The Psychoacoustics of
Spatial Sound












dimport "../classes/ambisonic_granular_class.ck"”
dimport "../classes/ambisonic_granular_support.ck"”

// instantiation

int nGransi // number of desired grains (specified in command line)
int modes // 0 if perpendicular quad setup 1 if angled quad setup
float cursorLocationl213

string filename3s // audio file used as source

string hostnames // address to recieve 0SC messages

int porti // port to recieve 0SC messages

0 => int device3s // where are you getting HID messages

Hid his // keyboard

HidMsg msgi // keyboard reader

0scIn mailBox[C413 // recieves 0SC messages

0scMsg letterOpeners // 0SC reader

int keyArray[81s // stores the current granulator you want to edit

// check the command line
if( 'me-args() ||l me.args() == 2 ) // take arguments
{

cherr <= "Input required. format is [audiofilel:LChowmanyl:LChostnal
<= "If no port specified. default to BUHUHA"3
me.exit ()5

}
else if( me-.args() == 3 )
{
me.arg(0) => filenames
me-arg(l) => Std.-atoi => nGranss
me-arg(2) => hostnames?
L4449 => ports
}
else if( me.args() == 4 )
{
me.arg(0) => filenames
me-arg(l) => Std-atoi => nGranss
me.arg(2) => hostnames
me-arg(3) => Std-atoi => ports
}

// state you're address
for( auto x : mailBox ) // set your port for 0SC
{
port => x.ports // set port
¥

cherr <= "Input required. format is [audiofilel:LChowmanyl:LChostnamel:LCportl™ <= I0-newline()

<= "If no port specified. default to EUH9";
me.exit ()3

}
else if( me.args() == 3 )
{
me.arg(0) => filenames’
me-arg(l) => Std.atoi => nGranss
me.arg(2) => hostname;s
449 => ports
}
else if( me.args() == 4 )
{

me.arg(0) => filenames’
me-.arg(l) => Std.atoi => nGranss

me.arg(2) => hostname;
mea =Nl Y =N CO+A aFAT =N mnAmE-C

AmbiGranularSupport assistants
AmbiGranulator grain(filename)LnGransls
Encode3d encLCnGransls

WvOut recordlCencCOl.channels()15 // record
JCRev reverbLnGransls // reverb

BFormat3 bform(l.0/nGrans);

Gain sum(l.0/nGrans)CnGransls

// all the 03SC addresses
mailBox[OJ.addAddress("/keypresses/down™) 3
mailBox[1lJl.addAddress("/keypresses/upm™)i
mailBox[2l.addAddress("/trackpad/x™) 3
mailBox[31.addAddress("/trackpad/y™)3






1w iole

pie_ied







p() = i"jn(kr)
n=0

Jo(kr)

m=—n

[ 911(01,01)  912(01,91)
92,1(9274"2) 92,2(92,¢2)

_90,1(9.0,9150) gg,g(e'g,(pa)

N BIY6,6)

91,5(919¢1) ]
92,6(929 ¢2)

95(00,0,)




What is spatial sound?

Reproduced from ACOUSTIC PROPERTIES AND
PERCEPTIVE IMPLICATIONS OF
STEREOPHONIC PHENOMENA by Daniel et al.



A wave...

| |
0 i1 t1 +T t1 +2T
i

Figure 3.5. Simple harmonic motion solution for Example 1.

Reproduced from Mark Holmes’ Introduction to
Differential Equations



Important components of waves are...

Reproduced from Phase Angles in Simple Harmonic Motion (SHM) | DP IB Frequency,
Physics Revision Notes 2023 Ph
ase,

Amplitude



https://www.savemyexams.com/dp/physics/ib/23/hl/revision-notes/wave-behaviour/simple-harmonic-motion/phase-angles-in-simple-harmonic-motion-shm/
https://www.savemyexams.com/dp/physics/ib/23/hl/revision-notes/wave-behaviour/simple-harmonic-motion/phase-angles-in-simple-harmonic-motion-shm/

Reproduced from Phase Angles in Simple Harmonic Motion (SHM) | DP IB

Physics Revision Notes 2023

But what 1s this... physically?


https://www.savemyexams.com/dp/physics/ib/23/hl/revision-notes/wave-behaviour/simple-harmonic-motion/phase-angles-in-simple-harmonic-motion-shm/
https://www.savemyexams.com/dp/physics/ib/23/hl/revision-notes/wave-behaviour/simple-harmonic-motion/phase-angles-in-simple-harmonic-motion-shm/

Wavelength is the physical length of wave, in units such as
kilometres, meters, centimetres, etc.

h/\

hmax

Reproduced from Phase Angles in Simple Harmonic Motion (SHM) | DP IB
Physics Revision Notes 2023



https://www.savemyexams.com/dp/physics/ib/23/hl/revision-notes/wave-behaviour/simple-harmonic-motion/phase-angles-in-simple-harmonic-motion-shm/
https://www.savemyexams.com/dp/physics/ib/23/hl/revision-notes/wave-behaviour/simple-harmonic-motion/phase-angles-in-simple-harmonic-motion-shm/

Wavelength can be calculated by:

Where c is the speed of
sound and f'is the frequency
of the wave



What if the wavelength of a wave was equal to A frequency of around 1500Hz would be
the distance between the ears? required to create a wavelength equal to the

distance between the ears.
On average, the ears are roughly 22cm apart.
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Reproduced from Ambisonics Encoding of Other Audio
Formats for Multiple Listening Conditions by Jérome Daniel



Surely that’s important right?

Well, if a periodic wave is arriving at the listener, and its
wavelength 1s longer than the distance between the ears.
We could probably tell the difference, right?



Such a thing has been proven.

Because when a wavelength is longer than
the head, we can easily tell the difference
from ear to ear.

X0
By The original uploader was Soumyasch at English
Wikipedia. - Transferred from en.wikipedia to Commons.,
CCBY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=384856
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They’re called...

Interaural Time Differences or ITDs

This 1s because we perceive the
difference between the ears as a delay.



But what about when the wavelength 1s shorter
than the head?

Why can [ still tell the location of a high-pitched
sound?



There’s still a phase difference, but 1t’s hard to
make any sense of it.

Why? Because 1f the wavelength 1s shorter than the
head, the ears may be receiving totally different
cycles.



Sound decays over time and space right? You
can’t hear a sound from a mile away. This
seems to happen especially with higher
frequencies.



It’s a non-linear decay, meaning it
decays increasingly quicker the further
the distance.

&

Sound Source

The head will contribute to the decay
sl of a wave as 1t passes through it.

Region Shadowed
by Head

Reproduced from ANATOMY AND PHYSIOLOGY
OF EXTERNAL EAR - Hearing Aid Center in Kolkata



https://www.ihear.in/anatomy-and-physiology-of-external-ear/
https://www.ihear.in/anatomy-and-physiology-of-external-ear/
https://www.ihear.in/anatomy-and-physiology-of-external-ear/
https://www.ihear.in/anatomy-and-physiology-of-external-ear/
https://www.ihear.in/anatomy-and-physiology-of-external-ear/
https://www.ihear.in/anatomy-and-physiology-of-external-ear/

Two ways of localizing, ITDs and ILDs,
both work well for certain frequency bands.
But 1s that all?
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There are many other ways that

humans localize sound. azimuth

Ve , T

. Sound Source
 Visual cues '

 (Contextual cues
* Scene analysis
e & more

Top View
of Head

Reproduced from Perception Lecture Notes: Auditory
Pathways and Sound Localization



https://www.cns.nyu.edu/~david/courses/perception/lecturenotes/localization/localization.html
https://www.cns.nyu.edu/~david/courses/perception/lecturenotes/localization/localization.html

Why do we care?



We can exploit this knowledge when creating
systems that look to create immersive sound.

Systems like Wavetield Synthesis, Ambisonics and
Binaural playback utilize these factors to create
Immersive experiences.

Reproduced from Wave
field synthesis: The next
dimension



https://ccrma.stanford.edu/courses/222-winter-2021/lectures/17/WFS_v1.1.pdf
https://ccrma.stanford.edu/courses/222-winter-2021/lectures/17/WFS_v1.1.pdf
https://ccrma.stanford.edu/courses/222-winter-2021/lectures/17/WFS_v1.1.pdf

A very common example of this is

binaural rendering. .. Left Right
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Reproduced from 3D Audio and Acoustic Environment -4 10
Modeling. - HeadWize Memorial g
)
o
E 15
The Head Related Transfer 50
Function (HRTF)... 63 125 250 500 1k 2k ak 8k
Frequency (Hz)
We can make a filter that does this! Reproduced from Head-Related Transfer

Functions | VOCAL Technologies



https://vocal.com/audio/head-related-transfer-functions/
https://vocal.com/audio/head-related-transfer-functions/
https://vocal.com/audio/head-related-transfer-functions/
https://vocal.com/audio/head-related-transfer-functions/
https://headwizememorial.wordpress.com/2018/03/16/3d-audio-and-acoustic-environment-modeling/
https://headwizememorial.wordpress.com/2018/03/16/3d-audio-and-acoustic-environment-modeling/
https://headwizememorial.wordpress.com/2018/03/16/3d-audio-and-acoustic-environment-modeling/
https://headwizememorial.wordpress.com/2018/03/16/3d-audio-and-acoustic-environment-modeling/
https://headwizememorial.wordpress.com/2018/03/16/3d-audio-and-acoustic-environment-modeling/
https://headwizememorial.wordpress.com/2018/03/16/3d-audio-and-acoustic-environment-modeling/

Another application...

Ambisonics uses multiple
loudspeakers to achieve spatial sound.
An effective method of ambisonic
playback is Dual Band Decoding
(DBD). Which filters the sound field
and optimizes ITD and ILD cues.

Reproduced from I[EM (Institute 17
Electronic Music and Acoustics)



https://www.kug.ac.at/en/university/campus-and-buildings/iem-institute-17-electronic-music-and-acoustics/
https://www.kug.ac.at/en/university/campus-and-buildings/iem-institute-17-electronic-music-and-acoustics/

Lots of a cool stuff, but what are the downsides?

Well, a lot of this 1s “human specific”,
both ILD and ITDs depend on:

Height of the head
Width of the head
Amount of earwax
Health of the eardrums
* FEtc.



And because this 1s psychological, there are
additional factors such as

* Past experiences
* Physical health
* Mental health

* Etc.



To wrap things up...

Some basic methods of sound localization include:

* Interaural Level Differences (ILD)
* Interaural Time Differences (ITD)
Which are more effective based on:

* Frequency range

* Head size

* Distance from original sound o ,
We can use these as a model for making immersive

sound, such as:

* Binaural playback

e Multi-loudspeaker playback
* Ambisonics
* Atmos
*  Wavefield Synthesis



Q&A
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