oliolioo
ortarin
ollioolo
ollalo0l

UNIVERSITE i .
DE LORRAINE . LOTic NeuroRhuthms

Y leoooioln _ 5
11ooto0r 1 Laboratoire lorrain de recherche

roo0ol0i 1l en informatique et ses applications
s

English Version

Modeling social interaction in human-robot
joint action from a bio-inspired approach

Thesis director : Laure Buhry (MCF-HDR — LORIA)
Co-supervision : Hendry F. Chame (MCF — LORIA)

Keywords. Human-robot interaction, Joint Action, Joint Attention, Bio-inspired modeling, Neural
robotics, Social cognition.

Context and state of the art

Social robotics is a multidisciplinary research field interested in studying the interaction of robots at
the social level. In recent decades, research on human-robot interactions (HRI) has been
accompanied by the design of robots that are increasingly more capable at engaging in joint actions
with humans. However, these advances have also encountered significant challenges in ensuring
smooth interactions and maintaining human engagement (Belhassein et al. (2022)).

From the perspective of research in 4E cognition (Newen et al. (2018)). Notably, inspired by
interaction theory (Gallagher (2008)), one aspect in which this project is interested is the modeling
of direct and intuitive HRI situations. These are for instance situations characterized by an
exchange based on a set of primary cognitive skills (e.g. gaze tracking, imitation, attentional
sharing), of which verbal communication, although possible, remains less of a priority.

In particular, this project is interested in the study of Joint Action in IHR, considered according to
Fiebich and Gallagher (2013) as a complex form of social interaction, characterized by the following
three elements: a) a shared intention (i.e. aiming for a common goal), b) common knowledge of
aiming for the same goal, and c) participation in cooperative patterns of behavior, where
motivational aspects and joint attentional processes are of extreme importance.

In the field of HRI, Vesper et al. (2010) proposed a minimal and modular architectural description of
the types of dedicated processes enabling Joint Action. This research project focuses on the
integration between architectural modeling and the study of interaction as a dynamical system,
capable of adequately representing the rhythmic aspect (e.g. synchronization) of behavior and brain
activity of the human in correspondence to the internal state and actions of the robot. This
possibility of integration will be pursued from the perspective of free energy principle theory through
the concept of active inference (Friston et al. (2013), Allen and Friston (2018)).



Relevance, originality and objectives

This research project aims at studying the dynamics of Joint Action (JA) in human-robot interaction
(HRI) through mathematical modeling, simulations, multi-scale signal processing and prototyping
human-robot interaction experiments. Therefore, the main objective of the project is the proposal of
a mathematical model allowing to represent and track in real time JA. The resulting model could
contribute, on the one hand, to the development of diagnostic methods intended to estimate the
quality of interaction in HRI. On the other hand, given the level of interaction activity envisaged (i.e.
intuitive interaction between the human and the robot), this project could contribute to the
development of methods intended to study social cognition in several psychological conditions (e.g.
autism spectrum disorder, cognitive rehabilitation condition, or psychopathological conditions such
as schizophrenia).

Methodology

Definition of the interaction activity. Based on the literature, the first step will consist in proposing a
situation of intuitive human-robot interaction, including an activity having the potential to incite Joint
Action between the partners. Ideally, this activity will take the form of a fun game, capable of
inducing human engagement.

Bio-inspired mathematical modeling. The second step will aim at the construction of the real-time
interaction model from the definition of the data model. The model proposition will be bio-inspired
(e.g. continuous attractor neural network models are inspired by the theory of dynamic neural fields,
Amari (1977)). Following this approach, previous work has considered two aspects directly related
to the problem under study, such as the modeling of Joint Attention for several interacting
individuals (Chame et at. (2023)) and the modeling of the motivational state in human-system
interaction, according to self-determination theory (Chame et al. (2019)). Other works could inspire
the modeling phase, such as the concept of active inference from free energy principle theory (e.g.
Chame and Tani (2020), Chame et al. (2020)).

Experiment prototyping. In order to provide data to the interaction model, the project will rely on
tracking electrophysiological (e.g. electroencephalogram) and behavioral (e.g. monitoring of
position, direction of gaze) data, as well as data captured from the robot (its internal state from
proprioceptive and exteroceptive sensors). Due to technological constraints, the interaction
prototype will probably consist of a distributed system, whose data capture must be clock
synchronized. Thus, the system will be implemented in the Robot Operating System (ROS)
middleware, programmed in Python or C++.

Supervision and collaborations
The thesis will take place at LORIA (Neurorhythms team). A collaboration with Dr Rachid Alami,

member of LAAS-CNRS (RobotS and InteractionS - RIS) is expected for the experimental phase.
The expertise of LORIA will be particularly required for the modeling and simulation aspects, in



particular for the modeling of the biologically inspired interaction. While the expertise of
LAAS-CNRS will be requested in the experimental phase.
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