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Background

A Future Exploration missions will potentially take humans
destinations where EVA work will be done mon-
engineered natural bodies

A These missions will also be at distance that precludes
Instantaneous realime communication with the crew

A There are numerous technology and operations gaps -
associated with translation and stabilization tools, science

sampling tools, and operational techniques for deallng W

comm latency

Operational Field Testing

Ananalog mission is an integrated mudisciplinary
operational field test that allows for early end-end testing of
concepts of operations and hardware in a true operational
scenario

A Evaluates objectivesmapped to specific needs and
knowledge/technologygaps

A Hasthe crew insitu and a ground team separated from
them in a missiodike manner

A Providesan understanding of system and architectural
interactions between Operations, Engineering, and Scie

A Drivesout results not found in standalone testing, includi
things that do and do not work in a missienvironment

A Benefits programs from ISS to Exploration




EVA Goals
A Advance the future of the EVA system apbrations

A Understand EVA gaps andncepts of operationfor a wide range of
Exploration destinations being considered by NASA

A Determine and document closures to gaps in EVA capabilities for
Exploration missions and inform the EVA Systems Maturation Team
(SMT)

A Develop and documertdoncepts of operations fdEVA at the Exploratio
destinations

A Realize the needs of EVA tools and hardware and enable the
development of requirements and designs

Benefits of Operational Field Testing

A Concepts of operations cdre accurately tested to determine their
viability andchanges

A Utilization of real science allows for investigation of ¢aetnd concepts

of operations, from both an Eartbased Science Team and thesitu
EVA crew

A Purposebuilt prototype hardware can be evaluated in a field test to
provide data for design maturation

A Communication latencies can be simulated in an operational
environment in order to assess tlwen opsand needs associated with
EVAs

A A range of destinationsanbe evaluated




. *:ntegrated Analog Testing:
“Inputs to Operationally Driven Design

Nasa

A By developing and simulating integrated operations and evalua
systems and technologies within that operational environment

are able to:
I Understand what systems and technologies are required

" Understand what systems and technologies ao¢required

" Understand how the use and interactions of those systems
and technologies affects their requirements and subseque

development

By learning these things early in the development process, limited resources
can be directed more efficiently and the resulting technologies and systems
will be more affordable and effective
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» Planning and Executing Operational Field Tedi

A Define questions of interest to close technological or architectural gaps

A Design and execute test to address questions of interest

A Rigorously/systematically evaluate results

A Use modeldo extendresults (where applicable)

A Based on results, define/refine requirements & improve technology on the read
to-flight

A Distribute results via NASA documents, NASA technical presentations, reports,
conferences, & journal articles

NEEMO 15 NEEMO 16

NEEMO 21
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« EVA U.'t:i'li?zatli'on of Operational Field Test@sk

The primary utilization of operational field tests for EVA is to evaluate potential closures f
knowledge gaps¢including the EVA SMT, CAPTEM, and FAST) while tzsioepts of
operationswithin a missiodike flexible environment

NEEMO 21 EVA Objectives EVA SMT Gap

EVA tools and hardware for science EvaluateEVA hardware and operations for science sampling in a surface/partial | 107: Tools for Surface EVA

sampling environment New: Tools for Science Sampling on a Surface EVA
(EVAIntegrated Geology Sampling A Loosely adhered particles (surface, float, soil)
System) A Chip samples
A Subsurface samples (core)
Evaluate EVA hardware and operations for transpordéind stowing tools and 107: Tools for Surface EVA
samples 108: Tools (tool caddy device)
Hardware and tools to assist EVA Examine uses of robotic assets for EVA operations 128: EVA Integration
operations New: ManMachine Work System
Assesgool needs (hardware and software) for short distance navigation datato | 92: Avionics Systems for EVA Tasks
support rover based geology/science 96: Navigation (short distance nav data)
Tools (software and hardware) and Examine how EVA operations will be directed/controlled at destinations with conjni28: EVA Integration
techniques needed to effectively latencies, includingeVA interaction with a Science Team and edeiwen multiday New: EVA Flight Control
communicate over a comm latency planning of EVAs

during an EVA

Evaluate the tools (hardwarmnd softwareMCC, the IV, and the EVA crew will neegl 128: EVA Integration

in order to conduct operations at destinations with comm latenciesiuding exting, | New: Tools for Interacting with EVA Over a Comm
file transfer audio, video, still imagery, suit data (placeholder), and an EVA tool f¢r Latency

identifying and relaying information about samples
92: Avionics Systems for EVA Tasks
93: Display (integrated camera)

Evaluate what kind of tools (support system) the IV crewmember will need in ord| 128: EVA Integration
effectively handlehe amount of information and tasking the IV crewmember musf New: 1V Support System for EVA Operations
contend with while actively directing the EVA

Flexible execution methodology forEVA5 S@St 21LJ I Tt SEA0t S SESOdziAzy YSiK2RZ1UBIRA hitégfafioB ES Odzii A2y E 0 T2 N
A0ASyO0S 2LISNI G4 2y Y Systan, Crévk &hdElighi Gbfrél Team to operate in natural environments wherg Flexible Execution Methodology for EVA Science
things are not well defined and may require significant deviation from any plan Operations in Undefined Environments




Thegoalfor EVAN an operational field test i® explore the combined aspects of Science, Operations, and

Equipment in a missiclike environment in order to evaluate:
Concepts of operations on a natural surface

A Hardware and tools for pioneering and science tasks

A Toolsand techniques that enable effective and efficiesimmunication and operatiortsetween the
ground (including MCC argtienceleam) and the crew (including IV aBYA) over an appropriate
communicationatency utilizing a flexible executionethodology

=

o s EVA Strategic Planning &
éigﬁ’)?;%%rﬁ'asliieRﬁsg ?A%]Egé) Archit%cture g Crew & Thermal

Systems Tools
/
M
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ARBIIO-SURACe LPEFaLIO
- Exploration traverses were planned in advance using imagery gathered from precursor satellites
- Crews had significant training in geology and science tasks
- An Earthbased science team (ST) supported EVAs (Precursor plans, Feedback during EVA, and changes betwee; i

RODOTC IVIISSIOf 7\ MER A Spirit
- Remote science operations 7. \
- Instrumentation / sample selectior#

MARSY SLIENCE
+ L ABORATORY>

@ Testedbed for a variety of communication latency for detailed EVA/Science evaluations

NASA EXtreme environment Mission Operat
- Utilizes unique facility & environment; rapid prototyping; Evaluations of both IVA and EVA objectiv. m

2] (eeieslee) ey eRiee) S e (ee]asae ) GO el e e e e e e

N
@ Tested a variety of communication latencies for ge@ence operations

REELR AU 1BCE0CICYL CLUs) Csoence

- Utilizes terrain appropriate for gescience tasks; Suit and robotést-bed

e & ¢ © @ &6 6 6 © ©6 6 0 © © 0

Science Field Campaigns paviLion |8

@ther NASA 'ANalog +1ogie .

-E i i >
ach exploring various aspects of explora ‘Q"
N>

- Funded though grant programs
- Science focused
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.’Scié'n'ce at Operational Field Tests s

Lo S Cl l: N c E PLANETARY ISCIENCE\RELEVANCE

U EVAscience activitiegclude
deployment of handheld
instrumentation, context
descriptions, imaging, and Curation
sampling

U Operational field testing allows
for evaluations of sample
collection tools, deployable
instruments, and EVA concepts
of operations

U Geoscience activities at u Rer_note Sensing
analogs such as RATS and RIS A\ ; ; = U ln-situ
directly correlate to planetary Research Ty R il e ' Instrumentation
exploration 7 oo WA = & i ~ ( Highgrading Samples

U Themarine science activities t Context Descriptions
and associated research U Documentation
objectivesat NEEMO servas a
appropriate proxy for
planetary surface exploration
activities

Sampling Procedures
Sampling Techniques
Collection Tools
Contamination
Storage & Transport

[ e e et il

Science Operations
Operational Flexibility
HumanRobot Ops
Crew Science Training

Exploration

U Integration, coordination, and
education from diverse
disciplines and organizations

[ et e il
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. - Operations at Integrated FielEests

INTEGRATED EVA SCIENCI
OPERATIONS

w i <) W) = voice
B r‘ I . @5 B =text
£ =data

_ )

U Examine con ops that enable
interaction between the MCC&
the crew over a long comm
latencyincluding

A Interaction with an
integrated Science Team

A Authentic scientific
objectives and hypothesis

A act SESOdziiA 2yé .

methodology:

PIONEERING TASKS

Evaluate early prototype
construction hardware and
techniques

Deploy, test, and evaluate a
prototype commsystem
Simulated a  multi-phased
QLA 2y SBNR y I £

WITHCOMMUNICATIONTENCY CON OPS

JOINT ROBOFEVA
OPERATIONS

NAVIGATION, MAP, &
TRAVERSE PLANNING

e

software)for navigation

Jointhumanrobot operations
Autonomoussite navigationand

precision execution for tool
handoff/delivery& diverleading
IV-control ~ for localization,
detailed navigation, situational |
awareness, inspection, and |
intervention

13



ELECTRONIC CUE CARD TRANSPORTATION & | SCIENCE SAMPLING TOOlI IV SUPPORT SYSTEM
« STOWAGE OF TOOLS | & GEOLOGY SAMPLING KI B | |

U Evaluateelectroniccue cardsfor | U Appraise EVA hardware and | U TestEVAtools and hardwarefor | G Evaluatewhat kind of tools the

EVA crew that allow them to operations for transporting and sciencesampling IV crewmember needs to
operate more effectively and stowingtools andsamples U Evaluate Integrated Geology effectively handle the large
offload 1V tasks U Sled/cart options for large Sampling System for collecting amountof EVAinformation while

U Additional crew autonomy equipment transport (drill/tank, geology& astrobiologysamples activelydirectingthe EVA
requires further access to | PAM instrumentation, sample | U SampleBriefcasehousesvarious | U Evaluatingeffective setup in a
informationin their hands collection/preservatiorbox) end effectors with two different | constrainedocation

U Potential @ 2 RS JAfarScéie | i Slingbagoptions for smallitems drivers(manualand powered) U Multiple displaysincludecamera
cards/proceduresjmages/video, & easyaccess(samplemarkers, | U Analyzemethodsto minimize EV feeds, timeline, nav/comm/sub
instrumentcontrol, etc. handtools, electronicsgetc.) crewcontaminatinganarea systemsproceduresogs,etc.)

14
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ACTIVE EVROCUSED
OPERATIONAL FIELD TESTX
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..NASA Ektr'eme Environment I\/Iiss@perationss%f‘%e

NEEMG s a project that utilizes Aquarius,the only operationalundersearesearchfacility in
the world, asa setting for accomplishinga host of NASAand synergistigoartner objectives

Funded by partners and collaboratdrem acrossNASAcenters, DoD, universities, and
industry

1-2 missions/year, 1Q 20 days in length
Shoreside Mission Control, staffed by experienced operators
Crew largely consists of astronauts from CB and IPs, along with Pls and engineers
Missions have high operational rigor by design (timelipescedures etc)
Enables evaluation of both IVA and EVA objectives
Allows for evaluationsf endto-end concepts of operations with crew that aresiu in a
true extreme environment
Provides for flightike interactions between the crew and an MCC Science Team, incl
over comm latencies
Enables a testing ground for hardware and tool concepts on the start of the road to fl
Analog Testing Details:

T Previougnmission: July 21Aug 5, 2016

T Next mission: TBD (July 2017)
Points of Contact: ’

i Project Manager & Mission Management: Bill Todd (USRA/NASA JSC) =
I Mission Director & Mission Management: Marc Reagan (NASA JSC) II\
i EVA Lead & Mission Management: David Coan (EVA/SGT/NASA JSC) & . -}
I Science Lead & Mission Management: Trevor Graff (ARES/Jacobs/NASA Jse
i Metrics & Mission Management: Steve Chappell (Wyle/NASA JSC) £

T https:// www.nasa.gov/mission pages/NEEMO/index.html

To o o Do o Do Do o Do P>

T



https://www.nasa.gov/mission_pages/NEEMO/index.html

'-Recer'ft' Obj'__ectives Evaluated at NEEM @

A EVAools and hardware for science sampling
(EVA Integrated Geology Sampling System)

A ScienceTeamintegratedwith EVAoperations andfe =
providing input during an EVA

A Flexibleexecution methodology

A Bectroniccue cards for EVérew

A IV support system workstation

A Joint roboticsEVA operations

A EVA navigatioand planningdata

A Integrated Geographic Information System (Gl

A EVAhardware and operations for transporting o '
and stowing tools and samples -

A EVAtoolsfor marking anchigh gradingsamples
A Incapacitatectrew rescue

A Building EVAardware in sity3Dprinter)

A Multi-day crew selschedulingpf EVAs

A Phobos habitat EVMdeployable boom
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« Exampleof Progression Across Missiongfé

A Obijective:
I EvaluateEVA hardware and operations for science sampling (EVA Integrated Geology S&ygieng)
A Gaps addressed
i EVA SMT: Todier Science Sampling on a Surf&éA
I EVA SMT: Micrgtool for chip samples
I CAPTEMCollection of 1000 g from two sites
A SummaryTakeAway for EVA
i Concept proved feasible for EVA collection of geology and astrobiology samples
i Provides a viable method for minimizing sample contamination
I Tool improvementsvill be incorporated into designs for the next generation of hardwameghe roadto-flight

Pneumatic chip Pneumatic Pneumatic chip Pneumatic chip hammerNEEMO Pneumatic chip hammer
hammer- NEEMO chip hammer hammer- NEEMO 20 -NEEMO 21
17 (SEATEST 2) NBL/MACES 18/19




PAST EVROCUSED
OPERATIONALELD TESTS



'Resea"r.é:h and Technology Studies (RATS)

A Research & Technology Studies

I Mission testedechniques, tools, planning, and communication
protocols

I Matured operationakoncepts and technologies through
Integrated demonstrations

i 9ESNDAASR 20SNYyff WwWa// atetsSgs
procedures, crew operations, mission control operations, sciencess
team operations, and engineering team

A RATS 2012 was an asteroid analog mission
I Took place at NASA JSC
I EVAs conducted in MRb and orARGOS

I Vehicle/asteroicsimwastied to VR lab/EVA sim to allow vehicle
and EV interaction

I Reliable and costfficient test and validation of NASA next
generation human exploration mission concepts

A AnalogTesting Details
I Mission took place in 2012
A Points of Contact
I Mission Manager: Barbara Janoiko (NASA JSC)
I Exploration EVA TestingpavidCoan(EVA/SGT/NASISE

I Science Operations: Trevor Graff (ARES/Jacobs/NASA JSC) & | "
Kelsey Young (ARES/UTEP/NASA JSC)

T https://www.nasa.gov/exploration/analogs/desertrats



https://www.nasa.gov/exploration/analogs/desertrats/

Desert RATS

A Desert RATS missions were a planetary analog
I Took place at the Black Point Lava Flow near Flagstaff, AZ

I Providedenvironment analogous to Moon and/ddars, with
crew conducting geoscience operations

I Allowed immersion of whole team, both flight crew and flight
controllers

I Geoscience data still utilized for research
A AnalogTesting Details
I Final Desert RATS misstoonk place ir2011

A Pointsof Contact
I Mission Manager: Barbara Janoiko (NASA JSC)
I Exploration EVA TestingpavidCoan(EVA/SGT/NASIS(E

I Science Operations: Trevor Graff (ARES/Jacobs/NASA JS
& Kelsey Young (ARES/UTEP/NASA JSC)

T https://lwww.nasa.gov/exploration/analogs/desertrats
T https:// www.nasa.gov/analogs/deserats



https://www.nasa.gov/exploration/analogs/desertrats
https://www.nasa.gov/analogs/desert-rats

ACTIVE FIELD TESTS WITH
ENVIRONMENTS APPLICABLE TO EV



Exploratlon
A _SSERVUn_ded _prOJect that investigates the e_ffects pf

timelines
A New science investigation

I Fundamental science questions serve as basis for
understanding how to operate on planetary surfaces

I RISE analog work at Kilauea, HI, and Patrillo Volcanic
Field, NM

A Evaluate role of new technologies
i Portable instruments for in situ measurements
i How they integrate with the larger mission architecture &

I What are the most effective instruments for answering
science questions

A Recommendations for science operations, technology
development and crewraining

A Analog Testing Details

I Previous field tests at December 1974 flow, Kilauea

Volcano, HI, in 2014, 2015, 2016, and Potrillo Volcanic -
Field, NM, in 2016 Recommendations g

i Future field tests at Kilauea in Fall 2016 and at Potrillo For Future Missions | 8
Volcanic Field in 2017 and 2018 Ty
A Points of Contact:
i Jacob Bleacher (NASA GSFC)
i Kelsey Young (ARES/UTEP/NASA JSC)
I ris4e.labs.stonybrook.edu/

23


https://ris4e.labs.stonybrook.edu/
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w -'Bio'loc')'g'ic_: .Arj_alog Sciénce Associated with Lava Terff@m

A Objectives: Investigatterrestrial volcaniderrains andtheir habitability as analog e N Big IEIandLHaN§| Ly
environments for earljand presentday Marsthrough 4field deploymentsn 2015 KRS S EER B R SRR ¥
2019 B o D o

A ScienceSeek identify, and characterize lifend life-related chemistry in basaltic N\ e x
environments representing these two epochs of Martian history. : Mauna Ul

A Science Operation<onducthe sciencewithin simulated Margxploration Y 4 povs
conditions basean current architecturaassumptionsidentify which human o Kag:Desert

robotic ConOpsind supporting capabilities enabkientificreturn and discovery. gl

i Do thebaseline ConOpsystems, and communication protocols developed and tested dur Bt
previous NASAnalogs worlacceptably during real scientific exploratib®o they remain 7
acceptable across the range of Mars missiomm latencies and bandwidth considerations® ¢

i Which capabilitiegutilized by EV, IV, Science Team, and M@Cgnabling and significantly
enhancing for Mars scientific exploratidoes the degree of enabling and enhancing vary
comm latency and bandwidth availability changes?

A TechnologyIncorporate and evaluate technologies directly relevant to conducting
the scienceincluding mobile science platforms, extravehicular informatics, displa £
technologies, communication and navigation packages, remote sensing, advanc
science mission planning tools, and scientifieehgvant instrumentgpackage %

A Funded by NASA SMD RO3&B! Program Element C.14 (PSTAR)

A Analog Testing Details
T Prior field test in June 2016 in Craters of the Moon, Idaho
I Future field tests in Idaho and in Hawai'i (2016 and 2017)
A Points of Contact
T Pl: Darlene Lim (NASA ARC)
i DeputyPl: AndrewAbercromby (NASA JSC)
I Leads Steve Chappe(Wyle/NASA JSC)KaraBeaton (Wyle/NASA JSC)




PAST FIELD TESTS WITH
ENVIRONMENTS APPLICABLE TO EV



A Summary
I Planetary analog mission

I Hardware tested under stressful
environmental conditions

A Obijectives

I Expand scope of international
involvement and mission criticality

n
for hardware and remote test L gl Iy 4! LRff 2
I Expand integration of science and
technology

I Streamline path tdlight
A Analog Testing Details R
A1lF6FAQA RSLIE 28 YSyil

A Point of Contact
A www.nasa.gov/exploration/analogs/isru/

26


http://www.nasa.gov/exploration/analogs/isru/

« ° * Pavilion Lake Research Project s

Early Mars

A Summary:

i An international, multdisciplinary,

science and exploration effort to explain
the origin of freshwater microbialites in
Pavilion Lake, British Columbia, Canada

A Objectives

I UsedDeepWorker submersibles as
analogs to the MMSEV

i Evaluateccomm delays and the effects
on doing effective science

i Evaluatedpilot workload and effects on
doing effectivescience

A Analog Testing Details

i Final mission took place in 2015
A Points of Contact

i Pl Darlene Lim (NASA ARC)




SUMMARY OF OPERATIONAL

FIELD TESTS FOR EVA



