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Introduction

Cocktail party (speech/speech)

unknown : i '
————————— 1 « Blind signal separation (BSS)

ker1l | .

SPearet l  Frequency domain

|
\ | [—b>  Permutation resolution
: X(t)

/ | jo—> « DOA based approach
|
|
J

e Spatial aliasing

* Model for the spatial aliasing
e Sparse solution
 Permutation resolution
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Frequency domain mixture

Time domain
Convolutive mixture

unknown _ _ _ _ _

speaker 1

Unknown

Frequency domain
Instantaneous mixtures

X(flak)

Unknown

— JSer 1
— SOl 2
— \iXtures
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Frequency domain BSS

""""""" X
S(t):: A l]:: B '::y(t)
______________ | OR
Unknown e

Statistical independence

B |:: Y (t)

(independent component analysis ICA)

——p Speech 1 Y (t) = PAS(t)

——p Speech 2 /\ diagonal matrix
—p Mixture

P permutation matrix
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Need for permutation resolution

Unknown

I:l:: —ee
—PA(f) [ , B(f1) E ISTFT b—>

i : Still
| : mixed
1  |ISTET b—s
A(fr) ‘ : .: -B(fF) '
ﬁ
___________ \ v Y,

Unknown order
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Set of permutation matrices

Unknown
""""" 3
oy IT:- ' : ISTFT |—p
A(fF) 1 S
—_—

Permutation resolution <:> Determine F permutation matrices

IRC HMEEORT « O ARAFR

Intelligent Robotics and Communication Laboratories




Permutation resolution methods

See review paper [Pedersen, Larsen, Kjems, Parra 2007]

1. Consistency of the spectrum of the recovered sign als
1. Amplitude modulation
2. Cross correlation
3. Source distribution
4.

2. Consistency of the filter coefficients
Initialization

Smooth spectrum

Directivity pattern

DOA

e

" Results in presence of spatial aliasing:\

[Morgan, lkram 2002]
[Sawada,Araki,Mukai,Makino, 2006]
_ [Nesta, Omologo,2010] Dy
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| A1 n ]
qa(f71> _____ qO'(f,’I’L)
Permuted absolute DOAs
ﬁ
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Steering vector model

Far field assumption

Attenuation and delay model

1 —g2nlprar, . 1 —j2ripran
A1 n
A(f)~ s ;
ie_]Qﬂépn'QL 1 e—ﬂ%{pn dn
_)\1 n
q1 -=-=-=---- dn

Absolute DOAS

Estimated mixing matrix approximation from BSS

A(f) =B(f) I~

A1

1 €_j277£p1'qa(f,l) oL

1 mi2miPnde(r)

f

An

e_jQﬂEpl'qG(f,n)

L 21 LDy (f,n)




DOA estimation constraints

Ratio of coefficients

A\ _ . -
arg (Kkj(f)> — 27Tc(pz Pk) * Ao (f.5):

Limited to domain where arg is bijective

R

2Cm -

2kHz
8kHz

spacing
frequency

20cm |

Angle angle
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Use all sensors pairs

arg ( ”(f)> = —27% (Pi — Pk) Ao (f.5)»

Akj(f)
Stack for all microphone pairs [ = n(n—1)
~ 2
Aq,;(f)
ar =~
T\ K00 Cpi-p2 | 4
A2;(f) P2 — P3
ar >~ P =
R;(f) = ? A3j(f) : L
| Pn—1—"Pn | ¥

n 1g(f)
ar
_ g( m(f))
Least square solution

P | c
Rj(f) =2 Plo(rip| | ) () = ~5- fP+Rj(f );

Unknown
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Permutation alignment

Cocktail party (speech/speech) 0/(]0\)
unknown _ _ _ _ _ B(f1) 1AL
| 02(f1)
speaker 1 : T 8
O |
TS~ X(t) | @ : > I
P el e
o l ' 01(fF)
T Bip) 627

o 50 100 150 200 250 300 o 50 100 150 200 250 300

f S
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Including spatial aliasing

f o
— < 27‘1‘; (pz‘ — pk) - qa(f,j) < T  Not longer verified

-

_7T+5ijkf2ﬂ- < 27‘(‘% (pi — pk)-qg(f,ﬂ < 7T+5ijl~cf2ﬂ-°

5z'jkf integers
f = 2000Hz

- &@&X o 277; (Pi — Pk) - Yo (f.5)
_Z ;{;’ o Oijk f2
| N R 21~ (Pi = Pk) * Ao(f,5) — Oijkf2m

(Pi — Pk) * Ao (£.5)
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Use all microphone pairs

Aii(f) f
J
arg | = = —27=(P; — Pk) Ay (+,4)T270;jk +-
J) ik f
A (f) C
Stack column ratios, sensor differences and aliasin g compensations
s (325 -
K?(f) P1—P2 gl2jf
J _ .
R(H=| "N\Zym) | P=] B A= Y
~ E | Pn—1 — Pn | Onn—1;
arg (Rresi) S
Ani(f) ) |
f

Unknown Unknown
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Equation verified by A (f)
T S S B ——

(D) Rj(f) = ~2n Pay(p) +278,(f)

left pseudo-inverse
II) — PP™ x (I
(II) (1) D — 1

(I1) PPTR,(f) = —27T£PP+PqU(f’j)—|—27rPP+Aj(f)
C

— _27T£an(f,j) T 27TPP+A](f>

C

(II) — (1)

(PP"‘ - I) R;(f) = 2n (PP+ - I) AL(f).

g 1
D;(f) = - (PP* —I) R;(/)

< C:PPJFiI y  CX=D;(f)

X =A;(f).

\~
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Solution of the equation

CX = D;(f)
C— PPt _1 rank(C) = L — rank(P)
v € ker(C) — v = Pu
L x L

rank(P) Depends of array configuration

> Infinite number of real solutions

Real solution with minimal norm X = C+Dj(f)

Finding integer solution X = A;(f)
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Sparse solution

Aj (f) null entries for row corresponding to microphone pa ir without aliasing
“Good” initial guess Zj (f)
A](f) — /A\](f) sparser than Aj(f)
Solutionof (X — D](f> — CZ](]E)

27 A ;(2000) 27 A ;(2100) 27(A;(2100) — A ;(2000))

.
X ] L ]
X 10 XXX
9383( )23?* 5L
R e
x — 50 x f
f NX% © & < EXX ©
(<)
# (Q@ @E (p@
8% & E or a8 S f or
o o
(o] o
@’& o® e° &ﬁ o® o]
ngx* 1 B oe?xx 1
@ o
»\Sgg‘gx)“ 5|
] 10k ]

%9703 )

(Pi — Pr) - Ao (1,5)

(Pi —Pr) " Yy(ry)  (Pi—Pk) Aot
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Find the solution

Use previous bin as initial guess /A\j (f) — Aj (f — ].)

Start from lower frequencies

| X=CT(D;(f) - Ca;(f - 1)+ A;(f - 1)
A;(f) = [X]

\

Goal: having X close to Aj(f)

Residual ||C (Aj(f) — D](f)) H
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Permutation resolution

A(f-1) | P >A(f)

Equation nbin f forrow £k CX = D@f) — CA@f —1).
](f — ].) # Ak(f — 1) Close integer solution not found
Residual HC ( ](f) — D](f)) || large

« Compare to a threshold (hard to fix threshold with noise)
\_ « Compare residual for different rows (more robust)

AN

FA\](f — ]_) ~ Zk(f — ]_) Close integer solution found
Residual ||C (Aj(f) — D](f)) H small

1 —
\ Need to estimate qg(f,j) — QWfP_l_(R'(f) + QWAj(f))-
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Post processing

Consider all frequency bins with all rows having sm all residuals

v
Estimate the absolute DOAs using these frequency bin S

v
Average the DOAs along these frequency bins

v

For all frequency bins and all rows,
compute the distances between the DOA and these ave  raged absolute DOAs

v
cluster the rows according to these distances
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Simulation model

16 microphones uniform circular array (diam. 31cm, minimum spacing 3.12cm)

16kHz sampling frequency and 512 point fft

— 1 o fo g,
Model for the estimated mixing matrix Azj(f> = )\—e_JQWEp’L'qJ + €,
1
- cos(f)sin(o) | Angle errors
q; = | sin(8)sin(¢) | {0+ €2, ¢+ €3]
. cos(¢) | 1€2,€3} Uniformin [—7, 7]

Additive noise € Zero mean Gaussian with variance 5

Randomly permutation of two columns for a percentag e d of the frequency bins
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Measure of performance

" Percentage of frequency bins with adequate permutat  ion

€ Mean square error of the absolute DOA (in dB)

4 )

Experiment 1 Influence of €, 7y, d
Ell {407 30}
q>2 {_ 10, 25}
\ Average results on 100 independent runs /
4 )

Experiment 2 Influence of angle between (il, fh

e = —30dB, v =0, d=33%

Average results on 100 independent runs

\_ J
|RC MEEDH > < & ZFHEAT |

Intelligent Robotics and Communication Laboratories




Results 1

— — = - Comparison of the residual
Comparison of the estimated DOA (post processing)

100 ‘ ‘ ‘ ‘ 1005
98/
96/
94/
92/
90
0
-14
-5r 'X"X
)(, ’
_16 Il \XI
m_loi lll
_18 lX--X
© S
_15 -
N I -20' /x‘* |
20 ~20pe
60 ~40 0 5 10 15 20 25 0 01 02 03 04
e dB v deg d %

vy=0,d=33% e=-30dB, d=33% =0, e=—-30dB
|RC AEEORS 1 & 255 o ke
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Results 2

— — = - Comparison of the residual
——— Comparison of the estimated DOA (post processing)

100

10 20 30 40 20
Angle between column absolute DOAs
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Conclusion

* Blind signal separation (BSS)
 Frequency domain
 Permutation resolution

« DOA based approach

e Spatial aliasing

v

 Model for the spatial aliasing
e Sparse solution
 Permutation resolution

v

« Better resolution of the equation
 Apply to real data
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Use of directivity pattern

—ison [ SBR[ |3 B0 [

First row First row First row
4 gain 4 gain s gain

: BV N
DOA2 0 DOA2 0 DOA1 0

Second row Second row Second row
, gain 4+ gain rgain

v

W

DOA1 N DOAL 0 DOA2 Jy

_ . - Speech 1 DOA1
Efficient suppression of P Permuted
Point sources = Speech 2 DOA 2
— MiXture

IRC HMEEORT « O ARAFR

Intelligent Robotics and Communication Laboratories




