National Aeronautics and Space Administration

NEEMQ2?2
EVA Overview & Debrief

EVAEXPO054

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

December 5, 2017



N(A\fif\ AGENDA

ANEEMO Analog Overview
A Integrated Operational Testing: Who, What, Where, Why, How

ANEEMO 22 Mission Overview
ANEEMO 22 Integrated EVA
ANEEMO 22 IVA

ABackup

EVAEXP0054 This document does not contain any export control information (#20205009470) 2



NEEMO ANALOG OVERVIEW

Integrated Operational Testing: Wh@/hat, Where, Why, & How
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ANALOGSWNVHO, WHAT, WHERE, WHY, & HOW

Highfidelity integrated multi-disciplinary operational development missiortkat closely mimic the space environment of
interest, and allow for endto-end operations, thusdeveloping and testing concepts that enable Exploration missions

WHQ WHAY WHERE

MULTORGANIZATIONAL TEAMS INTEGRATION THEMES RELEVANT ENVIRONMENTS

/ A
s B % TOOLS ¢
’ g’; : ‘bO TECHNIQUES m
eisd | £ & TECHNOLOGIES
oo =Ly T~ TRAINING f
Toachieve mission readiness through integration and testing of technologies, systems, INTEGRATED OPERATIONAL TEST

operations, and science in relevagrtvironments
A Close technology, exploration, and science gaps
A Identify and develop the best systems, innovations, apdrationalapproaches
A Drive outresults not found in standalone testing, including things that do and do not work
In a mission environment
A Inform strategic architectural and concept of operations development efforts L :
A Facilitate EVA concepts of operations development . ¢ * A L=

OUTCOMEThese efforts will ultimately led to mission readiness and sucostsce therisk,
increase the scientific returndimprove the affordability of NASA programs and missions.




N(A\S)A WHY. EVA GOALS FOR INTEGRATED OPERATIONAL TESTING

EVAGoals

A Advance the future of the E\@ystemand
operations

A Understand EVaapability, knowledge, and
technology gapand concepts of operations 2l
for a wide range of Exploration destinations ™
being considered by NASA "

A Assess the systeand architectural
interactions between Operations,
Engineering, and Science

A Determineand document closures to gaps in
EVAcapabilities and knowledder
Explorationmissions

A Develop and document concepts of
operations for EVA at the Exploration
destinations

A Realizeghe needs of EVA equipment and
enablethe development otoncepts for
design maturation on the roatb-flight
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N(A\%A WHQ NASA, ACADEMIA, INDUSVIRYTARY @ NEEMO

| FLORIDA
INTERNATIONAL
| UNIVERSITY

C®RAL &  Fihmc

. MFTRIC FLORIDA INSTITUTE FOR
JOHNS HOPKINS - 23Rk Coten
FOUNDATION™

] _ - . &\5.\'\‘\"/// e
€ TELOREGEN. @ VEGATekcheslth S EMBRV-RIDDLE

% 4 ow

T e
$ Clear Lake

e )
aoa ﬂwmm{n éﬁ A

BV export comt8information @#28205009470) 6

AL
T (\' T-. '

AllTrag

EVAEXP0054 "~ This do



1&\%4 WHAT DEVELOPMENT & INTEGRATION THEMES

TOOLUS

EVA Systems

A EVA tools and equipment

A Large equipment transport

A Small tool transport on suit

A Informatics

A Crew rescue

A EVA Support System & IV Workstation

A Science instruments and sample
acquisition tools

Instrumentation
A Samplddentification / highgrading
A ISRUrerification

SampleCollection/Curation
A Collection

A Contamination Mitigation

A Preservation/Storage

TECHNIQUES

Exploration Operations

A Procedure development/refinement
A Signal latency (time delay) & blockage
A Bandwidth limitations

EVA Operations

A EVA concepts of operations

A EVAsn undefined environments
A Advanced capabilities

Science Operations
A Flexecution methodology
A Decision makingrotocols
A Transverse planning

RoboticOperations

A Autonomous

A Crew ontrolled

A HumanRobotic interface & integration

.c . TECHNOLOGIES

Emerging Technologies

A Virtual/Hybrid reality opportunities

A Relevant cuttingedge systems and
capabilities for Exploration and EVA

A Rapidtesting environment for
development of emerging technologies

Innovationsincubator

A Relevant environments and operationa
constraints are a breedinground for
innovation

Partnerships

A Opportunitiesfor external partners to
demonstrate currentapabilities

A Direct collaboration leading to proposa
and other funding avenues

A Strengthens international partnerships

TRAINING

CrossDisciplinary Training

A Learning each others language,
requirements, andirivers in EISD

A Ex. GeeScience Field Training for
managers anéngineers

Astronaut Crew Training

A Additional expeditionary and leadershij
opportunities

A Enhances both operational and sciencg
training objectives

OperationalTraining

A Provides ops training prior to payload
flights for payload Pls and teams

A Enables development of engineers and
scientists not normally exposed to
operations




Nasa WHATINTEGRATED EVA OPERATIONS =2

SCIENCE
OPERATIONS

ENGINEERI
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Develop & Integration Architecture s, A Spacecraft Mechanisms Corporation
; RESTORATION et
Florida International FOUNDATION™
University Crew & Thermal
Systems Tools
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N(A\S)A WHERENASA EXTREME ENVIRONMENT MISSION OPERATIONS (NEEMO)

A Premiere analog that allows for evaluations of EVA-nend concepts of operations with crew that aresitu in a true extrere
environment and provides for fligHike interactions between the crew and an MCC/Science Team, including over comm laten

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

environment
A Serieof 22 space exploration simulations conducted since 2001




vasa WHERENEEMO FACILITIES

A Aguarius Reef Base, the world's only undersea research station

A Located 5.4 miles (9 kilometers) off Key Largo in the Florida Keys National Marine Sanctuary
A 62 feet (19 meters) below the surface next to a deep coral reef named Conch Reef

A Operated by Florida International University

pOUARIL SN

REEF BASE
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vass HOW:b99ah 4{t!/9AwWICOE!LBE ¢
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LIED DIVING SYSTEM)(S

)

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

Both have different but comparable
challenges for operations

37SSNarrower FOV, Helmet movable
XEMU: Wider FOV, Helmfed

Wetsuit & harness: Flexible, but restrictive , * TBD mEMU concept
XEMU: Pressurized, bulky 3 (courtesy ofThe Martiar)

KM 37SS _ . :
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N(@A HOW A DAY IN THE LIFE OF NEEMO EVA OPERATIONS

EVA prep angégress

W) = voIC

SAMPLING
PROCEDURES

Science Team Feedback
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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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N(A\%A NASA EXTREME ENVIRONMENT MISSION OPERRMEEDNNS 22

u Overview

A Successful 10 day mission living and working from Aquarius Reef Base

A Completed aombinationof Exploration EVA anl&Selated objectives
A Numerousparticipating organizations acroBRASA, JSC, ESA, JAXA,
Research Institutions, Universities, amdiustry Partners

u Key Dates
A Engineering Week: May-B
A JSC Crew Training Week: May2&2
A Test Readiness Review: May 30
A ARB Crew Training Week: Junel®2
A NEEMO 22 Mission: June-28

u Crew Members
A Kiell Lindgren &
A Trevor Graff & weoss
A Pedro Duque ¢ esa

A52Y 5Q! Z@m B 2
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N(A\%A NEEMO 22 PARTNERS/COLLABORATORS

A Jsc
A XM: Mission management, mission director, integration
A XI Mission management, Scienskjectives, Science Team leadership, crewmember LRy
A XX Mission management, EVadership, EVA objectives (ops concepts, tools development, informatic '
A EA (EC, ERPI for multiple evaluation objectives, building EVA tools
A CB Crewmember g
A SK PI for mission objectives 0
A PAQ Public Affairs activities g? y :
A ARC Mission planners and timeline tool Astromaterials Research & ~ EYASUAlegic  jissjon planning,  Crew & Thermal

. . Lo Exploration Science (ARES)
A KSC Communications, data management, and logistics support

Architecture Develop & Integration ~ Systems Tools

CC%TE\% _Iu_s L5 | :ujl*m.w:-
H ——

University l ll \ |‘ ‘{\f
of Houston @

Clear Lake

A ESA Crewmember, research objectives
FLORIDA e ﬁ
A JAXA Ops Support rlu INTERNATIONAL -
_ UNIVERSITY

A Academia

A Johns Hopkins UniversityResearch objectives

A University of South Florida Research objectives

A Florida International University (FIU)Aquarius owner and operator, marine science support -|

A Georgia Institute of TechnologyEVA Cognitive Work Analysis graduate study TS

A University of North Carolina at WilmingtanScience instrumentation SOUTH FLORIDA

A University of Houston Clear LakéResearch objectives

A Institutions
A Florida Institute for Human & Machine CognitionResearch objectives, crewmember
A Coral Restoration FoundationResearch and mission objectives HONIEEYBEI roBotics

Spacecraft Mechanisms Corporation
A Industry
A Honeybee Core drilling solution
A AllTrag Mission objectives
A Shark Marine Providing a navigation system
A Aexa Aerospace Providing HoloLens units and expertise AllTraq
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vasa MISSION PROGRAM RELEVANCY

Category

Gap/Risk

Experiment

Sponsor

Beneficiary

Exercise Countermeasures  \/|VETSS SK/ER ISS, Orion
V Ultrasound w/ Remote Guidance ER ISS  ------ > Exploration
Autonomous Procedures : :
Tool & Technology V Life Supt system procedure ER ISS  ------ > Exploration
Maturation for Ops Inventory Management ¥ AllTraq AllTraq ISS  ------ > Exploration
Mobile Crew Planning Tool Playbook ARC ISS  ------ > Exploration
in situ DNA sequencing V mini DNA Sequencer SK ISS  ------ > Exploration
V Crew Self Scheduling XX/ARC [SSpess— > Exploration
V Integrated Science Team XI/XX Exploration
V Sample Acquisition XIIXX Exploration
i _ Sample Stowage XI/XX Exploration
Ops Concept Maturatiol EE));?;;ratlon Surface Ops with C¥ Small Tool Transport on EVA suit XXIXI Exploration
V Large Tool/hardware transport XX/IXI Exploration
V IV Support System XX Exploration
V IV Workstation Support Tools XX/XI Exploration
V LESA ESA Exploration
Hyperbaric body changes \/|Body Composition Study IHMC/USF N/A
Hyperbaric sleep effects V Autonomic Function IHMC/USF N/A
. Hyperbaric microbiome changeV Microbiome Study IHMC/USF N/A
Pure Science Dietary influence on psychologN Psych Study USF ISS - > Exploration
Sensorimotor degradation RAPSAP Johns Hopkins ISS  ------ > Exploration
Reef mortality \/|Coral Science FIU, CRF N/A
Crew Preparation Expeditionary Training V CDR upgrade CB (+IPs) ISS  ------ > Exploration
- V PAO events PAO ISS  ------ > Exploration
Outreach Opportunitiel N/A V Educational Outreach PAO ISS  ------ > Exploration

EVAEXPO054
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SUNDAY

18

DMDI

Team Mtn / Safety Brief; A
g | Team Photo
= ARB Dock Side

Crew Transport
George F Bond

10

SPLASHDOWN

11 Gear Stow

Aquarius

Safety Brief

Aquarius
12%

Meal

Aquarius

1 Gear Unpack
Aquarius

EVA Prep
Aquarius / Wet Deck

Fam Dive 1 (T/K)
Vic Aquarius, Staging
Area, RP

w

EVA Post-Ingress
Aquarius / Wet Deck

MONDAY

19

DMDZ

Topside fast boat: Coral to
shore

DTOPSIDE: InCap Support

EVA Prep
Aquarius / Wet Deck

Egress & Equip Prep (3
crew) [IHMC Tests]
EVL:K EV2:S IVL:T

I‘rmetse
I Deploy USLB Transponder

' Nursery Sample Arm
" Retrieval
190" (Mercury}

m

@ Incap Crew Rescue

1st crew member

Cleanup/IHMC
Tests/Ingress

EVA Post-Ingress
Aquarius / Wet Deck

TUESDAY

Comm Latency: 0 mins
[] MD3
|:|Topside fast boat: Coral to
staging area
DTOPSIDE: InCap Support

EVA Prep
Aquarius / Wet Deck

Egress & Equip Prep (3
crew) [IHMC Tests]
EVL:T EV2:D IVL:K

* Incap Crew Rescue
| 2nd crew member

90" (Mercury) Nursery; tree
change over

|NutsuyConskucion
i

Cleanup/IHMC
Tests/Ingress

EVA Post-Ingress
Aquarius / Wet Deck

WEDNESDAY

1

N

D MD 4
DTOPSIDE: InCap Support

TOPSIDE: Robotics
Support

EVA Prep
Aquarius / Wet Deck

Egress & Equip Prep (4
crew) [IHMC Tests]
EVL:K EV2T IVI:D IV2:S

lncap Crew Rescue
3rd crew member

USBL Transp
Tmus:

I
| Explorahon EVA: Reef
{
i

Cleanup/IHMC
Tests/Ingress

EVA Post-Ingress
Aquarius / Wet Deck

THURSDAY FRIDAY

79 712

Ll L0

NEEMO 22 MISSON

[JMD'S [|MB6
] ©nshore: Navy DAVD; D... H Onshore: Navy DAVD; DC,

Signal gap (~30 min LOS) MR, AH, IC

A = TOPSIDE: Robotics

DTOPS]DE. Robotics Supp.. H SObport

EVA Prep EVA Prep

Aquarius / Wet Deck Aquarius / Wet Deck

Egress & Equip Prep (4
crew) [IHMC Tests]
EV1:S EV2Z:D IVL:T V2K

lncap Crew Rescue
4th crew member

Deploy USLB Transpondet

N

I Traverse

| Exploration EVA: Reef
§

Science Sampling
Zone ..,

LOS (~30 min)

Tm
Cleanup/IHMC
Tests/Ingress

EVA Post-Ingress
Aquarius / Wet Deck

Egress & Equip Prep (3
crew) [ITHMC Tests]
EV1:D EV2:T IV1:S

a‘

Exploratlon EVA: Reef
Science Sampling
Zone ..,

7§

Exploratlon EVA: Reef
Science Sampl‘ng
Zone ..

a‘

Cleanup/lH MC
Tests/Ingress

EVA Post-Ingress
Aquarius / Wet Deck

SATURDAY

4

N

SUNDAY

N
w

Comm Latency: 10 mins

DMD7

Signal gap (~30 min LOS)

TOPSIDE: Robotics
Support

EVA Prep
Aquarius / Wet Deck

Egress & Equip Prep (4

crew) [IHMC Tests]

EVL:K EV2:D IVL:S IV:T
ITmuse'

Exploration EVA: Reef

Science Sampling

Zone ...

LOS (~30 min)

[ rraverse
Exploration EVA: Reef

Science Sampling
Zone ...

DMDB

Topside fast boat: Coral to
shore

DTOPSIDE: Science Diving

EVA Prep
Aquarius / Wet Deck

Egress & Equip Prep (4
crew) [IHMC Tests]
EVL:S EV2T IVL:K IV2:D

ITmuse
l Deploy USBL Transponder

' Nursery Sample Arm
| Retrieval
1 50' (Atlas) Nursery

Exploration EVA: Reef
Science Sampling
Zone ...

A,

l" trieve USBL Transp
Cleanup/IHMC
Tests/Ingress

EVA Post-Ingress
Aquarius / Wet Deck

Cleanup/IHMC
Tests/Ingress

EVA Post-Ingress
Aquarius / Wet Deck

MONDAY

TUESDAY

o)
N
~J

"
£

Comm Latency: 0 mins
[JMDS [JMD10
DTopside fast boat: Coral ...
DTOPSXDE: Cleanup Activit..

DTOPSIDE: Science Diving

EVA Prep
Aquarius / Wet Deck

Egress & Equip Prep (3
crew) [IHMC Tests]
EVL:K EVZ:S IV1:D

Nursery Construction
50" (Atlas) Nursery; tree
change over

Ingress

EVA Prep
Aquarius / Wet Deck

Egress & Equip Prep (3
crew) [IHMC Tests]
EVL:K EV2:S IV1:D

Nursery Construction
50° (Atlas) Nursery; tree
change over

Blowdown

SPLASHUP

Cleanup/Ingress

Crew Transport

@ Storage depth

EVA Post-Ingress
Aquarius / Wet Deck




NEEMO 22 Integrated EVA
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The primary goal for EVA was to inform tBeploration EVS&ystem Conceplf Operationglocumentby exploring the
combination ofOperationsand Engineeringvith Sciencdor Exploration destinations in a missihke environment

Primary EVA Objectives

Secondary
Objectives

EVAEXPO054

EVA Tools

Informatics

Concepts of
Operations

RoboticEVA

EVA Objectives SMT EVA Knowledge/Capability Gaps

\/ U Integrated Geoscience SamplirBystem U Tools for Science Sampling on a Surface

*Core sample acquisition (Honeybee Robotics) EVA
\/ U Large tool/hardware transport & stowage U Subsurfacesamples (corg

*EVAModular EquipmentTransportation System U Tool Carrier Device
\/ U Smalltool transport on EVAsuit U Tool Attachment/Harness forSurface EVA
\/ U IV SupportSystemé& Workstation U IV Support System for EVA Operations
\/ U EVA/Science taskacking *Marvin & Playbook U EVA Graphical Display
\/ U EVA Digital Cu€ards 0 EVA Short Range Navigation
U 0 EVANavigation *Shark Marine 0 Mixed/ Augmented RealityCapability
v U EVAAugmented VisiorHeadsUp Display U EVA Suit Headslp Display

*Navy Diver Augmentedision Displaydemo )
\/ U Integrated EVAOperations with Science Tasks u :\Zl]teet%g%l[g% gE;/A Flight Control
\/ U Integrating hformatics _ il Tools for Interacting with EVA Over a
v U IV support §stem & Workstation Comm Latency
\/ U Flexecution U FlexibleExecution Methodology for EVA

(i TraversePlanning Science Operations in Undefined

Vv Environments
U 0 Situational Awarenessgor IVA & MCC U EVARobotic (ManMachine) WorkSystem
U U RoboticPayload Transportfor EVA

*Shark Marine

This document does not contain any export control information (#20205009470)
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N(A\s)ﬂ DEVELOPMENT OF SCIEHNIIZEN EVA OPERATIONS

S U HZ NG NEENVIOZZE VA SCENUEOME
NURSERY CONSTRUCTION & SCIENC_:E_‘ REE FOLLOWP SCIENCE

CERRAL A

FOUNDATION™

REEF EXPLORATION SCIENCE

TR

. e - : : U Exploredand expandedinto new sites coral
U Modified and conducted continued science duringNEEM@0and 21 science was correlated to nurseries as a
investigation on two longterm coral i Crew successfully navigated to, located, natural baseline
nurseriesnearARB documentedandre-sampledcolonies i Described, documented, and sampled
s0thursery U Science team developed the overall additionalsamplesfor longterm research

A 90hursery(deepestin the world) samplingstrategyandtraverseplans
EVAEXR0054 This-d6cument-does-not-contain-any-export-controlinformation(#202050094.70) 20



N(A\%A COLLABORATION OF SCIENCE BETWEEN NASA AND EXTERNAL PARTNERS

v SEUHZ NG CORALI RES TORAT TON FOGMNL

&M U Nonprofitconservation —_———
C N R /ﬂ\ I_ organization dedicated to s
creating offshore nurserie&

FOUNDATION® restoration programs for
threatened coral species.

U Their mission is tdevelop
effective coral nursery and

Education restoration techniques and to
Promote awareness of coral reef health and .
survival, along with the environmental and sacial traln & empowerothers to do

benefits of reef ecosystems.

the same in their area.

Action

Engage communities and facilitating
partnerships in research, restoration, and
understanding of coastal resources.

W

Results

Second generation
fragments

6 Month old colony : ‘ Lz .
Hanging Cards
Grow and restore threatened coral species, and
Transplant to the
Reef

enhance reproductive output to stimulate a
natural recovery. 2 - Newly mounted
Coral

' g
s 3 P 7 K% . L
One Time S
Collection (Corals of
Opportunity) 5 '
§

EVAEXRPO054 This-document-does-not-contain-any-export-controlinformation(#20205009470) 2¥



N(A\Sp EVALUATION OF RELEVANT SCIENCE WITH NASA AND EXTERNAL PARTNERS

O L HT [N

Multiyear Science Investigation

)}
Endangered Coral Species

ramid- | 1)

NZZMO XX I

U Laboratoryof Integrative Marine  Growing Partnerships and Advanced Instrumentation
Genomics and Symbiosis (IMaGeS)

U Focuse®n the study of the
symbiotic interactions between
microbial organisms and cnidarian
hosts, in particular reebuilding
corals, from different
perspectives, including cell
biology, ecephysiology& ecology

Geneticallycharacterize thecoral
symbioticcommunity

Provide time & depth components

Provide a natural baseline for coral
restoration efforts

Ultimately inform ongoing coral
restoration efforts &
understanding of the changing
reef environment

Peer Reviewed Results
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