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R�esum�e

Le travail de th�ese qui est rapport�e dans le pr�esent document a port�e sur la r�ealisation d�un syst�eme de
restitution sonore spatialis�ee pour la visioconf�erence� La principale contrainte de ce projet a r�esid�e dans la
taille de la zone d��ecoute qui doit �etre su�samment grande pour englober plusieurs auditeurs simultan�ement�
Chaque auditeur doit �egalement pouvoir se d�eplacer au sein de la zone d��ecoute� A l�issue d�un tour d�horizon
des di��erentes m�ethodes de spatialisation sonore existantes �st�er�eophonie	 techniques binaurales	 syst�eme
ambisonique���
 dont la pertinence a �et�e examin�ee du point de vue du contexte de visioconf�erence	 une
approche holophonique a �et�e �nalement choisie	 attendu qu�elle s�av�ere �etre la solution la plus pertinente
pour obtenir une zone d��ecoute �etendue� Un prototype de syst�eme holophonique pour la visioconf�erence a
ainsi �et�e con�cu et r�ealis�e�

D�un point de vue th�eorique	 l�holophonie d�erive du Principe de Huygens� Elle constitue l��equivalent
acoustique de l�holographie et consiste �a reproduire un champ sonore �a partir d�un enregistrement sur une
surface� Sur la plan pratique	 le champ sonore est enregistr�e par un r�eseau de microphones	 auquel on substitue
un r�eseau de haut
parleurs de g�eom�etrie identique �a la restitution� Le concept de Wave�eld Synthesis qui a
�et�e mis au point �a l�U�T�D� �Universit�e Technologique de Delft
 d�e�nit un exemple de mise en �uvre d�un
syst�eme holophonique� Le prototype qui a �et�e d�evelopp�e au cours de cette th�ese s�en est largement inspir�e�
En particulier	 les simpli�cations mises en �evidence �a l�U�T�D�	 principalement a�n de r�eduire la taille du
r�eseau de transducteurs et leur nombre	 ont �et�e retenues� On a n�eanmoins eu le souci constant d�analyser
la pertinence de la d�emarche men�ee �a l�U�T�D� et de l�approfondir� Ainsi	 les questions de l��echantillonnage
spatial et de la troncature du r�eseau de transducteurs ont fait l�objet d��etudes sp�eci�ques� Au �nal	 le syst�eme
holophonique qui a �et�e mis au point se compose d�une antenne de haut
parleurs pilot�es par une carte DSP�
Il a �et�e valid�e �a la fois en environnement an�echo��que et dans un studio exp�erimental de visioconf�erence�

Au del�a de la r�ealisation d�un syst�eme de spatialisation sonore pour la visioconf�erence	 le second objectif
de cette th�ese visait une meilleure compr�ehension des proc�ed�es de spatialisation sonore �a partir de l�approche
g�en�erale que d�e�nit l�holophonie� Cet objectif a �et�e atteint en reliant le syst�eme ambisonique �a l�holophonie�
Il est montr�e que	 loin de constituer deux m�ethodes distinctes	 les syst�emes ambisonique et holophonique
sont fond�es sur des processus analogues et qu�en r�ealit�e	 le syst�eme ambisonique est un cas particulier de
l�holophonie� De ce r�esultat	 un formalisme uni��e de la reconstruction de champ sonore a �et�e d�egag�e� il
permet une comparaison directe des performances des deux m�ethodes	 en termes d�encodage et de d�ecodage
de l�information spatiale du champ sonore� Il en ressort que	 bien que le syst�eme ambisonic soit tr�es s�eduisant
sur le plan th�eorique	 il se heurte �a de nombreux probl�emes de mise en �uvre� Par suite	 l�holophonie reste
la m�ethode la plus robuste sur le plan pratique�
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Abstract

This Ph� D� Thesis deals with �D
sound reproduction system designed for videoconferencing applications�
Since videoconferences are addressed to several listeners	 the listening area must be wide and this requirement
has determined all the choices made in this study� After an overview of �D
sound reproduction methods
�stereophony	 binaural technologies	 ambisonic���
	 whose relevance for videoconferencing has been checked	
an holophonic approach is preferred	 because it is the only solution which ensures an extensive listening area�
Consequently	 a prototype of a holophonic system has been designed and implemented for videoconferencing�

From a theoretical point of view	 holophony is based on the Huygens� Principle� It de�nes the acoustical
equivalent to holography and consists in reproducing a sound�eld from a recording over a surface� Practically	
the sound�eld is recorded by a microphone array and reproduced by a loudspeaker array of identical geometry�
The Wave�eld Synthesis concept	 which has been developed at the Acoustic Laboratory of the D�U�T�
�Delft University of Technology
	 represents one example of such holophonic system� The prototype	 which
has been designed during this thesis	 is largely drawn from the Wave�eld Synthesis concept� Particularly	
simpli�cations	 which have been pointed out at the D�U�T� in order to reduce the size of the transducer array
and the number of transducers involved in the sound pick
up and reproduction	 are used� Nevertheless	 it
was intended to go deeply into the holophonic theory� thus the questions of spatial sampling and spatial
truncature have been analysed in detail� The holophonic system �nally obtained is composed of a loudspeaker
array	 which is driven by a DSP� It has been measured and validated both in an anechoic environment and
in an experimental videoconferencing studio�

Besides the implementation of a �D
sound reproduction system for videoconferencing	 the second purpose
of this thesis aimed at a deep understanding of the sound spatialization process from the general approach
de�ned by holophony� It has been reached by linking ambisonic and holophony� Indeed	 it has been shown
that	 far from being two opposite methods	 ambisonic and holophony are fundamentally based on a similar
process� Moreover	 ambisonic must be considered as a particular case of holophony� From this result	 an
uni�ed approach of sound�eld reconstruction has been derived	 which has led to a straightforward comparison
of the spatial encoding and decoding of the two methods� It was concluded that ambisonic is very attractive
from a theoretical point of view	 but unfeasible	 so that holophony should be preferred in practice�
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