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1 Introduction

Spatial audio and spatial music belong to a broad field of listening, composition, and sound
design concerned with one of the most fundamental characteristics of sound: its presence in

space.

figures/spatial_listening_environment.png

Figure 1: Sound as a spatial phenomenon

Suggested illustration: Illustration showing a listener surrounded by sound sources in a three-
dimensional environment (front, back, above, below). A simple conceptual diagram of sound
sources around a listener.

In ordinary listening, spatial perception is inseparable from meaning. We recognize the
difference between a whisper close to the ear and a bell in the distance, between a narrow point
source and a diffuse atmosphere, between a sound arriving from behind and a sound unfolding

overhead.



2  Why Spatial Listening Matters

Human hearing is fundamentally spatial. Unlike vision, which is directional and focused, hearing

continuously monitors the environment in all directions.

figures/human_spatial_hearing_diagram.png

Figure 2: Human spatial hearing cues
Suggested illustration: Diagram illustrating sound reaching both ears with interaural time dif-
ference (ITD) and interaural level difference (ILD).

Spatial relations strongly affect perception:
e proximity

e direction

e movement

e room size

e immersion

Music and sound art can therefore use spatial relations as compositional material.



3 Historical Context: Early Spatial Music

Spatial music did not begin with digital technology.

3.1 Architecture and Sacred Space

Many early musical practices depended strongly on architecture.

figures/cathedral_reverb_space.png

Figure 3: Sound and architecture in sacred spaces
Suggested illustration: Photo or diagram of a cathedral interior showing how sound reflects and
reverberates across large architectural volumes.

Cathedrals and churches produced extremely long reverberation times, shaping musical form.

3.2 Polychoral Music

In Renaissance Venice, composers placed choirs in different parts of a church.
This created musical dialogue across architectural space.



figures/venetian_polychoral_layout.png

Figure 4: Venetian polychoral spatial layout
Suggested illustration: Diagram of two or more choirs placed in opposite balconies in a church,
illustrating antiphonal spatial music.

4 Twentieth-Century Spatial Experiments
The twentieth century introduced technological control over spatial sound.

Electronic music studios and loudspeaker systems made spatial sound design more precise.
5 Development of Spatial Audio Technologies

5.1 Stereo

Stereo was the first widely adopted spatial reproduction system.
Stereo creates spatial illusion across a horizontal axis.

5.2 Surround Sound

Surround systems place speakers around the listener.



figures/stockhausen_spatial_orchestra.png

Figure 5: Distributed orchestra in spatial composition
Suggested illustration: Diagram inspired by Stockhausen’s Gruppen showing orchestras placed
around the audience.

5.3 Ambisonics and Scene-Based Audio

Ambisonics represents a sound field rather than specific speaker feeds.

6 What Spatial Audio Is

Spatial audio refers to techniques used to organize sound in relation to space.

These approaches differ in how they represent spatial information.

7 How Spatial Hearing Works

The human auditory system uses several cues.



figures/stereo_phantom_image.png

Figure 6: Stereo phantom image
Suggested illustration: Diagram showing two speakers and a phantom sound source perceived
between them.

7.1 Interaural Time Differences
7.2 Interaural Level Differences
7.3 Spectral Filtering

7.4 Reverberation and Distance

8 How Spatial Audio Systems Work

Spatial audio typically involves three stages:
1. spatial capture or creation
2. spatial representation

3. rendering to speakers or headphones



figures/5_1_surround_layout.png

Figure 7: 5.1 surround sound layout
Suggested illustration: Top-down diagram showing the standard 5.1 loudspeaker configuration
around a listener.

9 Major Spatial Audio Approaches

Spatial audio includes several important system families.

9.1 Binaural Audio
9.2 Object-Based Audio
9.3 Wave Field Synthesis

10 Applications of Spatial Audio

Spatial audio is used in many fields.
Applications include:

e immersive music



figures/ambisonic_soundfield_encoding.png

Figure 8: Ambisonic sound field representation
Suggested illustration: Diagram illustrating spherical sound field components around a listener.
e cinema and media
e virtual reality
e game audio
e sound installations

e acoustic research

11 Spatial Music as Artistic Practice

In spatial music, space becomes a compositional parameter.
Composers may organize music through spatial movement, distributed textures, or environ-
mental sound fields.



figures/spatial_audio_systems_overview.png

Figure 9: Overview of spatial audio approaches
Suggested illustration: Diagram comparing stereo, surround, ambisonics, and binaural audio
systems.

12 Spatial Audio in the Studio

Modern spatial audio production often takes place in digital audio workstations.

13 Spatial Audio in Performance and Installation

Spatial sound becomes physically present in performance.

Installation art may distribute sound across multiple rooms or architectural locations.

14 Headphones vs Loudspeakers

Different playback systems produce different spatial experiences.
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figures/interaural_time_difference.png

Figure 10: Interaural time difference
Suggested illustration: Diagram showing sound arriving earlier at the nearer ear.

15 Conclusion

Spatial audio and spatial music expand the possibilities of listening and composition by treating
space as a central dimension of sound. They connect architecture, technology, perception, and
artistic imagination.

Spatial practice ultimately asks a profound artistic question:

What happens when sound is no longer only something we hear in front of us, but

something we inhabit?

11



figures/interaural_level_difference.png

Figure 11: Interaural level difference
Suggested illustration: Diagram showing head shadow causing a quieter signal at the far ear.
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figures/pinna_filtering.png

Figure 12: Spectral filtering by the outer ear
Suggested illustration: Diagram showing how the ear shape modifies incoming sound depending
on elevation.
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f igures/direct_vs_reverberant_sound .png

Figure 13: Direct vs reverberant sound
Suggested illustration: Diagram illustrating how direct sound dominates nearby sources and
reverberation dominates distant sources.
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figures/spatial_audio_pipeline.png

Figure 14: Spatial audio signal chain
Suggested illustration: Block diagram showing encoding — processing — decoding pipeline.
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figures/binaural_headphone_rendering.png

Figure 15: Binaural rendering
Suggested illustration: Diagram showing virtual sources rendered through headphones using
head-related transfer functions (HRTF).
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figures/object_based_audio_rendering.png

Figure 16: Object-based audio system
Suggested illustration: Diagram showing sound objects with position metadata rendered to
speakers.
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figures/wave_field_synthesis_array.png

Figure 17: Wave field synthesis loudspeaker array
Suggested illustration: Diagram showing a dense line of speakers reproducing wavefronts.
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figures/spatial_audio_applications.png

Figure 18: Applications of spatial audio
Suggested illustration: Collage diagram showing VR, cinema, games, concerts, and installations.
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f igures/spat ial_music_composition_diagram.png

Figure 19: Spatial composition strategies
Suggested illustration: Diagram showing trajectories of sound sources moving around listeners
over time.
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f igures/spat ial_audio_daw_routing.png

Figure 20: Spatial audio routing in a DAW
Suggested illustration: Screenshot-style diagram showing multiple tracks routed into a spatial
bus and decoder.
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figures/multichannel_concert_setup.png

Figure 21: Multichannel concert loudspeaker layout
Suggested illustration: Photo or diagram of a circular loudspeaker array surrounding an audience.
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f igures/headphones_vs_spe aker_spatial_audio.png

Figure 22: Headphone vs loudspeaker spatial listening
Suggested illustration: Comparison diagram showing binaural headphone listening versus loud-
speaker array listening.
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figures/spatial_audio_future_concept .png

Figure 23: Future spatial listening environments
Suggested illustration: Conceptual illustration showing immersive environments such as VR,
installations, and concert domes.
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