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ESA Member States

Human Spaceflight

ESA has 17 Member States :

* Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Luxembourg, Norway, the Netherlands, Portugal,
Spain, Sweden, Switzerland and the United Kingdom.

* Hungary, the Czech Republic and Romania are European
Cooperating States.

+ Canada takes part in some projects under a cooperation agreement.
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A Salyut (1-7) (USSR)

A Skylab (USA)

A Spacelab (EUROPE, ESA)

A Mir (USSR, RUSSIAN FEDERATION)

A International Space Station (ISS; USA,
RUSSIAN FEDERATION, ESA,
CANADA, JAPAN)




The International Space Station programme

Source: NASA



The International Space Station Partners

Canadian Space Agency )frﬂ

European Space Agency

Japan Aerospace Exploration Agency

".__l_

National Aeronautics and Space Administration N(i\‘iﬂ

Russian Federal Space Agency

Credits: Mr. W. Gerstenmaier, NASA




ISS Operations Centers

MSS Control Columbus Control Center ISS Mission Control

Samt-Hubert, Canada Oberpfaffenhofen, Germany Moscow, Russia
JEM/HTV Control Center

D

] sukuba,Japan

ISS Mission Control
Houston, Texas

Payload : H-IIB Launéh Control
OpeIatiODS Center ATV Control Center : Tane gaShlma, Japaﬂ

Huntsville, Alabama : Toulouse, France

Space Shuttle Launch Control Anane Launch Control Russian Launch Control
Kennedy Space Center, Flonda Kourou, French Guiana Baikonur, Kazakhstan




European participation in the ISS

Automated Transfer Vehicle (ATV)

Europeah Robotic Arm (ERA)

DMSR: ESA's Data
Management System for the
Russian Segment of the ISS

Columbus laboratory
and its payload facilities

Cupola



http://www.esa.int/esaHS/ESAOXX0VMOC_iss_0.html
http://www.esa.int/esaHS/ESAWEL0VMOC_iss_0.html
http://www.esa.int/esaHS/ESAFQL0VMOC_iss_0.html
http://www.esa.int/esaHS/ESAFRG0VMOC_iss_0.html
http://www.esa.int/esaHS/ESA4ZJ0VMOC_iss_0.html
http://www.esa.int/esaHS/ESAQEI0VMOC_iss_0.html

Columbus External Payloads




Human Spu((’”ight

B Allmember states participate in activities related to space science
and in a common set of programmes: the mandatory programmes.

B ] Inaddition, members chose the level of participation in optional programmes :

+ Earth observation

+ Telecommunications

+ Navigation

* Launcher development
+ Manned space flight

* Microgravity research

* Exploration

Basic Principles: - approval by boards of national delegates
- geographical return of funds



Human Spaceflight
Research cornerstones

Determined by European Science Foundation in 2005.

-Fundamental Physics -Biology
*Physics of Plasmas and solid or liquid *Molecular and Cell biology
dust particles -Plant Biology
+Cold Atom Clocks, Matter Waves and -Developmental Biology

Bose-Einstein Condensates
*Human Physiology

Fluid, Interface and Combustion Physics Integrative gravitational physiology
«Structure and dynamics of fluids and *Non-gravitational physiology of spaceflight
Multi-phase Systems «Countermeasures
«Combustion

*Planetary Exploration

-Material sciences +Origin, Evolution and Distribution of life

*Thermophysical properties of Fluids *Preparation of Human Planetary Exploration

for Advanced Processes
*Materials designed from Fluids



Human Spaceflight ¢

SPACE FOR LIFE

... significantly enhanced ISS research capabilities given by Columbus

[ oman Physiology Vo i
; Plasma

- Cardiovascular system

arsy Physics [PK3+, __
=-tihg Nentstion PK4] ~ Material Sciences [Protein, |
- Vestibular system Dust Particles Zeolites, MSL]
- Immune system Fhysics Fluid Physics [FSL, MSG,

S i PCDF / FASTER]

- Neuroscience

_Metabolic studies 1bustion Phenomena )

- Medical operations Enhanced Research
.\_protocols themes Psychology ]

Biology
[KUBIK, EMCS,
BIOLAB], Plant
Physiology

Radiation Education
Studies Activities

Exobiology

Exposed
Facilities




Columbus Future External Payload Facilities: ACES -
Atomic Clock Ensemble in Space

MWL Ku and
/ S band antenna

GNSS

PHARAO laser source

Heat pipes

APerforms fundamental physics experiments based on performances derived from its
cold atoms Caesium clock and its Space Hydrogen Maser. The clock signal is sent to
ground using a dedicated microwave link.

AAllows comparison of clocks with a precision of 10-16 and a stability of 10-16/day

AUsed for test of relativity theory, search for variation of the fundamental constants,
relativistic geodesy, etc..

AEstimated mass : 350 Kg



European Transportation
Advanced Re-entry Vehicle -ARV-

AGeneral objectives:

A Step 1: cargo transportation to and
from ISS by 2015

A Step 2: crew transportation to and
from Low Earth Orbit by 2020

A Activities for the period 2009-2010
A Phase A of cargo transportation

A Preliminary definition of Ariane 5
modification for human
transportation




Medicine:

*Gravity related health issues (e.g.,
bone and muscle mass loss,
cardiovascular deconditioning,
immune system)

General health issues (e.g., related to
long-term isolation and confinement)

*Development of countermeasures

Psychology:

*Basic issues of environmental
engineering, incl. habitat design,
scheduling of work...

*Specific psychological measures, e.g.
crew selection/composition, pre-flight
psychological training...

Radiation:

*Risk assessment (incl. radiobiology,
effects of heavy ions)

*Surveillance (e.g. Dosimetry)

«Countermeasures (e.g., radiation
shielding, active passive)

Life Support Systems (LSS):

Determine efficiency of physico-
chemicall/ biological LSS in closed
habitats

*Environmental Monitoring

Human Spacg‘f‘ight
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human spaceflight 1ss utilisation Achievements: Increment 26/27 && eSa

ESA Experimental Program Overview

i 7 R ...~ 3 : % J ~r,
HUMAN RESEARCH ¥ BIOLOGY RADIATION DOSIMETRY
3D Space b CFS-A ALTEA-Shield
Card - DOSIS
EPM- Neurospat 7 FLUID PHYSICS Matroshka-Kibo
EPM - Passages Geotions? s
S SODI-Colloid TECHNOLOGY
Thermolab DEMONSTRATIONS 5
Vessel Imaging MATERIALS SCIENCE f; Vessel ID System '
MSL/MICAST ol il )
Ground Experiments ; 1
( EKE, OTOLITH, ZAG) =
SOLAR PHYSICS EDUCATION
Solar , ESA Greenhouse

ESA Presentation | Eric Istasse | ESA | 9-10/05/2011 | HSO-ASM | Slide 7 European Space Agency
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human Spaceﬂight ISS Utilisation Achievements: Increment 26/27
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= European Physiology Modules:

Again used during Incr 26 for NEUROSPAT
experiment in Feb 2011 (two separate
experiments covering brain processing and
prefontal brain function and spacial cognition)
——— and PASSAGES experiment in Jan, Feb and Apr
2011 to test how astronauts interpret visual
_— information in weightlessness.

2 A new video unit for the European Physiology
Modules was uploaded on ATV-2 in February.

Experiments included Paolo Nespoli as test 4#
subject. \ /
4

ESA Presentation | Eric Istasse | ESA | 9-10/05/2011 | HSO-ASM | Slide 8 European Space Agency

ESA UNCLASSIFIED - For Official Use
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= Portable Pulmonary Function System:
Supports broad range of physiological research
experiments. Continued use (combined with
exercise) for undertaking EKE experiment and
ESA’s THERMOLAB experiment in conjunction
with NASA’s VO2 Max experiment (Feb, Apr).

= Stand-Alone and Other Experiments:

= " 3D SPACE: Undertaken in Jan, Feb and Apr.
Different subjects including Paolo Nespoli.
Covering ‘spaceflight-related decreases in
vertical perception’. All 8 valid subjects
now complete. Early results indicate
altered 3D perception in weightlessness.

® SOLO: Sodium Loading in Microgravity
(SOLO) experiment PCBA software updated
N in January. Paolo Nespoli first SOLO
sessions in Feb. Incr 23/24 blood/urine
samples for in MELFI returned on STS-
133/ULF-5 on 9 March.

ESA Presentation | Eric Istasse | ESA | 9-10/05/2011 | HSO-ASM | Slide 9 European Space Agency

ESA UNCLASSIFIED - For Official Use
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= Stand-Alone and Other Experiments:

» CARD: How weightlessness affects the
regulation of blood pressure. New holter
upload on 41P. Paolo Nespoli started CARD
experiment in April. First results indicate
confirmation experiment hypothesis (low
blood pressure in space & systemic dilation
of peripheral resistance vessels).

" VESSEL IMAGING: Additional measure-
ments in Dec 2010 to evaluate changes in
central and peripheral blood vessel wall
properties. On hold due to HRF Ultrasound.

Human Research

» Ground Experiments: Continued data
collection for OTOLITH (Otolith assessment
N during postflight re-adaptation), and ZAG
(investigation of astronaut’s perception of
motion and tilt and level of performance).

ESA Presentation | Eric Istasse | ESA | 9-10/05/2011 | HSO-ASM | Slide 10 European Space Agency
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CFS-A: Coloured Fungi in Space is examing
survival and growth of different coloured fungi
species. Relevant to spacecraft contamination,
panspermia and planetary protection issues.
STS- 133 upload of four bio-containers with
samples in February. Three bio-containers with
live cultures were returned with STS-133 which
landed on 9 March. Fourth bio-container with
dry spores still on orbit.

Significant post-flight analysis already done by
the science team on returned samples:
Different growth rates for the aerial and for
the submerged mycelium are observed.

ESA Presentation | Eric Istasse | ESA | 9-10/05/2011 | HSO-ASM | Slide 11 European Space Agency
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Genara-A: Carried out in the EMCS in July

2010. Studying plant (Arabidopsis) growth at
molecular level in weightlessness. Samplesin "
frozen storage were returned on STS-133/ ULF-

5 in March and are back with science teams.
Seedlings in top Cultivation Chambers showed

good growth.
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ESA Presentation | Eric Istasse | ESA | 9-10/05/2011 | HSO-ASM | Slide 12 European Space Agency
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Biolab: Following extensive ground-

commanded functional testing undertaken via
the MUSC USOC and Col-CC. a recovery plan r

has been implemented. Biolab Handling 1
Mechanism Gripper returned on Soyuz 248, ,_
Microscope and Spectrophotometer packed for

return on STS-134/ULF-6. TripleLux

experiments’ planning has been revised.

ESA Presentation | Eric Istasse | ESA | 9-10/05/2011 | HSO-ASM | Slide 13 European Space Agency

ESA UNCLASSIFIED - For Official Use
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) Fluid Science

3

=  GEOFLOW-2: in ESA’s Fluid Science
Laboratory. Continued experiment runs

through Incr 27 into into Incr 28. On conclusion
FSL Video Management Unit to be removed
and returned on STS-135/ULF-7 in July.

ESA Presentation | Eric Istasse | ESA | 9-10/05/2011 | HSO-ASM | Slide 38 European Space Agency

ESA UNCLASSIFIED - For Official Use



SELECTABLE OPTICAL DIAGNOSTICS
INSTRUMENT (SODI)

=  SODI - COLLOID: SODI - Colloid completed N
and successful operations and science N
acquisition in Microgravity Science Glovebox in
Sept/Oct 2010. Several bonus science runs
performed. Aggregation temperatures
determined, and dynamics of aggregation
studied for the first time. Promising
preliminary results. Experiment data
undergoing analysis with the science team
after flash disks returned on STS-133/ULF-5
which landed on 9 March.

Promising applications in optical components.
Second of 3 SODI experiments in MSG. Follows
on from ‘Influence of Vibrations on Diffusion in
Liquids’ (IVIDIL) from Oct 2009 to Jan 2010.

—_
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= VESSEL ID SYSTEM: is demonstrating the
space-based capability of identification of
maritime vessels and testing the ability of an
external grappling adaptor to accommodate
small payloads. Installed in Columbus in May
2010 and continuously acquiring data.
Problem encountered after swap to LuxAlS
receiver on 27 Sept. 2010 Swapped back to
NORAIS receiver in October and still working
extremely well. Failed LuxAlS receiver returned
for analysis/repair with Soyuz 24S in March. »
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= Erasmus Recording Binocular 2: High
definition ESA 3D video camera which provides
a vastly improved 3D video effect for mapping
the Station. Commissioned using EDR in
September 2010. ESA astronaut Paolo Nespoli
undertook first experiment recording session
with the device on 8 Jan and again in March.
Data Hard Disk return on STS-134/ULF-6. More
free use of ERB-2 being developed.
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