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DAE Département 5 : Systèmes
complexes, Intelligence Artificelle et

Robotique

DEPARTMENT HEAD
Patrick Hénaff Department 5 groups five teams that share scientific interests

in Complex Systems, Artificial Intelligence and Robotics. The
overall aim of Department 5 is to understand and model com-
plex systems and their interactions. From our point of view,
a complex system is composed of a large number of coupled
or interacting sub-systems for which studying its evolution is
out of reach of purely mathematical approaches. We strongly
focus on homogeneous and heterogeneous interactions in multi-
scale complex systems (from microscopic to macroscopic scale
via mesoscopic scale) in the following areas of:

— Computational biology in CAPSID team,
— Cognitive sciences in the BIRD team,
— Computational neurosciences in the NEURORHYTHMS

and BISCUIT teams,
— Robotics in the LARSEN, NEURORHYTHMS and BIS-

CUIT teams,
— Bio-inspired computational systems in the BISCUIT team.

The particularity of the department is that a large part of its
research activity is based on experimental data or experimental
equipment.
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DAE Département 5 : Systèmes,
complexes, Intelligence Artificielle et

Robotique

1. Retour sur l’évaluation 2011-2016 1

Critère 1 : qualité et production scientifiques
Appréciation et recommandations : La production scientifique en termes de publications, de logiciels
et de démonstrateurs est importante et de très grande qualité. L’équipe KIWI manque de publications
dans des revues internationales de renom, mais est néanmoins fortement présente dans les conférences.
Les travaux menés au sein de toutes les équipes, autour des plateformes et les démonstrateurs sont de
qualité et gages d’avenir. Il faut veiller à ce que tous les enseignants-chercheurs soient bien intégrés dans
les projets phares des équipes et que chaque enseignant-chercheur participe au moins à un projet majeur
au cours d’une période contractuelle.

La restructuration du département 5 validée lors de la dernière évaluation a permis de prendre
en compte les recommandations du comité en améliorant la qualité des publications de toutes
les équipes, y compris l’équipe KIWI dans les journaux internationaux (équipe restructurée en
BIRD en 2021). Ainsi, le nombre de publications dans des revues et journaux internationaux a
plus que doublé entre les 2 périodes d’évaluation (passant de 80 à 173), le nombre de conférences
internationales diminuant légèrement (passant de 273 à 227). Cet accroissement important du
nombre et de la qualité des publications est aussi du à la mutualisation des plateformes expéri-
mentales et des équipements (notamment ceux labellisés “Creativ’Lab@Loria”), en associant plus
d’enseignant-chercheurs aux différents projets menés durant la période 2016-2021. On peut citer
les principaux journaux suivants : Biology, FASEB Journal, Neurocomputing, PNAS, Journal of
Intelligent Information Systems, Social Network Analysis and Mining, International Journal of
Robotics Research (IJRR), IEEE Transactions on Robotics (TRO), Journal of Artificial Intel-
ligence Research (JAIR), Journal of Machine Learning Research (JMLR), Frontiers in System
Neuroscience, Science Robotics.

Critère 2 : rayonnement et attractivité académiques
Appréciation et recommandations : Le rayonnement et l’attractivité du département sont d’un
excellent niveau. Du fait de la multitude des collaborations qui apparaissent portées par des individus, un
effort de coordination est nécessaire afin de les optimiser et sans doute d’en faire bénéficier le plus grand
nombre. Il ne faudrait pas que la restructuration pénalise certaines personnes qui n’ont trouvé que très
récemment leur place dans ce processus. Même si les collaborations sont nombreuses et diverses, elles ne
concernent pas toutes les équipes. Il serait souhaitable de mieux les coordonner au sein du département
et de renforcer les activités de contractualisation de l’équipe CAPSID et de la future équipe BISCUIT

Suite à la nouvelle organisation du département, les équipes ont concentré leurs efforts sur
leur propre dynamique au détriment parfois d’une coordination entre les équipes sur des thèmes
particuliers au sein du département. Cependant, les équipes CAPSID (celle-ci a été impactée
fortement par le décès de son responsable D. Richie en 2019) et BISCUIT ont pu amorcer et
renforcer leurs activités de contractualisation. Il en est de même pour l’équipe NEUROSYS

1. La majorité des membres de l’équipe BISCUIT a décidé de boycotter le processus d’évaluation de l’H-
CERES. Par conséquent certaines informations quantitatives de cette équipe n’ont pas été prises en compte. Les
informations quantitatives du département ne reflètent donc pas parfois la réalité.
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(devenue NEURORHYTHMS en 2019). Les activités contractuelles des équipes LARSEN (plus
particulièrement dans les domaines robotique autonome, humanoïde et système d’assistance) et
KIWI (plus particulièrement dans le domaine du E-learning) ont quant à elles eu une dynamique
très importante au cours de la période 2016-2021 tant sur le plan national que international. On
peut citer les principaux projets en partenariat suivants : ANR PRCI SOMA (2018-2021, ANR
FIGHT-HF (RHU – 2016-2021), PIA2 eFran LINUMEN (2017-2021), PIA2 e-Fran METAL
(2016-2020), H2020 RIA ANDY (2017-2020), ANR Grasp-IT (2019-2024), ANR ProxiLearn
(2019-2023), ANR Flying Corworker (2019-2023).

Critère 3 : interactions avec l’environnement économique, social, culturel et
sanitaire
Appréciation et recommandations : Les interactions avec le monde socio-économique sont attestées
par plusieurs projets, mais pourraient encore être développées. Compte tenu de la maturité qu’il a atteinte,
le département devrait pouvoir augmenter le nombre de thèses CIFRE, développer les relations avec des
PME-PMI locales, et la valorisation avec des start-up locales. Afin de maintenir un bon équilibre avec la
recherche amont, il faut cependant éviter que les thèses au sein d’une équipe soient uniquement financées
sur contrat.

Durant la période, le département a plus que doublé son nombre de thèses CIFRE (8 au
total), et cela en relation avec des entreprises locales (Pharmagest, ST Gobain PAM, AGORAA,
Xtramile,Yupeek) ou nationales (PSA, Safran, Facebook) sans toutefois obtenir des financements
récurrents avec des PME-PMI locales. Chaque équipe a su diversifier ses financements de thèse
afin de garder un équilibre entre la recherche amont (MESRI, Inria, ENS, EU, ANR) et la
recherche plus appliquée (CIFRE, région, etc). Cependant, malgré cette diversité de financement,
chaque équipe s’est attachée à viser le plus haut niveau pour la qualité de ses publications
(journaux et conférences internationales).

Critère 4 : organisation et vie du département
Appréciation et recommandations : La structuration du département, sous sa forme actuelle, est
encore jeune. Même si de nombreuses discussions ont permis d’atteindre une meilleure lisibilité des acti-
vités, il ne semble pas y avoir encore une volonté de mettre les équipes en synergie. Le département est
davantage une structure administrative et il ne joue pas encore de rôle dans le pilotage scientifique. Son
existence réelle dépendra de sa capacité à élaborer une politique scientifique partagée.
Il est souhaitable de développer la coordination scientifique au sein du département, d’assurer une plus
grande cohérence scientifique et de mieux profiter des synergies inter- et intra- équipes. Il faut donc que
les discussions qui ont conduit à la restructuration du département se poursuivent, et soient formalisées,
afin de gérer en particulier la faiblesse des effectifs de certaines équipes, et l’arrivée récente de nom-
breux nouveaux membres. Une refonte du site web pourrait mettre en valeur les synergies potentielles ou
effectives entre les équipes, en interne et vis-à-vis des partenaires potentiels du département.

La restructuration du département associée à l’arrivée de nouveaux membres (notamment
3 CR Inria en 2014-2015 dans l’équipe LARSEN) a impulsé une forte dynamique autour de la
robotique. Dans le même temps les travaux de l’équipe KIWI dans les domaines du “E-Learning”
et des “learning analytics” ont apporté une forte croissance de l’activité scientifique dans ces
domaines. La prospective et la politique scientifique sont décidées et menées par les équipes, le
département pouvant servir de levier aupres de la direction du laboratoire et des tutelles. Même
si les équipes partagent le même objectif d’étudier les interactions au sein des systèmes complexes
de nature différentes (biologiques, matériel, logiciel), la coordination scientifique du département

1. Pour des raisons de clarté, c’est le nom NEURORHYTHMS qui sera utilisé dans la suite du document
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autour de questions scientifiques variée sur un spectre large n’est pas évidente. Cependant, le
CPER 2015-2020 a permis à certaines équipes du D5 (LARSEN, NEURORHYTHMS, KIWI)
de réfléchir ensemble à des équipements communs autour de la plate-forme SCIARAT (Stimula-
tion Cognitive, Intelligence Ambiante, Robotique d’Assistance et Télémédecine) et CyberEntre-
prises qui ont ensuite été utilisés dans différents projets et ont été intégrés dans l’environnement
Creativ’Lab au sein du LORIA. Des échanges scientifiques entre les équipes LARSEN, NEU-
RORHYTHMS, BISCUIT, ont aussi eu lieu durant les 2 workshops organisés en 2018 à Nancy
et 2019 au Japon entre le D5 et le département “Human Intelligence Systems” de l’université
Kyutech (Japon). Enfin, des co-encadrements de Master inter-équipes (notamment BISCUIT-
LARSEN) ont lieu chaque année avec succès mais sans aboutir jusqu’à ce jour à des thèses
inter-équipes.

Critère 5 : implication dans la formation par la recherche
Appréciation et recommandations : Le département affiche un très bon dynamisme dans la forma-
tion par la recherche, que ce soit au niveau du nombre de thèses soutenues ou de l’implication dans les
formations de master. La répartition des doctorants et la participation à la formation sont inégales entre
les équipes et reflètent en partie la composition des équipes (chercheurs et enseignants-chercheurs) : par
exemple, l’équipe KIWI, composée uniquement d’enseignants-chercheurs, s’investit fortement en ensei-
gnement, mais n’a bénéficié d’aucune allocation doctorale sur la période contractuelle.

Il est souhaitable que chacun puisse participer régulièrement à l’encadrement (ou au co-encadrement)
de thèses. La répartition des allocations ministérielles entre les équipes devrait être plus équilibrée.

Le nombre d’HDR dans le département a doublé, passant de 5 à 10 durant la période (5
HDR soutenues : 2 dans LARSEN, 1 dans KIWI, 2 dans NEURORHYTHMS), pour un effectif
total d’EC et chercheurs permanents quasi-stable (passant de 32 en 2016 à 29 en 2020 et 30
2021) du à un très faible recrutement (1 MdC et 1 CR recrutés entre 2016 et 2021, 1 décès en
2020, 3 départs en 2020 suite à la restructuration de l’équipe KIWI devenue BIRD). Cette aug-
mentation du nombre d’HDR sur la période 2016-2021 a permis de mieux répartir l’encadrement
et le co-encadrement dans toutes les équipes en répartissant au mieux le nombre d’allocations
doctorales dans le D5 (même si l’attribution aux équipes des contrat doctoraux ministériels
est décidée par le conseil scientifique du laboratoire et non par le département). Ainsi, sur la
période d’évaluation, les allocations ministérielles on été réparties entre les équipes de la façon
suivante : BISCUIT (1,5) CAPSID (1), KIWI (1,5), LARSEN (0), NEURORHYTHMS (2,5).
Enfin, l’implication des enseignants chercheurs du département dans les formations au niveau
Master (par des enseignements ou par la prise de responsabilité) est restée très importante. Ainsi
au moins un membre par équipe est responsable de formation de niveau M1 ou M2 : Master en
sciences cognitives (KIWI), Master en informatique – parcours Apprentissage, Vision, Robotique
(BISCUIT), Telecom Nancy (Capsid), Mines Nancy (NEURORHYTHMS). On peut aussi noter
l’implication forte d’EC dans les formations de niveau L2 ou L3 par la prise de responsabilité :
DUT/BUT Informatique (LARSEN, BISCUIT), L3 information-communication (KIWI).

Critère 6 : perspectives et stratégie scientifique à cinq ans
Appréciation et recommandations : Le département D5 dispose pour le prochain contrat d’un groupe
de chercheurs et enseignants-chercheurs renouvelé et de haut niveau scientifique, d’une structuration co-
hérente en termes d’axes et de projets scientifiques, de l’appui d’Inria au travers de trois EPC, d’un
environnement expérimental exceptionnel (plateforme et collaboration avec le milieu de la santé consoli-
dées). Les conditions sont réunies pour poursuivre une recherche de qualité, dès lors que le département
jouera son rôle de coordination et veillera à une appropriation partagée du projet.
Il est souhaitable que le département définisse un projet d’envergure, qui rassemble plusieurs équipes et
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consolide ainsi les relations scientifiques en son sein. Le département devra veiller à un bon équilibre entre
les équipes, notamment entre les EPC Inria et les équipes non Inria. La survie des petites équipes passe
par un renforcement de leur potentiel en chercheurs, qui s’avère par ailleurs légitime dans des thématiques
porteuses. Dans des thèmes comme l’apprentissage automatique et la fouille de données, qui sont partagés
avec d’autres départements, il faut susciter des rapprochements des équipes du D5, avec les équipes de
D4 ou de D1. Compte tenu de la grande activité que les équipes déploient au niveau expérimental et de la
charge de travail liée au développement et à la maintenance de logiciels, il faudrait soutenir et renforcer
le département en lui attribuant un support ingénieur.

L’effectif du département étant resté quasi stable, la structure des équipes est restée quasi-
ment la même. On retrouve en 2021 des équipes avec des effectifs d’EC et chercheurs différents :
LARSEN (10), KIWI-BIRD (9-6), BISCUIT (5), Capsid (5), NEURORHYTHMS (4). Seules 2
équipes ont été renforcées sur la période d’évaluation : LARSEN (1 CR recrutée en 2019, 1 DR
transféré de NEURORHYTHMS en 2020), NEURORHYTHMS (1 MdC recruté en 2021). Le
déséquilibre persiste donc entre les équipes, notamment entre les EPC Inria (2 en 2021) et les
équipes non Inria (3 en 2021, NEURORHYTHMS n’étant plus EPC depuis 2021). Cependant,
la taille modeste de certaines équipes n’a pas influencé leur dynamisme en encadrement et en
publication. Par ailleurs, des rapprochements et collaborations sont effectifs entre le D5 et les D4
et D1 sous forme de co-encadrement de thèses soutenues ou en cours : Capsid (D1, D4), KIWI-
BIRD(D4), LARSEN (D4). Bien que les recherches du D5 nécessitent souvent des expérimen-
tations longues et délicates (particulièrement pour les équipes LARSEN, NEURORHYTHMS,
KIWI-BIRD) aucun ingénieur permanent n’a été recruté pour le département. Cependant, les
équipes ont pu recruter des ingénieurs en CDD ou bénéficier des ingénieurs Inria (LARSEN). En-
fin, le recrutement en 2016 d’un ingénieur CNRS pour la plate-forme “Creativ’Lab” du LORIA a
permis à toutes les équipes du département de bénéficier d’une aide précieuse (mais insuffisante
au regard des besoins) pour la préparation des expérimentations et la gestion des équipements
(robots, systèmes de capture de mouvements, eye-trackers, etc.).

2. Domaine 3 : Production scientifique

2.1. Référence 1. La production scientifique de l’équipe satisfait à des critères
de qualité.
2.1.1 Synopsis

L’Université de Lorraine a demandé aux laboratoires de rédiger pour juin 2021 les bilans
des laboratoires en vue de l’évaluation HCERES 2016-2020. Ce document est présenté dans le
Portfolio D5-1, et nous y référençons régulièrement dans le présent document. Pour faciliter la
lecture des évaluateurs, nous avons extrait des éléments de notre rapport 2016-2020 pour les
reproduire ici ; nous les avons cependant laissés en anglais, ce qui explique le mélange de langues
dans le présent document. Il est à noter que des éléments issus du bilan 2021 sont inclus dans
ce présent document.

2.1.2 Composition

Fin 2021, le département 5 est composé de 30 enseignants-chercheurs et chercheurs perma-
nents (4 PR, 15 MCF, 3 DR, 7 CR, 1 émérite), de 42 doctorants et 10 ingénieurs ; voir Portefolio
D5-1 pour les détails sur l’évolution des effectifs (2016-2020).
Le département est structuré en 5 équipes :
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• BISCUIT 2 (created officially in may 2017 from CORTEX) : Distributed and decentra-
lized computing, neural networks, self-organization, reinforcement learning, unsupervised
learning, neuromorphic engineering.

• BIRD (restructured from KIWI in 2021) : Artificial intelligence, recommender sys-
tems, data mining, learning analytics, behavioral analytics, interpretable models, AI in
education, outlier detection, sequential data mining, user modeling, triggering factors.

• CAPSID (EPC Inria) : Structural bioinformatics, molecular docking, 3D-modelling,
proteins, nucleic acids, virtual screening, biological databases, data mining, knowledge
extraction, graph mining, knowledge graphs.

• LARSEN (EPC Inria) : Artificial Intelligence, Robotics, Machine learning, Decision
making, Human Robot Interaction Human activity analysis and recognition, smart envi-
ronment .

• NEURORHYTHMS : Computational neuroscience, biological neural networks, brain
signal analysis, memory, general anesthesia, brain-machine interfaces, neuro-rehabilitation,
neurorobotics, motor-coordination learning, human-robot interactions.

The team KIWI changed in 2021 to the team BIRD which focuses more on data mining
while continuing to work on the topics described above. Three members of KIWI left the team :
one moved to SMART team (D4), one joined the CREM Lab (UL) of the LORIA, one didnt
currently join to one team.
The team NEUROSYS (EPC Inria, until december 2018) changed to NEURORHYTHMS in
January 2019 (not EPC) and D. Martinez (DR CNRS) moved from NEURORHYTHMS to
LARSEN in June 2020.

2.1.3 Research topics

[Extrait du Portfolio D3-1, Section 2.] The overall aim of Department 5 is to understand
and model complex systems and their interactions. From our point of view, a complex system
is composed of a large number of coupled or interacting sub-systems for which studying its
evolution is out of reach of purely mathematical approaches. We strongly focus on homogeneous
and heterogeneous interactions in multi-scale complex systems (from microscopic to macroscopic
scale via mesoscopic scale) in the following areas :

— Computational biology (e.g. protein interactions) in CAPSID team.
— Cognitive sciences in the KIWI team
— Computational neurosciences in the NEURORHYTHMS and BISCUIT teams.
— Robotics in the LARSEN and NEURORHYTHMS teams.
— Bio-inspired computational systems (e.g. Neuromorphic computing) in the BISCUIT team.

The particularity of the department is that a large part of its research activity is based on
experimental data or experimental equipment.

Our activities address different kinds of complex systems, characterized by multi-scale ho-
mogeneous and/or heterogeneous interactions. More concretely, our common aim is to model
interactions between natural systems (biological organisms, human, animal…) or between natu-
ral systems and artificial systems (hardware like robots or software like web). We address these
issues by following common approaches : artificial intelligence, bio-inspired artificial intelligence,
data mining, machine learning. Our methodology also share many similarities : we conduct ex-
periments using real systems (robots, measurement setups, hardware and software interactive

2. la majorité des membres de l’équipe BISCUIT a décidé de boycotter le processus d’évaluation de l’H-
CERES. Par conséquent certaines informations quantitatives de cette équipe n’ont pas été prises en compte. Les
informations quantitatives du département ne reflètent donc pas parfois la réalité.
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systems) and we develop models based on real data coming from biology, from experiments with
human or animals or with other artificial systems.

Meeting these scientific challenges involves the design of new algorithms and computational
models in the following areas.

Computational biology To facilitate and improve the 3D modeling of large multi-component
biomolecular machines, we develop algorithms and software to help study biological systems and
phenomena from a structural point of view. The activities focus on two main themes. The first
theme concerns computational modeling of protein-protein interactions (protein docking and
molecular dynamics simulations). The second theme concerns classifying and mining protein
structures and protein interactions (knowledge discovery in biological databases). While the
main activity of the team is algorithm and software development, it also tackles “real-world”
biological problems through collaborations with experimentalists (CHRU of Nancy).

→ Teams involved : CAPSID

Cognitive sciences Working on user modelling, recommender systems for web applications
and e-learning with a strong interest in data modelling can be broken down into two main
goals : mining information and inferring/predicting information. More specifically, we focus (1)
on collecting interaction traces in order to infer a reliable and relevant user model from the
observations and (2) on using statistical modelling in order to predict future events, and to
build recommender systems that can maximize a user satisfaction function. The approach is
applied to various application fields related to e-education (e-health, recommendations in web
applications, learning analysis, digital humanities, ...).
Working on human/robot social interactions requires understanding and modelling as best as
possible the cognitive behaviors of humans. This requires collaborating with psychologists (from
laboratories in behavioral psychology of University of Lorraine or others) to experiment with spe-
cific interpersonal interactions to build cognitive models and to study specific human behaviors
interacting with robots. The use of robots is also interesting for psychologists to experimentally
study several hypotheses in human interactions.

→ Teams involved : KIWI (BIRD), LARSEN, NEURORHYTHMS, BISCUIT

Computational neuroscience We work on a better understanding of the central nervous
system and the motor nervous systems by modeling various neural areas at microscopic, meso-
scopic, and macroscopic scales. We specifically focus on several objectives. We want to study the
mechanisms of sleep and anesthesia to better anticipate and control the waking phases of patients
during surgical operations. Brain-computer interfaces (BCI) based on EEG signals processing
are developed for rehabilitation of brain after stroke or for recovery after stroke and detection of
peroperative awareness during general anesthesia. The sensorimotor loop of human and animals
is studied to design bio-inspired adaptive controllers for motor coordination of humanoid robots
(Central Pattern Generators), or to simulate human walk or to developed for mobile robots new
exploration strategies inspired from flying insects, e.g sensory-olfaction. Bio-inspired compu-
ting architectures are developed to give learning and control abilities to persistent autonomous
systems interacting with dynamical, complex, and unforeseeable environments. These kinds of
architecture are implemented in hardware architectures (e.g. Neuromorphic computing).

→ Teams involved : NEURORHYTHMS, BISCUIT

Robotics We focus on new algorithms to give robots the capacities required for life-long auto-
nomy and natural interactions. These two objectives are reached with fast on-line computation,
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learning, decision-making and bio-inspiration. For life-long autonomy, the objective is that a
robot continuously performs its tasks while being able to adapt to sudden or gradual changes
in both its environment and its morphology. For natural interaction, the objective is to allow
a robot to interact physically and/or socially both with other robots and human beings, ta-
king into account the fact that people and robots learn from each other when they interact.
The solutions that we propose mainly come from the fields of robotics, stochastic optimization,
Bayesian modeling, cognitive sciences, and neuroscience. Neurorobotics is an emerging science
that studies sensori-motor loops using neural models embodied in robots like humanoids or flying
autonomous robots. Our approach in neurobotics is to design adaptive neuro-controllers that
allow humanoids robots to learn sensori-motor-coordination or to develop navigation strategies
inspired by flying insects for navigation.

→ Teams involved : BISCUIT, LARSEN and NEURORHYTHMS

2.1.4 Main Results

Major results can be found in Portfolio D5-1 Section 3 and in each team’s report. Instead
of giving a long list or a hardly understandable abstract, we choose here to highlight some
representative results on main topics of the department.

Web intelligence : data mining and recommender systems

• Mining an apprehensible set of patterns :
One important focus of the department is the mining of data to understand and explain the
associated phenomenon when data are occurrences of a phenomenon or traces of activities. The
main difficulties come from data are sequential, noisy, sparse, evolving, and from the mining
whose goal must be actionable because dedicated to a human (sometimes expert), or to a sub-
sequent process [130]. A generic pattern mining algorithm, C3Ro, has been designed to mine a
wide range of sequential patterns, going from closed or maximal contiguous sequential patterns
to closed or maximal regular sequential patterns. C3Ro is dedicated to practitioners and is
able to manage their multiple constraints. It is the first sequential pattern mining generic and
parametrizable algorithm [130]. A temporal pattern mining algorithm based on such a temporal
granularity was also proposed [321] in the educational context. We have shown that not only the
number of temporal patterns remains limited, but also that the human behaviour predictability
depends on this granularity.

• Recommender Systems :
The goal is to identify a set, or sequence, of items that fits the user’s preferences or behavior.
This task is often viewed as a prediction task, but also as a prescription task, where a prescrip-
tion impacts the active user. By considering the recommendation task as a prediction problem
(predicting future preferences or actions of users), we have proposed an algorithm able to detect
users who have preferences that are not in line with those of others, and that also models their
preferences taking into account the distribution of the preferences, inspired by the literature
about outlier detection [236]. We have also proposed an algorithm with a low complexity that
performs long-term predictions based on a strategy defined to form the rules, that does not
rely on traditional episode mining[114]. By considering the recommendation task as a prescrip-
tion problem, we mainly focus on the links between data elements. We conducted a user study
for music playlist recommendation to measure the effects of providing such a recommendation
functionality. We have shown that about two-thirds of the users made active use of the recom-

HCERES | 1. DAE Département 5 : Systèmes complexes, Intelligence Artificelle et Robotique 13



mendations and that the mere presence of the recommendations impacts the choices of the users,
even in cases when none of the recommendations was actually chosen [144]. In the frame of ta-
bular data (census data), we proposed an algorithm that identifies the attributes, and associated
values, that cause the value of other attributes [232]. This work has been the starting point of
ongoing work about causal analysis in the frame of financial data. Facing the question of how
to form and provide a user a sequence of recommendations, we proposed a multi-objective ant
colony-based recommender system. This model has been evaluated in the cultural domain (Art
museum of Nancy) [311] and has been complemented [335] to assess the accuracy of sequential
recommendations in an off-line educational framework.

Computational Biology

• Knowledge discovery and structural databases :
This work addresses the development of innovative methods based on machine learning to dis-
cover new relations in large graphs of interactions representing complex biological systems.
Applications are protein annotation or drug-adverse effects. In the field of protein annotation,
we have proposed and validated two new methods for assigning functions to proteins or protein
domains. Both methods (CODAC and GrAPFI) are based on graph representation of protein
relationships [79, 106, 447, 195]. This has enabled two PhD students to perform a 3-month mo-
bility in two prestigious research centers : EBI (European Bioinformatics Institute, UK) for Zia
Alborzi and MILA (Quebec Artificial Intelligence Institute, CA) for Bishnu Sarker, and the team
to participate in the international CAFA challenge for protein annotation [169]. In addition, the
CAPSID team has been invited to coordinate a workpackage dedicated to network science in
one of the four RHUs funded in France for the period 2015-2020 (RHU FIGHT-HF).

• Multi-component assembly techniques for integrative structural biology :
This work addresses the problem of modelling the complex systems formed by multi-component
assemblies in structural bioinformatics. In the easiest cases, the structure of isolated components
is known and the question is to determine how they interact with computational ”docking” me-
thods. The search space is so huge that algorithms need to be as fast as possible and/or to include
experimental constraints.In more complex cases, the structure of all isolated components is not
known. This happens either because one protein has not been purified in sufficient amount to
undergo experimental structure determination, or because one of the component contains highly
flexible regions, such as single-stranded RNA or DNA.
Multi-component assemblies include the study of host-virus interactions and this has lead us to
start several anti-Covid projects in 2020, particularlly in the finding the best inhibitors candi-
date of protein-ligand interactions for pathogenic host-virus assemblies .
David W. Ritchie, has developed the SAM algorithm for symmetrical docking of protein sym-
metric assemblies [75] and extended the Kpax algorithm for structure-based multiple alignment
[74]. This latter software has been used to publish in Nature Methods a large-scale study of
protein quaternary structures [113]. Through the PhD thesis of Maria-Elisa Ruiz-Echartea, the
team also introduced an innovative method for protein-protein docking, based on a systematic
exploration of the rotational space [162, 194]. Our expertise in protein docking has allowed us to
regularly participate in the CAPRI challenge [90, 147]. The team is also well known for virtual
screening of active molecules which led us to several successful propositions of new anti-fungal
compounds in collaboration with brazilian labs [51, 56, 135, 146, 161].
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Robotics and neuro-robotics

• Life-long autonomy :
In the domain of adaptation to unforeseen damage conditions, the ResiBots ERC project of J.-B.
Mouret (2015-2020) focused on data-efficient trial and error algorithms to recover from unfore-
seen damage (e.g., a legged-robot missing leg) in less than 2 minutes, without any information
about the damage. We proposed several new trial-error algorithms to solve this problem : the
Black-DROPS (Black-Box Data-efficient Policy Search for Robotics) [260, 279, 289] that exploits
Gaussian processes and evolutionary algorithms for data-efficient policy search, the reset-free
trial and error (RTE) [83] which makes it possible for a legged robot to recover by taking the
environment into account during learning, or the Fast Adaptation through Meta-Learning Em-
beddings (FAMLE) [327] which leverages meta-learning and simulations to quickly adapt the
dynamical model of a damaged robot. Please see the portfolio about the ERC ResiBots for more
details.

• Navigation of mobile robots :
Indoor localisation based on audio source localization using a microphone array (on the robot),
and on a sensing floor (designed in collaboration with the Hikob company) was studied. We
proposed an approach to control the robot movements so as to locate an audio source using
the Monte-Carlo Tree Search algorithm [244][267, 154]. We addressed the localization with floor
sensing using a specific adaptation of the Extended Kalman filter[244] and also by computer
vision to track and recognize generic objects among which humans [47]. Efficient strategies to
navigate in natural environments were developed by studying those of Flying insects. To unders-
tand these strategies, we have developed a cable-driven parallel robot, named lab-on-cables, for
tracking and filming free-flying insects. We design a reactive controller that minimizes the online
tracking error between the position of the flying insect, provided by an embedded stereo-vision
system and the position of the moving lab, computed from the cable lengths ([190]).

• Human movement analysis :
This work concerns the analysis of temporal signals obtained by sensors worn by people or in
the environment : recognition of human gesture or activity, prediction of human movement to
optimize the control of exoskeletons, evaluation of human activity in its ecological environment
at home (assisting elderlies) or at work(ergonomic evaluation), prediction of pedestrian behavior
for autonomous vehicles. Several software packages have been developed, some of which have
been transferred to industrial partners.
In the context of the H2020 AnDy project (LARSEN), we collected several datasets (from wea-
rable IMU sensors) where human participants perform whole-body movements and activities.
We used Hidden Markov Model combined with a feature selection method to automatically
recognize the current human posture and action during industry-like work. The datasets have
been carefully annotated, documented, and are released as open-source to the community [151].
The database was used to train and test our activity recognition module, and showed that we
could achieve good recognition performance even with a small number of inputs [149]. We also
conducted a thorough assessment of a novel passive exoskeleton that provides arm support during
overhead work and we demonstrated reduction of physical strain and fatigue without negatively
impacting the productivity of industrial tasks [188]. During the first wave of the COVID-19
pandemic, we conducted a study on the use back-support exoskeleton to assist physicians in the
ICU during patient care ; this pilot study allowed the deployment of exoskeletons in the ICU of
the hospital in April 2020 [196].
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• Natural Interaction with robots :
We see tele-operation as a particular human-robot interaction. To teleoperate a humanoid robot
with a motion capture suit, we implemented a retargeting controller based on quadratic pro-
gramming and successfully tested it on iCub (full-featured, child-size humanoid). This work is
now continued on the Talos humanoid robot (adult size). To improve the performance of the
controllers, we developed algorithms to optimize task-specific and generic whole-body control-
lers ; to do so, we proposed a formulation of the problem of finding task-specific and generic
whole-body controllers as finding optimized parameters, task weights or priorities by using both
single-objective, stochastic, derivative-free methods [243, 278, 309] and multi-objective optimi-
zation [193]. In the field of human-robot natural interactions, we have shown that plastic central
pattern generators (CPG) models embodied in humanoid robot (Pepper) or robotic arm, make
the robot able to learn to produce more human-like movements, i.e. dynamic discrete and rhyth-
mic. These Neuro-controllers can trigger the emergence of a global motor coordination when the
robot interacts with the human to realize common socially act with contact (handshake) or
without (waving) [121, 288, 394, 421].

• AI methods for robotics :
In multi-agent decision making, we work on developing algorithms to derive action policies in
various scenarios that require accounting for the presence of multiple agents (robots or humans)
interacting in the same environment but can be collaborative or competitive. We have proposed
a new algorithm based on the occupancy state statistic (Dec-POMDPs) computing upper- and
lower-bounding value function approximators [57] and an efficient reinforcement learning algo-
rithm [282]. We also proposed novel solutions for fully observable stochastic games (SGs) [205],
partially observable stochastic games (POSGs) [334], and general POSGs [568].
The quality Diversity algorithms that we have co-introduced in 2015 (Mouret and Clune, 2015)
are currently very popular in the evolutionary computation international community, and es-
pecially in the main evolutionary computation conference (GECCO). We introduced many im-
provements to scale-up the initial MAP-Elites algorithm to high-dimensional behavioral/feature
spaces [105], to expensive domains (e.g., aerodynamics) [262, 263, 115, 286] (Best paper of the
CS track at GECCO 2017), to high-dimensional parameter spaces [301, 325].

Computational Neuroscience :

• Neuro-musculo-skeletal simulation of human walk :
The models of central pattern generators applied for motor coordination learning of robots have
also been used and adapted for studying motor coordination troubles that appear in human
walks due to neural pathologies like Parkinson. We have implemented these models in the open-
source musculoskeletal simulator OpenSim (developed by Stanford University) and shown that,
taking into account simplified signals descending from basal ganglia, it is possible to simulate
several specific motor troubles of walk described in the medical literature ([314]).

• Healthy and pathological brain rhythms :
The goal of the work is to better understand the oscillating and synchronization mechanisms un-
derlying cognitive and motor function, such as memory formation, consolidation, and retrieval,
as well as to identify the origin of pathological brain rhythms in order to develop new therapeutic
strategies. For theoretical aspect about synchrony mechanisms in neural network model we led
a theoretical study of synchrony mechanisms in interneuronal (hippocampal-like) networks in
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collaboration with University of Houston Clearlake, USA [165]. About modelling of hippocampal
rhythms, we have worked in collaboration with the Deutsches Zentrum für Degenerative Erkran-
kungen, on the mechanisms of oscillatory generation and maintenance of awake hippocampal
rhythms [91] and also on a physiologically and anatomically realistic modeling of the slow-wave-
sleep and awake oscillatory activities of the hippocampal formation [107] in collaboration with
the CRAN (Centre de Recherche en Automatique de Nancy) of UL. In term of biomedical ap-
plications, we have developed several original models : of propofol action on hippocampal-like
interneuronal networks and possible mechanisms involved in memory processes under general
anesthesia. [565], of the epileptic hippocampus in focal temporal lobe drug-resistant epilepsy, of
basal ganglia activity to identify the physiological mechanisms yielding pathological oscillations
in Parkinson’s disease (in collaboration with the team Simbiot, department 3 and the Institut
des Maladie Neurodégénératives, Bordeaux)[570][569].

• Brain-Computer Interfaces (BCI) :
In the domain of BCI, we study motor patterns in EEG mainly for recovery after stroke and
detection of peroperative awereness during general anesthesia. aiming to conceive a passive BCI
based on the intention of movement, we proposed a solution based on Median Nerve Stimulation
(MNS), which causes specific modulations in the motor cortex and can be altered by an inten-
tion of movement. We showed that MNS may provide a foundation for an innovative BCI that
would allow the detection of an AAGA [313], [158]. We conducted a study that highlighted the
occurrence of movement attempt patterns, mainly changes in oscillations called event-related
desynchronization and event-related synchronization in the EEG signal over the motor cortex,
in healthy subjects, without and under propofol sedation, during four different motor tasks [159],
[419].

Bio-inspired computing architectures

• Self-organization and population computing :
The brain is our source of inspiration to define low-level adaptation rules that make it possible
to modularize, specialize and differentiate subsets of computing bricks in a massively distributed
fine-grain homogeneous computing substrate. These properties are grounded on several levels
of self-organization through correlated forms of cortical plasticity. Aiming this, we study Dyna-
mic Neural Fields (DNF) because they are theoretically derived as models of neural populations,
and their combination with self-organizing maps (SOM)because of their learning capabilities and
properties using complex or hardware-compliant topologies. We defined neuro-inspired pruning
and sprouting rules within SOM , where connected neurons that have distant codewords and
that have not been selected best matching units since long have a high probability of getting dis-
connected [412]. we developed association mechanisms between DNF and SOM to autonomously
detect unexpected features in the visual environment and robustly track them using DNF [317].
We proposed a new algorithm to find best matching units without the usual computational
bottleneck, taking advantage of the topological self-organization of prototypes in SOM [438].

• Neuromorphic compatibility :
Our work focuses on the compatibility of our models with hardware constraints and neuromor-
phic trends. We combined neural and cellular characteristics so as to have the ability to adapt by
learning while dealing with decentralization, locality and simplicity. We have started studying
how spiking self-organizing maps can be influenced by the use of flexible hardware-constrained
underlying structures, such as the ones that can be found in manycore neuromorphic architec-
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tures. We evaluated the level of computational simplification that can be applied to the kernel of
DNF without changing the emergent behavior [233].We defined compact neuro-cellular architec-
tures that have all the behavioral characteristics of DNF [340], and we showed how such models
can efficiently process naturally spiking data as provided by event cameras. In the field of Self-
Organizing Maps (SOM) and spike-based computation, we defined a new spiking SOM model
that takes full advantage from a temporal coding scheme [323]. We studied how self-organization
and population coding influence fault tolerance. In [275, 116], we investigated the ability of large
conglomerates of homogeneous units to compensate for sensor and hardware failures thanks to
population-based representations. To ensure better hardware compatibility of SOM, we studied
network-programmable SOM using specific topologies that can be implemented with simple local
routing nodes [383], and cellular SOM that propagates weight updates from the best matching
unit in a cellular way [308].In the need to modularize populations of bioinspired computing
bricks, we investigated how a hardware manycore substrate can take advantage of bio-inspired
structural plasticity [397]. To introduce structural plasticity principles, we defined pruning as
well as sprouting versions of SOM [412] and implemented them in a cellular way using the
SCALP board simulator designed by the Swiss partner of the ANR SOMA project [315].

2.1.5 Scientific production and quality

During the evaluation period of 2016-2021, Department 5 has produced 41 PhD thesis, 5
HDR, 173 journal papers and 227 conference papers in major venues. In terms of the quality
of the publication supports, we give here below the list of top journals and conferences in our
scientific field of research :

List of top journals in which we have published

Recommender systems and e-education
— Expert Systems With Applications : [114] [130], [145]
— User Modeling and User-Adapted Interaction : [144]
— Journal of Intelligent Information Systems : [45]
— International Journal of Information and Learning Technology : [133]

Artificial Intelligence, Robotics
— Science Robotics : [190]
— Robotics and Autonomous Systems : [83], [72],[83]
— Journal of Artificial Intelligence Research : [57], [76]
— Autonomous Robots : [60], [78], [216],[154]
— IEEE Transactions on Robotics : [173]
— IEEE Transactions on Games : [205]
— IEEE Transactions on Evolutionary Computation : [105]
— Evolutionary Computation : [53], [115]
— Robotics and Automation Letters : [149], [222],[193], [221], [101]
— IEEE Sensors Journal : [47], [86]
— Frontiers in Robotics and AI : [181], [87], [214]
— Frontiers in Neurorobotics : [121]
— International Journal of Social Robotics : [61], [153]
— Nature Machine Intelligence : [141]

Neuroscience, computational neuroscience
— Frontiers in Neuroscience : [158], [186]
— Biological Cybernetics : [142]
— Neural Computing and Applications : [116]
— Neurocomputing : [165]
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— Journal of Computational Neuroscience : [107]
— Journal of Neural Engineering : [123], [125]
— Neural Processing Letters : [155]

Computational Biology
— Bioinformatics :[74], [162], [69], [69]
— BMC Bioinformatics : [79], [52] [106], [195]
— Proteins - Structure, Function and Bioinformatics : [147], [194], [64]
— Nature Methods : [113]
— Journal of Computational Chemistry : [164]
— Proceedings of the National Academy of Science (PNAS) : [71]
— Nature Scientific Reports : [180], [220]

List of top conferences in which we have published

Recommender systems and e-education
— International Conference on User Modeling, Adaptation and Personalization (UMAP) : [369], [346],

[238], [240], [415], [236]
— European Conference on Information Retrieval (ECIR) : [311]
— European Conference on Technology Enhanced Learning (EC-TEL) : [335]
— Educational Data Mining (EDM) : [321]
— IEEE International Conference on Tools with Artificial Intelligence (ICTAI) : [239], [383], [231],

[482], [283],
— IEEE/WIC/ACM International Joint Conference on Web Intelligence and Intelligent Agent Tech-

nology (WI-IAT) : [319]
— International Conference on Artificial Intelligence in Education (AIED) : [304], [328]
— IEEE International Conference on Advanced Learning Technologies(ICALT) : [329]

Artificial intelligence, neural networks, robotics
— IEEE/RJS International Conference on Intelligent Robots and Systems (IROS) : [253], [327],

[327],[371],[244],[260], [288]
— IEEE International Conference on Robotics and Automation (ICRA) : [294], [292], [272], [341],[279],

[251], [243]
— IEEE-RAS International Conference on Humanoid Robots (HUMANOIDS) : [242], [281], [480],

[274], [266], [235], [242], [295], [268],[278]
— ACM Genetic and Evolutionary Computation Conference (GECCO) : [453], [254], [331], [286],

[379], [301], [259],[372], [237], [318], [306], [263], [380],[325]
— International Conference on Neural Information Processing Systems - NeurIPS : [284]
— AAAI Conference on Artificial Intelligence : [293]
— International Conference on Machine Learning (ICML) : [282], [334]
— European Conference on Artificial Intelligence (ECAI) : [232],[333], [293]
— International Conference on Automated Planning and Scheduling (ICAPS) : [252], [322], [522]
— IEEE Conference on Systems, Man and Cybernetics : [332]
— IEEE/RSJ IEEE International Conference on Automation Science and Engineering (CASE) : [291],

[470],
— International Conference on Neural Information Processing (ICONIP) : [554], [323], [323]
— International Joint Conference on Neural Networks (IJCNN) : [233], [314]
— Annual Conference of the International Speech Communication Association (Interspeech) : [300]
— International Conference on Artificial Neural Networks (ICANN) : [340], [438]
— IEEE International Conference on Electronics Circuits and Systems (ICECS) : [315], [317]
— International Workshop on Self-Organizing Maps and Learning Vector Quantization, Clustering

and Data Visualization (WSOM) : [308], [553], [275], [303], [271]

Neuroscience, Computational neuroscience
— Computational Neuroscience Meeting : [562], [277], [302], [570]
— IEEE/EMBS Conference on Neural Engineering : [312], [269], [270], [452]
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— Brain-Computer Interfaces Meeting : [347], [347]

Computational Biology
— International conference on research in computational molecular biology (RECOMB) : [566], [571]
—
— ISMB SIGs (Intelligent Systems in Molecular Biology - Special Interest Groups) : [249, 257, 561]
— GGMM (Groupe de Graphisme et Modélisation Moléculaire ) : [563, 310, 567]
— JOBIM (Journées Ouvertes en Biologie, Informatique, Mathématiques) [564, 299, 503, 330]
— ECML-PKDD [264]

Software We highlight here some of our principal software packages :
— OpenViBE : (http://openvibe.inria.fr/), a leading platform to build brain-computer

interfaces. Participating in the design and development.
— EROS-DOCK (https://erosdock.loria.fr), and also GrAPFI, NAFRAGDB,

RNA-PDBComplete computational biology.
— SIRENE : (http://sirene.gforge.inria.fr/), simulation of spiking neural networks

based on event-driven, time-stepping and voltage-stepping integration methods.
— Limbo : (https://www.resibots.eu/limbo), Bayesian optimisation and Gaussian

processes library [112].
— InriaWBC : (https://github.com/resibots/inria_wbc), whole body controller based

on quadratic programming.

Academic reputation and appeal

Prix et distinctions. Nous avons obtenu 8 distinctions :
— 4 pour Jean-Baptiste Mouret, LARSEN : 2016 ISAL Award for Outstanding Paper of

2015 in the field of Artificial pour son article dans Nature en 2015 , Prix La Recherche
2016 (Science de l’Information), 2017 International Society for Artificial Life Award for
Distinguished Young Investigator in the field of Artificial Life, 2019 International Society
for Artificial Life award for the Outstanding Publication of the Decade 2004-2014.

— 1 pour Adam Gaier (encadrants J.-B. Mouret & Alexander Asteroth) : 2021 ACM SIGEVO
dissertation award (honorable mention)

— 2 pour Serena Ivaldi, LARSEN : 2020 Suzanne Zivi Award for excellence in research, 2021
by Robohub and Women in Robotics in the list of “50 Women in Robotics you need to
know about”, IEEE RA-L Outstanding Associate Editor 2021.

— 1 pour Anne Boyer : since 2019, she holds the first “chaire d’excellence” at the Galatasa-
ray University, Istanbul, Turkey. The thematic of her ”chaire” is in the field of Artificial
Intelligence. Fundings from MAEE and The consortium of French Companies in Turkey.

Nous avons obtenus 8 best papers : LARSEN (AIAA/ISSMO 2017, GECCO 2017, GECCO
2018, JFSMA2019), CAPSID (EGC2017) ; NEURORHYTHMS (CNS 2018 ,IEEE SMC2020),
KIWI (UMAP 2016).

Invitations et visites. Department members were invited speakers at international and na-
tional events.

• Armelle Brun has been invited speaker at workshop Artificial and Education, at conference
PFIA 2018. “What can data mining provide to Learning Analytics ?”

• Malika Smaïl-Tabbone : “Integrative Machine Learning Applied on Drug Side Effect Pro-
files”, 18th World Congress of Basic and Clinical Pharmacology), 1-6 juillet 2018, Kyoto,
Japan
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• Marie-Dominique Devignes : “Data science tools and strategies to make sense of omics
data”, workshop OLINK (a Proteomics private company) on “Accelerating precision me-
dicine”, 13-15 Nov 2018, Uppsala, Sweden.

• Jean-Baptiste Mouret : 3 keynotes in international conferences (2016 : 9th SIG on Design
Theory of the International Design Society, 2018 : 13th APCA International Conference on
Automatic Control and Soft Computing, 2019 : 10th International Conference on Informa-
tion, Intelligence, Systems and Applications), 5 invited talks in international symposiums
(2016 : The Origins WorkshopArizona State University ; cross-disciplinary Symposium
on Machine Learning and Architecture ; German-French Conference on Humanoids and
Legged Robots 2016 & 2018 ; 2018 : French Academy of Science and Leopolodina sympo-
sium “Data Science versus Motion Intelligence’’ ; 2018 : Frontiers Research and Artificial
Intelligence Workshop organized by the European Research Council), 5 invited talks in
workshops during international conferences (GECCO, ICRA, RSS, IAS), 4 invited talks in
meetings of the GDR robotique, 2 invited talks at the Journées Scientifiques Inria (2016
& 2020), as well as several invitations as a distinguished speaker in European universities
and international companies.

• Serena Ivaldi : invited talk at ICRA 2020 Workshop on Human-Robot Handovers, invited
talk at RSS 2020 Workshop on Closing the academia to real-world gap in service robotics,
invited talk at IROS 2020 Workshop on Ergonomic Physical Human-Robot Collabora-
tion,invited talk at Journée GT5 Perception et interaction homme-robot 2020, Panelist at
the HRI Pioneers Workshop 2021 – Academic Panel, speaker at European Robotics Forum
2021, speaker at the 2021 IEEE Women In Engineering International Leadership Confe-
rence, Invited talk at ICRA 2021 Workshop on Bridging the Gap between Data-driven and
Analytical Physics-based Grasping and Manipulation II, plenary lecture at Journée FéDéV
2021 – Université Paris Saclay, invited talk at HUMANOIDS 2020 Workshop Towards
Physical-social human-robot interaction, invited talk at HUMANOIDS 2020 Workshop on
Talos, invited talk at IROS 2021 Workshop on Human-like Behavior and Cognition in Ro-
bots, invited talk at Workshop HRI@Montpellier “AI for improving machine interactions
with humans and the environment” at LIRMM, speaker at FUTUROBOT 2021 (Percez
les secrets de la robotique – Discover the secrets of robotics) at Centre Prouvé – Nancy

• Patrick Hénaff, 3 invited talks : Illuminate Speaker Series, College of Rehabilitation Sciences,
University of Manitoba, Winnipeg, Canada, Dec. 2019 ; 12th International Conference on
Computer Vision Systems, ICVS2019, Thessaloniki, Greece ; International Conference on
Computer Science and Computational Intelligence (ICCSCI) organized by Binus university
of Jakarta, October 2017

• L. Bougrain : invited talk at the french National Academy of Medicine and french Academy
of Technologies (November 2, 2020) to present haptic and tangible brain-computer interface
for stroke patients.

Projets et contrats. External fundings occupy the largest part of the total fundings of De-
partment 5. The department has obtained 10 European projects, 4 other international projects,
10 national projects (ANR, FUI, DGA, CNRS...), 8 regional/local projects, 3 PIA projects, and
9 CIFRE thesis contracts.

Editorial and organizational activities Department members participated in the pro-
gramme committees and steering committees of many national and international conferences.
All the members of the department are regular reviewers for major international journals and
conferences in all the scientific domains of the department. Several members organized or co-
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organized regularly workshops and conferences (national and international).

Program, steering and conference Committees (non-exhaustive list) :
IEEE IJCNN ’16,17,18,19’ ; EDM, EC-TEL, DataMod, Edrecsys@LAK2020 ; ECCB (European
Conference on Computational Biology) ; CORIA (Conférence Francophone surla Recherche d’In-
formation et ses Applications) ; IEEE/RAS Humanoids 2019 ;ICRA 2021, ICRA 2020, ICRA
2019, IROS 2019, IEA 2018, IROS 2018, RSS 2016 ; IJCAI ’16–’20, ICML 19, AAAI ’16–’20,
ICAPS ’18 ’19, AAMAS ’16, UAI ’17, ’18, JFPDA ’16–’20, JFSMA 2019–20, GECCO ’16–’20,
ALIFE/ECAL ’16-’20 ;

Reviewer and editorial responsibilities for Journal (non-exhaustive list) : Journal Autono-
mous Robots ; PLOS Computation Biology ; Frontiers in AI and Robotics ; Springer Journal
of Intelligent Service Robotics ; Frontiers in AI and Robotics ; IEEE Transactions on Robotics ;
Proceedings of the Royal Society B ; Journal of Artificial Intelligence Research ; RIA journal ;
Journal of Proteomics and Computational Biology ; Frontiers in Neurorobotics ; Evolutionary
Computation ; Nature ; Nature Communications ; Nature Scientific Reports ; Artificial Life ; PLo-
SOne ; Computational Intelligence and Neuroscience (special issue 2016), Journal JIIS, RIA (now
ROAI), TSI.

Editor in chief.
International Journal of Social Robotics (Springer Nature)

Associate editor (non-exhaustive list).
ICRA 2020, ICRA 2021, IROS 2021, IEEE Robotics and Automation Letter, ACM Transactions
on Evolutionary Learning and Optimization (TELO) since 2019

Workshop organizations (non-exhaustive list).
RSS 2022, ICRA 2022 (3 Workshops), ICRA 2021 (2 Workshops), ICRA 2021 , ROMAN 2020,
ICRA 2020 (2 workshops), HUMANOIDS 2019, RSS 2019, ICRA 2019, IEA 2018, HUMANOIDS
2017, IROS2017, IROS 2016, ALIFE/ECAL 2016 and 2017
Conference organizations and co-organization
PFIA 2018, MSDM@IDCM2020, ADORE@LAK2020, EDRECSYS@LAK2020, LSAC 2019,CORL
2021, HUMANOIDS 2019 (Program chair), ARSO 2018, ICDL 2017, HUMANOIDS 2017, GEC-
CO’2019, ICAPS 2020 (conference chair), JNRH 2018, Rob&IA@PFIA 2018

Services as expert or evaluator

Thesis and habilitation committees, Hiring committees.
We participated in over 75 PhD juries and over 9 Habilitation juries as external examiners and
reviewers. We also served in several hiring committees both in Nancy and in France. Department
members were international assessor or international member of committee for PhD or HDR in
foreign countries (Germany, Norway, Switzerland, South Africa,).

Non-local scientific responsibilities.
Department members are/were : member of CNU, “Chargé de mission” for the French ministry
of higher education and research (HER), president of foundation in e-education, expert for the
DGA (IA and Robotics), expert for the French Ministry (DGRI/MEI) for bilateral calls ; experts
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for the French research ministry for the “Crédit Impot Recherche” ; GDR Robotic scientific
committee, ANR evaluation committee, ANR expert,

2.1.6 Life of the department
Seminars At the level of the department, we organize each year a day of seminars called “la
journée des doctorants”. This seminar is organized as follows : during the morning, each PhD
student presents rapidly (pitch) his (her) work in front of all the department members (PhDs,
professors, associate professors, researchers, and engineers), while during the afternoon the work
is presented in several interactive thematic sessions. The goal of this seminar day is to get to
know the PhD students, understand their topics, and thus know the scientific issues of each
team.
Covid 19 pandemic impacted greatly the life of the department because of numerous experiment
that had to suddenly stop during 5 months. Several Phd thesis were impacted and were delayed.
And the “journées des doctorants” based on intercative demonstrations was cancelled in 2020
and 2021.

Governance. In terms of administration of the department, we created a “council” that
consists of the head of the department and the heads of the teams. The role of this council
is to handle at the level of the department the evaluation and ranking of PhD candidates for UL
contracts, the department bugdet. Some department meetings include two elected PhD student
representatives. They have the role of “interface” between the students and the head of the
department for all problems or questions other than science.

Recruitments and gender parity. The department is not in charge of the recruitment of
the permanent researchers. But for recruitment of PhDs and Master interns, the department
takes care of gender parity. The number of PhDs women increased each year during the period :
we recruited 50 men and 21 women (30% of women) .

2.1.7 Relations académiques pérennes
Members of Department 5 have several strong and fruitful collaborations with regional teams

from Université de Lorraine (CRAN, 2LPN, CHU...), national partners in laboratories and
private companies (see teams reports for more details). We list here only international partners
with whom we developed particularly strong and productive collaborations (joint publications,
joint software development).

International Collaborations Australia (CSIRO, Brisbane ), Italy (Italian Institute of
Technology, Politechnico Milan), Japan (Kyutech University), Poland (Gdansk University),
Switzerland (HESSO Geneva), Ukraine (Kyiv Polytechnic Institute, Taras Shevchenko Na-
tional University), Brasil (State University of Maringá and EMBRAPA), Canada (University
of Sherbrooke), Austria (University Klagenfürt).
Moreover, the department is leader in two international cooperations :

— 2015-2022 : An Erasmus+ program with Ukraine (head P. Hénaff). With Igor Sikorsky Kyiv
Polytechnic Institute (KPI) and Taras Shevchenko National University of Ukraine (TS-
NUK). Research mobilities in the LORIA for Masters (around 30, PhD students (around
10) and 8 teachers. 2 PhDs in cotutelle were defended

— 2017-2021 : a research collaboration with Kyutech, Japan (head P. Hénaff). With Depar-
tement “Human Intelligence Systems” of Graduate School of Life Science and Systems
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Engineering, Kyutech (Kyutech is one strategic partner of UL) : visiting master students
(6), PHDs (2) and Professor (3) from Kyutech (LARSEN and Neurorythms), 2020). 2
common workshops LORIA/Kyutech “robotic and Neurosciences” organized in Mars 2018
at the LORIA (12 participants), in March 2019 in Kyutech (40 participants).

2.2. Référence 2. : La production scientifique est proportionnée au potentiel
de recherche de l’équipe et répartie entre ses personnels
2.2.1 Homogénéité de la production scientifique entre les permanents.

Voir DAE labo.

2.2.2 Accompagnement des jeunes chercheurs.
Voir DAE labo.

2.2.3 Accompagnement des chercheurs qui reprennent l’activité recherche.
Voir DAE labo.

2.2.4 Production scientifique des doctorants.
The department 5 produced 3.6 publications per PhD student in average, with a strong

involvement in the experimental platform based validation and software development.

3. Domaine 4 : Inscription des activités de recherche dans la
société

3.1. Référence 1 : L’équipe se distingue par la qualité de ses interactions
non-académiques

Department 5 had and has several number of CIFRE contracts with industrial partners in
the Grand Est region (Pharmagest, ST Gobain PAM, AGORAA, Xtramile, Yupeek) or outside
(PSA, Safran, Facebook). Research collaborations are also on going based on research contracts
or PhD funding with several non-academic institutions : INRS (institut national de recherche et
de sécurité) specifically in the field of robotics and human/robot interactions, DGA (délégation
générale de l’armement), CNED (Centre national d’enseignement à distance) and the CHRU of
Nancy, IRR of Nancy (Institut Régional de Réadaptation, OHS (office d’hygiene sociale), Arts
Museum of Nancy.

3.2. Référence 2 : L’équipe développe des produits à destination du monde
socio-économique

Cooperation with different companies through CIFRE contracts allows the department to
transfer it knowledge to the economic sphere.

3.3. Référence 3 : L’équipe partage ses connaissances avec le grand public et
intervient dans des débats de société

Members of the department are highly involved in scientific dissemination activities. The
most important and regular activities are listed here :
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3.3.1 Recurrent activities
— café des sciences ;
— forum for Cognitive Sciences, Université de Lorraine.
— demonstrations in “fete de la sciences”, “Village de la Science”, “Nuits de la Science”,

Hôpital Virtuel de Lorraine ;
— several “Brain week” at central hospital, Nancy.

3.3.2 Non-recurrent activities
— interviews for major newspapers and magazines : Est Républicain, 20 Minutes, Les Echos,

Le Monde, Telerama, L’Humanité, Les Inrockuptibles, Actu IA ;
— interviews and scientific spots in regional or national media : TV (France 3), radios (Eu-

rope 1, france Info, france bleu, france culture), newspapers (Le Monde,Est-Républicain,
Internet (Youtube, commentcamarche.net,...) ;

— participation to RING the festival (art festival on numeric) at Nancy ;
— articles in transfer journals.
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Thèses

[1] Benoît Chappet De Vangel. “Cellular model of dynamic neural fields”. Thèse de doct.
Université de Lorraine, novembre 2016. tel-01482251.

[2] Abdallah Dib. “Toward a motion capture system in 3D for a mobile robot moving in a
cluttered environment”. Thèse de doct. Université de Lorraine, mai 2016. tel-01752233.

[3] Lina Fahed. “Predicting and influencing the appearance of events in a complex sequence”.
Thèse de doct. Université de Lorraine, octobre 2016. tel-01470524.

[4] Mariia Fedotenkova. “Extraction of multivariate components in brain signals obtained
during general anesthesia”. Thèse de doct. Université de Lorraine, décembre 2016. tel-
01527901.

[5] Meysam Hashemi. “Analytical and numerical studies of thalamo-cortical neural popu-
lationmodels during general anesthesia”. Thèse de doct. Université de Lorraine, janvier
2016. tel-01754610.

[6] Marharyta Aleksandrova. “Matrix Factorization and Contrast Analysis Techniques for
Recommendation”. Thèse de doct. Université de Lorraine, juillet 2017. tel-01585248.

[7] Mohamad Daher. “High Integrity Personal Tracking Using Fault Tolerant Multi-Sensor
Data Fusion”. Thèse de doct. Université de Lille 1, Sciences et Technologies ; CRIStAL
UMR 9189, décembre 2017. tel-01740905.

[8] Iñaki Fernández Pérez. “Distributed Embodied Evolutionary Adaptation of Behaviors
in Swarms of Robotic Agents”. Thèse de doct. Université de Lorraine, décembre 2017.
tel-01695773.
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[9] Francesco Giovannini. “Mathematical Modelling of Neural Oscillations in Hippocam-
pal Memory Networks during Waking and under General Anaesthesia”. Thèse de doct.
Université de Lorraine, septembre 2017. tel-01661465.

[10] Nassim Kalde. “Robotic Coverage and Exploration as Sequential Decision-Making Pro-
blems”. Thèse de doct. Université de Lorraine, décembre 2017. tel-01701729.

[11] Cecilia Lindig León. “Multilabel classification of EEG-based combined motor imageries
implemented for the 3D control of a robotic arm”. Thèse de doct. Université de Lorraine,
janvier 2017. tel-01549139.

[12] Van Quan Nguyen. “Mapping of a sound environment by a mobile robot”. Thèse de
doct. Université de Lorraine, novembre 2017. tel-01661501.

[13] Yacine Abboud. “Pattern mining : between accessibility and robustness”. Thèse de doct.
Université de Lorraine, novembre 2018. tel-01977804.

[14] Seyed Ziaeddin Alborzi. “Automatic Discovery of Hidden Associations Using Vector
Similarity : Application to Biological Annotation Prediction”. Thèse de doct. Université
de Lorraine, février 2018. tel-01792299.

[15] Konstantinos Chatzilygeroudis. “Micro-Data Reinforcement Learning for Adaptive
Robots”. Thèse de doct. Universite de Lorraine, décembre 2018. tel-01966770.

[16] Oriane Dermy. “Movement Prediction : From Simple Gesture to Whole-Body Move-
ments.” Thèse de doct. Université de Lorraine, décembre 2018. tel-01966873.

[17] Benjamin Gras. “The forgotten users of social recommendation”. Thèse de doct. Uni-
versité de Lorraine, janvier 2018. tel-01764021.

[18] Amaury L’huillier. “Modeling diversity over time to understand user context in recom-
mender systems”. Thèse de doct. Université de Lorraine, novembre 2018. tel-01976800.

[19] Gabin Personeni. “Contribution of domain ontologies for knowledge discovery in bio-
medical data”. Thèse de doct. Université de Lorraine, novembre 2018. tel-01925461.

[20] Matthieu Zimmer. “Developmental reinforcement learning”. Thèse de doct. Université
de Lorraine, janvier 2018. tel-01735202.

[21] Amélie Aussel. “Computational modeling of healthy and epileptic hippocampal oscilla-
tions”. Thèse de doct. Université de Lorraine, novembre 2019. tel-02437326.

[22] Pedro Chavez Barrios. “Design of information and technology tools to support the
process of creativity and innovation”. Thèse de doct. Université de Lorraine, septembre
2019. tel-02499176.

[23] Maria-Elisa Ruiz-Echartea. “Pairwise and Multi-Component Protein-Protein Docking
Using Exhaustive Branch-and-Bound Tri-Dimensional Rotational Searches”. Thèse de
doct. Université de Lorraine, décembre 2019. tel-02860654.

[24] Andrii Dmytrovych Shachykov. “Neural modeling of human motor coordination ins-
pired by biological signals aiming for parkinsonian gaits”. Thèse de doct. Université de
Lorraine ; Institut polytechnique de Kiev (Ukraine), décembre 2019. tel-02735309.

[25] Julie Bu Daher. “Sequential Pattern Generalization for Mining Multi-source Data”.
Thèse de doct. Université de Lorraine, décembre 2020. tel-03184696.

[26] Adam Gaier. “Accelerating Evolutionary Design Exploration with Predictive and Ge-
nerative Models”. Thèse de doct. Université de Lorraine, juillet 2020. tel-02964666.
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[27] Melanie Jouaiti. “Improving Motor Coordination in Human-Robot Interactions using
Bio-inspired Controllers”. Thèse de doct. Université de Lorraine, juin 2020. tel-029297
29.

[28] Rituraj Kaushik. “Data-Efficient Robot Learning using Priors from Simulators”. Thèse
de doct. Université de Lorraine, juillet 2020. tel-02976390.

[29] Antoine Mahe. “Neural network based system identification for model predictive control”.
Thèse de doct. CentraleSupélec, décembre 2020. tel-03564478.

[30] Adrien Malaisé. “Human movement learning with wearable sensors : towards ergonomic
assessment automation”. Thèse de doct. Université de lorraine, juillet 2020. tel-028965
82.

[31] Sébastien Rimbert. “Contribution of median nerve stimulation in the design of a BCI
based on cerebral motor activity : towards improvement in the detection of intraoperative
awareness during general anaesthesia”. Thèse de doct. Université de Lorraine, juillet 2020.
tel-02949285.

[32] Oleksii Avilov. “Deep learning methods for motor imagery detection from raw EEG :
applications to brain-computer interfaces”. Thèse de doct. Université de Lorraine ; Institut
polytechnique de Kiev (Ukraine), février 2021. tel-03229010.

[33] Yann Bernard. “Neuromorphic computing for robust exploration and categorization of
visual and multimodal environments in embedded systems.” Thèse de doct. Université de
Lorraine, décembre 2021. tel-03547909.

[34] Yassine El Khadiri. “Bayesian inference for activities of daily living detection for elderly
home care applications”. Thèse de doct. Université de Lorraine, juillet 2021. tel-03542
586.

[35] Waldez Gomes. “Improving Ergonomics Through Physical Human-Robot Collaboration”.
Thèse de doct. Université de lorraine, décembre 2021. tel-03500477.

[36] Wissem Inoubli. “Analysis and Mining of Large Dynamic Graphs : case of graph clus-
tering”. Thèse de doct. Université de Tunis El Manar (Tunisie), janvier 2021. tel-0342
8615.

[37] Baptiste Menges. “Study and design of a robotic systemcooperative in a severe steel
environment”. Thèse de doct. Université de Lorraine, décembre 2021. tel-03598213.

[38] Barbara Moissa. “Maximizing students’ engagement through effort-based recommenda-
tions”. Thèse de doct. Université de Lorraine, décembre 2021. tel-03564001.

[39] Pierre-Edouard Osche. “Recommanding sequences in a multidimensional space”. Thèse
de doct. Université de Lorraine, février 2021. tel-03248061.

[40] Bishnu Sarker. “On Graph-Based Approaches for Protein Function Annotation and
Knowledge Discovery”. Thèse de doct. Université de Lorraine, avril 2021. tel-03274084.

Habilitations à diriger des recherches

[41] Olivier Buffet. “Prise de décision séquentielle dans l’incertain : Exploiter la structure
et rester dans le cadre”. Habilitation à diriger des recherches. Université de Lorraine,
décembre 2017. tel-01673278.
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[42] Francis Colas. “Modélisation bayésienne et robotique”. Habilitation à diriger des re-
cherches. Université de Lorraine, mai 2017. tel-01647934.

[43] Armelle Brun. “Sur les traces du futur : entre comprendre et predire”. Habilitation à
diriger des recherches. Université de Lorraine, avril 2018. tel-01832540.

[44] Laure Buhry. “The Music of the Brain : Modeling the Mechanisms of Genesis and
Maintenance of Neuronal Oscillatory Rhythms”. Habilitation à diriger des recherches.
Université de Lorraine, mars 2021. tel-03172559.

Journaux internationaux

[45] marharyta aleksandrova marharyta, Armelle Brun, Anne Boyer et Oleg Chertov.
“Identifying Representative Users in Matrix Factorization-based Recommender Systems :
Application to Solving the Content-less New Item Cold-start Problem”. In : Journal of
Intelligent Information Systems 48.2 (décembre 2016), p. 365-397. doi : 10.1007/s1084
4-016-0418-3. hal-01336300.

[46] Chloé C. Ambroset, Charles Coluzzi, Gérard Guédon, Marie-Dominique Devignes,
Valentin Loux, Thomas Lacroix, Sophie Payot et Nathalie N. Leblond-Bourget.
“New Insights into the Classification and Integration Specificity of Streptococcus Inte-
grative Conjugative Elements through Extensive Genome Exploration”. In : Frontiers in
Microbiology 6.6 (janvier 2016), p. 1483. doi : 10.3389/fmicb.2015.01483. hal-01262
284.

[47] Mihai Andries, Olivier Simonin et François Charpillet. “Localisation of humans,
objects and robots interacting on load-sensing floors”. In : IEEE Sensors Journal 16.4
(février 2016), p. 1026-1037. doi : 10.1109/JSEN.2015.2493122. hal-01196042.

[48] Sabeur Aridhi et Engelbert Mephu. “Big Graph Mining : Frameworks and Techniques”.
In : Big Data Research 6 (décembre 2016), p. 1-10. doi : 10.1016/j.bdr.2016.07.002.
hal-03025930.

[49] Sabeur Aridhi, Haïtham Sghaier, Manel Zoghlami, Mondher Maddouri et Engel-
bert Mephu Nguifo. “Prediction of Ionizing Radiation Resistance in Bacteria Using a
Multiple Instance Learning Model”. In : Journal of Computational Biology 23.1 (janvier
2016), p. 10-20. doi : 10.1089/cmb.2015.0134. hal-01807946.

[50] Pierre Bessière, Julien Diard et Francis Colas. “Modèles probabilistes formels pour
problèmes cognitifs usuels”. In : Intellectica - La revue de l’Association pour la Recherche
sur les sciences de la Cognition (ARCo). Nouvelles approches en robotique cognitive 65.1
(juin 2016), p. 111-141. doi : 10.3406/intel.2016.1792. hal-01345697.

[51] Emmanuel Bresso, Vincent Leroux, Martin Urban, Kim Hammond-Kosack, Ber-
nard Maigret et Natália Florêncio Martins. “Structure-based virtual screening of hy-
pothetical inhibitors of the enzyme longiborneol synthase-a potential target to reduce
Fusarium head blight disease”. In : Journal of Molecular Modeling 22.7 (juillet 2016).
doi : 10.1007/s00894-016-3021-1. hal-01392851.

[52] Emmanuel Bresso, Roberto Togawa, Kim Hammond-Kosack, Martin Urban, Ber-
nard Maigret et Natalia Florencio Martins. “GPCRs from fusarium graminearum
detection, modeling and virtual screening - the search for new routes to control head
blight disease”. In : BMC Bioinformatics 17.S18 (décembre 2016), p. 14. doi : 10.1186
/s12859-016-1342-9. hal-01537771.
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[53] Antoine Cully et Jean-Baptiste Mouret. “Evolving a Behavioral Repertoire for a Wal-
king Robot”. In : Evolutionary Computation 24.1 (2016), p. 33. doi : 10.1162/EVCO_a_0
0143. hal-01095543.

[54] Priscilla Da Silva Figueiredo Celestino Gomes, Isaure Chauvot de Beauchêne,
Nicolas Panel, Sophie Lopes, Paulo De Sepulveda, Pedro G Pascutti, E Solary et
Luba Tchertanov. “Insight on mutation-induced resistance from molecular dynamics
simulations of the native and mutated CSF-1R and KIT”. In : PLoS ONE 11.7 (juillet
2016). doi : 10.1371/journal.pone.0160165. hal-01505869.

[55] Mohamad Daher, Ahmad Diab, Maan El Badaoui El Najjar, Mohamad Khalil
et François Charpillet. “Automatic Fall Detection System using Sensing Floors”. In :
International Journal of Computing and Information Sciences (IJCIS) 12.1 (décembre
2016), p. 75-82. doi : 10.21700/ijcis.2016.110. hal-01393478.

[56] Hugo de Almeida, Vincent Leroux, Flávia Nader Motta, Philippe Grellier, Bernard
Maigret, Jaime Martins Santana et Izabela Marques Dourado Bastos. “Identification
of novel Trypanosoma cruzi prolyl oligopeptidase inhibitors by structure-based virtual
screening”. In : Journal of Computer-Aided Molecular Design (octobre 2016). doi : 10.1
007/s10822-016-9985-1. hal-01392842.

[57] Jilles Steeve Dibangoye, Christopher Amato, Olivier Buffet et François Charpillet.
“Optimally Solving Dec-POMDPs as Continuous-State MDPs”. In : Journal of Artificial
Intelligence Research 55 (février 2016), p. 443-497. doi : 10.1613/jair.4623. hal-012
79444.

[58] Ilaria Gaudiello, Elisabetta Zibetti, Sébastien Lefort, Mohamed Chetouani et Se-
rena Ivaldi. “Trust as indicator of robot functional and social acceptance. An experi-
mental study on user conformation to iCub answers”. In : Computers in Human Behavior
(2016). doi : 10.1016/j.chb.2016.03.057. hal-01298502.

[59] Simon Gay, Alain Mille, Olivier Georgeon et Alain Dutech. “Autonomous construc-
tion and exploitation of a spatial memory by a self-motivated agent”. In : Cognitive Sys-
tems Research 41 (2016), p. 1-35. doi : 10.1016/j.cogsys.2016.07.004. hal-01371877.
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