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SUMMARY EDITORIAL

04 In 2022, the school’s 50th anniversary celebrations came to a close as it
embarRed on a new chapter by signing the 2022-2026 five-year contract
REVIEW AND OUTLOOK with the State and adopting a new institutional status (EPSCP)*. ENSTA

Bretagne is fully invested in meeting the expectations of the Ministry for
the Armed Forces as well as civil and defense industrial companies, in the
0 6 best interests of France and Europe.

FIELDS OF EXCELLENCE An outstanding student experience is crucial to our purpose which must,
moreover, contribute to addressing the challenges of the future, on
campus and through all of our activities: by preparing future engineers to

play an active part in shaping a better, sustainable world in every respect.
08 The foundations for this future are also being laid in our research labora-
TRAINING tories. ENSTA Bretagne particularly focuses on the themes of the future

of transport, marine renewable energies, environmental monitoring tools
and methods and equal opportunity programs.

I 5 We have exceptional strengths to draw on, exemplified in our sense of

INCUBATOR teamworR,robust organization and an outstanding student and staff
experience. This was demonstrated in 2022, when ENSTA Bretaghe
entered the Times Higher Education World University RanRings.

RESEARCH
. . . ENSTA Bretagne enters '"l[ _ .
the world rankings RANKINGS
The school has th th
entered the 7 236 “
[601-800] out of 15 ranked for the quality .
bracket, out of French and intensity
a total 1,799 ranked engineering of the link between
.universities and schools research and
. . graduate and industry
.postgraduate schools
CONTACTS This brings together 14 French maritime engineering education and research
institutions. Its aim s to strengthen inter-regional synergies and step up
LA RUCHE

the implementation of multidisciplinary projects to address the technological

Business partnerships innovation and energy transition requirements of the maritime sectors in
International mobility

Students’ career paths France and Europe. ~e
Innovation, incubator | n g e B | U e

contact@ingeblue.fr institut
DIRECTION DE LA COMMUNICATION interdisciplinaire

com@ensta-bretagne.fr

laruche@ensta-bretagne.fr

*Grand établissement d’enseignement public, a caracteére scientifique, culturel et professionnel



OUR PURPOSE

We are committed to equipping future
engineers, researchers, and industry -
particularly regarding the defence, mari-
time, transport, and digital sectors - with
the skills to understand and conceptua-
lize the ocean and the world, as well as
the capacity to design innovative and
responsible solutions, thus contributing
to society, and to the maintenance of the
strategic autonomy of France and Europe,
for a brighter future for all

The future also depends on forging international and national partnerships
with industrial companies, local authorities and higher education. 2022
was a seminal year for conducting our merger plans with ENSTA Paris
and establishing the interdisciplinary maritime engineering institute,
IngéBlue.

Les transformations concernent également le campus. Outre plusieurs
chantiers immobiliers, des initiatives ont été lancées pour garantir la
qualité de vie et I'épanouissement de toutes et tous sur le campus. ENSTA
Bretagne promeut ainsi ses valeurs tout en menant des actions concretes
pour lutter contre les inégalités et toute forme de discrimination.

Well trained and educated in the Rey global issues, students gradua-
ting from ENSTA Bretagne with an engineering, Master’s, Specialized
Advanced Master’'s or PhD degree quicRly find worR in innovative compa-
nies and research organizations in France and abroad thanRs to their
tremendous potential and talent.

Being an engineer means feeling inspired to change the world, by
shaping matter and transforming it. [t means playing a Rey role in our
active endeavors to address and overcome crises and prepare for a better
future. We would likRe to express our gratitude to the ENSTA Bretagne
teams and partners who are involved in setting the stage for these careers
and in conducting world-class research.

We hope you enjoy reading this
2022 Annual Report!
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Following the favorable outcome of the feasibility
study conducted in 2021, the teams at both ENSTA
schools made significant headway between
March and December 2022 in the many areas
to do with organization, education and research
making up the merger plans. The goal is to create
a single ENSTA, with two remarkable campuses, in
Brest and Palaiseau.

At the end of these additional studies, the merger
plans - if confirmed by the Ministry — represent a
major opportunity to establish, within the Institut
polytechnique de Paris, a new ENSTA, whose
education and research, grounded in renowned
scientific and technological excellence, will
guarantee its leadership in its engineering fields:
defense, transport/mobility, sea,energies, digital

technology, and health.

JEAN-GEORGES MALCOR,
President of the Council

BRUNO GRUSELLE,
President of
ENSTA Bretagne
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TRANSFORMING

THE CAMPUS

An extensive real estate
program is in the pipeline

to redesign the living
environment at the student
residence, improve the energy
performances of various
buildings and build a
brand-new research facility
dedicated to robotics.

onstruction of a new unit for mobile
robotics and to test the «missing
link»

The robotics activity is booming in industry
and at ENSTA Bretagne. lts potential applica-
tions are huge, including observation, surveil-
lance and search and rescue. Drones take
over whenever human action reaches its limits
(including tasks that are too repetitive, too long,
too costly or in dangerous areas), whether in
the air, at sea or on land.

At the start of the 2022 academic year, a new
milestone was reached at ENSTA Bretagne,
in that the number of robotics engineers has
now doubled. At the same time, the team has
expanded and much research work is carried
out. The originality of the school is to prepare
the mobile drone systems of the future, for
exploration and intervention, in multiple envi-
ronments (land, air and sea). ENSTA Bretagne
is indeed the leading graduate and postgra-
duate school in France for autonomous marine
robotics. This is the «missing link» on most
campuses, as this communicating robotic
system is the most difficult system to develop.
Indeed, to operate in the marine environment,
drones have to use techniques and methods
that are completely different from their land-
based and flying cousins. This calls for multiple
sRills to be brought together on the campus,
including mathematics, Al, physics of the
marine environment, sensors, acoustic obser-
vation and control laws. But the nearness to the
sea and a vast field of experimentation are no
longer enough.

View of the future research building dedicated L:
to marine robotics for exploration. [ 2

The creation of this new building is therefore
highly anticipated and is a first of its Rind in
France. The test areas assume the use of a
location that does not interfere with ongoing
human activities and in which settings can
be easily varied based on the needs of the
study. The solution adopted was a closed
test infrastructure, provided with a vast
basin (20m x 12m and 6m deep), launching
devices, control stations and mobile observa-
tion areas, all with an overhead indoor flight
area. The quality of the GPS signal reception
was a consideration that affected the choice
of materials. The building was therefore
designed to meet the technical issues raised
during the robotics tests under real condi-
tions. This new building will allow the testing
of underwater, surface and flying drones.

The construction site will be initiated at the end
of the winter with the destruction of an old buil-
ding... to accommodate this brand new building
for research in marine and aerial robotics. This
new facility is due to open in 2024.
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THIS WORK IS FINANCED BY THE
2021-2027 STATE/REGION PLAN
CONTRACT, FOR AN AMOUNT OF
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Other major transformations are to begin in
the student residence and on campus

222 students live on the ENSTA Bretagne
campus, in a huge student residence built at
the end of the 1980s. Its thermal performance
needs to be improved and this will provide an
opportunity to refurbish these living spaces.

The 6 buildings will be renovated in turn and
the interior layout completely reorganized.
This ambitious €10 million project should
provide students with a better individual
and collective living environment. Each room
will now have an individual bathroom and
Ritchenette. User-friendly spaces will also
be created on each floor. At the same time,
the residence’s thermal insulation should
provide 40 to 50% energy savings. WorRk on
the first building is due to begin in August
2023 and will last around 6 months. The work
is due to be completed in 2027.

More sparing energy use and new educational
spaces

At the same time, several of the school's
buildings are also to be renovated. Reducing
energy waste is one of the building program'’s
priorities. Flat roofs are to be renovated and
the window frames of several buildings
replaced.

Finally, the interior of buildings are also to
be renovated to create new workR spaces
that are less compartmentalized and which
will promote group work, meetings, trans-
disciplinarity and creativity. The project to
renovate the space encompassing La Ruche*
and the teaching management offices will
be completely redesigned. It is carried out in
parallel with the reorganization of «informal»
teaching spaces in various parts of the
school, conducive to project work and convi-
viality.
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UPTO

ENERGY SAVINGS.

These choices were guided
by the aim of improving
the quality of the student
experience and reducing
the campus’ environmental
impact.

A campus that is more
eco-friendly and provides
ever more comprehensive
services is thus in the
offing. See you next year for
the start of the work!

*La Ruche includes services for students and staff in corporate and international relations, and the incubator.
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This world-class and often original teaching
benefits from applied research and countless
partnerships with industry.

A Choosing to study, teach, innovate, and lead
research at ENSTA Bretagne means choo-
sing excellence, open door to the world
and access to an exceptional networR of
renowned hi-tech companies and scientific
organizations.

[l Each one of these paths to expertise corres-
ponds to technological issues of the future.

B ENSTA Bretagne graduates pursue a
variety of careers in engineering, research,
management, project management, senior
management or business formation.

Brest is the birthplace of this discipline and ENSTA Bretagne
is the only school where you can find French training in
Category A Hydrography (the highest level awarded by the
FIG-OHI-ACI). It is also one of the most renowned in the world.
Hydrography and Oceaonography cover the methods used
to describe and measure oceans, seas, laRes and water
courses. This information is essential for all activities which
are conducted at sea, around coasts or on rivers.

The scientific challenges are numerous: robot autonomy, coor-
dination, stealth... Within this context of increased research
and extremely diverse applications, the training provides the
Reys to designing, making, programming and testing autono-
mous and mobile robots, to carry out all types of missions on
land, at sea and in the air.

DESIGN OF COMPUTING ((( ))>
SYSTEMS T

The course must enable students to participate in designing
reliable, secure and sustainable digital systems, combining
telecommunications, digital circuits and IT. These engineers
are educated in the methods and technologies of embedded
systems, in their distributed and heterogeneous environment
(Edge, Cloud), in software engineering (design and modeling)
and in communicating systems.

OBSERVATION SYSTEMS \
& ARTIFICIAL INTELLIGENCE

Fulfilling the expectations of many civil and military compa-
nies and public bodies, ENSTA Bretagne has amassed a
broad range of expertise in the design of embedded systems,
multi-sensor observation systems and advanced technolo-
gies of information processing for decision support.



ENGINEERING AND
BUSINESS SCIENCE 9&%
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OFFSHORE AND ZZ
NAVAL ARCHITECTURE

As a complement to the engineering sciences and core
subjects in Human Sciences, this trains managers, project
leaders and entrepreneurs. This specialization in manage-
ment opens a wider range of responsibilities in companies
or bodies for the graduates. It encompasses business project,
innovation, performance and intercultural in an international
context. Other students choose to create a company or a one
year course dedicated to maritime project management.

VEHICLE =
ARCHITECTURE

Long term partner of the automotive industry and the entire
land vehicle sector, the school trains high-performing desi-
gners who are most respectful of the environment. Including
applied research and a European master, engineers having
followed this training have excellent careeropportunities in
France and abroad.

Unique in France, this training dedicated to pyrotechnics
focuses on the analysis and design of explosive systems and
their integration into mechanical systems.

Mastering explosive effects and designing propulsion
systems can only be achieved through the acquisition of high
level expertise. Many activity sectors are concerned: defense,
the aerospace and automobile industries, public works or
even the prevention of industrial hazards.

ENSTA Bretagne conducts the highest ranRed training
in France in offshore and naval architecture engineering
and leads many research projects on the naval systems of
the future, so that maritime transport is adapted for major
challenges and more respectful of the environment.

With this exceptional training, the graduates design all types
of vessels, submarines and naval platforms.

e Tl B

Producing electricity from marine renewable energies (wind,
wave, currents etc) depends on marine and su marine plat-
forms which are innovative and resistant to the harsh condi-
tions at sea. The training (which is unique in France) and
research programs focus on their development.

ADVANCED MODELING
OF MATERIALS AND N

Using new materials and assembly techniques is a growing
trend. This involves solving the complex sizing challenges
required for many activity sectors where the highest level of
mechanical performance is crucial: aeronautics, the naval
and automobile industries, energy, defense, the biomedical
industry etc. Optimization through modeling is necessary in
all fields, to reduce the environmental footprint of human acti-
vities, to adapt to hew norms, or to seize opportunities and
develop new markets (new materials, innovative procedures,
new energies etc).
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APPEALING, ORIGINAL, DEMANDING
AND SELECTIVE GENERAL AND
SPECIALIST ENGINEERING COURSES

Rémy Thibaud, Course Director

he cohort that graduated in 2022 once again
includes more than 300 engineering, Master’s,
Specialized Advanced Masters and PhD
graduates: 332 to be exact. They swiftly find
worR in project management and research roles as well
as design & development offices in a
wide variety of activity sectors: defense,

ENSTA Bretagne

The school offers a wide choice of original courses and
majors in line with students’ and employers’ expectations.
Over the years, ENSTA Bretagne has forged a second-to-
none national and international networkR of businesses,
universities, graduate and postgraduate schools and
research centers of immense value
to students, who can thus access

maritime, transport, digital technology, o N internships, double degrees and even
aerospace, public research, as well as IS pres§lng uhead theses.
other innovative sectors like healthcare. w|th its amb|- " i g .
. e outstanding student experience
They are equipped to progress and take tionto empower with the academic and careers support
up the_ Rey challenges shgping cutting- future engineers apfj guidance they rece_ive, the o_pportu-
edge industries and society at large, . nities they have to get involved in clubs
including: sustainable development, and speclullsts to and societies and the high quality of
future energy sources and transport, campus life are all strengths at ENSTA
industrial  digitization, cybersecurity, conduct res.eurch Bretagne that are regularly highlighted
maritime and space exploration. und dGSIQn by experts and course assessment
bodies. The school is committed to
ENSTA Bretagne is one of the 20 most world-class ensuring everyone's well-being, and
appealing and selective' engineering technological particularly to combating all 'Forms of
schools in France (out of 200). Every o violence and discrimination. Finally, the
year, it welcomes nearly a thousand SOIUtIOI’IS, fll"Y teaching excellence at ENSTA Bretagne
high-caliber students showing great H and success of all sorts of initiatives are
potential, with 3 to 8 years of higher 1.:uk|n.g OI'! board the down to the wholehearted dedication of
education already under their belts. They lmpllcatlons of the the administrative, teaching and research
are selected on the basis of competitive o O staff, workRing daily with the world of
entrance exams(1) following preparatory socio env!r?nmental business and society. Among the inno-
classes or on the basis of applications, transitions. vations underway, we could mention the

with student, co-operative (apprentice)

engineer or military engineering student status, and come
from all over France, Europe and other continents. This
shows just how strong the appeal of ENSTA Bretagne’s
courses is.

extension of the “doctor of engineering”
course, aimed at giving more students an opportunity to
prepare for public or private research, and the “engineers
and social responsibility” course to train future engineers
who are more sustainability-minded.

remy.thibaud@ensta-bretagne.fr

TRAINING /

1 0 00 students
332 graduates

in 2022. Engineering,

Master’s, Specialized
Master's and PhD

students.

! ENSTA Bretagne leads the way in the Mines-Télécom competitive entrance exam and is among the top 20 engineering schools across all entrance exams (source: www.scei-concours.fi).
2 |[ETA: this stands for Armaments Studies and Technology Engineer
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COURSES IN THE SOCIO-
ECOLOGICAL TRANSITION FOR
ENGINEERING STUDENTS

verything is the result of years of
research work' carried out by ENSTA
Bretagne’s human and social
sciences laboratory? in the teaching
and vocational training of engineers.
Conducted on a European scale and then
in partnership with several Maghreb coun-
tries, the researchers of this laboratory have
worked to provide insights into the best way
of preparing engineers for the socio-tech-
nical challenges posed by climate change.

¢¢

H For example, such insights have recently led
prepa"ng to the publication of two booRs? on training
engineers for lthe engineers in the Maghreb to rise to envi-
° . ronmental challenges, including a booRlet
socio-technical of recommendations* «to encourage and
support changes for the benefit of both those
c hu I Ienges involved in teaching, and more broadly, other

Posed by contributors».

(]
climate change

STUDENTS HAVE ALREADY
CHOSEN TO EMBARKK ON
THIS ADVENTURE!

In addition to the workshops organized
for all of the students, these course
participants will delve into sustainable
engineering in all its dimensions,
in connection with their studies
over the 3 years.

On the strength of these results, ENSTA
Bretagne is committed to applying these
transformation principles to its engineering
students.

Initially, an interdisciplinary «Maritime and
sustainability» course was developed with
the support of partners in Brest®. Then, in a
context in which training in the challenges
of ecological transition and sustainable
development has become crucial for future
engineers, the school’'s curriculum teams
established an experimental course program
for engineers in sustainable development
and corporate social responsibility. Offered
for the first time at the start of the 2022
academic year, it gives students the opportu-
nity to include the notion of ecological and
societal impact in their courses by going
deeper into certain topics in courses in
project management and during internships.
Already 44 students have chosen to embark
on this adventure!

In addition to this plan, a core curriculum has
been established for all students: «Socio-eco-
logical transition workshops». It includes
three major events: the climate mural, a
conference/debate and the immersive «2
tons» workshop to identify individual and
collective drivers for the transition to a low
carbon society.
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OUR COURSES

Training general engineers and experts.

Partner
engineering
ENSTA Bretagne trains general engineers who are immediately operational in their institution
area of expertise (major) and demonstrate high potential to develop and grow. The

school also teaches specialized courses: co-operative (apprentice) engineer training,

Masters and Specialized Masters.

1 GENERAL
ENGINEERING PROGRAM

- in 3 years (equivalent of 5 years’
higher education)

- 9 specialist fields

- with student status, military
engineering student (IETA)

- international mobility is a
requirement (6 months or above)

- various double degree courses

- electives: business engineering,
research engineering

WO LECTURERS INVENT

AN UNPRECEDENTED
ALL-TERRAIN WHEEL

Developing a wheel that can be used on
any surface... That's the challenge which
two mechanical engineering lecturers
set themselves. YannicRk Argouarc’h
and Hervé Trébaol have successfully
designed a deformable wheel that
can automatically adapt to any rolling
surface, even the most challenging.

This invention was designed in response to
a technical request from EDF. In 2016, this
major French energy provider contacted the
school as it wanted to develop an inspection
robot capable of analyzing the penstocks of
its hydroelectric power plants. These inspec-
tions, to date performed by rope access
technicians, are high-risk. The technicians
descend inside the pipework to carry out a
manual inspection.

EDF would like to automate these processes
to make them safer and to save time. The
problem is that the metal penstocks are
cylindrical in shape. There is very little
contact surface between the robot and the
pipe because there is no wheel capable of
ensuring sufficient grip inside these often
vertical pipes. But that was before the two
lecturers looRed into the problem!

8 MASTERS

- in 2 years (equivalent of 5 years
higher education)

- 4 accredited ENSTA Bretagne
Masters and 4 co-accredited
Breton Masters

5 SPECIALIZED
ADVANCED MASTERS

- in 1years (equivalent of 6
years' higher education)

- accredited by the Conférence
des Grandes Ecoles

’

“In response to EDF’s request, we came up
with a wheel that can automatically adapt
to any rolling surface,” explained Yannick
Argouarc’h, one of the two inventors. “This
wheel comprises a set of side-by-side discs
that adapt to the geometry of the surface on
which it runs.”

The two lecturers, convinced of the merits of
their workR, involved several teams of students
in this challenge. Together, they improved the
concept, producing scores of digital models
and prototypes .. before they finally found
the solution! The tests conducted in a moun-
tainside penstocR this year were successful.
“We have therefore filed two actionable
European patents.” The two lecturers have
high hopes for their automatically adap-
ting wheel: “We can envisage four possible
industrial applications: magnetic wheels for
penstocks, non-magnetic wheels for land-
based vehicles, such as tractors, for heavy-
load transporters or industrial casters.”

2 CO-OPERATIVE (APPRENTICE)
ENGINEERING PROGRAMS

- in 3 years (equivalent of 5 years’
higher education), A choice of 4
majors

- with co-operative (apprentice)
engineer status or as CPD

- international mobility is a
requirement (a few weekRs)

- alternating academic study
with in-company stints, lasting
2 to 6 months

2;

patents

Expect to hear a lot
more about these
wheels in the future!

watch the video
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GRADUATES’ CAREER PATHS

INTERNATIONAL DOUBLE DEGREES

From Brest to Prague
Yassine, who has a double degree in
automotive engineering, achieved his dream

Yassine Hai's academic path has been shaped by his lifelong passion
for cars. He chose the ENSTA Bretagne automotive mechanical
engineering course, combining it with a European Master's in "Auto-
motive Engineering” at Czech Technical University in Prague.

After graduating in 2019, Yassine talked about the first few years of
his career at the end of 2022 to ENSTA Bretagne students during the
“Demain’genieur” business forum.

Moving on from his first job with the Renault group, he now works
at Stellantis as a Software Lead Engineer in an international team
with Indian, Polish, German and US nationals. His responsibilities
entail building intelligence into embedded computers to enhance the
performances of automotive vehicles.

Over and above his technical sRill set, his sense of curiosity, inter-
personal sRills, adaptability and management sRills are an advan-
tage day-to-day - soft skills which he had already begun to hone as
President of ENSTA Bretagne’s junior enterprise.

watch the video

From Brest to Atlanta:
students who set their sights on Georgia
Tech with a variety of projects

ENSTA Bretagne and Georgia Tech have been partners for several
years. In 2022, three students opted for this double degree course.
After two years of studies at ENSTA Bretagne and one semester at
the Georgia Tech-Europe campus in Metz, they traveled to the United
States in August 2022.

Alix and Thomas are taRing the “Aerospace Engineering” Master, after
majoring in “pyrotechnical systems” in Brest. While Paul has enrolled
in "observation systems and Al" and a "Computer Engineering & Arti-
ficial Intelligence” Master.

Over the past 15 years, lots of students have opted for this program,
following in the footsteps of Alexis B, a 2008 graduate who now
heads up quality at Airbus.

Alix, Thomas and Paul will graduate in 2023.
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From Rio to X via ENSTA Bretagne:
Maria Luiza, a young researcher specializing oo -
in autonomous marine robotics

Maria Luiza Costa Vianna, originally from Rio in Brazil, enrolled in
ENSTA Bretagne’s engineering course in 2017 under the “BRAFITEC”
cooperation program which enables Brazilian engineering students to
do part of their studies in France.

Because Maria Luiza wanted to specialize in autonomous mobile
robotics, her professors at UFRJ4 recommended that she enroll in
ENSTA Bretagne’s mobile robotics Master, which is renowned specifi-
cally in the field of autonomous marine drones. She graduated from it
in 2019 with flying colors.

What she particularly liked about ENSTA Bretagne is that it is a small
school where everyone kRnows each other, but one boasting a high
level of expertise and embracing a different way of thinking about
and approaching engineering. The school’s roboticists then recom-
mended her to their colleagues at the Ecole Polytechnique in Palai-
seau, where she is conducting a thesis jointly supervised between
X (LIX laboratory) and ENSTA Bretagne (Lab-STICC laboratory) on
“validation in autonomous underwater navigation”, which she will
defend at the end of 2023.

watch the video

. Najla is a cyber and software engineering
expert, with a double degree from the Lebanese
University and ENSTA Bretagne

After passing her high school diploma with top marks in Lebanon,
Najla Ojeimi studied telecommunications and IT network engineering
at the Lebanese University. This gave her a solid grounding in various
programming languages, which she was able to put into practice
during several projects, while consolidating her sRills in electronics,
telecommunications, optics, networks and security.

She was awarded an Eiffel scholarship for her stellar academic achie-
vements, which enabled her to study in France, bringing her to ENSTA
Bretagne in 2020 under the double degree agreement between the
latter and her university. On the Brest campus, where she spent two
years studying, interacting with a wide community and conducting
lots of projects, she delved deeper into the design of secure digital
systems, developing her software engineering sRills with the career
ambition of working in cybersecurity.

She has since been hired by the company where she completed her
end-of-study project, in identity and access management, with the
firm intention of continuing to train to reach the highest level of exper-
tise and broaden her fields of application.

*She has a Bachelor’s degree from the Polytechnic School of Universidade Federal do Rio de Janeiro
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END-OF-STUDY WRITTEN THESES APPLAUDED

Tyméa, a hydrographic engineer,
won the IFHS Student Award from
the International Federation

of Hydrographic Societies

Tyméa Perret, a young engineer who graduated in 2022 in hydro-
graphy and oceanography, won an accolade during the "Hydro22"”
hydrographic conference, held on December 6-8, 2022, in Monaco.

She was congratulated for the quality of her end-of-study project
in underwater acoustics and artificial intelligence, which she did at
France’s ocean science research institute, Ifremer, entitled: “Machine
detection of fluid echoes in water column acoustic backscatter data
using a Deep-learning method.” She is continuing to study this subject
as part of an Ifremer-ENSTA Bretagne-Lab-STICC laboratory thesis.

The aim is to detect and quantify the fluid flows that escape from
the seafloor. These can be both hydrothermal and so-called “cold”
sources. Such fluid emissions affect the chemistry of the ocean and
play a role in geological processes which we endeavor to measure
(earthquakes, sedimentary instability and massive methane seepage).

 PALMARES 2031
TNSTA BRETAGNE

o HEWRI CERHAIN DELAULE »

b

"IFHS : International Federation of Hydrographic Society

Loughlin, naval architecture engineer and
winner of the national “ATMA 2022" award
for best maritime end-of-study project

Loughlin Dudley, an enthusiastic sailing instructor and former
president of ENSTA Bretagne’s Sailing Team, has achieved his goal:
of becoming a naval architect workRing on competition sailboats.
These aspirations guided his academic choices, which culminated in
a commendable end-of-study internship at Benjamin Muyl Design
where he has since been hired as an engineer.

His project involved predicting the performances of the America’s
Cup ACY5 racing yacht featuring hydrofoils. He presented the static
and dynamic performance studies conducted on these boats. He also
demonstrated how the full range of performance prediction tools
developed by his company can be used and implemented in an Ameri-
ca’s Cup campaign.

The members of the ATMA praised the scientific and technical quality
of his written thesis. Every year, the engineers of this association
examine several end-of-study written theses in naval architecture,
offshore platform design and marine robotics.
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BUSINESS INCUBATOR F
V

L'INCUBATEUR §§ ENSTA BRETAGNE

PROJECTS IN DEVELOPMENT
A dual purpose: IN 2022

» welcome project leaders. The *EHM: - NAM bike:

latter are able to seize the New Hydrogen motors Sic:t;ggzzjg:\neac:elarlic;\llscle made of
many opportunities open to + SPLASHELEC :

them For developing their MakRing sailing accessible to * SIKELENN :

) people with disabilities 3D Printing Plaster
business plans under the very

best conditions.. * OX-EYE: - CARGOMORPHOSE :

L . . Naval architecture eco-design Reuse of old ships in building and
* Inspire an entrepreneu"al Spirit office public works

in students and train them in

. ) - SKRAVIK : - NANO-SATELLITE :
entrepreneurship. This encom- New environmental solution Low-cost nano-satellite Rit
passes the discovery stages for marine expeditions

and taking their plans further - SEEDERAL TECHNOLOGIES :
Electric tractor

BOUND FOR
THE STARS

he start-up ARIKANE aims to streamline future
avionic systems (reusable space launchers,
aircraft, etc.) by replacing their traditional wired
networkRs — which were heavy and bulRy — of so-called
SHM systems, with a wireless sensor networR solution
and an Al terminal for reliable, low-latency data collection.

ARKANE also develops Al-empowered solutions for
digital processing of antenna and radar systems. This
successful start-up had joined the incubator in 2020,
leaving it in 2022 ready to join the Village by CA network
where it is continuing to grow. It is also part of the 2nd
group supported through the BLAST incubation program,
dedicated to business formation in the AeroSpace and
Defense (ASD) sector, led by STARBUST, the Ecole poly-
technique, SATT Paris Saclay and ONERA.

Sarra Abedrrabba, Co-Founder and Technical Director:
“We started up our business with very few resources,
because ENSTARTUPS had such tremendous technical
and human support, which also enabled us to supervise
various student projects on our subject”.

ArRane has a bright future ahead of it, thanRs to a string
of awards and extensive media coverage: ARKKANE won
the space transport R&D challenge in 2020 (CEREBRO
solution) and Al for space transport challenge in July
2022 (CEREBRO-NEXT and AITENNA solutions).
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RESEARCH ACTIVITY
GEARED TOWARDS DEFENSE
AND INDUSTRY

Yann Doutreleau, research director

ENSTA Bretagne conducts its research activities in connection
with engineering, addressing the real-world civil and military
challenges facing industrial companies and the Ministry for the
Armed Forces (DGA, AID). The fields of application are primarily:
defense systems, maritime, land and air transport, aerospace,
energy and health.

he research teams workR within
national and international industrial
chairs and laboratories, in conjunc-
tion with other engineering schools,

will receive funding from 2021 to 2027
via the contract for regional development
between the French State and the Brittany
region (CPER) worth €9.85m in total, on

universities, national research bodies (parti-
cularly the French National Center for Scien-
tific Research/CNRS) and the school’s longs-
tanding industrial partners.

ENSTA DBretagne’s research center is
constantly expanding. It has a nearly
300-strong workforce, divided into some
fifteen thematic teams. It operates across six
buildings (7,500 sg.m.) and boasts significant
test facilities in the mechanical sciences,
pyrotechnics, IT, cybersecurity and robotics.
A 7th building is currently in the pipeline. This
will harbor a vast test tank for research on
marine and airborne drone systems.

These developments stem from a research
strategy focusing on Rey issues for the
future, which has secured financial backing
from Europe, the French State, the Brittany
region and Brest Métropole. 6 scientific
projects involving ENSTA Bretagne teams

such themes as naval design, observation of
the oceans, drones and space technologies,
maritime cybersecurity, industrial digitization,
materials for the energy transition and explo-
ratory robotics.

As demonstrated by the research teams’
reports, the contractual momentum and
scholarly output (through publications) are
once again at an excellent level this year.
This is also confirmed by the Times Higher
Education (THE) World University RanRings
for the “Engineering & Technology” subject
in October 2022, in which the school is in
236thplace globally thanks to the extent of its
research links with industry.

277

researchers, engineers,
post-doctoral students,
technicians and PhD
students

20

theses defended

247

publications

THIS APPLIED RESEARCH IS CONDUCTED
IN 3 MAIN SUBJECT AREAS:

humanities
for engineers

o | Laboratoire
Formation

124Dl

STICC \ Apprentissages
Institut de Recherche Dupuy de Lome Professionnels
UMR CNRS 6285 EA 7529 UMR CNRS 6027

www.irdl.fr
b p27
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SELF-HEATING ANR
INDUSTRIAL CHAIR

ENSTA Bretagne has teamed up with Naval Group,
three companies belonging to the Safran Group

and the Pprime Institute (P’) on a sweeping four-

Institut de Recherche Dupuy de
Léme in mechanical sciences
UMR CNRS 6027 Institut Carnot ARTS
www.irdl.fr
325 members including 130 PhD students
from 4 institutions
(ENSTA Bretagne, ENIB, UBS and UBO)

year research program. Jointly funded by the French
National Research Agency (ANR) and the industrial
partners, it is wholly dedicated to measuring the heat
signature of various materials in a bid to predict their
wear and in-service endurance under cyclic loading.

€¢

Interview with Sylvain Calloch, holder of the industrial chair, University Professor
at ENSTA Bretagne and researcher at the IRDL laboratory

How did the Self-Heating industrial
chair come about?

Safran and Naval Group have been
long-term partners of our laboratory. They have
been supporting and funding our research on
the self-heating method to predict the fatigue
of materials and structures for many years.
This ground-breaking method compared
with current conventional approaches makes
it possible to swiftly determine the fatigue
properties of metals and composites. Through
the industrial chair, our research has relevant
applications for shipbuilding and aeronautics.
Not only is this method reliable and accurate,
but it also has the immense advantage of
considerably reducing test campaign times.

What is the chair’s program?

To date, and to our Rnowledge, there is no other
equivalent research program at global level.
Safran and Naval Group are committed to
extending this scientific approach to all of the
materials and assemblies used in their respec-
tive applications and to very significantly and
swiftly improving Rnowledge of the parameters
acting on the fatigue of their materials (tempe-
rature, manufacturing process, type of loading,
surface treatments and so on).

The range of manufacturing processes and
materials is very broad. It encompasses metals
(e.g. high-strength steels, nickel-based superal-
loys, etc.) and composite materials (e.g. short
fiber or multi-layered composites) as well as
materials from additive manufacturing.

This will unlock new capacity for innovation for
industrial partners in the field of materials and
assembilies, to achieve new performances, gain
a competitive edge or reduce their environ-
mental impacts. Examples include: improving
predictions of the in-service performance of
materials and structures, replacing one mate-
rial with another when resources are tight or
prices are too high or using new solutions for
manufacturing parts (bonding, additive manu-

facturing).. thus helping these major industrial
sectors to prepare for the future.

You're halfway through the program of the
Self-Heating industrial chair. How do you think
the last two years have gone?

There have been many constructive findings,
both in experimental terms and regarding
digital simulation and modeling. These have
been presented at a dozen or so international
conventions and published in a dozen or so
articles in renowned international scientific
journals.

Moreover, the industrial partners have received
considerable support in adopting the tech-
niques and tools developed, during dedicated
day events, training or via the provision of
business software.

44 ....,12

researches PhD and
post-doctoral
students

€2.05M

Total budget over 4 years
co-funded by the French National
Research Agency (50%) and the
industrial partners (50%)

WHAT EXACTLY IS
SELF-HEATING?

The IRDL laboratory has developed a method
based on measuring the heat signature of a mate-
rial under cycle loading, also called measuring the
material's “self-heating”, to determine the very-
high-cycle fatigue properties of structures and
materials.

Self-heating under cyclic loading is a change in a
material's temperature, observed under precise
experimental conditions. It is a sign that the mate-
rial is starting to wear or sustain damage.

By reproducing, at ENSTA Bretagne’s test center,
the in-service stress endured by the material or part
being studied, this technique enables the predic-
tion of weaR points and conditions under which
damage emerges, which can then be factored into
design office calculation codes, so as to develop
parts of a ship, submarine or plane that are exactly
the right size.

watch the video




ADHESIVE BONDING OF

DIFFERENT MATERIALS

Mechanical modeling, a performance
prediction tool for assembling innovative
structures by bonding

Bonding is gaining ground across the indus-
trial spectrum for its many advantages in
terms of streamlining, combining different
types of materials or assembling small
structures. These assemblies need to be
optimized via modeling to achieve precise
performances and lower the carbon footprint
of certain activities, comply with new stan-
dards or branch out into new markets (new
materials, new energy sources, etc.).

With that in mind, manufacturers are calling
on researchers at the IRDL Ilaboratory’'s
“multi-material assemblies” research hub,
who particularly study the long-term strength
of the adhesive and multi-material structure
sought, come up with innovations in assembly
processes and develop hybrid techniques.
“In the laboratory, we reproduce the industrial
assembly process to be studied and perform
tests under variable mechanical loading to
develop models for predicting how the struc-
ture will behave depending on the stress it is
being put under,” explains David Thévenet

One of the research themes concerns assess-
ment of the strength of adhesively-bonded
structures under the effect of fatigue, a
form of damage which appears in structures
subjected to variable loading.

This causes cracks to develop, which then
result in the part ceasing to function properly
or breakRing suddenly. Cyril Bernolin’s thesis
studied the emergence and spread of fatigue
cracks in an adhesive seal to predict the
service life of adhesively-bonded aeronautic
assemblies in collaboration with Safran
Composites.

Another physical phenomenon studied is
creep, which is the permanent deformation
of adhesive under a sustained load.

In her thesis, Marthe Loiseau studied and
modeled the creep behavior of adhesive
seals for connectors developed by ColdPad
for offshore industrial applications.

The French Society for Metallurgy and Materials (SF2M) has awarded the
annual Jacques Pomey prize to a young mechanical engineering researcher, on
the theme “Fatigue and Additive Manufacturing”. Lorenzo Bercelli stood out
for his superb thesis on the fatigue characterization of hollow marine propeller

blades, printed by the WAAM process®.

WHAT HAS YOUR RESEARCH
CAREER ENTAILED SO FAR?

After graduating in mechanical engineering,
| workRed as a composites engineer at Naval
Group before enrolling at ENSTA Bretagne
(IRDL laboratory) to do my thesis there
from 2018 to 2021. | was then recruited as a
professor in advanced mechanical modeling.

WHAT DOES THE JACQUES POMEY
PRIZE MEAN FOR YOU?

It's an honor and a huge source of pride.
| presented my thesis during the SF2M'’s
Journées de Printemps event. My research
was supervised by the DGA, Naval Group and
ENSTA Bretagne’s “fatigue” team. It formed
part of the sweeping European program
"RAMSSES”, aimed at enhancing the life
span of large naval vessels while reducing
their environmental footprint.

* Wire Arc Additive Manufacturing

WHAT WAS YOUR THESIS SUBJECT?

The impact of the WAAM manufacturing
process on a part’s durability. The process is
similar to large-scale 3D printing, and can be
used to design new parts with less metal.

This additive manufacturing technique
stacks layers of material, with each layer
being a juxtaposition of weld beads. It is a
recent production process in industry, where
there is a strong need for prediction tools to
ensure correctly sized parts.

My thesis provides calculation codes for
anticipating the in-service performance, out
at sea, of a metal propeller blade produced
using the WAAM process, and which is there-
fore uniquely hollow!

RESEARCH - Mechanical sciences /

o .
2 theses )
defended .

These modeling codes factor in the specifics
of this shape, the presence of internal defects
in the material layers and the existence of a
very rough surface.

My research is continuing under the ANR
Self-Heating industrial chair.

Watch the
video about
the RAMSSES
project
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HOW CAN THE
PERFORMANCE
OF HYDROFOILS
BE IMPROVED?

The use of hydrofoils on racing boats,
such as IMOCA's boats, allows speeds
to be increased. Their use is becoming

increasingly popular.

or several decades, underwater wings,

Rnown as hydrofoils, have flouri-

shed under the hulls of sailboards

and sailing boats. Comprising a hori-
zontal part, connected to the hull by a vertical
arm, their operation is similar to that of an
aircraft’'s wing. When the boat's speed is high
enough, the horizontal part of the hydrofoil
lifts the boat’s hull out of the water. The friction
between the boat and the water is thus reduced
and the boat increases speed. This speed is
currently sought after for competition sailing
boats. However, this is not the airfoil's sole
application. Research is under way to reduce
the electrical and fuel consumption of future
motorboats.

Development of complex models

Improving the performance of hydrofoils is
therefore a challenge for the future. This is why
a team of researchers in mechanics and hydro-
dynamics from ENSTA Bretagne (IRDL labora-
tory ), in partnership with IFREMER and IRENav,
launched the OptiFoil project in 2020.

«ldeally, the idea is to develop numerical
models capable of assessing the performance
of any type of hydrofoil», said Matthieu Sacher,
a lecturer at ENSTA Bretagne and a specialistin
fluid/structure interactions.

The modeling of certain physical phenomena,
such as ventilation or cavitation which can
occur when the hydrofoil operates close to the
air/water interface, or the non-linear response

of the hydrofoil's structure under hydrody-
namic loading, is a real scientific challenge.
These phenomena can affect the hydrofoil's
efficiency. The challenge is to limit their effects!

Confirmation of the models in tank tests

For this purpose, the OptiFoil project’s scien-
tists decided to first test the hydrofoil's perfor-
mance based on the mechanical properties
of its structure. In a water circulation tanRk at
IFREMER in Boulogne-sur-Mer, they studied
the hydrofoil's structural response when
subjected to a flow. The design of the fibers
that make up its structure can indeed affect its
performance. «As the hydrofoil moves through
the water, the hydrodynamic forces displace
and deform its structure. Bending/twisting
couplings can occur and change the machine’s
speed». The vertical component of this hydro-
dynamic force is the lift, which raises the hydro-
foil and therefore the boat, and the horizontal
component is the drag. «The experimental
results are being analyzed. They will allow us
to refine our models». In a second phase, the
hydrofoil’s geometry will be tested.»

With the OptiFoil project, scientists will be able
to propose models for assessing hydrofoil
performance. «For now, we have focused on
stationary case studies. We hope to continue
these developments in a future project, inclu-
ding dynamic cases : swell, transitional phases
(tacking, trim changes, elc.) or dynamic
responses to external disturbances.»

To carry out this research, the OptiFoil project
researchers have set up a dedicated team
that includes PhD students and post-doctoral
research engineers, as well as ENSTA Bretagne
engineering students and Ecole-Navale Master
Of Science in research students. The OptiFoil
project is funded by the Carnot ARTS and
MERS institutes.

Ideally, the idea
is to develop
numerical models
capable of
assessing the
performance of
any type of
hydrofoil

'IRDL : Dupuy de Léme Research Institute - ? Located in Pas-de-Calais. - ? Generally made of composite materials. - “ Which opposes the boat’s forward speed



STUDYING THE PYROTECHNICAL
PROPERTIES OF MATERIALS AND
PROVIDING PROTECTION AGAINST THEM

Implosion of a shock-induced cavitation bubble in a structure
containing a liquid, subjected to a ballistic impact of a

9mmxI19mm bullet. ANR PROBALCAV project.

Under the Energy Transition for Green
Growth Act, dated August 17, 2015, the
French Government expects 40% of
France’s electricity production to come
from renewable sources by 2030. This
is an ambitious goal, on which ENSTA
Bretagne’s maritime engineering and
mechanical engineering researchers are
worRing, at the IRDL laboratory.
Together with France Energies Marines
and other partners, such as Ifremer and
EDF, they have turned their attentions
to the offshore durability of floating
turbines. These research projects come
under the France 2030 investment
plan. The advantage of offshore wind
power is that it produces 60% more
energy than onshore wind power. This
is because wind speed is faster and its
duration more constant offshore than
on the coast. On the other hand, the sea
and the strong gusts put offshore wind
farms under significant mechanical and
physical pressure.

The researchers are developing design
and calculation tools to provide robust,

ENSTA Bretagne’s “Pyrotechnical Systems”
team, a member of the IRDL mechanical
engineering laboratory, is continuing to
study the characterization of the effects of
explosions and their barriers.

At the beginning of 2022, Jérémie Tartiere
defended his CIFRE Airbus thesis on the
explosive forming of large metal parts for
aircraft.

Three other theses began in 2022. Ayme-
rick Reinders’ thesis, financed by the
Defense Innovation Agency's COBADI
project, sets out to design water-blown
foam barriers to reduce blast effects.
Baptiste Reynier's thesis, financed by the
CESTA center of the Military Applications
Division (DAM) of the French Alternative
Energies and Atomic Energy Commission
(CEA), is studying ejecta emitted during
impacts at over 18,000 Rm/h. Lastly, Julie
Morand’s thesis, financed by the Le Ripault
Center of the CEA DAM, is researching a
system for initiating explosives by impact:
the latter is generated at high speed thanks
to the propulsion of a projectile by the
energy of a powerful pulsed laser, the most

hard-wearing systems. The research in
progress is particularly seeRing to better
predict the pressure from breakers and
the mechanical properties of new mate-
rials — two means of optimizing the
in-service performance of wind farms
and of lowering costs associated with
maintenance operations.

Calculation codes, which can be used
for modeling and measuring, are being
developed to come up with devices for
the future. Future floating turbines will
need a mast that is resistant to the most
violent waves and storms as well as semi-
rigid cables sturdy enough to remain
functional for at least 20 years in the sea.
These cables either support the platform
or route electricity to the continent. There
are 6 MW offshore wind turbines today
that are capable of delivering electricity
to a town of 5,000 inhabitants. But the
goal eventually is to produce 8 to 10 MW
systems

RESEARCH - Mechanical sciences

suitable device for controlling the initiation
times of low-sensitivity explosives.

In addition, ENSTA Bretagne has
joined the Aeroballistic Range Asso-

and launchers, and brings together

/

ciation, which studies ballistics, guns{

leading national and international
research centers working in this
field, including the CEA.

On afinal note, a new pyrotechnical testing
ground opened in 2022, dedicated to
studying very small samples of energetic
materials. These are tested with a view
to determining their thermomechanical
properties. To give an example: using Split-
HopRinson-Pressure-Bars, it is possible to
study the impact of a shock on an ener-
getic material propelled at very high speed
and to analyze the mechanical damage
sustained by the material and the effects
on its ignition and combustion properties.

V A\

produce
systems with

10

MW CAPACITY

© éolienne flottante EOLINK
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PASSIVE ACOUSTICS,
A METHOD FOR MEASURING

THE SEA’S ECOLOGICAL STATE

The healthy functioning of marine

ecosystems depends, inter alia, on the
type of species present, their abundance
and their diversity. To collect this data,
the Observation, Signal and Environment

research teams (at the Lab-STICC

laboratory) are using a non-invasive
observational method: passive acoustic

monitoring.

etiroise, an underwater observatory

The team led by professor Flore

Samaran uses underwater recor-
ders equipped with hydrophones to capture
the underwater soundscape. The sound
recordings are then processed to recognize
the different sources of noise and identify
which species or groups of species roam
in the area in question. In early 2022, at the
request of the French Biodiversity Agency
(OFB), her team set up the “Cetiroise” project,
funded by the European Union’s “NextGe-
nerationEU” recovery plan. Seven listening
and recording points have been deployed for
a one-year period. “Passive acoustic moni-
toring is an ideal non-invasive solution for
identifying, over a certain time interval and
area, the different cetacean species that pass
through this maritime region,” explains Flore
Samaran.

OSmMOSE, a collaborative data analysis tool

To analyze underwater recordings, resear-
chers are also harnessing the open-source
data processing tools developed by the
research group OSmOSE (which stands for
Open Science meets the Ocean Sound Explo-
rers; this is a project supported by the OFB).
Launched by ENSTA Bretagne in 2018, its
aim is to standardize and share the methods
and findings of their research community to
makRe it easier for research teams in the field
of underwater acoustics to work together.

To date, the project has enabled development
of a data storage and processing platform as
well as a web app used for audio annotation.
Dorian Cazau, a professor and the group
coordinator, explains that “[t]he annotation
stage is Rey for training automated algo-
rithms to subsequently detect the sounds”.
Both tools are hosted at France’'s ocean
science research institute, Ifremer.

To annotate a sound, and therefore charac-
terize it in the algorithm, it must first be reco-
gnized. For that, it must be isolated from
the other sounds and visually represented
on a spectrogram (2D graph of the inten-
sity of a sound at variable frequencies over
time). Citizen scientists, i.e. amateurs, help to
analyze the spectrograms. “By studying the
deviations between the amateurs’ findings
and the experts’ conclusions, we can unders-
tand in what way our annotation tasks are
difficult to carry out, and adapt the develop-
ment of our tools accordingly.”

Indeed, the group would ultimately like to
provide user-friendly tools for training staff
worRing at Iroise Marine Natural Park and the
OFB for example.

OSmMOSE will thus bring research develop-
ments more closely into line with ecology
practitioners’ requirements.

! Open Science meets the Ocean Sound Explorers. Project supported by the OFB.
22D graph of a sound'’s intensity at a range of frequencies over time.

Laboratoire des sciences
et techniques de I'information,
de la communication et de la
connaissance UMR CNRS 6285
www.lab-sticc.fr
640 members including 240 PhD
from 5 institutions
(ENSTA Bretagne, IMT Atlantique, ENIB,
UBS et UBO).

'STICC

The observatory’s 7 listening points
(hydrophones and recordings) are retrieved
and replaced every 3 months.

#50FB

The Cetiroise observatory is operated with financial
bacRing from France Relance, the OFB and ENSTA
Bretagne, under the recovery plan.




ROBUSTLY
TETHERED
UNDERWATER
ROBOTS

Christophe Viel has achieved his child-
hood dream: of becoming a researcher in
marine robotics. Since 2021, he has been
on a CNRS posting to ENSTA Bretagne,
in the Lab-STICC* laboratory’s ROBEX
(robotics for exploration) team.

his flourishing research field is both theo-
retically demanding and exciting in terms
of its scope for application. A wide range
of laRe- or sea-based test campaigns are
conducted. “The upcoming construction of the new
robotics pool, which should be ready for use in 2024,
will significantly ramp up these capacities,” Chris-
tophe points out.
He has been a Doctor since 2014 after defending his
thesis on fleets of robots. His current research focuses
on tethered underwater drone systems. These ROVs*
are commonly used for inspection or maintenance
purposes. They are tethered to the surface (platform,
docR or vessel) to transmit the video to an operator:
“the drone is the operator’s hands and eyes, if you
like.”
But the tether's uncontrolled movements can hamper
missions as it tends to end up all tangled up. The
solution? Pulleys and weights to ballast the tether.
The tether angles measured from the surface and the
ROV provide information about the location of the
robot.
An article was published in Ocean Engineer at the
end of 2022 and another is about to be published.
Christophe is also interested in fleets of robots which
would significantly increase intervention or inspec-
tion capabilities. These situations are even more

fraught with challenges.

The upcoming
construction
of the new robotics
pool, which should
be ready for use
in 2024, will
significantly ramp
up these capacities

RESEARCH - Information technologies / H
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laboratory Lab-STICC / équipe Robex
christophe.viel@ensta-bretagne.fr
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THE HIGHEST UNIVERSITY RESEARCH QUALIFICATION IN FRANCE

Their subjects may appear to

be very abstract and generic.
And yet the technological and
actionable interests of their
research address very tangible
applications and significant
needs for observation and
Rnowledge of the environment -
not least the marine
environment.

ngélique Drémeau et Arnaud
Coatanhay se sont distingués
en présentant leurs parcours
et productions scientifiques a
I'habilitation a diriger des recherches, le titre
universitaire le plus élevé en France.
This HDR, for which they have been congra-
tulated by their peers and colleagues, reco-
gnizes their original scientific careers of
immense interest for industry and society
aliRe. Angélique’s bears on signal processing
methods, with a highly developed marine
acoustics thrust (sonars), and Arnaud’s
concerns modeling of the physical pheno-
mena of electromagnetic signal propagation
(radars).
Since they joined the teams at ENSTA
Bretagne, Angélique Drémeau and Arnaud
Coatanhay have geared their research
towards environmental observation. Their
subjects and the observation systems to
which they apply are very different yet highly
complementary, not least for the description
of the marine and underwater environment.
Arnaud’s research seeks to improve radar
remote sensing techniques. His contribu-
tions to modeling electromagnetic wave
scattering and interaction affecting the sea
surface have demonstrated their merits in
this respect.

“For me, the HDR is a milestone, an oppor-
tunity to take stock and to think about new
avenues for research. | have spent the last
few years closely studying the contribution
that quantum information can make in elec-
tromagnetic remote sensing. Incidentally,
one of my PhD students has just defended
their thesis on this subject, but there is still
a great deal left to do!” Arnaud Coatanhay
enthuses.

Angélique’s research, meanwhile, on varia-
tional approximation (variational Bayes), has
demonstrated its relevance for underwater
acoustics.

“The Bayesian framework (mathematical
method) is perfect for modeling the random
fluctuations of the ocean environment and
then integrating these into multiple-source
localization procedures for example. I'm
fortunate to work with colleagues who have
different areas of expertise (oceanographers,
acousticians) and are familiar with the
marine environment - they can help me to
fine-tune the models. | find the complemen-
tary viewpoints so edifying and rewarding,”
the researcher explains.

This accolade highlights the excellence of
the scientific accomplishments thus far and
their steadfast dedication to learning and
imparting Rnowledge.

Angélique
Drémeau

Laboratory
Lab-STICC,
DMID team




SYDACICO PROJECT:

OPTIMIZING AIR-TO-AIR AND
AIR-TO-GROUND AERIAL

COMMUNICATIONS.

This study is aimed at modeling, simulating and
optimizing aerial drones’ physical communication
channels (from the transmitter to the receiver), with
account taken of operational contexts.

As part of the “Oneway” project,
conducted in 2021-2022 with 13 other
partners, this extensive expertise has
been harnessed to improve aeronautical
product design & development cycles. It
has set the stage for the radical transfor-
mation of engineering methods.

The ENSTA Bretagne team was tasked
with defining a digital capacity for
supporting decisions regarding launch,
then control and management of a
Product Development Plan (PDP). The
PDP seeRs not only to predict and control
the best date for a product and its indus-
trial system to be brought to the market,
but also to determine the timing of the
production ramp-up stage.

Such modeling methods and tools have
become crucial to ensure the competi-
tiveness of businesses.

Thanks to the experience of ENSTA

RESEARCH - Information technologies /
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Itis the second stage in a vast research
program commissioned by the DGA,
the aim being to optimize the quality
of communications between an aerial
drone and its operator based on
land, or between several drones and
their operator. Tools for calculating
missions and controlling the drones
will have to taRe the operational
contexts into account for that, not
least such natural features as terrain
or dense vegetation, which limit wave
propagation.

This path loss coefficient was modeled
during the first study. The new study
has several additional objectives.

First of all, finding the best routes for
maintaining the highest possible path
coefficient.

The researchers are developing effec-
tive optimization techniques in that
respect, which incorporate radar wave
propagation models (mathematical
theories of optimization).

Bretagne’s Processes for Safe and
Secure Software and Systems (P4S)
team on federating complex software
systems, the development of formal
semantics and analytical algorithms, an
equipped PDP modeling framework has
been established.

The tool developed allows for a detailed
capture of the business specifics, indus-
trial-scale simulation of the development
process and validation of the models
built through formal verification methods.

Other parameters taken into account
include flight management and drone
orientation. These also affect radio
frequency communications and are
factored into models using Al algo-
rithms (reinforcement learning).
Finally, mission calculation methods
may bring two or more drones into
play to ensure this optimization of
communications. In that case, the
researchers study the extent to which
the algorithms developed are capable
of coping with the combinatorial
explosion inherent in the multi-drone
context.

laboratory Lab-STICC / SI3 team
alimansour@ensta-bretagne.fr

laboratory Lab-STICC / P4S team
ciprian.teodorov@ensta-bretagne.fr
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Activities liRe mining exploration, port or
coastal surveillance are increasingly carried
out by swarms of drones controlled semi-au-
tomatically. The complexity of their networks
makes them vulnerable to cyberattacks,
however.

To secure the data contained and trans-
mitted between drones, the ENSTA
Bretagne/Lab-STICC Software/Hardware
And unKnown EnviRonment Interactions
(SHAKER) team launched the DISPEED
project with the AID in September 2022.
Its goal? “To develop an intrusion detection
system (IDS) factoring in the resources which
each of the drones in the swarm needs in
terms of energy and calculating capacity,”
explains Camélia Slimani, a post-doctoral
student at ENSTA Bretagne and a member of
this team.

The most widespread IDSs leverage machine
learning algorithms which require significant
memory and computing power. Not all types
of drones have the same processing capaci-
ties though (processors, memory, storage),
which affects their cybersecurity perfor-
mance. “The challenge is to come up with
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an execution model which strikes a relevant
trade-off between swift detection and energy
use depending on the criticality of the attack
and state of the system and the mission,” the
researcher clarified.

The research team initially conducted an
energy use and performance study of several
existing IDSs before drawing up an appro-
priate execution strategy for the missions
chosen for a population of drones operating
autonomously.

TRUSTGW, AN INNOVATIVE NATIONAL PROJECT
TO SECURE INDUSTRY 4.0

The world is growing increasingly connected
today, and industry is no exception.
Factories are becoming equipped with ever
more connected objects (sensors, actua-
tors, etc.) which provide real-time monito-
ring of the proper operation of production
machinery. The data that these objects collect
is then sent to a hardware device Rnown as
a gateway, which can analyze this data and
detect any anomalies. The whole of this
system makes it possible to carry out predic-
tive maintenance. Communication between
this gateway and the objects is vulnerable,
however. For the data is transferred between
remote-controlled objects and the gateway
via wireless networkRs (Wi-Fi, Bluetooth),
which can be subject to cyberattacks.

Innovative technologies

The national TrustGW project was launched
in 2021 to ensure the secure operation of a
factory. It brings ENSTA Bretagne together
alongside Université Bretagne Sud, Irisa
Rennes and IETR Rennes. Its goal? Imple-
ment a cybersecurity solution to protect data
when it is being collected by the connected
object, transferred to the gateway and
analyzed. "The project is original in that it
entails development of a reconfigurable
gateway capable of swiftly processing very
large datasets from several sensors using

different wireless networks (Wi-Fi, Blue-
tooth, etc.)” explains Pascal Cotret, lecturer
at Lab-STICC, in charge of developing a
prototype for industry. With that in mind,
the researchers are particularly using FPGA
electronic components for the rapid execu-
tion of cryptographic and hashing algorithms
for securing data on RISC-V open-source
processors. They are also less vulnerable to
cyberattacks as they can be reprogrammed
over time.

“To make gateway datasets more secure, we
partition them depending on their charac-
teristics, separating out the data depending
on whether it comes from Wi-Fi- or Bluetoo-
th-connected objects.”

A number of industrial players are already
showing an interest in the technology deve-
loped through the TrustGW project, for the
purposes of upgrading existing industrial
facilities or installing new protected networks
within their future factories.
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The world
is growing
increasingly
connected today,
and industry is
no exception.

" Project "Détection d’Intrusion et compromis Sécurité / Performance / Energie, Etude pour les meutes de Drones” (“Intrusion Detection and Security /
Performance / Energy tradeoff, a Study for Drone swarms”) financed by the Ministry for the Armed Forces Defense Innovation Agency (AID).
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RESPONSIBLE INNOVATION TRAINING
AND SUSTAINABLE DEVELOPMENT

At ENSTA Bretagne, the “Engineer Training and Professionalization” (FPI) e
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Research Team focuses more particularly on engineers, especially from the
point of view of responsible innovation training and sustainable development.
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