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Thank you for the introduction and thank you to the organizers for inviting as an HRE alien to your SCI workshop. My name is Jennifer Ngo-Anh, and I am the Head of ESA’s Human Research Office in the Directorate of Human Spaceflight and Robotic Exploration. I am going to provide you with an overview on what we do during our daily work, it is totally different from what you do but nevertheless quite interesting, unique and thrilling.As a preamble – all the research that the Human Research Office is coordinating has as ultimate goal to understand how the human body reacts and adapts to microgravity and the space environment and how we - with our research projects - can contribute to enabling safe long-duration exploration mission with human crews. 
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HUMAN RESEARCH AND EXLORATION 

• understand how µG affects the  
   human body 
• physiological countermeasures 
• biological effects of radiation  
• psychological function 
• life support systems 
• nutrition 
• autonomous medical care 

Scientific support to the preparation of human space exploration is to a large 
extent be related to maintain crew health and performance and includes 
areas such as: 

Presenter
Presentation Notes
Why is there a need to conduct human research? The space environment does not actually offer conditions for which humans were made for.  And there are multiple risks and challenges that astronauts need to face when we send them into space. Space exposes astronauts to zero gravity conditions which has an impact on their bodies, it exposes them to massive radiation, the crews have to live autonomously in isolation and in a very confined and confining tin can. So if we want to send a human crew to Moon, Mars or beyond, which is what all major space agencies dream of, there are a lot of problems that we need to solve to ensure that the crew gets to their destination and back safely. And we from the Human Research Office try to address all those issues by making use of various unique research platforms through which I would like to walk you through today. For all platforms that we have in our portfolio, the process is the same: we release dedicated platform-specific Announcements of Opportunities to which European scientists can submit proposals to, with the help of independent experts we select the best proposals and then support implementation of those experiments on the various research platforms for which we pay, so unlike you we in the Human Research Office are not active scientists anymore, but coordinate the research of other very bright scientists, or to put it very simple, they think, we do.



ESA UNCLASSIFIED - For Official Use 

INTERNATIONAL SPACE STATION 

• First exploration and permanently manned 
outpost in space 
• A successful international partnership and 
close cooperation between the Unites States, 
Russia,  Canada, Japan and ESA, which 
represents 10 participating States 
 

 
 
 

 
 
 
 
 
 

• A laboratory for unique research:  
more than 196 people have visited the 
complex, and more than 600 different 
research and technology development 
experiments have been conducted on-
board the Station 
• A platform to carry out Exploration 
preparatory activities, assess impact on 
astronauts of extended exploration 
missions, validate enabling technologies 
(habitat, radiation protection, life 
support, waste management and 
recycling, energy management) 
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The most prominent research platform that I am sure that we all know is the ISS and in partnership with the United States, Russia, Japan and Canada, ESA can be proud to participate to the greatest international project ever. The ISS has become a shining example of international cooperation, we make excellent use of ISS’ capabilities and if we look at the publications stemming from ISS experiments, the European science community is actually at the forefront compared to scientists from the other agencies.The ISS has been fully operational for quite a few years, by the way we will celebrate 10 years of European Columbus module up there next February. The ISS is the ideal platform to prepare for long-duration human exploration missions. Why? As I said earlier, we need to study a lot of issues related to human health in order to ensure a safe trip of humans to Moon, Mars and beyond and for this the ISS offers just the right conditions. So what we from the Human Research Office do on a daily basis when it comes to ISS experiments is to ensure that the experiments that European scientists developed / thought of become realistic and implementable on-board the ISS, we translate their original experiment proposals into feasible experiments taking into account the endless constraints of ISS, and we ensure that we get maximum science out of the resources for which there is high demand and high competition. �
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INTERNATIONAL SPACE STATION 
SCIENCE 

Human Research activities on-board the ISS 
 
Ageing 
Cardiovascular 
Immunology 
Muscle and bone 
Neurophysiology 
Nutrition 
Respiratory system 
Thermoregulation 
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Our Human Research Programme on ISS covers all body systems that are affected by the space environment, with our research we address the issue of ageing (astronauts on-board the space station age much faster than people down on Earth and that allows us to study ageing processes in a very structured way), we study cardiovascular problems, it has been shown that ug leads to blood vessel changes that are comparable to atheroskleorosis.Because astronauts do not have to use their muscles when they are in space, there is muscle atrophy which we have to really need to counteract against – just imagine that one day we manage to land on Moon or Mars and our crewmembers arrive on the surface wobbly and insecure. Nutrition is an important issue, we need to know what the normal energy requirements of astronauts are in order to send enough food supplies for their journey, do astronauts need more or less calories when they are in ug, do we therefore maybe need to send less food along saving on valuable cargo mass. So you see, we address a lot of interesting questions with our pool of experiments, but access to the ISS is very constrained, there is huge competition amongst scientists to use it for their research, performing experiments on-board the ISS is complicated when compared to normal lab conditions and this is why we have alternative research platforms in our portfolio, this is why we make use of ground-based analogue platforms in which we simulate those conditions that are characteristic for the space environment. 
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BEDREST STUDIES 

Presenter
Presentation Notes
One of those platforms are the bedrest study platforms. Bestrest studies are a very well-established and recognized model to study the effects of long-duration immobilization on the human body. Bedrest volunteers spend up to 60 days in bed tilted towards the head end, usually, at 6° below the horizontal. By putting volunteers in bed for a very long period of time, we mimick some aspects of space travel, such as disuse of muscles and the bodies of the volunteers start to adapt as if they were in space. Bedrest studies are therefore a valuable tool for simulating the effects of spaceflight on the human body. But how can bedrest studies help us? What do we gain from putting volunteers in bed for such a long period of time. Well, we make use of the effects of bedrest on the volunteers and then use the articificially-created condition to test countermeasures. ESA has a long history of conducting bedrest studies and we plan to continue to make use of this research platform in the future. We have tested a lot of different countermeasures in the past, ranging from clever exercise devices that can be used in bed, to drugs and special nutrition, but none of these have provided us yet with the ultimate solution to counteract the effect of weightlessness on the human body so the hunt continues. Now what do you think, what is the simplest way to counteract the effect of zero gravity on the human body? We take gravity with us. 
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BEDREST STUDIES 

Presenter
Presentation Notes
Well that this is not simple, but we do have tools to create gravity, we can create artificial gravity. How can we do that? By either spinning our future spacecraft that we use to send human crews far away or on Earth by testing human centrifuges. And this is what we will do: our new ESA bedrest programme which will start next year will focus on Artificial Gravity as a countermeasure, we actually have two ESA-developed Short Arm Human to investigate AG as a countermeasures to the wasting effects of sustained microgravity, they are located in Cologne at the DLR Institute and in MEDES in Toulouse, France and here is what we plan to do with those centrifuges:



ESA UNCLASSIFIED - For Official Use 

BEDREST RESEARCH 
ESA’S MULTI-YEAR BEDREST PROGRAMME PLAN 

Presenter
Presentation Notes
In the first slice of activities, we will look into fundamental questions of Artificial Gravity, with the goal of trying to find the optimal protocol to applied in future long-duration human exploration missions. In this slice of activities we will try to find out what is the ideal frequency of the centrifugation, is there a specific time of day where we are most susceptible to AG, is it the total block of time in AG or the number of AG exposures per day that is the most effective? etc. Then in the second and third part of our bedrest strategy, as innovative, exploration-oriented element, we plan to make use of tilt-angles that are different from the standard -6 degrees to mimic the effects of lunar and martian gravity levels, thus contributing significantly to advance knowledge needed to enable human long-duration exploration missions.We are currently preparing actually with our friends from NASA the first bedrest study of that first slice of activities, that study is planned to start towards the end of next year at DLR’s :envihab institute, we will test an AG protocol on 24 volunteers who will lie in bed for 60 days and while we from ESA and NASA test this very promising countermeasure, 7 science teams from Europe and 4 science teams from the US will do experiments from their respective research areas making use of the special conditions that the bedrest platform offers.
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ISOLATION AND CONFINEMENT RESEARCH 
CONCORDIA STATION 

- naturally hostile environment 
- altitude 3200 m (equiv. to 3800 m at eq) 

→ hypobaric, hypoxic conditions 
- temperatures: summer average 

-30°, winter average -60° 
- maximum 16 crewmembers 
- access period: November- February 
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Now let’s move away from the bedrest platform and towards the Concordia station with whom we have been cooperating since 2005. Concordia station is a French-Italian research facility that was built 3,233 m above sea level at a location called Dome C on the Antarctic Plateau. It is located about 1000 km inland from the French research station at Dumont D'Urville, 1200 km inland from the Italian Zucchelli Station at Terra Nova Bay, the Geographic South Pole is 1700 km away. Concordia Station is one of three permanent, all-year research station on the Antarctic Plateau besides the Russian Vostok Station and the American Amundsen–Scott South Pole Station. Dome C is one of the coldest places on Earth. The annual average air temperature is −54.5 °C, temperatures hardly rise above −25 °C in summer and can fall below −80 °C in winter with a recent record of –84.6 °C this year. Why are we involved here, what makes Concordia station such a fascinating place for human research? Concordia Station shares many stressor characteristics with long duration deep space missions, e.g. extreme isolation and confinement, and as such serves as a very useful analogue platform for our research. Concordia station has actually been proposed as the one of the highest fidelity real-life Earth-based analogues for long duration deep space missions. During the winter the crew are without possibility of evacuation or deliveries for 9 months and live in total darkness for a few months. The physiological and psychological challenges on the crew are huge and this is why Concordia station is particularly useful for studying the response of crewmembers to confinement and isolation, of circadian rhythm and sleep disruption, individual and group psychology and telemedicine. We run the research in cooperation with the builders and operators of Concordia, the French Polar Institute and the Italian Antarctic Programme. So every year since 2005, we have been sponsoring a dedicated research doctor to implement experiments investigating topics that are relevant before embarking on long-duration exploration missions. By the way, if you do not like your job and if you are a Medical Doctor, feel free to send your application to us, we released the VN for the next WO season two weeks ago, submission deadline in February 2018. Jokes apart, combined with data from ISS and other platforms, this research has been really important in helping to understand how humans adapt to extreme conditions. In addition to the human research that we do on Concordia station, we are also testing new technologies at that station.
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Water recycling 
– Grey water recycling concept developed for spacecraft life 

support systems 
– Breadboard achieved >95% recycling at hygiene water 

quality, with minor modifications drinking water quality 
possible 

– Semi-manual unit adapted for Concordia and in operation 
since March 2005 

– 75-80% recycling achieved, which is in line with IPEV/PNRA 
expectations 

– Based on 4 stage process, Ultra-, Nano- Filtration and 2x 
Reverse Osmosis 

– Will be complemented by a black water treatment unit, 
based on biological processes 

 
 

ISOLATION AND CONFINEMENT RESEARCH 
CONCORDIA STATION 

Presenter
Presentation Notes
To protect the Antarctic environment, all waste materials must be removed from the Continent therefore needs to be appropriately treated before removal. For water ESA developed, together with PNRA and IPEV, a system to recycle the so-called 'grey water' collected from showers, laundry and dishwashing, which has been operating since 2005 flawlessly. We achieve >95% recycling at hygiene water quality, and with minor modification seven drinking water quality would be possible. Such systems could be valuable for exploration and will certainly be used in one form or another within the advanced life support needed for planetary and lunar bases. There is also considerable spin-off potential for terrestrial applications (for example for developing countries, hotels, domestic water recycling or in areas that were struck by natural disasters) .
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RADIATION RESEARCH 
 
IBER:  
Investigations into Biological Effects of Radiation 

Presenter
Presentation Notes
Cosmic radiation and its effects on the human body have been identified as one of the main showstoppers for human exploration and colonization of the solar system and unfortunately – to date- we do not yet have good, practical and efficient countermeasures at hand. That is why since 2005 we have been cooperating with the GSI in Darmstadt within the so-called IBER programme (Investigations into the Biological Effects of Space Radiation) trying to advance our space radiation knowledge, we released 3 research announcements to date offering beams from GSI to European scientists for their research, the first one in 2008, the second one in 2010 and the latest actually this summer.  Our IBER research programme was in hibernating mode in the last couple of years, because the GSI facility is currently undergoing a major upgrade to the biggest international radiation facility in the world, but luckily until the new facility will become operational in 2024 GSI was able to make beamtime available for our IBER programme, and this is why we released a dedicated Announcement of Opportunity in August soliciting for experiment proposals to be implemented using those 20 shifts of beamtime in total. We received a lot of proposals, they are currently being peer-reviewed and we expect to have selected experiments by the beginning of next year such that we can prepare for implementation of those experiments after next year’s summer break.



ESA UNCLASSIFIED - For Official Use 

 

RADIATION RESEARCH 
 CORA IBER:  
Continuously Open Research Announcement for Investigations into Biological 
Effects of Radiation 

Presenter
Presentation Notes
In addition it has been highlighted by the (European) science community at multiple occasions that (ground-based) space radiation research needs to be continued to advance our knowledge to allow developing effective countermeasure strategies to protect crewmembers from the damaging effects of space radiation. We thought a lot about what we can do in addition to this excellent programme that we have in place with GSI and and the outcome of our thoughts is a new element in our ground-based space radiation research programme: Since last month we have made available to the European science community, 5 European radiation research facilities whose beamtimes they can use for their research. The facilities are located in Germany, France, Italy and the Netherlands and were identified by a team of very knowledgeable experts as state-of-the-art facilities and suitable to address the questions that we are interested in, namely to address issues and challenges in the context of human long-duration space exploration missions. So in this new programme individual scientists will be able to apply continuously through an Continuously Open Research Announcement with experiment proposals requesting access to one of the 5 facilities that the science teams identify as suitable for your respective experiment, and selected peer-reviewed experiments will be granted some money which they can use to cover a big part of the experiment costs. 
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•Airbus A300 
•2-3 ESA campaigns per year  
• Typically three flights during a campaign with around 31 
parabolas being executed per flight. 
• flexible research approach, i.e. use of typical laboratory-type 
instrumentation with possibility of direct intervention / 
modification by the research team during flight 

PARABOLIC FLIGHT CAMPAIGNS 
 

Presenter
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Last but not least, we have the very popular PF platform. Parabolic flights are used to conduct short-duration standalone scientific and technological investigations in reduced gravity, for testing instrumentation prior to use in space, to validate operational and experimental procedures, and to train astronauts for future spaceflight.  Parabolic flights are the only sub-orbital carriers where scientists are able themselves to carry out their experiments under conditions of reduced gravity levels as self-standing experiments. During a flight campaign, which normally consists of three individual flights on three consecutive days, 30 parabolas are flown on each flight. During each parabola, there is a period of increased gravity (1.8 g), which lasts for about 20 seconds immediately before and after the 22 seconds period of reduced gravity.ESA makes use of a specially-configured A300, it is the former government plane of Angela Merkel, she wanted to have a new one and put this one out for sale, that plane has recently been certified for flying parabolas that provide, in addition to microgravity, partial gravity levels, i.e. we can now fly for example gravity levels that correspond to Lunar and Martian gravity levels and we will do so in a special campaign that will take place in June next year.  We select experiments for parabolic flights through a Continuously open Research Announcement, that means, scientists can come to us with experiment proposals at any time, we evaluate them by independent peers, and if they get selected they can most of the times already fly within that same or the next year.
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http://www.esa.int/Our_Activities/Human_Spacefli
ght/Research 

 
Jennifer Ngo-Anh@esa.int 
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Presentation Notes
This concludes my very brief overview on the human research activities, I could talk endlessly and in more detail about the various projects and activities that we coordinate but I do not want to hi-jack your workshop too much, again thank you for providing me with the opportunity to present our research platforms to you, I am happy to answer any questions that you may have either during the course of this workshop and/or afterwards.
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