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MAJOR
PROJECTS
Over the course of the past year, a number of external research funds have
contributed to the launch of new projects, the hiring of research students
and the acquisition of equipment that is essential to the operation of the
various laboratories at ÉTS. The following is a list of some of the promising
projects that were launched in 2016-2017.
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Financing

Research

Title

NSERC – DASSAU – PROMPT

Aissaoui, Rachid

Development of a Positioning Motor to Generate Plausible and Repeatable
Postures in Virtual Ergonomics

NSERC – PARC – CRITM

Bocher, Philippe

Development of a New Aluminium Alloy Forging Technology for
Automobile Suspension Applications

ARIANE – PRIMA – NANO

Cloutier, Sylvain G.

Smart Anti-Corrosion & Conductive Coating Technology for the Aerospace
Industry

MITACS – MESI – MEDTEQ

De Guise, Jacques

Design and Development of Automated Tools for Characterizing, Modeling
and Quantifying the Morphology of Osteoarticular Systems in Three
Dimensions Using Multiple Radiographic Vews

NSERC – UPC – PROMPT

De Guise, Jacques

Automated 3D Modeling of Oral Structures Using CBCT Images

MITACS – MESI – CRITM

Demers, Vincent

Development of Advanced Aluminium Joining Technologies for Railway
Fabrication Applications

MTMDET

Duhaime, François

Water Infiltration in the Ville-Marie Tunnel: Characterization and Potential
Solutions

PROMPT – MEDIA5 –
AXSE – NSERC

Gagnon, François

Low Latency and Highly Secure Protocols for Critical Communications

CRIAQ – NSERC

Garnier, François

Modeling of the impact of airport emissions on local air quality in the
Montréal Region ENV-722

NSERC – VERBOM –
InnovÉÉ – AAC

Jahazi,
Mohammad

High-Speed Thermo-Forming of 5083 Aluminium Alloy for Use in the
Automotive Industry

PW – NSERC

Moustapha,
Saïd-Hany

Propulsion System Integration and Optimization

NSERC

Nabki, Frédéric

Urgently Needed Reactive Sputtering Deposition System for Strategic
Thin-Film Materials in Microsystems and to Replace a Non-Functional
Evaporator

NSERC – AEPONYX –
PROMPT

Nabki, Frédéric

Microfabrication Platform for Guided-Wave Optics and Micro-electromechanical Systems Integration

NSERC

Nabki, Frédéric

Vibrational and Motional Characterization Test Benches for Micro-ElectroMechanical Systems

FRQNT – TUGLIQ

Rousse, Daniel

Net-Zero Northern Mining Community

NSERC – HQ

Soulaïmani,
Azzedine

Uncertainties in Digital Hydraulic Modeling of Dam Failures

PROMPT – EERS

Voix, Jérémie

Development of an In-Ear Wearable Device for Auditory Research and
Product Prototyping

NSERC – EERS

Voix, Jérémie

NSERC-EERS Industrial Research Chair in In-Ear Technologies
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MAIN RESEARCH FUNDING
CATEGORIES

Scholarships for postgraduate and doctoral studies are
included in total funding.
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…AND KEY
MESSAGES

Dear readers and friends,1
ÉTS has experienced continuous growth over the last 20
years, both in terms of its student population and the vitality
and impact of its research activities. This has led to the
addition of new spaces and new infrastructure assets over
the years, along with an increase in teaching staff and in
greater outreach on national and international scales. We will
revisit key indicators a little later.

and societal transformations of our time: ambient intelligence
(i.e. the fusion of ubiquitous connectivity and artificial
intelligence) and advanced manufacturing.
By creating a critical mass of research resources (researchers,
postgraduate and doctoral students, infrastructure assets,
showcases, living labs) within these areas of influence, ÉTS
can be recognized as a leader and as a preferred partner with
respect to major Canada-wide grant programs.

This unparalleled growth coincides with the dawn of Industry
4.0 and a new era of machine learning, artificial intelligence
and connected life, which the World Economic Forum
described in 2016 as a “transformation the like of which has
never before been seen in human history”.

The renewal of our teaching staff is another key ingredient when
it comes to meeting the challenges of this fourth industrial
revolution. Eleven new professors have been hired over the past
12 months, and a number of others will be hired over the short
and medium terms.

In keeping with a sustainable development perspective, the
economic, environmental and social challenges as well as
the various ethical issues raised by the design, application
and adoption of these disruptive technologies must be dealt
with through a transdisciplinary approach. As engineers
responsible for ensuring that science serves humanity and
not vice-versa, ÉTS researchers have a significant role to play
in this “revolution”.

New infrastructure assets, new projects
Growth brings expansion, and 2017 was a banner year in terms of
infrastructure on the ÉTS campus. The expansion of the library,
the extension of the Maison des étudiants and the renovation
of the former Dow Planetarium will soon result in new spaces
being made available for students, new professors and young
entrepreneurs.

2017-2020 Strategic Research Plan
It is worth noting that sustainable development is an
underlying common thread of all research priorities in
our new 2017-2020 Strategic Research Plan. In fact, the
extensive consultation process involving ÉTS professors
that preceded the drafting of the Plan confirmed the need
for an integrated vision of development that encompasses
not only sustainability of resources and the security of data
and people, but also economic profitability. In keeping with
its mission, which is dedicated to “engineering for industry”,
ÉTS is fundamentally bound to this type of technology
crossover that is essential, for example, to the development
of Industry 4.0. In this document, we acknowledge the
important contributions that our professors are making to
this approach.
In order for ÉTS to maintain its position as a key player in the
establishment of industrial partnerships, and to become
a breeding ground for the development of internationally
recognized research networks and niches, these new
paradigms must be integrated into our research program
immediately.
Eight priority research fields are at the forefront of the new
Plan for 2017-2020, and are joined by two major cross-cutting
challenges that correspond to the most significant industrial

A growing number of new technologies have emerged
from our laboratories, and from student initiatives through
Centech, the ÉTS business incubator. This renewed interest in
entrepreneurship requires larger and more visible spaces, which
is why the former Dow Planetarium was selected to become a
showcase for budding entrepreneurs at ÉTS.
Research and entrepreneurship intersect at the Open-Air
Laboratory for Smart Living (LabVI.ca), which was launched
in 2016-2017. An initiative of Vidéotron, in collaboration with
Ericsson, ÉTS and Montréal’s Quartier de l’innovation (QI),
LabVI enables hands-on, real-world testing of technologies
designed to improve and simplify the daily lives of Québecers.
This unique collaboration brings together the expertise, the
knowledge and the technology required to implement landmark
smart technologies, such as 5G and the Internet of Things,
on a large-scale testing ground. Located in the very heart of
the QI, LabVI is a collaboration model through which citizens,
academia, industry and local businesses as well as the municipal
government position our city as a Canadian leader in the next
technological revolution.
In terms of new large-scale projects launched between April
2016 and March 2017 (p. 5), the NSERC-EERS Industrial Research
Chair in In-Ear Technologies is a perfect example of sustainable
collaboration that opens up access to the higher echelons of

1
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Please note that the reference period is from April 1, 2016 to March 31, 2017.
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research in Canada. EERS has decided to take things to
the next level by locating its entire staff at the ÉTS INGO
Innovation Centre, which is dedicated to hosting research
“cells” from partner companies.
Numbers don’t lie
As mentioned in the introduction, ÉTS has experienced
continuous growth in both teaching and research. At
the time of writing this document, the total student
population had reached 10,700, which represents a 1.7%
increase over the previous year. Among these students,
2,800 are studying at the postgraduate level, up by 3.7%
over last year. This includes an increase of approximately
10% in the number of doctoral students (665 registered).
Finally, 120 postdoctoral interns contribute to the
execution of our research projects, sharing their
experience and providing invaluable support for our
professors and students.
With respect to the scientific advances made by our
faculty, I would like to invite you to meet eight of our
experts and find out for yourself in the following pages
(pp. 14-29). Each of these projects represents one of
our major fields of R&D, as illustrated in the Strategic
Research Plan diagram (pp. 10-11).
I would like to conclude by acknowledging the incredible
support that we receive from the entire ÉTS community.
The success that we have enjoyed in research is only made
possible through the sustained and concerted effort of
our professors, research professionals, postgraduate and
doctoral students and support staff.

Thank you and congratulations to everyone!
Charles Despins
Director, Faculty Affairs, Research & Partnerships

ENGINEERING SCIENCES
Ideation and design
Modelling, simulation, analysis, optimization
Operations management, production management,
supply chain management

To provide an accurate representation of the scope and specificity of the research initiatives undertaken at
ÉTS, we have created a matrix featuring our eight major domains of R&D. The first five domains (columns)
correspond to business sectors recognized as key by the economic milieu, industrial clusters, and various
levels of government. Active fields of research at ÉTS that belong to one or another of these major domains
are listed at the bottom of each column.

Innovation management

SOFTWARE AND COMPUTER APPLICATIONS
Software engineering, security, biometry, surveillance
Multimedia: AI, computer graphics, interfaces, video,
vision, voice, digital documents

The three enabling technologies (rows) correspond to leading approaches in engineering R&D, ranging
from the most theoretical (ideation and design) to the most tangible and/or practical (materials
characterization, nanotechnologies). In turn, these three domains, which are of competitive interest to all
business sectors, encompass various categories of activity.

Maintenance, quality, embedded systems

MATERIALS AND FABRICATION
Product development and prototyping, manufacturing
process optimization

Fabrication: clean, high-speed and high-performance
machining

ENERGY

Nanotechnologies

Electric power generation, transportation and distribution
Power electronics, energy efficiency
Renewable energies
Thermal energy, energy conversion, biofuels



Aerodynamics, aeroservoelasticity



Manufacturing processes, in-service performance, avionics


Public transportation, cyber-transportation



Propulsion and gas turbine engines

Climate change
Construction, urban infrastructures, rehabilitation
Roads, bituminous materials
Soil decontamination, water treatment, recycling

Electro-optical and RF devices, microsystems, sensors, MEMS, RFID
Microelectronics, LTCC microfabrication
Telecoms

HEALTH TECHNOLOGIES

Machine components: pressure tanks, seals, tribology and gears

INFORMATION AND COMMUNICATIONS TECHNOLOGIES

Machine dynamics and vibration

The table clearly reveals the interdependence among sectors and technologies, enabling the positioning of
each professor and each research project at a point where a business sector and an enabling technology meet.

ENVIRONMENT AND CONSTRUCTION

Manufacturing systems, robotics, automation

Characterization of materials and in situ testing;
development of advanced materials



STRATEGIC
RESEARCH PLAN

Project management, life cycle analysis, certification

AEROSPACE AND LAND TRANSPORTATION

ENABLING TECHNOLOGIES

BUSINESS SECTORS

Biomechanics and biomaterials
Medical imaging and devices
Occupational health and safety
Telehealth, electronic patient records
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RESEARCH
CHAIRS AND
UNITS BY SECTOR
OF ACTIVITY
Aerospace and Land Transportation

Health Technologies

Canada Research Chair for Aircraft Modeling and Simulation Technologies

NSERC-EERS Industrial Research Chair in In-Ear Technologies

ArianeGroup Research Chair on Emerging Materials in the Aeronautics and Space Sector

Canada Research Chair in Engineering Innovations in Spinal Trauma

Industrial Research Chair in Forming Technologies of High-Strength Alloys (CM2P)

Canada Research Chair in 3D Imaging and Biomedical Engineering

ÉTS Research Chair in Strengthening and Rehabilitation of Civil Infrastructure

Canada Research Chair in Precision Robotics

ÉTS Research Chair on Engineering of Processes, Materials and Structures for Additive Manufacturing

Canada Research Chair in Biomaterials and Endovascular Implants

Research Laboratory in Machine, Process and Structural Dynamics – DYNAMO

ÉTS Research Chair on Interactive Robotics

Composite Materials Manufacturing and Characterization Laboratory – LFCMC

ÉTS Research Chair on Artificial Intelligence in Medical Imaging

Research Laboratory in Active Controls, Avionics and Aeroservoelasticity – LARCASE

Marie-Lou and Yves Cotrel Research Chair in Orthopedics at Université de Montréal and ÉTS

Thermo-Fluids for Transport Laboratory – TFT

Research Team in Work Safety – ÉREST

Products, Processes and Systems Engineering Laboratory – LIPPS

Montréal Acoustic Research Group – GRAM

Optimization of Aerospace Manufacturing Processes Laboratory – LOPFA

Interventional Imaging Laboratory – LIVE

Laboratory of Space Technologies, Embedded Systems, Navigation and Avionics – LASSENA

Control and Robotics Laboratory – CORO

Shape Memory Alloys and Intelligent Systems Laboratory – LAMSI

Biomedical Information Processing Laboratory – LATIS
Imaging and Orthopedics Laboratory – LIO

EnergY
Canada Research Chair on Electrical Energy Conversion and Power Electronics

Information and Communication Technologies (ICT)

ÉTS Research Chair on Electricity Networks Security

NSERC-Ultra Electronics Chair on Wireless Emergency and Tactical Communications

Power Electronics and Industrial Control Research Group – GREPCI

Canada Research Chair in Smart Sustainable Eco-Cloud
Canada Research Chair in Hybrid Optoelectronic Materials and Devices

Environment et construction

Dr. Richard J. Marceau Chair on Wireless IP Technology for Developing Countries

Pomerleau Industrial Research Chair in the Integration of Construction Practices and Technologies
ÉTS Research Chair on Blends and Nanocomposites Based on Thermoplastics
Research team specialized in Development and Research on Structures and Rehabilitation – DRSR
Research Group in Integration and Sustainable Development in Built Environment – GRIDD
Research group specialized in Development and Applied Research in Environmental Modeling – DRAME

ÉTS Research Chair on Terahertz (THz) Optoelectronics
ÉTS Research Chair on Physical Layer Security in Wireless Networks
ÉTS Research Chair on Adaptive and Evolutive Surveillance Systems in Dynamic Environments
Communications and Microelectronic Integration Laboratory – LACIME
Laboratory for Multimedia Communication in Telepresence – SYNCHROMÉDIA
Multimedia Research Laboratory – LABMULTIMEDIA

Geotechnical and Geo-environmental Engineering Laboratory – LG2

Organizational Engineering Research Laboratory for the Digital Enterprise – NUMERIX

Engineering for Sustainable Development Laboratory – LIDD

Laboratory for Imagery, Vision and Artificial Intelligence – LIVIA

Pavements and Bituminous Materials Laboratory – LCMB

Computer System Architecture Research Laboratory – LASI
Cognitive and Semantic Interpretation Engineering Laboratory – LINCS
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PROFESSOR ÉRIC WAGNAC

UNDERSTANDING,
PREVENTING AND
TREATING SPORTS
INJURIES
What are the specific phenomena that
affect the tissues of the spinal column
and the head in cases of violent
impact, such as during sporting
events? That is the question at the
heart of Éric Wagnac’s research, as he
strives to understand, prevent and
treat these types of injuries.

Lerouge, another Professor at ÉTS,
to test medical solutions, including
hydrogels intended to regenerate
intervertebral discs that are subject to
degeneration. Among other things, his
test benches measure the mechanical
strength of the spine following the
injection of hydrogels.

More specifically, the Professor
from the Mechanical Engineering
Department is seeking to characterize
the mechanical properties of these
tissues and to use experimental and
numerical methods to study the
anatomical and biomechanical factors
that influence the nature and severity
of spine and head traumas.

Concussions
The brain is attached to the spinal
column, and therefore, the tissues are
very similar. The white matter and grey
matter that are found in the spinal cord
continue into the brain. In light of this,
it was only natural that the focus of Éric
Wagnac’s work would evolve toward
the head, with a particular interest in
concussions, which he approaches by
carrying out field measurements using
telemetric sensors. Professor Wagnac
studies the phenomenon of head
acceleration in cases of impact while
playing certain sports, among other
aspects.

Éric Wagnac is primarily interested
in traumas caused by impact during
sporting activities (hockey, soccer,
judo, sliding sports, etc.) or accidents
involving recreational vehicles. One
of his projects involves developing
tools to be used in designing hockey
helmets and protective cervical
collars to be worn by motorcyclists
and snowmobilers. In another project,
Professor Wagnac is working with
a start-up company called POZA
Backwear to develop a lumbar belt
that can also be worn by athletes. In
the same vein, a harness designed for
circus performers who build human
columns is in development, and will
soon undergo testing.

Regardless of the perspective he
adopts or the subject of his research,
Professor Wagnac’s objective remains
the same: to help athletes by better
understanding sports injuries to the
spinal column and the head, with a
focus on treatment and prevention.

Testing new treatments
Another focus of Professor Wagnac’s
scientific research is the treatment of
traumas. He is working with Sophie

- 14 -
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PROFESSOR ISMAIL BEN AYED

THE USE OF
ARTIFICIAL
INTELLIGENCE IN
THE MEDICAL
IMAGING FIELD
Current image acquisition techniques
are highly developed. Magnetic
resonance imaging, tomography,
radiography and sonography have
all seen significant advances, and
they produce billions of images every
day. Ismail Ben Ayed sees this as an
incredible medical potential that has so
far been underexploited.

The power of algorithms
The key to producing these types of
results is knowing how to develop
highly complex algorithms, but a keen
understanding of the medical issue in
question is also required. Ismail Ben Ayed
works with healthcare professionals,
who submit cases to him. He then
develops mathematical models that
allow for millions of images to be
processed, analyzed and interpreted
with a high degree of precision.

The limits of interpretation
Having access to medical imagery has
been of great importance in healthcare
for many years. These images allow for
a diagnosis to be reached, a therapeutic
approach to be defined and the progress
of the condition to be monitored.
However, medical imaging has always
been limited by the capacity of human
interpretation. The main obstacle is
quantity. Nobody can analyze millions
of images. Quality is another challenge,
because medical images are often noisy,
with poorly defined contours, and
therefore, it is difficult for the human eye
to achieve a precise reading. As a result,
the risk of error remains high.

The challenges to be met in the coming
years
In the years to come, experts in the
application of artificial intelligence to
medical imaging will face significant
challenges. The ÉTS Researcher has
identified the three main issues:
1.

2.

Artificial intelligence
The solution? Artificial intelligence.
3.
Artificial vision has undergone incredible
advances in recent years, thanks in
large part to major breakthroughs in
optimization and an explosion in the
calculating power of computers. Artificial
intelligence can process millions of
images in only a few seconds, and is
able to recognize with extreme precision
significant information that would have
taken a radiologist months to find.

- 16 -

Compiling precise diagnostic
measures automatically or semiautomatically based on medical
images.
Predicting events: Computer
programs that are capable of
processing millions of images
may be able to identify those that
indicate a risk.
Predicting the results of treatment,
such as during a surgical procedure,
or monitoring a disease (e.g.:
cancer) by measuring the progress
of a tumor.

Artificial intelligence is redefining the
paradigms and expanding the horizons of
medical imaging. Researchers like Ismail
Ben Ayed are the masterminds behind
this transformation.

- 17 -

Information and Communication
Technologies

PROFESSOR CLAUDIANE OUELLET-PLAMONDON

ADVANCED
MATERIALS: FROM
THE CARBON
FOOTPRINT TO
3D PRINTING
Materials are of such great importance
that they are used to define certain
major stages in the development of
mankind. So now, after the Stone Age,
the Bronze Age and the Iron Age, and
following the refinement of production
techniques, one could say that we are
currently in the “Advanced Materials
Age”. Researchers in this rapidly
evolving field are developing materials
with new properties for untold
applications in a vast range of sectors.
Claudiane Ouellet-Plamondon
joined the Construction Engineering
Department at ÉTS as a Professor
and Researcher in the fall of 2014.
The primary focus of her work is the
characterization of materials and
researching new properties with a view
to developing advanced materials for
the built environment of the future.
These materials should contribute to
the reduction of the carbon footprint,
among other applications.

a small amount to transform materials
and improve their properties, including
the ability to capture and catalyze
pollutants, change electrical conductivity
when modified with other additives and
strengthen composites and coatings”, she
explains.
3D printing of a multifunctional wall
Clay can also change the rheology of
materials, or the way in which materials
change when subjected to various
forces, and allow for 3D printing of
cementitious materials, for example.
However, Professor Ouellet-Plamondon
is taking this concept to the next level.
In effect, she is seeking to create a
mortar that will allow for the 3D printing
of walls composed of multifunctional
materials with complementary
properties, such as acoustic and
thermal insulators, to act as both
structural support and a carbon sink!
Professor Ouellet-Plamondon’s
knowledge of biological science sparked
her interest in other fields, including
the biomedical sector, and she is also
studying self-repairing construction
materials and exterior coatings that can
use light, or in other words, transform
the sun’s energy in the same way that
plants do, but for roads and buildings.

Professor Ouellet-Plamondon holds a
Master’s degree in Biological Sciences
from Université de Montréal, a PhD in
Engineering from Cambridge University
in England and a Postdoctoral degree in
Sustainable Materials Engineering from
ETH Zurich, which is nicknamed “the
Nobel Prize school”, because 21 Nobel
laureates have studied or taught there.
The use of clay in advanced materials
Improvements in characterization
methods are an area of keen interest
to Professor Ouellet-Plamondon, who
works primarily at the nanometric scale.
Functional clay is an important part of
her work. Accessible and abundantly
available, clay can play a number of roles.
“Clay is like a condiment. You only need
- 18 -
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PROFESSOR RUXANDRA BOTEZ

DEFINING THE
AIRCRAFT OF
TOMORROW
Montréal has forged a solid reputation
in the aeronautics sector, and
along with Seattle and Toulouse,
is considered one of three main
aerospace centres in the world. In
fact, the Montréal Metropolitan Area
is responsible for 60% of all Canadian
production in this sector. More
than 235 companies employ 42,000
individuals, and 70% of all Canadian
aeronautics research funds are
invested in this area.

CAE, the UAS-S4 autonomous flight
system designed by Hydra Technologies
in Mexico and the Price-Païdoussis
subsonic wind tunnel. It is also home
to many dozens of passionate students
and researchers from all academic
levels, who are working together to
define the aircraft of tomorrow.
Exceptional contributions
Professor Botez has made significant
contributions to aeronautics research
from both a theoretical and practical
perspective. Her work has been cited in
many scientific journals, and has earned
her team numerous prestigious awards
and distinctions.

ÉTS has attained a very favourable
position in the aeronautics research
industry, due in large part to the fact
that one of the world’s leading experts
in this field, Professor and Researcher
Ruxandra Botez, has been at ÉTS since
1998.
Major aeronautics projects
Holder of the Canada Research Chair
in Aircraft Modeling and Simulation
Technologies, and founder of LARCASE
(Research Laboratory in Active Controls,
Avionics and Aeroservoelasticity),
Ruxandra Botez initiates and
implements major aeronautics projects
at ÉTS, working in collaboration with
Canadian partners (Bombardier, CMC
Electronics-Esterline, Thales, Bell
Helicopter Textron, CAE, FLIR Systems,
Presagis, the Aerospace Research Centre
at NRC) and international partners in
Europe (CIRA, University of Naples in
Italy, University of Craiova in Romania),
the United States (NASA), Mexico (Hydra
Technologies) and other countries.

Advances in the “green” aircraft
technologies
Professor Botez also conducts research
into solutions aimed at reducing
greenhouse gases. Her teams focus their
efforts on the technology of wings and
other morphing aircraft components
that allow for drag to be reduced thanks
to the use of active control systems. In
addition, the researchers are developing
methods for optimizing flight
trajectories, which will also contribute
to fuel consumption reduction.

Her laboratory houses a number
of highly sophisticated pieces of
equipment, including the Research
Aircraft Flight Simulator for the Cessna
Citation X business jet designed by

- 20 -

- 21 Aerospace and Land Transportation

PROFESSOR FRÉDÉRIC NABKI

MICROSYSTEMS
IN OUR
DAILY LIVES
How many transistors fit onto
a single microchip in the latest
iPhone? A thousand? A million?
Billions! An unimaginable number.
Microelectronics engineers are
working on this scale, where
measurements are in nanometres, to
design the ultra-sophisticated microelectro-mechanical systems and
microelectronics that are at the heart
of numerous technological devices.
Welcome to the microscopic universe
of Frédéric Nabki.
Micro-electro-mechanical systems
and microelectronics
The arrival of micro-electromechanical systems (MEMS) at the
end of the 1980s brought about rapid
changes in the world of electronics.
MEMS found their way into a vast array
of devices, from airbag deployment
systems to projectors used in
classrooms to video game consoles and
everything in between.
MEMS with integrated microelectronics
improve the functionalities of
electronic devices in a multitude of
applications in our daily lives, including
automobiles, smart phones, game
consoles and printers, to name but a
few. MEMS are the main components
behind devices that can count your
steps and smart phones that can
detect their own movement. Professor
Nabki is also involved in testing a
variety of assembly techniques in this
micrometric universe, with the aim of
miniaturizing MEMS-microelectronic
hybrid systems even more.

Miniaturizing optics
In addition to electronics and
mechanics, Frédéric Nabki is also
interested in the miniaturization
of optics, and more specifically,
in methods for integrating optical
functionalities into micromechanical
structures. His cutting-edge work in
this field is being carried out in part
with AEPONYX, a Québec-based
start-up.
Transmitting information wirelessly
using much less energy
In parallel with his work involving
MEMS, microelectronics, optics and
miniaturization, Professor Nabki also
focuses on the wireless world and
methods for transmitting information
using much less energy.
Consider all of the products that
monitor our physical activity, such
as Fitbit devices and the Apple
Watch. Their autonomy is extremely
low (approximately 24 hours for the
Apple Watch compared to close to
two years for a Timex watch). How
can this difference be explained?
One key reason is the large quantity
of energy consumed by the wireless
functionalities.
Working with SPARK Microsystems,
a start-up incubated at Centech at
ÉTS, Frédéric Nabki is developing
an integrated circuit that allows
information to be sent wirelessly using
very little energy. This extremely
promising technology has the potential
to define a new generation of wireless
products.
In a world where microscopic
devices offer increasingly numerous
functionalities, Frédéric Nabki has
great ambitions.
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PROFESSOR JEAN-MARC LINA

DELVING
INTO THE
MYSTERIES OF
THE BRAIN
Electricity and magnetism can
be major sources of information
concerning how the brain functions,
and by extension, concerning serious
and poorly understood conditions
such as epilepsy, Alzheimer’s and
sleep disorders. The work done by
Jean-Marc Lina represents a significant
advance in the use and interpretation
of electrical signals in the brain and the
resulting biomedical applications.
Jean-Marc Lina is a Professor in the
Electrical Engineering Department
and an expert in brain imaging. He
uses a variety of algorithmic signal
and information processing methods
to observe brain activity and better
understand its function or dysfunction.
The two main sources of information
are electroencephalography (EEG) and
magnetoencephalography (MEG). The
former involves the use of electrodes
placed on the subject’s scalp in order
to detect electrical signals generated
by brain activity, whereas the latter
allows for the magnetic fields produced
by the electrical activity of the billions
of neurons in the brain to be measured.
Jean-Marc Lina combines the data
collected via EEG and MEG to create a
detailed map of brain function.
Understand and treat epilepsy
Epilepsy can be controlled with the
use of medication. However, for socalled “pharmicoresistant” patients,
surgery may be the only solution.
Electromagnetic neuroimaging
(MEG-EEG) allows for the regions of the
brain that are linked to the patient’s
epilepsy and likely to be subject to
surgical removal to be identified.
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By using intracranial signals, the
Researcher and his colleagues have even
managed to develop predictive models
for epileptic seizures.
The eye is the window to the brain
The eye is a natural protrusion that
gives easy access to the brain, acting
as a veritable window that allows for
the collection of valuable information
concerning the health of the patient’s
neural system. One way of obtaining
this information is to analyze
electrical activity on the cornea, which
ophthalmological clinicians already do
in order to diagnose certain types of
retinopathy. Professor Lina would like
to analyze this signal more effectively in
order to be able to provide doctors with
a more powerful tool for their various
diagnostic and therapeutic protocols.
Sleep: Neglected and indispensable
We are quick to postpone sleep in favour
of other aspects of our lives that we see
as higher priorities. Like most experts in
sleep, Jean-Marc Lina believes that this
is a mistake. Nocturnal rest is crucial
to our health. For instance, we know
that one of the many benefits of sleep
is that it promotes the elimination of
beta-amyloids, toxic brain proteins
that are linked to Alzheimer’s. We also
know that sleep consolidates memories,
which facilitates learning and cognitive
activity. His research in this domain
consists of describing the functional
networks that sustain brain activity
during sleep and how those networks
change throughout a person’s life span.
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PROFESSOR HERVÉ LOMBAERT

UNDERSTANDING
SHAPES IN
MEDICAL
IMAGING
Doctors today face a tremendous
challenge when establishing
diagnoses. They analyze complex,
noisy and overwhelming images,
often with barely perceptible contours
of organs. They virtually have to
distinguish grey pixels from grey
backgrounds. As a result, images are
difficult to interpret, and the risk
for error is not an option. For Hervé
Lombaert, the analysis of shapes is
fundamental to medical imaging.
To fully exploit shapes in medical
imaging, there is a need to reconsider
how we look at shapes.
Hervé Lombaert is a Professor in the
Computer and Software Engineering
Department. His research is at the
intersection of artificial intelligence,
computer vision, mathematics and
medicine.
Representing the brain
According to Professor Lombaert,
there are two main reasons why
shape analysis is far from optimal
in medical imaging. The first reason
is that we often approach shape
analysis based on extrinsic geometric
information. The second reason is
that the complex details of shapes are
often oversimplified, or even ignored.
This is the case when analyzing brain
surfaces, which have a highly folded
geometry. The challenge is to develop
algorithms and datasets that fully
exploit the geometry of shapes in order
to construct computational models
that capture all of the fine geometrical
details of biology.
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The structure of the heart
Hervé Lombaert has also devoted
many years of research to modeling
the structure of the heart. His
advancements have enabled new
interpretations of cardiac images,
notably on new accurate models of the
cardiac fiber architecture.
Spectral graph theory
Professor Lombaert focuses particularly
on spectral graph theory, which is
fundamental to understanding the
intrinsic nature of shapes. To fully
grasp the fine geometrical details of
anatomy, he develops new computer
algorithms based on spectral graph
theory to generate statistics on complex
biological shapes. His work specifically
aims toward new representations of
shapes and novel statistical models of
shape dynamics.
Machine learning
Machine learning is an essential tool for
Professor Lombaert’s work. Despite the
recent rich advancements in machine
learning, the analysis of medical images
remains an exciting challenge. The
intrinsic nature of these images, their
extreme variability and poor readability,
create a stimulating opportunity for
research. He believes that medical
imaging is at the very frontier of several
research fields, notably machine
learning. His research focuses on
exploiting the geometry of shapes
and datasets in machine learning
algorithms. His work has led to new
advancements in exploiting geometry
for the statistical analysis of datasets,
with applications for the automatic
segmentation and classification of
medical images.
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PROFESSOR SOPHIE LEROUGE

A CELL-DELIVERY
HYDROGEL
TO FIGHT
CANCER
There is an immunotherapy treatment
that involves harvesting cells found
inside a tumor that “specialize”
in fighting the tumor. These cells
are called Tumor-Infiltrating
Lymphocytes (TIL). It takes billions
of TILs to eradicate a tumor, so they
must be multiplied in a laboratory
and then injected into the patient’s
bloodstream. Despite very promising
results, this treatment is limited by
cells spreading all over the body,
which limits their efficacy and creates
unwanted side effects.

It is no longer necessary to cultivate
billions of cells in the laboratory,
because only hundreds of millions are
now required, since they are delivered
directly to the targeted area. After
achieving very promising results in
vitro, the biogel is now being tested in
animals.

Sophie Lerouge, a Professor and
Researcher in the Mechanical
Engineering Department at ÉTS since
2007, and Réjean Lapointe, a Researcher
at CRCHUM, have recently developed
a biocompatible injectable gel that
allows for TILs to be injected and grow
close to cancerous tumors in order
to concentrate the immunotherapy
treatment. This is a very promising
development.
One of the characteristics of this new
biogel is that it remains in liquid state at
room temperature, and gels at 37oC. As
a liquid, it is easily mixed with the cells
and injected close to the tumor. Once
inside the body, it quickly transforms
into a macroporous gel that allows the
“encapsulated” cells to survive and
multiply rapidly before being released
to attack the adjacent tumor.
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The potential for chitosan-based
hydrogels is enormous, and expands
the limits of immunotherapy treatments
for cancer. Professor Lerouge’s team is
studying the possibility of using it for
other cell therapies or to regenerate
tissue, including intervertebral discs.
Professor Lerouge has held the Canada
Research Chair in Biomaterials and
Endovascular Implants since 2008,
and is Director of the Laboratoire de
biomateriaux endovasculaires (LBeV –
endovascular biomaterials laboratory)
at CRCHUM, a member of the Imaging
and Orthopedics Laboratory (LIO) at
ÉTS and an Associate Professor in the
Radiology, Radio-Oncology and Nuclear
Medicine Department at Université de
Montréal.
Focusing on clinical needs
Professor Lerouge has always dreamed
of applying her engineering expertise to
the field of medicine in order to improve
the health of the population. She is
committed to ensuring that her research
responds to concrete clinical needs, and
that the discoveries that result from the
multidisciplinary projects conducted
in collaboration with other researchers
actually end up helping patients.
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MAJOR OZONATION PROJECT FOR MONTRÉAL WASTE WATER
April 2016
Robert Hausler, a Professor at ÉTS, is one of the experts who were consulted with respect to
ozonation processes beginning in 2005. He has tested these processes directly on the City’s
waste water. In his opinion, they represent the right choice. He explains: “As a chemist and
engineer, I am convinced that this was the best decision, because the fish told us so. The water
became clear and had a pleasant odour, and the fish were a little plumper, because they were
well oxygenated.”

ARTIFICIAL INTELLIGENCE TO THE RESCUE
April 2016
Professor Ismail Ben Ayed dreams of creating algorithms that can detect signs that
are invisible to the naked eye with a view to predicting diseases. For example, consider
those afflicted with back pain. According to Professor Ben Ayed, “it is estimated that
approximately 5% of patients who undergo magnetic resonance imaging for this type of
pain present a risk of abdominal aortic aneurysm. If that occurs, it means immediate death.
Imagine a program that automatically repairs irregular diameters of the aorta, which is a
warning sign of a rupture. Lives could be saved.”

MONTRÉAL-BASED RESEARCH ADVANCING THE CAUSE OF
SCIENCE
April 2016
Sophie Lerouge, a Professor at ÉTS, and Réjean Lapointe, a Researcher at the CHUM
research centre, have developed an injectable biogel that allows anticancer agents to be
deposited directly into tumors in order to fight them. This biogel is compatible with anticancer immune cells, and is used to encapsulate them.

FROM THE SORTING CENTRE TO THE ROADWAY
April 2016
Researchers from ÉTS are studying the possibility of integrating recycled glass into the
manufacture of asphalt. This could give new life to the 192,000 tons of glass containers used
each year in Québec, 72% of which are recycled. According to Professor Michel Vaillancourt,
streets that are covered in this more durable and ecological type of asphalt are more
resistant to freeze-thaw cycles and provide similar grip and solidity properties compared
to traditional bituminous asphalt.

WORKING CLOSELY WITH NASA
June 2016
Professor Ruxandra Botez came into contact with NASA for the first time in 1996. Until
2004, she worked closely with the Structural Team at the Dryden Flight Research Center,
one of the leading centres of expertise in this field. From 2005 to 2011, she led a number of
other projects, working with a team dedicated to control systems. Among other projects,
Ruxandra Botez will be involved in the active aeroelastic wing program for the F/A-18 jet
fighter.

UNIVERSITY RESIDENCES MANAGED IN THE CLOUD
October 2016

ÉTS
AND ITS
RESEARCHERS
IN THE MEDIA
CREATIVE ENGINEERING
November 2016
For many years, the underground corridor linking the two main pavilions at ÉTS was quite
dull. However, two years ago, luminous tubing activated by the sound of passing people
began to appear on the ventilation ducts and other visible conduits. Passers-by could even
speed up the colourful luminous fluxes by blowing into a microphone mounted on the
wall. Named the Circuit de Bachelard, this work of art was the brainchild of a collaboration
between Jean Dubois, an Artist and Professor at UQAM, and Ghyslain Gagnon, a Professor
at ÉTS. The engineer’s expertise in signal processing, microelectronics and artificial
intelligence is instrumental in creating these types of highly original interactive pieces of art.

AEROSPACE: RESEARCHERS SUPPORTING INDUSTRY
November 2016
Designing an aircraft also entails refining the techniques for manufacturing and assembling
its components in order to reduce production costs. This is the approach employed by
Jean-François Châtelain, a Professor at ÉTS, in heading the project aimed at optimizing
the machining processes for composite parts and multilayer materials. Professor Châtelain
explains: “The objective is to create parts with no cracking, delamination or tearing,
because any defect can adversely affect the mechanical properties of the material.”

AN ELASTIC METAL ROD FOR THE BACK
(ÉLECTRONS LIBRES)
November 2016
Yvan Petit, a Professor at ÉTS, leads a research team at Hôpital du Sacré-Cœur de Montréal
that is developing a super-elastic metal rod using a nickel-titanium alloy that is heated by an
electric current, which can bend and then return to its original shape. This innovation will
help to improve spinal column surgery and back movement.

ENGINEERING: DEEP INSIDE FOUR MONTRÉAL LABORATORIES
January 2017

For the past year, Mohamed Cheriet, Professor and holder of the Canada Research Chair
in Smart Sustainable Eco-Cloud, has been working on the design of a cloud-based global
resource management system that combines Internet and other useful services, such as
heating and water control. The infrastructure and equipment required for this project
are currently being installed in residences at ÉTS in order to connect approximately one
hundred residential units to the system.
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Ilian Bonev, the Professor who is responsible for the Control and Robotics Laboratory, is
seeking to increase the precision of robots. “We are trying to make robots more precise,
capable of drilling to within a millimetre on aerospace components, for example. We are also
developing sensors that will allow robots to perceive their environment more accurately.”
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École de technologie supérieure (ÉTS), a part of the
Université du Québec network, educates professional
engineers and researchers who are recognized for
their practical and innovative approach. Ranked
among the largest engineering schools and faculties
in Canada, ÉTS is home to approximately 50 research
chairs, centres and laboratories, with which numerous
professors, postgraduate students and doctoral
students are associated. This synergy of expertise
and excellence contributes to the advancement of
science, the enhancement of productivity and quality
in industry and the training of a highly qualified
workforce.

For more information concerning the research chairs,
laboratories and groups at ÉTS, please consult the
Research and Innovation section of the ÉTS website,
at www.etsmtl.ca.

“Genius is one percent inspiration and ninety-nine
percent perspiration.”
– Thomas A. Edison

ets
mtl
.ca
École de technologie supérieure
1100 Notre-Dame Street West
Montréal QC H3C 1K3
Dean of Research Office: 514-396-8829
Information and registration for postgraduate studies: 514-396-8888

