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PhD Position F/M Immer sive Sound and
Virtual Acousticson Distributed FPGAS

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

Niveau de dipldme exigé: Bac + 5 ou équivalent

Fonction : Doctorant

A propos du centre ou dela direction fonctionnelle

The Inriaresearch centre in Lyon isthe 9th Inria research centre, formally created
in January 2022. It brings together approximately 320 people in 19 research teams
and research support services.

Its staff are distributed in Villeurbanne, Lyon Gerland, and Saint-Etienne.

The Lyon centreis active in the fields of software, distributed and high-
performance computing, embedded systems, quantum computing and privacy in
the digital world, but also in digital health and computational biology.

Contexte et atouts du poste

General Description
The main objectives of this PhD are to:

e Design adistributed FPGA-based spatial audio system providing
unparalleled computational capabilities and perfect synchronicity between
al the speakers.

e Adapt and optimize spatial audio, virtual acoustics, and soundscape
rendering algorithms to FPGAs to fully take advantage of their
computational power.

e Explore the use of the Faust programming language (https.//faust.grame.fr)
to facilitate the deployment of this kind of applications on a distributed
FPGA-based system, automatically finding the best implementation.

The system that will be developed as part of this PhD will be evaluated in the
context of a broad range of “real-world” scenarios. The first application that will
be considered is virtual reality with real-time and interactive soundscape
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rendering. One concrete study case for thisimmersive VR system will be the
Chauvet cave in the south of France through a collaboration with Chauvet’s
scientific team. Another application that will be considered is virtual acousticsin
the context of live performances. For that, we will have to investigate the
possibility to deploy the FPGA-based distributed immersive sound system at a
larger scalein aconcert hall. GRAME-CNCM in Lyon will act as a collaborator in
this context.

Context

The successful candidate will join the Emeraude INRIA/INSA-Lyon research team
which is physically based at the CITI Lab of INSA-Lyon (Villeurbanne, France).
This PhD will be conducted under the supervision of Romain Michon (Inria) and
Pierre Lecomte (Ecole Centrale de Lyon). The Emeraude team gathers the
strengths of Inria, INSA Lyon, and GRAME-CNCM. It specializes on embedded
audio systems and their programming as well as arithmetic. It devel ops various
tools such as the Faust programming language (a DSL for Rea-Time audio DSP),
Syfala (atool to facilitate the programming of FPGASs for real-time audio DSP),
and FloPoCo (agenerator of arithmetic cores for FPGAS). The team hosts 6
faculty, 6 PhD students, 3 postdocs, 2 engineer, and multiple research interns.
Additional information can be found on team website:
https.//team.inria.fr/emeraude.

Mission confiée
Full PhD Topic

Immersive 3d audio has been receiving booming interest in recent years[1]. An
increasingly high number of movie theaters, concert halls, Virtual Reality (VR)
platforms in museums, attractions in amusement parks, cars, etc. are equipped with
advanced immersive sound systems involving alarge number of speakers that can
be used to render soundscapes in 3d, modify the acoustics of aroom, enhance
sound quality and speech intelligibility, carry out active noise cancellation, etc.
The need for advanced immersive sound systems recently culminated with the
opening of the “Las Vegas Sphere,” which hosts the largest and densest speaker
array intheworld involving atotal of 167,000 amplified speakers|[2].

Two kinds of configurations can be considered when dealing with immersive 3d
audio: that only involving “playback” (i.e., the pre-recorded sound track of a
movie) and that implying real-time computations and potentially reconfiguring the
system for different applications (i.e., virtual acoustics, soundscape rendering in
VR, noise canceling, speaker correction, sound quality enhancement, etc.). A
broad range of unresolved scientific and technical challenges are associated to that
second scenario on which this PhD will therefore focus.

Managing alarge number of individual audio channelsin real-time requires a
tremendous amount of computational power and incredibly high bandwidths,
preventing systems involving alot of speakersto be managed “collectively.” For
example, in the case of the Las Vegas Sphere, speakers are organized in groups of
acoustic panels which all receive the same source signal and that implement spatial
audio algorithms “locally.”



The norm for managing real-time immersive 3d audio systems[3, 4] istorely ona
centralized software-based approach: a single powerful computer connected to one
or multiple audio interfaces providing alimited number of audio outputs. Thus, the
computer’ s throughput determines the maximum number of manageable parallel
digital audio streams (and applied computations), creating a hardware-related
bottleneck.

Contrary to this norm, we would like to rely on a distributed computing approach
leveraging the computational power of large Field-Programmable Gate Array
(FPGA). In this approach, each FPGA isin charge of computing the sound of a
limited set of speakers. Thiswill alow for avery large number of speakersto be
simultaneously managed at avery low cost with unparalleled latency
performances.

In order to reach this goal, multiple challenges ranging from transmitting audio
streams to many audio devices [5] with close to perfect synchronicity to running
complex audio Digital Signal Processing (DSP) algorithms on FPGAs [6] must be
tackled. For that, the work carried out within the Emeraude team on this topic
during the past five years will be leveraged [7, 8, 9]. We plan to heavily rely on
High-Level Synthesis (HLS) for programming FPGAS, with the Syfalatool in
particular [10]. Allowing an unparalleled number of speakersto be collectively
managed in the context of immersive 3d audio will open the door to the
deployment of a broad range of new immersive audio techniques.

The main objectives of this PhD are to:

e Design adistributed FPGA-based spatial audio system providing
unparalleled computational capabilities and perfect synchronicity between
al the speakers.

e Adapt and optimize spatial audio, virtual acoustics, and soundscape
rendering algorithms to FPGAs to fully take advantage of their
computational power.

e Explore the use of the Faust programming language [11] to facilitate the
deployment of this kind of applications on a distributed FPGA -based
system, automatically finding the best implementation.

The system that will be developed as part of this PhD will be evaluated in the
context of a broad range of “real-world” scenarios. The first application that will
be considered is virtual reality with real-time and interactive soundscape
rendering. One concrete study case for thisimmersive VR system will be the
Chauvet cave in the south of France through a collaboration with Chauvet’s
scientific team. Another application that will be considered is virtual acousticsin
the context of live performances. For that, we will have to investigate the
possibility to deploy the FPGA-based distributed immersive sound system at a
larger scale in aconcert hall. GRAME - Centre National de Création Musicale in
Lyon will act as a collaborator in this context.
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Principales activités

Main Activities

e Design adistributed FPGA-based spatial audio system providing
unparalleled computational capabilities and perfect synchronicity between
al the speakers.

e Adapt and optimize spatial audio, virtual acoustics, and soundscape
rendering algorithms to FPGAs to fully take advantage of their
computational power.

e Explore the use of the Faust programming language (https.//faust.grame.fr)
to facilitate the deployment of this kind of applications on a distributed
FPGA -based system, automatically finding the best implementation.

e Evaluate the tools and systems designed as part of this PhD by using them at
the heart of concerts, interactive installations, VR experiences, etc.

Additional Activities
o Write papers

e Writeathesis
e Fulfill requirements for graduating, etc.

Compétences



Key Technical Skills

The "ideal" candidate should have the following skills (with some level of
flexibility):

e Masters degree in computer science (or equivalent)
Experience with spatial audio

Advanced C++ programming (High-Level Synthesis)
Network protocols

Faust programming basics

Low level digital audio systems

Professiona audio systems/sound engineering
FPGAs (VHDL)

L anguages

e Fuent written and spoken English (all communication within the lab
happens in English and the PhD thesis will be written in English)

Relational skills

¢ Independent
e Team work

Avantages

e Subsidized meals

e Partial reimbursement of public transport costs

e Leave: 7 weeks of annual leave + 10 extra days off dueto RTT (statutory
reduction in working hours) + possibility of exceptional leave (sick children,
moving home, etc.)

e Possibility of teleworking (after 6 months of employment) and flexible
organization of working hours

e Professional equipment available (videoconferencing, loan of computer
equipment, etc.)

e Social, cultural and sports events and activities

e Accessto vocational training

e Social security coverage

Rémunération
1st and 2nd year: 2200 euros gross salary /month

3rd year: 2300 euros gross salary / month

| nfor mations généerales

e Théme/Domaine : Systémes embarqués et temps réel
Systéme & réseaux (BAPE)
e Ville: Villeurbanne



Centrelnria: Centrelnriade Lyon

Date de prise de fonction souhaitée : 2025-10-01
Duréedecontrat : 3ans

Date limite pour postuler : 2025-08-11

contacts

e Equipelnria: EMERAUDE
e Directeur dethese:
Michon Romain / romain.michon@inria.fr

A proposd'lnria

Inriaest I'institut national de recherche dédie aux sciences et technologies du
numeérique. 11 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’institut fait appel & 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 scientifiques ou entrepreneuriaux
qui impactent le monde. Inriatravaille avec de nombreuses entreprises et a
accompagné la création de plus de 200 start-up. L'institut Se?orce ainsi de
répondre aux enjeux de la transformation numérique de la science, de la société et
deI'économie.

L 'essentiel pour réussir

We're looking for a candidate with a broad range of skills (see below) but the two
most important ones are: (i) a good mastery of FPGAS, and (ii) a solid background
in audio signal processing. C++ programming will also be extensively used as part
of this project. Also and as for any PhD, a high degree of independence will be
expected.

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

Applications must be submitted online via the Inria website. Processing of
applications submitted via other channelsis not guaranteed

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



