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Independent Factor Analysis Family

ICA = Scalar
= Independent[ComponentJAnalysis

IVA
= Independent[\/ectorJAnaIysis
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Independent Factor Analysis family

Spectrogram:
Time-Frequency Representation via Short-Time FFT
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5 L HETE ;% (Infomax) [Bell et al., 1995]
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p(2) 4,

KL |
(v,z) = [ p(z)log-— -~ (v )
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W) =]p(y) OgHLilp(yk) y

K
= —H (W) + 2 H (W)
1. #8xIor0OE—) 2 BT rAE—

H(Y;W)=—[p(y)log p(y)dy
=—] p(x)(log p(x) —logW [)dx
=H(X)+logW| @ p(y)=p(x)/|W )

H (Y, ;W) =—[ p(y)log p(y,)dy
=—[ p(x)log p(y,)dx
© p(x)dx = p(y)dy)
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UNER 7 JL31) X Ls [Saruwatari, IEEE Trans. SAP 2003 & 2006]
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s FATHET ENRE
m Equivariance Property
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y(t) < W(i)
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t




/R

ARBGEDEH (1/2)

xR BETAM
s WEW +edW [ZEESHZESITRBIW +dW) - T (W) &
INSKE D AW BExAET A M
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9 o )
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- F ,&"ﬂ 7818 | CA (frequency-domain IcA: FDICA)
[Smaragdis, 1998], [Ikeda-Murata, 1998], [Saruwatari, 2000], etc.
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BRI ICAIZ L HEE{ESBSS

- F 5&%&%5&|CA(frequency-domain ICA: FDICA)
[Smaragdis, 1998], [Ikeda-Murata, 1998], [Saruwatari, 2000], etc.
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- FDICA+DOAYS AR 7 [Saruwatari 2000]

— DEEITHIWEONSRAT T IR EHELEREDEIE AR
(DOA) THSRAYUH G BIETIN—2aT—2 3% fEL

LP(A

HESNT:
BIR S DHEE

v.S

Ek AR (DOA)

- FRETI
« BIRMIBETILARSLOT S LIFEL ICAOIEA YR EHIFIDHA)
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» Geometric Source Separation (GSS) [parra IEEE Trans. 2003]
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AN L (W) = A, FDICA(W(f)) + A,BeamFormer(DOA)
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Demonstration for
spoken-oriented hands-free
interactive robot.

[Takahashi, Saruwatari+, IEEE Trans. ASLP 2009]
ANIHEEARREF E - FR23FERIEC Award % &




/R

W YT RINL T
o =~_ = s, | BMIIARINL DT ROEDOM BB & BREIC
ANTSAT LAY TUT | e i NN IRE S YRR
n EBEEEDE A CEREESIFELE, COIDEURSBNELET,




VADE 15
IN—IaT7—>3>T)—
RICAZHIELT




RlLRE 7B DS RMEEZ ALV =BSS (2006~)

5$1I_L’\7 I‘)l/ﬁj\*ﬁ'(independent vector analysis: IVA)
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- JRITIE _7.\/7'??§|J§J\*ﬁ(independent low-rank matrix analysis: ILRMA)
[Kitamura-Ono-Sawada-Kameoka-Saruwatari, ICASSP2015, IEEE-Trans.2016]
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ZESH & Student’'s t 57
- Symmetric a-stable (SaS) S fFICEIEFRETIL

[A. Liutkus+, 2015], [U. Simsekli+, 2015], [S. Leglaive+, 2017], [M. Fontaine+, 2017]
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Independent Deeply Learned Matrix Analysis
(IDLMA: #EIX7AFIL T LT —)



Independent Factor Analysis family

ILRMA
= Independent[Low-Rank I\/IatrixJAnaIysis

IDLMA
= Independent[Deeply Learned Matri%AnaIysis

Deeply = “using DNN" &
Learned = “trained in advance”
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Update rules of ILRMA (again)

ML-based iterative update rules

— Update rule for W is based on iterative projection
— Update rules for NMF variables is based on MM algorithm

Spatial model
(demixing matrix)
1 1
Vin==) —j
’ J 7 ’l“ij,nwjm
wz’,n — (M‘fi,n)_l €n
wz’,n — wi,n (wiln‘/;,nwz,n)

R - |
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H
ij

N[=

H
where W= (w; 1 - - w; i)
and e, is a one-hot vector

—2
tik,n — tzk’n\l ZJ Iyij,n|2vkj,n (Zk’tiklmvk’j,n)

Zj |yij,n|2tik,n (Zk/tik’,nvk’j,n)—Q
Vkjn < Vkjn

Tijm

that has 1 at 7nth element (

>

Source model
(NMF source model)

> ki (g timinVkin)

> tikm (ot Viin)
— Z tik,nvkj,n
k

Alternating Parameter Update
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Update rules of IDLMA (NEW)

* ML-based iterative update rules

— Update rule for W is based on iterative projection
— Spectrogram (variance) is estimated via DNN'’s inference

Spatial model
(demixing matrix)
1 1
Vin==) —j
’ J 7 ’l“ij,nwjm
wz’,n — (M‘fi,n)_l €n
wz’,n — wi,n (wiln‘/;,nwz,n)

R - |
Yijon = W; nLij

H
i

N[=

where W= (w;; - - - 'wz-,M)H
and e, is a one-hot vector
that has 1 at 7nth element (

Train logrijn +

Source model
(DNN inference)

|yij,n|2

17,1

Alternating Parameter Update
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