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To confine our attention to
terrestrial matters would be

to limit the human spirit.

Stephen Hawking




The GLOBAL EXPLORATION ROADMAP

After 2030

2020s Leaving the Earth-Moon Systen;

0perating in the Lunar and Reachlﬂg Mars Orbl(

Now Vicinity (proving ground)
Using the
International Space Station

Phase 0

Continue research and
testing on ISS to solve

exploration challenges.

Evaluate potential for
lunar resources.
Develop standards.

Phase 1

Begin missions in
cislunar space. Build
Deep Space Gateway.
Initiate assembly of

Deep Space Transport.

Phase 2

Complete Deep
Space Transport
and conduct
yearlong Mars

simulation mission,

Phases 3 and 4

Begin sustained
crew expeditions
to Martian system
and surface of
Mars.
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HUMAN SPACEFLIGHT RISKS ARE CHARACTERIZED

OTOLITHS IN INNER EAR

INPUT CONFUSES BRAIN,
CAUSING OCCASIONAL
DISORIENTATION

AND PUFFY FACE

BY S PA C E F L l G H T H AZ ARD S CAUSES HEAD CONGESTION OO DIFFERENTLY  CHANGED SENSORY

- Cosmic radiation
- Isolation and confinement GRS Touporut i

- Low/zero gravity —

AND MUSCLES DETERIORATE

KIDNEY FILTRATION RATE
INCREASES; BONE LOSS MAY
CAUSE KIDNEY STONES

FLUID REDISTRIBUTION
SHRINKS LEGS

TOUCH AND PRESSURE
SENSORS REGISTER
NO DOWNWARD FORCE

DANIELS & DANIELS
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"We choose to go to the Moon in this decade and do the other
things, not because they are easy, but because they are hard."

-John F Kennedy




ESA’S HUMAN RESEARCH PROGRAMME

Parabolic flight experiments
and Ground-Based Facilities programme

Isolation and confinement

Bedrest studies studies

Space radiation studies
ESA UNCLASSIFIED - For Official Use
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INTERNATIONAL SPACE STATION

e First exploration and permanently * esa
manned outpost in space - e &

Space without borders

e A successful international partnership and e 155 1 one o the

- . Iarge;t partnerships in

close cooperation between the Unites e o0 o S
Russia, Japan and

States, Russia, Canada, Japan and ESA,

It is also one of the

greatest engineering

which represents 10 participating States pors suer scieved

SOLAR ARRAY LENGTH: 73 m
SPEED: ~ 28 000 km/h

ORBITAL PERIOD: ~ 90 min
AVERAGE ALTITUDE: ~ 350-400 km
HABITABLE VOLUME: 388 m*®

ISS
ASSEMBLY
TIMELINE

I roscosmos [ asa [ esa  saxa A INT.cop
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INTERNATIONAL SPACE STATION

. INTERNATIONAL

../ SPACE
>s  STATION

OFF THE EARTH, FOR THE EARTH
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INTERNATIONAL SPACE STATION

Ageing

Cardiovascular
Immunology

= Muscle and bone
RE= P Neurophysiology

Nutrition
Respiratory system
Thermoregulation

4 Space food for the Enangy experimant

A

>

4 ESAastronaut Alesander Gerst with 3 tharmometer
on his forshead to measure his tompeture
continuously (ESA/NASA)

4 ESA astromaut Sarmantha Cristoforatt! running
tha Skin-B experimant (E54 /NASA)
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INTERNATIONAL SPACE STATION

Cross sections of rat muscle show the Laser image of human calf muscle
effect of space on muscles. (Credit: Charite )
Left=Earth, right=space. (Credit: NASA )
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INTERNATIONAL SPACE STATION

Bone before and after spaceflight
(Credit: CALM technologies)

Comparison of normal (top) and
osteoporotic (bottom) bone

ESA UNCLASSIFIED - For Official Use architecture (Credit; T. Arendt) .
— 0] b a2 ™ - I W= "I D — 0 = B B B | oo comne rwer s e sscow o tonton s tenes




INTERNATIONAL SPACE STATION {zesa
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INTERNATIONAL SPACE STATION

S122E008916
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BEDREST STUDIES

What are bedrest studies?

Bedrest studies involve putting normal
subjects in bed with their heads down at six
degrees below horizontal for five to 6o days.
During this time the participants are asked
to perform all normal daily activities while
staying in that position 24 hours a day. Scientific
experiments are conducted on the volunteers
almost every day so investigators can study
the physiological adaptation of the body to
this new postural condition. Bedrest studies
allow scientists to evaluate countermeasure
effectiveness.
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BEDREST STUDIES AND ARTIFICIAL GRAVITY ﬁ\&\s CSa
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BEDREST STUDIES AND ARTIFICIAL GRAVITY
ESA’S MULTI-YEAR BEDREST PROGRAMME PLAN

Martian bedrest studies
< A £ with AG countermeasure
y Cma LRGN L Lunar bedrest studies
U N MR with AG countermeasure
Bedrest studies with fundamental
AG research questions

ESA UNCLASSIFIED - For Official Use

— 0] b a2 ™ - I W= "I D — 0 =

Il = = B 2R im I+



YL 4

ESA UNCLASSIFIED - For Official Use

— 0] b c= W - ] W

I
I

Il - — = == B2 Il T == S vl




\\\\\\\.

CONCORDIA STATION {zesa
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SPACE RADIATION STUDIES

} Galactic cosmic rays
IBER programme: | (H, He--Fe-nuclei

Investigations into Biological

Effects of Radiation
f

LLarge solar
proton flares

SIS100/300

p-LINAC

Plasmaphysik

é’éeomagnetlcally trapped
¢ radiation
(protons, electrons)

Atomphysik
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PARABOLIC FLIGHT CAMPAIGN STUDIES
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MOON DUST {zesa

Eugene Cernan in the Lunar Module
Challenger. (Image credit: NASA)
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we explore. you benefit.
Human Spaceflight and Robotic Exploratior('




EUROPEANS: ONCE EXPLORERS, ALWAYS EXPLORERS.




