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How does sound propagate?

Pressure wave

sound wave
Part-02

https://www.youtube.com/watch?v=Xsx4VBEKcIA https://www.youtube.com/shorts/GnAvquGBmnY
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To create realistic
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Sound simulation (generating synthetic data)

https://vision.cs.utexas.edu/projects/soundspaces2/

Acoustic simulation (designing Auditorium)

https://audioxpress.com/article/acoustic-simulation-ease-5-s-acousteer-
engine-redefines-design-workflows

Sound simulation (Spatial audio in VR)

https://developers.meta.com/horizon/design/spatial_audio/ 3



To create realistic sound!

Without considering Using appropriate
acoustic material acoustic material

Recorded sound in the real environment Generated sound in the virtual environment



Reflection

* If reflection occurs, what happens? Incident sound
« If the wall is a rigid body, It should Dinc
be a fixed boundary condition -W‘mw————
« How will the sound intensity change? l
» Reflection coefficient: R, = zrzi
« Reflection coefficient= matelriaIDfEf C| ; 1 o . e ]
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Reflection

* If reflection occurs, what happens?

e If the wall is a rigid body, It should be a
fixed boundary condition

B pinc(x, t) = Aei(kx—a)t)

« How will the sound intensity change? ——— l
. . . . . _ Dref :
Reflection coefficient: R, -~  Prer(1,8) = Ry - pine(—x,8) - 17

« Reflection coefficient= materialOtCt CF2LCH
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Reflection

* If reflection occurs, what happens?
* If the wall is a rigid body, It should

be a fixed boun&arT condition
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Geometrical Acoustics
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Geometrical Acoustics

« Geometrical Acoustics: SLE A2 TSt = AMAEH 2
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Geometrical Acoustics
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Sound Propagation System

« Sound Propagation System in Geometrical Acoustics
* Input: sound sourceOf|A] 2HlSH A2

o

« Output; Listener’t 52 A2
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System= O{EH Fo|E7t?
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Sound Propagation System

« Sound Propagation System

@ @ Direct path

1-st order reflection

1-st order reflection

n-th order reflection
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Sound Propagation System

« Sound Propagation System
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Sound Propagation System

« Sound Propagation System -+
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Sound Propagation System: LTI system

LTI (Linear Time-Invariant) system
. Linearity2} Time invarianceE Tr&

T

e Linearity
o Additivity: Tz (t) + z2(t)] = T]z1(2)] + T]a2(t)]

T[]
x,(t)
 scaling:  Tlax(t)] = aT'[z(t)] o or #-# y(t)
x1(t)

o TIme Invariance:  z(t —to) — y(t — to)
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Sound Propagation System: LTI system

e LTI (Linear Time-Invariant) system 4 )
. Linearity2} Time invarianceE Tr&

e Linearity
o Additivity:  T[zi(t) + za2(t)] = T[z1(t)] + Tlaa(t)] o)

 scaling:  Tlax(t)] = aT'[z(t)]

o TIme Invariance:  z(t —to) — y(t — to)
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Sound Propagation System: LTI system

LTI (Linear Time-Invariant) system
. Linearity2} Time invarianceE Tr&

e Linearity
o Additivity: Tz (t) + z2(t)] = T]z1(2)] + T]a2(t)]

 scaling:  Tlax(t)] = aT'[z(t)]

o TIme Invariance:  z(t —to) — y(t — to)
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Sound Propagation System: LTI system

LTI (Linear Time-Invariant) system

. Linearity2} Time invarianceE Tr& "

e Linearity
o Additivity: Tz (t) + z2(t)] = T]z1(2)] + T]a2(t)]

Impulse
* scaling:  Tlaz(t)] = aT[=z(t)] [ Response

o TIme Invariance:  z(t —to) — y(t — to)

Output= Inputd} Impulse Response
9| Convolution2 £ 2|

y(t) = /: II z(7)h(t — 7)dT = =(t) = h(t)
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Sound Propagation System: LTI system

e Continuous-Time Convolution:
s xxh=["_x(@h(t—1)dr

Example of Convolution
JHE— SR R ! T ]

e
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Sound Propagation System: Impulse Response

» Sound Propagation System Direct path At sound source
 Estimating Impulse response
lDirect path
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Sound Propagation System: Impulse Response

 Estimating Impulse response

 Sound Propagation System /\At sound source

1-st order reflection 1-st order

./\ reflection path
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Delay
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Sound Propagation System: Impulse Response

e Continuous-Time Convolution: x(¢)
s xxh=["_x(@h(t—1)dr 5 -

Example of Convolution ‘ h(t) =6(t—1)
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Sound Propagation System: Impulse Response

» Discrete-Time Convolution: Hm HH] x[n]
¢ Gox )l = S o, xlKkIhln - K] |
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| 1 A
Example of Convolution h|n] = §[n — 1]
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Sound Propagation System: Impulse Response

: . , }
» Discrete-Time Convolution: Hm HH] x[n]
e (x *h)[n] = Yr-—ox[k]h[n — k] 4 -
Example of Convolution 0.7 h[n]
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Sound Propagation System: Impulse Response

« Sound Propagation System
 Estimating Impulse response
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Sound Propagation System: Impulse Response

« Sound Propagation System

» Estimating Impulse response I —
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Sound Propagation System: Impulse Response

« Sound Propagation System
 Estimating Impulse response

0.04 0.06 0.08 0.10
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Sound Propagation System: Reverberation

. Reverberation Time (RT60) N
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Sound Propagation Syst Impulse Response

« Sound Simulation (Python)
« Habitat2.0 — SoundSpace2.0 (META)
* Pyroomacoustics

Hapi‘?t 3.0 Blogpost 7 Paper 7 AlHabitat 7 )
i [ README At Contributing & MIT license

&) pyroomacoustics

9 launch binder | & pyroomacoustics Discord | 7 online:

Summary

Pyroomacoustics is a software package aimed at the rapid development and testing of audio array processing
algorithms. The content of the package can be divided into three main components:

H a bitat 3.0: A Co- H a bitat for 1. Intuitive Python object-oriented interface to quickly construct different simulation scenarios involving multiple

sound sources and microphones in 2D and 3D rooms;

H uma ns’ Avata rs a nd RObOtS 2. Fast C++ implementation of the image source model and ray tracing for general polyhedral rooms to efficiently

generate room impulse responses and simulate the propagation between sources and receivers;

An Embodied Al simulation platform for studying collaborative
human-robot interaction tasks in home environments.

3. Reference implementations of popular algorithms for STFT, beamforming, direction finding, adaptive filtering,

i source separatien, and single channel denoising.
Together, these components form a package with the potential to speed up the time to market of new algorithms by
significantly reducing the implementation overhead in the performance evaluation step. Please refer to this notebook

for a demonstration of the different components of this package.

Habitat2.0 Pyroomacoustics
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