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Sensors and Conditioning Circuits
This course teaches how to design an analog sensor interface and introduces
analog to digital conversion.
The different class of sensors will be presented. AOP amplifier structures will be
studied according to the sensor class and their linearity. The noise associated with the
AOP will also be discussed. The design of active filters will be detailed by addressing
the different approximations (Bessel, Butterworth, Papoulis,...) and low-pass, highpass, band-pass types. The main principles of analog-to-digital conversion will be
explained and applied in a lab.
Finally, students will have to make a lux-meter sensitive to 50Hz artificial lighting as
part of a mini project.
• Pallas-Areny R., Webster J. G., “Sensors and signal conditioning”, Wiley edition
• Fraden J., “Handbook of Modern Sensors”, Springer edition
Introduction to MEMS and Microelectronic Principles
The majority of sensors used in connected objects are now manufactured in
integrated MEMS (Micro Electro Mechanical Systems) technologies and controlled by
dedicated electronics, itself often integrated into the same manufacturing flow. This
class will introduce the design and fabrication principles of these components, as well
as their fields of application.
• Introduction to Integrated Circuit & MEMS Sensors and actuators (16h)
- General introduction
- Microfabrication principles
- Integrated circuit principles
- My first clean room lab
• Electromechanical Transducers
- Electrostatic Transducers
- Other transduction mechanisms
At the end of this class, the students will be able to understand the process for
manufacturing an integrated component and the associated set of photolithography
masks, and will understand the main transduction techniques used in MEMS sensors.
• Nadim Maluf and Kirt Williams, “An Introduction to Microelectromechanical
Systems Engineering” Second Edition, Artech House, 2004
Nanoelectronics for IoT
This course aims foremostly to give competencies in the analysis of
semiconductor technologies, from material studies to the design and analysis of
advanced semiconductor technologies used in nano-electronics. A clear focus will
also be given to the comparison of technologies, from advanced CMOS, low
dimension III-V structures, to quantum and low-dimensional technologies that are
essential to the domain of micro and nanoelectronics that give routes to further
integration in the field of IoT and others.
The course is divided into three main sections:
• Semiconductor fundamentals and understanding of low-dimensional structures
• Overview of the micro- and nano- technologies and comparisons
• The revised European Roadmap in Electronics and Photonics to address the
challenges of IoT and cyber-physical systems
• S.M. Sze, “Physics of Semiconductor Devices”
• M.A. Herman, “Semiconductor Optoelectronics”
• W.D. Callister, D.G. Rethwisch, “Materials Science and Engineering: An
Introduction”
• Marius Grundmann, “The Physics of Semiconductors”
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Radio Wave Propagation in Urban Environnement
The objective of this course is to study the physical mechanisms of the propagation
of radio waves in atmosphere, urban and indoor environments. The propagation
prediction will be studied according to different contexts of the deployment of the
communication systems and following the existing models and their associated
parameters. The selection of antennas and frequencies for radio communication will
be deepened and the corresponding link budgets will be evaluated. The statistical
characteristics of propagating signals will be described and the factors that impede or
enhance the radio propagation in different scenarios will be identified.
• Properties of electromagnetic waves
• Propagation mechanisms
• Communication system and basic models
• Atmosphere effects
• Fixed radio links
• Fading and multipath characterisation
• Mobile radio propagation
• Indoor radio propagation
• Future developments in the wireless communication channel
• Simon R. Saunders and Alejandro Aragón-Zavala, "Antennas and propagation for
wireless communication systems," John Wiley & Sons, 2007
• Fernando Pærez Fontæn and Perfecto Mariæo Espiæeira, "Modelling the wireless
propagation channel: a simulation approach with Matlab," John Wiley & Sons,
2008
• John S. Seybold, "Introduction to RF propagation," John Wiley & Sons, 2005
Nanomaterials and Nanosensors
The objective of this course is to provide a survey of the main nanomaterials and
their applications for sensing.
In the first part, we will introduce the fundamental knowledge for nanomaterials
(history, definition, type of nanostructure (0D, 1D and 2D), synthesis methods,
characterisation methods, and proprieties) and their applications.
In the second part, we will focus on nanosensors application in particular. We will
provide an overview of the state of the art of nanosensors, main elements for
nanosensors, nanosensor fabrication, surface functionalisation and nanosensor
applications. Among large nanosensor family, we will focus on semiconductor, carbon
nanotubes & graphene-based nanosensors. As sensing process, both optical and
electrical methods will be approached.
• Bharat Bhushan, “Springer Handbook of Nanotechnology”, 3rd revised and
extended edition, 2010
• Dieter Vollath, “Nanomaterials: An Introduction to Synthesis, Properties and
Applications”, 2nd Edition, Wiley-VCH, 2013
• Larry Nagahara, Nongjian Tao,Thomas Thundat, “Introduction to Nanosensors”,
Ed: Springer-Verlag New York Inc, 2007
• Kevin C. Honeychurch, “Nanosensors for Chemical and Biological Applications
Sensing with Nanotubes, Nanowires and Nanoparticles”, Ed. Elsevier, 2014
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General Introduction to IoT
This course teaches the main IoT standards and to get a good understanding of the
PHY layer and budget link possibilities.
This course will lead students to understand the architecture of an IoT network and
to identify the different protocols and their applications within the new standards in
place.
The different layers of the OSI model will be presented, with a focus on the lower
ones. The antennas, link budget aspects and link probabilities aspects will be
presented. The different possible digital modulations and their relevance to the IoT
(data rate aspect, receiver sensitivity...) will be investigated. Spectrum management
constraints will be addressed by presenting the different international and national
regulatory institutions (ITU, CEPT, ARCEP, ANFR...). IEEE 802 protocols will be
introduced, then classical protocols dedicated to IoT like Zigbee or 6LoWPAN will be
focused on. This course will also include a series of practical labs on the physical
layers of the OSI model (probability of contact, antenna design and experimental
measurements of indoor propagation).
• Adryan B., Obermaier D., Fremantle P., “The Technical Foundations of IoT”, Artech
House Mobile Communications Series
• Raj P., Anupama C. R., “The Internet of Things”, CRC Press
• Cirani S., Ferrari G., Picone M., Veltri L., “Internet of Things: architectures, protocols
and standards”, Wiley edition
Introduction to Optoelectronics and Photonics
The objective of this course is to provide students with a clear knowledge in the
structure of semiconductor-based photonics and optoelectronics components, their
physics and their structure. Students should be able to design new devices or to
understand the technology to be used. The focus will be given on optical waveguides,
photodetectors and lasers fundamentals.
• Photodetectors physics – PiN and APD devices
• Lasers fundamentals – the Fabry-Perot cavity
• Optical propagation – Fibers and Integrated Waveguides for PICs
• M.A. Herman, “Semiconductor Optoelectronics”, John Wiley & Sons Editions
• G. Lifantes, “Fundamentals of Photonics”, Wiley, 2003
• S.Prasad, H.Schumacher, A.Gopinath, “High-speed Electronics and
Optoelectronics (Devices and circuits)”
RF Modules
The objectives of this course are to understand the RF architecture of RX and TX
parts of a node device, to learn how to create an efficient node, and to have a better
understanding of indoor radio propagation.
This unit will focus on understanding RF equipment in a Wireless Sensor Network
(WSN). First, we will introduce the different basic architectures used in low-power
transceivers for IoT and WSN. Then, RF and DC dimensional quantities will be
presented for a good understanding of the characteristic parameters of the physical
layer used in the technical documentations. Several practical labs will allow the
student to familiarise themself with a simple RF module that can be programmed in C
language from a µC, with a focus on the consumption, data rate, range and link budget
aspects.
• Grace T., “Programming and Interfacing ATMEL’s AVRs”, Cengage Learning PTR
• Saunders S., Aragon-Zavala A., “Antennas and Propagation for Wireless
Communication Systems”, Wiley edition
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Environmental Sensors and Micro Devices
This course aims to introduce the major challenges related to sustainable
development and the way they can be addressed based on the use of micro-devices
and nanomaterials.
This course is organised in two parts. The first part is intended to give the
background on Smart Cities and Smart Sustainability and the related tools among
sensors, actuators and other remediation tools. The first part includes courses,
tutorials and Lab sessions.
The second part is a case study, where the students have to come up with a project
and elaborate on its soundness (compared with state-of-the-art), its potential impact,
and a plan for its detailed implementation.
More specifically, we will see how environmental sensors can contribute to
sustainability, leading to the concepts of Smart City and Smart Sustainability through
numerous innovative solutions, where the innovation can be either the sensor or the
way it is used for a specific innovative application. Special focus is put on two major
application areas: (1) Air Quality Monitoring, and (2) Water Quality Monitoring.
Emerging topics will be addressed as well, which include soil monitoring, precision
agriculture, structural health monitoring, environmental impacts on energy and health
which have the potential for numerous potential innovations.
Typical projects can be found here:
• https://www.c40.org/press_releases/hyperlocal-sensor-project-london
• http://www.proteus-sensor.eu/
• https://www.agrocares.com/en
• https://www.iotchallengekeysight.com/2019/entries/smart-land/171-0514133731-air-pollution-monitoring-using-wireless-sensor-network

First year – Soft skill courses
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Intercultural Management and Communication
• Intercultural Management:
- To introduce students to the main conceptual frameworks used in these fields
- To build awareness of their own cultural paradigm
- To implement and use the concepts presented in various intercultural and
• Organisational contexts
- To develop effective strategies of intercultural management
- To develop a hands-on, eclectic approach to dealing with intercultural problems
• Communication Skills 1:
- To improve general presentation skills
- To understand the key elements of a professional presentation
• Intercultural Management:
- Key concepts – Time, Space & Context
- Hofstede’s dimensions of culture
- Cultural variables from other writers
- Multi-cultural teamwork
- Managing diverse teams
• Communication Skills 1:
- Presentation Skills
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Corporate Finance and International Marketing
The aim of the course is to give a better understanding of the design of effective
monitoring systems based on physical models and computational engineering.
• An Introduction to Corporate Finance - Understanding financial statements and
their utility for financial analysis
• Understanding financial market, corporate financing, capital structure and risk
• An Introduction to International Marketing - What is marketing? Basics of
International Marketing. Marketing of Innovation
French Business Culture and Communication
• French Business Culture: the key or salient features of French culture related to
the world of work and business,
- To enable students to work more effectively in a French company
- To compare the French business environment to others using concepts from Int
Cultural Mgt course
• Communication Skills 2: Interview skills
- To make a CV as impressive as possible
- To write an effective cover letter
• FBC
- Analysis of French business culture
- Cases and role plays related specifically to French business contexts
• Communication 2
- Producing a CV and cover letter
- Preparation and simulation of a job interview
Introduction to Research
The objective is to learn the basics for good practice of academic research.
• How to do a bibliographic search
• How to read a scientific paper
• How to write a scientific paper
• How to prepare a scientific presentation
• How to write a lab book

2nd year – Technical courses
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Radio-com
The objectives of this course is to deepen your knowledge on the generic
architecture of a digital radio transmitter/receiver and to understand the technology
and key parameters for a full transmitter/receiver and for each individual block.
This course covers radio frequency electronics essential in digital radio
communication systems (mobile communication, local networks, etc.) and the
Internet of Things.
The first part of the course entitled "Principles & modelling" will present the methods
of design of a digital radio transmitter/receiver. The analog RF part will be approached
from the point of view of dimensioning and architecture.
The second part of the course, entitled "Designing RF and Microwave Integrated
Circuits", will outline the principles and methods of design of linear and non-linear RF
and microwave circuits that enter a digital transmission/reception chain.
A CAD commercial software will be used to develop and optimise your own RF
receiver.
• Tome 1, Geneviève Baudoin & Al, "Radiocommunications numériques"
• Tome 2, Martine Villegas & Al, "Radiocommunications numériques"
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Radio-over-Fiber and Optoelectronics for Smart Cities
• Initiate the students in knowledge of different basic concepts of optical fiber
networks (for telecommunications and sensors), the scattering phenomena in
optical fibers, interrogation techniques (OTDR and OFDR based techniques) and
the structures of Radio over Fiber network.
• Lead them to master the concepts and tools in order to optimise the operation of
RoF and optical fiber sensing networks
• Develop their ability to set up and evaluate the solutions of encountered problems
in the design of RoF and optical fiber sensors network according to given
specifications.
The course gives an overview of the optoelectronics-based techniques for smart
cities, and is centered on the “key” element to everything for a smart city: optical fibre.
It covers telecommunication, sensing and data analysis solutions.
In the first part, we will focus on the optical fibre evolution for telecommunication
and sensing applications (history, standards, types and classifications, components
and functions, optical network design, data driven monitoring and future trends).
Different case studies are discussed in the domain of structural health monitoring.
The second part of the course is based on the Radio-over-Fiber technology (RoF),
including components and functions, RoF architectures, challenges to be resolved.
Case study by combining sensing elements and RoF technology is also discussed.
• “Fibre Optic Communication: Key Devices, Springer Series in Optical Sciences” ©
2017
• “Radio over Fiber for Wireless Communications: From Fundamentals to Advanced
Topics”, Wiley-IEEE Press © 2014
• “An Introduction to Distributed Optical Fibre Sensors”, CRC Press © 2018
Reliability & Integration of a Wireless Sensor Network
The aim of the course is to give a better understanding of the design of effective
monitoring systems based on physical models and computational engineering.
This course focuses on case studies in field applications of ambient vibrations and
water networks monitoring. Measurement specifications, data processing and
analysis techniques will be introduced to design and develop monitoring systems.
Examples of structural heath monitoring will be presented. Extended applications to
low power systems powered by energy harvesting systems will also be included in the
course. The session on the state of the art in the monitoring of structure will be
delivered with the support of an industrial company. In addition, lab works using
vibration and water quality testing facilities will be proposed.
• H. Wenzel and Dieter Pichler, “Ambient Vibration monitoring”
• Perry’s Chemical Engineers Handbook, Chap. 8 on process control
Energy Transfer & Harvesting
Ambient energy recovery has recently emerged as a solution to power autonomous
sensors. This is a key point for the success of wireless sensor networks and the
Internet of Things (IoT). The objective of this course is to present different techniques
used for the production of electrical energy from the sensor environment. Particular
attention will be paid to technologies for the recovery of energy from electromagnetic
waves and mechanical vibrations using electrostatic/triboelectric and piezoelectric
transductions.
• Basics of energy harvesting for small sensors,
• Vibration energy harvesting: transduction technics, nonlinear phenomena,
behavioral modelisation,
• Wireless radio-energy transfer/harvesting: near-field and far-field WPT systems,
inductive coupling, rectenna circuits, RF-to-dc conversion mechanism, topologies
and arrays, design considerations
• P. Basset, E. Blokhina, and D. Galayko, "Electrostatic kinetic energy harvesting”,
Hoboken, NJ: Wiley, 2016
• Nikoletseas, Sotiris, Yuanyuan Yang, and Apostolos Georgiadis, eds. "Wireless
power transfer algorithms, technologies and applications in ad hoc communication
networks". Springer, 2016
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Antennas for Embedded Systems
This course aims to understand the physics of Maxwell equations and to design a
small antenna with professional software
This course applies the results of Maxwell equations to modern aspects in the field
of embedded systems. Students will first be introduced to antenna basics (radiation
mechanism, radiation pattern, efficiency, impedance) and then gain fundamental
knowledge on small antenna design. An important part of practical lab will introduce
them to the powerful tools of electromagnetic simulations. First, this will be introduced
with Numerical Electromagnetic Code (NEC) to model and better understand simple
and canonical small antennas. Then, more sophisticated software as HFSS will be
introduced, and students will design and build a four band small antenna fabricated
on a PCB for GSM, UMTS and WiFi applications.
• Zhang Z., “Antenna Design For Mobile Devices”, Wiley edition
• Volakis J. L., C.-C. Chen, K. Fujimoto, “Small Antennas”, Mc Graw Hill edition
MEMS Sensors
The objective of this course is to learn the design, simulation methods and tools for
multi-physics components including MEMS devices. Two case studies will be
developed, dealing with the design of inertial MEMS.
• Basics of MEMS fabrication
• Inertial MEMS
- accelerometer
- gyroscope
• Other MEMS sensors:
- for environment,
- for energy,
- for airborne particle contamination
- for healthcare
- for biology
• Stephen D. Senturia, “Microsystem Design”, Springer ed., 2000

2nd year – Soft skills courses
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Corporate Profiling
• After participating in the first part of the course (12hrs) students should be able to:
- Find out basic information about any company, enterprise or organisation
- Be able to use basic tools of Business Analysis, such as SWOT, PEST, Ansoff
matrix, BCG analysis, Porter’s 5 Forces etc.
- Use these tools and techniques during their post-graduation job search
• Communication Skills 3
- Students should be able to give an effective professional presentation
Students will:
• Carry out detailed research of selected businesses
• learn the basic tools of Business Analysis
• analyse their chosen businesses
• present their findings to the group
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Project management and innovation management
At the end of the module, the student will be able to:
• Know the major concepts of project management and implement tools (team
management, budget, organisation) in a simple innovation project;
• Distinguish the different types of innovation and indicate the consequences on the
organisation of a project;
• Know the major stages of design thinking and practice them on a simple project.
• Project management: introduction, structure, research, operation, structuring,
what is working in a team?
• Design-thinking and innovation: introduction, ethnographic research and insights,
brainstorming and creativity, prototyping, storytelling, reflexivity
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