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Goals, Objectives, and Equipment
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Goals of the NBL Lunar Dive Helmet Test for DAVD & Geology Tools

NASA

ÅConduct acceptance testing and evaluateDAVDas a capability testing platform 
for developing anEVA InformaticsHeads-Up Display (HUD)

ÅConduct acceptance testing of the CODA Echoscope C-500 3D sonar as a 
capability testing platform for developing EVA navigationon the lunar surface 
(e.g., with a LIDAR system)

ÅTest the current geology sampling tools and tool management equipment 
(Artemis Geology Tools)

ÅUtilize runs forExploration EVA concept of operationstesting for Artemis lunar 
missions

ÅTest dive the new weigh-out wetsuit and mockup PLSS

Navy

ÅTestDAVDGen 1 system in production with CODA for Navy fleet divers

ÅEvaluate advances in system for the Gen 2

¢ƘŜǎŜ ŘƛǾŜǎ ǿƛƭƭ ŜǾŀƭǳŀǘŜŘ Ȅ9±! ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ ǘŜǎǘ ǎŀƳǇƭƛƴƎ ǇǊƻŎŜŘǳǊŜǎΣ ŀƴŘ ŘƛŘƴΩǘ ŀǎǎŜǎǎ ŀƴȅ ǘƛƳŜƭƛƴŜ

The primary goal of this set of runs was to conduct engineeringcheckout/acceptancetest dives with the Diver
Augmented Vision Display (DAVD) and the Coda Octopus EchoscopeC-500 3D sonar for use during Exploration
ExtravehicularActivity (xEVA)developmenttesting and astronaut training, along with evaluatingthe current Artemis
GeologyTools
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Analog Testing Development & Integration Themes (4-¢Ωǎ) Addressed
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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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Primary Goals/Objectives for Acceptance Testing in NBL
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Followinga άŎǊŀǿƭΣwalk,Ǌǳƴέapproach,the primary goals/objectivesfor the test
runs/divesinvolvedacceptancetesting of the equipment,and initial evaluationof
potential opsandcapabilities,includingthe following:

ÅAcceptance testing of the DAVD system in the NBL (simulating xEVA HUD)

ÅAcceptance testing of the Echoscope C-500 in the NBL (simulating potential area 
scanning system)

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

ÅEvaluation of the current geology sampling tools

ÅInitial operational use of new Surface Supplied Diving (SSD) and KM37/97 dive 
helmets in NBL by test subjects

ÅInitial test with the newly expanded lunar testing area in the NBL

ÅAcceptance testing and evaluation of the new weighoutwetsuit and mockup 
PLSS in the NBL

ÅInitial look at utilizing NBL runs forExploration EVA concept of 
operationstesting for Artemis lunar missions

ÅTest dives for the Navy before they deploy DAVD to the USN fleet divers
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Additional xEVA Test Objectives Linked to EVA Gaps
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The test plan and details for the objectives are tracked on the NBL xEVA Lunar Test Series 1wiki page

1. Evaluate the Diver Augmented Vision Device (DAVD) as an xEVA 

Informatics testing platform

2. Evaluate utilizing a dive helmet as an analog to a spacesuit for 

testing xEVA concepts of operations and equipment in the NBL

3. Evaluate EVA geology sampling tools for a lunar surface mission

4. Evaluate and determine tool & sample management and 

transportation

https://wiki.jsc.nasa.gov/exploration/index.php/NBL_xEVA_Lunar_Test_Series_1
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EVA Test Objective ςEvaluate DAVD for xEVA Informatics
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EVA Test Objective ςEvaluate SSD/Dive Helmet for xEVA Con Ops Tests

EVA-EXP-0079 8



This document does not contain any export control information (#20205008312)

EVA Test Objective ςEvaluate EVA Geology Sampling Tools
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EVA Test Objective ςEvaluate EVA Tool & Sample Management
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Echoscope C-500

ÅReal-time 3D imaging sonar 
platform

ÅAnalog for a LIDAR system on a 
lander

DAVD

ÅHigh-resolution see-through head-up display (HUD) embedded directly inside a 
diving helmet

ÅAllows a topside dive supervisor to relay visual mission data to the HUD via an 
Ethernet cable

ÅDivers can see augmented reality (AR) scenes, real-time images, videos, technical 
drawing, text style messaging, and step-by-step instructional sets

ÅDivers can also utilize real-time sonar imagery for navigation

Diver Augmented Vision Display (DAVD) & Echoscope C500 3D Sonar
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DAVD System Overview

EVA-EXP-0079 12



This document does not contain any export control information (#20205008312)

NBL Surface Supplied Diving (SSD) with DAVD
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¢ƘŜ ά{ǇŀŎŜǎǳƛǘέΥ  SSD KM37/97 Helmet with Weighout Suit & Tools
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xEMU concept

KM37: Narrower FOV, Helmet movable xEMU: Wider FOV, Helmet fixed

Wetsuit: Very flexible
xEMU: Pressurized, bulky

SSD w/ KM37

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

TBD mEMU  concept
(courtesy of The Martian)

SSD w/ KM97 plus weighout suit & mPLSS
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NBL WeighoutWetsuit & Mockup PLSS
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EVA Science Sample Acquisition Tools and Tool Management System
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Lunar Surface Geology Tools
ÅContingency Sampler

ÅGeology Hammer

Å Tongs

ÅScoops

ÅRake

ÅExtension Handles

ÅSlide Hammer

ÅDrive Tube Kit 

ÅPoint and Shoot Camera

ÅSample Bag Dispensers

ÅSample Bags

ÅWaist Pack

Å Leg Holster for Hammer

Å Leg Holster for Scoop and Chisel

ÅUtility Belt with Swing Arms

Multi-
environment 

testing

JSC Rock Yard NASA NBL
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EVA Science Sample Acquisition Tools
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Regolith Sample Acquisition

ÅBulk: representative loose surface material 
[Scoop]

ÅCore: cylindrical sample of regolith at depth 
[Drive Tube / Drill]

Rock Sample Acquisition

ÅFloat: rocks that are loosely adhered to the surface 
[Tongs / Rake]

ÅChip: piece of rock forcibly removed from a larger rock 
[Hammer / Chisel]

ÅCore: cylindrical samples of a rock 
[Core Drill and Bit]

Scoop

Scoop

Contingency Sampler

Slide Hammer

Extension Handle

Tongs, Straight

Tongs, Angled

Hammer

Rake
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Suit-Mounted Tool Management System Configuration
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Utility Belt

Leg Holster for 
Scoop and Chisel

Camera

Leg Holster 
for Hammer

Sample Dispenser

Pocket for 
Contingency Sampler



Test Configuration & Dive Plan
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Test Team POCs

Å Test Lead/Sponsor: David Coan

Å NBL Flight Lead: Tim Morgan

Å TC & Ops Lead: Daren Welsh

Å Navy Lead: Paul McMurtrie

Å Coda Octopus: Blair Cunningham

Å DAVD Navy Project Manager: Allie Williams

Å IV: Bridget Scheib

Å Informatics: Matthew Miller and Skye Ray

Å Science: Trevor Graff

Å EVA Geology Tools: Adam Naids & Mary Walker

Å Dive Integration: Mike Geyer & Jim Fuderer

Test Subjects/Divers

Å Vic Basher (NAVSEA 00C)

Å Steve Bowen (CB/USN/Astronaut)

Å David Coan (XX/EVA)

Å Joshua Dumke (NAVSEA 00C/MDV)

Å Drew Feustel (CB/Astronaut)

Å Trevor Graff (XI/ARES)

Å Art Levine (CX12/NBL)

Å Adam Naids (EC7/EVA Tools)

Å Don Pettit (CB/Astronaut)

Å Scott Wray (CX3/FOD EVA)

Test Team
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NBL Pool Config for xEVA Lunar Area
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ÅReconfigurable task board utilized primarily for ISS EVA training

ÅNZGL electrical connectors configured on board for use as an engineering task

ÅDAVD displays utilized to guide the crew through tasks on the board

xEVA Engineering Task Board (Central Station)

22
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Dive Duty Stations
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Diver Hatting SSD Panel Operator Navy/Coda Octopus
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Topside Configuration of DAVD and C-500 Systems
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