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142 Million Miles
from Your Doctor

Behavioral Health Implications for NASA’s Moon to Mars Campaign

lan Maddox | NASA Marshall Space Flight Center, Habitation Office




Why Are We Going?

Exploration

The founding goal of NASA's
Artemis campaign is to enable
human expansion across the
solar system.
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Discovery

As Artemis progresses, we'll

learn how to enable people to

live and work safely in space...

and leverage those discoveries
here on Earth.
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Collaboration

Artemis brings together
international partners and
commercial endeavors to

spark a robust and inclusive
cis-lunar ecosystem.
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Leadership

NASA's Artemis campaign sets
the vision for space
exploration both at home and
across the world, creating
catalysts for innovation.

10/18/2023

First mission
(uncrewed fliaht test)

COMPLETE

First crew

CREW SELECTED

First human
surface landing

MOON AND MARS EXPLORATION

Scientific exploration and operations at the Moon will help prepare for the first human missions to Mars
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SURFACE
HABITAT

Long Durations In Zero Gravity

= | Partial Gravity Operations
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Contingency Cr:
Transportation

First lunar space station
assembly mission
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Hazards of Human Spaceflight

Invisible to the human Planning and The ecosystem inside a
eye, radiation increases self-sufficiency are vehicle plays a big role in
cancer risk, damages the essential keys toa everyday astronaut ife.
central nervous system, successful mission. Important habitability
and can alter cogniti Communication dela factors include

function and prompt equipment failures and
behavioral changes medical emergencies Astronauts encounter a
3 are some situations the variance of gravity during essential that astronauts
Sleep loss, circadian " =
D astronauts must be missions. Traveling to stay healthy and happy in

inchronization, i
de;ylt o’ ,'z ]"(fd capable of confronting and from their such an environment.
and work overload may | destinations, they will be

ogravy 3

reductions, ad have to acclimate to

health outco : one-sixth of Earth's

compromised mission g gravity on the Moon or

objectives three-eighths of Earth's
gravity on Mars.

Earth 1SS: 254 miles Lunar Orbit: 239,000 miles

Independenc ~0 sec ~2.5 sec

a
Most of these hazards are made
more challenging by the lack of
ability to communicate with the
ground — particularly in situations Mars Orbit: 142,000,000 miles
Where crew rely on ground-based
consults.
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~ 22 min

health (including behavioral health)
countermeasures need to be in place
is the subject of research both in
space and here on Earth.
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Notional Human Spaceflight Strategy for
Integrated Research and Testing for Mars Mission Readiness
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Analog Missions:
Exploring the Human Element

Erin Hayward, PhD
NASA Marshall Space Flight Center
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Brookhaven

Analog Missions NASA Space Radiation Lab

Analogs simulate specific aspects of exploration
mission environments, allowing NASA to test
critical mission functions, without the risk and

expense of being in the true environment

Natural Extreme
Environments
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+ HERA = Human Exploration
Research Analog
+ Multiple campaigns of 4 missions
each, ranging from 1 week to 45
day missions, simulating a realistic
mission profile and activities

+ 2.5 story habitat at Johnson Space
Center, roughly 650 sq ft
= ICC Analog
» Isolated
« Confined
« Controlled

« Primarily a human factors & behavioral
study, with some medical assessments
as well

+ ‘Astronaut-ike’ candidates are
selected after undergoing rigorous
physical and psychological
evaluation
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Day-to-Day
Astronaut Life...

Conduct scientific experi
Routine spacecraft maint
Deal with anomalies
Train for the mission
Eat!
Exercise
Public outreach
Fill out lots of surveys
Fill “white space”
Sleep!

Very Brief Overview of
HERA Research Topics...

Sleep deprivation
Measures - Cognitive
Counter measures - Lighting
Isolation
Autonomy / time delay
Monotony
Teams
Decision making & roles
Crew selection

\ Health measures
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Engineering, Test & Technology
Boeing Research & Technal

NASA Flight Analog Experience

NASA's Desert RATS and HERA Programs
October 2023
Julie Mason

Engineering, Test & Technology

Bosing Research & Technelogy

NASA HERA Campaign Stressors/Manipulations
+ Common stressors/manipulations
On-board emergencies
= Limited time to switch between different tasks
Within tasks unexpected failures and time limits
Operational communication delays between 30 seconds to 5 minutes
No windows or exposure to outside world
Limited contact with outside world
_ Campaign Manipulations (Partial List)
Campaign 1 7-day Sleep Restriction

Campaign2  14-day Sleep Restriction

Campaign 3 30-day Self Scheduling Exercises

Mass Reduction Food Bars
Campaign 4  45-day Sleep Deprivation/Restriction

Dynamic li Enhanced Diet
Campaign 5  45-day Reduced privacy and habitable volume

Campaign 6 45-day Increased Comm Delay
Self Scheduling Exercises
Virtual Assistant for Spacecraft Anomaly Treatment




Engineering, Test & Technology

HERA Experience
Crew had a shared idea of how to work and live together
Crew spent first days familiarizing with each other
+ Similar Goals and Personalities
+  Proactive communication
Relationship training
Learned resource conservation
On-board training with mission specific goals
Limited interactions with Mission Control Center (MCC).
Persanal abservations living in HERA:
Generally oversized
Prefer separate work and home areas
Prefer adjustable lighting
Appreciation of the little things
Experiencing the two-week “wall”
+ Focused on being in the moment and mission success
Journalinglreading
Sneaking snacks from the hydroponic garden
Looked forward to scheduled calls home
Weekly crew doctor and phycologist conversations
Learning new activities/skills (Cribbage, Morse Code, etc.)
+ Stery time!
My world view changed in and after isolatian
Focused on immediate surroundings (can be peaceful)
Tuned out the noise and distractions
+ Turned off all phone notifications
Agreed mission could be extended to full Mars duration

Basing Research 8 Technaiog
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« D-RATS was the precursor to the HERA
program

+ D-RATS Location: Flagstaff Arizona/mabile

 Research:

Spacesuit equipment

Robots

Habitation modules

Exploration Vehicles

Surface Mapping

Navigation Techniques

Communication Systems

Bosing Research & Technology | HERA

Engineering, Tost & Technology

NASA Desert RATS

eXploration Habitat (X-Hab) Challenge put students

in the critical path to deliver a product for Desert

RATS testing

- Solicitation to University teams to design, test, build
& deliver an inflatable loft dome

* Three universities competed

University teams given ownership in the NASA

vision

Students given Principal Investigator (PI) status for

their contribution

Students provide strengths to NASA team

= Ability to think “out of the box"

+ Challenge standing cultures of how things are
typically done

« Moti a future g ion of

PROPRIETARY

X-Hab Challenge: Students in the Critical Path Inflatable Loft

Dome




Test & Technology

Bosing Research & Technology |

NASA Desert RATS Air Beam
X-Hab Challenge

Students participated in NASA Review Process c;:‘::;;:’:r
= System Definition Review

Second Floor
* Preliminary Design Review

= Critical Design Review Actuators
Students performed their own testing and analysis to
prove out concepts

* Researched material strengths, flammability,
temperature resistance, outgassing, etc

» Conducted carbon fiber, fabric, air beam testing, etc.

= Performed analysis for structural loads provided by
NASA, thermal loads to maintain a comfortable

environment in the desert, and CFD for airflow through
air ducting throughout living quarters

41 L

Loft Interior at D-RATS
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THANK YOU

For inquiry, please contact:

Christopher Blair

NASA Marshall Space Flight Center
topher.e.blair@) g
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