1-1-2

HAE

9

2219
=

2R W25 METEEE R EIE S > 2 TS 0 BRI
OAdetr Kt (FEE) , REFEY (FRER)

1 LI

774 Y FEFEITHE (blind source separation:
BSS) [1] 1%, REZRVBKRHOSEHAT T, BROER
PRE LBIES» 5RENOBFRES 2HE T
ZHEMTH 5. BSS IFE AR EM L ERES
TSR, BRA IREAMSH SN TN 5.

HEBU LD~ 4 7u ko TRELTELNSEZ
F X VETES 205 3 % BSS (BUVESRMA BSS)
X, EIEEOREE 7VETEH L7z 1994 O R)
747 (independent component analysis: ICA) [2] D
BGLIER AR Z T WS, 1998 4RI JEIRE AR
ICA (frequency-domain ICA: FDICA) [3] 23R &
L, ZDRKIZFDICA TR 5N 5 AR D TBEHE S
DIEFZHEIN IR 58— 3 27— a YHED
fRIRDSMRET X 7z [4, 5, 6]. 2006 FI12iE, BHIROEK
BoE 2 E L7 EIRE T V% FDICA ICEAT % 2
YT, N—3 27— a VEEREEL LS DEHE
SEHEET 2R Y M L3HT (independent vector
analysis: IVA) [7, 8] MR &7z, 2011 1213, Bl
BEEGE (9] e IG5 (iterative projection: IP)
[10] 1I2HD S ZIE + En# 7z IVA (auxiliary-function-
based IVA: AuxIVA) [11] 835 L, BUUESME BSS
WKBIZ =3 a7 —>aYlEOTLA > o5k
HEH, TV BB DO MB D SN S iz

NR—=3Ia7—a MEREBD DI Hr0F
RETNEEATSIVADT A 77 ZEPANTH D,
FRA BEIRETNVOBANEFEE L. HlZI1X, FA
E475 K77 f% (nonnegative matrix factorization:
NMF) [12] 1250 KT > 7 R I RS & e
T MR T >~ 717577 # (independent low-rank
matrix analysis: ILRMA) [13, 14], #E 7 =425
BT T N2 REE 5 2 MR E B TH 50T [15)
ERR/RINTVS. T2, TNHOEFRETILE
plug-and-play TZHEARER FE L 7 L3 ) X L %R
L7z BSS [16, 17] 2RI TV 5.

—77, REERBGERICB 2 AR bud T L
FJEME (18, 19] LMIN 2 E % FDICA KU IVA IZ
A L7z BSS DR RE SNz [20]. ARZ brrF
LB E, WHREE 7 — U =2 (short-time Fourier
transform: STFT) 2B} 2B 2D 4 — N —
7 v TOREI X o T, tEREERE Y v Ficdk
BERERD. AR bu 2T 223 LT BSS 0
FEUMEHL 755G, ZoOLERFRIFHENS Z
&Y, FELEARZ bual o LpEREIN5.
ZDEIRBRARY balT ADOFE - R EMICHED
WC, RoE{tOBE TP EHEZHR L - 27—
>a v EDLBEERNES 5 FEP AR bny
7 LMEFIEMICHEDOS BSSTH S, HEELIIIhE
ILRMA Z#EA L, ARZ b rT AP EHRICHED
{ ILRMA (consistent ILRMA) [21, 22] 2% L
T35,

AFETIX, consistent ILRMA DEERIVFHMiE LT,
RE(L BRI BT 2 THEHES DR 7 —UiIE (7
nY x> ar Ny ik (back projection: BP) [23])
DEHPERRIC G R 2B 2 H LT 5. &

B, EERIZHW ILRMA XU consistent ILRMA @
MATLAB 22— K% GitHub (https://github.com/d-
kitamura/ILRMA) IZTREL TW5 728, Sk [22]
tEbETEREIA V.

2 Consistent ILRMA

2.1 FEXLEBRERH BSS

HERIRFRE B D I /FEOY > I % o[l £ RiL L,
N HOEFEED M HD~ A4 7 ak > THEHIXA S
KEEZ 3. 2F v 2VOERES, BHES, &
UnBE=SZ zhehRTxT.

sl = [s1lll,---,salll,---snl]] €RY (1)
ol = [m[l), - amll], - 2nll]]T €RM (2)
yll] = [l oyl unll]]T RN (3)
IZC, n=12-,N, m=12-- M, RS

[=1,2,-- , LIZZNZNEWR, Fx 20, NMOHER
oA 7272 Thbh, T 3EEEZRT.

B z=[2[1],--,2[], - ,2[L]]* € RL D STFT
ERATELT 5.
Z =STFT,(z) €C™/ (4)

ZIT, widfRNROBEBERT. SRRFOREE
0B E, WSTFT % ISTFT4 () ¥ Rl ¥
3. AT, wi o ORTHEXRRDELEEERSE
i 2INET 5.

2z =ISTFT4(STFT,(z)) VzeRL (5)

BT ¥ 2 STET %A L TR LN 2 EIRES,
BHES, ROSBEEDRARZ va 5 L0 (i,5)
FHOEZE ZNENRATET.

815 =[S0, Signs sy ] ech (6)
p— T M
Tij = [Tij1, Tigmy Tijm | eC (7
T

IIZT, i=1,2,-- IRV j=1,2,--- , JFZENZE
NEFEC VRO 7L — DA VY F 7 2% FRT.
%72, X (8) ORMIERBUTY % Y, c CI*7/ 23 3.
JE I RGE BSS 1%, XROBRHESZIRET 5.

(9)

TIT, A; e CMXN ZEFEEEBOIRETYTH 5.

BIRESMF BSS Tl M = N ZIRETE, BSS
XA, OWITHEHEE T AREY 12 B, Z OwWifTE%E
W, A7 v 322, HEHESERR 3.

xij = A;sij

Yij = Wix; (10)

> > _ H NxM
\_\_“C, Wif[wil,-u,wm,u,wm] e C

FOBETAI e PRENR, T id LI - MRBER LT

*Experimental evaluation of consistent independent low-rank matrix analysis. By Daichi Kitamura (NIT

Kagawa) and Kohei Yatabe (Waseda Univ.).
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IVA % ILRMA %o ICA 1285 < BSS TlE, 708
FBEICRRDIEENEIFET 5.
9ij = Wiziy; (W, = D;P,W;) (11)
ZIZT, D, e CNVN RO P, e {0,1}VN igzhz
NEEZDOMNATHIN I S— I 25— a YTHITH
3. BEBEDOR 7 — LOEBEHIZOWTIE BP 12
X o THHTHNIEITT T E 203, EEBED 7EHEESD
B DEERBICBT 25 (P, =P, =--- = P;
LR 13— aT—a yEEEEINS.

2.2 AR MOV SLEFEMN

ARZ bar T MIARK, SR [22] D Fig. 1 D X
I, I ORHEEREN o D B R D, AR
7 yarsnZIZBWT, OB T,
ZIRREER TG L LR, 3 STFT X Z DFJE L7
PHETERIRBEICIEILT 5. Hib, Z OEEFEHIX

£(Z)=Z - STFT,(ISTFT4(Z))  (12)

DINL|EZ)| o TREMSII BN, 2050 &
BRBARY AT AREFIE R,
NR=3a7—a VHEPEUSEHESDARY
Fa 27T L%, Sk [22) @ Fig. 2 O X 5 ICBEHERERE
RT3 ANERE & 78 B Te 8, B JEVEDIR & (b
%. Consistent ILRMA [21, 22] Ti%, ILRMA TRE
INTW NMF 1I2HED KT > 7 I RS TR E
TIUIIA T, PHHER Y, DARY va T 2 Er)E
HZ L OBETHE IR T 5. s, R#fbos
RIBIZBWT, 7EES Y, % STFT,(ISTFT4(Y,,))
WHEHTT 5. ZORR, ARG DS IR HHEE
HBETIE L B s /- REIcEFE X, ILRMA
IO EREICS—IaTr—Ya V@R ERTE 3.

2.3 RELT7IIVIL

Consistent ILRMA Ot 703V X 20, ek
D ILRMA 1281 5 7 #EAT75 W, & NMF i€ 7L
T, € RUK ROV, € REX o KIGEHANC, 5B
BEY, PEFEL RI2EHROBP 2Mzzb0L
%%, 22T, KIZNMF oREEHEZRT. 20K
{713y X% Algorithm 1123, 22T, 17
DA T © MO TN FPNERBOEN N
i, T35 |- | RO R v MY EfRuzEheh
FR B OMOME K CHEEGE, [, 3TFID (r,c) TH
DERERT. ¥/, e, € {0, 1}V EnBHOHEZD
A1 DHAARY MV, mes (& BP O0HDY 77 L
VRAF 2 NEFRT. Algorithm 1 HD 3THNY,,
DOIFEEZHIRT 288, 4 XU 51THD NMF &
TRETVOERH, 6-81THD IP IZED L THETHID
BHH, 9-121THD mpes HHDF v 21D BP 2%
3. PEKD ILRMA 13 48 XU 11 ITHDOATH D,
BP I MEEHBICR LRI —EOABHA XN 3.

3 SEERAVETME

3.1 REREMH

BIRD X 512, ILRMA 2B 2 5B THIOHEE IS
ERERED 2 — VOEEWET 5. ZoFEN
3 (11) O D; Lo THAS 0, S—I 25—
YaYMEESIERIT P L FRRICOBEES Y, DR
R7 v RTTLEFEEERTERE RS, ZOME

L3k [21] WCRC#ER D Algorithm 11X 4 fTHE 5 fTHDW (W
& Ty, ROV, OBEFIEIY) DRV HH 5.

S i SR

Algorithm 1 Consistent ILRMA

Input: {wij}f’:'ﬁ,jzl, maxlter

Output: {yij}f’:Jszl

1: Initialize {T},}0_; AV, 3D, {W: L,
2: for iter =1,2,--- ,maxlter do

3. Y, ¢ STFT,(ISTFT5(Y,)) ¥n

1Yo [ 20(Tu Vo) 2] V,E |
(Tn V) VT

[N

4: Tn(*TnQ{[

5: V,+—V,®

T (Y| 2O(T0 Vi) ] }'é Vi
T (T, V,) ~*
6: U,, ~ %Z] mw”wg Yi,n
7 Wiy < (WzU“l)_l (7% V’L',TL1
Wip < Win (wglUinwin)_i Vi, n
Xin = (W, Vin
10: Wip < )\mwm VZ, n
11: Yijn < wi}}lmij Vi,j, n
19 [Ty < Panl? [To)s Vi ko

13: end for
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BT 572912, consistent ILRMA Tl K18 D
FENERET 2 U OERIC BP 2L TR 7 —L
PHIELTWS., LAaLARAS, BP OFETHRED
D EIIZET A OVTIFFHBEI N TW AL -
7z, ARETIE, HKIED BP 7 consistent ILRMA D
DEEMEREIC S 2 B B R FEBRIICEHIE S .

AEBRIIZTREEDBSS DAERRE L, 4 %
NABEC & 2 BAAAREES L EREREGES
TEMES 5. HEFEICE, AuxIVA (Iva), BRIE
WCBWTARY Fr 27T L BPEHZHEET %2 BP
VB U7 AuxIVA (Consis. IVA w/o BP) MUY
BP %3 % AuxIVA (Consis. IVA w/ BP), fE
KD ILRMA (ILRMA), HRIBIZBWTARY ta s
7 NP JE MR RS 258 BP 135# A L 72w ILRMA
(Consist. ILRMA w/o BP) M Uf BP %M 3 % IL-
RMA (Consist. ILRMA w/ BP) DEf 6 FERHWV
72. STET 1281 2 BEEUE Hann BE AW, 20
fth D FEERZEAFIE SR [22) 2SI Nz,

3.2 AVNILREEICLZEHAHESD BSS

A VL AE E2A (T = 300 ms) %2 FWT,
2 HENEEG LR 2 Fy 2 VBBES % 10 #i5E
RUZz. BIFERA 0L ZE ORGSR [22] 12
FE OB D TH 5. PRI AR DRERET
& % source-to-distortion ratio (SDR) [24] DEH =
ASDR % W7z, 10 HIoBRIE S Z2h 2k L
T, 5 EHEOELBTHIIL L 725 50 BIERITD ASDR
D MFX%Z Fig. 11TRS. 22T, STFT 2B 3
#&E (window len.) ¥ ¥ 7 FENUEBEDHHE (shift
len.) 22X B/BOEREZF LD TRLTVS.

COfERERZ Y, 2L OEBREMFICBVWTARY
s a 7o W EEO R EEERE R A L X T
WB DR TES. /2, ART bual'T LEF
JEMEEHEE T 2 ERC, BP 2L A7 — LA
ZRRHET 52T, &b RERMRERENEONS
e hs. FIZX, BESR2ms o7 bR 1/2
DOFITIX, consistent ILRMA 1 BP DEHIZ L - T
HUMET 4 dB 59 OEDH D, BP 2#H T 5%
ROKRZZNIpHRZ 3. ZoFBr LT, SEHES
Y, DRT—NVAREW D; DFEREH L5 Z TR
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Fig. 1 SDR improvements for
median, and the bottom and top edges of the box indicate the 25th and 75th percentiles, respectively.
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artificially mixed signals.

R a2y g LEREEEERT 2 21T 5 /5D,

Y, HoR— 3

CERTAZeBEZLNS.
3.3 EBRHRBESDBSS

FRAEERY 950 ms OFREETEBICH
@Q@Z%%%wﬁﬂﬁ%%l2®\ﬁ Lt

a7 —a VB P, OFHIC K DR

aﬁ

DFFAIE SRR [22] \CFE#E DB D TH 5. F72, ASDR
WZHNZ, source-to-interference ratio (SIR) [24] DX
# & ASIR MU sources-to-artifact ratio (SAR) [24]

%%:Hj L7=.

Feicxt LT 5 EOFELEcaIE L

7251 60 FIEIT O 0TI % Fig. 2 1”3, HL, &
FERTIIR E%5mHa./7bE%u4thm

Fig. 2 &b, ERFESE
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The central lines of the box plots indicate the
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¥ Consis. IVA w/ BP D7) DEHFETH 7. SIR
MO SAR 2R 2% 2, BKIED BP X SAR OMRENR
FBICRELFELTWS, SARIZBSS TAUL 2 AT
BADVRIBRTZD, BRIED BP TRA7 —
IREHWZBIELUZBICARY a o LMEFEH
PHAT 2 2 WO MEDORND, X HEADD LW
TEEES Y, OECAEMTHSZERL TV

4 &DHOHIC

ARGTIX, consistent ILRMA I28BWT, #KXIET
BP % i#iH 3 2 $hR% EERICEHE U7z, EBRRR K
D, consistent ILRMA 1281} % BP &7 BEHRE DR
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Oi ILRMA 727 T%#% { IVA O7BEEBRTHIER I N
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Fig. 2 Evaluation scores for live-recorded mixture signals. The left, center, and right figures show SDR
improvements, SIR improvements, and SAR values, respectively.

22 ehs, How 2 REEGEE BSS I2BWT AR
7 bvuro nEFREEEEMGET 2551 BP 2#EAH
T3 EREE LOWATREE A RB X LT,

HEE AT O—ERIZ JSPS BUEFE 19K20306 & X
19H01116 OBk %2725 DTH 5.

BE X

[1] H. Sawada, N. Ono, H. Kameoka, D. Kitamura, and
H. Saruwatari, “A review of blind source separation meth-
ods: Two converging routes to ILRMA originating from
ICA and NMF,” APSIPA Trans. Signal and Info. Process.,
vol. 8, no. el2, pp. 1-14, 2019.

[2] P. Comon, “Independent component analysis, a new con-
cept?,” Signal Process., vol. 36, no. 3, pp. 287-314, 1994.

[3] P. Smaragdis, “Blind separation of convolved mixtures in
the frequency domain,” Neurocomputing, vol. 22, pp. 21
34, 1998.

[4] N. Murata, S. Ikeda, and A. Ziehe, “An approach to blind
source separation based on temporal structure of speech
signals,” Neurocomputing, vol. 41, no. 1-4, pp. 1-24, 2001.

[5] H. Sawada, R. Mukai, S. Araki, and S. Makino, “A robust
and precise method for solving the permutation problem of
frequency-domain blind source separation,” IEEE Trans.
SAP, vol. 12, no. 5, pp. 530-538, Sep. 2004.

[6] H. Saruwatari, T. Kawamura, T. Nishikawa, A. Lee, and
K. Shikano, “Blind source separation based on a fast-
convergence algorithm combining ICA and beamforming,”
IEEE Trans. ASLP, vol. 14, no. 2, pp. 666-678, 2006.

[7] A. Hiroe, “Solution of permutation problem in frequency
domain ICA using multivariate probability density func-
tions,” Proc. ICA, pp.601-608, 2006.

[8] T. Kim, H. T. Attias, S.-Y. Lee, and T.-W. Lee, “Blind
source separation exploiting higher-order frequency depen-
dencies,” IEEE Trans. ASLP, vol. 15, no. 1, pp. 70-79,
2007.

[9] D. R. Hunter and K. Lange, “A tutorial on MM algo-
rithms,” The American Statistician, vol. 58, no. 1, pp. 30—
37, 2004.

[10] N. Ono and S. Miyabe, “Auxiliary-function-based inde-
pendent component analysis for super-Gaussian sources,”
Proc. LVA/ICA, pp. 165-172, 2010.

[11] N. Ono, “Stable and fast update rules for independent vec-
tor analysis based on auxiliary function technique,” Proc.
WASPAA, pp. 189-192, 2011.

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

AT 2R O - led -

D. D. Lee and H. S. Seung, “Learning the parts of objects
by non-negative matrix factorization,” Nature, vol. 401,
no. 6755, pp. 788-791, 1999.

D. Kitamura, N. Ono, H. Sawada, H. Kameoka, and
H. Saruwatari, “Determined blind source separation uni-
fying independent vector analysis and nonnegative matrix
factorization,” IEEE/ACM Trans. ASLP, vol. 24, no. 9,
pp. 1626-1641, 2016.

D. Kitamura, N. Ono, H. Sawada, H. Kameoka, and
H. Saruwatari, “Determined blind source separation with
independent low-rank matrix analysis,” in Audio Source
Separation, S. Makino, Ed., pp. 125-155. Springer, Cham,
2018.

N. Makishima, S. Mogami, N. Takamune, D. Kitamura,
H. Sumino, S. Takamichi, H. Saruwatari, and N. Ono, “In-
dependent deeply learned matrix analysis for determined
audio source separation,” IEEE/ACM Trans. ASLP, vol.
27, no. 10, pp. 1601-1615, 2019.

K. Yatabe and D. Kitamura, “Determined blind source sep-
aration via proximal splitting algorithm,” Proc. ICASSP,
pp. 776-780, 2018.

K. Yatabe and D. Kitamura, “Time-frequency-masking-
based determined BSS with application to sparse IVA)”
Proc. ICASSP, pp. 715-719, 2019.

J. L. Roux, H. Kameoka, N. Ono, and S. Sagayama, “Fast
signal reconstruction from magnitude STFT spectrogram
based on spectrogram consistency,” Proc. DAFz, 2010.

J. Le Roux and E. Vincent, “Consistent Wiener filtering
for audio source separation,” IEEE Signal Process. Lett.,
vol. 20, no. 3, pp. 217-220, 2013.

K. Yatabe, “Consistent ICA: Determined BSS meets spec-
trogram consistency,” IEEE Signal Process. Lett., vol. 27,
pp. 870-874, 2020.

SEE, UM, REEET, “2X7 FarS MEPEEE
WM S > 2155004, BRSEFR 2020 EMEMR
RRSBFERXE, pp. 291294, 2020.

D. Kitamura and K. Yatabe, “Consistent independent low-
rank matrix analysis for determined blind source separa-
tion,” EURASIP J. Adv. Signal Process., vol. 2020, no. 46,
35 pages, 2020.

K. Matsuoka and S. Nakashima, “Minimal distortion prin-
ciple for blind source separation,” Proc. ICA, pp. 722-727,
2001.

E. Vincent, R. Gribonval, and C. Févotte, “Performance
measurement in blind audio source separation,” IEEE
Trans. ASLP, vol. 14, no. 4, pp. 1462-1469, 2006.

202143 1



