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PhD Position F/M Hardwar e Acceleration
for Unmanned Aerial Vehicle Control
Algorithms

Le descriptif de I’ offre ci-dessous est en Anglais

Typedecontrat : CDD
Niveau de diplébme exigé: Bac + 5 ou équivalent

Fonction : Doctorant

A proposdu centre ou dela direction fonctionnelle

The Inria Rennes - Bretagne Atlantique Centre is one of Inria's eight centres and has
more than thirty research teams. The Inria Center is amajor and recognized player
inthe field of digital sciences. It is at the heart of arich 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

Context & background:

Robots are physical agents that interact with their physical environment.
Accordingly, their sensorimotor capabilities are essential and largely determine the
activities that robots can perform. In recent years, great progress has been madein
sensory capabilities thanks to significant advances in machine learning and
dedicated hardware. In contrast, much less progress has been made in motor skills.
Examples of promising approaches in the current scientific literature are Model
Predictive Control (MPC) [1] and Model Predictive Path Integral (MPPI) control
[2], where control actions are optimized over afinite time horizon, considering the
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time evolution of robot dynamics to optimize a given cost or reward function that
describes the robot motion. Such algorithms are particularly suited for optimizing
control trajectories and planning horizonsin real time due to their ability to
handle dynamic environments.

From a control perspective, planning a horizon that isaslong as possible to
manage complex trajectories while considering the environment is essential .
Additionally, maintaining a high control frequency iscrucial to meet thereal-time
demands imposed by real-world physics and, if necessary, to adjust the sequence of
movements. In the resour ce-constrained context of small-scale UAV's, such
control algorithms are crucia as they enable optimal trajectory generation and
real-time decision-making in complex, dynamic, and uncertain environments.
However, particularly for battery-powered UAV's, achieving a high control
frequency while planning for along horizon is difficult due to limited computational
power and energy constraints [3], and conventional GPU accel eration often requires
excessive energy consumption.

In recent years, har dwar e acceler ation [4] has become increasingly popular, using
dedicated platforms such as FPGAs (Field Programmable Gate Arrays) and
ASICs (Application-specific Integrated Circuits), increasing energy efficiency by
ordersof magnitude [5]. However, dedicated hardwar e acceler ation for small-
scale UAV control has not been proposed.

The Phd isin collaboration between the computer architecture team (TARAN) and
the robotics team (RAINBOW) at Inria Centre at Rennes University.

Prospective candidates must manifest their interest before June 1, 2025, to
preparefor the doctoral audition, scheduled on June 12, 2025 (remotely or in
person).

Contact people:

Marcello Traiola, marcello.traiola@inria.fr

Marco Tognon, marco.tognon@inriafr

Tommaso Belvedere, tommaso.belvedere@inriafr
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Mission confiée

This Ph.D. thesisaimsto use algorithm-specific custom hardwar e acceleration to
implement efficient real-time control for UAVswith long prediction horizons
and high control frequencies. The structure of the control algorithms is complex
and sensitive to numerical errors or reduced arithmetic precision. Thus, applying a
har dwar e-algorithm Co-design approach is necessary, i.e., adapting the control
algorithmsto the har dwar e and designing the har dwar e to suit the control
algorithms optimally.

Principales activites

After adetailed study of UAV state-of-the-art control algorithms, the student will
identify HW acceleration opportunities, such as par allélization, pipelining, and
data specialization. The student will apply co-design approaches to realize efficient
accelerators, utilizing the control algorithms' properties to improve the hardware
while adjusting the algorithms to the hardware’ s characteristics. Simulations will be
carried out to validate the proposed approaches and prepare the final integration in
the UAV platform, which is already available to the RAINBOW team.

Compétences

Required technical sKills:

e Good knowledge of computer architectures and embedded systems
e HW design: VHDL/Verilog basics, HW synthesis flow

¢ Programming knowledge (C/C++, python)

e Experiencein HW/SW co-design and roboticsisaplus

Candidates must have a Master’ s degree (or equivalent) in Computer Engineering
or related areasrelevant to the PhD topic

L anguages. proficiency in written English and fluency in spoken English are

required.

Relational skills: the candidate will work in aresearch team, where regular
meetings will be set up. The candidate has to be able to present the progress of their
work in aclear and detailed manner.

Other values appreciated ar e open-mindedness, strong integration skills, and team
spirit.
Most importantly, we seek highly motivated candidates.



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
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Rémunération

monthly gross salary 2200 euros

| nfor mations géneér ales

e Theme/Domaine : Architecture, langages et compilation
¢ Ville: Rennes

e Centrelnria: Centrelnriadel'Université de Rennes

e Datede prisedefonction souhaitée : 2025-10-01
[
[ ]

Duréedecontrat : 3 ans
Date limite pour postuler : 2025-06-16

Contacts

e Equipelnria: TARAN
e Directeur dethése:
TraiolaMarcello / marcello.traiola@inriafr

A proposd'lnria

Inriaest I'institut national de recherche dédié aux sciences et technologies du
numeérique. 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 al’ interface d autres disciplines.
L’ingtitut fait appel a de nombreux talents dans plus d’ une quarantaine de métiers
différents. 900 personnels d appui alarecherche et al’innovation contribuent afaire
émerger et grandir des projets scientifigues ou entrepreneuriaux qui impactent le
monde. Inriatravaille avec de nombreuses entreprises et a accompagne la création
de plus de 200 start-up. L'institut se?orce ainsi de répondre aux enjeux de la
transformation numeérique de la science, de la société et de |'économie.
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L 'essentiel pour reéussir
Candidates with knowledge and experience in Har dwar e Design, HW/SW co-

design, and Robotics fundamentals are highly appreciated.

We seek highly motivated and passionate candidates. Autonomy is a highly
appreciated quality.

Essential qualitiesto fulfil a PhD thesis are feeling at ease in an environment of
scientific dynamics and wanting to learn, listen, and share.

Candidates must have a Master’s degree (or equivalent) in Computer Engineering
or related areasrelevant to the PhD topic

Attention: Les candidatures doivent étre 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

For more information, please contact marcello.traiola@inria.fr

Sécurité défense :

Ce poste est susceptible d’ étre affecté dans une zone arégime restrictif (ZRR), telle
que définie dans |e décret n°2011-1425 relatif ala protection du potentiel
scientifique et technique de la nation (PPST). L’ autorisation d’ accés a une zone est
délivrée par le chef d établissement, apres avis ministériel favorable, tel que défini
dans |’ arrété du 03 juillet 2012, relatif ala PPST. Un avis ministériel défavorable
pour un poste affecté dans une ZRR aurait pour conséquence I’ annulation du
recrutement.

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



