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PhD Position F/M Machine learning for efficient
bimodal EEG-fMRI neurofeedback
Contract type : Fixed-term contract

Level of qualifications required : Graduate degree or equivalent

Fonction : PhD Position

About the research centre or Inria department
The Inria Centre at Rennes University is one of Inria's nine centres and has more than thirty research
teams. The Inria Centre is a major and recognized player in the field of digital sciences. It is at the heart of
a rich R&D and innovation ecosystem: highly innovative PMEs, large industrial groups, competitiveness
clusters, research and higher education players, laboratories of excellence, technological research
institute, etc.

Context
The project lies at the interface of signal and image processing, behavioural neuroscience and
neurofeedback. Neurofeedback approaches (NF) (see [1] for a complete and actual introduction), also
known as restorative brain-computer interface (restorative BCI), consist in providing real-time feedback
to a patient about his or her own brain activity in order to learn how self-regulate specific brain regions
and help him or her perform a given task. The estimation of neurofeedback scores is done through
online brain functional feature extraction relying for the majority on electroencephalography (EEG) or
functional magnetic resonance imaging (fMRI). Recent studies [2, 3, 4] have shown the high potential of
combining EEG and fMRI in a bi-modal NF training (i.e., NF scores are estimated in real-time from
features of both modalities) to achieve an improved self-regulation, by providing a more specific
estimation of the underlying neural activity. NF is a very promising brain rehabilitation technique for
psychiatric disorders, stroke and other neurological pathologies.

Measures of brain activity through fMRI or EEG are ground solutions in the context of NF for brain
rehabilitation protocols and EEG is currently the only modality used by NF clinical practitioners. EEG,
which directly measures changes in electrical potential occurring in the brain in real time, has an
excellent temporal resolution (hundreds of milliseconds), but has a limited spatial resolution (around
centimeter) due to cortical currents volume conduction through head tissue. On the other hand, fMRI
offers a better spatial resolution (few millimeters) but has slow dynamics (one or two seconds) as it
measures neuro-vascular (i.e. changes in the blood oxygenation level) activities, which occurs in general,
a few seconds after a neural event [5, 6]. Moreover, using a MRI scanner is costly, exhausting for patients
(since staying perfectly still when suffering is challenging), and time-consuming.

Although exceptional progress has been obtained during the past decades to explore the human brain,
researches based on different neuro-imaging modalities are crucial to shed light on the variety of human
brains, as well as understanding the complex link between anatomical and functional properties of the
brain [7, 8].
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Assignment
Relying on this context, the goal of this thesis is to investigate and propose methods to provide more
specific and efficient NF training to participants. This thesis will seek to address the following two
challenges 1/ Machine learning for EEG electrods detection on T1 MRI, the most standard acquisition
sequence. 
2/ This will help to consider new EEG features and to predict fMRI activity using EEG signals.

EEG electrodes detection: 
The localization of EEG electrodes in the 3D MRI volume is key information for optimizing neurofeedback
protocols and developing more precise EEG targets. As these electrodes are designed to be the least
visible possible on MRI, we have developed a first automatic method [9] for detecting them in particular
MRI sequences (PETRA sequences). This method has very good results but requires additional acquisition
time, and the sequence is not always available on all MRI scanners. In this thesis, the first task will be to
develop a new automatic algorithm for detecting electrodes on anatomical MRI scans (systematically
acquired during neurofeedback protocols). 
In particular, we will study the possibility of having a mixed model based on a real physical model of the
EEG headset on the one hand, and on a term learned on residuals by an AI model on the other.

Prediction of fMRI activity using EEG signal :
The main idea is to model EEG and fMRI signals to understand the link between those signals and
optimise the feature extraction from EEG when used alone. This objective lies in the data fusion domain,
as it is of great interest for neuroscience studies and, as said, to understand the link between measures
extracted from both signals. This understanding will allow us to propose models to extract fMRI
information using EEG signals. A first step would be to predict fMRI activity lying right under an EEG
channel using its positioning, and then extend the model to the brain regions targeted by the NF
training. Such a predictive model will make it possible to envisage lighter neurofeedback rehabilitation
protocols (relying less on the cumbersome use of MRI) by enriching EEG-only sessions with information
learned during simultaneous sessions. 

Medical imaging data :
The particularity of medical imaging data such as EEG and fMRI, is that the ground truth of brain activity
is not known and the signals are noisy. It will be important to integrate apriori in the model and to build
a "ground truth" that would be the most plausible. Data used for this PhD will come from existing
datasets.

Main activities
- Analyse and process EEG and fMRI data
- Propose methods for EEG electrods detection
- Develop document and integrate developed methods in a software
- Propose models to link EEG and fMRI signals
- Write scientific paper for conferences and journals
- Co-supervise master student's internship

Skills
The candidate must have a strong background in computer science and applied mathematics, and show
an interest in medical images. 
 The candidate must be fluent in English.

Benefits package
Subsidized meals
Partial reimbursement of public transport costs
Possibility of teleworking (90 days per year) and flexible organization of working hours
Partial payment of insurance costs

Remuneration
Monthly gross salary amounting to 2100 euros for the first and second years and 2190 euros for the third
year



General Information
Theme/Domain : Computational Neuroscience and Medicine 
Scientific computing (BAP E)
Town/city : Rennes
Inria Center : Centre Inria de l'Université de Rennes
Starting date : 2024-10-01
Duration of contract : 3 years
Deadline to apply : 2024-05-31

Contacts
Inria Team : EMPENN
PhD Supervisor : 
Cury Claire / claire.cury@inria.fr

About Inria
Inria is the French national research institute dedicated to digital science and technology. It employs
2,600 people. Its 200 agile project teams, generally run jointly with academic partners, include more
than 3,500 scientists and engineers working to meet the challenges of digital technology, often at the
interface with other disciplines. The Institute also employs numerous talents in over forty different
professions. 900 research support staff contribute to the preparation and development of scientific and
entrepreneurial projects that have a worldwide impact.

The keys to success
Do not hesitate to contact us for more details.

Warning : you must enter your e-mail address in order to save your application to Inria. Applications
must be submitted online on the Inria website. Processing of applications sent from other channels is
not guaranteed.

Instruction to apply
Please submit online : your resume, cover letter and letters of recommendation eventually

Defence Security : 
This position is likely to be situated in a restricted area (ZRR), as defined in Decree No. 2011-1425 relating
to the protection of national scientific and technical potential (PPST).Authorisation to enter an area is
granted by the director of the unit, following a favourable Ministerial decision, as defined in the decree
of 3 July 2012 relating to the PPST. An unfavourable Ministerial decision in respect of a position situated
in a ZRR would result in the cancellation of the appointment.

Recruitment Policy : 
As part of its diversity policy, all Inria positions are accessible to people with disabilities.

http://www.inria.fr/centre/rennes
https://www.inria.fr/equipes/EMPENN
mailto:claire.cury@inria.fr
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