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PhD Position F/M Deformable object manipulation by
"photometric shape servoing"
Type de contrat : Fixed-term contract

Niveau de diplôme exigé : Graduate degree or equivalent

Fonction : PhD Position

A propos du centre ou de la direction fonctionnelle
The Inria Centre at Rennes University is one of Inria's eight 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.

Contexte et atouts du poste
Conditions:

The PhD student will be hosted in the IRISA/Inria Rainbow group (https://team.inria.fr/rainbow/) at
Rennes.

The Ph.D. position is full-time for 3 years (standard duration in France). The position will be paid
according to the French salary regulations for PhD students.

Supervisors: Alexandre Krupa, Eric Marchand

Mission confiée

Context:

A major challenge in robotics is the interaction with deformable objects. Indeed, nowadays most of the
robot control frameworks are built for rigid objects observed in the scene. Therefore, in order to extend
the manipulation capabilities of robots, the main objective of this thesis is to investigate a new robotic
control approach for manipulating soft objects to apply a desired deformation. The general idea is to use
visual feedback to estimate and track in real time the deformations of the object of interest, and to
develop a visual servo-control approach to control one or more robotic manipulators in order to apply a
desired deformation to the object.

Automatically controlling the deformation of soft object would enable numerous robotic applications
such as gripping a deformable object with a robotic hand, assembling flexible elements, accurately
manipulating elastic materials or food products.

Recently, a number of studies have proposed solutions for applying controlled deformations to soft
objects by robots, leading to the emergence of a new field of robotics research that is called "Shape
servoing".

Controlling the deformation of soft materials requires the knowledge of how displacements of the
robotic manipulator are translated into material deformation. This relationship can be either estimated
from past visual observation with data-driven approaches [1] or expressed by a physics-model of the
object such as finite element [2] or mass-spring models [3-4].

Objectives:

The various existing approaches need to extract visual geometric features to represent the object
current deformations. For example they use 3D points of the objects surface provided by an RGB-D
camera. Therefore, one of their limitations is the requirement of a real-time process that extracts and
tracks these geometric features. This process usually involves a segmentation process which is only
optimized and efficient for a specific type of object.

To avoid the need for extracting geometric features, we will propose in this thesis to consider directly
the photometric information as well as the depth information provided by the RGB-D camera as the
visual features to be regulated by the control law. This was already done for positioning a camera with
respect to a rigid object by the “direct visual servoing” concept introduced in [5-6]. However, at our best
knowledge photometric features were never considered for shape visual servoing.
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Principales activités

Envisaged activities:

This thesis will therefore focus on the elaboration of a new shape servoing framework that we call
“photometric shape servoing”. One of the scientific contributions will concern the modelling of the
interaction that provides the variation of the observed photometric information with respect to the
motion of the robot acting on the soft object. This interaction model will then be considered in the
design of a robot controller that will allow the autonomous shaping of a soft object by several robotic
arms. A reduction of the dimensionality of the photometric shape features will be also considered
thanks to projection approaches [7-8].

The methods studied will be developed, tested and validated on an experimental bench consisting of
deformable objects, depth cameras, 2 robotic arms with 6 degrees of freedom, each equipped with an
force sensor and a robotic griper/hand.

Avantages
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

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

Informations générales
Thème/Domaine : Robotics and Smart environments
Ville : Rennes
Centre Inria : Centre Inria de l'Université de Rennes
Date de prise de fonction souhaitée : 2024-10-01
Durée de contrat : 3 years
Date limite pour postuler : 2024-05-31

Contacts
Équipe Inria : RAINBOW
Directeur de thèse : 
Krupa Alexandre / alexandre.krupa@inria.fr

A propos d'Inria
Inria est l’institut national de recherche dédié aux sciences et technologies du numérique. Il emploie
2600 personnes. Ses 215 équipes-projets agiles, en général communes avec des partenaires
académiques, impliquent plus de 3900 scientifiques pour relever les défis du numérique, souvent à
l’interface d’autres disciplines. L’institut fait appel à de nombreux talents dans plus d’une quarantaine de
métiers différents. 900 personnels d’appui à la recherche et à l’innovation contribuent à faire émerger et
grandir des projets scientifiques ou entrepreneuriaux qui impactent le monde. Inria travaille avec de
nombreuses entreprises et a accompagné la création de plus de 200 start-up. L'institut s'efforce ainsi de
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répondre aux enjeux de la transformation numérique de la science, de la société et de l'économie.

L'essentiel pour réussir
Qualification requirements:

The candidate must have an excellent track of records and a Master Degree (or equivalent) in robotics
and computer vision.

The candidate must have the following qualifications:

Strong background in robotics
Experience with computer vision, physical robots, or 3D simulation
Excellent programming skills in C++
Strong proficiency in both written and spoken English
Ability to perform experimental validations
Ability to work independently as well as collaboratively

Attention: Les candidatures doivent être déposées en ligne sur le site Inria. Le traitement des
candidatures adressées par d'autres canaux n'est pas garanti.

Consignes pour postuler
Please submit online : your resume, cover letter and letters of recommendation eventually

Sécurité défense : 
Ce poste est susceptible d’être affecté dans une zone à régime restrictif (ZRR), telle que définie dans le
décret n°2011-1425 relatif à la protection du potentiel scientifique et technique de la nation (PPST).
L’autorisation d’accès à une zone est délivrée par le chef d’établissement, après avis ministériel favorable,
tel que défini dans l’arrêté du 03 juillet 2012, relatif à la PPST. Un avis ministériel défavorable pour un
poste affecté dans une ZRR aurait pour conséquence l’annulation du recrutement.

Politique de recrutement : 
Dans le cadre de sa politique diversité, tous les postes Inria sont accessibles aux personnes en situation
de handicap.
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