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Introduction

“I now regard the spatiality of acousmatic music as the most original and striking aspect of

its identity.”

Denis Smalley, 2014 (CIRMMT)

This research explores composition for the binaural medium and builds on previous
coursework submitted towards this degree?!, additional findings of which are summarised in
appendix 1. The portfolio is realised using virtual instruments and scores are included only

for analysis.

Recorded music is commonly experienced via headphones, and while some have suggested
that music production practices have begun to reflect this trend (Kopf, 2019), loudspeaker
playback remains the dominant force shaping production (Rumsey & McCormick,
2021:116,146). Loudspeaker stereophonic images rely on left-right crosstalk absent in
headphone reproduction (Roginska, 2018:91) creating a very different, often internal,
spatial impression?. Absence of crosstalk does, however, present an opportunity to trigger
our binaural perception, creating an immersive spatial impression much closer to acoustic
audition than the typical 60° stereo loudspeaker image3. This is analogous to presentation of
stereoscopic images on a virtual reality (VR) headset; binaural production represents the

auditory equivalent®.

Much 'beyond-stereo’ spatialised acousmatic music exists, essentially intended for
loudspeaker playback®. Loudspeakers and headphones have inverse spatial strengths and

weaknesses (see appendix 2). Accordingly, some engineers creating spatial mixes for

1 Auld (2020, 2021a, 2021b, 2021c).

2 Headphones also bypass the unique, profound and internalised colouration imparted by our body, especially
our pinnae. This personal aural fingerprint, our Head-Related Transfer Function (HRTF), remains a major focus
of research.

3 And only slightly more even if venturing beyond standard image stability and mono-compatibility.

4 Whereas auditioning conventional 'loudspeaker' stereo on headphones may be thought of as equivalent to
viewing the same image with each eye at close range.

5 For instance, Smalley’s spatial taxonomy specifically excludes headphones (2007:43).



surround-sound or periphonic® systems craft separate binaural versions (Cornell, 2021).
Moreover, Natasha Barrett, a leading voice in spatial composition reveals the tension
between writing for the medium and independently of it (2022:178-9), acknowledging the
many considerations applying to ambisonics (ibid.:178-186). Consequently, this thesis

investigates binaural music composition specifically for headphones’.

Research Questions

Within the context of digital composition for the binaural medium?:

e How might various approaches to spatial source-listener arrangement, acoustic

parameters, and immersion contribute to compositional relevance and effectiveness?

* How can stereophonic sources and binaural field recordings be employed in synthetic

spatialisation?

e What are the current practicalities, challenges and shortcomings?

Case study

Inspiration and approach

The Distant Landscape evokes an imagined night-time journey along a woodland path, partly
a response to lockdown and the idea that we may have the ability to ease or even transcend

confinement through imagination and meditative practice. The landscape in question is

6 ‘With height’, rather than horizontal-plane-only (Gerzon, 1973).

7 Binaural reproduction via crosstalk-cancelled loudspeakers is not examined here.

8 Static (non-head-tracked) and pre-rendered (generalised rather than personalised HRTF), but directly
synthesized (not via ambisonic coding or virtualised loudspeaker arrays).



largely inspired by the imagined Pacific Northwest of America as depicted in media such as
David Lynch's Twin Peaks (1990-1), suggested by 'indie folk' groups such as Fleet Foxes in

their eponymous album (2008), and the pioneering fantasy video game The Legend of Zelda:

Breath of the Wild (Nintendo, 2017) (fig.1)°.

Fig.1 Scenery from Zelda: Breath of the Wild (Nintendo, 2017)

The game’s performed score features traditional eastern instrumentation and accordion
echoed in Canons 3(ii) and (iii) respectively. Moreover, strikingly effective minimalist modal
piano compositions accompany exploration of the game’s extensive ‘open world’ (8-bit
Music Theory, 2017). Images derived from this and similar anime-influenced games appear
in numerous ‘Zelda & chill’-style online videos, underscored by a sub-genre of jazz-
influenced music often termed ‘lo-fi beats’, are typically categorised as promoting
relaxation or concentration. Perpetual live-streams, exemplified by channels like Lofi Girl
and its supportive community (2022; Alemoru, 2018), long popular, are plausibly claimed to
have risen in popularity in response to the pandemic lockdown (Alexander, 2020). The piece

was also influenced by the work of minimalist Reich®®.

9 Nintendo has acknowledged Twin Peaks’ influence on the Zelda series (Lane, 2019).

10 0One example released after this work’s draft submission depicts remarkably similar themes: a night-time
woodland journey, fantasy creatures, lake and canyon (Riot Games Music, 2021).

11 Through his association with canons (Reich, 2002:5), mallet textures and jazz guitarist Metheny (Cooke,
2017:107,213,243-245), himself an earlier influence alongside keyboardist Mays via Still Life (Talking) 1987).



Aside from the compositional inspiration, | broadly experimented with the spatial medium
itself, aiming to touch upon various genres and approaches. The textures employed draw on
psychoacoustics, for instance avoiding spatialised low frequencies and considering transient
perception (Blauert & Braasch, 2020; Ziemer, 2020). From the outset, especially with the
pandemic in mind, realisation via virtual instruments was envisaged. This also allowed
control of what Smalley terms bonded space (2007:38-9) with all virtual instruments
modified to approximate anechoic recording, eschewing effects almost entirely. Physically-
modelled synthesis was found especially appropriate for this work2. Previous assessment
had selected IRCAM SPAT Revolution (Flux::SE, 2022) for spatialisation under REAPER DAW

control (Cockos Inc., 2022).

The introduction features an edited binaural recording of the Nottingham Council House

quarter chimes (fig.2) that have influenced the piece, captured from my work room.

|
|

Fig.2 Cambridge Quarters

The four-note motif appearing throughout the piece is, | believe, a subconscious response to
hearing the chimes some 20,000 times since moving here'3, and is almost bar three in

retrograde (fig.3).

QI

Fig.3 Central motif

Inharmonic bell-like timbres are a theme, perhaps also stemming from the metallic scraping

of the tram and its bell.

Having assembled a wearable binaural microphone and successfully captured the chimes, |

recorded locations resembling the imagined scenes. Woodland north of Nottingham

12 Being potentially fully anechoic, transient- and partial-rich therefore aiding auditory localisation.
13 The chimes ring quarter-hourly from 7:45 to 10:30; 60 times per day.



provided material for the first two transitions and Creswell Crags' for subsequent sections.
The harmonic language is inspired by Bill Evans’ impressionistic post-bop jazz voicings
(Pamies, 2021) together with use of the pentatonic; some basic harmonic analysis is noted.
The aim was to include more accessible styles generally not addressed by acousmatic music.
| found composition within sequencer ‘piano roll’ useful for generating some types of
musical material, especially because the chromatic presentation does not imply tonality;
rather it is internalised and determined intuitively. My acceptance of dissonance was
greater than when writing at the piano, echoing the inharmonicity inherent in the bells and

bell-like timbres which influenced the piece.

| later discovered that what emerged stylistically from a partly non-instrumental approach
to writing Gorge was ground previously covered by Brian Eno'®, indeed, that Eno and Rob
Thomas had lately collaborated on Pavilion Music, a spatialised work featuring choral
textures and a wooded setting (Thomas, 2022). Whereas early Nancarrow canons explore
pitch (Gann, 1995:xi,11-12), they almost always include intervallic offset (ibid.:64-7)%; here
only simple canons at unison feature. Nevertheless, his ‘experimentalist’ approach (ibid.:3-

4) is echoed here.

Discussion

The Distant Landscape comprises Gorge, Woods, Lake and Reflection; four movements
representing the mental journey, interspersed with field recordings (fig.4). These interludes
link each movement, setting the scene before fading out in order to avoid detracting from
or clashing with the synthetic spatialisation, or complicating the assessment of its
effectiveness!’. The longer fade in Gorge conveys the gradual shift between worlds. Each
self-contained movement illustrates specific techniques that demonstrate the medium’s
potential, hopefully creating an innovative response to compositionally embedded binaural

spatialisation (figs.5,6).

1 An ancient landscape featuring a limestone gorge, woods, a stream and small lake (Creswell Crags, 2022).
15In Through Hollow Lands (1977).

16 Later abandoning pitch for tempo canons.

17 Given the recording’s bonded space, differing HRTF and potentially complex influence, respectively.



Fig.4 Plan showing the imagined journey in The Distant Landscape
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Fig.5 Technique overview (see appendix 3 for expanded version)

Fig.6 Spatial overview (zoomable)
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Gorge

The piece opens with a performed?*® binaural transition towards an open window
overlooking a city street. The hour chimes are then heard, followed by the great bell and
opening piano motif, the room tone and narrowly spatialised stereo image of which suggest
the domestic setting. The following section represents the journey’s first stage, initially
through a narrow rocky gorge which progressively widens. The aim is something mysterious,
while slightly solemn. From a metrical kick drum opening, representing steps, the chimes
are embodied by a subtle echoed vibraphone ostinato in a high register. Following
practitioner advice, the pitch-height effect!? is exploited, and low frequencies kept fairly
central (Lord, 2020; Smalley, 2007). Nevertheless, the slight L/R offset of alternate
drumbeats implies steps. Harmonic clusters on electric piano and a second vibraphone
(fig.7) hopefully impart some ambiguity while references to Americana in the guitar tones?°

add to modal harmonies reminiscent of Fleet Foxes?.
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Fig.7 Harmonic clusters in Gorge

8 |n that | shaped and timed my approach.

1% Where pitch is perceptually correlated with elevation.

20 Undistorted baritone Telecaster and steel guitar (Doyle, 2005:1, 113, 123-4, 173).

21| |ater discovered that Fleet Foxes’ songwriter Pecknold, shares similar goals ("...transportative music that
has [...] an ethereal or other-worldly quality...") (2021:13m31s) and modal approach (ibid.:18m44s).
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The tempo (« = 80) is intended to suggest a very relaxed walk or hypnogogic?? amble, based

on measurements of my own walking pace.

Fig.8 Gorge source spatialisation

Rather than spatialise stereo from each instrument, a better spatial impression resulted
from instruments being duplicated in left/right pairs (fig.8), and then assigned separate
chordal or melodic notes. Despite static source placement, some phrases appear to traverse
the image in three stages through source switching, with L/R unison notes appearing
central. Conversely, a synthesized ‘pad’ was directly overlaid in stereo, with its image
initially narrowed using mid-side processing to avoid undermining the binaural impression.
After many experiments variously dividing the piano part between multiple virtual pianos, a
single una corda instrument was selected and each pitch spatialised to a separate location.
This differs from Werner et al.’s detailed spread of melodic lines (2020:14) which | found
distracting in that context (Auld, 2021a). The other significant spatial factor is the gradual
change in acoustic, implying the increased space of the widening gorge (fig.9). Of note are
the more rapid size changes employed to produce an immersive wash of reverberation or

chorus between passages.

22 Between wake and sleep (Doyle, 2005:131).


https://en.wikipedia.org/wiki/File:Figure_rythmique_noire_hampe_haut.svg
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Fig.9 Automation of acoustic in Gorge

Woods

A binaural recording from a landscape matching the envisaged forest path (fig.10) provides
a transition into the following movement, Woods, where the imagined path meanders

through woodland.

Fig.10 Sherwood Pines — field recording location for Woods

Sources are placed in groups of notional trees that the listener passes between, similar to

Test-9v and Test-11-1h (see appendix 8), and the approach to generating the musical
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material via canons was triggered by participation in Early Music meetings®3. The four-note
motif was set in 6/4 for versatility, and a series of three canons written in (moderately)

voice-leading polyphony (appendix 4).

Sixteen virtual instruments were selected for Canons 1, 2 and 3(i), placed in progressively
‘larger’ acoustics®*, representing woodland of increasing maturity and sparsity (fig.11). They
also feature timbral progression from wood through stone/glass to metal, the latter echoing
the timbres of the opening chimes. Research indicates that percussion instruments with a

strong initial transient and harmonic complexity are easily localised (Wenzel et al., 2018:18).

e e

11444m3

Fig.11 Changes in acoustic during Woods

Like the piano in Gorge, the six-part Canon 1 [6:28] is spatialised with the arrayed
instruments each playing a dedicated pitch?® while the listener traverses the scene (fig.12).
Timbral arrangement is by pitch, with the most harmonically rich instruments assigned the
lowest notes and so forth. This parallels James Tenney's In a Large, Open Space (1994),
where listeners freely wander among twelve spatially distributed musicians, though they
perform slowly evolving harmonics rather than melodic pitches (Gottschalk, 2016:np). The
effect is, however, similar to the slowed canons of Reflection. Canon 2 [7:07], also six parts,

overlays the ‘pitch’ approach with a ‘part’ one in which each instrument (in timbral

23 Convened by Henry Parkes and Nicholas Baragwanath; discussing and singing, for instance, Purcell catches.
Having planned to write counterpoint parts for each spatial source, experiencing live, spatially spread canons
provided inspiration.

24i.e. acoustics of greater spatial volume etc.

5 Effectively the klangfarbenmelodie technique, though here employed to aid auditory localisation of each
source as a separate entity (Wenzel et al., 2018).
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sequence from wood to metal) also plays the entire canon once. Again, the listener follows a

serpentine path though the instruments (fig.13).

Xylophone c3 Xylgphone C - pa

.X ? LithQphone A - part
opMo
Vibraphone E® .XyIZ oneg

| Gloj
imba D C

ylophone B/
¢ Wbraphone E - part

gMarimaba E

| @Lithophone B
Xylophone A
Fimba D
.Cele e - part
arimba C

@Marimba A

Fig.12 Canon 1 spatial arrangement Fig.13 Canon 2 spatial arrangement

Canon 3(i) [7:47] again employs the combination of ‘pitch’ and ‘part’, but with all sixteen
instruments playing the seven parts in full, producing a carillon-like finale. The listener

approaches the array from a distance before gradually halting in its centre (fig.14).

Fig.14 Canon 3(i) spatial arrangement Fig.15 Canon 3(ii) spatial arrangement

Canon 3 is twice more rendered in part-only form, firstly 3(ii) using mainly stringed
instruments with the listener moving counter-clockwise among them [9:06] (fig.15) and
secondly, 3(iii) with aerophones [10:18] (fig.16). In the latter, the listener initially moves

clockwise, then counter-clockwise from the mid-point [10:57] with each part muted in
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reverse order of introduction. This instrumentation hopefully lends a fairy-tale atmosphere,

matching the wooded setting.

Gambe/Prest

Fig.16 Canon 3(iii) spatial arrangement

Lake

A second woodland path recording transitions to the third section, Lake, effectively a coda
in which the motif is variously harmonized. Here, | was much inspired by the patterns made
by waterfowl on Creswell Crags lake: not radial ripples, but V-shaped wakes. | attempted to

reflect these patterns in the writing (fig.17)2®.

Fig.17 Lake draft working

% |nterestingly, Nancarrow rejected a graphic pitch approach (Gann, 1995:31-2).
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In keeping with this compositional method and the clockwork theme, the piece is
reproduced as if by player-piano and with limited dynamics?’ rather than by performer. Like
Gorge, the piece explores a binaural approach to the piano but in greater depth. A similar
pitch—location assignment was made, but here, each note is given a unique location, with no
sharing. The 32 central pitches are placed at head height, with higher pitches elevated and
the bass pitches lowered. In contrast to Gorge, the placement expands during the piece,
with an initial 60°spread until bar six (fig.18a) linearly increasing to 360° by bar 33 (fig.18c).
Room size also increases towards the end of the piece to enhance the sense of immersion. A
spatially processed version of the stereo piano track was added to the final bars producing a

subtle organ-like effect. The aim here was not to highlight the spatialisation but allow it to

emerge as the piece develops.

Fig.18a Lake bars 1-6 Fig.18b Lake bar 20 Fig.18c Lake bar 33

Reflection

A final field recording featuring bird calls which effectively ‘illuminate’ the reverberant space
of Creswell Crags lake, leads to Reflection, a durational, textural work with detailed
separation answering the call for slow, subtle, minimalism common among practitioners
(Smalley, 2007:37). It features a gradually evolving texture, suggesting a slowly expanding
sound stage. The piece is influenced by the Japanese practice of ‘forest bathing’?®, and the

theory that we may experience lower cognitive load in woodland, due to partial auditory

27 Also echoing Nancarrow (Gann, 1995:29).
28 The restorative Shinrin'yoku (Fx#%;%) (Studio lon, 2020).
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adaption to this environment (Blesser & Salter, 2007:337). It also presents contrasting
spatial images, representing internal and external voices, and the states of mind and

visualisation techniques described by Fehmi and Robbins (2008:36-9,170-1).

The sonic material derives from versions of Canons 1-3 featured in Woods, heavily
processed. Variations of the first two canons were created by changing the part order,
altering the harmony either side of the fully polyphonic bar (see appendix 5). Combining
these ‘a’” and ‘b’ versions increased the final sense of space. Additionally, Canon 3 was
expanded to ten parts to extend the bell-like timbre and transposed with the aim of

producing a more uplifting effect.

The process resulted from many preparatory experiments applying various combinations of
resonance, reverberation and pitch/time processing before spatialisation. Some of these
revealed textural layers and the process was refined to enhance these as described below.
The three canons were then rendered with a harmonically rich sawtooth synthesizer tone;
one instrument playing each part in full. The panned stereo from each canon (13, 1b, 2a, 2b
and 3) was then processed first with resonant reverberation, then resonance-free room
simulation and finally naturalistic reverberation. Repeating this using five resonance
variations yielded five stereo files per canon. These were combined, slowed to quarter

speed and pitch-raised a tritone.

) o
° o
6] o
® o
(] o
D o
° o
G o
° o
o o
° o
() o
S o
° o
5 o
° o
] o
° o
° o
6 o
° o
° D
° o
() o
® o
6] o
° o
° o
G o
° o
n

cuntraten
£ =eeRAINRIRRKNRR S 5 B ODEODEEEEEE0EE0RE - HIBEE0EECEEHEEEA e = -~~~ §55555555555555222202282333333333230228280338343

Fig.19 Spatialisation timing of processed canons in Reflection
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The resulting five processed canons were subsequently spatialised in three sections (fig.19).
In the first section, Canon 1a is initially heard in mono with both left and right signals
collocated within the head, representing an inner voice. The sources then gradually shift
towards narrow stereo positions before the listener (fig.20a), after which other layers are
added at increasingly wide spacings (fig.20b). Specifically, Canon 1b is placed at £23°, and a
further elevated copy of Canon 1a(‘lc’), with a 180° spread then beginning (fig.20c). The

emphasis leaves the frontal position and the sensation becomes increasingly wide.

ib

Fig.20a Reflection part 1, bars 1-6 Fig.20b Reflection part 1, bars 6-19

Fig.20c Reflection part 1, oblique view

The closing phrase of Canon 1 provides a V-l cadence into Canon 2 [18:39] which opens with

Canon 2a presented at the same initial spread as Canon 1 (fig.21a,b).
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2c

N

Fig.21a Reflection part 2, plan view Fig.21b Reflection part 2, oblique view

A wider Canon 2b is then added, followed by a further iteration of Canon 2a(‘2c’)
introducing sound beyond 180°. The relatively dry treatment of Canons 1 and 2 seems
appropriate to something representing outdoor meditation, especially given that the source

material brings its own bonded space, albeit at quarter speed.

An instrumental overlay [21:21] provides a harmonic bridge into the final section, Canon 3
[23:12] (fig.22a,b). The Japanese sho (&) was chosen for its extended timbre (Kapuscinski &
Rose, 2022) and a sample instrument?® selected; despite its natural beauty, stereo
reverberation was required to blend the transition. The modulation's texture echoes the
opening passages of Takemitsu's In an Autumn Garden (1973) and Ceremonial - An Autumn
Ode (1992), both featuring sho and purposefully spatialised forces (Burt, 2001:162), the

latter including bell chimes, and harmonic clusters (ibid.:224).

2 Also extending the instrument’s range and allowing chromatic modulation to a remote key.
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Fig.22a Reflection part 2 into modulation Fig.22b Reflection modulation into part 3

Canon 3 is rendered with an encompassing spatial presentation (fig.23a,b), and with each
layer slightly L/R-delayed, considerably enhancing the spatial effect. 3-D reverberation is
then introduced, with the room size and related parameters increased throughout the
section (fig.24), inspired by Fehmi and Robbins’ description of an ever-increasing scale of
spatial awareness (2008:37) and perfectly resonating with Oliveros’ account of ‘global
attention’” within meditative Deep Listening (in Gottschalk, 2016:np(4.1)). Reflection’s
reverberation stops short of the vast immersion of Oliveros associate Stuart Dempster’s

Morning Light and Cloud Landings (1995) though mainly due to time constraints.

3a
3b

3d
3c

el

Fig.23a Reflection part 3, plan view Fig.23b Reflection part 3, oblique view
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Fig.24 Reflection — automation of acoustic parameters

Critical reflection

Each section of the work showcases a different set of techniques, with varying success.
While Reflection and Gorge feature largely static sources and are perhaps the most
successful, Lake and Woods include listener-source movement and do not seem as
engaging. In particular, | feel that in Woods, my expectations for what could (currently) be
achieved were excessive. Gorge initially employed the most ambitious listener-source
motion in the work: a route exceeding 100m with some 3000 automation items dynamically
relocating all 32 available sources bar-by-bar. The intention was that the listener would
perceive themselves passing the array of instruments at a realistic walking speed. | was
eventually forced to concede defeat; despite altering the number of sources, their distance
and all acoustic parameters, there was no sense of movement, only a series of awkwardly
changing dynamics that clashed with any musical arrangement | could contrive. Loudness
can be an important localisation cue, but while realistically rendered moving sources may
boost perception of direction, they also produce level variations, something cited by Werner
et al. and now of clear significance (2020:6). A subsequent attempt employed a circular

array of sources that gradually moved to the rear, intended to imply progress. Even this
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proved problematic3®, inconvenient and ultimately unnecessary; the final presentation uses

static sources.

In Woods, | again possibly fell victim to inflated expectations, the result may underline
pitfalls inherent in writing for a specific technology. Surprisingly perhaps, the technique of
combining ‘pitch’ and ‘part’ locations seemed effective. Previous experiments layered a
marimba-like vibraphone under each transient note to add sustain, perhaps supporting the
musicality alongside the localisation, and resonating with Zagorski-Thomas’ concept of Sonic
Cartoons (2014:49)3!, In these artistically led works, | was unable to produce anything
approaching the sense of movement | perceive in preparatory experiments (such as Test-12-
1u, see appendix 8) despite similarly dedicating a single location to each note. The only
exceptions are the two instrumental versions of Canon 3(ii) and (iii), which seem to me
relatively fresh, unusual and promising. Note that although these represent a conceptually
serpentine path, | again found that a simplified circular arrangement avoided complex

listener automation, source repositioning and level-timbre variations.

The widely varying effectiveness of spatialised melodic or chordal material exceeds that
suggested by insights drawn from auditory research, for instance Bregman (1990). The
melodic L-C—-R panning employed in Gorge initially seemed comically prominent and
inartistic, but as the arrangement progressed, those elements felt apt and welcome. The

success of these techniques is likely highly context-dependent.

Having previously defined four pillars of binaural realism3?, | would now add a fifth; that of
general plausibility. Although some movement does seem apparent in Woods, particularly in
the instrumental renderings of Canon 3, my own perception, and that of others33, judges
that it is the sources that are moving, not the listener®*. This is entirely reasonable, given the
sensory voting mechanism described by DeSalle among others (2018:160-71), and correlates

with results from the initial version of Gorge. Though not strongly engaging, the dynamic

30 Causing timbral shifts.

31 Deliberate sonic exaggeration to guide the listener’s perception.

32 personalised HRTF, head-tracking, plausibly accurate acoustics, reproduction fidelity (including personalised
headphone compensation), (Auld, 2021c).

3 Via informal feedback.

34 perhaps, serendipitously, evoking a band of wandering minstrels.
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immersion featured in Lake seems reasonably effective and the discrete pitch—location

assignment, also in Gorge, perhaps deserves further exploration.

Production software synthesizing binaural audio is nascent, with the feature often
promoted only as a means of previewing loudspeaker reproduction. Numerous technical
problems were encountered some of which could not be overcome (see appendix 6).
Exploration of binaural composition is currently a significant logistical undertaking. Technical
distractions easily dulled my creativity and put me further from what Csikszentmihalyi calls a
‘flow state’ than | can recall having been during composition (2016:173). Simply defining
spatial placement and automation is an issue, as is consistent monitoring. One conspicuous
absence is a means of entering spatial coordinates3” into a piano roll note sequencer in the
same way that MIDI velocity and expression controllers may be defined. | found it helpful to
predefine various spatial arrays in SPAT and address them via a 32-channel DAW sub-bus,
thus easing experimentation. An opportunity seemingly exists to create affordable hardware

and software tools for those working in this field.

Obtaining usable recordings was challenging, mainly due to human activity: vehicles, alarms,
appliances and occasionally aircraft3®. Wind noise was also prominent as were incidental
noises from clothes and anything physically contacting the miniature microphone leads.
Mannequin head recordings seemed entirely lacking, presumably due to unrealistic pinnae.
Conversely, | found recordings made at my ears far more effective than much of the
literature suggests, supporting observations made by long-standing binaural practitioner
Dallas Simpson (University of Derby, 2019). In some circumstances, the results are

stunningly realistic, and | regret not experimenting from the outset.

These findings highlight potential HRTF mismatch. Some factors may seem irrelevant
technicalities, but the ability to hear spatial effects necessarily impacts spatial composition. |
found that within SPAT, one HRTF setting produced only a clear frontal image and another
only a clear rear image, with the default, generalised choice reproducing both front and rear
images but with only middling realism. Elevation is apparent in my recordings but absent

when synthesised using a generic HRTF. HRTF personalisation or crosstalk-cancelled

35 Both polar and Cartesian.
36 See appendix 9 for example noise removal.
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loudspeaker reproduction may overcome these issues (both at significant cost). More
generally, the benefits conferred by headphones in terms of greater transient detail are

counteracted by difficulty in judging tonal balance and loudness.

Addressing the more successful pieces, Gorge seems to produce an effective sense of
immersion and an expanding, perhaps cinematic acoustic that supports the conceptual
journey in a way difficult to achieve in stereo. | feel that the opening of Reflection makes
good use of the intimate proximity only practical with headphones. The contrast between
this and the subsequently increasing immersion, beyond that possible in stereo, adds to the
effectiveness and the overall transition to a meditative ambience. The many layers apparent
in this slowly evolving piece, the orchestral and tremulous choral effect that emerged, did so
because of the spatial processing. The pre-processing spatial resonance, binaural placement
and simulated immersive acoustic all contributed to the effect, allowing the layers to be

discerned.

Although the two more successful pieces share a lack of source—listener movement, Lord
and Werner et al. both employ highly effective motion in their work (Dali’s Deathmask,
2019; Jack Hooley, 2019a). The latter combines this with prominent and engaging dynamic
contrast between internal, monoaural sound and expansive ambisonic treatment. The
common factor may therefore be a genre better able to accommodate an experimental
approach. Several experimental electronica pieces planned for this work were discarded due
to stylistic clash, portfolio duration constraints or because | realised that they were not truly

conceived with spatiality in mind.

The changes in acoustic during the piece were initially envisaged as realistic transitions. It
soon became apparent that the sense of realism could be easily undermined by rapid
parameter changes, due to sound energy stored in the system, the results approximating
the effect of altering echo unit delay time. Like its conventional equivalent, these effects
hold creative potential, particularly because they operate in definable three-dimensional

space. Oddly, the manufacturer does not promote this feature.

Although binaural audio is often considered unsuitable for post-processing, requiring all
equalisation and compression to be applied prior to spatialisation, | found unexpected

creative scope for post-manipulation. Basic transforms such as L/R swaps naturally mirror
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the spatial image®’, but surprising latitude exists for overlaying binaural recordings.
Overlaying ‘pitch’ and ‘part’ renders created with differing acoustics was found optimal for
Canons 2 and 3(i), supporting the argument for perception over accuracy. Rare, ‘clean’
sections of field recordings were duplicated, thereby extending transitions. Additionally, the
‘figure-8’ spatialisation of Canon 3(iii) was created without repositioning sources or complex
automation simply by crossfading between two renders with reversed listener direction.
Stereo sources with compatible images may also be layered with binaural audio without
compromising the overall image. Some striking delay effects can result from duplicating
binaural renders of moving sources, effectively creating a trail of copies. Conversely, such
initially convenient post-processing complicates compositional changes or render variations,

for instance with differing HRTFs or ambisonic orders.

37 Assuming sufficiently symmetrical listener HRTF.
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Summary of findings

The binaural medium exhibits a high degree of context-sensitivity, favouring a heuristic
approach. Focusing on perception rather than acoustic accuracy is valid and was found
superior, likewise the purely conceptual journey over (simulated) literal motion in Gorge.
Similarly, optimal layering of differing acoustics, for example in Woods, was very much

experimentally determined.

As is commonly suggested, spatialisation, applied with limited artistic intent has potential to
underwhelm. Simply surrounding the listener with sources does not guarantee effective
work. While psychoacoustic insights such as the value of anechoic sources are noteworthy,
source-listener motion, often recommended to aid localisation, may be problematic due to
loudness and timbre variations; effective results are possible without it. Conversely, motion
can be compelling, though intended listener motion is easily perceived as unintended source
motion, though not always, something perhaps worthy of investigation. Immersion is a
highly significant, potentially independent attribute and compositional resource, benefiting
from versatile 3-D reverberation. Although experimental music may be suited to the

medium, acoustic instrumentation can work well, perhaps due to timbral familiarity.

Stereo sources may be incorporated with relative ease as virtual source pairs and, with care,
even directly layered in some contexts, enhancing rather than undermining binaural
presentation. Binaural recording, while not without its issues, is worthwhile; it can elucidate
and frame the medium’s characteristics, also contributing valuable inspiration and potential
material. Binaural audio is readily spliced, layered and even duplicated with time offset to
produce delay effects. Similarly, spatialisation software has seemingly untapped potential

for creative effects and détournement33.

Significant technical issues remain, such as ambiguous imaging, especially for height, as well
as profound 'workflow' impediments to binaural composition. While it is important to keep
spatialisation in mind, the ability to anticipate its effects through experience allows some
preparation in stereo, helping to offset the current inertia of binaural technology. HRTF
mismatch makes second opinions invaluable, nevertheless, the static, non-personalised
binaural medium can be effective and is valid for artistic exploration. Finally, simple canons
can provide a rich source of material for spatial composition, especially when pre-processed

to produce emergent, interpretable detail, further enhanced by binaural spatialisation.

38 Creative misuse (Keep, 2005).
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Conclusion

“...it means that everyone can do it; and that's what | want - that's how this format will

III

become commercially successfu

Jocelyn Lord, 2018 (University of Derby)

Given the popularity of headphones, there is much potential in writing for the binaural
medium rather than conventional, 'flat' stereophony. It offers a unique resource that
warrants an approach dictated neither by the constraints of ambisonics nor multi-channel
loudspeaker arrays. Nevertheless, existing literature often fails to escape the gravitational

pull of acousmatic reproduction?,

Current binaural sound brings its own considerations, for instance potentially ambiguous
directionality and a weak, elevated frontal image but scope evidently exists for effective
work. Advances have apparently already improved the binaural experience over what

practitioner Andrew Sheron termed “a dusty window” (SonicScoop, 2016).

At present, the medium lacks the consistency of loudspeaker formats, though if technical
progress continues, likely given commercial and societal factors*°, binaural sound may well
provide a canvas at least as versatile as other spatial approaches, and certainly a more

democratic one.

Future work could further investigate the emergent character of Reflection’s pre-
processed*! spatialisation, compositional binaural data sonification, the meditative benefits
of immersive binaural soundscapes, the potential of object-based work and increased
binaural fidelity (allowing, for instance, meaningful exploration of height) or conversely
creative misuse, and could even pursue convenient, accurate and affordable tools for

composition, further supporting Lord’s prescient call for widespread experimentation.

39 e.g. Barrett (2022:177).

40 Injtiatives such as Sony 360 Reality Audio, Apple AirPods Pro and MPEG-H have, already begun to address
methods of enhancing binaural realism via, respectively, HRTF customisation, head-tracking and plausible
acoustics; Inglis suggests that even Dolby's lauded Atmos binaural renderer may sound 'flat' versus Genelec's
latest system (2022a).

41 Via resonance/speed/pitch.
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Appendices

Appendix 1: Previous findings:

Like 3-D visual reproduction, binaural sound has a long history, but beyond VR, has only
attracted sporadic, cyclical interest (Streicher & Everest, 1998:6.11, Robjohns in Tufnell,
2014). This is likely related to the finding that binaural recordings have tended towards
spectacular, inartistic demonstrations*?, and that the most successful work appears to be
that embedded in the creative process. Also relevant are technical issues which have
continued to affect the medium. Though these seem likely to diminish (through the recent
commercial engagement of Dolby, Apple Music*3, Universal, Sony, the collective gaming

industry and moves towards social VR), they apply to this portfolio.

In previous experiments, | found that low-latency head-tracking in no way enhanced my
perception, possibly due to HRTF-mismatch. Similarly, ambisonic** coding, even up to 7th
order, seemed to reduce localisation and significantly limited the sense of immersion when

compared with native binaural rendering®.

There is clearly scope to feature, and potentially a need for, more material in binaural

presentation than is appropriate in stereo (Paterson & Llewellyn, 2019:238-40).

Immersion®® is a spatial attribute apparently highly valued by listeners (Francombe et al.,
2018:127; Eaton & Lee, 2021:159). Additionally, it strongly resonates with ideas central to
Fehmi and Robbins’ work on attention and the 'objectless imagery' they describe (2008:36-
39).

42 Sony (2020), for instance.

43 With a streamlined version of Dolby Atmos production tools now included in Apple’s Logic music production
software.

4 Uncapitalised, as per Gerzon’s original paper (1973).

4 perhaps through intermediate loudspeaker virtualisation and more fundamental limitations (Paterson &
Llewellyn, 2019, p229; Toole, 2017 p426).

6 Or envelopment, see Agrawal et al. for thorough definitions (2020).



Appendix 2: Characteristics of the spatial medium — multi-loudspeaker and binaural

headphone reproduction compared:

. Timbre is potentially good on speakers and poor on headphones.

. For speakers, localisation is strongest wherever there is a speaker (for instance directly
ahead), whereas for headphones, it is strongest at the sides whereas the frontal centre image is

often weak and elevated.

. Close proximity is easily achieved on headphones but rarely via speakers; the opposite can

be said of distance.

o Transient detail is conveyed much more easily via headphones than speakers.
o Consistency of individual listener experience is relatively good on speakers and poor on
headphones.

(Roginska & Geluso, 2018; Rumsey & McCormick, 2014:40, 565; 2021:69, 567-8)
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Appendix 3: Technique overview (expanded)

Parameter numbers (0-3) in top four rows indicate degree of intensity.

|- Gorge -| |- —— Woods —-- —1 |- Lake -| | —
| Canon 1 Canon 2 Canon 3(i) (ii) GHd) | | Canon 1 Canon 2 Canon 3 |
|- intro -| [-transition-| |-transition-| |[-transition-| |-sho-|

Tistener motion vel 10 0(1-2) 3 3 3 3-0 3 3-0 3 0 0 0 0 . 0
source motion vel 0 ~0 0 0 0 0 0 0 0 0 011 0 10-~1 ~1 . ~1
acoustic 'size' 01 1-3 2 1 2 2- 2+ 2+ 2 122+ 2-3 011 112 1 1-3
immersion 03 1-3 1 1 2 2-3 2-3 2-3 1 123 3 021 122 1 132
sources/layers:

recorded bin(r) (€] r) ) ) s

synthesized (s) (s) (s) (s) (s) (s) (s) (s) (s) (s) (s)
synthetic:
direct stereo overlays 01-- -0 1
spatialised stereo images --2-- 1-3 1-3 2 1-4
spatialised mono sources 14 + 15 pitches 16 pitches 15 pitches 16 pitches 7 parts 7 parts 61 pitches

additional render layer 6 parts 6 parts 7 parts 7 parts
Periphony:

elevated /N 2 2-—— /N 1 1 1 VAN 17 pitches VAN 1(st) 2(st)
horizontal (--rec--) 4+12 pitches (rec) (rec) 32 pitches (rec)
at depth/below N/ 2-eeee 2 N/ ./ 12 pitches ./
encompassment/angle - 60-360-- - 60-360-60 60-360-60 60-360 30-360-30 - 30-———— 360 - 0-23-68-180 90-180

23-113-225 45-135-225-315
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Appendix 4: Canons in Woods:

Canon 1 —part

omit3
Cm9 Cm?7 F(gggg) Ebmajl13©mitH Ebmaj9 Fm1l Cm7@ddd Fm7@ddd) EbGaddAheadds)

Wzv#’ :
D .t S Ww

Canon 1 — fully polyphonic bar

Canon 2 —part

Abm13 Bbm7 Abm6@d®/Eb Abm7@dd/F Ebm9®@ddd  Ghmaj7 Bb(23it%) Gheadd®

o}

11
YD b ¢

b : i = — '/\.I ! !
e I e
~N

Canon 2 —fully polyphonic bar




Appendix 4: Canons in Woods: (cont.)

. IH AL ¢ ] I I

Canon 3 — fully polyphonic bar
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Appendix 5: Canons in Reflection:
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Appendix 5: Canons in Reflection: (cont.)

'qi—ﬁ—!—|—l—r|'|
e s e s e |
S T =i

Canon 3b — part

Canon 3b — fully polyphonic bar
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Appendix 6: Technical limitations:

In some circumstances, distortion/clipping may be perceived at specific timestamps (for instance
2:00, 4:33, 4:57, 5:48-51, 26:40-27:40, 28:08). While these artefacts do appear in the recording, they
are accentuated during streaming. It seems that they are a form of modulation noise ('zipper' noise)
that occurs in some contexts within SPAT when the room size parameter is varied under REAPER
control, an issue to be resolved in software. They are far less noticeable - perhaps largely inaudible,
depending on the listening conditions - when the piece is played from the downloaded file, though

some steps have nevertheless been taken to reduce these artefacts in the uploaded version.

In addition, a software issue causes the spatial transition from monoaural to binaural at the start of

Reflection [13:44] flickers between the two states.

Appendix 7: Notes on optimal playback:

Ideal listening conditions are with high-quality open-backed headphones (such as the Sennheiser

HD-650) in a quiet environment.

On some systems, it may be beneficial to set the converter clock rate natively to 48kHz (or perhaps

96kHz) rather than 44.1kHz, thereby avoiding additional sample rate conversion.

Appendix 8: Test works uploaded for reference:

Name Description
Test-9v Movement past head-height sources - plus détournement
Test-11-1h Movement under elevated sources

Test-12-1u Perception of listener movement past directional sources including delay effect
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Appendix 9: Example of motor vehicle harmonic noise removal from field recording:

00:00:00.000




The Distant
Landscape

Score

Movements:
Gorge
Woods
-Canon 1
-Canon 2
-Canon 3(1), 3(i1), 3(iii)
Lake
Reflection
-Part 1
-Part 2, modulation
-Part 3

Score preface:

Although each piece is rendered solely using virtual
instruments interspersed with field recordings, a full score 1s
included as an aid to the listener in following various spatial
transitions and, where appropriate, to support the discussion
of pitch.



The Distant
Landscape

Each piece is accompanied by a diagram showing a plan view of the sound sources in
relation to the listener and an oblique view displaying the sources within the 3-D space.
A pink line shows the route of listener motion, the head indicating orientation.

Bar numbers appear in boxes.

Example plan view: Example oblique view:

Xylophone C d

Xylophone

Lithophon
Gloc|
Cele¢

@Marimba’A




1.Gorge

The piece opens with Field recording 1:

Field recording 1: City [00:00-02:28]
- Transition from centre of small domestic room to 2nd floor window overlooking
pedestrian city-centre street
- Indistinct voices, vehicles
- Nottingham Council House quarter chimes [00:44]
- Nottingham Council House Great bell, 8 strikes [01:13]
- Fade out from Gorge entry at 02:08

The source/listener position in Gorge remains constant, though the room size changes
throughout the piece as shown in the following diagram:

636m3

Chorus effect
3 320m3




Gorge

Initial piano melody [bars1-5] is from the spatialised stereo sources labelled Una Corda.
From bar 23, each piano pitch is played via a seperate source, labelled 'P - [pitch]' although
some instruments share sources with these pitches.

The dual guitars, vibraphones and electric pianos are played from left and right souces,
which are displayed in the score as seperate voices.

Synth strings are not spatialised but overlaid as a stereo pair.

Sources are placed at head height apart from the kick drum pair which is below the listener,
and vibraphone 1 I/R as well as two piano pitches which are elevated.

Synth strings L

—_—

Steel guitar R

Vibraphane 1R/P-E b
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2.Woods Canon 1

Woods Canon 1 transitions from Field recording 2:

Field recording 2: Woodland path 1 (Sherwood Pines) [05:59-06:45]
- Footsteps along a forest path
- Gentle breeze
- Fade out from Woods Canon 1 entry at 06:27

The listener follows a serpentine route through the sources.

Each pitch is played by a seperate instrument as listed below.

They are displayed in the score as a piano reduction labelled 'pitch part'.

The full canon part is shown simply for reference.

Sources are placed at head height apart from the toy piano which is elevated.

Pitch part instruments:

C3 Toy Piano
Xylophone C Eb3 Glock
Xylophone P’ @ F3 Metalophone

G3 Celeste

G#3 Lithophone B
Bb3 Vibraphone E
C4 Xylophone D
D4 Xylophone C
Eb4 Lithophone A
F4 Xylophone B
G4 Xylophone A
G#4 Marimba E
Bb4 Marimba D
C5 Marimba C
D5 Marimba B
EDb5 Marimba A

€ Marimba’A
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Woods Canon 1
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3.Woods Canon 2

The listener, again, follows a serpentine route through the sources.
Sources are placed at head height.
As with Canon 1, a pitch part has each pitch played by a separate instrument as listed
below.
Additionally, there are six instruments which play the full canon:
pt 1 - Lithophone A
pt 2 - Xylophone C
pt 3 - Xylophone D
pt 4 - Vibraphone E
pt 5 - Lithophone B
pt 6 - Celeste
These are named below as 'part' sources.
One source shares a part and pitch: Vibraphone E - part and Xylophone B - pitch.

Pitch part instruments:

G#2 Glock
Bb2 Metalophone
Xylophone C - part B2 Celeste
X\-(Iophone D - part ‘thp D . ithhphone A - part B3 Lithophone B
Vibraphone E & /"3 xylopHone ¢ Jorhbhone £ -part  Db3 Vibraphone E
Lithophone B - pa : @Marimaba E Eb3 Xylophone D
GI(C) i dacls ;;‘I':,::‘;::": ®  F3 Xylophone C
@ Mayimba D F#3 Lithophone A
\] -/ @Cegsle part G#3 Xylophone B
€ euMarimba A Bb3 Xylophone A
El Db4 Marimba E
Eb4 Marimba D
F4 Marimba C

F#4 Marimba B
G#4 Marimba A
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3.Woods Canon 2
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Woods Canon 2
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Woods Canon 2
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4.Woods Canon 3(1)

Canon 3(1) is similar to Canon 2 in that there is both a pitch part and a series of
instruments playing the full canon, though in this case, all 16 instruments play the full
canon in turn.

Pitches and parts share sources.

From bar 1 the listener approaches the centre of the sources gradually slowing to a halt by

bar 7.
Sources are placed at head height apart from the toy piano which is elevated.

Pitch part instruments:

E3 Toy Piano
F#3 Glock
G3 Metallophone
A3 Celeste
¢ Lithadone A B3 Lithophone B
Xylgphone D/ @ C4 Vibraphone E
0 ¢ Xviophdne B D4 Xylophone D
Lithophon2B 8 | /[ E4 Xylophone C
F#4 Lithophone A
ba C G4 Xylophone B
A4 Xylophone A
B4 Marimba E
C5 Marimba D
D5 Marimba C
E5 Marimba B

G5 Marimba A
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4.Woods Canon 3(1)
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Woods Canon 3@1)
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5.Woods Canon 3(11)

Canon 3(i1) is played mainly by stringed instruments.

There is no pitch part; the full canon is played by the seven instruments listed below.
The listener follows a circular route among the sources effectively making one and a half
revolutions.

Sources are placed at head height.

DulcimeLB

pt 1 - Music Box
pt 2 - Koto

pt 3 - Yuequin

pt 4 - Dulcimer B
pt 5 - Autoharp
pt 6 - Dulcimer C
pt 7 - Dulcimer A
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6.Woods Canon 3(111

Canon 3(iii) is played by aerophones.
There is no pitch part; the full canon is played by all seven instruments, but after bar 16,
they become tacit in reverse order of introduction.

The listener effectively describes a figure of eight around two rooms.
Sources are placed at head height.

Gambe/Prest

pt 1 - Flute

pt 2 - Xaphoon

pt 3 - Bandoneon

pt 4 - Bourdon 8'

pt 5 - Flute &'

pt 6 - Principal &'

pt 7 - Gambe/Prest 8'

/Prest
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7.Lake

Lake transitions from Field recording 3:

Field recording 3: Woodland path 2 (Creswell Crags) [11:28-11:59]
- Flowing water
- Bird chatter
- Fade out from Lake entry at 11:47

Lake is once again a pitch part, with each pitch played by a seperate virtual instrument
eminating from a single source, nevertheless, all representing a single piano.

The sources are placed at three levels in relation to the listener: with higher pitches
elevated, mid-pitches at head-height and bass pitches below.

The listener remains stationary as the sources gradually encircle the listening position.
Only the end pitches of each source row are labelled.
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Lake
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8.Reflection Part 1

Reflection transitions from field recording 4:

Field recording 4: Birds (Creswell Crags) [11:28-14:09]
- Various bird calls, including prominant waterfowl
- Fade out from Reflection entry at 13:47

Reflection 1 presents heavily processed cannonical material as described in the
commmentary. The stereo sources from this material are respatialised as shown in the
following diagrams and the score indicates the underlying pitches present in the
respatialisation.

Two variations of Woods Canon 1 form the basis of Reflection 1 (1a and 1b as described in
the main text).

In bars 1-6, the sources (a) move away from the listener.

From bar 6, sources (b) appear, followed by sources (c) in bar 12.

Sources (a) and (b) are level with the listener while sources (c) are elevated.

The listener remains stationary throughout the piece.

1ib 1ib

1c

e
1c [ |
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9.Reflection Part 2

As with Reflection part 1, part 2 is based on variations of Woods Canon 2, respatialised as

shown below.
All sources are placed at head height.

2b 2b
2a 2a 2a
2a 2a 2a
2b
2¢ 2b

2b
i: 2b
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9.Reflection Part 2
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10.Reflection - modulation

The modulation comprises two sho pairs at elevated positions.
It overlaps Reflection part 2 and part 3 and is therefore shown in two oblique views:

Reflection - modulation:
overlap with Reflection part 2

Reflection - modulation:
overlap with Reflection part 3
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10.Reflection - modulation
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11.Reflection Part 3

Reflection part 3 respatialises elements from an extended and heavily processed version of
Woods Canon 3. The material is spatialised as shown below with the score indicating the
underlying, retimed pitch material.

Sources are placed at head height

3a 3a
3b, 3¢ 3
9 3 9
c
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11.Reflection Part 3
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Reflection Part 3
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Reflection Part 3
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