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ABSTRACT

This Ph. D. Thesis deals with 3D-sound reproduction system designed for videoconfe-
rencing 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 3D-sound reproduction methods (stereophony, binaural technologies,
ambisonic...), whose relevance for videoconferencing has been checked, an holophonic ap-
proach 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 defines
the acoustical equivalent to holography and consists in reproducing a soundfield from a
recording over a surface. Practically, the soundfield is recorded by a microphone array and
reproduced by a loudspeaker array of identical geometry. The Wavefield 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 system, which has
been designed during this thesis, is largely drawn from the Wavefield Synthesis concept.
Particularly, simplifications, 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 finally 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 3D-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 defined 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 unified
approach of soundfield 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.

KEYWORDS
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