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INTERDISCIPLINARITY

* It involves the combining of two or more academic disciplines into one
activity (e.g., aresearch project). It draws knowledge from several other
fields like sociology, anthropology, psychology, economics etc. It is about
creating something by thinking across boundaries. (Wikipedia)

 Interdisciplinary research is a mode of research by teams or individuals that
integrates information, data, techniques, tools, perspectives, concepts,
and/or theories from two or more disciplines or bodies of specialized
knowledge to advance fundamental understanding or to solve problems
whose solutions are beyond the scope of a single discipline or area of
research practice. (National Academies of Science)



PERSPECTIVES

HFE is inherently an interdisciplinary science.

Too often, HFE can develop “tunnel vision” and focuses on the problem at hand
instead of all of the factors in the surrounding context.

By working this way, HFE professionals miss the opportunity to become part of @
network Cﬂc problem solvers needed to address the system of factors causing harm or
poor results.

By not being part of the network, HFE is not appreciated for its contributions.

To develop effective systems and work environments, becoming a partnerin a
network of experts will provide the best results.

This panel addresses this issue:

« Working with interdisciplinary partners on complex problems can create the
opportunity for HFE fo engage in broader impact work and demonstrate its value by
sharing its knowledge and expertise in critical aspects of a design solution.



HOW DOES THIS WORK®<

Start by understanding the problem, deeply.

Each partner explores how its knowledge and expertise may address one or
more aspects of the problem.

Each partner shares the relevance of their knowledge and expertise in
understanding the problem and/or addressing one or more aspects of it.

As partners share, a growing awareness of their overlap and intersection
emerges, creating a new understanding of the problem.

A new understanding may also reveal critical gaps in knowledge and
expertise, which may result in additional partners or additional study.

Given the new problem definition, each partner’'s conftribution can be
integrated together as appropriate into a multi-faceted, innovative system.
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THE PROBLEM

* VISION:

» Asfronauts traveling to Mars and back thrive and not just survive long-duration
flight.

« OBJECTIVE:

« Promote and maintain astronaut health, well-being and productivity during long
duration spaceflight lasting up fo 3 years.

« PROBLEM:
* How to design the internal spacecraft habitat for long duration flight to Mars.



PANEL

Kathleen Mosier

« Cognitive and psychological challenges in feams and teamwork in space
operations

Kriss Kennedy
« Designing exploration habitats using an interdisciplinary approach

Christopher Miller
« Automation and technology as “team players”

Cristina Banks
» Designing habitat for basic human needs

Andrew Imada
« Building on what we know to create solutions for the Mars mission
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DISCUSSION

* In what ways can HFE be infegrated into such a network of partnerse
« How can HFE benefit in general from partnerships like this onee

« What might be some of the challenges you might face working with other
disciplines when solving complex problems like the Mars spacecraft habitate



Teams and Teamwork in Space Operations

Kathleen Mosier

TeamScape LLC

Ute Fischer

Georgia Institute of Technology



CHALLENGE: Remote Collaboration
within a Multi-Team System




Cognitive and Psychosocial Challenges

* Need for resilience and cohesion over time despite...

* |solation and...

* Confinement in an...

* Extreme environment (ICE)

* Partnership with ground as members of multi-team system (MTS)
* Need to collaborate with ground despite...

e Communication delay and...

* Need for autonomy






Imagine living and working in a small, confined space with five other
teammates for over a year. Your team needs to complete a series of
scientific experiments and perform other rigorous tasks, eventually
exploring a distant location in a dangerous, even life-threatening
mission. If you are successful, you will then spend 6 months
“commuting” home in the same confined quarters and challenging
conditions. During this assignment, headquarters cannot provide you
with quick advice or coaching, because there is up to 20-minute
communication delay (one-way), but you still need to coordinate as a
team with people back at headquarters. From a personal perspective,
during these 2 to 3 years, you cannot see Earth, feel gravity, or spend
time with your family. And if you or any of your teammates are having
a bad day, you cannot simply go out for a walk or call in sick.

Salas, E., Tannenbaum, S. I., Kozlowski, S. W. J., Miller, C. A., Mathieu, J. E., & Vessey, W. B. (2015).
Teams in space exploration: A new frontier for the science of team effectiveness. Current Directions
in Psychological Science, 24(3), 200-207, pp. 200-201






How to ensure team safety and success
during long-duration space missions?

e Selection

* Design of space craft to facilitate
* Team functioning
* Team task performance

e Communication within crew and MTS
 Establish common ground for
 Shared mental models

* Research, training, procedures



Research, Training, Procedures

Impact on team processes

* Training and interventions to mitigate negative impact on
cohesion, performance

Impact of communication delay

* Training and procedures to mitigate negative impact of
comm delay

Impact of autonomy

* Training and procedures to facilitate autonomy and at the
same time maintain integrity of MTS
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Human Exploration to Mars Roadmap
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Human Exploration Destination Systems

sustained human presence
Earth Independence...

Deep Space Exploration
e Asteroids

Lunar Missions * Near Earth Objects
* Lunar Orbit

* Lunar Surface

Remote Earth Destinations
 Antarctica

) Mars Missions
* Ocean Exploration —_—

* Human Mars Missions
N bs - * Mars Moons
: ; * Mars Surface

_ Near-Earth Space Interplanetary Transportation
Low-Earth Orbit * High Earth Orbit e Cis-Lunar Spacecraft

* International Space Station * Cis-Lunar Space * Deep Space Habitats

« Commercialization * Mars Spacecraft

* In-Space Manufacturing

_* Entertainment Destination 4
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Human Spaceflight Operations

Crew Operations - IVA

Sustain crew on human exploration missions. These functions are necessary to insure the safety of the crew. It
also includes providing the functions necessary to sustain the crew from a health and well being perspective.

Crew Operations — Supporting EVA

Enable Redundant EVA Function & Enhanced EVA Capability. These functions are necessary to provide the
crew with additional means to conduct routine EVAs. The extent provided is driven by the mission duration and the
number of EVAs required to conduct that mission.

Mission Operations

Enable Enhanced Mission Operations Capability. These functions are those that enable the exploration crew to
conduct operations in concert with the Earth based mission control. For longer exploration missions it should also
establish autonomy from the Earth based "mission control" enabling command and control with other exploration
assets such as orbital assets, rovers, landers, etc.

Science Operations

Enable IVA Bio/Life Science & GeoScience Capability. These functions are necessary to conduct the Human
Research and science involved with the exploration mission. It can include human research, biologic research, crew
sample collection, sample analyses, sample prioritization and storage, and any sample return required. It also is meant
to include any specific "environmental" requirements specific to Life Science or GeoScience

Logistics & Maintenance Operations - IVA & EVA

Enable Maintenance, Resupply, & Spares Cache. These functions are those that allows for maintaining the
exploration assets during recognized maintenance intervals. It also includes those functions necessary to resupply
the habitat(s) with consumables (both pressurized and unpressurized) to support the crew for the mission. Lastly, it
also includes the functions necessary to deliver and store the necessary spares related to the maintenance as well as
unexpected failures.




Challenges of Human Spaceflight

* Hazards of the space environment, vehicle environment, and mission
architecture present significant challenges to human performance and
mission success

* Spontaneous medical events occur in astronauts despite extensive
selection and screening

* On-orbit countermeasures and medical capabilities have not eliminated
significant events in space or need for evacuation

* Human errors have contributed to events in space that have affected crew
health and mission success

* History of Human Spaceflight (Dr. Jonathan Clark)
https://spaceflight.nasa.gov/outreach/Siglnc Poster 2012.jpg

© Kriss J. Kennedy 2019


https://spaceflight.nasa.gov/outreach/SigInc_Poster_2012.jpg

Legend

‘Apollo 1 (AS-204) 1271967

Crew cabin fire (slactrical short +
high pressure 0, atmosphere).

Crew: 3 Loss of Crew

Soyuz TM -7 412711989

Doubls-impact “hard landing.”

Grew: 2 Grew Injury (1]

Red border with yellow shading:
Loss of Crew

STS-134

516120
Small eylindrical objact libarated from vehicle

during ascent.
rew: 6
§T5-95

impacted main engine bell
Crew: T

1012811998
Drag chute door separated during launch and

Orange border and shading:
Grew injury andior loss of vehicle or
mission,

History of Human Spaceflight (Dr. Jonathan Clark)

Significant Incidents and Close Calls in Human Spaceflight https:/spaceflight.nasa.gov/outreach/Siginc_Poster 2012.ipg
A Product of the JSC S&MA Flight Safety Office

101041991

Soyuz TM - 12 010
Hard impact. Maws team raportad
capsula as “very dented " Crew: 2

Grew: 2

Blue shading, no border:
Related or recurring event.

EVA Incidents Summary {1865-2011):

13 EVAs resulted in crew injury:
Gemini 10. Apollo 17, Salyut 7 PE1. Satyut 7
VE 3. 5TS 61 B EVAs 182, TS 37. Mir PE 9,
STS-63, STS-07/44, STS-100/64 EVAs 182
STS-134ULFB

‘Apolio 13 41131970

5/22/1969

Swilch misconfiguration resulled
lunar fander contral problame.

-+

SR-7T1

X-15 Soyuz 1 Apollo 1 Soyuz 11
Soyuz TM-5 9161988
Twa cleorbit attempts failed. Grew confined {1961-2008);

o DM due o O being jetiisoned pri
deorbil atlempl. Crew pravenied ermoneous

firing of Si separation pyros

81591 6211998
Main engine pressure chamber sensor failed
IF it occumed Iater, logic error may have
triggered an RTLS.

Crave: 817

Soyuz TMS 21111890

DM insulation tomn loose on aseent; Frodiees M I LR HELIGE.

cantingancy EVA rapair Anaraly in fuel pressurization systeimn

FRby led te shutdown of 3° stage engine

Wehicle failed to reach orbit

SRE Seal Events (13811996 Crew: 0 Loss of WehicleiMizsion
LAl [Lzetess 5TS-114 712612006
SR coal failura. A Bird-strike on External Tank.
Cliay Lendidng B] Loss of foar frem Extemal Tank PAL

Other SRB gas sealing anormalies: S5TS5-2.

6, 11,410, 51, 510, 518, 510, 51F, 511

51, 14, B1B, B1C, 42, 71. 70, 78
STS-51F 71281985
Tamparature sansar problams resull
IMain Engine (ME-1) $hutdown at T-5:45
Crew: 7 Abert To Orbit

Soyuz 181 (18a) 4151978
Eleatrical fault caused premature firing of half
of the 2nd stage separation bolis, resulting in
inability to fire remaining ones. Staging
fallure resulled in aborl sequance baing used
att = 295 seconds.

Grew Injury
Crew: 2 Loss of Vehicle/Mission

pollo 13 411111970
2" stage center engine shutdown due to
poge oscilations.

Grew 5
Apolio 12 111411968
Lightring strike on ascent.

Crew:

Gemini 10 711811866
1" stage oxidizer tank exploded al staging.
No discemabls affects. Nominal ascent
Craw: 2

STS-112 107712002

T-0 umbilical issucs resuited in none of the &

SRB Hold Down Post "A” pyratechnic

charges firing

Crew

STS41D 62611984

Following a pad abort. LH; leaked from

SSMIE 3, resulling in a fire at the base of the

arbiter

Crew: &

‘Soyuz T-10-1 (T-10a)

Pad Booster firafexplosion

Capsule Esoape System used

Free: 2 Lass of Vehicle/Mission
411211981

SRB ignition pressure wave caused TPS and

stuctural damage

Craw: 2

‘Apollo 1 {AS-204) 11271967

Crew cabin firs {electrical shorl + high

pressure O, atmasphere)

Craw: 3 Loss of Craw

Gemini 6 121211985

tain engine shutdewn. Booster left

unsecured on pad. Crew elected not to eject

Launched 3 days later.

Crew 2

212611983

ramp,
€} TPS gap filars protruding. Rameued
during third mission EVA

Crew: 7

8TS-93 712311998
A3 AL TH5 a short on AC1 Phase &
resulted in Ioss of SSME 1 Controller &
and SEME 3 Controller B,

By ME-3 - laak: garly LOX depletion
and shuidown

Craw: 5

-
&,
&
&

-15 3.65.07

11M5/1687

13 EViAs were terminated early due to orew injury

or system or pperational issues:
Gemini 10, Gemini 11, STS. Mir PE-14 EVAs
284, STS-83, STS-80, 1589, STS-1184134.1,
STS-128/ULF2 EVAs 234, STS-125/HST, STS-
12TI2 I

40 EViAs resulted in inadvertent release of itern(s)

358 total spacewalks thraugh duly 12, 2011,
127 (365%) nave experienced significant nuidents.

Explosion due fo electrical short
Loss of Oy and EPS.
Crew: 3 Lase of Mission

Apolio 11 7121i1969
Engine arm circuit bresker knob broke
off. Ciruit braaker successfully reset
sliewing ascent

row: 2

R,
(A

Grew: 2
Soyuz T-11
‘Medical Evacuations (197618871 Rartial failure of atmospheric entry control
Mir EO-2, 1887, Crew: 2 fn
1 replaced early due to medical T
Soyuz 33

condition
Salyut7, 1985, Grew: 3

1 retumed with visiting crew

due to medical condition
& Salyut 5, B/251976, Crew: 2
e Farly raturn af crew due lo
" hesith effects from suspacted

taxic. gasas in spaca statien

See e SignIfcant Incidants i EVA Dperations Y
Graphic for mars dotatis. *a
o omg) A
- Earth Orbit ~op | o
g P>
5T5-133 226/2011 188, Increment 4 212002 TS-83 4I61887 8TS-2 1111211881

benween arbiter and 1SS during post-
capture fres drift due to gravity
gradientinduced matian,

Crew: &

Soyuz TMA-18 (228)
First attempt to separate from 155
failed; 155 crew succesded in
bypassing faully sensor.

Crew: Soyuz 3, 1S5 3

$T5-130 210/2010

Expariencad significant misalignmant

between orbiter and 1SS during post-
capture fres orift due to oravit:
gradientinduced mation

Craw: &

1SS, Increment 17 4130/2008
Freon 214 leaked from SM AC

Crews: 3

ISS, Increment 13 82005
Trial coolant leak in ShA

18, Increment 10 2/2005

Patertial adid preservative serosol
escape from Russian urinal

Electrical short and crew arrar led Crew 2

to loss of control at 230,000 feet
First US spacefiight fatality.
055 af Crew

Crew: 1

SpaceShipOne, 16P

SpaceShipOne, 14F

Crew: |

2812004
Uncommanded vehicla roll
Control regained priorto apogee.

SIM132004
Flight compuler unesponsive
Recavared by rabaoting

Suborbital Flights

1SS, Increment 586 mid-2002-2/03
Farmaldehyse periodically exceeded
lang-temn limits

Crew: 3-10

1SS, Increments 2-4 4/2001-2/2002
Freon 218 leaked from SM AC
Crew: 3

Soyuz 18-1 (18a)

snagged and prevented fal
Crew

Expariancad significant misalignmant

912312010

41611975
After ascent abort, capsule landed on
snowy slope abowe olifl. Parachute

MetCx regeneration caused noxious
air —many poliutants
Crew: 3

1S5 82001
Extremaly high methanal levals in
FGO air sample.

Grew: 3

STS-104 712001
EMU battery leaked hazardous
KOH. Discovered during EMU
checkout,

Crew: 5

5TS99 2/2000
High bacterial count in postight
sample afier GIRA installed to
remauad inding.

Crew: 8

ISS, Flight 241 51999
Grew sickened in FGB: likely
result of high localized CO; levels
due to paar ventilation.

Crew

STS95 10/29/1998
Freflight sterilization provess.
chamically alterad the Low ladine
Residual System resulting in
contaminated drinking water.

Crew: 7

sTS.91 61211998
PASS comupted by GPS error
Crew: &

STS-87 111211887
Spartan satelite deplayed withaut
proger activation. Recapture with
RMS unsucoessful. Later captured
by EVA crew

Grew: &

Failura of fugl call number 2 rasulted

Mimimunm Duratian Flignt
Lass of Mission

Soyuz 21

57851 8M211993
Both port side primary & secondary
SUPER*ZIP explosive cords fired.

resulting In containment lube tailure

Iatches.
Craw: 2

Gemini 8

and damage in the payload bay.
Crew: 5

Crew: 2
STS-44 1172411991

Failure of MU 2 caused minimum
duration flight to be declared. 10-
day mission shortened 1o 7 days.

Crew:6  Minimum Duration Flight  jevels in suit duri
Craw: 1

§T8-32 /911890

Erroneous state vector up-inked

1o flight contral system, cavsing o

immadiate and unpredictabla
atfitude control problems
Crew: 5 Loss of Aftitude Control

Fuel cell failure resulted in high levels
of hydragen in drinking water.
e 2 n Terminated

Separation from Salyut failed: ground
command succested in opening

3/16-3/17/1966
Stuck thruster caused lass of control
and led to 1" US emergency dearbit
Emsrgency Deorbit

Mercury MA-9
Electrical faults caused loss of some

systerns and need to perform manual

eniry. Also experienced high PPCOz
g entry aperations.

tdanual Entry

Mir Collision Events {1994-1997

EirelCverheating Events
{1971-2008);

IS5, 10/10/2008, Crew: 3
ISS, OI1E/2008, Crew: 3 *
i ISS, 32008, Crew: 2
Mir * 20261998
healtn-threatening level of GO,
Crew: 2

Chemical axygen generator
(SFOG) failure resulted in firs.
Crew: §

Mir. 1041884, Crew: B
STS-40, 61981, Crew: 7~
STS-35, 1211980, Crew: 7 *
BTS-28, BH0BD, Crew: 5
STS-6, 411082, Crew: 4
Salyut 7, 9/1982, Crew: 3
Salyut 6, 1979, Crewe 3
Salyut 1. 6/1971. Crewr 3

5116/1963

62511997 * laxic byproducls released

Prograss M-G4 callidad with i
Spakir prassura shell ruptured.
Spekir module isolated. Cables

through natehway impeded hateh
closing
Mlir Crew: 3

STS-8

Two GPCs failed during
reconfiguration for ent
One GPC could net be recoversd
Grew: &

Soyuz T-8

12/8/1983

472211983

Loss of rendezvous antenna

prevented docking Mir
Crew: Soyuz 3 Lass of Mission

Altitude Chamber O Fire — Saviet
Alcohol wipe hit hot plate and started fire in

oxygen-rich test chamber.
Crewi: 1

-
3
A8
i
r

Loss of Crew I}
2

3r2anss1

Wir

Progress M-24 collided
during secand docking attempt
Rir Crowe 2

Callision

81301994

with Mir

Callision

11471
Soyuz TM-17 collided wice with
Mir during undacking

Crew: Soyuz 2, Mir 3

Calision

Querheating BMF beds produce

Mir * 202411987

SpaceShipOne, Flight 11F
511966 Left main gesr collapssd
Loss of cantrol at high spaed Crew: 1

tMain engine anomaly caused final
rendezvous abart. Backup engine bumed 25
seconds oo long on deorbit. Ballistic entry

Challenger

Columbia

ServiceDescent Module Separation Failures

o1 ( Sayuz TWA-11 (158}, 4/19/2008, Crew: &, 1 injurad

Soyuz THA-10 (145), 10/21/2007, Grew: &

Soyuz &, 1181568, Crew: 1
Woskhad 2, 31 91885, Craw: 2

10121984

Wostok 5, 6191983, Crew: 1
Wostok 2, 8711881, Crew: 1

Wostok 1, 411201951, Crew: 1

a12M1979

STS-107

TPS damage fram ascent debris stike
resulted in loss of crew and vehicle on entry

IP3 Entry Evonts {1981-2000);

2112003

Craw: 2 Crew: 7 Loss of Crew
Soyuz 11 6/30/1971 STS-51D 411911985
Pyrotechinic system failure resulted in crew TPS burn-hrough on left autboard slewon
rmadule rapid depress. Craw: 7
Crew. 3 Lass of Crew

STS 411411981
Gemini & 81201966 Right-hand main landing gear daar warped
Erronecus entry data uplinked: crew manually due 1o antry heating

corrected entry flight profile.
Crew: 2
Geminl 4

Crew: 2
Marcury MA-6

Soyuz TM-25 171997
Landing rockets fired at heat shield
separation rather than at landing
Crew: 3

Ti24/1975

Crew Injury

4251971
Crew last consciousness due o
laxic alimosphers. All racovered
Crew: 3 Grew Injury
Mercury MA-T 5/24/1862
RGS depletion at 80,000 f
Crew: 1

1217/2003

Loss of Crew (1)
Crew: 1

272 Lifting Body, Flight 15
Klultiple rall-overs on landing.

510113967
Crew Injury

M21-D21

Crew:

D21 drone collided with M21 during launch,
causing M21 breakup. Grew survived breakup
but ane was lost after water landing.

7/30/1966

Loss of Grew (1)

Computer failure resulted in ballistic entry.

Crew: 2

Other significant §TS TPS anomalies
516, 277, 28, 40, 42, 45
* Most severe tile damage to date.

6/7/1965 STS-6. 4B,

212041962

False landing bag indicator light led to entry
with retropack in place as precaution.
Crew: 1

8TS-134 61142011
Brief fire observed between the
Ieft main landing gear fires
during runway roliout

rew: T

STS-108 1201702001
Winlation of minimum landing
weather requirements.

Crew: 7

sTs-90 5i3/1898
Hard, fast landing due to human
factors and rogue wind gust
Hardest STS landing to date.,

§T8-37 4111991
Several factors contribuled to a
low-energy landing 623 teet prior
to the thrashold of the rurway at
tha backup landing lacation
Grew:5  Low Energy Landing

STS-510 4118/1985
Right brake falled {locked up)
Gausing blowout of inboard fire and

significant damage la outbesrd lire.
Crew: 7
5TS-9 120871983

) Twa APUs caught fire during
rollout, B) GPC failed on
touchdown, CJ incomect flight
aontrol rechannelization on rallout
Crew:

8TS-3 330/1982
Pilot induced oscillation during
derctation. Strongsr than

Soyuz Impact Events {1967-1993):

Soyuz TMA15 2111993
Rollad down hillsida

Crew: 2

Soyuz TM-14 101992

Hard landing impast. Haleh
jammed. requiing cosmonauts to
USE 100lS 10 pry open.

Grew: 3

Soyuz TM-12 10101881
Hard impact. News team reported
capsule as “very dented "

Crew: 3

Sayuz TM-7 4/27/1989

Double-impact *hard landing.*
Crew: 2 Crew Injury (1)

Soyuz T-7 12101982
Landed en hillside and rolled
downnill. One cosmonaut throvn
from couch,

Crew: 2

Soyuz 36 73111880
Landing rockets failed to fire
resuling in ~30G Impact.

Crew- 2

Soyuz 23 10MEM1576
Landed cn frozen lake during
blizzare, Delayed recovery.
Grew: 2

Soyuz § 112H983

Landing reckets failed to fire,

resulting in a hard landing.
Crew: 1 Crew Injury

E‘e"'d,eu i Sayuz 1 41241967
rew: 2 .

Iain and reserva parachules
Soyuz 15 Bi28/1974 failed

Descanded thraugh an electrical
storm during night landing
Craw: 2

Apolia 15 87971
Landed with only 2 of 3 parachules
Crew: 3

Crew 1 Loss of Crew

Mercury MR-4 72111961
Inaduertent hateh pyro firing,
Capsule surk. Astronaut neary
drawned

Greve 1 Loss of Capsula

Launch/Ground

Research Facility

The Significant tneidents and Close Calls in Human Spaceffight graphic is primarily focused on human spaceflight incidents that have
occurred while a crew was aboard a space vehicle. It includes suborbital, orbital, and lunar missions. The two ground facility events
and two atmospheric flight events are included due to the significance of the events to spaceflight
Russia occurred prior to the loss of the Apollo 1 crew in an O: fire and could have served as a lesson learned had it been knewn in
the US. The EMU fire resulted in the redesign of the EMU and heightened awareness of design and materials selection for man-rated

The altitude chamber O fire in

Atmospheric Flights
systems using a pure Oz environment. The M2-F2 lifting body accident occurred during the development of the space shuttle and
yielded human engineering lessons learned. The SR-71 accident is the highest and fastest vehicle breakup on record that was
survivable, and it represents the demonstrated limit of crew survival with currently fielded technologies. Nofe: This document is a
work in progress. It is continually under review and frequently updated. Please direct comments and quesfions to the Flight Safety
Office contacts at right.

Landing and Postlanding

Spring 2012

AC
APU
BMP
CDRA
CMG

188
KOH

[Rele}
LOV
MDF

MetOx
MMOD
N,O,
O

OSMA
PAL
PASS
RCS
RMS
RTLS
SFOG
S&MA
SM
SRB
SSME
Ssp
TPS
us

Acronyms
Air Conditioner
Auxiliary Power Unit
Microimpurities Removal System
Carban Dioxide Remowval System
Control Moment Gyroscope
Carbon Monoxide
Carbon Dioxide
Descent Module
Extravehicular Mobility Unit
Electrical Power System
Extravehicular

Extravehicular Activity
Flight Safety Office

Galley lodine Removal Assembly
General Purpose Computer
Glabal Positianing System
Hydrogen

Inertial Measurement Unit
International Space Statian
Potassium Hydroxide

Liquid Hydrogen

Loss of Crew

Loss of Vehicle

Minimum Duration Flight
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Visit the NASA Human Spaceflight Readers” Room
(http:#/spaceflight.nasa.govioutreach/readersroom.html)
for the Iatest version of the Significant Incidents and

Close Calls in Human Spaceflight chart.

Contacts

Nigel Packham, Ph.D., NASA
Manager, JSC S&MA Flight Safety Office
Nigel.Packham-1@nasa.gov

Bill VWaod, SAIC
Manager, FSO Support Team
Bill.M Wood @nasa.gov

Dennis Pate, SAIC
Assessments Specialist, FSO Support Team
Dennis W.Pate@nasa.gov

@ SAIC
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NASA’s Human Research Program
Hazards of Spacefllght
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Exploration Habitat Design Challenges

* Physiological and Psychological Well-being

* Designing for Health & Wellness in mind

* Long-Term Isolation and Confinement Psychological Challenges
e Astronaut Diaries & Research, Jack Stuster
e Distance from “Home” & Earth

* Human Research Program: Identifying & Mitigating Human Health &
Well-being Risks

* Internal Architecture
» Adaptive, Biomimicry, Feelings and Comforts of Home, Diurnal Cycle

© Kriss J. Kennedy 2019



Design & Evaluation Criteria

CRITERIA:
Principles or Standards by which something may be Defined, or Understood

, N\

Design Criteria & Process Design | Iinforms: | Evaluation
The Design Process is the method in Criteria & Builds; Criteria
which designers Define the forms, l Standardizes
functions, and performance of their “Influences ' Expectations
concept that addresses the needs and ' Directs | & Objectives
constraints provided by the project’s . & Drives
design criteria or other guidelines. T [EvuluutionJ
Design Process

Evaluation Criteria & Process

-

Finalized
Design .

Design Input

Process { Habitat Internal J
A n

rchitecture Evaluatio

~Determined Byj
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Exploration Habitat Design Criteria
Multi-Discipline

* Programmatic
* Constraints: Technical Risk, Cost, Schedule, and Mass.

* Longevity: Upgradability, Extensibility, Robustness, and Maintainability.
* Strategy: Mission Objectives, Political Alignments, and Stakeholder Agreements.

* Human Systems Integration
* Behavioral Health: Public and Private Spaces, Spatial Organization, Social Territories, Cultural Expression, Wayfinding, and Experience.
* Ergonomics: Accessibility, Anthropometry, Microgravity Habitation, Injury Mitigation, and Usability.

* Internal Habitat: Organization of Hardware and Crew Systems, Crew Activities, Interactability, Variations of Use, Operational Efficiency, Scale of Spaces, Spatial
Relations, Traffic and Movement, Orientation, and Environmental Quality.

e Operations & Training
* Interaction between Crew and Spacecraft: Object Management, Ease of Learning, and Knowledge Capture.
* In-Situ Education: On-Orbit and Just-In-Time.
* Ground Crew: Mission Operations Support and Situational Awareness
* On-Orbit Crew Activities: Variations of Crew Activities, Task Performance, Workstation Use and Autonomy

* Engineering
* Design Margins: Reliability, Reusability, Technology, and Materiality.
* Levels of Testing: Components, Assemblies, and Subsystems Validation and Verification, and Integrated Testing.

» Systems Design: Functional Allocation, Design Integration, Ease of Modification, IVA Support for External Equipment, Minimized Secondary Structure, Stowage
Design, and Modularity.

* Sustainability: Preventative Maintenance, Longevity, Repairability, Automation, and Commonality.

* Manufacturing and Assembly
* Element Manufacturing: Efficiency of Production, Assembly, Integration, Manufacturing Techniques, and Schedule.
* Ground Processing: Pre-Launch Integration, Cargo Loading, and Activation through Closeout.
* On-Orbit Internal Integration: Deployment and In-Situ Assembly.

© Kriss J. Kennedy 2019



Internal Architecture VR Evaluations

Rate the acceptability ’

~ of the stowage system
strategy within the
habitat.

S of the stowage system




Summary

Deep Space Human Missions mandate design for Human Physiological and
Psychological Well-being

* Long-Term Isolation and Confinement Psychological Challenges
e Designing for Health & Wellness in mind

e Astronaut Diaries & Research, Jack Stuster

* Distance from “Home” & Earth

* Human Research Program: Identifying & Mitigating Human Health & Well-being
Risks

Internal Architecture
» Adaptive, Biomimicry, Feelings and Comforts of Home, Diurnal Cycle

A Multi-disciplinary Design & Management Approach
* Complex Problems call for Diversity, Inclusion, and Innovation
* Human Systems Integration

* Understand the diverse needs of Users (astronauts and trainers), Customers,
and Stakeholders

© Kriss J. Kennedy 2019






Automation and

Technology as “Team
Players”

Chris Miller— Smart Information Flow Technologies

| 3 I ——



- Homogenous and
monotonous experiences
(visual and social)

+ Visual experience is

better on-planet, but still
not earth-normal

- Time lags increase
separation/disruption
from diverse human
Interactions

- Surrounded (literally
and psycho-socially) by
technology




Technology (Automation) in Habitats

Technology is
omnipresent in
habitats

The Media Eq“ati“ Reeves and Nass, 1996

Hi lers,

- HF engineers tend to = -
think of functionality i
and safety in design

- Tech can facilitate or
inhibit... or monitor
... or influence... % Human-Computer

i : Etiquette
human-human social . o1 9004 S0 :
Interactions

But Tech can also be
a “social actor”

Hayes & Miller, 2010

SIFT )



ANSIBLE—- Tech as Mediator

- A Network for Social Interactions for Bilateral
Life Enhancement

+ Multi-modal toolset used pre, duringf{ and post
flight to connect a flight crew with their family,
friends, and the ground crew

- Adapts, rearranges, and modifies human
Interaction streams to minimize the disruptive
impact of communication latencies

- Leverages virtual worlds (VW) to provide a space
where humans and intelligent virtual agents (VA)
can be companions, advisors, provided
psychological support, and share experiences.




Results of Two HI-SEAS Field Tests

- 8 month habitat study without
ANSIBLE

COC Close Friends and Family

O ANSIBLE

- 12 month habitat study with ANSIBLE
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Tech as Social Actor _ e

Assistant

- Nass’s CASA results predict that, | —— Nominals-Td

: ; -+ Nor
frequently, automation will be have the - E%‘P::ﬂ
same effects as a human actor 1n the ;

same role

B.Pos. C.Neg D.Off E. Used

Polite Polite Record (Pos + Bald)

- “Etiquette Principle” says ‘if a human,

: 3 3 3 ] i SA for Ett. V
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BASIC HUMAN NEEDS

Cristina Banks, PhD
Interdisciplinary Center for Healthy Workplaces, UC Berkeley




SCIENTIFIC FINDINGS

 Safisfaction of basic human needs leads to health, well-being, and
productivity (e.g., Maslach & Banks, 2017; Deci & Ryan, 2000)

« Basic needs most relevant to spacecraft habitat are:
« Autonomy

Belongingness

Competence/Mastery

Positive Emotions

Fairness

Meaning/Purpose

Safety



How do we design for need satisfaction?

Positive Emotions >
Equity (Meaning/ Purpose>

Connection \ Belonging

A\

Comfort Fairness

D
Flexibility \ / Autonomy g

Predictability & I Safety
<l /
“\
Privacy

ATA

A

Physical Well-Being

/)

Security j

healthyworkplaces™

AN INTERDISCIPLINARY CENTER



DESIGN CONGJI

How to build comfort into the spacecrafte

How to ensure physical and psychological safety?
How to make systems more predictablee¢

How to strengthen social connectionse

How to build flexibility into the routine?
How to create privacy on-demand?

How to demonstrate equitye

DERATIONS



Building on What We Know to Create
Solutions for the Mars Mission

Andrew S. Imada



't’s a complex system — Act accordingly

* Focus on the mission, not HFE
 HFE as a means, not an end
* Frame HFE as a solution to problems and mission goals

* Human habitability is only one element
* Recognize the value of each silo and their interdependencies
* Engage “foreigners” in HFE to solve their problems (boundary spanning)

* FAB
* Feature — anthropometrically appropriate space suit
* Advantage — fits wider range of users, more comfortable
* Benefit — reduces costs, inventory, more productivity, successful space walks



Focus on successes and lessons that enhance human
performance and habitability in space
(Appreciative Inquiry)

* Selection for Apollo, Gemini and Space Station and now, long term teamwork
* Training — VR fidelity with math and physics enhances performance
* Orion and Lunar Gateway interface design (compatibility)

* Space Station
* LM Base Camp proposal includes Space Station-like two Orion systems
* 3-D printing
* Cupola






Find Champions

* Use HFE or HSI organizations within directorates as entry points

* Engage stakeholders, SMEs in HFE decisions (Participatory Ergonomics)

* Crew from previous and future flights
* Rapid prototyping
* Task analyses
* Preferences, compatibility
* Non-fliers with long term experience (Space Station crews)

* Decision makers experience in mock ups to feel design and understand technical
performance requirements (e.g., Annunciator)



What we know and what we can contribute

e We have a lot to contribute to mission success.
We played important roles in previous missions.

* We don’t know everything about the context; few do.
We do know about human interactions, which are key to success in space.

* We understand the dynamics of humans in unusual environments.
How we choose who is there, what they are doing and their interactions
with others are critical to mission success.

This is classic HFE




	Intro Banks.pdf
	It takes partners to create solutions management wants
	Interdisciplinarity
	Perspectives
	How does this work?
	The Problem
	Panel
	Discussion

	Mosier_HFES_2019 Teams&Teamwork.pdf
	Slide Number 1
	CHALLENGE: Remote Collaboration �within a Multi-Team System
	Cognitive and Psychosocial Challenges
	Slide Number 4
	Slide Number 5
	Slide Number 6
	How to ensure team safety and success �during long-duration space missions?	
	Research, Training, Procedures	
	Thanks!

	Copy of HFES_Conf_KJK_v3_10-25-19.pdf
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Challenges of Human Spaceflight
	Slide Number 7
	NASA’s Human Research Program�Hazards of Spaceflight
	Exploration Habitat Design Challenges
	Design & Evaluation Criteria
	Exploration Habitat Design Criteria�Multi-Discipline
	Internal Architecture VR Evaluations
	Summary
	Slide Number 14

	habitat-panel-Miller.pdf
	Automation and Technology as “Team Players”
	The Crew Habitat Experience
	Technology (Automation) in Habitats
	ANSIBLE– Tech as Mediator
	Results of Two HI-SEAS Field Tests
	Tech as Social Actor

	Banks Basic human needs.pdf
	Basic human needs
	Scientific findings
	Slide Number 3
	Design considerations

	Imada Presentation HFES 2019.pdf
	Building on What We Know to Create Solutions for the Mars Mission
	It’s a complex system – Act accordingly
	Focus on successes and lessons that enhance human performance and habitability in space�(Appreciative Inquiry)
	Slide Number 4
	Find Champions
	What we know and what we can contribute


