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What is Spatial Audio?

Ambisonics

* Wave Field Synthesis

e Binaural Audio

* Object and Scene-Based Audio

e Channel-Based Surround Sound: 5.1, 7.1, 10.2, 22.2

e Object and Bed-Based Audio: Dolby Atmos (basic Atmos is 7.1.4)

e Historical systems: eg. Fantasound, Cinerama.



Presenter Notes
Presentation Notes
Discussion.

What is an audio object? A single sound source? 
Sound in the real world doesn’t work that way.

The metadata attached to an object doesn’t just mean its location – it should also include its width, its place in a space etc. 
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What is Spatial Audio?

e According to immersive sound expert Francis Rumsey there is a “...dichotomy
between those systems based on an underlying mathematical model of an
acoustical soundfield and those [systems] that simply kept adding loudspeakers and
attempting to apply basic stereophonic principles...”

* Rumsey goes on to state that the former method is the scientists’ interpretation of
the “way to do surround sound” including sound field reconstruction and wave field
synthesis while a channel based stereophonic system is the “... recording engineers’
idea of the way to so surround sound”, based on tried and tested cinematic
techniques.
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So, it's a huge subject!

And is there a middle way between the scientists and the
practitioners?

We don't have long so | think we will focus on ambisonics.

Ambisonics commercial logo
from 1970s.

What is it?
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Ambisonics

e Spatial Audio System developed by mathematician Michael Gerzon of Oxford University
and Professor of Cybernetics P B Felgett of Reading University.

 Mature technology — developed in 1970’s.

* Based on the capture and replay of a soundfield at a single point in space. Hence the
development of the Soundfield Microphone (more shortly). Direction of sound source
is encoded not speaker channels.

* Flexible system in that encoding is separate from decoding.

* Aslong as speaker positions are known, ambisonic signal can be decoded over any
(sensible) speaker array OR binaurally encoded to headphones.

* All speakers in array contribute to localisation and directional cues of audio signal —
unlike 5.1 or other channel-based configurations.
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Presentation Notes
Mention VPAP and DPAP. 
Discuss the implications of this flexibility. 
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Ambisonics

Capable of full periphonic and isotropic surround — height and depth

Minimum four channels required for periphonic reproduction

L > N where L is the number of speakers and N is the number of channels (as always
though — the more speakers the better)

Hierarchical system - can be expanded — higher orders

“Theoretically any arbitrary geometry of the loudspeaker array can be chosen, which
is a remarkable advantage ... in contrast with channel based formats such as 5.1 or
22,271

T Roginska, A., Geluso, P. Eds. 2018. Immersive Sound: The Art and Science of Binaural and
Multi-Channel Audio. Routledge (AES).

™~
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Ambisonics Decoders

Filtar:
AU FX
AU VST: O3A Decoder (16 Channels) - Rapture3D Advanced

o 45 VST: O3A Decoder (32 Channels) - Rapture3D Advanced

Instruments VST: 03A Decoder (64 Channels) - Rapture3D Advanced
Cockos VST: 03A Decoder (128 Channels) - Rapture3D Advanced
Recently used VST: O3A Decoder - 3D7.1

¥ Categories VST: O3A Decoder - 5.1
Ambisonics VST: O3A Decoder - 5.1 Basic
Delay VST: O3A Decoder - 7.1
Dynamics VST: 03A Decoder - 7.1.2 (Dolby Atmos)
EQ VST: O3A Decoder - 7.1.4
External VST: O3A Decoder - 22.2
Gate VST: O3A Decoder - Aurg-3D 8.1
mIDI VST: O3A Decoder - Auro-3D 10.1
Pitch Correction VST: O3A Decoder - Auro-3D 11.1
Reverb VST: O3A Decoder - Aurc-3D 13.1
Room VST: O3A Decoder - Cube
Sampler VST: O3A Decoder - FuMa
Spatial VST: 03A Decoder - Headphones
Surround VST: 03A Decoder - Hexagon
Synth VST: O3A Decoder - IMAX 5.0
Tools VST: O3A Decoder - IMAX 6.0
Tuner VST: O3A Decoder - IMAX 12.0
Up-Downmix VST: O3A Decoder - Mono

¥ Developers VST: O3A Decoder - N3D
AALTO VST: O3A Decoder - O1A
Apple VST: 03A Decoder - O2A
Elue Ripple Sound Limited VST: 03A Decoder - Octagon
Cockos VST: O3A Decoder - Quad
IEM VST: O3A Decoder - Quad Binaural
Noise Makers VST: O3A Decoder - Stereo
Plugin Alliance VST: O3A Decoder - UHJ Stereo
Two Big Ears VST: 03A Decoder Block (8 Channels) - Rapture3D Advanced
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Ambisonics
* Now implemented in all major DAWS including Pro Tools.
* A key element of game audio engines and VR audio authoring.

e Many first order ambisonic microphones on the market and
some higher order microphones.

e IMHO - a very efficient and flexible method for delivering spatial
audio to an audience - either live or as a pre-record.

& unity

™~
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Ambisonics — The concept via soundfield microphone array

e First Order Ambisonics (WXYZ) - captures a 3D soundfield albeit
at low spatial resolution

e Consistsof W, X, Y, Z channels - corresponding to omni W pick-
up pattern, and three fig-8 X, Y, Z pick-up patterns
* B-Format
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 
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3D FOA ambisonic recordings could be described
as Triple-MS

(a) Native 3D FOA recording (b) Picture of the recording setup
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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However it is too difficult to build a phase-coherent microhone array with a
pressure component and three pressure-gradient components.

Solution — Tetrahedral array of cardioid microphones

FLU

H F|n_-|—:|

BLD

(a) letrahedral armay with four cardioads (b} Encoder of microphone signals
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 
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FOA Ambisonic Microphones

(a) Tetrahedral array of 4 cardioids (b) SPS200 (c) MK4012

A-Format to B-Format
W=LF+LB+RF+RB
X=LF—-RB+RF—-RB
Y=LF+LB—-—RF—-RB
/=LF—-RB—-RF+RB
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Sennheiser Ambeo (£1200)

Zoom H3 VR Mic and recorder (£250)

So | have made a recording with my fancy microphone?
How do | hear it?
You need a decoder!

An Ambisonic decoder converts Ambisonic B-Format recordings
to play back the recording on a speaker array (or headphones)
defined by the encoder.
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 


SCHOOL: OF Association for \
INNOVATION Sound Design . . A S D P

AND TECHNOL.OGY and Production

THE GELASGOW
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Each speaker receives a weighted sum of W, X, Y, Z according to
the approximate relationship ...

L=W/V2+XcospcosO+YsindcosO+Zsinb
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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What do ambisonic decoders look like?
Here is an old one from the late 70's.
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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(_options AlIRADecoder
N v
Auto (2nd) v

AlIRADecoder

Association for
Sound Design
and Production

44 ASDP

As you can guess current decoders are all software based.

@ Rapture3D - Advanced Speaker Layout ?

Layout Decoder Rapture3D Games Ambisonic Playback Logs  Licenses About

Audio Device

Layout |Sound Lab ~

Steinberg ASIO ~ | ASIO Fireface

Overall Volume '

Distance Mode [] Only use location directions

Audience Face

Forward | Bass Crossover g5 iz
Loudspeaker Layout h ‘
annel Front Left ~
o] i | sion s | o can |
1 0 1 1 Ren Lower Front Centre ®
= Bass (Managed)
Lower Side Left
= Lower Side Right v
1o
Channel Settings
10
Neormal
ADD LOUDSPEAKER UNDO General
| suitable layout
The layout i ready to calculate a decoder.
Customise... | | Import Speakers... | ExportSpeskers.. | | Delete Layout o
Calculate Decoder Export Decoder/Layout
Decoder Order 2nd ~~ Export Decoder Cancel Apply

EXPOR|

CALCULATEDECODER | &) ExportLayout

—— L ﬂuipﬂtt

Max Ordar: | &1h orcdar Binauralse Lovdspeakers: Presmts:

Mic Preser | flgesesike ~ || Use Defaslt HRIR ser Kumbsr of Oulputs:

A F Elew"

Farmsat] | ACH s || 5N

Deceding Order Per Fraquency Band 45,000
-45.000

0,000

SOy 40 )

5%

Decoder 1
AIRAD

Cross -over (HZ)

b Q000

a00.0

WP | —_, O 0
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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The GSA/Arup SoundLab @ The Hub

K You are all welcome to visit and have a play! /
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Here is the decoder from the SoundLab

A it n e IR D |
Layout Decoder Rapture3D Games Ambisonic Playback Logs Licenses About
B Layout  custom v Audio Device  core Audio v | 24A0 v
C Overall Volume ] 0.00
k Distance Mode Only use loeation directions
: [
| Audience Face £qarward ~ | Bass Crossover
I! Channel Middle ring - Front Left -
j Lower ring - Front ® |
| Lower ring - Right ]
Lower ring - Rear
Lower ring - Right
Channel Settings
ol

Customise... Import Speakers... Export Speakers... Delete Layout

oK Cance! .
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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| don't have an ambisonic microphone but | have a load of mono
and stereo audio files that | would like to use to make an ambisonic
soundfield for my theatre production. What now?

Ambisonic soundfields can be constructed using various
encoders. An encoder converts any audio signal to a B-Format
signal. The most common encoder is an ambisonic panner. See

StereoEncoder

Azimuth, Elevation, Roll, Width

©9o 00

-35.54° 39.65° 0.00° 51.62°
imuth Elevation  Roll i

\
R Azimi El Width
1

Quaternions
W 090 )

Surface Direction

-
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Synthesising an ambisonic sound field also allows you to use higher order

ambisonics -

Remember this!!
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 
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NOW What ahnnt thic?! !

These spherical harmonics can be directly related to the concept of virtual microphone patterns.

-

™~
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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* Encoding at higher order ambisonics adds
further spherical harmonics to
the representation of a sound field thus
Improving

1. Spatial Resolution and directivity of
sound sources.

2. Increased HF cut-off of the
time/frequency spectrum.

3. Increased listening area .. aka sweet spot.
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 


Wow great!! What's the catch?
Channel count!

N =(M+1)>

Each sound source (mono or stereo) will require
Four audio channels for first order..
Nine channels for second order

Sixteen channels for third order

And 64 channels for seventh order
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AND TECHNOL.OGY and Production

That means if you were
working at 7th order and
had just ten mono audio
sources you would require
640 audio channels to
properly describe each
source's directivity

™
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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From personal experience first order is great for ambiences and
third order is totally sufficient for good directivity.

Ambisonics is hierarchical so we can mix orders but the final mix
will consist of as many channels as is required by the highest
order.

Practically | use the DAW Reaper for spatial audio work as it has a
highly flexible routing structure — let's have a quick look!

REAPER

™~
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Re\aper with Decoder

VST: OmniCompressor (IEM) (B4ct
[ vST: AlIRADecoder (IEM) (64ch)

Default 2+ || param 16 In 16 out Ul ¥
VST: O3A Decoder (16 Channels) -

W

@DecccerﬂaptureSE Advanced @ _

Custom
Reconstruction
Running (16chan)

Add || Remove Format
0.0%/0.0% CPU 313/1024 spls.
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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And...of course an Ambisonic mix can be
decoded to a binaural mix.

¥ VST: OmniCompressor (IEM) (64ct
[C] VST: AllRADecoder (IEM) (E4ch)

[] VST: O3A Decoder (16 Channels) -
[ VST: O3A Decoder - Headphones @ Decoder - Headphones

Default Param 16 in 2 out

Aadd Remove

B2 125 250 500 1k Zk 4k Bk B2 125 250 500 'k 2k 4k Bk
0.0%/0.0% CPU 245/1024 spls

™~
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Yes — higher order ambisonic microphones do exist but.

At the (relatively) cheaper end we have the Zylia
microphones. TOA (£1200)
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Or at the FBI/CIA/MI5 end we have the Eigenmike (at least £20k)

™~
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Case Studies

Piano Drop
Raydale Dower, 2011

Supported with a Creative Scotland Vital Spark Award and realised in
partnership between Tramway, GSA Digital Design Studio and Arup
Acoustics.

DIGItaL sco
DesIGN StuUDIO :

T R A M W A Y THE GLASGOW AND
SCHOOL:2 AR

ALBA | CHRUTHACHAIL

™
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Playback in Tramway 1

From the artist From memory and looking at slides | think the final speaker array was 16m square and about 8m
tall (cube). Speakers used were an Alcon ribbon array as used for classical concerts!
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® Tech Deets

® Sound stretch

® https://sonosaurus.com/paulxstretch/ (but the original

python version)
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The more speakers the better for localisation. 
L ≥ N is the minimum. 

https://sonosaurus.com/paulxstretch/
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Fraser Macbeath Tiugainn Dachaidh
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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This installation built on the concept showcased in my video of the same name. It
aims to bring attention to population decline in the Hebrides. This instance of the
work used props from abandoned Hebridean houses and ambisonic sound to place
the viewer inside a crumbling home inhabited by a form of decaying sonic memory.

RSA Benno Schotz Prize

IEM ALLRAD decoder used for exhibition audio playback

AlIRADecoder
AlIRADecoder fulr-o

Loudspeaker Layout
[ ] it et o i gy can | rarore |
1 30 1 1 1 Remove
0 2 Remove
-30 1 3 1 Remove
110 4 Remove

Remove

-30 7 Remove

1 Remove

2
3
4
5
6 30 6 Remove
7
8
o

110 9 Remove
10 0 E 10 @ Remove

ADDLOUDSPEAKER‘ UNDO REDO IMPORT

Suitable layout
The layout is ready to calculate a decoder.

Calculate Decoder Export Decoder/Layout

Decoder Order 2nd ~~ Export Decoder ——
[ EexporT

CALCULATE DECODER | Export Layout
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Laura Campbell "The Uninvited Guest"

The Uninvited Guest explores themes of escape, loneliness and
transformation within a 360 degrees miniature static mountainous
scene where a character exists transforming unseen.

Utilising sound field recordings, voice, music, SFX, acoustic and
synthesised instruments a remote landscape is created for one
audience member inspired by living in élafsfjéréur North Iceland for 3
months.

Playback of ambisonic sound and object based audio is via 10
speakers housed within a nonagon structure made of wood, foam, felt,
polystyrene and sand.

The audio is mixed in Ableton Live 10 played back using Reaper Digital
Audio Workstation, Blue Ripple panners, AlIRA Decoder triggered via a
makey makey Kit.
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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Presentation Notes
The more speakers the better for localisation. 
L ≥ N is the minimum. 

https://www.friend-or-foe.info/laura-installation

and Production
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(Questions?
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The more speakers the better for localisation. 
L ≥ N is the minimum. 
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