
NASA Extreme Environment Mission Operations
Enabling human space exploration through the integration of mission planning, operations, EVA, and science

National Aeronautics and Space Administration

NEEMO 22 
EVA Overview & Debrief
EVA-EXP-0054

EVA Exploration Office | XX4
David Coan | NEEMO Mission Management Team, EVA Lead
December 5, 2017

1EVA-EXP-0054 This document does not contain any export control information (#20205009470)



AGENDA

ÅNEEMO Analog Overview
ÅIntegrated Operational Testing: Who, What, Where, Why, How

ÅNEEMO 22 Mission Overview

ÅNEEMO 22 Integrated EVA 

ÅNEEMO 22 IVA

ÅBackup

2EVA-EXP-0054 This document does not contain any export control information (#20205009470)



NEEMO ANALOG OVERVIEW
Integrated Operational Testing: Who, What, Where, Why, & How
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TERRESTRIAL

LABORATORY

RELEVANT ENVIRONMENTS

To achieve mission readiness through integration and testing of technologies, systems, 
operations, and science in relevant environments

Å Close technology, exploration, and science gaps
Å Identify and develop the best systems, innovations, and operational approaches
Å Drive out results not found in standalone testing, including things that do and do not work 

in a mission environment
Å Inform strategic architectural and concept of operations development efforts 
Å Facilitate EVA concepts of operations development

OUTCOME: These efforts will ultimately led to mission readiness and success, reduce the risk, 
increase the scientific return, and improve the affordability of NASA programs and missions.     

ANALOGS: WHO, WHAT, WHERE, WHY, & HOW
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High-fidelity integrated multi-disciplinary operational development missions that closely mimic the space environment of 
interest, and allow for end-to-end operations, thus developing and testing concepts that enable Exploration missions

WHO WHEREWHAT

WHY HOW
INTEGRATED OPERATIONAL TESTING
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WHY: EVA GOALS FOR INTEGRATED OPERATIONAL TESTING

EVA Goals

ÅAdvance the future of the EVA System and 
operations

ÅUnderstand EVA capability, knowledge, and 
technology gaps and concepts of operations 
for a wide range of Exploration destinations 
being considered by NASA

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

ÅDetermine and document closures to gaps in 
EVA capabilities and knowledge for 
Exploration missions

ÅDevelop and document concepts of 
operations for EVA at the Exploration 
destinations

ÅRealize the needs of EVA equipment and 
enable the development of concepts for 
design maturation on the road-to-flight 
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WHO: NASA, ACADEMIA, INDUSTRY, MILITARY @ NEEMO
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Exploration Operations
ÅProcedure development/refinement 
ÅSignal latency (time delay) & blockage
ÅBandwidth limitations

EVA Operations
ÅEVA concepts of operations
ÅEVAs in undefined environments 
ÅAdvanced capabilities

Science Operations
ÅFlexecution methodology
ÅDecision making protocols
ÅTransverse planning

Robotic Operations
ÅAutonomous
ÅCrew controlled
ÅHuman-Robotic interface & integration

TOOLS TECHNIQUES TECHNOLOGIES TRAINING

WHAT: DEVELOPMENT & INTEGRATION THEMES

EVA Systems
ÅEVA tools and equipment
ÅLarge equipment transport
ÅSmall tool transport on suit
Å Informatics
ÅCrew rescue
ÅEVA Support System & IV Workstation
ÅScience instruments and sample 

acquisition tools

Instrumentation
ÅSample identification / high-grading
Å ISRU verification

Sample Collection/Curation
ÅCollection
ÅContamination Mitigation
ÅPreservation/Storage

Emerging Technologies
ÅVirtual/Hybrid reality opportunities 
ÅRelevant cutting-edge systems and 

capabilities for Exploration and EVA
ÅRapid testing environment for 

development of emerging technologies

Innovations Incubator
ÅRelevant environments and operational 

constraints are a breeding ground for 
innovation 

Partnerships
ÅOpportunities for external partners to 

demonstrate current capabilities
ÅDirect collaboration leading to proposal 

and other funding avenues
ÅStrengthens international partnerships

Cross-Disciplinary Training
ÅLearning each others language, 

requirements, and drivers in EISD
ÅEx. Geo-Science Field Training for 

managers and engineers

Astronaut Crew Training 
ÅAdditional expeditionary and leadership 

opportunities
ÅEnhances both operational and science 

training objectives  

Operational Training 
ÅProvides ops training prior to payload 

flights for payload PIs and teams
ÅEnables development of engineers and 

scientists not normally exposed to 
operations
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WHERE: NASA EXTREME ENVIRONMENT MISSION OPERATIONS (NEEMO)

Å Premiere analog that allows for evaluations of EVA end-to-end concepts of operations with crew that are in-situ in a true extreme 
environment and provides for flight-like interactions between the crew and an MCC/Science Team, including over comm latencies

Å NASA analog mission that sends groups of astronauts, engineers and scientists to live, work and explore in a challenging 
environment

Å Series of 22 space exploration simulations conducted since 2001
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WHERE: NEEMO FACILITIES

ÅAquarius Reef Base, the world's only undersea research station
ÅLocated 5.4 miles (9 kilometers) off Key Largo in the Florida Keys National Marine Sanctuary
Å62 feet (19 meters) below the surface next to a deep coral reef named Conch Reef
ÅOperated by Florida International University
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HOW: b99ah ά{t!/9/w!C¢έ !b5 ά{t!/9{¦L¢έ

¢I9 ά{t!/9{¦L¢έΥ  Ya 37SS HELMET W/ WETSUIT & HARNESS FOR SURFACE SUPPLIED DIVING SYSTEM (SSDS)

¢I9 ά{t!/9/w!C¢έΥ  !v¦!wL¦{ UNDERWATER HABITAT

62ft depth

~20,000 mm

~50ft 
depth

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

evaluations

Both have different but comparable 
challenges for operations

37SS: Narrower FOV, Helmet movable
xEMU: Wider FOV, Helmet fixed

Wetsuit & harness: Flexible, but restrictive
xEMU: Pressurized, bulky

TBD mEMU  concept
(courtesy of The Martian)

xEMU concept
KM 37SS
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HOW:  A DAY IN THE LIFE OF NEEMO EVA OPERATIONS
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(05) egress N20_video 20150721 MD02 (IMG_3199).MOV
(03) hatting diver N20_video 20150720 MD01 (IMG_3169).MOV


NEEMO 22 Mission Overview
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ü Overview
Å Successful 10 day mission living and working from Aquarius Reef Base
Å Completed a combination of Exploration EVA and ISS related objectives
Å Numerous participating organizations across NASA, JSC, ESA, JAXA, 

Research Institutions, Universities, and Industry Partners

ü Key Dates
Å Engineering Week: May 8-16
Å JSC Crew Training Week: May 22-25
Å Test Readiness Review: May 30
Å ARB Crew Training Week: June 12-16
Å NEEMO 22 Mission: June 18-27

üCrew Members
Å Kjell Lindgren
Å Trevor Graff
Å Pedro Duque
Å5ƻƳ 5Ω!Ǝƻǎǘƛƴƻ

NASA EXTREME ENVIRONMENT MISSION OPERATIONS - NEEMO 22
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NEEMO 22 PARTNERS/COLLABORATORS

Å NASA

Å JSC
Å XM:  Mission management, mission director, integration

Å XI:  Mission management, Science objectives, Science Team leadership, crewmember

Å XX:  Mission management, EVA leadership, EVA objectives (ops concepts, tools development, informatics)
Å EA (EC, ER):  PI for multiple evaluation objectives, building EVA tools

Å CB:  Crewmember

Å SK:  PI for mission objectives
Å PAO:  Public Affairs activities

Å ARC:  Mission planners and timeline tool 

Å KSC:  Communications, data management, and logistics support

Å ESA:  Crewmember, research objectives

Å JAXA:  Ops Support

Å Academia

Å Johns Hopkins University:  Research objectives

Å University of South Florida:  Research objectives

Å Florida International University (FIU):  Aquarius owner and operator, marine science support
Å Georgia Institute of Technology:  EVA Cognitive Work Analysis graduate study

Å University of North Carolina at Wilmington:  Science instrumentation

Å University of Houston Clear Lake:  Research objectives

Å Institutions

Å Florida Institute for Human & Machine Cognition:  Research objectives, crewmember
Å Coral Restoration Foundation:Research and mission objectives

Å Industry
Å Honeybee:  Core drilling solution

Å AllTraq:  Mission objectives

Å Shark Marine:  Providing a navigation system
Å Aexa Aerospace:  Providing HoloLens units and expertise AllTraq

EVA Strategic
Planning & 

Architecture
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Develop & Integration

XM

Crew & Thermal
Systems - Tools

EC
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XI
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Category Gap/Risk Experiment Sponsor Beneficiary
Exercise Countermeasures VETSS SK/ER ISS, Orion

Ultrasound w/ Remote Guidance ER ISS    ------>    Exploration

Life Supt system procedure ER ISS    ------>    Exploration

Inventory Management AllTraq AllTraq ISS    ------>    Exploration

Mobile Crew Planning Tool Playbook ARC ISS    ------>    Exploration

in situ DNA sequencing mini DNA Sequencer SK ISS    ------>    Exploration

Crew Self Scheduling XX/ARC ISS    ------>    Exploration

Integrated Science Team XI/XX Exploration

Sample Acquisition XI/XX Exploration

Sample Stowage XI/XX Exploration

Small Tool Transport on EVA suit XX/XI Exploration

Large Tool/hardware transport XX/XI Exploration

IV Support System XX Exploration

IV Workstation Support Tools XX/XI Exploration

LESA ESA Exploration

Hyperbaric body changes Body Composition Study IHMC/USF N/A

Hyperbaric sleep effects Autonomic Function IHMC/USF N/A

Hyperbaric microbiome changes Microbiome Study IHMC/USF N/A

Dietary influence on psychology Psych Study USF ISS    ------>    Exploration

Sensorimotor degradation RAPSAP Johns Hopkins ISS    ------>    Exploration

Reef mortality Coral Science FIU, CRF N/A

  Crew Preparation   Expeditionary Training   CDR upgrade CB (+IPs) ISS    ------>    Exploration

  PAO events PAO ISS    ------>    Exploration

  Educational Outreach PAO ISS    ------>    Exploration
  Outreach Opportunities  N/A

Autonomous Procedures

Pure Science

Tool & Technology 

Maturation for Ops

Exploration Surface Ops with Comm 

Delay
Ops Concept Maturation

MISSION PROGRAM RELEVANCY
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PRE-MISSION N22 EVA TIMELINE  (FROM 5/23/17)

LOS (~30 min)

LOS (~30 min)
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NEEMO 22 Integrated EVA
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Informatics

NEEMO 22 EVA OBJECTIVES TIED TO KNOWLEDGE & CAPABILITY GAPS

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

üEVA-Robotic (Man-Machine) Work SystemüSituational Awareness for IVA & MCC
üRobotic Payload Transport for EVA 

*Shark Marine

ü IV Support System & Workstation
üEVA/Science task tracking  *Marvin & Playbook

üEVA Digital Cue Cards
üEVA Navigation  *Shark Marine

üEVA Augmented Vision Heads-Up Display  
*Navy Diver Augmented Vision Display demo

EVA Tools

üTools for Science Sampling on a Surface 
EVA
ü Subsurface samples (core)

üTool Carrier Device
üTool Attachment/Harness for Surface EVA

ü Integrated Geoscience Sampling System  
*Core sample acquisition (Honeybee Robotics)

üLarge tool/hardware transport & stowage  
*EVA Modular Equipment Transportation System

üSmall tool transport on EVA suit

Concepts of 
Operations

ü Integrated EVA Flight Control 
Methodology

üTools for Interacting with EVA Over a 
Comm Latency 

üFlexible Execution Methodology for EVA 
Science Operations in Undefined 
Environments 

ü Integrated EVA Operations with Science Tasks
ü Integrating Informatics
ü IV support System & Workstation
üFlexecution

üTraverse Planning
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EVA Objectives SMT EVA Knowledge/Capability Gaps

The primary goal for EVA was to inform the Exploration EVA System Conceptof Operations document by exploring the 
combination of Operationsand Engineering with Sciencefor Exploration destinations in a mission-like environment
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REEF FOLLOW-UP SCIENCE

ü Continuedresearchandsamplingconducted
duringNEEMO20and21

ü Crew successfully navigated to, located,
documentedandre-sampledcolonies

ü Science team developed the overall
samplingstrategyandtraverseplans

NURSERY CONSTRUCTION & SCIENCE

ü Modified and conductedcontinued science
investigation on two long-term coral
nurseriesnearARB
Å 50Ωnursery
Å 90Ωnursery(deepestin the world)

REEF EXPLORATION SCIENCE

ü Exploredand expandedinto new sites; coral
science was correlated to nurseries as a
naturalbaseline

ü Described, documented, and sampled
additionalsamplesfor longterm research

DEVELOPMENT OF SCIENCE-DRIVEN EVA OPERATIONS

SCIENCE NEEMO 22 EVA SCIENCE OVERVIEW
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ü Nonprofit conservation 
organization dedicated to 
creating offshore nurseries & 
restoration programs for 
threatened coral species. 

ü Their mission is to develop 
effective coral nursery and 
restoration techniques and to 
train & empower others to do 
the same in their area. 

COLLABORATION OF SCIENCE BETWEEN NASA AND EXTERNAL PARTNERS

SCIENCE CORAL RESTORATION FOUNDATION
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ü Laboratory of Integrative Marine 
Genomics and Symbiosis (IMaGeS) 

ü Focuses on the study of the 
symbiotic interactions between 
microbial organisms and cnidarian 
hosts, in particular reef-building 
corals, from different 
perspectives, including cell 
biology, eco-physiology & ecology.

Ultimately inform ongoing coral 
restoration efforts & 

understanding of the changing 
reef environment

Provide time & depth components

Provide a natural baseline for coral 
restoration efforts

Genetically characterize the coral 
symbiotic community

Multiyear Science Investigation

SiderastreaAgaricia Orbicella

Endangered Coral Species

Growing Partnerships and Advanced Instrumentation

Peer Reviewed Results

EVALUATION OF RELEVANT SCIENCE WITH NASA AND EXTERNAL PARTNERS

SCIENCE MARINE EXPLORATION SCIENCE
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