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The European Research Council
Set up in 2007, the European Research Council (ERC) is the
first pan-European funding body designed to support
investigator-driven frontier research and to stimulate scientific
excellence across Europe. It aims to support the best and most
creative scientists to identify and explore new directions in
any field of research (Physical Sciences and Engineering, Life
Sciences and Social Sciences and Humanities) with no thematic
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priorities and the only evaluation criterion being excellence.
To date, the ERC has awarded over 9 000 long-term grants to
individual researchers of any nationality and age who wish
to carry out their research projects in Europe. With a budget
of over EUR 13 billion from 2014 to 2020, the ERC is part of
the EU Research and Innovation framework programme,
Horizon 2020.
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Introduction
People have always been fascinated by flight, both within the

Furthermore, advances in information and communication

Earth’s atmosphere and in space. Flight triggers imagination, fosters

technologies have triggered a move from the lengthy analytical-

creativity and has inspired scientific and engineering ingenuity.

empirical and experiment-based design process towards a

Over many centuries, there have been numerous pioneering

computation-based, “Virtual Product” multidisciplinary optimisation

contributions, some more successful, some less so, including

process, as well as greater reliance on automated flight management,

innovative concepts, out-of-the-box designs, intriguing flight

guidance, navigation and control, and communication systems,

system prototypes and many - often very risky - flight attempts.

for enhanced efficiency in flight operations. Together with new
materials, and monitoring and control technologies, serious

From the mid-1800s these efforts have been substantially reinforced

consideration of a shift away from Sir George Cayley’s paradigm (a

by the theoretical understanding of a multitude of physical

fixed-wing flying machine with separate systems for lift, propulsion

phenomena from a broad range of relevant scientific disciplines and

and control) to more closely integrated aircraft systems and the

the consolidation of significant experimental capability. The 20th

incorporation of compliant structures is being made possible. Smaller

century witnessed tremendous developments in both aviation and

scale systems in the air (e.g. drones) and in space (e.g. cubesats) are

space flight, which have now matured to yield a dense network of

also “claiming” their place in routine operations, while long-lasting

daily air transport operations and a series of ambitious space access,

space exploration missions to highly remote destinations appear in

exploitation and exploration missions.

the strategic plans and actual operations of space organisations.

Nevertheless, issues of concern continue to arise, particularly

Within such an active scene in aerospace, the ERC-funded projects

relating to safety, efficiency, comfort and economic viability. As

presented in this brochure illustrate the wide and diverse areas of

the skies have become congested, the capacity and management

research of relevance to aerospace. The projects featured address

of air traffic as well as the environmental footprint of aviation, have

bird and formation flight, combustion thermoacoustic instabilities,

become extremely important. While new forms of flight vehicles

material mechanics across spatial and time scales, clusters of

are proposed and sometimes swiftly implemented, faster-than-the-

nano and picosatellites (cubesats), space orbit perturbations and

speed-of-sound air travel remains a challenging aspiration in the

aerospace communications.

post-Concorde era. In space, Earth orbits are becoming congested
with satellites and routine human space transport is being

This brochure is published on the occasion of the 8th European

actively pursued presenting multiple technological and scientific

Conference for Aeronautics and Space Sciences (EUCASS 2019),

challenges. At the same time, there is a strong demand for industrial

taking place from 1 to 4 July in Madrid (Spain).

competitiveness, public funding arrangements are calling for a
shorter ‘time-to-product’ with visible impact, and aerospace has
to defend its “prestige” against varying socio-economic pressures,
technological mishaps and numerous other emerging thematic
priorities.
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Autonomous flight inspired by nature
Humans have wondered at flight since primeval times. Yet
despite almost two centuries of designing machines to fly, birds
still do it better in many ways. Dr Shane Windsor, a lecturer in
Aerodynamics at the University of Bristol, is looking at how birds
control their flight in windy conditions with the aim to improve
the engineering of small-scale unmanned air vehicles (UAVs) for
use in and around urban areas.

currents of air over buildings – selecting those that help control
their speed in windy conditions. Just as birds use these airflows
to their benefit to minimise energy output, Dr Windsor is hoping
these insights will help improve energy use of small-scale UAVs.
Based on the flight paths used by birds in urban areas, the team is
currently developing algorithms to maximize the performance of
small-scale UAVs in similar environments.

Small-scale UAVs are highly manoeuvrable and are relatively
inexpensive. They have enormous potential in many areas
including search and rescue, surveillance, weather forecasting, fire
detection and environmental monitoring for pollution, radiation
and industrial accidents.

The team is also looking at the features of birds wings that help to
alleviate gusts. This is being done by filming birds of prey flying
through gusts of wind and by testing artificial wings in wind
tunnels to understand how birds can fly so smoothly in windy
conditions. As a last step, the team is also developing UAVs with
arrays of sensors in their wings, similar to those found in birds,
with the aim of improving the agility and robustness of their flight
control.

This potential, however, is curtailed by the limited endurance of
small-scale UAVs as well as their inability to operate in strong winds,
especially those in urban environments. Dr Windsor is looking to
nature to improve this, specifically to gulls, to understand how
they change their flight paths to make use of airflows in cities.
By fitting the gulls with GPS backpacks, his team has found that
the birds change their flight paths to take advantage of upward

These studies of birds are showing what flight performance is
physically possible, and in theory, could be achieved by bird-like
UAVs.

Researcher: Shane Windsor, University of Bristol (UK)
ERC project: Bird Inspired Autonomous Flight (BIAF)

Shane Windsor is a Lecturer in Aerospace Engineering at the University of Bristol and his team investigates
the aerodynamic, sensing and control aspects of animal flight and how bio-inspiration can be used to
improve technology, particularly in the area of small scale unmanned air vehicles (UAVs).
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ERC funding: Consolidator Grant 2015, 2 million EUR (2016-2021)
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Lesser black backed gull with GPS backpack
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Buckle up, turbulence ahead

If you suffer from pteromerhanophobia - the fear of flying-,
turbulence is surely not amongst the most pleasant moments of
a flight. Although scary, it is mostly harmless. It happens because
of sudden change in airflow, for example, when your plane gets
caught in the wake of a larger aircraft.
Physics dictates that an object moving through a medium leaves
a wake behind, like a trail or a signature of itself, similar to those
left by ducks moving on water. The wake can affect other objects
downstream. This is at the core of fundamental problems in fluid
mechanics and translates into some crucial issues for society,

in particular when it comes to efficiency of transport and clean
energy production.
Philippe Chatelain works on artificial intelligence and bio-inspired
solutions to understand the control of flow devices subjected to
wake effects, like aircraft and wind farms. He proposes to apply
the principle of self-organising systems – a class of systems able to
change their internal structure and function according to external
circumstances – to aircraft flying in formation as well as wind
turbines.
Prof. Chatelain suggests applying learning theory to a group
of wind turbines or aeroplanes operating as a collective to
improve their efficiency. The results of his research project will
copy flocking and schooling behaviours in animals to solve a
broad range of flow problems. His research could greatly benefit
aeronautics and wind energy production, alleviating turbulence
effects and achieving higher efficiency.

Researcher: Philippe Chatelain, University of Louvain (Belgium)
ERC project: Learning and collective intelligence for optimized operations in wake flows (WakeOpColl)
ERC funding: Consolidator Grant 2016, EUR 2 million (2017-2022)

Philippe Chatelain is Assistant Professor at the University of Louvain (UCLouvain), Belgium. He holds a
PhD in Aeronautics from California Institute of Technology, where he studied vortex ring reconnections
and developed novel techniques for the treatment of deforming boundaries in Vortex Methods, achieving
the first simulations of flapping and swimming motions in vortex methods. He co-founded in 2013 Wake
Prediction Technologies to deploy state-of-the-art simulation tools more efficiently into services.
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What if a formation of wind turbines could learn to maximise
airflows generated from the movement of other machines to
improve their efficiency? What if planes could learn to fly to
avoid turbulence? ERC grantee Philippe Chatelain uses artificial
intelligence and solutions inspired by nature to answer theses
questions.
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An aircraft flying into the wake of an upstream aircraft is subject to important rolling moment and downwash (numerical simulation)
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Gas turbines: a breath of fresh air
When the engines of a plane rev up and we are momentarily
plunged into our seats, chances are that propulsion is due to a
gas turbine. Although these energy generators are fundamental
to industry, especially to aeronautics, their production of harmful
exhaust gases is a cause of concern. ERC grantee Aimee Morgans
works on making gas turbines greener.
Gas turbines produce 20% of global electricity and supply almost
all of the power for aviation. Plus, they also burn alternatives to
fossil fuels, by-products of renewable sources. However, they also
produce NOx gases, nitrogen oxides that can also be found in the
fumes of diesel cars, and that have severe repercussions on air
quality and health.
Finding out how to use gas turbines in a cleaner, more sustainable
way is what Prof. Morgans, from Imperial College London, aims to
achieve. Producing less NOx gasses is, in fact, possible. It requires
using a particular type of combustion known as lean pre-mixed
combustion. This needs considerably lower temperatures, thus
releasing less NOx. However, lean pre-mixed combustion also
leads to a type of instability that produces large, damaging

pressure oscillations. The heat variations cause the generation
of sound waves. These, in turn, affect the flame, giving rise to a
positive feedback effect. The resulting large pressure oscillations
can damage the turbine itself.
This complex phenomenon, called thermoacoustic instability,
is the focus of Prof. Morgans’ work. Many factors are at play:
the physics of sound waves, the chemistry of the reaction,
the hydrodynamics of the air flow, all at high pressure and
temperature. Modelling these, so that an optimised solution
can be found, is outstandingly tricky. The researcher uses an
innovative, so-called, coupled method to reduce all the intricacy
down to two elements: how the sound waves operate and how
the flame behaves. This has already proven successful in simpler
combustors.
With her ERC grant, Prof. Morgans is cranking the complexity
all the way up to industrial turbines, to provide engineers with
information that may help to create the gas turbines of the future.

ERC project: Acoustic-Flow Interaction Models for Advancing Thermoacoustic Instability prediction
in Very low Emission combustors (AFIRMATIVE)
ERC funding: Consolidator Grant 2017, 2 million EUR (2018-2023)
Aimee Morgans is Professor of Thermofluids at Imperial College London, where she has worked since
2007. She has PhD, MEng and BA degrees in Engineering from Cambridge University. Her main research
topic is thermoacoustic instability - the key barrier to low NOx aero-engines and power gas turbines. She
was awarded an ERC Starting Grant (2013) and an ERC Consolidator Grant (2018).
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Researcher: Aimee Morgans, Imperial College London (UK)
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Aviation turbojet engine equipment
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Understanding the mechanics of metals across scales

A material’s atomic structure plays an essential role in determining
its properties and how it deforms under adverse conditions.
Scientists often use atomistic simulations to understand and
model the motion of each atom in a material. The analysis of their
collective behaviour provides an understanding of deformation
mechanisms, phase changes, failure and other phenomena.
Currently, however, simulations cover distances and times far
below what is needed to study technological applications.
In his ERC project, Dennis Kochmann aims for the seemingly
impossible: the application of atomistic techniques to analyse
problems occurring over distances from microns to millimetres,
and time spans from seconds to minutes. Using a combination

of analytical and numerical techniques, he develops new
computational tools that can simulate the behaviour of materials
with extreme accuracy – down to the level of atoms – which will be
applicable to significantly larger length and time scales.
Prof. Kochmann uses these techniques to study the performance
of two materials of enormous technological and economic
importance: magnesium and steel. Magnesium has an excellent
strength-to-weight ratio, making its alloys ideal for use in aerospace
and transportation. His team investigates the link between
thermo-mechanical processing conditions and the resulting
microstructure and material properties. They also examine the
mechanism of hydrogen embrittlement in steels, which degrades
mechanical properties and leads to structural failure. Such insight
will enable the improvement of the strength and resilience of
metallic materials for lightweight aerospace applications, among
other uses.
Although the focus is on metals, this research will be also applicable
to a significantly wider range of materials and applications and
could even aid in the development of new materials.

Researcher: Dennis M. Kochmann, Swiss Federal Institute of Technology Zürich (ETH Zürich), (Switzerland)
ERC project: Decoding the Mechanics of Metals by Coarse-Grained Atomistics (COGRA)
ERC funding: Consolidator Grant 2017, EUR 2 million (2017-2022)

Dennis M. Kochmann works at the intersection of mechanics and materials and investigates how complex
material behavior can be predicted and controlled. Head of the Institute of Mechanical Systems at ETH
Zürich, he was previously Professor of Aerospace at Caltech (USA). He received his Master in Engineering
Mechanics from the University of Wisconsin-Madison (USA) and his original degree and Doctorate in
Mechanical Engineering from Ruhr-University Bochum (Germany).
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How can we develop new materials that meet the extreme
challenges of aerospace applications? Seizing the great potential of
magnesium as a lightweight metal or making steels more resistant
to failure and corrosion are two engineering challenges whose
roots lie deep down at the atomic scale. Using models that bridge
across scales from the atomic to the observable level, an ERC funded
scientist investigates why materials behave and fail the way they do.
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Satellites: small is beautiful
Spacecraft follow the same tendency as our computers to
become continuously smaller, but more connected. In his ERC
grant “NetSat”, Klaus Schilling, from the Zentrum für Telematik
in Würzburg, studies control strategies for small pico-satellites
in formation, in order to achieve the best performance through
their cooperation.

relative positions for observation. Based on previous research
on mobile robotics on ground, technologies are now adapted to
spacecraft. Here a combination of optimal control strategies to
coordinate relative motion, as well as a robust flow of information
in the network of satellites and ground stations, enable efficient
teamwork in space.

Modern miniaturization techniques allow to build extremely
small satellites. Prof. Schilling and his team use pico-satellites
in the range of 1–3 kg to analyse control and operations
procedures. These are able to self-configure to perform
efficient measurements. Innovative approaches by cooperating,
self-organizing networks of small satellites combine their
measurements in new distributed data acquisition approaches.

Prof. Schilling’s work will open the door for future distributed
Earth observation strategies, generating 3D-images of Earth’s
surface and atmosphere. In 2018, he was one of the recipients of
an ERC Synergy Grant aiming to improve climate predictions by
characterizing the interior of clouds. The project uses computed
tomography algorithms, initially developed for medical purposes,
and now applied to fuse the observations from ten small satellites
to reveal the cloud structure. Finally, distributed satellite systems
are expected to have significant application potential in the
field of telecommunication networks, in particular in the area of
“internet of things”.

In 2019, the researchers will investigate the control of a formation
composed of four pico-satellites in-orbit, for the first time
worldwide, in 3 dimensions. This requires coordinated control of
all the units in parallel, to avoid collisions and provide optimum

Researcher: Klaus Schilling, Julius-Maximilians-University Würzburg (Germany)
ERC project: Networked Pico-Satellite Distributed System Control (NetSat)

Klaus Schilling worked in the space industry on Earth observation and satellites (such as HUYGENS and
ROSETTA), before being appointed Professor and Chair for Robotics and Telematics at the University
of Würzburg (Germany). His team built the first German pico-satellite UWE-1. He is full member of the
International Academy of Astronautics and was Consulting Professor at Stanford University.
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ERC funding: Advanced Grant 2012, EUR 2.5 million (2014-2019)
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© Zentrum für Telematik

Networked pico-satellites flying in formation
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Making space a safer place for satellites and spacecraft
Space has a wealth of resources for humanity. Scientific missions
enable new discoveries and increase knowledge of our solar
system. Satellites orbiting around the Earth provide us with
a broad range of services for telecommunications, weather
forecasting, marine and air traffic, forest mapping, etc. However,
intense space activity comes with a cost both in terms of energy
consumption and dangerous space debris produced.
The sustainability of space activities is under threat from unused
satellites and launchers that have been abandoned in orbit at the
end of their mission as well as from fragments brought about
by explosions and collisions. It is estimated that there are more
than 750 000 pieces of debris traveling at speeds fast enough
to damage a satellite or a spacecraft. The amount of debris
has been continuously rising since 1957 when the first satellite
was launched and this is increasingly becoming a danger for
spacecraft, particularly when humans are aboard such as the
International Space Station.

To tackle this problem, Prof. Camilla Colombo focuses her
research on orbit perturbations, natural forces due to the gravity
of the moon and the sun, atmospheric drag and solar radiation
pressure. These perturbations affect the long-term evolution
of the orbit of celestial bodies, satellites and space debris and
need to be counterbalanced by satellite orbit manoeuvres, thus
increasing fuel requirements. Her team are currently developing
novel systems to allow satellites to “surf” through orbit
perturbations with no need for counteracting manoeuvring.
Satellites could then be able to reach the desired orbit and
avoid collisions exploiting the forces of nature, with a significant
reduction in fuel consumption.
Funded by the ERC, the project aims to radically alter the current
space mission design by exploiting natural and artificial orbit
perturbations rather than counteracting them via feedback
control. The long-term outcome will be to significantly reduce
the high cost of space mission and create new opportunities for
space exploration and space debris mitigation.

ERC project: Control for Orbit Manoeuvring through Perturbations for Application to Space Systems
(COMPASS)
ERC funding: Starting Grant 2015, EUR 1.5 million (2016-2021)
Camilla Colombo is Associate Professor in Orbital Mechanics at Politecnico di Milano (Italy). Previously
she was Associate Professor and Lecturer in Spacecraft Engineering at the University of Southampton
(UK). From 2009 to 2012 she worked on an ERC-funded project on the orbital dynamics of micro-scale
spacecraft. In 2013 she was awarded a Marie Skłodowska Curie fellowship. Her research interests range
from orbital dynamics, trajectory design and optimisation, dynamical system analysis and control to space
mission analysis and design.
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Researcher: Camilla Colombo, Politecnico di Milano (Italy)
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Artistic representation of objects in Low Earth Orbit
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Searching for the purest microwaves
Microwaves are widely employed in the technologies we use
in our daily life - from global navigation systems (like GPS or
Galileo), to the satellites used for the weather forecast. They
are also important for more ambitious endeavors such as space
navigation. The work of Prof. Yanne Chembo has contributed to
the next generation of microwaves.
Microwaves are key components for navigation and detection
systems and the performance of those currently available is
plateauing when scaled to parameters like size, weight, power
and cost. Aerospace and communication engineering are in
constant need of microwaves with extremely high purity and
stability. A high level of purity, in fact, means better precision for
all these systems.
In search of new sources of ultra-pure microwaves, Prof. Chembo
received ERC funding to explore an alternative based on optical
resonators. This approach has several advantages over existing
methods: conceptual simplicity, higher robustness, smaller
power consumption, longer lifetime, immunity to interferences,
compact volume, frequency versatility, easy chip integration.

It has also a strong potential for integrating the mainstream
of standard photonic components in both microwave and
lightwave technologies.
At the end of the project, the researcher succeeded to obtain a
compact, versatile and ultra-stable photonic module generating
high-purity microwave signals, a promising new tool not only
for aerospace applications but also for optical communication
networks, where it would perform the lightwave/microwave
conversion with unprecedented efficiency. This work opened
new research paths in optical communications as well as in
fundamental aspects of condensed matter and quantum physics
and the team emerged as a leading research group in microwave
photonics.
Prof. Chembo also obtained an ERC Proof of Concept grant to
investigate the commercial viability of his results for aerospace
applications such as navigation and detection radars, satellite
communications, and other fields like communication
engineering, metrology or laser spectrometry.

Researcher: Yanne Chembo, CNRS (France)
ERC project: NEXT generation of microwave PHotonic systems for AeroSpace Engineering (NextPhase)

Yanne Chembo studied Physics and Communication engineering in Cameroon and in Spain and did a
postdoc at the NASA/Caltech Jet Propulsion Laboratory in Pasadena (USA). He led a Microwave Photonics
research group at CNRS France. The various applications of his investigations include aerospace systems,
optical communications, time-frequency metrology, signal detection and sensors.
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ERC funding: Starting Grant 2011, EUR 1.4 million (2011-2016)
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Millimeter-size whispering-gallery mode resonator coupled with a green laser (CNRS FEMTO-ST Institute, France)
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“The European Research Council has, in a short time, achieved world-class status as a funding body for
excellent curiosity-driven frontier research. With its special emphasis on allowing top young talent to thrive,
the ERC Scientific Council is committed to keeping to this course. The ERC will continue to help make Europe
a power house for science and a place where innovation is fuelled by a new generation.”

Luxembourg Publications Office of the European Union, 2019.
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