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ABSTRACT 
In post-Schaefferian acousmatic music space has taken 
centre stage. Many composers would now regard space 
and spatialisation to be the unique quality that sets acous-
matic music apart from other contemporary music genres. 
Yet as the popularity of ambisonics and other spatialisa-
tion techniques has increased, many of the tools available 
encourage a ‘point in space’ rather than ‘image in space’ 
way of working; an approach that inhibits the development 
of the sound object as a spatial element in the composi-
tional process. This paper investigates the acousmatic ob-
ject as a spatial musical phenomenon, drawing on 
Schaeffer’s idea of ‘allure’ as a way to contextualise tan-
gible images that occupy the same real space as the lis-
tener. The work focuses on applying higher-order ambi-
sonics spatialisation in the quest for both compositional 
and technical solutions. The work addresses the integra-
tion of technology, musical theory and creative methods, 
and is underpinned by examples from my recent composi-
tion. 

1.  INTRODUCTION 
This paper describes a method for composing images in 
space, developing Schaeffer’s concept of ‘allure’ as a spa-
tial phenomenon, and applying technical solutions in 
higher-order ambisonics (HOA). Allure is the unique char-
acter of the sound defined by the material and the way it 
behaves. It is about revealing the energetic agent’s way of 
being and, very broadly, whether this agent is living or not 
[1]. The acousmatic object as a spatial image can therefore 
be characterised by the manner in which it moves and be-
haves. By projecting this information in HOA, I aim to cre-
ate images that appear to occupy the same real space as the 
listener, or in other words address tangible sound. To ex-
plain these ideas, it is first necessary to present the connec-
tion between acousmatic abstraction and the real-world, 
which is an interesting paradox discussed in section 2. Sec-
tion 3 considers important differences between space in re-
ality and space in acousmatic composition. One obstacle 
to composing spatial images concerns ambisonics tools 
which encourage a ‘point in space’ approach, the results of 
which are here deemed too far from how we hear real-

world images and in contradiction to the musical aims of 
this paper. Section 4.1 summarises the recent develop-
ments in HOA processing that are designed to spread the 
perceived width of a point source, or to create immersive 
environments. The results they offer have become popular 
amongst composers, yet do not, and indeed are not in-
tended to, address details akin to real-world images. The 
final section describes an alternative that integrates HOA 
and allure as a compositional method. 

2.  BACKGROUND, TERMINOLOGY, 
AND A POINT OF DEPARTURE 

‘Acousmatic’, ‘tangible’, ‘allure’ and higher-order ambi-
sonics (HOA) are some of the terms used in this paper that 
warrant discussion, and an explanation as to how they con-
nect to the spatial image. 

Simply put, ‘acousmatic’ describes the process of lis-
tening and composing with sounds removed from their vis-
ual causation. This commonly used explanation is however 
insufficient for the needs of this paper in which acousmatic 
abstraction is positioned in the context of the real-world. 
To elaborate on the acousmatic discussion we can add the 
subtleties of Schaeffer’s original explanation: in the pro-
cess of listening and composing, “by deliberately ignoring 
any references to instrumental causes or pre-existing mu-
sical meanings, we seek to give ourselves over entirely to 
listening...” and, “The acousmatic situation first discon-
nects the audio-visual context, but above all it makes pos-
sible, but not compulsory, to explore the sound in itself… 
this type of interest does not follow automatically from 
simply being disconnected from the audio-visual complex 
but from a specific intention on the part of the listener.” 
[2]. The choice of words - ‘deliberately’ and ‘not compul-
sory’ - denote that acousmatic listening is not an effortless 
experience. However, composers may make it easier for 
the listener by the way materials are framed. Here the spa-
tial discourse can serve as both a frame and the subject, 
allowing listeners to explore connections to the real-world 
and characteristics with which they may be familiar, de-
spite a high degree of abstraction in the sound. Further-
more, in doing so, we may empower listeners to dynami-
cally drift through the different modes of listening [2] as 
the salient features of materials are spatially revealed. 

In this paper the term ‘tangible’ is applied to acous-
matic sound. We cannot touch sound, but we can experi-
ence the sensation of an invisible entity occupying our own 
space, maybe within physical reach, apprehended through 
tokens of spatial reality. The popular field of embodied 
cognition supports the experience of tangible acousmatic 
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sound: sound connects to our motor skills, and we inter-
nalise a concrete image through our listening imagination 
[3]. The clearer the location, size, and dimension of the 
sound, the stronger is the sense of spatial tangibility [4]. 

HOA has been chosen as the spatialisation technology 
for the compositional approach described in this paper. 
HOA captures the 360-degree sound field as a set the 
spherical harmonics representing the sound pressure on a 
sphere [5]. Ambisonics is either synthesized or derived 
from spherical microphone-array recordings, and then de-
coded to loudspeakers. The technology is widely docu-
mented, and as tools become integrated into common soft-
ware packages and virtual reality engines, it is amassing 
users. HOA was chosen instead of Wave Field Synthesis 
(WFS) due to both practical and technical matters, includ-
ing considerations concerning the necessary numbers of 
loudspeakers, the projection of height information, the na-
ture of the audience listening area, and the role of ambi-
sonics blur, (which will become clear later). HOA offers a 
number of advantages over other panning methods such as 
VBAP. These include practical features, such as enabling 
composers to think about space independently from loud-
speakers, and technical features, such as the spatial results 
appearing to be more ‘in space’ than hugging the loud-
speakers, advantageous use of ambisonics blur, and more 
features which will become evident in the course of this 
paper. Relevant considerations, and the implications of 
specific HOA choices are discussed in section 4.1. 

Clear source and causation identities serve to compli-
cate, for better or worse, spatialisation; they tend to dictate 
where we think the sound should be based on how recog-
nisable the sound is as they are often more immediate and 
salient than distance and movement cues. A conflict of 
cues can create interesting paradoxes [6], but also break 
the tangible spatial scene. If we avoid the clearest of anec-
dotes or extra-musical connections, we avoid this potential 
conflict of information. Yet how then can an abstract 
sound have a ‘character’, which by definition needs a real-
world connection? Answers can be found in Schaeffer's 
‘allure’. For Schaeffer, allure was broadly about the behav-
iour of a sound’s spectrum and typology, and lacking our 
spatialisation technologies, it would have been impossible 
for him to have investigated the spatial potential of allure.1 
Here we arrive at our point of departure: energy is move-
ment in space. 

3.  IMAGES IN SPACE 

3.1 A moment of reality 
First let us consider the real-world: a source may propagate 
sound waves from a point (yet this is less likely), or prop-
agate frequencies in different directions from surfaces, 
volumes and through cavities. For any object sounding 
outside anechoic conditions, the propagating sound waves 
will interact with the environment and with the listener (in 

                                                             
1 In Schaeffer’s description of 'Symphonie pour un homme seul', space is 
highlighted as a performance, rather than compositional concern, "...what 
if the conductor... where in charge of the three-dimensionality, if his ges-
tures sketched out in space the trajectory that the sounds would make in 
the hall?” [26] 

distance and in orientation). In essence, most objects create 
complex directivity patterns. Noisternig et al. [7] investi-
gated the role of directionality in the perception of the il-
lusion of realism. In their work, they measured the direc-
tionality of some acoustic instruments in anechoic condi-
tions, and then auralised the measured radiation patterns, 
calculated the interaction of the direct wave fronts within 
a simulated acoustic environment, and projected the infor-
mation in HOA and WFS for perceptual investigation. 
Their work demonstrates a method as well as the im-
portance of source directivity in image formation. 

3.2 The reality of acousmatic composition 
Now let us consider the acousmatic context, which for the 
purposes of our discussion can be divided in two: our per-
ception of the music and our aesthetical intent. In terms of 
perception, how much of the real-world context are we in 
fact sensitive to? Our sensitivity to spatial difference can 
vary significantly depending on the angle and elevation of 
the sound in relation to our listening position [8]. Our un-
derstanding of distance is even less precise, determined by 
a complex connection between sound identity and acousti-
cal cues. Without doubt, our sensitivity to spectral and 
temporal variations is far more refined. Rather than con-
sider the precise values of these parameters, it is more in-
teresting to draw attention to two observations: the first is 
that in the acousmatic context, when sufficient compara-
tive references are absent, some subtleties of the real-world 
spatial scene are redundant to our perception, especially 
very small angular and distance changes. The second is 
that as our sensitivity to spectral and temporal information 
is more precise than that of spatial information, a correla-
tion in the changing states of all aspects will serve to en-
hance our perception of spatial change. 

Elaborating on Schaeffer’s typology and morphology 
of allures, which is a classification derived from the sound-
ing ‘agent’ and its mode of ‘sustainment’ (and for practical 
purposes is here equivalent to variations in energy through 
time), Schaeffer places three landmarks: variations in the 
sound may be mechanical, living, or unpredictable and 
more akin to other sounds from nature. He proceeds to pro-
pose that we first perceive the general profile of the sound, 
then the nature of the allure, and then afterwards become 
aware of the presence of a microstructure termed ‘grain’2. 
Yet Schaeffer’s spatial discussion is ambiguous and some-
what different from modern understanding. For example, 
when discussing time and duration, Schaeffer states that, 
“sound objects, unlike visual objects, exist in duration, not 
space” [9], and again later insists on a separation of spati-
alisation and spatial music, where spatialisation is for 
achieving clarity, rather than to project or embody the 
sound’s character [10]. If we refer to Schaeffer’s own 
summary diagram of the theory of musical objects [11], 

2 From here on, the term ‘grain’ will be used to describe the microstruc-
ture of the sound. 



allure is placed in the context of all other parameters 
investigated in his thesis – parameters that also relate to 
how we now address sound images and their behaviour in 
space – yet in Schaeffer’s summary the spatial aspect is 
missing. 

 Chion further proposes, in his reading of Schaeffer, 
that allure and grain together affect subtle details in the 
sustainment of sound, linking form and matter in time [12]. 
We can summarise that Schaeffer’s types of allure, and the 
nesting of profile, allure and grain, can guide us in the de-
velopment of spatial allure regardless of how abstract the 
material is in terms of anecdote. 

4.  APPLICATION IN COMPOSITION 
Figure 1 illustrates some of the connections between com-
positional goals, the real-world, the acousmatic context, 
and technological opportunities. The top section simplifies 
the aesthetical investigation. The middle section considers 
spatialisation and the acousmatic context. The bottom sec-
tion concerns practical application. 

4.1 Spatial images in general 

In sound diffusion performance over a loudspeaker orches-
tra [13], images are normally created with mono or stereo 
sources. The image is created live as a real-time perfor-
mance, where the performer adjusts the spatial results for 
each unique concert context, interacting with the mixed 
speakers and layouts of the acousmonium. The acousmo-
nium, stimulating the room acoustics, adds a rich melt of 
delays, spectral colourations and dynamics to the result. 

Ambisonics technology instead synthesises the sound field 
by the user specifying the position of mono sources, 
whether static, fleeting, moving or spread in some way. 

The work presented in this paper targets the use of very 
high order ambisonics (V-HOA), such as 7th order in 3D 
or 12th order in 2D. The reasons for working with V-HOA 
rather than lower orders are two-fold: to achieve greater 
spatial accuracy (higher orders result in less angular blur), 
and to provide a large audience listening area suitable for 
public concerts. However, the advantages of less blur like-
wise enhance the point-in-space rather than image-in-
space experience. Solutions for creating images in V-HOA 
fall into two areas: technical solutions, where we apply 
new methods (which are becoming embedded in commer-
cial tools and, for better or worse, determining how we 
work), and artistic solutions, where composers informed 
by technologies may explore how to realise musical goals. 
Technical solutions for creating a sound image from a 
mono source, or in other words manipulating the apparent 
source extent, so far gravitate towards spreading or blur-
ring. A selection of options that operate in the ambisonics 
domain include: phantom source widening [14], which dis-
perses the direction of arrival of the sound with frequency; 
ambisonic spatial blur  [15], that takes advantage of lower 
order blur, where at the extreme, a 0th order correlated sig-
nal is sent to all speakers (with the problem of reducing the 
size of the sweet spot, as would be the result of encoding 
in low-order at the outset); reprocessing 1st order record-
ings with a new spatial encoding [16]; controlling the ap-
parent source size by combing a number of methods, in-
cluding ambisonic order reduction, rotating de-correlated 
copies of the original stream, and focusing on minimising 
the inter-aural cross-correlation coefficient [17]; W-pan-
ning [18] and other weighting functions to change source 
extent, and ad-hoc breaking of encoding-decoding guide-
lines, such as mismatches between encoder and decoder or 
combining lower and higher-order sources in the same 
composition. Granular techniques have also been applied 
to source distribution and then encoded in the ambisonics 
domain [19]. 

Although these methods control of the apparent source 
extent in V-HOA, we can argue that they less adequately 
address the features of the spatial image laid out in section 
3.1. In particular, for the methods referenced above, the 
spectral-temporal details are relatively constant as the 
source changes in width, and there is little consideration of 
the change in spectral-temporal information with distance. 
In the context of our musical discussion, changes that re-
veal the allure, as well as the associated changes in the 
grain of the sound are lacking. Instead we can reserve these 
source-spreading methods for broader cases such as envel-
opment, and turn our attention to the artistic path where 
images are constructed from multiple mono sources ar-
ranged in space. Each source reflects one aspect or angle 
of the final image, preferably interacting correctly with en-
vironmental cues. The behaviour of directivity patterns of 
acoustic instruments is well known, and as [7] has demon-
strated, it is possible to auralise this information in HOA. 

 
 

Figure 1. Connections between composition goals, the 
real-world, the acousmatic context, and technological op-
portunities. 



The procedure is however less practical in composition, as 
it requires special measurement for each source, and that 
non-instrumental sources create chaotic or less predictable 
radiation patterns that change with the energy and nature 
of the excitation (which is also why they are fascinating 
sources for composers). Furthermore, a method that can be 
used for composing fictional sounds is needed. 

In designing the image a number of questions are to be 
raised: how many component sources, how are the sources 
to be correlation, and how to build a practical method with 
existing tools? These questions are addressed in the fol-
lowing sections. 

4.2 Image distance 
Ambisonics encoders provide composers with a means to 
easily control the angle and elevation of as many sources 
as the computer CPU allows, but we soon encounter a 
problem: the encoding does not in itself address distance. 
Some encoders allow the user to modify the relative gains 
of the spherical harmonics, which may alter the impression 
of distance due to spreading effects, (assuming a reference 
sound is present for comparison), and indeed W-panning 
is commonly used for this purpose. If the sound is moving 
at the correct speed to trick our perception into believing it 
is approaching or departing, we may perceive a change in 
proximity3. This method proves less successful for slow 
moving or stationary sounds as well as resulting in a re-
duction in the size of the acceptable audience listening area 
when the W-channel is at a high gain ratio. Another solu-
tion is to pre-process the source with the most salient dis-
tance cues prior to encoding. These cues include the atten-
uation of amplitude and higher frequencies (mimicking air 
absorption) as the sound moves further away, and a change 
in the levels of the direct and reverberant fields, (where 
reverberation may also be part of a post-ambisonics pro-
cessing routine using convolution). This type of processing 
is embedded in some spatialisation software but can also 
be easily added. 

Equally important is the change in image width and 
depth, how spectral-temporal details and motion internal 
to the sound may be revealed or reduced, and how the di-
rectionality of the image interacts with the environment. 
Figure 2 visually represents a compound sound object 
placed at two different distances from the listener. A sim-
ple Cartesian translation serves to correctly change the per-
ceived image width and depth with distance. We can also 
see that when the compound image is further away, ambi-
sonics angular blur creates a spatial-spectral overlap ob-
scuring detail and depth, while when the image is closer, 
the separation between the mono sources increases, reveal-
ing greater spectral-temporal variation and depth of geom-
etry. Sound example4 1 [20], prepared from the develop-
ment materials for the composition ‘Dusk’s Gait’ [21], il-
lustrates this procedure. In this example reverberation as a 
distance cue is reduced, so that changes in distance are 

                                                             
3 Near-field compensated HOA can in theory recreate the curved wave 
fronts of near-field sounds, but to date no perceptual studies in a compo-
sitional context, nor adequate real-time implementations, have been 
made. 

more clearly derived from changes in spectral variation 
and image dimension. The image is made from 12 mono 
sources arranged similarly to the image in figure 2. The 
image starts at a distance from the listener and angled to 
the right. At 0'03 the image moves towards the centre line, 
and from 0'03 to 0'16 approaches, at a varying speed, to 
settle close up directly in front. At 0'21 we move inside the 
image, and at 0'28 we emerge on the other side, with the 
image now behind and slightly towards the left. At 0'35 the 
image moves to the side left and stays in place to 0'45. 
From here we pass once more through the image, it then 
emerging on the right and retreating into the distant right. 
A more complex compositional example combining a 
number of images as well as environmental cues and can 
be heard at 4’11 in ‘Dusk’s Gait’. 

With this method, the number of sources the image 
should consist of will be a factor combing ambisonics or-
der (value of the angular blur) and how close we intend to 
allow the image to approach the listener. When close-up, 
with too few sources and the image will disassociate into 
mono points (which of course can itself be part of a com-
positional scheme, and in example 1, the use of 12 sources 
prevents this occurrence). It is also necessary to ‘hand-
craft’ each of the sources; ensuring some spectral-temporal 
coherence, but not so much as to lead to artefacts such as 
phase cancellation. This is the topic of the next section. 

4.3 Allure 
Having assessed the technical and practical considerations 
of image creation and control in spatial composition, we 

4 Sound examples are originally in 7th order SN3D ambisonics. Exam-
ples accompanying this paper are rendered in binaural from the 1st order 
stream using the Harpex decoder [25] and the KU100 HRTF set. The 
compromise in spatial precision and choice of HRTF set is for illustration 
only. Examples should be listen to over a high-quality pair of headphones. 

 

Figure 2. Compound sound object at different distances. 



can now return to the topic of allure as a spatial manifesta-
tion. Using the English translation of allure as gait5, we can 
apply a spatial version of embodied cognition (discussed 
in section 2). When viewing a moving object from afar, we 
may embody or feel a distinctive movement with which we 
are familiar, without actually ourselves moving, and long 
before we experience closer details to clarify the subject’s 
actual identity. To spatially explore the sounding image in 
this way, the component sources discussed in the previous 
section and the nature of their behaviour as energy in 
space, need somethings, but not all things, in common. 
Possible approaches to create this variation include spec-
tral decorrelation prior to encoding, variations in texture 
(grain), or moreover a thorough consideration of the spec-
tral-temporal aspects. The resulting combinations as com-
pound images are somewhat limitless, making this pre-en-
coding approach a winner in terms of compositional 
method. 

Another important aspect of the component sources 
concerns how they together create motion behaviour inter-
nal to the image. One way to compose this kind of motion 
behaviour would be to add micro-movements, where the 
character and amplitude of the movement of each individ-
ual source is controlled by their spectral-temporal dynam-
ics (top of figure 3). A partial correlation in spectral change 
will result in a partial correlation in motion. The complete 
image is then moved globally in the listener-space. In ex-
ample 2a, an image consisting of four relatively similar 
sources approaches and then recedes. The image appears 
to increase in size as it approaches, yet the result is more 
akin to a simple spreading with minor changes in spectral 
information. In example 2b we hear the same image and 
global motion, with the difference that each source is wig-
gled a little in space (the global motion is 15 meters and 
the wiggle is between 0 - 0.5 meters). The speed and dis-
tance moved of the wiggle is controlled by the spectral 
centroid of each source. The difference between example 
2a and 2b, is that in example 2b, the image appears subtly 
clearer in space. We can however also hear that when the 
image is at its closest, it begins to disassociate and we hear 
hints of individual source movement. This result is ex-
pected when compared to the image in example 1 consist-
ing of 12 sources. 

Simpler solutions can be equally successful. We can 
for example develop an approach that originates in source 
recording. Referring to section 3.1, as acoustic sources 
propagate sound in all directions, recording the image with 
multiple microphones captures an array of partly corre-
lated sounds to feed into our ambisonics image. Acous-
matic composers have for decades recorded sound objects 
using multiple microphones as a way to capture more than 
a stereo phantom image. I first transferred this approach to 
the ambisonics domain in the work Trade Winds (2004) 
[22]. A similar approach has been used in live electronics 
since the late 70’s, serving as automatic natural spatialisa-
tion or timbral immersion [23]. For the purposes of imag-
ing in ambisonics, not only will spectral variation be cap-
tured in a more effortless way than by modelling or syn-
thesis, if we record with close microphone techniques in 
                                                             
5 Translators of Schaeffer’s work point out that the translation to ‘gait’ is 
not entirely accurate. 

the acousmatic tradition, then spectral and dynamic varia-
tions will be highly magnified, creating a sensation of 
movement inside the compound image. Although care 
must be taken to avoid a constant phase difference (which 
may result from microphones placed at difference dis-
tances and directions), naturally modulating phase varia-
tions are constructive in image movement. Microphone ar-
rays can be placed either around or inside the sound object. 
In practical work, an A-format microphone can be useful, 
where the channels capture four directions (skipping the 
conversion to B-format). Next, instead of spatialisating 
each channel with a unique movement, we can track the 
running averages of the spectral-temporal group dynamics 
and use these values to influence movement of the com-
plete image (bottom of figure 3), or simply control prox-
imity. The source materials used in sound example 1 orig-
inate from this recording method. Sound example 3 plays 
four of these recorded channels spatialised across a 90-de-
gree angle in front of the listener. No ambisonics spatial 
movement is applied. 

These approaches connect sounds with musical struc-
tures, and in composition theory remind us of Emmerson’s 
proposition concerning the relation of language to materi-
als [24]: the materials offer an abstracted syntax (i.e. a 
method of organisation derived from the rules that con-
struct the sounds) in all aspects including space. Ab-
stracted syntax injects character to both the spatial image 
and its meaning within the composition. The discourse is 
aural (rather than mimetic or anecdotal). Abstracted syntax 
and aural discourse is where Emmerson positions 
Schaeffer’s work. 

5.  CONCLUSIONS 
Ambisonics as a spatialisation method for both contempo-
rary electroacoustic music and commercial media is ubiq-
uitous, and the intersection between composition and tech-
nology is an exciting area of investigation. Here, the acous-
matic spatial-object can be reflected on with both technical 
and musical considerations. 

In focusing on the musical, I have developed 
Schaeffer’s idea of ‘allure’ into the spatial domain. Alt-
hough Schaeffer formalised his ideas in the 1960's, which 
in some respects can be considered part of history rather 
than part of the present, we find interesting clues for our 

 

 

 

Figure 3. Motion behaviour inside the image. 

If the spectral dynamic difference between compo-
nent sources is low, micro-movements are con-
trolled by variations in individual features such as 
peak RMS or spectral centroid. 
 

For naturally high spectral differences between 
component source (e.g. resulting from source re-
cording), then the image can be globally spatialised. 
 



work. Sources that only remotely connect to real-world im-
ages need to find place and space in the experiential reality 
of tangible sound in composition, and in the concert or pri-
vate space. By considering the perceptual and composi-
tional implications of acousmatic images projected into 
HOA, we can then contextualise composition goals, tech-
nological opportunities, and how to create spatial images. 

In focusing on the technical, we see that the increased 
use of ambisonics in VR and sound design has called for 
software solutions that automatically address some of the 
topics of this paper, and a few of the available options have 
been outlined. Such solutions are most useful when the 
eyes are leading how we hear. I hope to have illustrated 
that by taking compositional control over the available 
technology, rather than allowing the technology to dictate 
how we work, we are able to compose tangible 3D images 
for the ear alone. Abstract materials come alive, character-
ised by the projection of allure as a unique way of moving 
and behaving in space. 
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