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FOREWORD 

In the spring of 2021, France’s ESA astronaut Thomas Pesquet is departing for his second mission on the 

International Space Station (ISS) in orbit between 360 and 400 kilometres above Earth. During this new 

mission, Thomas Pesquet will be performing some 200 experiments, 40 of them European. Nearly half of 

these will be monitored by the CADMOS centre for the development of microgravity applications and space 

operations at CNES. 

As part of CNES’s contribution to the mission for France, CADMOS has prepared 12 science, technology 

and education experiments. Through this programme, CNES is seeking to further cutting-edge science on 

the ISS and continue advancing knowledge in space for Earth. It is also supporting French scientific research 

and technology advances with an eye on future exploration of the solar system and deep-space missions. 

 

FRENCH EXPERIMENTS ON THE ALPHA MISSION 

Physiology and health 

 

 

Dreams: studying astronauts’ sleep 

The Dreams experiment will be taking a closer look at the ISS crew’s sleep 

patterns. Microgravity affects the body’s physiological parameters, forcing 

it to adapt. Circadian rhythms are disrupted, due notably to the lack of a 

natural day/night cycle in Earth orbit, where the crew sees the Sun rise and 

set 16 times a day. For Dreams, Thomas Pesquet will be wearing a sleep 

headband for several nights fitted with an electroencephalogram sensor 

using dry electrodes. To observe how he adapts and how his sleep patterns 

change, measurements were collected before the flight and will be repeated 

at the start, in the middle and at the end of the mission. Dreams thus aims 

to demonstrate the biomedical device’s utility for studying sleep in microgravity conditions. The headband 

will be left aboard the ISS to enable the scientific community to collect hypnic and neuroscience readings. 

The impact of confinement and microgravity on sleep is a key challenge facing future long-duration missions 

to the Moon and Mars. The results of Dreams will help notably to plan and adapt cognitive therapies designed 

to aid sleep onset or help astronauts get back to sleep after night waking phases. 

Partners 

Toulouse Hospital – Dreem 
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Cerebral Ageing 

The Cerebral Ageing experiment aims to study how the brain ages at 

molecular level. The ISS offers a unique environment for observing cellular 

ageing and the impact of radiation on the human body. Because molecular 

analysis of the brain isn’t feasible on living organisms, this experiment will 

use cerebral organoids. These are complex 3D structures containing 

nerve cells and other types of cells present in a brain that is still in 

development. Its aim is to show that these cellular structures fabricated on 

Earth can be sent into space, cultivated and then brought back to Earth for 

analysis. Scientists are counting on accelerated ageing effects in space to 

study how these organoids grow and age. Cerebral Ageing is principally a 

technology demonstration. The experiment will subsequently evolve towards a more complex protocol 

designed to study the growth of different types of both healthy and sick cerebral organoids over longer periods 

of time. The utility of this experiment is twofold: the results could yield new insights into certain genetic 

disorders like progeroid syndromes that cause afflicted children to age prematurely, while astronaut health 

and physical fitness are major challenges for long-duration deep-space crewed flights. Understanding how 

microgravity and prolonged exposure to ionizing radiation affect brain cells is vital for future space exploration 

and astronaut health. 

Partners 

Institut Pasteur – Sup’Biotech – Space Tango 

 

Pilote: a visual-haptic robotic control device 

Following in the footsteps of French neuroscience experiments on the MIR 

space station and then on the ISS, Pilote aims to evaluate an optimized 

visual and tactile method for assisting astronauts with robotic tasks. The 

experiment uses an immersive virtual-reality headset combined with a 

haptic1 force-feedback device to reproduce the senses of pressure and 

touch. Conceived like an immersive video game, the protocol includes two 

types of task: guiding a drone through an obstacle course to assess the 

alignment of visual and haptic cues, and grappling a spacecraft with a 

robotic arm to gauge the differences between using both hands or just one 

hand with a haptic device. The results of Pilote will inform work to optimize 

the ergonomics of workstations aboard the ISS and subsequently future spacecraft for lunar and Martian 

missions. By designing interfaces capable of overcoming the challenges that working in weightlessness 

poses to humans, notably with respect to hand-eye coordination, the resulting methodologies will enable 

better integration of gravity aspects when designing interfaces to be used on Earth. 

Partners 

University of Paris – Tecnalia – CNRS – Oculus 

 

                                                        
1 A haptic device is a virtual-reality technology enabling physical interaction with a virtual object by reproducing the user’s sense of 
touch and motion. 
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Immersive Exercise: sport meets virtual reality 

Astronauts on the ISS have to exercise for two hours a day to offset the 

negative effects of microgravity on their bodies, notably muscle wasting 

and bone loss. This daily routine in the same closed environment soon 

becomes repetitive and the astronauts gradually get bored with it. The aim 

of Immersive Exercise is to break this routine with virtual reality. When 

exercising on the CEVIS ergometer, the astronaut dons an immersive 

virtual-reality headset and a pair of cycling shoes equipped with cadence 

sensors and can then pedal on the station while thinking of Earth. A 

selection of 360-degree videos filmed on Earth are played in the virtual-

reality headset and synchronized with the pedalling speed. Several 

outdoor scenes have been filmed, including a route taking in the landmarks of Paris for Thomas Pesquet. 

The Immersive Exercise device is already being used in a number of gyms on Earth and could evolve to 

match pedalling difficultly to the terrain, for example when going uphill or downhill. Immersive Exercise 

therefore aims to boost the ISS crew’s motivation and performance, with an eye on long-duration space 

missions to the Moon and Mars for which psychological effects will be a key concern. 

Partners 

Fit immersion – Oculus – DAC (Danish Aerospace Company) 

 

Technology and the future 

 

 

Telemaque: handling objects hands-free 

The Telemaque acoustic tweezers are designed to hold, move and study 

objects and liquids without ever touching them. At equal intensity, the force 

exerted by acoustic waves is about one million times stronger than that of 

optical waves. Acoustic tweezers emit ultrasound waves that exert a force 

on objects in their path. The acoustic field is shaped in such a way that 

these objects are trapped. By moving the beam, it is thus possible to move 

an object with a very high degree of precision. The aim of Telemaque is to 

assess in microgravity the ability to capture and release small plastic or 

glass spheres without touching them and then to guide them remotely 

through an obstacle course. Telemaque is a technology demonstrator 

intended to remain on the ISS to serve the crew and scientific research. In particular, it could be used to hold 

and study other materials, gels or liquids without touching them, for example a hazardous product or 

biological sample to avoid contamination, or a water droplet as it evaporates to gain new insights into the 

physical mechanisms at play. Telemaque also has applications for the health sector. For example, the 

acoustic tweezers could be used to clear kidney stones or for targeted delivery of medicines in the body. 

Partners 

Jean Le Rond d’Alembert Institute (Sorbonne University / CNRS) – EREMS – COMAT 
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Lumina: measuring radiation on the ISS 

Lumina is an optical-fibre dosimeter designed to demonstrate the reliability 
of this technology for measuring ionizing radiation inside the ISS. 
Radiosensitive optical fibres darken when exposed to a source of 
radiation. This darkening allows the attenuation of the signal injected into 
the fibre to be precisely quantified and thus the total received dose of 
ionizing radiation to be measured. The advantage of Lumina is its ability 
to withstand the harsh conditions of space, notably its robustness to 
temperature swings. With its two fibre coils, each several kilometres long 
and operating respectively in the visible and infrared, the Lumina 
demonstrator will advance scientific understanding of how optical fibres 
behave when exposed to weak ionizing doses in space over a long period 

of time. Measuring and anticipating radiation is a major strategic concern for space exploration and human 
spaceflight. ISS crews receive on average a radiation dose 100 times higher than on Earth at sea level over 
the same time. The dose is significantly higher outside the station and continues to increase the further a 
spacecraft gets from Earth and the protective bubble of its magnetosphere. The optical-fibre dosimeter 
therefore aims to become a key technology for shielding equipment and crews during space missions to the 
Moon or Mars. 
 

Partners 

Hubert Curien Laboratory (Jean Monnet St Etienne University / CNRS) – 

iXblue – CERN 

Eco Pack: a new generation of packaging 

Recycling and management of resources is one of 93 technology lines of 

action identified as necessary for a future lunar or Martian base. From this 

broad perspective, CADMOS has prepared three experiments focused on 

managing space packaging under the moniker Eco Pack. 

Renewable Foam and Edible Foam: a new lease of life for carry bags 

The entire experiment will be flown to the ISS inside a fireproof bag with inner walls made of protective 

packing foam, notably to shield the equipment from vibrations during launch. However, with a total useable 

space of 900 m3, 388 m3 of it habitable, the ISS has no spare room for bulky materials. 

To resolve this issue, Renewable Foam and Edible Foam will employ carry bag packing material designed 

to replace traditional petroleum-based foams, which are of no further use once aboard the station. To 

demonstrate the utility of these new materials, the instrument for the Dreams experiment was flown to the 

ISS inside a bag lined with a recyclable 3D-printed polyester material produced by bacterial fermentation. 

Thanks to its biodegradability and alveolar structure, this material could be used as a medium for seedlings 

or pulped, melted and used again for 3D printing. 

With Edible Foam, CADMOS’s engineers set themselves the challenge of making carry bags edible. The 

consumables for the Food Processor experiment will thus be protected during their flight to the ISS by 

gingerbread, madeleines and pain de Gênes wrapped in a protective film. 

Currently in development at CADMOS, Food Processor is an autonomous demonstrator that will fly to the 

ISS in late 2021. 

Partners 

Groupe Jean Hénaff – ComposiTIC – Innovons à 360° – Maison Pillon – Maison Darnis 
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Freshness Packaging: keeping fresh produce 

With a shelf life of no more than about a week, fresh produce currently flown to the ISS by resupply spacecraft 

are a particularly perishable item, especially since such cargo flights are spaced three to four months apart. 

The Freshness Packaging experiment devised by CNES and its partners at NASA’s Food Lab aims to 

demonstrate the effectiveness of new types of permeable packaging that allow gas exchanges to extend the 

shelf life of fruit and vegetables for two to four weeks. The demonstration will involve four kinds of fresh 

produce: apples, cherry tomatoes, a yellow kiwi fruit and grapes left on shelves in the ISS wrapped in the 

new packaging, which could also find applications back here on Earth. If the demonstration is conclusive, 

they could be used for expeditions in extreme conditions—like ocean yacht races and polar or desert science 

expeditions—where renewing food supplies is hard or impossible. 

 

Partners 

Groupe Jean Hénaff 

 

Youth and students 

 
 

TetrISS: a student experiment to visualize ultrasounds 

One of the winning experiments selected for the Generation ISS 

competition, TetrISS is a technology demonstrator of a platform that 

operates almost autonomously to supply power to the integrated 

experiment, control its recording cameras and store videos. To validate it, 

the Chladni Pattern experiment plans to make fine particles vibrate and 

observe the standing ultrasound waves thus generated in 3D. On Earth, 

this phenomenon can only be observed in two dimensions: when fine 

powder aligns with the sound waves from a loudspeaker diaphragm, it 

forms regular geometric shapes called Chladni Patterns. On the ISS, fine 

particles will be enclosed inside a transparent container between two 

ultrasound transmitters with different frequencies and ranges to visualize ultrasound waves in three 

dimensions. The pictures of this phenomenon will be recorded on a micro-SD card and brought back to Earth 

for viewing and analysis by the students. 

Partners 

Tetr’ISS Team –Toulouse IUT technology institute 
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Eklosion: a travelling companion for Thomas Pesquet 

The second laureate of Generation ISS, Eklosion is a student project 

aiming to symbolize what ties astronauts to Earth by tending to a plant. As 

all astronauts’ senses are disrupted in weightlessness, the aim of Eklosion 

is to provide a ‘travelling companion’ in the form of a sealed capsule inside 

the Columbus module on the ISS in which French marigolds will grow and 

be tended by Thomas Pesquet. To further personalize this link between 

Earth and the ISS, the Eklosion capsule includes a compartment to deliver 

personal messages from the astronaut’s friends and family on scented 

cards. Eklosion will be replicated through a participative experiment 

inviting the public to grow French marigolds and to monitor their growth on 

Earth and on the station, and to share photos of the flowers on social media. 

Partners 

Eklo non-profit association – GSBMS – Nantes-Atlantique Design School – Paul Sabatier Toulouse III 

University 

 

Blob: an unusual single-cell organism 

Physarum polycephalum, better known as slime mould or simply “blob”, is 

neither a plant, nor an animal, nor a fungus, and for a long time its place 

in the tree of life was something of an enigma. While it consists of a single 

cell and doesn’t have a brain, it can nevertheless move at a speed of 3 

mm/h, feed, organize itself and even share what it has learnt with fellow 

organisms. Usually yellow, it lives in temperate, damp and dark places like 

the undergrowth in woods. This surprising organism is being studied by 

CNRS research director Audrey Dussutour in the laboratory at the 

Integrative Biology Centre’s animal cognition research unit (CRCA) at Paul 

Sabatier University in Toulouse. The aim of the Blob educational 

experiment is to observe how microgravity affects the feeding, behaviour and speed of movement of several 

blobs placed inside sealed transparent Petri dishes on the ISS and filmed as they feed and explore their 

environment (Blob-ISS). At the same time, pupils at more than 2,000 selected schools in France will be 

invited to replicate the experiment in the classroom on Earth (Blob-Earth) and compare how their blobs 

behave with those in space. 

Partners 

CNRS – COMAT – Toulouse education authority – Ministry of Education, Youth and Sport 

 

Proxima heritage experiments 

 

EveryWear: the astronaut’s personal assistant 

Started on the Proxima mission as a technology demonstrator, EveryWear has proved a real operational 

success and is now ready for use on the ISS by engineers and scientists. It is a scalable mobile application 

on a consumer-type tablet that allows medical and physiological data to be collected from a suite of sensors 

(smart shirt, tonometer, actigraph, glucometer). It also serves to monitor astronaut nutrition, to conduct 

physiology surveys and to exchange encrypted messages between the crew and medical teams on the 



 

10 

ground. During the Alpha mission, EveryWear will be used to aggregate data from the Lumina experiment. 

Thomas Pesquet will also use it to respond to surveys for the Edible Foam, Dreams and Immersive Exercise 

experiments. 

 

ECHO: ultrasound scanning on Earth and in space 

Initially a demonstrator of a tele-operable ultrasound scanner on Earth, ECHO was developed by CNES in 

partnership with the Canadian Space Agency (CSA) and the European Space Agency (ESA) to optimize the 

quality of images recorded in microgravity and to shorten astronaut training and save crew time aboard the 

station. The instrument is today used to support several protocols on the ISS. The French ultrasound scanner 

is notably employed by the Canadian Vascular Echo and Vascular Aging experiments to measure structural 

and functional changes in the cardiovascular system and the mechanisms behind arterial stiffness. It is also 

serving a European experiment called MYOTONES aiming to study how the mechanical characteristics of 

certain muscles and tendons change during a spaceflight. A new version of ECHO is also being designed for 

the future Gateway lunar platform. 

 

FLUIDICS: studying fluid dynamics in space 

Installed on the ISS by Thomas Pesquet during his Proxima mission, FLUIDICS is a material science 

experiment to study fluid dynamics in space. Its aim is to study capillary wave turbulence—disordered motion 

observed at the surface of a liquid—in microgravity and notably to advance understanding and control of 

propellant sloshing in spacecraft fuel tanks. This experiment is still running on the ISS and has been upgraded 

several times, for example with new tanks. ISS crews are relaying one another to operate the experiment for 

three sessions per year. 

 

MatISS: smart surfaces to combat germs? 

MatISS is an experiment designed to study how so-called “smart” surfaces could stop germs spreading. 

MatISS-1 was deployed by Thomas Pesquet on the Proxima mission and supplied research scientists with 

reference data. The five materials sent to the ISS were selected for their ability to prevent bacteria from 

gaining hold, proliferating and creating the biofilms that protect them. After the first samples were brought 

back to Earth, the experiment was continued with MatISS-2 and MatISS 2.5, from which samples were 

returned in August 2019 and late 2020. Understanding the effectiveness and potential applications of such 

materials is vital not only to inform the design of future spacecraft, but also to develop antimicrobial surfaces 

on Earth, for example on lift buttons and door handles, or in bars, on public transport and in other places with 

lots of people. 

 

PERSPECTIVES: an immersive virtual-reality environment 

PERSPECTIVES is an adaptive virtual-reality platform operated during the Proxima mission using consumer 

devices to perform neuroscience experiments on the ISS, notably to study how cognitive functions are altered 

in microgravity. The platform has been a huge operational success and is still used at least once a month 

aboard the station. It is constantly being improved, particularly with new science software. For the GRASP 

and TIME experiments, ESA astronaut Alexander Gerst was the first subject, followed by CSA astronaut 

Davis Saint-Jacques for VECTION. The Pilote experiment developed for the Alpha mission is the logical 

extension of PERSPECTIVES. 
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CADMOS, THE MICROGRAVITY EXPERT 

Based at CNES in Toulouse, the CADMOS centre for the development of microgravity applications and space 

operations draws on the extensive experience it has acquired from international missions and partnerships. 

Although its official inception was in 1993, the expertise of its engineering teams goes back to the early 1980s 

when French-Russian cooperation spawned the idea of an operational centre designed for planning, 

preparing and monitoring scientific experiments conducted during crewed space missions. The centre began 

operating in 1982 for the flight of France’s first astronaut, Jean-Loup Chrétien, on his PVH mission. CNES 

engineers would subsequently gain the experience required to accomplish ambitious scientific programmes 

in the extremely demanding conditions of human spaceflights. 

Proving its prowess, in 1998 CADMOS was made one of the European Space Agency’s nine European User 

Support and Operations Centres (USOCs) for the International Space Station (ISS). Today, it is on the ESA 

integrated team to support operations aboard the station, focused on three areas: operations planning, 

operations monitoring and data processing, from collection through to archiving. CADMOS thus constantly 

works alongside scientists running microgravity experiments on the ISS, as well as those in automatic 

capsules like Bion and on the Airbus Zero-G aircraft operated by CNES’s subsidiary Novespace. CADMOS 

runs experiments for France, for Europe (on behalf of ESA) and for multilateral missions with international 

partners, notably Russia and the United States. 

In the domain of human spaceflight, CNES works in close partnership with its health subsidiary MEDES, the 

space medicine and physiology institute. MEDES teams support CADMOS on the physiology side of 

missions, at its space clinic in Toulouse, where it simulates the effects of microgravity on the human body, 

and at the European Astronaut Centre (EAC) in Cologne, where it monitors astronaut training and provides 

medical support. 

CADMOS: a top-flight User Support and Operations Centre 

CADMOS is dedicated to defining, developing and performing microgravity experiments, offering a range of 

ground facilities—laboratories, models, control centres and networks—for scientific programmes conducted 

on behalf of CNES or delegated by ESA. It has extensive experience of conceiving solutions for organizations 

and firms looking for the expertise required to perform experiments in microgravity conditions. It draws on 

this expertise to devise experiment protocols, train crews and review and return data to experiments’ 

investigators. 

CADMOS performs tests both on the ISS and the Airbus Zero-G parabolic flight platform. 

Once an in-flight experiment is up and running, CADMOS is tasked with monitoring operations from its 

specially designed control room. Specialist operators provide the links to experiments while instrument and 

experiment managers are trained in using the consoles and procedures to keep track of them. 

For human spaceflights, CADMOS is the point of contact between the ground segments in Europe, the United 

States and Russia and the science teams supporting astronauts as they perform experiments in real time. 

A USOC renowned for its expertise 

To give European scientists the best chance to operate experiments on the ISS, and to coordinate work 

aboard the station, ESA created a network of USOCs initially located in Belgium, Denmark, France, Germany, 

Italy, the Netherlands, Norway, Spain and Switzerland. These centres are in charge of operating European 

payloads on the ISS, using telescience and remote operating systems. Each USOC may have several 

specialist domains: CADMOS, for example, specializes in physiology and materials science. 
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With a view to coordinating USOC activities, ESA decided to trim their number progressively from nine to 

three. CADMOS is one of the three centres retained, with the MUSC in Cologne and the B-USOC in Brussels. 

In the wake of the hugely successful scientific results accomplished by the Proxima mission, ESA tasked the 

CADMOS USOC with a broader range of activities. 

A heritage shaped by exploration 

Based in Toulouse, CADMOS is able to draw on a long human 

spaceflight heritage and on the extensive experience it has 

acquired from national and international missions since the 

1980s. 

It is thus driving future exploration missions and leading the way 

in robotic operations. It is from CNES in Toulouse that 

operations on the Curiosity rover, the InSight mission’s SEIS 

seismometer and the Perseverance rover are controlled. 

[Légende] 

The CADMOS control room at work. 

© CNES/Thierry De Prada 

CADMOS began operating in 1982 for the flight of France’s first astronaut, Jean-Loup Chrétien, on his PVH 

mission. CNES engineers would subsequently gain the experience required to accomplish ambitious 

scientific programmes in the extremely demanding conditions of human spaceflights. 

The orbiting of the MIR space station and the framework space agreement between France and Russia 

signed in 1992 marked a turning point. The long-term visibility that MIR offered in terms of space missions 

gave CNES’s engineers the chance to plan ahead and devise a strategy to develop the skills and resources 

needed for human spaceflights. It was from this ferment of ideas and expertise that CADMOS was born. 

In 1998, following the agreement to build the ISS, ESA created its USOCs and selected CADMOS to support 

physiological experiments. USOCs’ scope of work covers three areas: preparation of experiments, flight 

monitoring, and data collection and processing. Each centre offers competencies in one or more of these 

areas. CADMOS has the top-class facilities and expert engineers to cover all three.  

The operations centre subsequently monitored all French astronauts’ flights up to the mission of Léopold 

Eyharts in 2008, when the European Columbus module entered service aboard the ISS. The module 

provided a new boost for CADMOS, whose role was extended to managing the European Physiology Module 

(EPM) in particular. 

While this new European dimension to CADMOS’s activities considerably broadened its horizons, the 

centre’s engineers continued to work closely with research laboratories, universities, large industrial 

contractors and start-ups to develop ever-more-sophisticated microgravity experiments. 

CADMOS’s main assets are its complementary, high-quality facilities: with its laboratories, control room and 

dedicated clean room for prepping experiments, it has everything needed to support scientific research in 

microgravity. For experiments aboard the ISS, experiment equipment and protocols have to be adapted to 

extreme and highly demanding conditions, so a lot of time is spent optimizing them. 

While CADMOS is today providing permanent support to European users of the ISS, the selection in 2009 of 

a French astronaut by ESA and the announcement of his first flight in 2014 gave CNES the opportunity to 

devise its own experiments for the Proxima mission. Six demonstrators were chosen with a view to further 
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improving the ISS as a world-class space laboratory, so that scientists can continue to advance research in 

space for citizens on Earth. As part of its youth education policy, CNES also performed an experiment to 

engage the younger generation and spark their interest in the challenges and applications of space to inspire 

new scientific vocations. 

CADMOS and the Proxima mission 

CADMOS is the CNES unit that developed and monitored the 

seven French experiments for Thomas Pesquet’s mission on 

the ISS, for which no fewer than 35 of the space agency’s 

engineers were involved. For the CNES team, the Proxima 

project is a complete success that has confirmed the French 

space sector’s know-how, passion and expertise. 

The experiments were developed working continuously with 

ESA’s astronauts in record time, just 18 months where 24 

months are normally required to get everything ready. Thomas 

Pesquet’s departure from Baikonur in November 2017 marked 

the start of the operational phase of the mission, during which operators in the control room were tasked with 

monitoring the planned scientific procedures to be executed by the astronaut. The team was impressed by 

his professionalism, enthusiasm and performance, and the seven CNES experiments were a success. 

The science side of each experiment is a long-haul effort, while development cycles for the technology side 

are much shorter. Physiology experiments involve a larger panel of subjects—10 on average—and therefore 

take several years to complete. All of Proxima’s science and technology goals have been brilliantly 

accomplished. Thomas Pesquet not only completed all of the planned activities for his ‘nominal’ mission but 

also fulfilled most of his ‘discretionary’ objectives. Science teams are now hard at work sifting through the 

results, while the technologies have been confirmed and new developments are already underway. 

The success of the Proxima mission is a great source of pride for the CADMOS team that demonstrates 

CNES’s ability to innovate for the benefit of research and society.  

CADMOS team for the Proxima mission.  
© CNES/ Daniele Boucon, 2016 
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CNES AT A GLANCE 

CNES (Centre National d’Etudes Spatiales) is the government agency responsible for shaping France’s 

space policy and implementing it in Europe. Its task is to conceive and orbit satellites, invent the space 

systems of the future and nurture new services to aid us in our daily lives. Founded in 1961, it is the initiator 

of major space projects, launch vehicles and satellites, and the partner of choice for industry, supporting 

exports and fuelling innovation. CNES is opening up new and infinite fields of applications in five core areas 

of focus: Ariane, science, Earth observation, telecommunications and defence. It is a key player driving 

technology research, economic development and industrial policy for the nation. It also fosters scientific 

collaborations and has forged numerous international partnerships. France, represented by CNES, is the 

leading contributor to the European Space Agency (ESA), which conducts Europe’s space policy on behalf 

of its 22 member states.  

Four centres of excellence 

CNES comprises 2,368 men and women with a passion for space working to open up infinite fields of 

innovative applications for all. Paris Les Halles is the agency’s Head Office, responsible for mapping out 

French and European space policy and crafting and coordinating its programmes. Located in the Occitanie 

region of Southwest France since 1968, the Toulouse Space Centre (CST) is the agency’s biggest technical 

and operational field centre. Its engineers conceive, study, design, develop, build, position, control and 

operate orbital systems, satellites and instruments. Paris Daumesnil is home to the Launch Vehicles 

Directorate (DLA), which has been developing Ariane launchers for over 40 years. Its specialists are working 

more than ever to secure the future of European launchers within an integrated team composed of CNES 

and ESA personnel. And in French Guiana, teams at the Guiana Space Centre (CSG) are in charge of 

coordinating all operations for Europe’s family of launchers. Ideally located near the equator, Europe’s 

spaceport is a major asset for its space programme.  

CNES is inventing the space systems of the future, driving France’s technological innovation, economic 

development and industrial policy. The agency devotes 80% of its budget to French firms and 40% of 

Europe’s space industry is based in France. In mainland France, space is sustaining 16,000 jobs and in 

French Guiana 9,000 direct and indirect jobs or 15% of all employment. In total, with €20 in spin-offs to the 

economy for every euro invested, space innovation is generating a significant multiplier effect for industry, 

the economy, research, society and policymaking. 
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ESA 

European Space Agency (ESA) 

ESA is Europe’s gateway to space. 

ESA is an intergovernmental organization founded in 1975. Its mission is to shape the development of 

Europe’s space capability and ensure that investment in space continues to deliver benefits to the citizens of 

Europe and the world. 

ESA’s 22 member states are Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, 

Germany, Greece, Hungary, Ireland, Italy, Luxembourg, Netherlands, Norway, Poland, Portugal, Romania, 

Spain, Sweden, Switzerland and the United Kingdom. Latvia and Slovenia are associate member states. 

ESA has official cooperation agreements in place with six EU member states. Canada also takes part in 

certain ESA programmes under a cooperation agreement. 

By coordinating its members’ financial and intellectual resources, ESA is able to undertake programmes and 

activities reaching far beyond what any of them could achieve alone. It is working in particular with the 

European Union on the Galileo and Copernicus programmes, and with Eumetsat to develop meteorology 

missions. 

European Astronaut Centre (EAC) 

The European Astronaut Centre (EAC) is where ESA’s astronaut corps trains. Formed in 1990 and located 

in Cologne, Germany, it selects and recruits astronauts, plans missions, and prepares and conducts training 

for those chosen to be part of crews on the International Space Station (ISS). The centre’s 100 employees 

work alongside teams from the French and German space agencies and from industry. EAC is the training 

centre for operating ISS components built in Europe, like the Columbus laboratory and the Automatic Transfer 

Vehicle (ATV). Its activities also include special training for astronauts from the United States, Russia, 

Canada and Japan to operate the Columbus laboratory, European experiments and previously the ATV. It 

has its own neutral buoyancy pool for astronaut training, the Neutral Buoyancy Facility (NBF). 

For the first time in 11 years, ESA is recruiting a new cadre of European astronauts to take part in 

humankind’s greatest adventure, an exploration mission to benefit our planet. They will be working alongside 

ESA’s current corps of astronauts as Europe enters a new era of space exploration. 

Besides inviting applications to join ESA’s astronaut corps, the agency is also offering a vacancy under a 

‘parastronaut’ feasibility study aimed at people with a physical disability. ESA is also working with 

international and commercial spaceflight partners to assess the feasibility of flying the selected candidate on 

an ESA mission for which they could work safely and usefully on the ISS. Until then, the selected candidate 

will be part of ESA’s astronaut reserve. 

Thomas Pesquet, ESA astronaut 

After graduating in 2001 from ENSAE (Supaero), the French national aerospace school in Toulouse, majoring 

in satellite design and control, Thomas spent his last year of training at Polytechnique Montreal in Canada 

under an exchange programme for students doing the Master’s degree in aerospace engineering. 

He did his engineering internship from April to September 2001 with Thales Alenia Space in Cannes, France, 

where he developed a satellite system design tool using concurrent engineering techniques. From October 
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2001, he worked as an engineer on satellite dynamics for remote-sensing missions at GMV S.A. in Madrid, 

Spain. 

From 2002 to 2004, Thomas worked as a research engineer for CNES on space mission autonomy. He was 

also tasked with studying the concept of the future European ground segment and harmonization of space 

technologies in Europe. From late 2002, he was one of CNES’s representatives on CCSDS, France’s satellite 

data standardization committee, working to foster mutual support between international space agencies. 

Already a dedicated private pilot, Thomas was selected in 2004 to train as an airline pilot with Air France. 

After completing his training, he began flying Airbus A320s for the French flag carrier in 2006. Having clocked 

up more than 2,300 flight hours on commercial airliners, he became an A320 flight and human factors 

instructor. 

He was selected to become an astronaut in May 2009, joining ESA in September of that year and completing 

his initial training in November 2010. Once qualified, he worked as a Eurocom, communicating with 

astronauts from the mission control centre during spaceflights. He was also tasked with future projects at the 

European Astronaut Centre (EAC), notably to establish cooperation with new partners like China. 

To prepare for a space mission, Thomas underwent additional technical and operational training in Europe, 

Russia and the United States, on the Soyuz spacecraft, in U.S. and Russian spacesuits and on ISS systems. 

He also trained for space exploration, taking part in 2011 in ESA’s underground training programme and then 

in 2012 in the SEATEST II mission on NASA’s underwater testbed. 

On 17 March 2014, Thomas was assigned to a six-month mission on the ISS. As flight engineer for the 

Expedition 50 and 51 missions, he departed for the station on 17 November 2016 on the Proxima mission, 

returning to Earth on 2 June 2017. 

Thomas’s second flight was announced on 28 July 2020. He will be flying to the ISS on the second 

operational flight of SpaceX’s Crew Dragon alongside JAXA astronaut Akihiko Hoshide and NASA astronauts 

Shane Kimbrough and Megan McArthur, who will be piloting the vehicle. This mission will mark the first flight 

of a European on Crew Dragon, and the first time in more than 10 years that a European has lifted off from 

U.S. soil. 

Thomas’s mission is named Alpha after Alpha Centauri, the star system nearest to Earth, continuing the 

French tradition of naming space missions after stars or constellations. During his mission, Thomas will be 

performing experiments developed at CADMOS. 
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