LEABHARLANN CHOLAISTE NA TRIONOIDE, BAILE ATHA CLIATH | TRINITY COLLEGE LIBRARY DUBLIN
Ollscoil Atha Cliath | The University of Dublin

Terms and Conditions of Use of Digitised Theses from Trinity College Library Dublin
Copyright statement

All material supplied by Trinity College Library is protected by copyright (under the Copyright and
Related Rights Act, 2000 as amended) and other relevant Intellectual Property Rights. By accessing
and using a Digitised Thesis from Trinity College Library you acknowledge that all Intellectual Property
Rights in any Works supplied are the sole and exclusive property of the copyright and/or other IPR
holder. Specific copyright holders may not be explicitly identified. Use of materials from other sources
within a thesis should not be construed as a claim over them.

A non-exclusive, non-transferable licence is hereby granted to those using or reproducing, in whole or in
part, the material for valid purposes, providing the copyright owners are acknowledged using the normal
conventions. Where specific permission to use material is required, this is identified and such
permission must be sought from the copyright holder or agency cited.

Liability statement

By using a Digitised Thesis, | accept that Trinity College Dublin bears no legal responsibility for the
accuracy, legality or comprehensiveness of materials contained within the thesis, and that Trinity
College Dublin accepts no liability for indirect, consequential, or incidental, damages or losses arising
from use of the thesis for whatever reason. Information located in a thesis may be subject to specific
use constraints, details of which may not be explicitly described. It is the responsibility of potential and
actual users to be aware of such constraints and to abide by them. By making use of material from a
digitised thesis, you accept these copyright and disclaimer provisions. Where it is brought to the
attention of Trinity College Library that there may be a breach of copyright or other restraint, it is the
policy to withdraw or take down access to a thesis while the issue is being resolved.

Access Agreement

By using a Digitised Thesis from Trinity College Library you are bound by the following Terms &
Conditions. Please read them carefully.

| have read and | understand the following statement: All material supplied via a Digitised Thesis from
Trinity College Library is protected by copyright and other intellectual property rights, and duplication or
sale of all or part of any of a thesis is not permitted, except that material may be duplicated by you for
your research use or for educational purposes in electronic or print form providing the copyright owners
are acknowledged using the normal conventions. You must obtain permission for any other use.
Electronic or print copies may not be offered, whether for sale or otherwise to anyone. This copy has
been supplied on the understanding that it is copyright material and that no quotation from the thesis
may be published without proper acknowledgement.



LEABHARLANN CHOLAISTE NA TRIONOIDE, BAILE ATHA CLIATH
Ollscoil Atha Cliath

10306

TRINITY COLLEGE LIBRARY DUBLIN
The University of Dublin

THIS THESIS MAY BE READ ONLY IN THE LIBRARY

Reader’s Declaration

| undertake not to reproduce any portion of, or use any information
derived from this thesis without first obtaining the permission, in
writing, of the Librarian, Trinity College. If permission is granted, |
shall give appropriate acknowledgement for any portion of the
thesis used or reproduced.

Date
consulted

Name and address in
block letters

University
or
institution

Signature




SPACIOUSNESS CONTROL FOR SOUND FIELD
RECORDING AND RECONSTRUCTION

A dissertation submitted to the University of Dublin for the degree of Doctor of
Philosophy

July 2015.
Marco Conceicao

Financially supported by FCT under the QREN - POPH - Type 4.1 - “Formacgdo
Avangada”, subsidized by the European Social Fund and national funds of MEC,

Portugal; PhD grant SFRH/BD/45641/2008

Music and Media Technologies
Department of Electronic and Electrical Engineering-...

Trinity College Dublin

13 SEP B ) ) THESIS

L NdeapEvicReSS 10862

PhD Lingihee 2y

50564203

W



ii



DECLARATION

[ declare that this thesis has not been submitted as an exercise for a degree at
this or any other university and that it is entirely my own work.

[ agree to deposit this thesis in the University’s open access institutional
repository or allow the library to do so on my behalf, subject to Irish Copyright
Legislation and Trinity College Library conditions of use and acknowledgment.

Marco Conceigao

iii






The art of recording lies in manipulating illusions.
The science of recording involves the tools and techniques
used to create these illusions.

(Streicher and Dooley, 1985)






ABSTRACT

“Auditory Spaciousness” is a perceptual characteristic which has been
recognized as being an important aesthetic feature of music presentations of
various types. Most previous research has been focused on the identification of
the physical parameters which are causally involved in the generation of
listener spatial impression when auditioning music. The presence of lateral
reflections has been identified as contributing to room spatial impression.
Significantly, it has also been recognised that lateral reflections generate an
inter-aural dissimilarity which is of primary importance for a spatial impression,
and that inter-aural cross correlation (IACC) can therefore be used as an

indirect spaciousness index.

Stereo recorded music can also generate listener spaciousness, even
though stereo is incapable of generating the lateral reflections which are usually
regarded as being responsible for spaciousness. There is consequently an
anomaly in this stereo perception, one that is worthy of study if the

spaciousness experienced for other reconstructed formats is to be optimised.

The objectives of the study undertaken were: first, to establish
perceptually significant metrics, based on those used in room acoustics, to be
used in assessing 2-channel stereo and surround sound recordings; second to
comparatively assess a number of microphone arrays by examining the
reconstruction effectiveness of spaciousness delivered by them when played
back through stereo and surround; and third to develop a spaciousness
processor for use with a 5.1 multichannel array which will derive from standard
2-channel recording methods using perceptual reconstruction for spaciousness

enhancement.

Anechoic chambers are usually used in the study of spaciousness, but the
difficulty of access to such facilities can be a constraint. Because of this, in the
present work, a variable experimental setup was introduced that made possible
the control of spaciousness in different rooms. Measurements were performed
under controlled conditions in which a dummy-head microphone system
captured the signals for variable sound fields so that IACC could be measured. It

was concluded that there is a similar trend evident in [IACC results with
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repetition of the experiments in different rooms. That is, measurement room
acoustic details are not crucial to observed trends in IACC measurements

resulting from recording and production parameter variation.

IACC measurements are used as a physical index which relates to listener
spaciousness experience in a comparative study of the influence on
spaciousness of different microphone arrays and microphone signal processing,
thus allowing an objective approach to be adopted in the exploration of how
microphone arrays affect the perceived spaciousness for stereo and surround
sound reconstructions. That is, different microphone arrays recorded direct and
simulated indirect sound components, and the recorded signals were played
back in three different rooms. IACC measurements were made for the
reconstructed sound fields using a dummy head microphone system. The
results achieved showed how microphone array details influence the IACC peak,
and lead to a better understanding of how spaciousness can be controlled for 2-
channel stereo, 3-channel stereo, and 5.1 presentations. Parametric variation of
microphone arrays details can therefore be employed to facilitate spaciousness

control for reconstructed sound fields.

Having examined stereo reproduction variations in terms of auditory
spaciousness alterations using IACC measurements as a spaciousness index, a
surround sound spaciousness processor was developed which allows for
auditory spaciousness control with 5.1 surround system music reproduction. A
spaciousness processor Virtual Studio Technology (VST) plug-in was developed
and assessed with regard to its influence on the auditory spaciousness
experienced by reconstructed sound field listeners. It is suggested, based on the
informal reports that are already in the literature and on the results achieved in
this study, that this spaciousness processor can make contributions as an

effective recorded audio production tool.
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1 INTRODUCTION

As audio engineering evolved, it was responsible for the definition and
development of a variety of processing tools which sought to enhance the
artistry involved in the creation of a listener experience. Most of these tools
initially took the form of analogue electronic devices. However, the introduction
of the greater flexibility offered by digital techniques in the latter part of the 20th
century led to an ever-increasing palette of sonic processing techniques for
audio recording and production. Part of this has involved the exploration of a
variety of multi-channel recording formats, many of which have not met with
much commercial acceptance, perhaps because of a failure to identify
techniques for aesthetic manipulation such as were available for stereo

techniques.

Even for the case of stereo recordings, there has been a lingering
confusion concerning the use of different microphone techniques and their
influence on the perceptual impression created for the final listener. As a
consequence, it is not surprising to find that definition of effective microphone
techniques for multi-channel format recording exhibits considerable ambiguity

in terms of their influence on the final perceptual impression created.

Because of this, it was decided for this thesis to revisit stereo recording
techniques to attempt to unravel the factors which contribute to the perceptual
impression created for the stereo listener, before considering how multichannel
recording techniques could be used to enhance listener aesthetic perception. In
particular, the perceptual attribute referred to as auditory spaciousness was
focused on, as it is the case that spaciousness has been identified as one of the
important perceptual features contributing to the perception of and preference
for concert hall acoustics (Barron, 1971; Schroeder, Gottlob, & Siebrasse, 1974;
Barron & Marshall, 1981; Ando, 1985; Blauert & Lindemann, 1986; Potter,
1993). If it is accepted that spaciousness is important for concert hall listener
perceptual judgments, then transmission, or artificial creation, of auditory

spaciousness is surely worthy of attention for reconstructed sound fields.



The term spaciousness will be used in this study specifically in relation
to the perception of the spatial extent of the performance environment, i.e. that
the sound field gives the impression of a large and enveloping space, in which a

sound source is being presented.

1.1 Background to the research

The principal approach to the recording and reconstruction of “auditory
perspective” has its origins in the inspiring work of Alan Blumlein (1933) and
Harvey Fletcher’s team at Bell Laboratories (Steinberg & Snow, 1934) in the
1930’s. Blumlein’s engineering approach to the problem of capturing and
representing localisation information is both comprehensive and effective and
has, over the years, proved extremely useful in the specification of both
microphone arrays and signal processing devices for control of localisation
information. In essence, Blumlein detailed the system requirements for 2-
channel presentation of audio such that the cues for correct localisation were
adequately preserved in the stereo recording/reconstruction chain. Stereo
recording and reconstruction is surprisingly effective in re-presenting auditory
perspective, and while only truly effective in terms of localisation accuracy for
the centrally placed listener, the sound field presented is generally regarded as
being preferable to mono presentation even for the non-optimally placed
listener. It is noteworthy, however, that Blumlein’s work is mainly concerned
with frontal presentation only. That is, his modelling of audio reconstruction
assumes a centrally placed listener facing two symmetrically organized
loudspeakers. Later attempts to extend Blumlein’s techniques to lateral and rear
representation of audio in quadraphonic systems, such that a listener could be
surrounded by “stereophonic stages”, were not well thought out and ultimately
not successful. While the failure of quadraphonic systems is often explained in
terms of commercial mistakes, or 4-2-4 matrixing difficulties (i.e. downwards
compatibility with 2-channel stereo), the truth of the matter is that lateral (and
to a lesser extent, rearward) virtual imaging is not well supported by intensity
stereo panning. Physical source localisation is not without ambiguity as there
are image localisation uncertainties which originate in the imaging cone of
confusion deriving from the non-uniqueness of localization cues for any defined

azimuth. Details of the experienced cone of confusion can be found, for example



in Tobias (1972). Similarly, stereo virtual images can suffer from similar
localisation uncertainty, which uncertainties are more exaggerated for the case
of non-frontal stage image locations (Rumsey, 2001). Blumlein would have
immediately recognized that limitation, as would anybody who had followed his
approach and way of thinking about and devising stereophonic recordings. One
later contributor who engaged fully with the spirit and detail of Blumlein’s
formulation of the “auditory perspective problem” was Michael Gerzon. Gerzon
was an early critic of quadraphonic approaches to surround sound, and
significantly contributed to the specification and design of Ambisonics, which
has proved to be an effective solution to full surround sound presentation.
Ambisonics is based on spherical harmonic analysis and synthesis of wavefronts
and seeks to optimally regenerate (at least) the zeroth and first order spherical
harmonic components which contribute to the pressure and velocity wavefront
dimensions, thereby allowing accurate localisation of “auditory images” in 3D
space. Despite its proven workability, Ambisonics has not been, and is not likely
to be, a commercial success. The requirements of a symmetrically disposed
array of matched loudspeakers and a dedicated decoder has not been well
received by the marketplace, perhaps because of prior, bitter experience with
quadraphonics. Significantly, Ambisonics shares with Blumlein stereo a
requirement of a centrally placed listener for optimal localisation
reconstruction. It can be shown, both theoretically and practically, that effective
off-centre reconstruction of localisation information demands a large number
(e.g. more than 16) of loudspeakers in the array (Gerzon, 1974a). This is not
typically a practical option for the domestic listener. Another approach for off-
centre effective reconstruction would be to use higher order Ambisonics
(Gerzon, 1973; Solvang, 2008).

In that the Bell Laboratories’ spaced microphone approach to 2-channel
recording and reconstruction does not provide robust inter-aural time
differences (ITD) cues, which are of fundamental importance for auditory
localisation, it would seem not to be an effective reconstruction technique.
Blumlein’s coincident microphone technique does generate correct ITD cues for
frontal stage locations, and hence its effectiveness as a generator of “auditory
perspective”, and its general acceptance as a stereo reconstruction technique.

However, in practice, it is noteworthy that both spaced and coincident

3



techniques are used. It is a commonplace that coincident reconstruction is
regarded as a “they are here” technique in the sense that it presents accurate
source localisation cues, while spaced reconstruction is regarded as a “you are
there” approach where source localisation reconstruction accuracy is
compensated for by the provision of an enhanced sense of the recording space,
or room impression. This is because spaced microphone recordings generate an
“airy” or spacious impression suggesting that the listener is experiencing the
performance space, as compared to the more focused impression of coincident
recordings, which brings more attention to the performers rather than the room
in which they are performing. This distinction is perceptual by definition. That
is, it makes reference to the general perceptual impression created by both, and
is not limited to effective recording and reconstruction of localisation
information. As a general observation, it can be said that there is more to
“spatial hearing” than merely localisation, and that recording and
reconstruction techniques should address the other dimensions involved for
effective aesthetic reconstruction. Also, there have been several works where
spatial reconstruction is made an integral part of the compositional effort,
either for music or for cinema. In the case of cinema, spatial presentation of
movie audio has been in the mainstream of filmmaking since the 1930’s
onwards (e.g. with films such as Fantasia) (Holman, 2008). In the case of music,
the artistic approach to compose, record and present works with more than the
2-channel approach is currently a “boom industry”, meaning that the artistic

and aesthetic generation of sound fields is evolving toward new concepts.

The surround sound format which has been adopted as the commercial
standard to date, i.e. 5.1, has not been approached in a principled manner. Most
microphone techniques (e.g. ORTF Surround, 5100 Mobile Surround
Microphone) (SCHOEPS Gmbh, 2015; DPA Microphones A/S, 2015) are merely
speculative suggestions with no objective basis for acceptance as the norm. To
date there have been few detailed studies of the transfer of perceptual
information between recording and playback environments (but see (Furlong,
1989)). Given that spaced stereo microphones do not handle localisation
information very well, but do manage to “synthetically” generate a room-like

listening experience, the research here is put upon to try to identify how this is



achieved, before then extending the results of any spaced stereo study to 5.1

recording and reconstruction.

1.2 Aims of the research

A first objective of the proposed work would be to establish perceptually
significant metrics, based on those used in room acoustics assessment, by which
spatial hearing criteria, and the associated “auditory impression”, could be
assessed for a 2-channel stereo, 3-channel stereo, or surround sound recording
and reconstruction context. The second objective of the proposed study will be
to comparatively assess the reconstruction effectiveness of a number of
“surround microphone arrays” by examining spatial hearing measurements for
a primary (i.e. auditorium or recording) space and those for a secondary (i.e.
listening room) space, under various recording arrangements. The third
objective is to develop a spaciousness processor which derives from standard 2
channel recording methods using perceptual reconstruction as a metric.
Objective assessment will be carried out through comparative study of primary
(recording) and secondary (listening) space measurements of the identified

perceptually significant parameters.

It is clear from the literature (Rumsey, 2001; Rayburn, 2012) that there
are no well-established microphone array recording techniques for 5.1
reconstructions. As is often the case in audio engineering, the main difficulty is
in the specification of exactly what the objective should be. Both Blumlein
stereo and Ambisonics adopted sound field localisation and directionality
accuracy as their objective. However, given that it is recognized that this is just
not a possibility with a 5.1 loudspeaker configuration, the aims of this thesis are
redirected toward a more perceptual, rather than physical wavefront,
formulation. It is therefore here stated that an effective 5.1 system

recording/reconstruction system should do the following:

* Preserve the perceived “auditory space” of a primary (recording)
environment under reconstruction in a secondary (listening) space.
* Facilitate the synthesis of sound fields which can be emotionally pleasant

and uplifting.



Given that the loudspeaker array side of the reconstruction chains is pre-
defined, attention should be focused on the signal captured in the primary space,

and its subsequent processing.

Approaches to 5.1 microphone techniques include stereo pair and
flanking microphones arrays, Bruck array, Double MS array, and OCT Surround
array, amongst others. While it seems, informally, that such arrays can
sometimes prove operationally satisfactory with respect to the “perceptual”
design goal stated above, there is little if anything, available by way of objective
assessment of the performance capabilities of these approaches. How well,
comparatively, do they maintain a “perceived room impression”? How do
changes in microphone details and array configuration influence the perceived
impression of spaciousness? Can the perceived spaciousness of surround sound
systems such as 5.1 (ITU-R BS.775-1, 1992-1994) be controlled, and how? What
does stereo recording and reconstruction tell us about control of listeners’
spaciousness? There are no empirical studies available to answer such
questions, to the author’s knowledge. Therefore, the first objective, as
previously described, of the proposed work would be to identify perceptually
significant metrics based on those used in room acoustic assessment, by which
spatial hearing criteria could be assessed in a surround sound recording and

reconstruction context.

Having assessed (in a controlled environment) a suitable set of
measurements, studies of parametric variation in primary recording spaces
were then carried out in order to investigate the effect of such parametric
variation on the chosen spaciousness metric, IACC. Continuing with the
objectives proposed for this study, a comparative assessment of the
reconstruction effectiveness of a number of “surround microphone arrays” was
undertaken by comparing spatial hearing measurements for a primary (ie.
auditorium) space with those for a secondary (i.e. listening room) space, under
various recording arrangements. This comparative assessment facilitated
objective evaluation of surround microphone array capabilities. The goal here is
to arrive at a fuller understanding of how the details of microphone
arrangement influence listener perception of spatial attributes, and how this

may or may not influence the aesthetic and artistic perception of the



recorded/reconstructed sound field. Note that this is not limited to simple
preservation of all localisation information. Significantly, it is here recognized
that such acoustic preservation is simply not a possibility for a 5.1
reconstruction system. Instead, the focus is on perceptual, aesthetic and artistic

attributes, rather than physical reconstruction.

1.2.1 Why investigate?

While it has been the norm in surround sound recording to assume that
“more channels imply more microphones”, this, actually, is not necessarily the
case. If the focus is on “perceptual, aesthetic and artistic attributes” rather than
wavefronts, attention should be drawn to the fact that listeners only have two
ears. The fact of the matter is that all spatial information is encoded in the two
signals arriving at the eardrums, although localisation information is also
provided monaurally by HRTF spectral profiles (Blauert, 1997). While human
auditory reception is much different from microphone capture, it remains true
that a stereo microphone system receives information from all directions - it is
just the case that much of the directional information is lost because of the
microphone directivity characteristics and the angle between capsules of the
arrays typically used. An exception is, of course, that of binaural recording
where directional information is at least preserved in the recorded signals, but

lost under loudspeaker playback if cross-talk cancellation is not used.

In all cases - stereo and binaural - the possibility exists of developing
effective 5.1 reconstruction of spatial features. The prospect is, therefore, that
established stereo or binaural microphone systems could be used to generate
well-defined frontal stage images, while also allowing control of the other

perceptually related parameters, such as spaciousness and envelopment.

There are, however, many unknowns involved in the approach. How do
different stereo (ie. coincident, quasi-coincident, and spaced) techniques
operate in the context of artificial spaciousness generation? How does the
microphone directivity influence the end results? As referred to in the previous
section, it is proposed to engage in a comparative study of objective measures in
order to explore these, and similar, questions. Objective assessment will be

carried out through comparative study of primary (recording) and secondary



(listening) space measurements of what are identified as being perceptually

significant features.

Multi-channel presentations are now much exploited for artistic
presentation of audio material. Typically, a multi-channel presentation is used
to generate a spatially varying artistic experience for the audience. A recording
and reconstruction of such a spatial audio experience should seek to maintain
or synthesize those characteristics which are essential for the artistic
impression. A further aspect of the proposed study is, therefore, to examine the
potential of recording and reconstruction for spatial audio artistry by examining
and comparing spatial hearing aspects of original and recorded spatial audio
presentations. The results from such a study could then contribute to the
definition of synthesized environments for use in the control of binaural signals
that would allow manipulation of the spaciousness experience to suit any
musical style. While it is recognized that auditorium acoustics contribute to
musical experience, Michael Forsyth has analytically developed such casual
observations (1985). If acoustic features contribute to the definition of musical
style, then the control of these features would be important for any synthesized
music types such as any recorded/electronic music as might be presented using
cloud computing rather than concert hall performence, for example. That is, a
synthetic music environment processor could be defined which would allow

spaciousness control to suit any music style.

1.3 Thesis structure

The thesis has been structured in the following manner:

In Chapter 2 an overview of the art of sound recording is presented. A
chronological presentation is used as a means to explain how audio engineering
has evolved, and how performances have had to accommodate artistically to the
technology of sound recording. It is important to note that without technological
developments the art of recording would not evolve, and vice-versa. That is,
recording techniques are only delivered if the art demands it. An account of how
listening aesthetically to reconstructed sound fields has evolved will be

presented.



Chapter 3 attempts to synthetize all the issues relating to auditory
spaciousness in rooms, and in artificially generated sound fields. A review of the
literature is presented which examines the perception of auditory spaciousness
in rooms (i.e. auditoria). This is then related to sound field reconstruction, and
to how spaciousness is an important feature for reproduced sound, parallel to

that experienced in concert halls.

In Chapter 4 a discussion is presented of some of the most relevant
existing methods for measuring spaciousness. An operational explanation is
provided, and the mathematical background of these measurements techniques
is outlined. Despite the confusion that these techniques can provide with their
results, their continuous development has allowed for more consistent and

reliable assessments of spaciousness measures.

In Chapter 5 an overview of the technology and techniques involved in
true stereophonic sound recording is discussed. Stereo and surround
microphone techniques are presented in terms of how they have developed
throughout the years. Most of the proposed techniques have been aimed
towards the physical reconstruction of a primary room sound field in a
secondary listener environment. Despite the importance of such approaches,
this chapter will examine the concerns of improving stereophonic reproduction
with respect to other perceptual aspects apart from localisation, which

ultimately will provide a “better sounding recording”.

Chapter 6 provides methodology details on the experiments undertaken
which will verify that the measurement trends for Inter-Aural Cross Correlation
(IACC) of the setups used, are location independent. This is achieved through
the repetition of the IACC generation and recording process in different

environments, followed by a comparison of the results achieved.

Chapter 7 discusses the next set of experiments, giving methodology
details of the setups and microphone arrays used. The effects of recording
format details on perceived spaciousness are investigated. Since the previous
chapter has verified that the measurement technique used was location

independent, further measurement tests were conducted for microphone array



reconstruction effectiveness with respect to perceived impression of

spaciousness in a single, convenient environment.

In Chapter 8 a number of stereo and surround microphone techniques
are investigated with respect to perceived spaciousness. Processing techniques
such as stereo shuffling and 5.1 up-mixing techniques were used in order to
investigate the possible control of spaciousness in stereo and 5.1 reproduction
systems. The development of a spaciousness processor is presented, as it was
exploited in the investigations undertaken for this thesis. A listening test was
conducted to assess the effectiveness of the spaciousness processor and to
further validate the findings of the IACC results. The subjective analysis was

then correlated with the IACC results.

The thesis is summarised in Chapter 9, where the main findings of the
research are reported and discussed, conclusion drawn, and possibilities for

further work presented.

1.4 Contribution to the field

The research undertaken for this thesis has resulted in a number of
findings, some of which are novel. The investigation of the perceptual features
that relate to auditory spaciousness has been studied from the viewpoint of
architectural acoustics, and how the findings from such research could relate to
the perceptual impact of enhanced spaciousness on recording and reproduction
format detail choice. Also, the study is novel in that it is concerned with the
perceptual aspects at the listener’s “side”, and not just with the physical
reconstruction of sound fields. The comparative study undertaken used physical
measurements that relate to the perceived impression of spaciousness as an
index for assessing how changes in physical attributes of the microphone arrays

could influence the perceptual impression of spaciousness.

Michael Gerzon was an extraordinary audio engineer, and one who was
perceptually oriented in his audio engineering developments. His design of
stereo enhancement systems go from extensions of Alan Blumlein’s original 2-
channel stereo work, to multi-channel systems developments, all offering
greater control possibilities to the music producer for the reconstructed sound

field listener experience. The spaciousness study here, and ultimately the
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proposed processor, develops from the work of Gerzon, and facilitates
independent user control of listener hearing features, including sound source
localisation and spatial impression. Therein lies the originality of the work
presented in this thesis. Music producers can employ technology to alter the
spatial experience of the reconstructed sound listener, and create art, i.e. no

production technique is entirely benign.
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2 SOUND RECORDING: AN ART

2.1 Introduction

From the early days of sound recording - going back to Edison - it is
possible to consider the technological achievement of sound field
reconstruction as an art. During the period of recording using wax cylinders, a
huge effort was made to position the performer in a proper manner, and to
control the dynamics of the performance so that the diaphragm and stylus of the
gramophone could mechanically register the sound waves into grooves on the
wax. Not only did the performer accommodate to this “new” performance
practice which was completely different from a performance, say, in a concert
hall, but also the rooms in which these recordings were made were altered to
accommodate for a dry acoustic that would ultimately help the recording
process (Toole, 2008, pp. 13, 14). The adaptation to these new conditions made
for changes in the performance of music<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>