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Some of the major research and development happening at the CEA is in 
service to the digital transition. In fact, these activities occupy a major 
position in the CEA strategy plan approved by the French government in May 

2019. Not only will digital technology be crucial to addressing grand challenges 
like the energy transition and the medicine of the future, our sovereignty and 
prosperity will depend on how successful we are at ensuring broad access to 
these technologies across all subsegments of the economy and society. 

In 2020 I initiated a review of our digital technology strategy, starting with an 
organization-wide inventory of our strengths, which we benchmarked against the 
world’s other major research organizations. We also began to draw the contours of 
our digital technology research and development for the coming years. The idea 
was to identify the strategic research areas that would position the CEA to step 
fully into its role of supporting France’s industrial economy while addressing the 
environmental and societal issues raised by the adoption of digital technology 
and maintaining the organization’s scientific and technical depth. 

Guiding the responsible implementation of digital technology and ensuring 
France’s sovereignty on technologies vital to the nation’s strategic independence 
and the resilience of its economy are no small tasks.

Our digital technology strategy sets forth our main research and development 
goals, of course. But it also outlines the resources we will deploy in service to 
this mission. Some of these resources will be used to generate synergies both 
within our organization and with our research partners, primarily in France and 
other European countries. 

François Jacq 
Chairman, CEA
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The CEA is one of very few research and technology organizations in the world to combine international-caliber exploratory research, early-
stage basic research aligned with technology roadmaps, technology research in close collaboration with businesses, and large scientific 
communities that co-develop and use beyond-state-of-the-art digital technologies. 

The CEA occupies a position of leadership among a cohort of fourteen other major research and technology stakeholders in the digital arena. 

THE CEA’S POSITION IN DIGITAL  
TECHNOLOGY IN FRANCE AND INTERNATIONALLY 
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THE CEA IN FIGURES

55%

of the CEA's publications  
concern digital technology 

63%

of the CEA's patent applications 
concern digital technology 

2nd

+ + + + +   + + + + 
leading patent filer of the cohort 

by total patents filed  
over the past 3 years 
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+ + + + +   + + + + 5th
 for publications, with over 

59,100 publications from 2000 to 2019. 
Scientific depth is one of the things that 

 distinguishes the CEA from the other European RTOs 

Home to broad, deep digital technology research and development,  
the CEA has built up a critical mass of: 

3,000+ researchers investigating topics related to digital technology 

50 digital technology R&D platforms 

5th

The CEA has won 51 ERC  

grants, compared to  8 for IMEC,  

4 for Fraunhofer and 1 for VTT

51
8

4

1

59,100
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THE CEA’S VISION 
OF THE DIGITAL FUTURE 

It is impossible to predict how digital technology will evolve. Major advances that seem to 
come out of nowhere are not new to the world of technology. But the contours of the digital 
future are visible and can and should inform our decisions. 

  The digital space will be superimposed on physical space, and navigation between fixed 
and mobile devices will be fluid and unbroken. 

  The interfaces between users and the virtual world will play a decisive role in making 
communication as simple and seamless as possible. Advances in voice, sensory, and 
even affective computing technologies will enable new input modalities far beyond 
what a keyboard can do. Displays will double in number and in size in the coming 
years. Tomorrow’s screens will offer higher definition and brightness and lower energy 
consumption. They will be more affordable and will have multisensory capabilities.

  Digital technology will transform our homes, places of work, and factories. The energy 
transition will be digital.

  The Internet of Things, which will drive these transformations, will grow rapidly.

  Enabling technologies: embedded (Edge) AI, cybersecurity, and digital twins will become 
ubiquitous. We will have to demonstrate control of these technologies and ensure that 
everyone has access to them. Massive data analytics will become a key scientific research 
modality.

  The hardware on which digital technology will live—sensors and processors—will play a 
vital role in guaranteeing national sovereignty amid international geopolitical tensions. 
Europe will need to step up to support the industries in which it is a leader and secure the 
long-term resilience of the supply chain. Computing will sprout new branches optimized 
for intensive computing, low-power embedded computing, artificial intelligence, and 
quantum computing. The main challenges of the next decade will include developing 
tightly integrated memory and computing—3D integration—and new semiconductor 
materials. Frugality will condition the development of these technologies, which will have 
to be sustainable. The CEA is particularly committed to responding to this imperative.

  Data security will be central to delivering digital services without sacrificing individual liberties.

Our message is a simple one:  
Technology plays a key role in 
economic competitiveness, national 

sovereignty, and the welfare of our societies.  
The CEA, one of France’s leading research 
and technology organizations, has assigned 
more than 3,000 scientists to tech projects. 
And, whether it is computing, robotics, 
medical technology, energy, or defense, 
we believe in our ability to bring many new 
and innovative technologies to science and 
business in the coming years. The good of 
our society and our planet are key factors 
in our efforts to develop more responsible, 
frugal technologies. We have the passionate, 
dedicated people, the level of scientific 
excellence, and the culture of creativity 
and collaboration to realize our ambition

 Stéphane Siebert  
 Pascale Bayle Guillemaud
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THE CEA’S  
9 STRATEGIC FOCUS AREAS

Digital technology for the energy transition 

The factory and infrastructure of the futu
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Sustainable, frugal 
digital technology 

Hardware and software 
solutions for computing

Digital perception
 and instrumentation

Communicating 
distributed systems

Cybersecurity 

Trusted AI and 
embedded AI 

We conduct research in   
9 strategic focus areas  
around digital technology. Our goal is 

to achieve national and international 

excellence in all of them. 



1010

SUSTAINABLE, FRUGAL 
DIGITAL TECHNOLOGY 

Limiting the environmental impacts of digital technology is now a major concern. 
At the CEA, we are tackling this challenge from all angles, from materials to 
components. 

Digital technology is responsible for a growing share of the world’s total energy consumption. 
If something doesn’t change drastically, the situation will be untenable. The number of 
digital devices in use is expected to double between 2010 and 2025 on exponential growth 
of the IoT and embedded computing. Looking ahead, frugality will have to be a performance 
metric just like speed, processing power, miniaturization, and resolution. This represents a 
paradigm shift. 

Around 30% of digital-technology-related energy consumption can be attributed to 
manufacturing. The rest occurs during use, and is divided among users (44%), networks (32%), 
and data centers (24%). Computers, TVs, smartphones, and IoT devices are the main culprits 
(in descending order) when it comes to energy consumption. Displays and processors are 
particularly energy hungry. 

Cloud computing uses much more energy than local computing. This is due to the “extra” 
energy used to transfer data between computers. Therefore, developing local computing and 
limiting the transfer of raw data is the main route toward energy frugality. This is known as 
embedded, or Edge, computing. In the 80-year history of computing, energy consumption 
has already been reduced by a factor of fourteen; in the history of microelectronics, it has 
been reduced by around a factor of eight by optimizing microelectronic components for 
specific operations. But the time for incremental improvements has passed. To achieve 
frugality, breakthroughs that reduce energy consumption by several tens of percentage 
points are needed. 

The pressure on materials—rare earth elements—is especially high. The challenge is to find 
alternatives to polluting, expensive, and scarce materials. 

At the CEA, we feel strongly 
that frugal digital technology 
is one of the keys to 
sustainable development. 
We also believe that this 
is our responsibility as 

individuals and as an organization. Whether 
it is our phone and computer networks, our 
research programs, or anything else we do 
at work, we want everyone to help find new, 
more sustainable solutions. 

Armelle Mesnard

I work in the field of 
spintronics, a combination of 
electron spin and conventional 
microelectronics. My research 
is on energy-efficient 
reconfigurable electronic 

circuits, which will play a major role in 
tomorrow’s frugal digital technologies.  

Lucian Prejbeanu 
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At the CEA, we address these challenges across the board. In terms of component 
manufacturing, we perform lifecycle analyses, limit the use of critical materials, seek out 
alternative materials, and design for repairability. We also implement low-power computing 
architectures and components, data network architectures, and distributed networks. Our 
activities are organized around three highly interdependent areas: 

  Scientific and technological research to reduce overall energy consumption and the use 
of critical or polluting materials in digital technology solutions. Our research on potential 
technological breakthroughs to massively reduce energy consumption addresses basic 
technologies like transistors and memory, chip architectures with new paradigms like in-
memory and analog computing, algorithms, software engineering, and processing data at 
the source, as well as system-level solutions. We use eco-design approaches to optimize 
components and systems for lower energy consumption. 

  Contributions to emerging sustainable development standards, certifications, and 
methods. One objective is to create a scale to measure a solution’s energy efficiency, 
frugality, and environmental impacts.

  Technology and society, with a focus on user-centered development and the needs of 
businesses.

The NEED for IoT project 
in conjunction with 
Université Grenoble Alpes 
(UGA) brought sustainable 
electronics research 
to CEA-Leti. We are 

investigating everything from materials for 
electronics to systems and have integrated 
the social sciences into our research. We are 
now running increasing numbers of projects 
either alone or with partners on this topic.

Thomas Ernst
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DIGITAL TECHNOLOGY  
FOR THE ENERGY TRANSITION 

The shift from a centralized to a distributed energy system and the integration of 
intermittent renewable energy are just two of the challenges of the energy transition. 
Digital technology enables powerful tools that will support these transformations. 

The complexity inherent to the energy transition—the shift from centralized to distributed and 
intermittent energy systems—can be managed using digital technology. Digital technology 
can also orchestrate the proliferation of energy producers and consumers. Electric 
propulsion systems for transportation will need optimized power and control electronics. 
High-performance power conversion and stability control solutions will be required to 
support the integration of intermittent renewable energy into the grid. These emerging use 
cases will depend on digitally augmented nuclear and renewable energy components to 
do more, longer. Energy grids enhanced by digital technology will help do just as much, but 
differently. And frugal digital technology will enable energy efficiency by doing more with 
less energy and raw materials. 

Troubleshooting and forecasting solutions will also be required for optimized energy 
management. These solutions will be built on sensors, sensor integration technologies, chips, 
modeling, and real-time embedded computing. Better yields will also have a major impact 
on the economics of tomorrow’s energy systems. Digital technology will bring improvements 
to components, conversion system architectures, and smart BMSs and EMSs for batteries, 
fuel cells, solar farms, and local grid supervision and control. Our research encompasses: 

  Augmented energy technologies beyond discrete components, i.e., applying data-based 
and model-based algorithms for troubleshooting, forecasting, and management. Here 
our research focuses on model reduction for real-time computing, the move to secure 
technologies with enhanced communication capabilities, and the integration of new 
purpose-built sensors coupled with frugal, efficient processing.

We are developing new 
smart BMSs (Battery 
Management Systems) 
using innovative, model-
based algorithms adapted 
to different use profiles 

and integrated sensors with optimized 
embedded electronics. These BMSs can 
improve battery performance, safety, and 
lifespans by a factor of two.

Séverine Jouanneau

My work involves 
characterizing batteries 
on large instruments. 
The terabytes of data we 
are gathering need to be 
correlated using AI with 

multi-scale modeling. This tells us how 
the materials evolve and the impact of any 
changes on performance.

Sandrine Lyonnard
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  Power electronics and electric motor control: The transition to green electronics will 
require very-high-yield power converters offering high power density and greater 
flexibility—enabled by digital technology. Wide bandgap semiconductors—GaN and SiC—
will be instrumental in achieving the necessary breakthroughs. We are bringing these 
technologies to maturity, both to drastically reduce converter losses and to bring costs 
down to a level where they can compete with silicon. Another breakthrough for power 
semiconductor devices—this one with a longer time horizon—is diamond.

  Our converter integration research is targeting tenfold converter density increases over 
the next decade. This will be made possible by very high operating frequencies and, 
therefore, smaller passive components, plus a breakthrough control system for managing 
wide bandgap converters. 

  We are developing modular, multi-level architectures for energy storage and conversion 
for multi-vector energy grids. Here, our goal is to develop high-performance converter 
standards for modular and multi-application architectures. This will require optimal 
control solutions and hardware developed specifically for coupling energy conversion 
and storage systems. 

  In terms of smart grids, the idea is to upgrade and bring interoperability to existing tools 
and to deploy generic functions like uncertainty management and optimization methods. 
Our longer-term research includes advanced digital methods to bolster grid optimization 
and management, and breakthrough grid modeling and design approaches based on 
self-organized criticality. 

Our work on gallium nitride 
power components has 
resulted in demonstrated 
conversion efficiency, 
module volume, and 
cost improvements on 

high-performance chargers, inverters, and 
converters. These advances will revolutionize 
electric vehicles, aeronautics, and consumer 
products. 

Jean-René Lequepeys

The TRILOGY project (part 
of the Energy Efficiency and 
Grids program) is developing 
a multi-vector (electricity, 
heat, gas) energy grid 
simulator built on CEA tools 

and methods. The goal is to address multi-
scale scenarios from elementary component 
to national grid. 

Stéphane Sarrade
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DIGITAL TECHNOLOGY 
FOR HEALTH 

The exploration of living organisms generates large volumes of complex data. At 
the CEA we have tools that can analyze this data for the purposes of personalized 
medicine. Digital technology has the power to improve patient outcomes and drive 
organizational innovation in healthcare. 

Today it is almost impossible to imagine investigating living organisms or orchestrating 
patient care without digital technology. 

  Living organisms can now be explored at all scales from individual molecules to 
functioning organs to entire populations. These technologies are revolutionizing biology 
and medicine, with advances in omics, imaging, and, more generally, the exploitation of 
biological data on multiple spatial and temporal scales. Because the data is so complex, 
innovative biological approaches and computing solutions are needed. At the CEA, our 
research in this area is very advanced. Our NeuroSpin lab, for example, is running its first 
multi-omics projects. These include using omics with brain imaging for neurodegenerative 
diseases and leveraging digital twins of positron emission tomography imaging integrating 
the digital patient and the detection system. Rich and robust databases combined with 
the CEA’s supercomputers will enable more personalized treatment, either by comparing 
a patient’s data with the databases, or by developing a digital twin of the patient, 
whose care over time will be guided by data analysis. The N4HCloud digital platform for 
innovation in healthcare will address this challenge.

In addition to bioinformatics, the development of instruments with embedded computing 
will significantly increase the capacity to explore living organisms. Two examples are AI-
based omics and AI embedded in new generations of positron detectors:

  Digital technology can automate many of the tasks caregivers perform for more 
efficient care, optimize the patient pathway, strengthen ties with out-of-hospital 
practitioners, and aid in the development of more effective medical devices. The range 
of technologies involved is vast: Virtualization, robotization, electronics, software, 
medical devices, personal digital assistants, increasingly less invasive sensors, and 
very-low-power data transmission systems will all bring improvements. One example 
is the use of learning chips to deliver treatment for chronic diseases like diabetes. 

Our Clinatec biomedical 
research center 
innovates therapies for 
neurodegenerative diseases. 
We are using ultra-high-
performance imaging and 

molecular profiling to increase the efficacy 
of these therapies. We have also developed 
special computational approaches to 
analyze the massive amounts of data 
generated by these techniques.

Virginie Brun

My laboratory develops 
medical devices and systems. 
We worked with startup 
Diabeloop to develop 
an artificial pancreas for 
diabetic patients. It is 

embedded with algorithms we developed to 
calculate the dose of insulin to inject. The 
product has been or will soon be released in 
France and internationally. 

Aurore Lepecq
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Clinical trials have demonstrated the superior performance of this kind of solution. The 
CEA is also driving organizational innovation in healthcare. The innovation ecosystems 
in Grenoble, Toulouse, and Saclay are rallying the medical, research, and manufacturing 
communities around the Hub4AIM, Innov'Pole Santé, and PASREL initiatives. Trusted 
AI, cybersecurity, and robotics will be key to enabling things like medical decision 
assistance in multidisciplinary consultation meetings, semantic analysis of the hospital 
information system, and cobots in hospital rooms. 

Last, but not least, promising synergies between the digital transition and the biological 
revolution have spurred the CEA to address medical devices with biological components. The 
organoid-on-a-chip, which combines microelectronics, microfluidics, and biotechnologies like 
stem cell engineering and the fabrication of biological tissue, is one of the CEA’s major focuses.

We are developing  
statistical methods to 
integrate our metabolomic 
analyses with other types of 
approaches to improve the 
performance of molecular 

signatures for future medical use. 

Christophe Junot

The department I lead 
investigates the mechanisms 
that underpin the onset of 
disease. We analyze large 
numbers of patients and 
use multi-scale modeling 

enabled by AI and high-performance 
computing to identify the genetic variations 
responsible for disease. 

Jean-François Deleuze
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THE FACTORY AND 
INFRASTRUCTURE OF THE FUTURE 

The CEA’s research on robotics, digital twins, and additive manufacturing is helping 
advance the digital transformation of the manufacturing industries and of major 
infrastructures. The rewards will be more flexible, agile production tools and better 
product quality and traceability. 

Digital transformation is reshaping the manufacturing industries. New digital technologies 
are gradually making inroads into manufacturing, whether it is through robotics, virtual 
and augmented reality, or production-data processing tools. These advances are making 
production more flexible and agile while improving product quality and traceability. With 
digital technologies, an entire plant can be supervised in granular detail, production lines 
robotized and rapidly reconfigured, and data collected and processed. The CEA is developing 
solutions that include hardware and software for the factories and large research facilities 
of the future, with a focus on three key digital technologies to assist human operators: 

  Robotics, with two objectives: intuitive programming for increasingly autonomous robots 
and smart gripping and handling. 

 � AI for perception to enable more robust AI for vision, plus semantic and functional 
enhancements (grasping strategies, functionalized tooling). 

 � Context-dependent decision making to automatically reschedule a production line 
according to equipment downtime and operator availability.

 � Intuitive programming, where robots will no longer need to be “programmed.” Instead, 
operators will simply “show” smart, autonomous robots what they want them to do. 
This will remove the programming-related cost barriers to the adoption of robots.

 � Smart gripping and handling will be enabled by faster execution, greater dexterity, and 
more robust operation. 

  Digital twins to enable interaction with the entire production system and manage 
equipment in granular detail. Digital twins can mimic elementary energy systems, 
larger equipment, factories, and nuclear reactors, for instance. Our research is 
aligned with a holistic vision of the lifecycle and addresses design, commissioning, 
operation, and upgrades on a continuum, with the goal of overcoming six main 
technological challenges: 

My research focuses on 
supernova remnants. I use 
X-ray observations from 
space and 3D numerical 
hydrodynamic simulations to 
study the physics of supernova 

explosions, how they evolve, and their decisive 
impact on the interstellar medium. 

Anne Decourchelle

The lab I head develops 
and validates numerical 
simulation tools for additive 
manufacturing processes. 
The idea is to optimize the 
manufacturing parameters to 

obtain parts with better mechanical properties. 

Séverine Paillard
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 � Data and interoperability, with the massive and distributed collection of reliable, secure, 
semantic, structured data to build digital twins.

 � Representativeness, with higher-fidelity digital simulation, the foundation of the digital 
twin, using HPC and embedded computing, multi-physics and multi-scale integration, 
and data processing and analysis (sensors, observations, experiments), potentially 
using AI in addition to or instead of certain solutions.

 � The digital twin and the lifecycle, including both product and process to provide a 
comprehensive representation and capitalize on every step in the production or 
research process to make improvements.

 � Change management, with the migration of legacy systems and practices through 
activities like training using extended reality devices. 

 � Knowledge capture and management to build more intuitive tools for developing digital 
twins and to move from a descriptive logic to a logic of assistance structuring knowledge 
and solving production problems. 

 � Energy and carbon issues, with the development of measurement, modeling, and 
simulation tools to build the carbon twin of a product, for example. 

  Additive manufacturing will enable on-demand manufacturing and just-in-time logistics, 
minimizing inventory and supporting the on-time delivery of both mass-produced and 
custom products, resulting in greater speed and agility.

 � In-line process monitoring, where hundreds of data points will be gathered for each part 
manufactured, will support quality assurance, artifact detection, real-time corrective 
measures to reach quality targets, and process improvements.

 � Implementation of process qualification strategies inspired by the aeronautics and 
medical industries. 

 � Automation of process steps, including post-processing (dewaxing, polishing, finishing), 
to obtain final parts reproducibly and unfettered by the limitations of any particular 
process step.

 � Digital toolchains and simulation chains spanning manufacturing processes and 
product use to address impacts of manufacturing constraints on the final part from the 
design stage, validate product use virtually, and rapidly iterate up to the final product. 

My research focuses on 
interactive learning robots 
and, specifically, how to show 
a robot how to do a task by 
guiding it by hand. Our work 
has made programming 

robots very easy, which means they can be 
used for an even wider variety of tasks. 

Yann Perrot

My department investigates 
the rheological control of 
powders using characterization 
techniques and simulation 
tools. Our goal is to help 
develop controllable additive 

manufacturing processes capable of producing 
certified parts with no post processing. 

Chrystel Deguet

I head up the spray coating 
lab. We use robotic CAD/
CAM with thermal and 
pneumatic spray deposition 
techniques. The results we 
have obtained open up the 

scope of potential applications to 2D and 3D 
construction, for example, shortening the time 
it takes to get from concept to production. 

Emmanuel Hervé
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I manage the IT security 
assessment center at the 
CEA. The center does security 
evaluations of chips and 
smart cards. We are at the 
international state of the art, 

with advanced knowledge of threats and our 
own proprietary tools. 

Anne Frassati

My research focuses on 
quantum cryptographic 
protocols offering 
unprecedented levels of 
security. We are making 
massive use of convex 

optimization and machine learning techniques. 

Nicolas Sangouard

 CYBERSECURITY  

The CEA is developing trusted components designed to be more robust and resilient 
with the aim of improving ability of critical systems to withstand cyberattacks and 
new tools to help users improve their cybersecurity skills. 

Cybercriminals are becoming increasingly sophisticated and have substantial resources 
at their disposal for attacking digital systems. Industrial IoT devices and the associated 
widespread interconnection of equipment and networks increases vulnerability to attacks. 
Critical infrastructures that support essential manufacturing and service activities and new 
digital services (logistics, e-commerce, online voting) that keep society running smoothly 
are also the objects of growing threats. 

Trusted components designed to be more robust and resilient will be needed to secure 
these critical sectors. New tools to improve users’ cybersecurity skills will also be required 
to enable a “cybercentaur” approach to security. Some tools will automate and improve the 
reliability of design, validation testing, and maintenance of critical systems and sensitive 
infrastructures. Here, the CEA’s ambition is to become a world-class center for expertise in 
technologies and tools to secure the key components (IA, connectivity, massive computing) 
of the security and defense industries. 

  Security primitives and basic technologies (software, hardware)

  Security analysis tools 

To achieve this, we will have to be capable of delivering solutions that respond to the 
requirements of critical systems in terms of protection against failures (safety), malicious 
acts (security), and erosion and impacts (resilience) by treating the component as a critical 
infrastructure that must be able to defend itself and constantly adapt to new situations. The 
diagram on the next page illustrates the CEA’s planned approach. 
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At the CEA, we are developing tools that address the entire object lifecycle from design to 
operation to cybersecurity maintenance. 

I lead CEA-List’s activities in 
the key field of cybersecurity. 
Our researchers have earned 
recognition not only in Europe, 
but around the globe, for 
their innovative approaches. 

Their advances help protect data wherever it 
is located, identify hidden vulnerabilities, and 
automate responses to intrusions. 

Florent Kirchner

I am responsible for the 
cybersecurity program. With 
deep knowledge of digital 
technology and operational 
cybersecurity, the CEA is 
poised to play a key role in 

major national and European initiatives to 
develop a top-notch cybersecurity industry 
and ensure national sovereignty in this area. 

Bruno Charrat

Identify

Protect

DetectRespond

Restore

State-of-the-art tools and methodologies 
(DSYS)

Integrated tool chain for the evaluation and 
certification of trusted components 

(DILS – DSYS)

Secure-by-design tools 
(DSCIN – DILS – DSYS)

Functionalized secure packaging (DCOS)

Attack-resistant architecture (DSYS)

Primitives (TRNG, encryption (CPQ,HFE))
(DCOS – DSYS – DSCIN)

Software security components 
(OS, cryptolib)(DSCIN – DSYS)

Quantum communication (DRF – DRT)

In situ code and malware analysis 
tools (DILS)

AI for attack and anomaly detection 
(DIASI – DM2I)

AI for defense 
(DIASI – DM2I)

Suicidal modes 
(DSYS – DSCOS – DSCIN)

Secure memory erasure 
(DSCIN)

Orchestration and restoration 
technologies (DIASI – DSYS)

Analog survival core
(DSCIN – DSYS)

Technologies Tools Attacks

Specification & 
design

Production & 
Validation Integration Operation & 

obsolescence

State-of-the-art tools and methodologies (DSYS)

Secure-by-design tools
(DSCIN – DILS – DSYS)

Formal threat and attack models (DSYS – DILS)

Technologies Tools Attacks

Decentralized trust technology (DILS)

Automated validation tools
(DILS – DSYS)

Compliance bench (DILS – DSYS)

Detection and remediation 
tools (AI-based)

(DIASI – DM2I – OCC – DES)

Operation and 
administration monitoring 
tools (DM2I – DSYS – DES)

A malicious action against a 
CEA industrial system could 
jeopardize the operation of 
an entire facility. I manage 
cybersecurity projects to 
protect industrial systems. 

Part of my job is to stay up to date on the 
latest developments, educate operators, 
and work with international organizations to 
ensure that these threats are known so that 
appropriate measures can be taken. 

Stéphane Perez
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I am evaluating the potential 
of statistical learning 
methods like regularized 
regressions to reliably 
predict the genetic risk factor 
in complex human diseases. 

My work is part of the much broader field of 
research concerning the human genome. 

Edith Le Floch

When it comes to AI and 
energy consumption, memory 
is the biggest culprit. We 
are developing circuits with 
resistive memory to achieve 
denser memory/synapses and 

bring memory and computing closer together. 
These circuits will be able to do AI with much 
lower power consumption. 

Elisa Vianello

For artificial intelligence to be used widely, users will need to be able to trust it and 
system power consumption will have to be brought down. Local data processing 
and new hardware and software solutions built on disruptive new algorithms and 
other technologies will underpin the adoption of AI. 

The first prerequisite to the massive rollout of AI is to guarantee a certain level of quality, 
safety, and security to gain users’ trust. Power consumption and data protection will also 
need to be addressed. Processing data directly on smart connected devices will be the 
solution of choice. Ultimately, more than 80% of applications will use embedded, or Edge, 
AI. At the CEA, we are working on both trusted AI and embedded AI. Our research addresses:  

  Algorithms, for everything from data to technology development, to achieve frugal-by-
design and trusted-by-design AI. 

  Formalization, uncertainty, and qualification for the assessment of performance and 
trust. 

  Circuit architectures. 

  High-performance, energy-efficient components and technologies for embedded systems. 

TRUSTED AI  
AND EMBEDDED AI 
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I am investigating a new 
processor concept where 
small circuits called chiplets 
are assembled to form a 
digital computing system 
that is powerful, energy 

efficient, and low cost. This kind of solution 
could bring embedded AI startups a real 
competitive advantage. 

Denis Dutoit

One of the major AI-related 
challenges that will need 
to be overcome is how to 
guarantee trust and frugality 
across the value chain. With 
scientific and technological 

advances in data, algorithms, and hardware 
implementation, the CEA is ideally 
positioned to address these challenges.  

François Terrier

Topics covered include: 

  Algorithm explainability and proof of reliability (example: constructivist discovery of 
classification and machine decision models where learning is seen as a set of successive 
and explainable transformations of already structured models). 

  Development of tools to enable widespread deployment of AI solutions. 

  Development of dedicated low-power processors to enable local learning, i.e., 
neuromorphic computing and spike architecture to slash power consumption per 
processing unit twofold. 

  Design of Neural Processor Units (NPUs) with hybrid architectures integrating different 
computational levels, neural networks, and sensor arrays. 

The hardware and software solutions developed at the CEA target applications where AI 
quality and performance are critical. These include big data processing, content analysis, 
integrated supervision of complex systems (infrastructures, large equipment), smart 
robotics, and computing on embedded components. 
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My research focuses on the 
deposition of phase change 
materials for PCRAMs. 
Specifically, I am working on 
innovative materials used 
at every stage of PCRAM 

research and development, from early-stage  
research on the physics of PCRAMs to 
integration and scaleup. 

Chiara Sabbione

I am leading a project to 
investigate future trends 
in HPC. There is a tech 
intelligence component to the 
project, and lab experiments 
on all of the elements (GPU, 

quantum) that could potentially be used to 
design and build the future generations of 
supercomputers that will be needed at the CEA 
to carry out our research.  

 Guillaume Colin De Verdiere

HARDWARE AND SOFTWARE  
SOLUTIONS FOR COMPUTING 

One of the objectives of our research at the CEA is to stay in the race in terms of the 
essential elements of tomorrow’s computers by developing our knowledge of different 
information processing systems. We are focusing on three areas: technology; software and 
hardware architectures for computing; and architectures for quantum technologies. 

Digital technology cannot exist without processors. Increasing demand for devices with 
smart capabilities, lower latency (cloud vs. Edge), and lower energy consumption are driving 
processor sales. One of our roles at the CEA is to ensure that France does not depend on 
other countries for the vast array of computing technologies that exist: 

  HPC architectures for exascale machines.

  Low-power FDSOI at advanced nodes (10 nm and below) for the automotive, defense, and 
other European markets.

  Non-volatile memories and, in general, new concepts for reducing the energy cost of 
memory access (in-memory computing). 

  Solutions for denser circuits without increasing pattern resolution (and, therefore, cost): 
3D integration, chiplets-on-interposer, and parallel computing built on more and more 
efficient and optimized software layers. 

  Dedicated circuits for deep learning that leverage neuromorphic and other mechanisms 
to optimize local learning and execution. 

  High-performance circuits for applications deemed critical to national sovereignty. 
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My quantronics team designs 
and builds superconducting 
circuits coupled to quantum 
systems for quantum 
information processing. 
Our elementary quantum 

processor using Josephson junctions has been 
demonstrated, but we are looking for systems 
with better quantum coherence.   

Daniel Esteve

My research focuses on 
computing architectures 
that leverage the latest 
technological advances and 
efficient algorithms. Some 
of our developments are a 

smart retina using sensors and 3D stacked 
computing chips and AI accelerators for ultra-
low power IoT systems. 

Marc Duranton

I am a CEA lab manager and 
expert in CMOS on FDSOI 
devices and technologies. 
My research in this field 
has spanned early-stage 
research using the CEA’s 300 

mm clean room and tech transfer projects at 
STMicroelectronics (in Crolles, France) and 
Globalfoundries (in Dresden, Germany). 

François Andrieu

  New paradigms like new 2D semiconductor materials, spintronics, and quantum 
computing, with: 

 � Large-scale quantum machines based on silicon spin qubits; the CEA’s target is a 
100-qubit prototype in 2024, and an operational >10 Mqubit machine with correction 
code by 2030. 

 � Superconducting qubits with better potential for quantum coherence than current 
superconducting qubits; spins coupled to superconducting circuits and flying qubits in 
two-dimensional electron gases are two potential solutions. 

 � Algorithms and the software stack. 
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I investigate the kinds of 
distributed networks and 
algorithms that blockchains 
are built on. The advantage 
is that users can share 
and verify data without 

going through a third party. I am interested 
in making these algorithms robust to 
cyberattacks using non-energy-consuming 
mechanisms. 

Sara Tucci

In my research, I use 
numerical simulation and 
nanofabrication to develop 
photonic components for 
quantum communications. 
We recently discovered the 

first deterministic single-photon source on 
silicon and are now investigating how to 
integrate single-photon detectors on chips. 

Jean-Michel Gerard

COMMUNICATING  
DISTRIBUTED COMPUTING SYSTEMS 

In a context where complex calculations are increasingly being moved to distributed 
systems, ensuring that these calculations are frugal and secure is a growing need. At the 
CEA, we are exploring three areas: quantum, networks, and distributed systems. 

Data transmission speeds will continue to increase, and latency will decrease. Better 
performance will enable hyperconnectivity, and the instantaneous transmission of high-
precision digital twins (over 6G networks) will drive the emergence of new services. The shift 
away from centralized systems and toward distributed systems is another major trend, and 
one that will respond to demand for greater security and frugality. To navigate this change, 
algorithms capable of factoring in distributed computing and data, very fast and reliable 
communication within the distributed system, absolute data security, and tolerance for local 
failures will be required. 
The CEA is conducting research in three areas to respond to these challenges:  

  Quantum communications 
Current limitations like the short range of fiber optic links and system vulnerabilities due 
to component imperfections will be addressed by: 

 � Developing new device-independent key distribution protocols to ensure the privacy 
and reliability of communications. 

 � Improving the performance of existing components, including deterministic single-
photon sources, and exploring new concepts like entangled-photon-pair sources for 
efficient quantum network relays. 

 � Integrating single-photon generation, manipulation, and detection and measurement 
components on a SOI chip. 
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  Networks and telecommunications 
Our objective is to keep up with rapid advances in telecommunications technologies to: 

 � Develop a complete connectivity bubble to support the digitalization of industry.
 � Demonstrate multi-layer physical connectivity (very low latency millimeter-wave links, 

very low power IoT links). 
 � Lay the groundwork for tomorrow’s 6G HW and SW solutions. 

  Distributed systems 
Here, we will develop new distributed trust technologies:

 � Consensus algorithms and cryptographic mechanisms to secure communications 
between devices and the distributed storage system. 

 � Specifications, design, and validation workshops to provide trusted solutions.
 � Green blockchain for IoT and Edge computing. 
 � Extending trust technologies to systems for establishing and certifying responsibility 

that can be automatically integrated into specific blockchains. 

After more than a decade 
of 5G research, the first 6G 
studies are here, marking the 
beginning of a new era. We 
are focusing on technologies 
capable of delivering 

performance and frugality. Our goal is to 
do the early-stage research that will enable 
new hardware technologies for tomorrow’s 
communication systems. 

Jean-Baptiste Doré
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DIGITAL PERCEPTION,  
ADVANCED SENSORS, AND INSTRUMENTATION 

Innovative sensors and displays are vital to many applications. The CEA is conducting 
research into three of them: scientific instrumentation, human-machine interfaces, and 
industrial sensors. 

In terms of scientific instrumentation, sensors play a major role in space imaging, quantum 
computing, neuroscience, greenhouse gas monitoring, and radiation detection. They will 
be crucial to the digitalization of certain industries and are also found in a wide range 
of consumer electronics. Advanced human-machine interfaces will depend on sensors 
and displays. Multi-sensory (vision, touch, sound, etc.) perception systems will capture 
information about the user’s environment and activity to provide enriched, personalized 
information. A seamless virtual environment that encompasses home, work, mobility, and 
the outdoors will emerge as digital perception components and capabilities improve. At the 
CEA, our research focuses on three areas: 

  Scientific instrumentation 
 � Quantum 2.0 sensors designed around single-photon detectors and sources and spin 

detectors to directly leverage quantum properties. 
 � Other types of very sensitive (and even ultimate) detectors of elementary objects, 

particles and single photons, and smart scientific instruments.

  Human-machine interface (HMI) 
 � Combined visualization, transmission, haptic feedback, and audio feedback on displays 

of all sizes, and, ultimately, in the air. 
 � Image dynamics and colorimetric richness with immersive microLED smart pixel 

displays. 
 � Multi-sensory pixels (light, touch, directional audio). 
 � Automated generation and display of information depending on the emotional states 

detected and the context. 

Our research focuses on 
interactive and multisensory 
displays using a smart pixel 
technology that delivers 
unrivaled colorimetric 
richness. A haptic feedback 

technology based on granular control of 
vibrations on the display creates the illusion 
of HD touch. 

Moustapha Hafez

My research is on spin 
electronics and, specifically, 
using microfabrication and 
magnetotransport and noise 
measurements to gain a deeper 
understanding of transport 

and noise to support the development of high 
sensitivity magnetic sensors. 

Myriam Pannetier Lecoeur
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DIGITAL PERCEPTION,  
ADVANCED SENSORS, AND INSTRUMENTATION 

  Industrial sensors 
 � Vision: imagers (visible, infrared, LIDARs, time-of-flight) for autonomous mobility and 

detection, 3D integration for near-sensor computing, event-driven AI algorithms (spike 
neurons; visualization of massive and heterogeneous data. 

 � Touch: perception of texture, temperature, movement, and weight of objects. New 
processing algorithms (time reversal, inverse filtering) allowing high-definition localized 
haptic rendering. 

 � Sound: audible and ultrasonic; the signal processing chain from material to system 
(microphones and surface loudspeakers with algorithms to actively control vibrations 
on a surface and propagate sound directionally, to spatialize sound).

 � Sensory, behavioral, and mental load sensors: automatic gesture/posture recognition 
and video avatars. Solutions to capture emotions from image, sound, and wearable or 
implantable physiological sensors (affective computing). 

 � Non-invasive physiological sensors for medical devices. 
 � Ambient sensors: remote (image, sound, radar, acoustic wave, gas) and propagation-

based (soil or air quality analysis) sensors. 
 � Multi-sensor data fusion: automated interpretation and synthesis of information from 

dozens of sensors to enable more advanced calculations and new generation HMIs. 

I am working on a new 
generation of optical sensors 
for 3D perception based on 
LIDAR (light detection and 
ranging) technology. By using 
silicon photonics, we were 

able to design an innovative miniaturized 
and robust architecture. The encouraging 
results obtained will lead to the creation of a 
startup in 2022 by the i-Lab 2021 innovation 
competition grand prize winner.

François Simoens
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DIGITAL  
TECHNOLOGY FOR SCIENCE

Digital technology is enabling new scientific research modalities. The CEA’s strategy is to 
leverage digital technology for science by creating platforms in three key areas: 

  Digitally enabled materials design, with multi-scale simulation from the atomic to the 
macroscopic and including intermediate aggregate scales; this novel approach has the 
capacity to accelerate breakthroughs in fields like microelectronics, renewable energy, 
materials for the nuclear industry, and, in general, any field that requires materials with 
advanced physical properties. The CEA is consolidating its databases and models on a 
shared materials design platform. 

  Data processing: The mass of complex and often heterogeneous data produced by 
research infrastructures and new characterization equipment cannot be exploited using 
conventional methods. The CEA will set up a shared data collection and processing 
platform for everything from basic scientific research to technology research in fields 
like materials, astrophysics, large infrastructures, healthcare, and imaging. A community 
of experts will be created around this platform to converge experimental and simulated 
data and apply analysis algorithms and AI to leverage as much of this data as possible. 
The goals are to optimize processes and infrastructure management, enhance simulation 
capabilities, and better understand complex physical phenomena. The platform will 
also ensure compliance with French national and European open science policies while 
protecting France’s scientific and technological assets. 

  Software engineering: System and software engineering practices must evolve to make 
software more reliable, bring development costs down, and make maintenance simpler; 
this means enabling reuse and sharing code whenever possible. The CEA has set up a 
collective innovation platform for digital engineering for its own development needs and 
those of its R&D partners. The platform, called Deeplab, will be interoperable with the 
large open platforms already used by CEA researchers. However, it will also develop its 
own shared services, based on formal design methods and AI. 
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DIGITAL  
TECHNOLOGY AND SOCIETY

Digital technology is making inroads into all sectors of the economy, disrupting value chains, 
and redefining how individuals and groups function. AI and IoT are creating new opportunities, 
of course. The responses to these technologies range from simple questions or concerns to 
outright fear. The dissemination of information, the capacity to process massive data, and 
the environmental impacts of digital technology could very well call the way our society 
operates into question. Governments in France, Europe, and around the world have already 
begun setting up committees and issuing reports. Legislators are drafting tomorrow’s laws 
and regulations. 

The CEA, a government-funded research organization engaged in the digital transition, 
will address these issues, not only to fulfill our commitment to social responsibility, but 
also because it matters to our employees. Throughout our organization, our people are 
being asked to assess and, if necessary, mitigate the impacts of their research. This means 
conducting an analysis of their work in its organizational and broader external contexts. 

We will set up a digital technology ethics committee, strengthen internal coordination and 
communication, ramp up collaboration with the social sciences and humanities, review our 
role in the public debate, intensify our scientific and technical outreach efforts, and invest 
in new forms of communication. 

When it comes to new technologies 
like AI, 5G, augmented reality, 
and cybersecurity, it is important 

for research organizations like the CEA 
to do some introspection about their 
responsibilities. As responsible scientists, 
our role is to think beyond our work in the 
lab. We have to look at the implications 
of our work, not only how our results 
will be used, but what will be made 
possible by our results. Responsibility 
and ethics must guide us in our mission 
of research and innovation in service to 
people, society, and the environment.

Émilie Viasnoff
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