingawindow] Y24 @&2dz LIAO]1SR Al dzLJ 6SOFdzaS A0GQa y?2
picture observations through a window

A Hook is good for contingency, but not as a nominal use
A Have markers connected to each other for easier handling of one larger item

EVA Results (Key Takevays)
A The sampling tools, based on Apollo heritage equipment, work well for acquiring science samples

A The tools transport device (NEST) demonstrated that an intelligently designed system will allow for multiple tools t
moved on a planetary surface in an efficient manner

Recommendations

A Continue evolving EVA equipment transport systems to find the most compact and low mass possible that still ser
the mission science goals

Lunar 2024 Relevance

A All planetary surface missions, beginning with the first Aretmis mission in 2024, will need an effective equipment
transport system

A Results from these evaluations at NEEMO will directly feed into design decisions for the Artemis Lunar Tool carrie
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