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Blind Source Separation

» Goal: extract K sources from the noisy mixture w/o (or with
very little) information about the mixing process

Single-channel audio

e / Source 1

Source 2

Source 3

« We know denoising and specific guided separation, how can we
apply DL here?



Multi-channel Source Separation

« Goal: extract K sources from the noisy mixture of multi-
channel audio

Multi-channel audio /v‘
Source 1

Source 2

it tea e

Mic@-ch)

Source 3

« How can we measure the multi-channel audio signal?



Multi-channel Source Separation

* Microphone Array
« Consider the Uniform Linear Array

 What's different about the audio collected at
each microphone?
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Multi-channel Source Separation

* Microphone Array
« Consider the Uniform Linear Array
 What's different about the audio collected at

each microphone?
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Multi-channel Source Separation

* Microphone Array
« Consider the Uniform Linear Array
« What's different about the audio collected at each microphone?

Wavefront of
plane wave



Multi-channel Source Separation

* Microphone Array
« Consider the Uniform Linear Array
« What's different about the audio collected at each microphone?

Difference of
propagation ==
distance

Wavefront of
plane wave
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Multi-channel Source Separation

* Microphone Array

* |Is It possible to extract only the audio signal coming from a specific
direction? > Beamforming

« What is the beamforming algorithm?
« Focusing a specific direction, 6, by using beamforming weights (spatial filter)

(0,0 =w(6, 0"+ x(t) =  y(6,w) = w(6,0)" x(w)
f

FET & iFFT Beamforming Weight Measured
Convolution output  (Spatial filter) pressure signals



Multi-channel Source Separation

* Microphone Array

* |Is It possible to extract only the audio signal coming from a specific

direction? > Beamforming
* A simple method? - Add all the multi-channel signals together
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https://medium.com/@itberrios6/introduction-to-beamforming-part-1-92767408f483
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Multi-channel Source Separation

* Microphone Array

* Is it possible to extract only the audio signal coming from a specific

direction? > Beamforming

« A simple method? - Add all the multi-channel signals together
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Multi-channel Source Separation

* Microphone Array

* |Is It possible to extract only the audio signal coming from a specific
direction? > Beamforming

« What is the beamforming algorithm?
« Focusing a specific direction, 6, by using beamforming weights (spatial filter)

(0,0 =w(6, 0"+ x(t) =  y(6,w) = w(6,0)" x(w)
f

FET & iFFT Beamforming Weight Measured
Convolution output  (Spatial filter) pressure signals

12



Multi-channel Source Separation

* Microphone Array

« Convolution: (fg)) = /m F()g(t — 7) dr

f(o)
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Multi-channel Source Separation

* Microphone Array

« Convolution: (fg)) = /m F()g(t — 7) dr
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Multi-channel Source Separation

* Microphone Array

« Convolution: (fg)) = /m F()g(t — 7) dr

f(o)
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Example of Convolution .
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Multi-channel Source Separation

* Microphone Array

« Convolution: (fg)) = /m F()g(t — 7) dr
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Multi-channel Source Separation

* Delay-and-Sum Beamformer
« Consider the propagation delays!
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Multi-channel Source Separation

* Delay-and-Sum Beamformer
« Consider the propagation delays! gt) = 8(t+t,)

Target
wavefront

li Do Convolution with the Dirac delta function!
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Multi-channel Source Separation

* Microphone Array
* |Is It possible to extract only the audio signal coming from a specific
direction? > Beamforming

« What is the beamforming algorithm?
« Focusing a specific direction, 6, by using beamforming weights (spatial filter)

(0,0 =w(6, 0"+ x(t) ¢ y(6,0) =w(8,w)" x(w)
f

FET & iFFT Beamforming Weight Measured
Convolution output  (Spatial filter) pressure signals
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Multi-channel Source Separation

* Delay-and-Sum Beamformer
« Consider the propagation delays! gt) = 8(t+t,)

Target
wavefront

li Do Convolution with the Dirac delta function!

, . Steering Signal
" delay stage alignrpent

/ ‘.{;} ;:||1-§ “.II-EI.-"' t! ""||Il'-' % ||
. O = f—
‘{ -:}AI a‘“__"" 0 Al ||I

- on

MNoise/
interference =W
wavefront .- '“{-}"‘g !

[
=i
.

= ts -‘,lll ke
fl \y_%\' | f |

— f
-{ [ t, il HI— [ — -
Y ! | }_J ! \ '||
!
|

I '[::} H'II A 0 ﬂ'llu

https://medium.com/@itberrios6/introduction-to-beamforming-part-1-92767408f483 20



Encoder-Separation-Decoder (ESD)

Audio(?s) | «+— Saperated raw-format Denoised
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Denoising

Encoder | ~—— STFT2 Mel?, or 27
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Multi-Channel Encoder-Separation-Decoder

(ESD)

Audio(?s) | «—— Saparated single audio

T

Decoder | «<—— Inverse STFT

=$

Masking +— Beamforming (Apply the spatial filter)

Encoder | «— STFT

Audio

\ Multi-channel audio
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Multi-channel Source Separation

* The problem of the Delay-and-Sum Beamformer
« The beamforming pattern of DAS beamformer is not sharp enough!

Side lobes
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Multi-channel Source Separation

* The problem of the Delay-and-Sum Beamformer
« The beamforming pattern of DAS beamformer is not sharp enough!

Beamforming Power (dB)
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Multi-channel Source Separation

* The problem of the Delay-and-Sum Beamformer
« The beamforming pattern of DAS beamformer is not sharp enough!

Speaker 1
Speaker 2 A @ Focusing
g/ A T direction
Side lobe = \
‘*\\ .

« How to reduce the response for the speaker 27

|
when focusing on the speaker 1... m===) MVDR beamformer!
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Multi-channel Source Separation

« MVDR beamformer

 Design a spatial filter w that only responds to a specific direction

Speaker 1
Speaker 2 A @ :
» S Focusing
:y : R *

“" ........ direction

; Maintain th
Reduce the response ~ \\. ,& ..... & feséag)ns’; e
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0008 0U
 Design a spatial filter w that minimizes the total beamforming power
but maintain the response in the aiming angle

%
-
.,.

Minimize = wE[x(w)x(w)]w  Subject to w’h = b,

Plane wave model
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Multi-channel Source Separation

« MVDR beamformer

 Design a spatial filter w that minimizes the total beamforming power
but maintain the response in the aiming angle

Mlnlmlze p(60) = w(@®)HRw(6) Subjectto w(B)H h(0) = b,

Speaker 2 .
» Focusing ;
: Z :
R y direction ¥
Minimize the response Q\ Preserve the response

for speaker 2

SRORORORC .



Multi-channel Source Separation

« MVDR beamformer

 Design a spatial filter w that minimizes the total beamforming power
but maintain the response in the aiming angle
Mlnlmlze p(60) = w(@®)HRw(6) Subjectto w(B)Hh(B) = b,

..................... e
= w(6) = h(e)HR—lh(a) Do

Speaker 1
Speaker 2 .
: » Focusing ;
¥ & P direction g
Minimize the response <\ Preserve the response

for speaker 2
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Multi-channel Source Separation

« MVDR beamformer
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Multi-channel Source Separation

* The limitation of the beamformer!
 We have to know the direction-of-arrival (DoA) of the sound

6,t) =w(0,—t) « x(t) y(0,w) = w(6,w)? x(w)
g Y=

FFT & iFFT Beamforming Weight Measured
Convolution output  (Spatial filter) pressure signals

« However, It is have to find out the accurate DoA...
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Multi-channel Source Separation

 We have to know the direction-of-arrival (DoA) of the sound

6,t) =w(0,—t) « x(t) y(0,w) = w(6,w)? x(w)
g Y=

FFT & iFFT Beamforming Weight Measured
Convolution output  (Spatial filter) pressure signals

« However, It is have to find out the accurate DoA...
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