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EVA & Science Objectives per the Mission Objective Request (MOR) for NEEMO 23

"The primary objectivesfor the EVAOffice& ARES/ScienceDivisionduring NEEMO23 are to develop
informatics capabilities for the xEVASystem(including xEMU),evaluate tools and equipment for
operatingon natural bodies,and examineconceptsof operationsfor planetarymissions. Themajor
objectivesand componentsfor evaluationon this missioninclude 1) an augmentedvision heads-up
display; 2) integrated informatics to allow the crew to operate more effectively; 3) a support system
that enables Intravehicular (IV) crewmembersto efficiently manage large amounts of data while
directingan EVA; 4) an equipment transportationsystemfor planetaryoperations,includingwheeled
andspacesuit-mountedcapabilities; 5) tools for coresampleacquisition; 6) integratedEVAandscience
operations during a lunar mission that includes signal outages/blockages; and 7) equipment and
techniquesfor rescuinganincapacitatedEVAcrewmember."

"The results of the NEEMOmissionwill inform updatesto the ExplorationEVASystemConceptsof
Operationsdocument (EVA-EXP-0042), facilitate closureof EVAcapabilitygaps,and addressCuration
and AnalysisPlanningTeamfor ExtraterrestrialMaterials (CAPTEM)and FormulationAssessmentand
SupportTeam(FAST)findingsfor EVAcollectionof sciencesamples. Take-awaysfrom the missionwill
provide data for hardwaredesignmaturation to assistin road-to-flight, especiallyfor the EVAscience
samplecollectionandstoragetools,andassessxEVAsystemneedsfor all Explorationdestinations."
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Mission Management Team(MMT ςEISD/READy)
Å XI / Trevor Graff

Astromaterials Research & Exploration Sciences (ARES) | Integration Lead

Å XI / Kelsey Young
Astromaterials Research & Exploration Sciences (ARES) | Science Lead

Å XM / Marc Reagan
Exploration Mission Planning Office (EMPO) | Mission Director & IVA Lead

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

Å XX / David Coan
Extravehicular Activity Office (EVA) | EVA Lead

Overview
Å 9-day saturation mission from Aquarius underwater habitat
Å Exploration EVA, ARES, Gateway, and ISS related objectives
Å External partner marine science and neuroscience
Å Numerous participating organizations across NASA, JSC, and ESA
Å External partnerships with DoD (Navy), Research Institutions, 

Universities, and Industry

Key Dates
Å Full JSC Crew Training Week:  May 13-17, 2019
Å ARB Crew Training Week:  June 3-8, 2019
Å Engineering Saturation Run:  June 10-13, 2019 
Å NEEMO 23 Mission:  June 13-21, 2019

Crew Members
Å Samantha Cristoforetti(Astronaut, CDR)

European Space Agency (ESA), ISS Expedition 42/43

Å Jessica Watkins (Astronaut Candidate)
NASA

Å Shirley Pomponi(Marine Scientist)
Florida Atlantic University
Harbor Branch Oceanographic Institute

Å /ǎƛƭƭŀ !Ǌƛ 5Ω!Ǝƻǎǘƛƴƻ(Neuroscientist)
University of South Florida

Å aŀǊƪ άhǘǘŜǊέ IǳƭǎōŜŎƪ(Habitat Technician)
Florida International University

Å Tom Horn (Habitat Technician)
Florida International University

Å Adam Naids(EVA Tools Engineer)
NASA, Backup Crewmember

NASA EXTREMEENVIRONMENTMISSIONOPERATIONSTWENTY-THREE
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EVA & Science Operations
Å David Coan  (XX)

EVA Lead, EVA PI, MCC Ops, Dive Team Lead, Working Diver

Å Trevor Graff  (XI)
Integration Lead, ST Ops, Dive Lead, Working Diver

Å Kelsey Young  (XI)
Science Lead, Working Diver, ST Ops

EVA Tools & Equipment
Å Adam Naids  (EC7)

EVA Tools Lead, Working Diver, MCC Ops

Å Mary Walker  (EC7)
EVA Tools, Working Diver Prospect, MCC Ops

IV Workstation & EVA Support System
Å Cameron Pittman (XI)

EVA Support System & IV Workstation, MCC Ops

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

MCC Ops Support for EVA
Å Jordan Lindsey (XX)

MCC Ops

Å Natalie Mary (XX)
MCC Ops

EVA Partners & Collaborators (POCs)
Å Herve Stevenin

ESA, LESA

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

Å Dennis Gallagher
U.S. Navy, DAVD Project Manager

Å Tomas Gonzalez-Torres
Iowa State University, Suit Mounted Tools Harness

Å James Stoffel
UND, EVA Repair of 3D Printed Hab Plus a whole host of 

science partners from 
ARES, FAU, and FIU

Engineering Saturation (ESAT) Crew & Core Team [SEATEST V]
Å 4-day saturation test with experienced NASA aquanauts to configure 

equipment and run initial evaluations of objectives with subject matter 
experts

Å First Aquarius saturation mission since Hurricane Irma

Å ESAT Crew

Å David Coan
Aquanaut | NASA EVA Office | EVA SME

Å Trevor Graff
Aquanaut | NASA ARES | Science SME

Å Tom Horn
Aquanaut | Florida International University | Habitat Technician

Å aŀǊƪ άhǘǘŜǊέ IǳƭǎōŜŎƪ
Aquanaut | Florida International University | Habitat Technician

Å Marc Reagan
Aquanaut | NASA EMPO 

Å Bill Todd
Aquanaut | NASA EMPO

Å Core Topside Team

Å Adam Naids
Acting EVA Lead | NASA EVA Tools

Å Kelsey Young
Acting Mission Director | NASA ARES

NEEMO 23 ESAT & EVA TEAM

6EVA-EXP-0071 This document does not contain any export control information (#20205009473)



ENABLINGEVA SCIENCEOPERATIONSFORLUNARSURFACEMISSIONS
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DEVELOPMENT& INTEGRATIONTHEMES(4-¢ΩS) FOCUSEDONATNEEMO 23

Exploration Operations
ÅProcedure Development
ÅCommunication Methods & Protocols
ÅData Visualization & Management
ÅTimeline Tracking & Scheduling

EVA Operations
ÅEVA Concepts of Operations
ÅAdvanced EVA Capabilities

Science Operations
ÅTraverse Planning
ÅScience Decision Making Protocols
ÅSample Acquisition & Documentation

Robotic Operations
ÅAutonomous vs Crew Controlled
ÅHuman-Robotic Interfaces 

TOOLS TECHNIQUES TECHNOLOGIES TRAINING

EVA Tools & Systems
ÅHandheld Tools for Building & Repair
ÅHandheld Tools for Science
ÅPower Tools
ÅTool Transport & Stowage Systems
ÅMobility & Compatibility Requirements
ÅCrew Rescue Systems

Instrumentation
Å In-Situ Analytical Instruments
Å Instrument Packages & Payloads

Sample Collection
ÅSample Acquisition & Handling
ÅContamination Mitigation
ÅTransportation & Stowage

Emerging Technologies
Å Informatics& Intelligent Systems 
ÅVirtual/Hybrid Reality Environments
ÅMedical & Human Performance
ÅEVA Support Systems & IV Workstation
ÅAdvanced Spacesuit Developments 

Technology Collaborations
ÅCommercial Connections
ÅUniversity & Institute Collaborations 
ÅOther Government Agencies Links
Å International Partnerships 

Innovations Incubator
ÅRapid Testing & Development
Å Idea Generation & Gap Recognition

Cross-Disciplinary Training
Å Involvement of Multiple Disciplines 
ÅSharing Between Diverse Skill Sets
ÅExtensive Expertise & Experiences

Training Opportunities 
ÅExploration Training
ÅScience Training
ÅEVA & Space Suit Training 
ÅTool & System Training
ÅStudent Opportunities 

Astronaut Crew Training 
ÅExpeditionary Opportunities
ÅLeadership Opportunities
ÅMission Realistic Environments 
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EVA-SPECIFICGOALSFORINTEGRATEDOPERATIONALTESTINGSUCHASNEEMO 23
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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 mission-like environment

Å Advance the future of the Exploration EVA System and 
operations

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

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

Å Determine and document closures to gaps in EVA 
capabilitiesand knowledge

Å Develop and document concepts of operations for EVAat 
the Exploration destinations (EVA-EXP-0042)

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

Å Evaluate initial concepts for Artemis



RELEVANCYFORSCIENCE-DRIVENEVA OPERATIONS

üSampling Procedures
üSampling Techniques
üCollection Tools
üContamination
üStorage & Transport 

Curation

Research

Exploration
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üRemote Sensing
üIn-situ Instrumentation
üHigh-grading Samples 
üContext Descriptions
üDocumentation

üScience Operations
üTraverse Planning
üOperational Flexibility
üHuman-Robot Ops
üCrew Science Training

üNEEMO EVA science activities 
included deployment of 
handheld instrumentation, 
context descriptions, imaging, 
and sampling
üThe marine science activities 

and associated research 
objectives serve as an 
appropriate proxy for planetary 
surface exploration activities

üIntegration, coordination, and 
education from diverse 
disciplines and organizations

Astromaterials Research &
Exploration Science (ARES)
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EVA & SCIENCEOBJECTIVESANDRESULTS
EVA INFORMATICS

EVA TOOLS& EQUIPMENT

EVA CONCEPTSOFOPERATIONS

ARES PLANETARYSCIENCEOBJECTIVES
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Tools & 
Equipment

EXPLORATIONEVA OBJECTIVESTIEDTOKNOWLEDGE& CAPABILITYGAPS
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üTools for Science Sampling on a Surface EVA
ÁSubsurface samples (core)

üTool Carrier Device
üTool Attachment/Harness for Surface EVA
üSurface EVA Incapacitated Crewmember Rescue

üCore Sample Acquisition System (Honeybee Robotics)

üModular Equipment Transportation System (METS)
ÁWheeled Equipment Transport (WET) 
ÁSuit-mounted Equipment Carrying System (SECS)

üPioneering construction
ü9{!Ωǎ [ǳƴŀǊ 9ǾŀŎǳŀǘƛƻƴ {ȅǎǘŜƳ !ǎǎŜƳōƭȅ ό[9{! нΦлύ

Informatics

üEVA Suit Heads-Up Display 
üMixed / Augmented Reality Capability
üEVA Graphical Display
üEVA Short Range Navigation
üIV Support System for EVA Operations

üNavy Diver Augmented Vision Display (DAVD)

ά9±! !ǳƎƳŜƴǘŜŘ ±ƛǎƛƻƴ IŜŀŘǎ-¦Ǉ 5ƛǎǇƭŀȅέ

ÁSpacesuit HUD concept development for NASA
ÁOperational assessment of DAVD for NAVSEA

üSurface navigation for EVA
üEVA Support System and IV Workstation
üEVA digital cue cards

Concepts of 
Operations

üIntegrated EVA Flight Control Methodology
üTools for Interacting with EVA Over a Comm 

Latency (Blockage)
üFlexible Execution Methodology for EVA 

Science Operations in Undefined Environments 

üIntegrated EVA operations with science tasks
ÁLunar-focused with signal blockages
ÁComparison of crew IV vs ground IV

üIntegrating informatics during EVA
Á Use of advanced informatics concepts during EVA 

üFlexible Execution Methodology (Flexecution)
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EVA Objectives EVA Knowledge/Capability Gaps

The primary goal for EVA is to inform the Exploration EVA System Conceptof Operationsby exploring the combination of Operationsand 
Engineering with Sciencefor Exploration destinations in a mission-like environment
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ARES PROXYPLANETARYSCIENCEOBJECTIVES
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In Situ Instrumentation Deployment
Å Coral In Situ Metabolism (CISME) experiment 

deployment techniques and time constraints are 
analogous to high priority geologic instruments (XRF, 
XRD, LIBS, etc.)

Å N23 Science Operations objectives focus on feasibility of 
EVA deployment of in situ tools real-time and efficacy of 
1 vs 2 person operations

Å Define areas through crew feedback that can be 
streamlined in support of future space applications 
involving non-destructive sample analysis

Opportunistic Sampling
Å Sponge spawning and fertilization only if observed on EVA  

Å Specialized crew training and subsequent EVA 

'flexecution'

Geological Sampling
Å Determine the feasibility for novel sampling science 

operations techniques including (1) scouting, (2) 
άǎǘŜǊƛƭŜέ ǎŀƳǇƭŜ ŎƻƭƭŜŎǘƛƻƴΣ ŀƴŘ όоύ ǊŜŀƭ-time sample 
preservation by the NEEMO crew.

Å Assess multiple sampling techniques including 
pneumatic coring and chiseling to efficiently collect 
high volume (~30) of individual samples while 
simultaneously minimizing contamination risk.

Å Assess workload of crew sampling with 1 vs 2 
crewmembers

Targeted Geologic and Biomolecular Small-Volume 
Sampling -¢ƘŜ ά{ǘƛƴƎŜǊέ
Å Demonstrate the feasibility of collection of a diversity 

of targets using a new small volume samplerτthe 
ά{ǘƛƴƎŜǊϦ

Å Enables collection of high-resolution samples without 
damaging fragile structures

Å Collect and preserve samples in situ
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EVA DIGITAL CUE CARDS

ü Refineandevaluatedigital cuecardsto capture
data on what information set is ideal to enable
additionalEVAcrewautonomy

IV SUPPORT SYSTEM FOR EVA

ü Evolve and evaluate a Support Systemthat
utilizes a digital timeline execution and life
support systemmanagementtool to support
the IVcrewmemberduringanEVA

ü Examineuseof OpenMCTandPlaybook

ü IncorporateDAVD

ü Continuelooking into developingan efficient
IVworkstation

U.S. NAVY DIVER AUGMENTED VISION DISPLAY (DAVD)

ü Evaluatea potential conceptfor an EVAAugmentedVisionHeads-Up Displaythat allows for real-
time data update,augmentedcue input, procedureviewing,and taskdirection capability,which is
relevantfor spacesuit(xEMU)development

Á άΧthis wouldbe invaluablefor EVA.έςShuttle/ISS7-EVAexperiencedastronaut

ü Assessthe conceptof usingan areascanningsystem (side-scansonar)for EVAcrewmemberself-
navigation,andIVandMCCsituationalawareness

ü Utilizethe DAVDsystemduringtopsidedivesandsaturationexcursions

ü Testingplan

Á Topsidetest dives(EVA& ARES)

Á Saturationtest dives(EVA& ARES)

Á Saturationmissionevals(NEEMOcrew)

Á TBDfollow-on testingin the NBL

EVA INFORMATICS@ NEEMO 23
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Objective

Å Evaluate DAVD as a potential capability concept for an EVA Augmented Vision Heads-Up Display ςallowing for real-time data update, 
augmented cue input, procedure viewing, task direction capability, and navigation ςfor spacesuit (xEMU) development

Implementation

Å Utilized Navy-provided DAVD mounted inside a NASA-provided KM37 dive helmet

Å Sent real-time data to the EVA crewmember from the IV workstation via DAVD for task direction

Mission Summary

Å Evaluated during ESAT by an EVA SME, however system shut down during evaluation, likely due to water intrusion into cable connection 
on helmet

Å Attempted evaluation during mission by an astronaut, however system shut down again, and was not recovered before splash-up

Crew Debrief Comments

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

EVA Results (Key Take-Aways)

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

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

Recommendations

Å Update xEVA con ops to provide extended details on utilizing HUD-type data during lunar surface operations

Å Feed forward into technology development of the xEMU xINFO subsystem

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

Å Add EVA gap for an xEVA suit heads-up display type of capability and associated cognitive loading

Lunar 2024 Relevance

Å xEVA Suit not likely to have a HUD for 2024

Å Subsequent missions will benefit from the deployment of an informatics system that displays EVA/suit data, procedures, and allows for 
near real-time information from the IV and Science Team

DAVD ASANEVA AUGMENTEDVISIONHEADS-UPDISPLAY@ NEEMO
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Objective

Å Evaluate an area scanning system for EVA crew self-navigation

Å Evaluate an area scanning system for IV and MCC tracking of EVA crew location

Å Demonstrate 3D area scanning for situational awareness and EVA crew self-navigation

Implementation

Å Utilized Navy-provided Kongsberg MS1000 sector scan sonar

Å Utilized TrackLink system from Shark Marine

Å Utilized Navy-provided CODA Echoscope C-500 3D sonar

Mission Summary

Å Sonar evaluated during ESAT, but largely not used by crew during the mission

Å TrackLink set up for the mission, but largely not used by the crew due to reliability challenges

Å Crew left physical tags at the science location samples were taken

Crew Debrief Comments

Å 5ƛŘƴΩǘ ǊŜŀƭƭȅ ǳǎŜ ¢ǊŀŎƪ[ƛƴƪ ŦƻǊ 9±! ƴŀǾƛƎŀǘƛƻƴ ƻǊ ǘǊŀŎƪƛƴƎ ƻŦ ǘƘŜ 9±! ŎǊŜǿ

EVA Results (Key Take-Aways)

Å Initial evaluation showed promise of utilizing an area scanning system for IV and MCC situational awareness of EV crew

Å Initial evaluation demonstrated potential of EVA self-navigation with area scanning system data displayed to an EVA crewmember via a HUD

Recommendations

Å Update xEVA con ops to provide extended details on utilizing an area scanning system for EVA navigation and SA during lunar surface operations

Å Feed forward into technology development of the xEMU xINFO subsystem

Å Evaluate both the Kongsberg MS1000 sector sonar and CODA Echoscope C-500 3D sonar at NEEMO 24

Å Add EVA gap for navigation on a planetary surface

Lunar 2024 Relevance

Å Subsequent missions will benefit from the deployment of an area scanning system for IV and MCC situational awareness of EVA crew, and for EVA self-
navigation on a planetary surface

AREASCANNINGSONAR FORNAVIGATION@ NEEMO
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EVA SUPPORTSYSTEM& IV WORKSTATION
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Objectives

Å Evaluate what kind of tools (support system) the IV 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

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

Å !ǎǎŜǎǎ ƘŀǊŘǿŀǊŜκǎƻŦǘǿŀǊŜ ƴŜŜŘǎ ŦƻǊ ŀ ǿƻǊƪǎǘŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ǿŀȅǎ ǘƻ ƳƛƴƛƳƛȊŜ ǿƘŀǘΩǎ ǊŜǉǳƛǊŜŘ ŦƻǊ 
operations to reduce space and launch mass

Implementation

Å Open MCT for consolidating input data, visualizing telemetry

Å Life support system tracking tool with simulated spacesuit data

Å Playbook Tactical EVA Execution Feature

Å Programmable keypad (El Gato Stream Deck)

Mission Summary

Å Configured IV workstation in hab with physical keypad with hotkeys for accessing predefined IV 
workstation software configurations

Å Observed crew using the predefined software setup to effectively manage information during EVAs

Crew Debrief Comments

Å Effective for EVA task/timeline tracking

Å Easy to set up, liked the hot key

Å Liked the live science task and sample tracking

Å Allowed IV to effectively track EV suit data and consumables

EVA Results (Key Take-Aways)

Å Predefined software and window layouts can strongly enable IV operator effectiveness by minimizing 
the overhead workload of initializing and maintaining an IV workstation

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

Å Integrating IV workstation software design/selection into the EVA planning process significantly 
improves IV operator effectiveness

Recommendations

Å Continue developing IV workstation layout and functionality through analog xEVA missions

Å Add EVA gap for an EVA support system & IV workstation

Lunar 2024 Relevance

Å Lunar 2024 and subsequent missions will benefit from the deployment of a workstation that displays 
EVA/suit data, procedures, and allows for real-time information to be sent from the IV to the EV crew

Evolution of EVA Support System for IV Operator

NEEMO 20 NEEMO 21 NEEMO 23NEEMO 22



EVA DIGITALCUECARDS

18EVA-EXP-0071 This document does not contain any export control information (#20205009473)

Objective

ÅEvaluate digital cue cards for EVA crew that allow crew to operate more effectively and autonomously while offloading IV tasking

Implementation

ÅUtilize an iPad in an iDive underwater housing to demonstrate the potential for a single device for cue cards/procedures, images/video, instrument control, etc.

ÅAll EVA-ŀŎŎŜǎǎŜŘ ŀƴŘ ǊŜǉǳƛǊŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ǿƛƭƭ ōŜ Ǉǳǘ ƛƴǘƻ ŀ ŘƛƎƛǘŀƭ ŎǳŜ ŎŀǊŘ ǎŜǘ ǘƘŀǘΩǎ ƭƻŀŘŜŘ ƻƴ ǘƘŜ ƛtŀŘ

Mission Summary

ÅCrew utilizedthe cue card setto viewthe overview traverse and procedures during theEVAs

Crew Debrief Comments

Å Having IV read steps was more effective

Å Used cue cards extensively at IV workstation and before EVA to prep

Å Used by EVA for METS setup on first day (then knew what to do)

Å More illustrations and less words

Å Flow chart layout would be useful

EVA Results (Key Take-Aways)

ÅMost useful for IV to read from and get quick reference information to crew

Recommendations

ÅContinue to work cue card development from a cloud based source for faster reaction time for IV support

ÅAvoid over populating the cue card with words

ÅAdd EVA gap for xEVA suit digital display

Lunar 2024 Relevance

ÅxEVASuit informatics system willlikely not havedigital cue cardcapability,subsequent missions will benefitfrom the capability of the EVA crew to viewimages 
and procedures

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



MOR OBJECTIVESCOMPLETIONSTATUSFORXEVA INFORMATICS
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#1:  Diver Augmented Vision Display (DAVD) [EVA AVHUD]

Completed Partially Completed Not Completed

Evaluate the DAVD system during topside dives and 
saturation excursions by NASA SME/stakeholders and 
astronaut crewmembers

Evaluate DAVD as a potential capability concept for an EVA 
Augmented Vision Heads-Up Display ςallowing for real-
time data update, augmented cue input, procedure 
viewing, task direction capability, and navigation ςfor 
spacesuit (xEMU) development

Assess the concept of using an area scanning system  
(side-scan sonar) for EVA crewmember self-navigation, 
and IV and MCC situational awareness

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

Completed Partially Completed Not Completed

Evaluate an area scanning system for IV and MCC tracking 
of EVA crew location

Evaluate an area scanning system for EVA crew self-
navigation

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

Completed Partially Completed Not Completed

Demonstrate real-time images from Sector Scan ςlive 
feed

Demonstrate real-time images from Echoscope 4G C500 
SURFACE ςclose to 1st person perspective imaging but 
not mapping

Demonstrate Images and drawing pop-ups on HUD Display Demonstrate On-Screen navigation direction

Demonstrate TEXT messaging communication with Diver



MOR OBJECTIVESCOMPLETIONSTATUSFORXEVA INFORMATICS
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#3:  EVA Support System and IV Workstation

Completed Partially Completed Not Completed

Evaluate what kind of tools (support system) the IV 
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

Incorporate DAVD into the workstation

Assess hardware needs for a workstation, including ways 
ǘƻ ƳƛƴƛƳƛȊŜ ǿƘŀǘΩǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ƻǇŜǊŀǘƛƻƴǎ ǘƻ ǊŜŘǳŎŜ 
space and launch mass

Evolve and evaluate a Support System that utilizes a digital 
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 Partially Completed Not Completed

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



EVA TOOLS& EQUIPMENT@ NEEMO 23

CORE SAMPLE AQUISITION

ü EvaluateEVAtools and hardware for end-to-
endsciencecoresampleacquisition

ü Iterate core bit technology developed by
HoneybeeRobotics

ü Evaluatecurationsystemcapabilities

ü Look for ways to compensatefor the limited
down-force that crew is able to put into a
samplingoperationdueto lowergravitylevels

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

MODULAR EQUIPMENT 
TRANSPORTATION SYSTEM (METS)

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

ü Examine improvements to the Wheeled
EquipmentTransport(WET; i.e. cart)

ü Refinethe Suit-Mounted EquipmentCarrying
System(SECSy)to more effectively transport
smallertools

ASTROBIOLOGY SAMPLE AQUISITION

ü IHMC and Harbor Branch Oceanographic
Institute objectiveto evaluatesamplingtool

ü Include in EVAops con to evaluatetools and
techniquesfor collectingastrobiologysamples
duringanEVA

ESA EAC EQUIPMENT 

ü Integrate and evaluate Lunar Evacuation
SystemAssembly(LESA2.0),9{!Ωǎnext version
of their crewrescueconcept

ü Integrate and evaluatevariousESAgeological
samplingtools, including scoopsand sample
markers
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EVA SCIENCESAMPLEACQUISITIONTOOLS

Objective

ÅEvaluate EVA hardware and operations for subsurface (core) and regolith 
science sampling in a surface/partial-g environment

ÅDetermine the feasibility for novel sampling science operations 
ǘŜŎƘƴƛǉǳŜǎ ƛƴŎƭǳŘƛƴƎ όмύ ǎŎƻǳǘƛƴƎΣ όнύ άǎǘŜǊƛƭŜέ ǎŀƳǇƭŜ ŎƻƭƭŜŎǘƛƻƴΣ ŀƴŘ όоύ 
real-time sample preservation by the NEEMO crew

ÅGap addressed: EVA-GAP-45ά¢ƻƻƭǎ ŦƻǊ {ŎƛŜƴŎŜ {ŀƳǇƭƛƴƎ ƻƴ {ǳǊŦŀŎŜ 9±!ǎέ

Implementation

ÅApply a breakaway core bit technology developed by Honeybee Robotics 
with an underwater battery powered drill to acquire core samples

ÅUse small tools, such as forceps, to stow samples for curation

Mission Summary

Å The rotary percussive handheld drill coupled with the Honeybee core bit 
worked well to retrieve sponge samples

Crew Debrief Comments

Å5ƛŘƴΩǘ ŦŜŜƭ ƭƛƪŜ ǘƘŜȅ ƘŀŘ ǘƻ Ǉǳǘ ƛƴ ŀ ƭƻǘ ƻŦ ŦƻǊŎŜ ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ ǊƻǘŀǊȅ 
percussive drill

EVA Results (Key Take-Aways)

Å A rotary percussive power tool alleviates some of the issues with being 
able to apply the input force needed to acquire a core sample

Recommendations

Å Pursue an EVA multiuse rotary percussive handheld power tool for use 
on planetary surfaces

Lunar 2024 Relevance

Å The Honeybee breakoff core technology can 
and should be utilized for taking core 
samples of rock on the moon

Å A rotary percussive handheld power tool 
will enable core sample acquisition for 
2024 and subsequent lunar surface missions

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

Deep Core Drill

Core Sample Acquisition Tool Evolution

NEEMO 20 NEEMO 21SEATEST 2 NEEMO 18 NEEMO 19 NEEMO 22
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NEEMO 23

https://eisd.sp.jsc.nasa.gov/EVA/Exploration-EVA-Gaps/SitePages/GapTool.aspx#view/45


ASTROBIOLOGYSAMPLECOLLECTION
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Objective

Å Demonstrate the feasibility of collection of a diversity of targets using a new small volume 
samplerτǘƘŜ ά{ǘƛƴƎŜǊά

Implementation

Å Utilized the Stinger developed by IHMC and FAU

Mission Summary

Å Stinger was successfully utilized for taking multiple small volume sponge samples

Crew Debrief Comments

Å Mechanism worked

Å Got good info for improvement

Å Preservation worked well

EVA Results (Key Take-Aways)

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

Recommendations

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

Lunar 2024 Relevance

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

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



ESA GEOLOGICALSAMPLINGTOOLS& EQUIPMENTTRANSPORTATION
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Objective

Å Integrate and evaluate various ESA EAC geological sampling tools, including scoops and sample markers

Å Gap addressed: EVA-GAP-45ά¢ƻƻƭǎ ŦƻǊ {ŎƛŜƴŎŜ {ŀƳǇƭƛƴƎ ƻƴ {ǳǊŦŀŎŜ 9±!ǎέ

Implementation

Å ESA NEST (Nearby Equipment Support Trolley)

Mission Summary

Å Astronauts tested the geological sampling tools and NEST during task-specific evaluations

Crew Debrief Comments

Å Add capability for opening the grabber on the jaws for easier dumping of samples into bags

Å Likely not worth having a window ςƪƴƻǿ ȅƻǳ ǇƛŎƪŜŘ ƛǘ ǳǇ ōŜŎŀǳǎŜ ƛǘΩǎ ƴƻ ƭƻƴƎŜǊ ǘƘŜǊŜΣ ŀƴŘ ŎƘŀƭƭŜƴƎƛƴƎ ǘƻ Řƻ ŀƴȅ ōƛƎ 
picture observations through a window

Å Hook is good for contingency, but not as a nominal use

Å Have markers connected to each other for easier handling of one larger item

EVA Results (Key Take-Aways)

Å The sampling tools, based on Apollo heritage equipment, work well for acquiring science samples

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

Recommendations

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

Lunar 2024 Relevance

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

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


