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Goals, Objectives, and Equipmen



The primary goal of this set of runs was to conduct engineering checkout/acceptancetest dives with the Diver
Augmented Vision Display (DAVD) and the Coda Octopus EchoscopeG500 3D sonar for use during Exploration
ExtravehicularActivity (xEVA)developmenttesting and astronaut training, along with evaluatingthe current Artemis
GeologyTools

NASA

A Conduct acceptance testing and evaluB¥&VDas a capabilityesting platform
for developingan EVA InformaticsleadsUp Display (HUD

A Conduct acceptance testing of the CODA Echoscef@@D sonar as a
capability testing platform for developing EVA navigatarthe lunar surface
(e.g., with a LIDAR system

A Testthe current geology sampling tools and tool management equipment
(Artemis Geology Tools)

A Utilizeruns forExploration EVA concept of operaticlesting for Artemis lunar
missions

A Test dive the new weigbut wetsuit and mockup PLSS

Navy
A TestDAVDGen 1 system in production with CODA for Navy fleet divers

A Evaluate advances in system for the @en




*) Analog Testing Development & Integration Themess §¥&ddressed

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

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

-\ 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

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




Followinga & O NJwalk, NeHzygproach,the primary goals/objectivesor the test
runs/divesinvolved acceptancegesting of the equipment,and initial evaluationof
potential opsand capabilities jncludingthe following:

A Acceptance testing of the DAVD system in the NBL (simulating XEVA HUD)

A Acceptance testing of the Echoscop®&@ in the NBL (simulating potential are G
scanning system)

A Acceptance testing and initial evaluation with diver wearing the EVA tool
management system

A Evaluation of the current geology sampliigls

A Initial operationaluse of new Surface Supplied Div{ig$D) anEM37/97 dive
helmets inNBL by test subjects

A Initial testwith the newly expanded lunar testing area in the NBL

A Acceptance testing and evaluation of the nemighoutwetsuit and mockup
PLSS in the NBL

A Initial look at utilizing NBL runs féixploration EVA concept of
operationstesting for Artemis lunar missions

A Testdives for the Navy before they deploy DAVD to the USN fleet divers



Additional xEVA Test Objectives Linked to EVA Gaps

. Evaluate the Diver Augmented Vision Device (DAVD) as an xE
Informatics testing platform

. Evaluate utilizing a dive helmet as an analoq to a spacesuit for
testing XEVA concepts of operations and equipment in the NBL

. Evaluate EVA geology sampling tools for a lunar surface mission

. Evaluate and determine tool & sample management and
transportation

[ The test plan and details for the objectives are tracked on tiEL xEVA Lunar Test Seriewiki page }



https://wiki.jsc.nasa.gov/exploration/index.php/NBL_xEVA_Lunar_Test_Series_1

EVA Test ObjectiveEvaluate DAVD for XEVA Informatics

Evaluate the Diver Augmented Vision Device (DAVD) as an XxEVA Informatics testing platform

Test Objective:G1
Contents [hids] Evaluate the Diver Augmented Vision Device (DAVD)
1 Operational Relevance as an xEVA Informatics testing platform
2 Related Test Events Moon-to-Mars Dornain: EVA
3 Overview Category: Exploration Informatics Subsystem, Facilities
Assessment
Sponsors o XX : EVA Office
Operational Relevance |[edit source ] S .\ X EVA Ofice
Provides information on a potential platform for future xInformatics testing. Related EVA Gaps: o EVA Gap: xinformatics Capabiliy
for xEVA Suit
Related Test Events |editsourc :
[ edit source ] Related articles: o Exploration EVA System Concept
The following Category:Test events included this objective: of Operations
o MBL xEVA Lunar Test 1
® Data parameters ® Data products ¢ » NBL xEVA Lunar Test Series 1
Test Data Parameter: Video e = MNBL xEVA Lunar Test Series 3
Test Data Parameter ' Target test
2020/07/16 NBL KM3T + ) e TalkTest Event16#Test Objective61 arqe o8 = NBL
Unstructured Feedback _ o - _ . environments. » NEEMO
KMIT Test _ « Video/Photos: WS-NBL-Video\NBL-Video\202002020-072020-07-
est Data Parameter Hard
16-LUNAR-1-6G-SCUBA Rardware
Photography .
— : Required s Diver Augmented Vision Device
_ez.t Data Parameter:. Video List: (DAVD)
est Dat i e — . _
2020/0717 NBLKM37 + | - :'tt'?af' Pz'imjbr ) . Talk Test_Event17#Test_Objective:61 PACES
nstructured Feedbac
KIMS7 Test ) « Video/Photos: WJS-NBL-Video\NBL-Video\2020\2020-0712020-07- All test objectives

Test Data Parameter
Photography

17-LUNAR-1-6G-SCUBA




EVA Test ObjectiveEvaluate SSD/Dive Helmet for xEVA Con Ops Te

Evaluate utilizing a dive helmet as an analog to a spacesuit for testing xEVA concepts of
operations and equipment in the NBL

Test Objechive:53

Contents [hidg] Evaluate utilizing a dive helmet as an analog to a
spacesuit for testing xEVA concepts of operations and

1 Operational Relevance
equipment in the NBL

2 Related Test Events
- Moon-to-Mars Domain: EVA
3 Owverview

4 Data Parameters Category: Facilities Assessment

Sponsors o 20{: EVA Office

. Stakeholders XX - EVA Offi
Operational Relevance | edit source ] : -

« X ARES
Utilizing dive helmets (2.g., KM37 and KM37) in the NBL will allow for quick and early evaluation of xEVA concepts of operations and Related EVA « EVA Gap: xinformatics Capability
equipment. Gaps: for xEVA Suit
Testing the use of dive helmets with SME (with hard hat and spacesuit experience) will determine how applicable the helmets are for s EVA Gap: Tool Transport on
developing the Exploration EVA System Concept of Operations and Exploration EVA Tools & Equipment required for lunar surface Surface EVAs
missions. This will also allow for determination of whether the NBL can be effectively utilized for early NEEMO EVA training. » EVA Gap: Defined Sample Types

{Tool Design)

« Use of KM97 SSDS for Exploration EVA System Concept of Operations testing « EVA Gap: Sample Containment

« Eval new weigh-out (wetsuit with weight plates) for lunar test subjects « EVA Gap: Tools for Science
+ Demo of Diver Augmented Vision Device (DAVD) and eval for Exploration EVA Informatics Sampling on Surface EVAs
« Eval of Artemis Geology Tools

« Use of NBL for NEEMO EVA training

Related articles: o Exploration EVA System Concept of
Operations

Diver Augmented Vision Device
Related Test Events [ edit source | (DAVD)

Artemis NBL Tests - Spring 2020
Artemis NBL Tests - Spring 2020
Top Priority

s NBL xEVA Lunar Test 1

The following Category:Test events included this objective:

Ar

% Data parameters Data products

Ar

Test Data Parameter: Video

List: Target test
- Test Data Parameter: B : * NBL
2020/07/16 NBL KM37 + » Talk:Test_Event:16#Test_Objective:d3 environments:
Unstructured Feedback
KIMST Test i ] « Video/Photos: WS-NBL-Video\WBL-Video\202002020-072020-07- Hardware
Test Data Parameter: 16 L UNARAEC-SCUBA Reduired
Photography . T equire « KMO7 dive helmet
Test Data Parameter: Video » K37 dive heimet
) List: + Diver Augmented Vision Device

Teat Nata Parameter




EVA Test ObjectiveEvaluate EVA Geology Sampling Tools

Evaluate EVA geology sampling tools for a lunar surface mission

Test Objective 29

Contents [hidg]
1 Operational Relevance
2 Related Test Events
3 Overview

4 Data Parameters

Operational Relevance |edi source]

Geology tools will be critical for science mission success. The operational technigues will impact changes in the design of each tool. This

objective provides test data for the design of the geology sampling tools for incorporation into the xEVA Tools COR.

Related Test Events

[ edit source |

The following Category:Test events included this objective:

2020/07/08 JSC Rock Yard Shirt
sleeve Test

2020/07/09 Advanced Spacesuit
Lab Z-2.0 Test

2020/07/16 NBL KM37T + KM97
Test

2020/07/17 NBL KM37 + KM97

Data parameters

Test Data Parameter: Video
Test Data Parameter:
Unstructured Feedback
Test Data Parameter:
Photography

Test Data Parameter:
Unstructured Feedback

Test Data Parameter: Video
Test Data Parameter:
Unstructured Feedback
Test Data Parameter:
Photography

Test Data Parameter: Video
Test Data Parameter:
Unstructured Feedback

L1

Ak

Data products

List:

« Unstructured Feedback:

Talk Test_Event15#Test_Objective:29

« Images: 2020/07/08 JSC Rock Yard Shirt sleeve Test

s Videos
List:
= Unstructured Feedback: Talk:Test_Event 7#Test_Objective:29
= Videod?

List:

= Talk Test Event 16#Test_Objective:29

« Video/Photos: YWJS-NBL-Video\WBL-Video\202002020-07\2020-
07-16-LUNAR-1-6G-SCUBA

List:
« Talk Test_Event:17#Test_Objective:29

Evaluate EVA geology sampling tools for a lunar
surface mission
Moon-to-Mars Domain: EVA
Category: Tools

Sponsors « XX EVA Office

Stakeholders o XX - EVA Office
» EC7 : EVA Tools Engineering
» XI:ARES
s ER: Rovers
« CX3:FODEVA

Related EVA -
Gaps:

EVA Gap: Tool Transport on

Surface EVAs

o EVA Gap: Defined Sample Types
(Tool Design)

« EVA Gap: Sample Containment

s EVA Gap: Tools for Science

Sampling on Surface EVAs

Related articles: o Exploration EVA System Concept of

Operations

» NEEMO 24 EVA

« NEEMO 24 EVA Top Priority

o Artemis NBL Tests - Spring 2020

s Artemis NBL Tests - Spring 2020
Top Priority

» NBL xEVA Lunar Test 1

» NBL Artemis PACES Test Series 1

Target test « ARGOS
environments: » NEL
» NEEMO

Targetactivity o Ambulatory Traverse (Lunar
modules: Surfacs)

+ Geology Sampling (Lunar Surface)




Evaluate and determine tool & sample management and transportation

Test Objective:28

Contents [hide]
1 Operational Relevance
2 Related Test Events
3 Overview

4 Data Parameters

Operational Relevance [edit source]

Provides data for determining which tools should be mounted to suit and what sort of tool transport system is needed for lunar surface

missions.

Where do samples go between EVAS?

What samples go back to Earth (if not all}? Trade between samples and equipment?

Related Test Events

[ edit source ]

The following Category:Test events included this objective:

# Data parameters

Test Data Parameter: Video
Test Data Parameter:
Unstructured Feedback
Test Data Parameter:
Photography

2020/07/08 JSC Rock Yard
Shirt sleeve Test

Test Data Parameter: Video
Test Data Parameter:
Unstructured Feedback
Test Data Parameter:
Photography

2020/07/16 NBL KM3T7 +
KM3T Test

Test Data Parameter: Video
Test Data Parameter:
Unstructured Feedback
Test Data Parameter:

2020/07/17 NBL KM3T +
KIM3T Test

Ak

Data products

List:

Ak

s Unstructured Feedback: Talk:Test_Event:15#Test_Objective:28

« Images: 2020/07/08 JSC Rock Yard Shirt sleeve Test
s Video®

List:

« TallkcTest Event:16#Test Objective28

« Video/Photos: WJS-NBL-Video\NBL-Video\202002020-0712020-
07-16-LUNAR-1-6G-SCUBA

List:

« TalkTest Event17#Test Objective:28

s Video/Photos: WJS-NBL-Video\NBL-Video\202002020-0712020-
07171 LINAR-1-6G-SCIIBA

Evaluate and determine tool & sample management

and transportation

Moon-to-Mars Domain: EVA

Sponsors

Stakeholders

Related EVA Gaps:

Related articles:

Target test
environments:

Category: Tools

¥ - EVA Office

XX . EVA Office

CX3: FOD EVA

EC5 : EVA Suit Engineering

ECT : EVA Tools Engineering

Xl ARES

ER : Rovers

EVA Gap: Defined Sample Types
(Tool Design)

EVA Gap: Tool Transport on
Surface EVAs

Exploration EVA System Concept
of Operations

NEEMO 24 EVA

NEEMO 24 EVA Top Priority
Artemis NBL Tests - Spring 2020
Artemis NBL Tests - Spring 2020
Top Priority

MNBL xEVA Lunar Test 1

ARGOS

NBL

NEEMO
JSC Rock Yard

PACES

All test objectives




Diver Augmented Vision Display (DAVD) & Echoscope C500 3D S@f}i@r

DAVD Echoscope 600
A Highresolutionseethrough headup display (HUD) embedded directly insale A Reaktime 3D imaging sonar
diving helmet platform
A Allowsa topside dive supervisor to relay visual mission data to the HUD via an A Analog for a LIDAR system on a
Ethernet cable lander

A Divers carsee augmentedeality (AR)}cenes, realime images, videos, technical
drawing, text stylenessagingand stepby-step instructional sets

A Divers can also utilize reime sonarimagery fomavigation




DAVD System Overview

S

System Overview

Components:
» Topside control box

 DAVD unit (inside helmet)

* Diver Processing pack (on diver)

« Umbilical from topside to diver pack

Return to TOC




NBL Surface Supplied Diving (SSD) with DAVD

System Overview Plan

’_-------------------~

’
4 Existing COTS Dive Equipment (Air SSDS)

TRR-2019-548

Existing KMACS-5
Comm. Interface

Existing NBL Surface Supplied
Breathing Air

e

}"-L : 250 |
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1 Kirby Morgan 97, 1 Kirby Morgan 37 (DAVD)

---------_‘

%

i
Cc"nputer for C-500 will be
poglside. The Sonar will be
independent of divers
unfbilical.

Clntrol box for DAVD will be pool side. KM37 diver will be
eluipped with DAVD in helmet.

Return to TOC




XEMU: Wider FOV, Helmet fixed

Dive helmet & system provide good
analog to a spacesuit for concepts
of operations evaluations

Both have different but comparable
challenges for operations

EMU TMG with dive gloves
simulates a pressurized glove

SSD w/ KM37

Wetsuit: Very flexible
XEMU: Pressurized, bul'~-

XEMU concept

SSD w/ KM97 plus weighout suit & mPLSS

TBD mEMU concept
(courtesy ofThe Martian)
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EVA Science Sample Acquisifioals and Tool Management System u%\sp

Lunar Surface Geology Tools
Contingency Sampler
GeologyHammer

Tongs

Scoops

Rake

Extension Handles
SlideHammer

Drive Tube Kit

Point and ShooCamera
Sample Ba@ispensers

Sample Bags

Waist Pack

Leg Holster for Hammer

Leg Holster for Scoop and Chisel
Utility Belt with SwingArms

T T T T T To To T To To To o To To I




EVA Science Sample Acquisition Tools

Regolith Sample Acquisition Rock Samplécquisition

A Bulk representativdoose surface material A Float rocksthat are loosely adhered to the surface
[Scoop] [Tongs / Rake]

A Core cylindricalsample of regolith at depth A Chip pieceof rock forcibly removed from a larger rock
[Drive Tube / Drijl [Hammer / Chisel]

A Core cylindricalsamples of a rock
[Core Drill and Bjit

Contingency Sampler p
Tongs, Angled

Slide Hammer



SuitMounted TooManagementSystem Configuration

Pocket for
Contingency Sample

Leg Holste

[ Leg Holster for ;
- . . —— for HammerJ

Scoop and Chisel




Test Configuration & Dive Plan



To o To Ix

o To To Do o

Test Team

Test Team POCs

TestLead/SponsorDavidCoan

NBL Flight LeadimMorgan
TC & Ops LeaarenWelsh

NavylLead: Paul McMurtrie

A Coda Octopus: Blair Cunningham

A DAVDNavy Project Manager: Allie Williams
IV: Bridget Scheib

Informatics Matthew Miller andSkye Ray
Science: Trevor Graff

EVA Geology TooladamNaids & Mary Walker
Dive Integration: Mike Geyer & Jim Fuderer

o To To Do Do o Do Do Do I

Test Subjects/Divers
Vic Basher (NAVSEA 00C)
Steve Bowen (CB/USN/Astronaut)
DavidCoan (XX/EVA)
Joshua Dumke (NAVSEA 00C/MDV)
Drew Feustel (CB/Astronaut)
TrevorGraff (XI/ARES)
Art Levine (CX12/NBL)
Adam Naids (EC7/EVA Tools)
Don Pettit (CB/Astronaut)
ScottWray (CX3/FOD EYA




NBL Pool Config for XEVA Lunar Area NASA

Wray Flats :
‘Welsh

Crater
N e \ Central Station

Bekdash Blockfield

Coan Boulder Group
Station B

Station A

Contingency Naids Corne
Sampling

A go—

By —

Power Station

[\

—5- \ ul ! 4 CLPS Lander

N T

r




A Reconfigurable task board utilized primarily for ISS EVA training
A NZGL electrical connectors configured on board for use as an engineering task
A DAVD displays utilized to guide the crew through tasks on the board

EVAEXPO079






Topside Configuration of DAVD anr80D Systems



