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SCIENCES, TECHNOLOGIES, SANTE

Master of Science and Technology in Complex

Systems Engineering

Présentation

The Master of Science and Technology in Complex Systems
Engineering (MScT CSE) addresses the need for engineers
trained at an international level, capable of understanding,
modeling, designing, implementing, and managing these
"complex systems." It aims to train bicultural engineers
with strong scientific and technical skills, as well as solid
experience in management, innovation, and research.

This 2-year program is divided into 2 parts:

- The DNM National Master's Degree SCIENCES ET
TECHNOLOGIES, mention INGENIERIE DES SYSTEMES
COMPLEXES ;

- Additional modules relating to the validation of optional
courses to harmonise knowledge levels and language skills,
as well as training related to project management, general
management and organisation.

The MScT CSE is fully taught in English and composed of
three tracks:

Environmental Engineering, focused on Water & Energy - M1
& M2

- Biomedical Engineering, focused on Biomechanics and
device design, quantitative imaging, and diagnostics
(detection and treatment & interpretation) - M1 & M2

- Engineers for Smart Cities, offered in joint-degree with
the Université Cote d'Azur, focused on Smart City —
M2This Master's degree is centered on the strengths
and assets of the Ecole Centrales' training specificities:
multi-disciplinary teaching in sciences and engineering,
tight links with companies, awareness of societal issues,
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managerial teaching,... addressed through a combination of
academic teaching, workshop activities, projects, immersion
and experiential learning.

Close links with laboratories have been forged thanks to a
rhythm promoting periods of immersion throughout the two
years of the course.

Within the Environmental Engineering and Biomedical
Engineering tracks, many courses are shared with the
engineering program at Centrale Méditerranée.

In addition to these 120 ECTS required for the
National Master's Degree "mention Ingénierie des Systemes
Complexes”, an additional 20 ECTS are accumulated during
semester 7 (10 ECTS) and semester 9 (10 ECTS). These
credits reward the acquisition of specific skills from the
Centrale Engineer's competence framework:

- Soft skills: Understanding communication profiles,
Leadership and Eloquence, Optimization of collective
performance, Change management

- Mastery of complexity: The proposed "Training” activities aim
to explore the means of describing and analyzing complexity
in all its dimensions (dynamic systems, complex industrial
project management, human factors, ...)

The validation of 140 ECTS is necessary to obtain the
Institution Diploma "Master of Science and Technology in
Complex Systems Engineering (MScT CSE)", conferred by the
Ecole centrale de Marseille in addition to the National Master's
Degree "mention Ingénierie des Systemes Complexes".
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Programme

Organisation

The Master's program is composed of 4 semesters, numbered S7 to S10.
1st semester — S7: common scientific foundation

The courses offered in S7 aim to ensure a leveling up and a scientific foundation, with basic training in programming, numerical
methods, transport phenomena, and thermodynamics
(common core), as well as more specialized introductory courses. Indeed, since the Master's students level is inherently
heterogeneous, the goal of this semester is to provide leveling up in fundamental and applied sciences. The semester concludes
with a 6 to 8-week research internship in a laboratory.

2nd semester — S8: deepening

S8 offers thematic exploration of major environmental engineering issues related to water and energy, as well as key challenges and
domains of bioengineering. Master's students attend the Semester 8 courses of the engineering cycle alongside the engineering
students of Centrale Méditerranée. A few specific modules are also provided for Master's students. The semester concludes with
a two- to three-month internship in a laboratory or company.

3rd semester — S9: deepening and professionalization

The final academic semester allows students to complete and deepen their scientific knowledge while acquiring more technical
skills related to these disciplines. Many external contributors from the research and industry sectors participate in the program
through courses, projects, and guest seminars.

4th semester — S10: Master's Thesis

This last semester involves a 4 to 6-month immersion in an internship, either in a company or laboratory, focused on a topic aligned
with the chosen specialty. It culminates in the completion of a master's thesis and an oral defense.

NB: The teaching units marked with asterisks are partially (*) or entirely (**) shared with the engineering program.

Nature CM TD TP Crédits

Semester 7 — Common Core Menu
Transport phenomena UE 24h 8h 4 crédits
Industrial engineering & Soft Skills UE 32h 4 crédits
Computer sciences and numerical methods UE 16h  8h 3 crédits
Languagex UE 20h 2 crédits
Training in CSEx* UE 6 crédits
Lab internship Stage 6 crédits
Semester 7 - Environmental Engineering Menu
Introduction to chemical engineering UE 16h  8h 3 crédits
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Introduction to environmental engineering UE 16h  8h 3 crédits
Hydraulics and Hydrology UE 16h  8h 3 crédits
Energy and environment UE 16h  8h 3 crédits
Geomatics UE 16h  8h 3 crédits

Semester 7 - Biomedical Engineering Menu
Introduction to clinical medecine UE 16h  8h 3 crédits
Introduction to material sciences UE 16h  8h 3 crédits
Introduction to signal & image processing UE 16h  8h 3 crédits
Engineering & biological systems UE 16h  8h 3 crédits
Waves propagation UE 16h 8h 3 crédits
Nature CM TD TP Crédits

Semester 8 — Common Core Menu
Languagex* UE 20h 2 crédits
Internship Stage 6 crédits

Semester 8 - Environmental Engineering Menu
Environmental managements** UE 29h  6h 3 crédits
Circular economy and sustainable design* UE 19h  10h 10h  4crédits
Pollutants and water waste** UE 16h  15h 2 crédits
Green chemistry»+ UE 28h  10h  8h 4 crédits
Environmental monitoring** UE 26h  6h 8h 4 crédits
Renewable energies UE 16h  8h 2 crédits
Project** UE 3 crédits

Semester 8 - Biomedical Engineering Menu
The living bricks** UE 50h 8h 6 crédits
Bio planet* UE 15h 4 crédits

Elective Menu
Imaging and wave therapy** UE 36h 10h 6 crédits
Bioinformatics & data processing** UE 36h 16h 6 crédits
Biotechnologies & Therapeutic Stratégies ** UE 6 crédits
Nature CM TD TP Crédits

Semester 9 — Common Core Menu
Computer Sciences & data sciences UE 18h  6h 3 crédits
Industrial engineering & Soft Skills UE 6 crédits
Languagex* UE 20h 2 crédits
Project & Seminars UE 4 crédits

Semester 9 - Environmental Engineering Menu
Energy efficiency UE 8h 4h 2 crédits
Coastal engineering** UE 16h  8h 3 crédits
Advanced fluid mechanics** UE 32h  16h 4 crédits
Bioprocess UE 16h  8h 3 crédits
Water network management UE 8h 4h 2 crédits
Geophysical flows UE 16h  8h 3 crédits
Water Economics UE 16h  8h 3 crédits
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Elective course from 3A**
Smart cities engineering

Semester 9 - Biomedical Engineering

Elective
Advanced image Processing
Advanced imaging for Biomedical Applications
Bioprocesses
Biomechanics
Modelling for BME
Advanced material sciences & Integrated design
Sensors & Medical Telemonitoring
Introduction to Neurotechnologies
Introduction to Bioethics
Computational Neurosciences

Semester 9 — Engineers for Smart Cities

Industrial engineering, Professional development & Study trip

Language & culture

Hands-on integrated project

Smart energy & transitions

Innovation management

Smart & sustainable cities

Urban design for sustainable neighbourhoods
Smart mobility & transportation

Digital Cities

Semester 10 - Master Thesis

Master Thesis
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Module
UE

Menu

Menu
UE
UE
UE
UE
UE
UE
UE
UE
UE
UE

Nature
Menu

UE
UE
UE
UE
UE
UE
UE
UE
UE

Nature
Menu
Module

16h
6h

14h

16h
16h
24h
24h
16h
16h
12h

44h
44h
44h
44h
44h
44h

8h
6h

8h
8h

12h
8h

4h

TD

40h

40h

D

10h

12h

12h

TP

P

3 crédits
2 crédits

3 crédits
3 crédits
3 crédits
3 crédits
4 crédits
5 crédits
3 crédits
3 crédits
2 crédits
2 crédits

Crédits

7 crédits
2 crédits
4 credits
4 crédits
4 crédits
4 crédits
4 credits
4 crédits
4 crédits

Crédits

30 crédits
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Semester 7 — Common Core

Liste des enseignements

Nature CM TD TP Crédits

Transport phenomena UE 24h  8h 4 crédits
Industrial engineering & Soft Skills UE 32h 4 crédits
Computer sciences and numerical methods UE 16h  8h 3 crédits
Language* UE 20h 2 crédits
Training in CSE* UE 6 crédits
Lab internship Stage 6 crédits
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Transport phenomena

® & Crédits ECTS c Période de
O 4 crédits I'année
Automne

En bref

Langue de cours: Anglais

Présentation

Objectifs d'apprentissage

Thermodynamics:

+ remembering three laws of thermodynamics

+ knowing and understanding definitions of energy, enthalpy and entropy

+ knowing and understanding definitions of heat and temperature

+ identify transforms of thermodynamic systems and begin able to identify relations between states related by a given transform
Continuum mechanics:

+ knowing Reynolds transport theorem

+ knowing and being able to compute strain and stress tensors for elastic media

+ knowing and being able to compute strain and stress tensors for Newtonian fluids

- being able to derive governing equations for mass and momentum conservation in solids or fluids
+ solving equations for laminar flows in classical configurations

+ computing efforts inside an elastic solid in classical configurations

+ computing efforts by a fluid on a solid in sample configurations

+ having knowledge of constitutive laws for more complex media

Heat transfer:

+ knowing all three modes of heat transfer

+ being able to compute heat flux for all three heat transfer modes in classical configurations

+ being able to establish the heat budget of a given system considering all relevant heat transfer modes
+ begin able to compute relevant heat fluxes in classical configurations

+ begin able to compute temperature of a system with heat transfer in steady state

- begin able to compute temperature of a system with heat transfer in transient state
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Description du programme

The course is split in three parts consisting of an overview of fundamental aspects of thermodynamics, continuum mechanics and

heat transfer. The proposed lectures remain at an introductory level.

Equipe pédagogique

+ Cécile BARON (CNRS - Institut de Recherche sur les Phénomenes Hors Equilibre)
+ Pascal DENIS
+ Frédéric SCHWANDER

Total des heures 32h
CM Cours Magistral 24h
TD Travaux Dirigés 8h
Infos pratiques
Nom responsable UE
Responsable pédagogique
Frédéric Schwander

frederic.schwander@centrale-med.fr
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Industrial engineering & Soft Skills

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 32h
TD Travaux Dirigés 32h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Olivier Boiron
olivier.boiron@centrale-med.fr

Responsable pédagogique
Julien Fade

julien.fade@centrale-med.fr

Responsable pédagogique
Frédéric Schwander
frederic.schwander@centrale-med.fr
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Computer sciences and numerical methods

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis

Basic algorithmics, elementary coding in Python, linear algebra, differential calculus, differential equations, Taylor series.

Description du programme

The course serves a first purpose of bringing students operational level in Python coding. Fundamental aspects of the language are
presented and illustrated in practical sessions. The course then covers some fundamental aspects for the numerical solutions of:

+ linear systems,

+ convex optimization problems,
- ordinary differential equations,
+ partial differential equations.

Bibliographie

Lutz M. (2009), Learning Python, 4" edition, O'Reilly.

Equipe pédagogique
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Frédéric Schwander

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Frédéric Schwander

% frederic.schwander@centrale-med.fr
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® & Crédits ECTS
O 2 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 20h
D

Infos pratiques

Travaux Dirigés 20h
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Training in CSE*

® & Crédits ECTS
O 6 crédits
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Lab internship

® & Crédits ECTS
O 6 crédits

Infos pratiques

Nom responsable UE

Responsable pédagogique
Olivier Boiron

olivier.boiron@centrale-med.fr

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr

Responsable pédagogique
Frédéric Schwander

frederic.schwander@centrale-med.fr
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Semester 7 - Environmental Engineering

Liste des enseignements

Nature CM TD TP Crédits

Introduction to chemical engineering UE 16h  8h 3 crédits
Introduction to environmental engineering UE 16h  8h 3 crédits
Hydraulics and Hydrology UE 16h  8h 3 crédits
Energy and environment UE 16h  8h 3 crédits
Geomatics UE 16h  8h 3 crédits
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Introduction to chemical engineering

® & Crédits ECTS c Période de
O 3 crédits I'année
Automne

En bref

Langue de cours: Anglais

Présentation

Prérequis

Basic knowledge of mathematics, chemistry, and physics.

Objectifs d'apprentissage

+ Apply fundamental mass and energy balance principles to analyze chemical processes.

+ Understand and model basic chemical reactors, including ideal reactor types and their performance characteristics.

+ Describe and analyze common separation and purification processes (distillation) used in chemical engineering.

+ Develop a basic understanding of chemical process flows and the integration of individual unit operations within a process
system.

Description du programme

This course introduces the fundamentals of chemical engineering processes, focusing on mass and energy balances, basic reactor
models, and common separation and purification operations. It provides students with the essential tools to analyze simple chemical
processes and understand the behavior of major unit operations.

The course also presents an overview of how these unit operations are integrated into complete process flowsheets, helping
students develop a system-level understanding of chemical process design and analysis commonly used in chemical engineering
practice.
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Bibliographie

"Elementary Principles of Chemical Processes” by Richard M. Felder & Ronald W. Rousseau.

Equipe pédagogique

Jiupeng DU (jiupeng.du@centrale-med.fr)

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Jiupeng Du
jiupeng.du@centrale-med.fr
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Introduction to environmental engineering

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h
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Hydraulics and Hydrology

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

24h
Cours Magistral 16h
Travaux Dirigés 8h

Nom responsable UE

Responsable pédagogique
Olivier Boiron
olivier.boiron@centrale-med.fr
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Energy and environment

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

24h
Cours Magistral 16h
Travaux Dirigés 8h

Nom responsable UE

Responsable pédagogique
Frédéric Schwander
frederic.schwander@centrale-med.fr
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Geomatics

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Equipe pédagogique
Jean-Michel METIVIER

Total des heures
CM

TD

Infos pratiques

24h
Cours Magistral 16h
Travaux Dirigés 8h

Nom responsable UE

Responsable pédagogique
Frédéric Schwander
frederic.schwander@centrale-med.fr
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Semester 7 - Biomedical Engineering

Liste des enseignements

Introduction to clinical medecine
Introduction to material sciences
Introduction to signal & image processing
Engineering & biological systems

Waves propagation

21/106
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Nature

UE
UE
UE
UE

UE

CcM
16h

16h
16h
16h
16h

TD
8h

8h
8h
8h
8h

TP

Crédits
3 crédits
3 crédits
3 crédits
3 crédits

3 crédits
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Introduction to clinical medecine

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Objectifs d'apprentissage

Translating clinical needs into concrete medical devices
Understanding the different phases of the development of a medical device
Familiarizing students with the medical regulation

Developing a foundational understanding of anatomy and physiology

Description du programme

This cycle of seminars is provided by hospital specialists in ophthalmology, orthopedics and pulmonology, and by an engineer
working in the design of medical devices. Through specific examples, this course demonstrates the close links that clinicians and
engineers must develop to effectively solve the problems posed by complex pathologies that are difficult to understand without
considering them as a whole. Each seminar includes an introductory part to acquire anatomical, physiological and clinical knowledge
of the specialties presented.

Equipe pédagogique
Loic DAMBRICOURT (loic.dambricourt@ap-hm.fr)

Adeline JANET (adeline janet@centrale-marseille.fr)
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Fares BENMILOUD (fareshenmiloud@hotmail.com)

Marius LEBRET (marius.lebret@airliquide.com)

Total des heures
CM

TD

Infos pratiques

Cours Magistral

Travaux Dirigés

24h
16h

8h

Nom responsable UE

Responsable pédagogique
Julien Fade
7 julien.fade@centrale-med.fr
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Introduction to material sciences

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prerequis
- Fundamental concepts of forces and moments

- Basic principles of static equilibrium

- Undergraduate level knowledge of material constitution (atoms, molecules, ions) and their organization.

Objectifs d'apprentissage
At the end of this course, students will be able to:

+ Understand stress, strain, and material behavior under load
+ Analyze simple structures under tension, compression, shear, torsion, and bending
+ Evaluate stresses and verify strength conditions
Understand how the macroscopic properties of materials, in particular mechanical properties, are related to the microscopic,
at the atomic level, constituents, bands and arrangements.

Description du programme

I- Material Structure and mechanical behavior

The first part of the course will describe the essential features of material science, from the atomistic and molecular mechanisms
to the continuum description of properties of materials. Particular focus will be put on the mechanical behaviour of materials used
in biomedical applications: elastic and plastic deformation, creep, and fracture of materials including crystalline and amorphous
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metals, ceramics, and (bio)polymers. The course will also address the design and processing of materials from the atomic to the
macroscale to achieve a desired mechanical behaviour. Selection methods will be proposed based on both fundamental material
science and processing of materials.

ll- Strength of Materials

This course introduces the fundamental principles of Strength of Materials, focusing on the analysis of stresses, strains, and
deformations in solid structures under mechanical loading. The course begins with a short review of mechanical actions, including
forces and moments, in order to ensure that all students have the necessary background. It then introduces essential concepts
such as stress, strain, and material behavior, with an emphasis on elastic and plastic responses. The theoretical framework is
established through classical assumptions (continuity, homogeneity, isotropy, linear elasticity) and basic kinematics of deformation.
The concept of internal forces is developed using the method of sections. The course covers the main loading cases encountered
in engineering: tension, compression, shear, torsion, and bending. For each case, stress—strain relationships, experimental behavior,
and strength conditions are studied. Particular attention is given to beam analysis, including internal forces, equilibrium conditions,
and the construction of shear force and bending moment diagrams.

Bibliographie

R. K. Bansal, Strength of Materials, Fourth Edition

Equipe pédagogique
Yannick KNAPP (yannick knapp@univ-avignon.fr)

Amal BECHIKH (amal.bechikh@centrale-med.fr)

Total des heures 24h
CM Cours Magistral 16h
1D Travaux Dirigés 8h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Amal Bechikh
amal.bechikh@centrale-med.fr
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Introduction to signal & image processing

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis

Basic knowledge in mathematics and physics

Objectifs d'apprentissage

At the end of this course, students will be able to:

+ Understand the role of biomedical signals and medical imaging in healthcare and diagnosis

+ lIdentify the main biomedical signals and imaging modalities (EEG, ECG, MRI, ultrasound, X-ray, nuclear imaging, etc.)
- Describe the principles of signal acquisition, sampling, quantization, and digital representation

+ Apply basic signal processing techniques such as filtering, convolution, and frequency analysis

+ Understand the fundamentals of image processing and restoration methods

+ Use Fourier and Wavelet transforms for biomedical signal and image analysis

+ Extract relevant information and features from biomedical data

+ Interpret and manipulate biomedical signals and images using MATLAB-based practical applications

+ Develop basic analytical skills for biomedical engineering applications and medical data processing

Description du programme

This course provides an introduction to biomedical signal and image processing, with a focus on the fundamental techniques used
for the acquisition, analysis, processing, and interpretation of biomedical data. Through theoretical lectures and practical MATLAB
illustrations, students discover how signal and image processing methods contribute to modern medical diagnosis and healthcare
technologies.
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The course begins with an overview of biomedical signals and images, emphasizing their importance in medicine and diagnostic
assistance. Students are introduced to the main categories of physiological signals and medical imaging systems.

A second part presents the principles of medical imaging modalities. Topics include sensors, image digitization, and digital image
quality. The course then explores imaging techniques based on ionizing radiation, such as X-ray and gamma-ray imaging, as well
as non-ionizing modalities including EEG, ECG, magnetic resonance imaging (MRI), and ultrasound imaging.

The signal processing section introduces the representation of analog and digital signals, sampling and quantization principles,
random variables and functions, and basic statistical tools. Students then study essential processing methods including convolution,
filtering, frequency-domain representation, and one-dimensional system identification. Different filtering approaches are discussed,
such as low-pass, high-pass, band-pass, Wiener, and optimal filtering. Practical laboratory sessions illustrate digital image
representation, histogram analysis, signal transformations, and feature extraction techniques.

The image processing section focuses on two-dimensional signal analysis techniques. Fourier transform concepts are introduced
in both one-dimensional and two-dimensional forms. Students then study image restoration and enhancement methods, including
contrast enhancement, histogram equalization, bit-level slicing, spatial filtering, and frequency-domain filtering. The final part of
the course introduces wavelet transforms, including continuous and discrete wavelet transforms in one and two dimensions, with
applications to biomedical image filtering and denoising.

The course includes practical MATLAB demonstrations throughout the semester, as well as a comprehensive final laboratory
session integrating the main concepts covered in the course. Continuous assessment is based on practical work and multiple-
choice quizzes.

Bibliographie

Biomedical Signal and Image Processing, Kayvan Najarian, Robert Splinter, CRC Press, 2012.

Equipe pédagogique
Thierry GAIDON (thierry.gaidon@centrale-med.fr)

Caroline FOSSATI (caroline.fossati@centrale-med.fr)

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h

Infos pratiques
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Nom responsable UE
Responsable pédagogique

Caroline Fossati
% caroline.fossati@centrale-med.fr
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Engineering & biological systems

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis

Chemistry Basics (Atoms & Molecules); Biomolecules (Macromolecules of life); Cell Types Prokaryote, Eukaryote & Archea; Molecular
Biology Basics (DNA, RNA, and protein synthesis).

Objectifs d'apprentissage

Foundational Knowledge (Remember & Understand)
Biomolecules: Define and describe the structure, composition, and roles of lipids, carbohydrates, nucleic acids, and proteins.

Cell Biology: Defining what's a cell as the fundamental unit of life. Distinguish prokaryotic vs. eukaryotic cells and describe the
function of major organelles.

Molecular Mechanisms: Explain the central dogma (DNA # RNA # Protein) and define DNA replication, transcription, and translation,
including key molecules involved. Summarize historical discoveries in molecular biology.

Application, Analysis, Synthesis & Evaluation

Apply knowledge of genetic information flow and compare prokaryotic vs. eukaryotic mechanisms. Interpret experimental data (e.qg.,
sequence, molecular weight, PCR, Electrophoresis data). Explain how cells and molecular mechanisms have evolved and identify
the evolutionary advantages of cellular structures and processes.

Critical Thinking & Philosophical Questions. Propose hypotheses for biological phenomena and design experiments to test them.
Debate the origins of life and reflect on the implications of molecular biology for medicine, biotechnology, and society.
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Description du programme

The objective of this course is to provide an overview of some fundamental principles of biochemistry, genetics, molecular biology
and cell biology. Throughout this course, we will study the structure and function of key biological molecules such as lipids,
carbohydrates, nucleic acids and amino-acids/proteins. Then, we will cover the molecular mechanisms underlying homeostasis
in both eucaryotic and prokaryotic cells such as DNA replication, Transcription, Translation, with key examples and historical
discoveries. Finaly, this will be complemented with elementary knowledge to answer the following questions: What is a cell? What
are the different types of cells? What biological mechanisms take place in living systems and how did they evolve through evolution?

Bibliographie

“State of the Art" Biology TextBook - Harper's lllustrated Biochemistry; Campbell's Biology; Alberts' Molecular Biology of the Cell;
Brock Biology of Microorganisms; Life: The Science of Biology

Equipe pédagogique

Pierre SANTUCCI (psantucci@imm.cnrs.fr)

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Pascal Berto
pascal.berto@centrale-med.fr
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Waves propagation

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis
Mathematics
Single variable calculus (derivatives, integrals)
Basic multivariable calculus (gradients, partial derivatives)
Differential equations (how to solve basic first/second ODEs)
Physics
Basic mechanics (Newton's laws)
Basic electromagnetism
Programing

Basic programing skills of Python (or Matlab)

Objectifs d'apprentissage
The student after the course will:

learn the basics of waves/wave-like phenomena;

[essentiall
[essential]

[essential]

[essentiall

[preferred]

[preferred]

know how to model them correctly, both mathematically and numerically;
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understand when it is important to use them or when they can be substituted by simpler models, such as the geometric ones;

have an overview of some biomedical applications, such as imaging techniques.

In this course, physical intuition and practical modeling are highlighted.

Description du programme

Waves / wave-like phenomena are present everywhere and are very important. They appear in natural phenomena and human-made
devices; hence their study is essential for science and technology. Applications range from biomedical imaging (ultrasound imaging,
magnetic resonance imaging, optical coherence tomography, etc.) all the way to telecommunication and detection (antennas, radar,
optical fibers, etc.).

In this course a general introduction to all wave-like phenomena is given. It provides an overview of the laws and methods used for
modelling the propagation of waves. Electromagnetic/optic waves are studied with more detail, however, analogies with mechanical
scenarios, such as sound and shear waves, are also mentioned. Aspects covered include the theory of diffraction, refraction,
reflection, as well as more advanced topics such as polarization and the statistical properties of light and other waves.

During the course we apply analytical and numerical/semi-analytical tools to tackle wave phenomena, specifically wave propagation,
and to understand how they impact systems, e.qg. the sensitivity and the resolution achievable in an imaging system. Alongside,
geometric models will be also studied and compared. Different frameworks are described, such as the use of Fourier transforms,
the ray model, and phase space descriptions.

Teaching plan

1. Motivation of the course

a. Quick examples: mechanical and electromagnetic

b. Basic description of waves

¢.  Nuances of the wave model

2. Reminder of mathematical tools

a. Quick reminder of calculus and differential equations
b. Complex numbers

c. The wave equation, diffusion equation, etc.
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d.  Waves: interference/superposition

e. Fourier Series and Transforms

f.  Shiftinvariant linear systems

3. Mechanical waves

a. Quick reminder of mechanics and the harmonic oscillator
b. Vibrating cord

c.  Continuum mechanics (deformation and elasticity)
d. Sound

e. Dispersion and other advanced notions

f.  Application: Elastography

4. Electromagnetic waves |

a. Motivation of optics and electromagnetism
b. Review of Electromagnetism

c. Electromagnetic waves

5. Geometric optics

a. Rays, Snell's Law, Fermat's principle

b. Imaging optics

c. Paraxial optics and ABCD matrices

d. Application :imaging systems

6. Electromagnetic waves ||

a. Motivation of wave optics

b.  Monochromatic waves

c. Diffraction and propagation of light

d. Interfaces, media and scattering

e. Polarization and coherence
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f.  Biomedical applications: microcopy, OCT

Bibliographie
Wave physics (general)

Frank S. Crawford, Waves, McGrawHill.

Howard Georgi, The physics of waves, Prentice Hall.

Mechanical waves

Heinrich Kuttruff, Room Acoustics, Spon Press.

Optics and electromagnetism
Eugene Hecht, Optics, Pearson Education.

Joseph Goodman, Introduction to Fourier Optics, McMillan.

Equipe pédagogique

Luis Arturo ALEMAN-CASTANEDA (aleman-castaneda@fresnel.fr)

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h
Infos pratiques

Nom responsable UE

Responsable pédagogique

Luis Arturo Aleman Castaneda

luis_arturo.aleman_castaneda@centrale-med.fr
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Semester 8 — Common Core

Liste des enseignements

Nature CM TD TP Crédits

Language* UE 20h 2 crédits

Internship Stage 6 crédits
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Language*

® & Crédits ECTS
O 2 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
D

Infos pratiques

Travaux Dirigés

20h
20h

Nom responsable UE

Responsable pédagogique
Valérie Penciolelli
valerie.penciolelli@centrale-med.fr
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Internship

® & Crédits ECTS
O 6 crédits

Infos pratiques

Nom responsable UE

Responsable pédagogique
Olivier Boiron

olivier.boiron@centrale-med.fr

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr

Responsable pédagogique
Frédéric Schwander

frederic.schwander@centrale-med.fr
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Semester 8 - Environmental Engineering

Liste des enseignements

Nature CM TD TP Crédits

Environmental managements* UE 29h  6h 3 crédits
Circular economy and sustainable design+** UE 19h 10h 10h 4 crédits
Pollutants and water wastex+ UE 16h  15h 2 crédits
Green chemistry** UE 28h 10h  8h 4 crédits
Environmental monitoring** UE 26h  6h 8h 4 crédits
Renewable energies UE 16h  8h 2 crédits
Projectx* UE 3 crédits
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Environmental managementx*

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

Cours Magistral

Travaux Dirigés

35h
29h

6h

Nom responsable UE

Responsable pédagogique
Agnes Tomini
atomini@intervenants.centrale-marseille.fr
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Circular economy and sustainable design=**

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

i)
TP
PJ

Infos pratiques

Cours Magistral
Travaux Dirigés
Travaux Pratiques

Projets

47h
19h

10h
10h
8h

Nom responsable UE

Responsable pédagogique
Laétitia Gazagnes

lgazagnes@intervenants.centrale-marseille.fr
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Pollutants and water wastex*

® & Crédits ECTS
O 2 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD
PJ

Infos pratiques

Cours Magistral
Travaux Dirigés

Projets

33h
16h

15h
2h

Nom responsable UE

Responsable pédagogique
Paul Chambonniere
paul.chambonniere@centrale-med.fr
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Green chemistry*=*

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

i)
TP

Infos pratiques

Cours Magistral
Travaux Dirigés

Travaux Pratiques

46h
28h

10h
8h

Nom responsable UE

Responsable pédagogique
Damien Herault
damien.herault@centrale-med.fr
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Environmental monitoring=**

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

i)
TP
PJ

Infos pratiques

Cours Magistral
Travaux Dirigés
Travaux Pratiques

Projets

46h
26h

6h
8h
6h

Nom responsable UE

Responsable pédagogique
Mitra Fouladirad
mitra.fouladirad@centrale-marseille.fr
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Renewable energies

® & Crédits ECTS
O 2 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

24h
Cours Magistral 16h
Travaux Dirigés 8h

Nom responsable UE

Responsable pédagogique
Marion Henriet

mhenriet@intervenants.centrale-marseille.fr
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Projectx**

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 40h
PJ Projets 40h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Mitra Fouladirad
mitra.fouladirad@centrale-marseille.fr
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Semester 8 - Biomedical Engineering

Liste des enseignements

The living bricks**
Bio planet**

Elective

Imaging and wave therapy*+
Bioinformatics & data processing**
Biotechnologies & Therapeutic Stratégies **

46 /106
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Nature

UE
UE

Menu

UE
UE
UE

CcM
50h

15h

36h
36h

TD

TP
8h

10h
16h

Crédits
6 crédits

4 crédits

6 crédits
6 crédits
6 crédits
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The living bricks*=*

® & Crédits ECTS
O 6 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TP

Infos pratiques

58h
Cours Magistral 50h
Travaux Pratiques 8h

Nom responsable UE

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr
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Bio planetx*

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

PJ

Infos pratiques

50h
Cours Magistral 15h
Projets 35h

Nom responsable UE
Responsable pédagogique

Julien Fade
julien.fade@centrale-med.fr
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Elective

Liste des enseignements

Nature CM TD TP Crédits

Imaging and wave therapy=** UE 36h 10h 6 crédits
Bioinformatics & data processing** UE 36h 16h 6 crédits
Biotechnologies & Therapeutic Stratégies ** UE 6 crédits
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Imaging and wave therapy=**

® & Crédits ECTS
O 6 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TP

Infos pratiques

Cours Magistral

Travaux Pratiques

46h
36h

10h

Nom responsable UE

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr
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Bioinformatics & data processing**

® & Crédits ECTS
O 6 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TP

Infos pratiques

Cours Magistral

Travaux Pratiques

52h
36h

16h

Nom responsable UE

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr
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Biotechnologies & Therapeutic Stratégies **

® & Crédits ECTS
O 6 crédits
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Semester 9 — Common Core

Liste des enseignements

Nature CM TD TP Crédits

Computer Sciences & data sciences UE 18h  6h 3 crédits
Industrial engineering & Soft Skills UE 6 crédits
Language* UE 20h 2 crédits
Project & Seminars UE 4 crédits
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Computer Sciences & data sciences

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

Cours Magistral

Travaux Dirigés

24h
18h

6h

Nom responsable UE

Responsable pédagogique
Virgile Pesce

vpesce@intervenants.centrale-marseille.fr
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Industrial engineering & Soft Skills

® & Crédits ECTS
O 6 crédits

En bref

Langue de cours: Anglais

Infos pratiques

Nom responsable UE

Responsable pédagogique
Olivier Boiron
olivier.boiron@centrale-med.fr

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr
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Language*

® & Crédits ECTS
O 2 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
D

Infos pratiques

Travaux Dirigés

20h
20h

Nom responsable UE

Responsable pédagogique
Valérie Penciolelli
valerie.penciolelli@centrale-med.fr
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Project & Seminars

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
PJ

Infos pratiques

Projets

100h
100h

Nom responsable UE

Responsable pédagogique
Olivier Boiron
olivier.boiron@centrale-med.fr

Responsable pédagogique
Julien Fade

julien.fade@centrale-med.fr
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Semester 9 - Environmental Engineering

Liste des enseignements

Nature CM TD TP Crédits

Energy efficiency UE 8h 4h 2 crédits
Coastal engineering+* UE 16h  8h 3 crédits
Advanced fluid mechanics** UE 32h 16h 4 crédits
Bioprocess UE 16h  8h 3 crédits
Water network management UE 8h 4h 2 crédits
Geophysical flows UE 16h  8h 3 crédits
Water Economics UE 16h  8h 3 crédits
Elective course from 3A#* Module 16h  8h 3 crédits
Smart cities engineering UE 6h 6h 2 crédits
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Energy efficiency

® & Crédits ECTS
O 2 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis

Thermodynamics, mass blance, energy balance.

Objectifs d'apprentissage

+ Evaluate and calculate the energy efficiency of various engineering systems, including furnaces, reactors, heat engines, and
refrigeration systems

+ Analyze and apply methods for improving energy efficiency in these systems based on thermodynamic and process
considerations.

+ Understand heat transfer mechanisms and heat exchanger design principles, and assess strategies for enhancing their energy
performance.

Description du programme

This course provides a comprehensive introduction to energy efficiency in engineering systems, with a focus on thermodynamic
analysis and practical improvement strategies. It covers the evaluation of energy performance in key industrial processes, including
furnaces, reactors, heat engines, and refrigeration systems.

Fundamental heat transfer mechanisms are reviewed, followed by an introduction to heat exchanger design and performance
analysis. Strategies for improving heat exchanger efficiency, including design modifications and operational considerations, are also
discussed.
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Through analytical examples and practical case studies, the course aims to develop the ability to assess, analyse, and improve
energy efficiency in real-world engineering applications.

Bibliographie

+ "Introduction to Chemical Engineering Thermodynamics” by J. M. Smith et al.
+ "Process Heat Transfer” by Donald Q. Kern

Equipe pédagogique

Jiupeng DU (jiupeng.du@centrale-med.fr)

Total des heures 12h
CM Cours Magistral 8h
TD Travaux Dirigés 4h

Infos pratiques
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Coastal engineering=**

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

24h
Cours Magistral 16h
Travaux Dirigés 8h

Nom responsable UE

Responsable pédagogique
Julien Touboul
julien.touboul@centrale-med.fr
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Advanced fluid mechanics**

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

Cours Magistral

Travaux Dirigés

48h
32h

16h

Nom responsable UE

Responsable pédagogique
Olivier Boiron
olivier.boiron@centrale-med.fr
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Bioprocess

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis

Wastewater treatment; Bioprocesses; Process Engineering; Modelling; Mass balance

Objectifs d'apprentissage

+ Understanding of the main constraints and challenges when sizing a reactor for wastewater treatment
+ Most commonly used biological reactions in the context of wastewater remediation
+ Sizing of a biological reactor through mass balance for batch/continuous; steady-state or dynamic processes

Description du programme

This class introduces the students to the basics of wastewater treatment such as wastewater constituents and their measurement,
and the impact of flowrate and constituents load variations. The students are then introduced to the principles of biological reactions
kinetics and are taught the sizing of bioreactors through mass balance in the broader context of biological wastewater remediation.

A project must be carried out in which the students must size a bioreactor for the remediation of wastewater of given characteristics
and for a given biological activity. The project confronts the students to steady-state or dynamic mass balance solving, and lead
the students to deal with the impact of a perturbation of the wastewater treatment.

Bibliographie

63 / 1 06 Syllabus (2026'2027) Centrale<>

Méditerranée



Centrale<>
Méditerranée

Metcalf & Eddy, A. E. C. O. M. (2014). Wastewater engineering treatment and resource recovery. McGraw-Hill Education.

Equipe pédagogique

Paul CHAMBONNIERE (paul.chambonniere@centrale-med.fr)

Total des heures
CM

TD

Infos pratiques

Cours Magistral

Travaux Dirigés

24h
16h

8h

Nom responsable UE

Responsable pédagogique
Paul Chambonniere
paul.chambonniere@centrale-med.fr
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Water network management

® & Crédits ECTS c Période de
O 2 crédits I'année
Automne

En bref

Langue de cours: Anglais

Présentation

Objectifs d'apprentissage

An introductory course on water infrastructure asset management, this course presents an overview of asset management
approaches, drinking water and wastewater systems, the particularities of managing non-visible assets, the importance of data
quality, and survival analysis for predictive modelling. The course focuses on practical skills such as data wrangling, data enrichment,
predictive modelling, and data visualisation, with an emphasis on geospatial data processing. Students will be assessed through an
oral presentation of a strategic asset renewal programme for a water network.

Equipe pédagogique

Miles SWEENEY (Altereo)

Total des heures 12h
CM Cours Magistral 8h
TD Travaux Dirigés 4h

Infos pratiques
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Nom responsable UE
Responsable pédagogique

Frédéric Schwander
% frederic.schwander@centrale-med.fr
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Geophysical flows

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

24h
Cours Magistral 16h
Travaux Dirigés 8h

Nom responsable UE

Responsable pédagogique
Olivier Boiron
olivier.boiron@centrale-med.fr
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Water Economics

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

24h
Cours Magistral 16h
Travaux Dirigés 8h

Nom responsable UE

Responsable pédagogique
Agnes Tomini
atomini@intervenants.centrale-marseille.fr
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Elective course from 3Ax**

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h
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Smart cities engineering

® & Crédits ECTS
O 2 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

TD

Infos pratiques

12h
Cours Magistral 6h
Travaux Dirigés 6h

Nom responsable UE

Responsable pédagogique
Matteo Caglioni
mcaglioni@intervenants.centrale-med.fr
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Semester 9 - Biomedical Engineering

Liste des enseignements

Nature CM TD TP Crédits

Elective Menu

Advanced image Processing UE 14h 10h  3crédits

Advanced imaging for Biomedical Applications UE 3 crédits

Bioprocesses UE 16h  8h 3 crédits
Biomechanics UE 16h  8h 3 crédits
Modelling for BME UE 24h 12h 4 crédits
Advanced material sciences & Integrated design UE 24h  12h 5 crédits
Sensors & Medical Telemonitoring UE 16h  8h 3 crédits
Introduction to Neurotechnologies UE 16h 12h 3 crédits
Introduction to Bioethics UE 12h  4h 2 crédits
Computational Neurosciences UE 2 crédits
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Elective

En bref

Langue de cours: Anglais

Liste des enseignements

Advanced image Processing
Advanced imaging for Biomedical Applications

Bioprocesses

Infos pratiques

Nature
UE

UE

UE

CM
14h

16h

TD

8h

TP
10h

Crédits
3 crédits

3 crédits

3 crédits

Nom responsable UE

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr

Responsable pédagogique
Pascal Berto
pascal.berto@centrale-med.fr
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Advanced image Processing

® & Crédits ECTS
O 3 crédits

Présentation

Objectifs d'apprentissage

The objective of this module is to present the essential links of the processing and analysis of images by a machine to extract
information. It will provide the basic knowledge of each of the technological bricks of this chain and the fundamental elements
concerning human and machine vision.

This knowledge can be used to understand, dimension, develop and integrate applications in the field of imaging.

Description du programme

Whether in the industrial, medical or scientific fields or in our daily lives, images are at the heart of many systems and applications:
- Medical imaging, which plays a key role in the diagnosis, monitoring and treatment of human diseases

- Augmented reality and 3D display technologies that transform the way humans interact with their environment

- Autonomous systems based on the integration of artificial intelligence and data processing algorithms with vision systems

- Observation, risk prevention, and environmental monitoring sources from on-board (UAV) or satellite imagery

- Industrial vision for quality control, observation in hostile environments, robotics...

The course is structured in several parts:

- Digital Image and representations

- Image enhancement and filtering-Segmentation and classification
- Restoration -Inverse problems

- Tomography

- PDEs for Image processing

The courses will be complemented by practical work, experimental on the Photonics platform, and digital on PC

Compétences et connaissances scientifiques et techniques visées dans
la discipline

Engineers capable of working on complex systems based on imagery, whether it be to set up an imagery chain for an application,
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process digital images, or follow up on business or projects involving complex image and multimedia acquisition and processing
systems

Modalité de controle des connaissances

CC1 = Reports =100 %

Bibliographie

Handbook of Visual Display Technology, Springer, 2016 (# https://link.springer.com/referencework/10.1007/978-3-319-14346-0).
Raphél C. Gonzalez and Richard E. Woods, Digital Image processing, Third edition Pearson 2007

Equipe pédagogique

Muriel Roche (muriel.roche@centrale-med.fr)

Total des heures 24h
CM Cours Magistral 14h
TP Travaux Pratiques 10h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Muriel Roche
muriel.roche@centrale-med.fr
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Advanced imaging for Biomedical Applications

® & Crédits ECTS
O 3 crédits

Présentation

Prérequis
- Basics of wave physics

- Basics of geometrical and wave optics

Objectifs d'apprentissage

Students will understand the challenges related to optical imaging of living tissues and will have acquired scientific culture in basic
and advanced microscopy techniques. They will be able to perform back-of-the-envelope calculations for optical systems and will
develop a systematic approach to study and understand new imaging techniques. They will also be able to grasp the challenges of
deep imaging in scattering tissues, and the basics of the laser light-matter interaction for diagnosis and therapy. Ultimately, they will
be capable of providing scientific advice to biologists on the selection of appropriate imaging modalities for their research needs.

Description du programme

This course is structured around two complementary approaches to advanced optical imaging of biological systems. The
first part covers advanced microscopy techniques and their physical principles, exploring how different optical contrasts and
imaging modalities can reveal biological structures and processes. The second part addresses the fundamental challenge of light
propagation in complex biological media and develops physical models and computational approaches for deep-tissue optical
imaging and laser light tissue interaction for optical diagnosis/therapy.

| - Advanced Microscopy (Pascal Berto)

This course introduces advanced biological microscopy concepts, starting with intrinsic optical contrasts such as absorption,
scattering and phase signals. It then explores fluorescence-based imaging, from confocal setups to super-resolution techniques,
and highlights vibrational microscopy for label-free chemical mapping. Finally, several methods for deep-tissue imaging are
introduced, including light-sheet and multiphoton microscopy as well as adaptive optics and optical clearing.

Il - Diffusion (Julien Fade):
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In this course, we will explore some physical modeling approaches in order to describe and predict propagation of light in complex
media. We will show how the optical scattering phenomenon, which takes place in biological tissues (but also more generally when
light propagates in atmosphere, turbid water, or astronomical objects...) can be statistically modeled and ruled by the Radiative
Transfer Equation of the photon flux in scattering media. The last part of the course will be dedicated to the application of such
models to deep tissue "diffuse optical imaging’, relying on a numerical image reconstruction process (inverse problem solving),
with a number of applications in biomedical optical diagnosis/therapy, and to the basics of laser light-tissue interaction allowing
diagnosis and optical therapy.

Bibliographie
V. V. Tuchin, Tissue Optics: Light Scattering Methods and Instruments for Medical Diagnostics, Third Edition, SPIE Press, 2015

F. Martelli, et al.,, Light Propagation through Biological Tissue and Other Diffusive Media: Theory, Solutions, and Validation, SPIE
Press, 2023

L. Zuppiroli, M.-N. Bussac, Traité des couleurs, Presses Polytechniques et Universitaires Romandes (PPUR), 2001

Equipe pédagogique
Julien FADE (julien.fade@centrale-med.fr)

Pascal BERTO (pascal.berto@centrale-med.fr)

Total des heures Oh
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Bloprocesses

® & Crédits ECTS
O 3 crédits

Présentation

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h
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Biomechanics

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis

Fluid and solid biomechanics; basics of anatomy (heart, arterial tree, bone,...); Physics

Objectifs d'apprentissage

§ Understand and apply principles of fluid mechanics to analyze blood flow in the heart and aorta
§ Analyze the mechanical behavior of biological tissues, with a focus on bone, using solid mechanics concepts
§ Design and carry out an independent modeling project addressing a biomechanical problem

§ Critically read and evaluate scientific literature

Description du programme

The course in biomechanics aims to provide students with an in-depth understanding of mechanical phenomena applied to
biological systems. It includes a fluid biomechanics course focused on analyzing blood flow within the heart and aorta, as well as
a solid biomechanics course dedicated to understanding the multiscale mechanical behavior of biological tissues with a focus on
bone.

These theoretical foundations are reinforced through problem-solving sessions designed to apply key concepts. A guided practical
session using Comsol introduces students to modeling techniques in biomechanics, while an independent project allows them to
explore a specific biomechanical problem in greater depth using the same tool. Finally, a scientific paper review assignment develops
students’ ability to critically assess research challenges and methodologies in biomechanics.
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The evaluation is based on various scores:

Multiple-choice questions (direct applications of courses) : 10%
Introductory tutorial report : 20%

Applied tutorial report : 35%

Literature review analysis report + defense : 35 %

Bibliographie

An introduction to biomechanics - J.D. Humphrey et al, Springer 2nd Edition, 2015
(4 https://link.springer.com/book/10.1007/978-1-4939-2623-7

Fundamentals of Biomechanics - D. Knudson, Elsevier 2nd Springer, 2007
(4 https://link.springer.com/book/10.1007/978-0-387-49312-1

Cardiovascular biomechanics - PR. Hoskins et al , Springer 1st Edition, 2017
(2 https://link.springer.com/book/10.1007/978-3-319-46407-7

Equipe pédagogique
Cécile BARON (cecile.baron@univ-amu.fr)

Valérie DEPLANO (valerie.deplano@univ-amu.fr)

Carine GUIVIER-CURIEN (carine.guivier@univ-amu.fr)

Total des heures 24h
CM Cours Magistral 16h
TD Travaux Dirigés 8h
Infos pratiques
Nom responsable UE
Responsable pédagogique
Valérie Deplano

vdeplano@intervenants.centrale-marseille.fr
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Modelling for BME

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis
Linear Algebra
Differential equations
Numerical Methods
Convex Optimization

Basics of systems dynamics (Training M1 CSE)

Objectifs d'apprentissage

By the end of this course, students will:

master the concepts and tools required for modelling light propagation in biological tissues, with a focus on identifying key
physical parameters and their relationship to tissue molecular composition.

understand how electromagnetic waves, from X-rays to infrared light, interact with biological media, and how measurements
can be used to infer intrinsic properties such as absorption and scattering, linked to specific molecules.

Formulate and solve forward problems describing light transport, as well as inverse problems aimed at recovering tissue
parameters from data. Applications include X-ray tomography and diffuse optical tomography, highlighting both linear and non-
linear approaches.
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Apply dimensional analysis (Buckingham S\pi$ theorem) to simplify complex governing equations and identify essential
physical parameters in biomechanics.

Become familiar with complex dynamics features of living systems (ecosystems, micro-organisms, etc) and relate them to
the basics of statistical physics and non-linear physics concepts (such as phase transitions, bifurcation, stability, self-organization,
percolation...)

Description du programme

1- Modelling, Forward and Inverse Problems (Martin RODRIGUEZ-VEGA)
This course is organised into three main parts

Modelling and forward problems : Formulation of light propagation models in biological tissues and introduction to forward
problems. Practical sessions focus on implementing and solving these models using numerical schemes in Python.

Linear inverse problems : Reformulation of imaging problems, such as X-ray tomography, into linear inverse problems, followed by
the study and comparison of several solution approaches.

Non-linear inverse problems : Introduction to non-linear formulations through diffuse optical tomography, expressed as a convex
optimization problem and solved using iterative methods.

By emphasizing a limited set of essential principles within a unified framework, the course provides efficient tools for addressing
complex imaging and parameter estimation problems in biomedical optics.

2- Scaling and Self-Similarity (Martin BRANDENBOURGER)

This course provides the analytical tools to construct rapid, low-order models that highlight the fundamental physics and
quantitative behavior of a system. By mastering dimensional analysis and the Buckingham $\pi$ theorem, you will learn to
derive dimensionless ratios that predict biomechanical scaling laws such as bone strength and muscle force, while enabling the
simplification of complex equations derived from first principles, such as the Navier-Stokes equations.

3- Complex living systems modeling (J. FADE & F. SCHWANDER)

This course will be the occasion to revisit basics of statistical physics and non-linear physics concepts (such as phase transitions,
bifurcation, stability, self-organization, percolation...) and show how they can appear in the modeling of complex dynamics of
living systems, starting from ecosystems to micro-biology or gene evolution. These concepts will be illustrated through numerical
simulations.

Equipe pédagogique
Martin RODRIGUEZ-VEGA (martin.rodriguez-vega@fresnel.fr)

Martin BRANDENBURGER (martin.brandenbourger@univ-amu.fr)

Frédéric SCHWANDER (frederic.schwander@centrale-med.fr)
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Julien FADE (julien.fade@centrale-med.fr)

Total des heures
CM

TP

Infos pratiques

Nom responsable UE

Responsable pédagogique
Julien Fade

7 julien.fade@centrale-med.fr
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Advanced material sciences & Integrated design

® & Crédits ECTS
O 5 crédits

En bref

Langue de cours: Anglais

Présentation

Prerequis
Strength of Materials (stress, strain, basic loading cases)

Mechanics (forces, moments, equilibrium)

Having followed and succeeded in the MTSC - Introduction to Material Science lectures or equivalent.

Objectifs d'apprentissage

Understand the full medical device lifecycle, from early concept and design to market access and post#market surveillance.

Identify the specific constraints of biomedical applications, including material selection, biocompatibility, and safety
requirements.

Select and justify materials and design choices in compliance with biomedical and regulatory constraints.

Understand the fundamental principles of the Finite Element Method (FEM) and its role as a design and verification tool.

Build and interpret numerical simulations (FEM/Abaqus) to support mechanical analysis of medical devices.

Understand how design verification tools (tests and simulations) contribute to risk management and device validation.
Identify the key steps for placing a medical device on the European market under the Medical Device Regulation (MDR 2017/745).

Develop a system#level understanding linking engineering, materials, numerical analysis, and regulatory compliance throughout
the medical device lifecycle.
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Description du programme

This course provides an integrated view of medical device development, combining materials science, numerical modeling, and
regulatory requirements. Students are introduced to the constraints specific to biomedical applications, including material selection,
biocompatibility, and mechanical performance.

The course then presents numerical simulation methods, with an introduction to the Finite Element Method and its application to
medical devices.

A major part of the course focuses on medical device regulation, with an emphasis on the European Medical Device Regulation (MDR
2017/745). Students learn the key steps required to place a medical device on the European market, from device qualification and
risk classification to conformity assessment procedures, technical documentation, clinical evaluation, CE marking, and post#market
surveillance.

The course combines theoretical lectures with practical examples and case studies extracted from real medical devices.

Equipe pédagogique
Amal BECHIK (amal.bechik@centrale-med.fr)

Yannick KNAPP (yannick knapp@univ-avignon.fr)

Adeline JANET (adeline janet@centrale-marseille.fr)

Total des heures 36h
CM Cours Magistral 24h
1D Travaux Dirigés 12h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Amal Bechikh
amal.bechikh@centrale-med.fr
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Sensors & Medical Telemonitoring

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prérequis
Basic understanding of signals and systems (desirable but not mandatory)
Introductory knowledge of wireless communications (helpful)
High School chemistry

High School (molecular) biology: receptors, enzymes, hormones, antigens, antibodies, RNA, DNA, glucose, cell, virus

Objectifs d'apprentissage

This course introduces the fundamental concepts and technologies of digital healthcare, with a focus on analytical devices, point of
care diagnostic biosensors, medical sensors, remote medical monitoring and medical data transmission. It covers sensor design
and fabrication, signal transduction techniques, basic concepts to characterize sensor performances, notions on acquisition and
digitization of physical signals, system architectures, communication technologies, and key challenges in designing reliable, efficient,
and secure telemedicine solutions, from basic applications to advanced scenarios.

Description du programme

This course provides a comprehensive introduction to digital health technologies, including biosensors, eHealth, telehealth,
telemedicine, and remote medical monitoring. It focuses on the principles and systems enabling continuous patient monitoring
through body-worn medical sensors, such as wearable and WBAN devices, and the acquisition of physiological signals (e.g., ECG,
SpO#, temperature) and the detection and quantification of biomolecules. The course also explores signal transduction approaches
as well as common concepts about sensor capabilities, such as sensitivity, dynamic range, bandwith, and noises. It will then cover
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the communication infrastructures required to transmit medical data reliably, covering both indoor environments (hospitals, homes)

and outdoor scenarios using cellular, satellite, and loT-based networks.

Based on these fundamental concepts, the course reviews key design challenges such as sensitivity, specificity, miniaturization,
reliability, latency, energy efficiency, and data security. Through a range of use cases, spanning basic remote monitoring to advanced
applications such as real-time telemedicine and telesurgery, students will gain insight into current technologies and emerging trends.
The course also highlights the role of Al, interoperability, and next-generation networks in shaping the future of connected healthcare.

Beyond catalogueing existing technologies, the goal is to provide a clear unified picture of the entire conceptual chain: Physical
quantity # transduction # signal conditioning # measurement # communication/inference.

Bibliographie

1. R.S. H.Istepanian, B. Woodward: m-Health: Fundamentals and Applications, Wiley-IEEE Press, 2016.

2. S.K.Manju, M.N.I. Sardar, Artificial Intelligence-based Healthcare Systems, Springer, 2023

3. N. Wickramasinghe et al., Telemedicine Technologies: Information Technologies in Medicine and Digital Health, Wiley, 2017

4. M. M. Ahmed et al. Biosensing in Healthcare Applications. Studies in health technology and informatics, [s. 1], v. 330, p. 393—

416, 2025.

5. Hobbs P C D 2009 Building electro-optical systems: making it all work (Hoboken, N.J: Wiley)

6. Pallas-Areny R and Webster J G 2001 Sensors and signal conditioning (New York: Wiley)

Equipe pédagogique
Teodora PERLES BARBACARU (teodora.perles-barbacaru@univ-amu.fr)

Thomas CHAIGNE (thomas.chaigne@fresnel.fr)

Ali Khalighi (ali.khalighi@centrale-med.fr)

Total des heures
CM

TD
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Infos pratiques

Nom responsable UE
Responsable pédagogique

Mohammad Ali Khalighi

% ali.khalighi@centrale-med.fr
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Introduction to Neurotechnologies

® & Crédits ECTS
O 3 crédits

En bref

Langue de cours: Anglais

Présentation

Prerequis
- Mathematics: Differential equations,

- Physics fundamentals: Electromagnetic fields, optics, and basic wave propagation

Objectifs d'apprentissage

= Understand the multi-scale architecture of the brain, from single-cell ion channels to whole-brain functional networks.

- Master a comprehensive taxonomy of neurotechnological tools (electric, magnetic, and optic) for brain measurement and
perturbation

Description du programme

This course offers an interdisciplinary immersion into neurotechnology and neuroscience, examining the brain's multi-scale
architecture—from single-cell ion channels to whole-brain functional networks—and the complete arsenal of technologies for
measurement and perturbation. The curriculum is built around experimental and technological development, systematically
covering electric modalities (microelectrode arrays and bioelectronics), optical modalities (optogenetics and advanced microscopy),
and magnetic modalities (transcranial magnetic stimulation and functional MRI). Advanced materials, high-specificity probes, and
signal extraction algorithms together enable us to monitor and perturb brain activity across spatial and temporal scales—essential
for understanding neural function and treating neurodegenerative and traumatic disorders.
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Teaching plan
1 - Introduction to neurosciences & neurotechnologies (Neurotech Center, F. Chavane)

This foundational module reviews the structure of the central nervous system and its electrical properties, including action potential
propagation. The course introduces a comprehensive toolkit taxonomy classifying neurotechnological tools by modality (Electric,
Magnetic, Optic) and measurement type (Direct vs. Indirect recording). A critical theme emphasizes why experimental work must
be co-developed with computational models to decrypt the neural code.

2- Bioelectronic neurotechnologies (EMSE Gardanne - D. Moreau & D. Reato)

This course familiarizes students with recent trends in bioelectronic neurotechnology research. It begins with an overview of
the state of the art and the fundamentals of designing hardware "in harmony with tissue.” Students then learn the principles of
microfabricating next-generation thin-film microelectrode arrays and analyzing electrophysiological signals through spike sorting.
The course also introduces closed-loop algorithms for adaptive stimulation therapies. This theoretical foundation is complemented
by a visit to the EMSE cleanroom and practical work on the electrochemical characterization of microelectrodes.

3 — Neurophotonics - Neurotech Center

Optical technologies provide cellular-level specificity and high spatiotemporal resolution, enabling simultaneous imaging and
stimulation of neural activity. This capability requires genetic modifications but unlocks unprecedented control over individual
neurons in animal models and in vitro systems.

- Fundamentals of Optogenetics and Applications — (E. Fino/M. Cazorla) -This module introduces optogenetics and photo-
activable systems, which use light-sensitive proteins to selectively manipulate neuronal functions with light. Students learn how
opsins can be used to activate or silence neurons while animals are performing a behavioral task. They will also learn about new
photo-sensitive tools that can modify brain connectivity patterns and alter animal behavior.

- Imaging cellular dynamics in brain on chip devices— (M. Cazorla) - "Brain-on-chip” systems combine microfluidic engineering
with microelectrode arrays to reconstruct neural circuits in vitro. These platforms isolate specific cellular compartments and enable
simultaneous electrophysiological and live imaging of cellular and subcellular events for mechanistic studies of neural disorders
and high-throughput drug screening.

- Microscopy & endoscopy for neurophotonics— (P. Berto) This module addresses optical strategies for accessing and manipulating
neural circuits deep within living brain tissue. Students learn how non-linear microscopy and fiber-based endoscopy overcome
light scattering for depth penetration, while holography, random access and light-field imaging enable high-speed stimulation and
monitoring of multiple neurons.

4 — Magnetic Technologies

Magnetic technologies offer non-invasive access to the entire brain, trading spatial resolution for accessibility. This trade-off makes
magnetic techniques uniquely suited to clinical applications and human neuroscience.
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- Transcranial Magnetic Stimulation (TMS) - (T. Brochier) - Uses electromagnetic induction to trigger cortical currents, serving as

a diagnostic probe or a therapeutic tool to modulate brain plasticity

- Magnetic Resonance Imaging (MRI) (J. Sein & J. El Zaher) - This module covers the physical foundations of nuclear magnetic
resonance—polarization, resonance, and relaxation of hydrogen protons—and how functional MRI uses the blood-oxygen-level
dependent signal to map whole-brain activity. Students explore the trade-offs between conventional high-field MRI and emerging
ultra-low-field approaches. Practical sessions with an Ultra-Low Field MRI system demonstrate why low-field technology offers
advantages in portability, cost-effectiveness, and accessibility for point-of-care neuroimaging

Equipe pédagogique

Pascal BERTO (pascal.berto@centrale-med.fr)
Julien SEIN (julien.sein@univ-amu.fr)

Maxime CAZORLA (maxime.cazorla@inserm.fr)
Frédéric CHAVANE (frederic.chavane@univ-amu.fr)
Davide REATO (davide.reato@univ-amu.fr)

Thomas BROCHIER (thomas.brochier@univ-amu.fr)
Elodie FINO (elodie.fino@inserm.fr)

David MOREAU (david.moreau@emse.fr)

Jana EL ZAHER (jana.el_zaher@centrale-med.fr)

Total des heures
CM

TP

Infos pratiques

Nom responsable UE

Responsable pédagogique
Pascal Berto

pascal.berto@centrale-med.fr
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Introduction to Bioethics

® & Crédits ECTS
O 2 crédits

En bref

Langue de cours: Anglais

Présentation

Objectifs d'apprentissage

At the end of this course, students will be able to understand the fundamental ethical principles governing biomedical research and
practice, critically analyze contemporary ethical challenges in biomedical engineering, and apply ethical frameworks to navigate
complex decisions involving genetic technologies and innovations in healthcare.

Description du programme

This course provides students with a comprehensive introduction to bioethics and the ethical challenges emerging from advances in
biomedical engineering and biotechnology. As biomedical engineers, students will encounter complex ethical dilemmas throughout
their careers—from decisions about patenting genetic discoveries to navigating the implications of gene therapy and novel medical
technologies. This course equips them with the ethical frameworks, international principles, and regulatory knowledge necessary
to make informed decisions and contribute responsibly to the development of biomedical innovations.

I. INTRODUCTION TO BIOETHICS
A. Definitions of bioethics and biomedical ethics

1. Definitions and evolution of concepts
2. Key dates and data
B. Laws and principles of bioethics

1. International principles of bioethics
2. French bioethics laws
Il. BIOMEDICAL ENGINEERING AND BIOETHICAL CHALLENGES
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A. Patentability of human life

1. Patentability of human genes: controversies
2. Authorized patentability
B. Exploitation of DNA by science

1. Collection of human genetic data
2. Genetic databases and testing
C. Eugenics, gene therapy and genetic scissors (CRISPR cas-9)

1. Definition of eugenics and eugenic practices
2. Discovery of genetic scissors: the CRISPR-cas9 method
D. Human cloning at the international level

1. Definition and international prohibition
2. Possible alternatives: CSA and iPS cells

Equipe pédagogique

Cynthia OCHIN ({4 cynthia.ochin@hotmail fr)

Total des heures 16h
CM Cours Magistral 12h
TD Travaux Dirigés 4h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr
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Computational Neurosciences

® & Crédits ECTS
O 2 crédits

Présentation

Prérequis

- Linear algebra, probability, and statistics
- Algorithms and programming (Python)

Objectifs d'apprentissage

By the end of this course, students should be able to:

- Understand the fundamental principles of computational neuroscience.

- Model individual neurons and neural networks.

- Apply computational neuroscience concepts to solve problems in engineering and artificial intelligence.

Description du programme

Computational neuroscience is a broad research field at the intersection of neuroscience and computer science.

Studying the nervous system from a computational perspective has two key goals:

- Explore bio-inspired alternative computing mechanisms (distributed computing, neural networks, event-driven programming).
- Understand brain function, from the representation of the external environment and internal processes to the operations performed
on these representations.

The lecture is divided in 2 parts

I- Neural Coding.

- Decoding and Interpretation of Neuroscience Data

- Binary coding

- Rate coding

- Spike-based coding

[I- Neural networks:

- Plasticity and learning
- Perceptron theories

- Attractor networks
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- Autoencoders and generative networks

Total des heures

Infos pratiques

Oh

Nom responsable UE

Responsable pédagogique
Emmanuel Dauce

¥ emmanuel.dauce@centrale-marseille.fr
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Semester 9 — Engineers for Smart Cities

Liste des enseignements

Nature CM TD TP Crédits

Industrial engineering, Professional development & Study trip UE 40h 7 crédits
Language & culture UE 2 crédits
Hands-on integrated project UE 40h 4 crédits
Smart energy & transitions UE 44h 4 crédits
Innovation management UE 44h 4 crédits
Smart & sustainable cities UE 44h 4 crédits
Urban design for sustainable neighbourhoods UE 44h 4 crédits
Smart mobility & transportation UE 44h 4 crédits
Digital Cities UE 44h 4 crédits
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Industrial engineering, Professional development &

Study trip

® & Crédits ECTS
O 7 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 40h
D Travaux Dirigés 40h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Matteo Caglioni
mcaglioni@intervenants.centrale-med.fr
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Language & culture

® & Crédits ECTS
O 2 crédits
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Hands-on integrated project

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
D

Infos pratiques

Travaux Dirigés

40h
40h

Nom responsable UE

Responsable pédagogique
Matteo Caglioni
mcaglioni@intervenants.centrale-med.fr
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Smart energy & transitions

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

Infos pratiques

44h
Cours Magistral 44h

Nom responsable UE

Responsable pédagogique
Matteo Caglioni
mcaglioni@intervenants.centrale-med.fr
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Innovation management

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 44h
CM Cours Magistral 44h

Infos pratiques

1 OO / 1 06 Syllabus (2026'2027) Centrale{>

Méditerranée



Centrale<>
Méditerranée

Smart & sustainable cities

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

Infos pratiques

44h
Cours Magistral 44h
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Urban design for sustainable neighbourhoods

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 44h
CM Cours Magistral 44h

Infos pratiques

Nom responsable UE

Responsable pédagogique
Matteo Caglioni
mcaglioni@intervenants.centrale-med.fr
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Smart mobility & transportation

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures
CM

Infos pratiques

Cours Magistral

44h
44h

Nom responsable UE
Responsable pédagogique

Matteo Caglioni
mcaglioni@intervenants.centrale-med.fr
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Digital Cities

® & Crédits ECTS
O 4 crédits

En bref

Langue de cours: Anglais

Présentation

Total des heures 44h
CM Cours Magistral 44h

Infos pratiques
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Semester 10 - Master Thesis

Liste des enseignements

Nature CM TD TP Crédits
Master Thesis Module 30 crédits
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Master Thesis

® & Crédits ECTS
O 30 crédits

Infos pratiques

Nom responsable UE

Responsable pédagogique
Olivier Boiron

olivier.boiron@centrale-med.fr

Responsable pédagogique
Julien Fade
julien.fade@centrale-med.fr

Responsable pédagogique
Frédéric Schwander

frederic.schwander@centrale-med.fr
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