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Independent Low-Rank Matrix Analysis

Based On Spectrogram Consistency

Nao Toshima

Department of Electrical and Computer Engineering

National Institute of Technology, Kagawa College

Abstract

Blind source separation (BSS) is a technique for estimating individual audio sources
from an observed mixture signal. BSS is utilized for a preprocess of automatic speech
recognition, hearing-aid systems, and so on. For the (over-)determined case (the number
of microphones is equal to or greater than the number of source signals in the mixture),
independent low-rank matrix analysis (ILRMA) can achieve relatively high BSS perfor-
mance. ILRMA estimates separated source signals that satisfy the following two condi-
tions based on a statistical BSS algorithm called independent component analysis (ICA)
and low lank approximation of matrix called nonnegative matrix factorization (NMF): (a)
maximizing statistical independence among separated source signals by ICA and (b) low-
rank approximation of the spectrogram (time-frequency matrix of an acoustic signal) of
each separated source signal by NMF. However, conventional ILRMA does not consider a
principal property called “spectrogram consistency”: the consistent spectrogram directly
corresponds to one acoustic signal in the time domain, whereas the inconsistent spectro-
gram does not. In the previous study, it was revealed that the spectrogram consistency can
assist BSS algorithm and improves the separation accuracy of the source signals. In this
thesis, I propose a new ILRMA algorithm that introduces the spectrogram consistency
in addition to the above-mentioned two BSS principles (a) and (b). Also, I investigate
how much the spectrogram consistency can improve the source separation accuracy in
ILRMA-based BSS. The experimental results show that the source-to-distortion ratio is
improved about 4 dB between conventional and proposed ILRMA in terms of a median
value, which reveals that the spectrogram consistency greatly contributes to improve the
performance of ILRMA.

Keywords: blind audio source separation, independent low-rank matrix analysis, spec-

trogram consistency
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774 >~ REJRIEE (blind source separation: BSS) ¥ 1%, D EHFRMES LI-BHIES
o, REMMOEFRESEHET 2HMTH 5. BSS &, HHRMO TR HEESS 72 212
HHENS., BAELTWAEREM o~ A 707 + VETHAIZ N 355128V TR, HiT
&2 > 27175157 #1 (independent low-rank matrix analysis: ILRMA) ¥ FEZI 2 FiED LL#EK
EMERETH 5. ILRMA X, #7554 (independent component analysis: ICA) & I
N BHEHY BSS 7 va ) X sk, IEEMEITHIRT77% (nonnegative matrix factorization:
NMF) IEEN2(THI0ES > ZEUcES X, X0 2 HEB 23 0MEE2H#HEST 3 :
(a) ICA 1T & 2 DHHE S OGN D RAIL, KT (b) NMF 12 X 2 &0HEHES D AR
7 varzon (BEESORBERBITY) OIRZ ¥ 7M. LHrLAEHMES, kO ILRMA
TIEARZ a7 2P EE L IHIN S EENE RSN TVRWN. AR v a7 J AP E
P, RRBEEMER SN EEGEEPRHEEBOBEEEE L BEEMICL TV HETH
b, Ihziiil TR VREERBEROES 2 AR ba T AFE MR FITHIELD,
BSSICBWTARY bur o 2P ENEEZERT 2 CHlESOHEREZR LXE 2
EHTEZZEDHLPICKR>TWVWE. ZITAMLTE, ARY bar T A EFEEEE
JEL72H LW ILRMA 2% 3 5. ILRMA MRET 2H1AD 2 THHICHMA T, A7 +tas
7 LT JEW R R LG EI, COBRESEESEREEN M LT 202 lET 5. R
FRED, IECRFHELREZFETREENEALOFTREICBVWTE L Z 4dB  OHEDA
b, AXRZ buZ o AEFENED ILRMA ICBWT A E S MEER LIcHS T2 HEEZHS
Iz L7z,
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1.1 FBXOE=

HIETHE Y X, Fig. 1.1 IRTHD X512, BROEFENMESLE-BHES»S, BE
HIOBREZHEST 2HMTH 5. ZOFEMIE, SHREMOBTERLI, HEIH R s H
ERTED, h—FEFr—ars AT A, A= 74+, fMBESRLZEDEZEL DT AL
ZWHHARAENRT WS, FrC, HRMES~A 78 7 3 YNBSS R O ST &5 I #E
RERT HFEMET T4 > FEFESEE (blind source separation: BSS) & FEIXH 2. Ml
BEOFrx AN (47074 8) LRERESNTVLEHEBMPELVHEET TR, M
SLA 7 97 #t (independent component analysis: ICA) [1] 1255 < BSS & LT, JAKEK
I ICA (frequency-domain ICA: FDICA) [2], 3.2 F L4534t (independent vector
analysis: IVA) [3, 4], NMUOHIAKZ > 717515941 (independent low-rank matrix analysis:
ILRMA) [5, 6, 7) M RESINTE 7. IVA R ILRMA l3wihd, FDICA BT 5 83—
27— a @ (8] JABEBIZHESN 2 THHES DI 2855 2 @) ZRikd 2
72 ® FDICA OIEIRTH %. K2 ILRMA 13, ZODBEMRED & S 2E 87 X — X OH)H]
fEICH T 2HEHEFON LD S, BZE L ODBRRFESL—MHILTFEANEEELTVWS BIZIF
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22] &5).

FEo BSS &% K O BFEE SN TIE, ERR 7 — 1V =2 (short-time Fourier trans-
form: STFT) ZHWTHRMEROES (KEBIY) Z2REEBEEBROES (A7 tae
FL) WKEHTS., ZorE, STFT OBEECHRRES ICQEEBEEN»EL NS, U,
JERFEIE S D ARY PCEBBDZARY PV EREHAL ZEIHE T 5720, AR bay
7 L ETIHMEB DT =DREBEETANCB L. £/, STFT OEfETITERHEES 24— —
Ty FTEERPLY 7 FLTHET 3720, AXZ ba2o A ETIHMEB DR — 2K
WZHBL. o OBATER LT, KREEREGRTE, R E R —H L Lk
AT 2. FERANC, REREPEGEE T, aEREETE T —E L REELE T TS
ZEDBHRTHS. ARZ b7 Z7 2120 LT, BSS EFORFEBSUHZM L 7255, @FEIEID
—ELHEENHEINS. ZOXSICART bar T 2B 2 EREEEE Y v Ko
HEMED N TINCH S MR DR EERBEEHIRDOES 2 TFELLARZ ba s Ja) L
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Fig. 1.1. Example of audio source separation, separation of musical instruments.

A, ARZ va s a2k T—EB L HEEDRINTWE AR ba s Tk TP
JEHRARZ bR T L) MR (23, 24]. FIELIARY Fu s o Ak, EEMGT 5 RERHHE
BORENFHELRY. LELEDYS, FHELLARZ brJ5 22 STFT 2#AT % &,
IRE [ JET IR BRI TP JE 72 AR 7 b B 27T MCHIE S 7z 5 X THRERIFEBIC A I N S, T4
bbb, WhRBEARZ  arS Ay, M STFT M LT —EREEEICR L, B STFT
ZEWALTARZ B r 502185 28T, MPBERARY 07T NIEHT L ZenT
X, A7 ba I AP EEEIEETE S, HE, TOART Mur T AP EER BSS
DE R EED BB LR THEICHE T % FDICA R &7z [25]. FDICA 1255 < BSS
T, =3I a7—a VREEOBRDZDIC, FHREROMS2OHRE GFRETF L) 28
AT BREDH 2, R [25] TEARZ b a2 s 2MEFEEDSS— I 27— 3 >~ MRERR
DFLWHIEEL 725 Z e RENT WS, ZOFME, HHHEED =3I 27— a Y H%lH
JBETRZ 25812, AR bas S AEFENE, ThbbiEERMERRO—E LA
HRRELEZDRSE LW IHHIZESVWTWES.

1.2 FEwBXOEHB

AFTIE, R [25] TRENLMRICESE, KO ERER BSS EXzHWE LT, X
R bar g AP EEZ ILRMA (IZ8A LHRDFER S ZORELT VT Y X L%
BIIRRT 5. £, 8RO ILRMA A TRET 5 ILRMA & DHBERICE VT,
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Fig. 1.2. Scope of this thesis.

BREBLEFEBEOERTHEEITY, ART a2 T 2EFEROE RO G ED 7B EEE
WHEZBHEIOVWTHET . Dk, ERFETH LAY bur s slFEE%Z ILRMA
WA L2 E RS EET %% Consistent ILRMA 2 IFER. Fig. 1.2 3AGRL DV HBMEERFEL
72K TH%. Consistent FDICA & Consistent IVA [25] iZZhZzh, FDICA R IVA i<
BOWTARY a2y 7 2 BFENZER L ROSETEFEZ LS. £, BlIA<R2 b
07 AEFEEORRE, ISR B 2R3, Consist FDICA % Consistent IVA
WBWT, KD BSS & b EHFEDEEMERES A E L2 ¥ v FEIRRIC, ARG TIE Consistent
ILRMA 2B\ T b RIBOMREA EATE o2 2 e 2lfF LTV 5.

1.3 AFHEX DB

2 T, ILRMA £ ZOBEFERVURRY b r'T 2 E\FFEHICOVWTHRS, 3&E
T, ILRMA NDARZ s v/ J 2P EEOEHICOWTHRS. 4 FETIX, Consistent
ILRMA RERTFEL OHIRER L ERICOWTHRR S, 5 ETIE, KHZOFERICOVWTAR

N5,
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21 ZL®IC

ARETIE, 2.2 HiT STFT OFHIZOVWTHANR, 2.3 HITEMMLEITS. £/, 24 #iT
FDICA OFBNUR—3I 27— a YREIZOWTHRS. Z LT, 2.5 HiKkK 2.6 HTZ
2N IVA KO ILRMA OFEHICOWTIRNS. 20k, 2.7 ik 2.8 Hitzheh ARy
Fa 25 MEFEHIZOWT R BSS ADZARY b 25 AEFEEDEICOWTHAL,
20 TAER LD 5.

4 Time domain N )
Waveform
oo Time-frequency domain
A
> : E
RN ] (&)
C
)
-]
O- [ BLEL,
o
s L
dow - Discrete " >
function— \_ Fouriertransform SpTelrgterogram
Férr]:gthr WMMWW“ Discrete Complex-valued matrix
— N\« X | Fouriertransform
« ="l Discrete g
%VindowlengthQ Fouriertransforw \_ -

Fig. 2.1. Mechanism of STFT.



2.2 STFT 5

22 STFT

STFT %, Fig. 2.1 123 &k 512, REEBOEE 2 RHEFEBEEB OGS AT 5 Fik
Thb. ZHUTE->T, REICEILT 2 ART MR ERRTZ W TES. STFT O
OB ORINUVS 7 b REZAZHLQ KU T 2 Lz &, RHEBOGEE (]| 0 j &%
HoMERRXME (R 7 L —2) OEBERRATEREINS.

20 =[G = Dr+1],2[G - D42, 2 [~ D7+ Q) (21)
- [z(j)[l],z(j)[Q],--- 29[, -+, 29(Q] * c R (2.2)

ZZT, j=1,2,-- IR0 q=1,2,---,Q %, ThZNKE 7L —2LKRUFE7L—2NA
DY TINADA Ty 7 2%RT. £, TRERZ bARTHOIERZ RS, T2, KEY
L—2 B J3XRck-TEZBNS.

L

J== (2.3)

RN (2.1) TERSINZERH 7L —2DEFZ2ETD j ZOVWTEeDLERE 7L —2401E
B z=[W3 ... 20 ... ;D] eRP> vXi T2, STFT OMUEIRKD &5
RN,

Z = STFT,(z) € C!*/ (2.4)
ZIT, w=[wl],w2], - ,wlg, - ,w[Q]]" € R WZAERIMXE DM & 2k FHIE 2 HAE S

57D 6NLEEKTHD, X (2.5) T/RT Hann window, F (2.6) T/RF hamming
window, KU (2.7) T/R¥ Blackman window 23k < HWHNLS.

wm@@:os—05mﬂw% (2.5)
WHamming|¢] = 0.54 — 0.46 cos 277% (2.6)
u@mmmpm@—amm%%+w&mmé (2.7)
¥/, ARZ M ITLZD(i,j) BEHOBERIRATRINS.
Q .
. —2m(qg—1)(1 —1
zij = ZW[Q]Z(])[Q}eXp{ (4 7 ) )} (2.8)
q=1

IIT, FE |5 +1=1 %3880 (| QRBEE %, i=1,2,--  [IEBBLC>O
AT R %, LFBEEMNERLTVWS., 20X 51, REEBROESIE—ERDERRE Z
AT WTARBIBOE T UCHER Y — V) 2 EHR(TS 2 & T, BEESRERE, #EEhAYE B O AR S
e s AN B EBITH Z TRT N TE S, Figs. 22 MU 2.3 IKFNZNEFE
B EHEEBEEDO Y27 buZ 7 0%l LURLTWS., 22T, GOEVIFOIZY
R —=P/PNEL, HEIEFEERT—=DPREVWIEEZRLTVWS., RV —ARXRT barJLLld,
K (24) TRDODIEREARZ bR T T8 Z DBEZRZ L OHHE2 BEM-7DDTH 5.
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Fig. 2.2. Power spectrogram of speech signal.

5000

4000

w
o
o
o

N
o
o
o

0 1 2 3 4
Time [s]

Fig. 2.3. Power spectrogram of music signal.
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23 BREMERD BSS ICHITRERE 7

2.3 REIREMEED BSS ICHIFBERNL

BERRERIE S O L BHHOY > L% o[l D XS KiL L, N HOBRESHS M Mo~ 1~
07 yCHHENZIRNEEZS. ZF v 2LOERES, BIES, MUOSEESE2ZNh
ZRRATHRT.

sll) = [silll,solll, -+ salll--sn (1] eRN (2.9)
il}[l] = [‘Tl[le?mv'” 7xm[l]7$M[lHT S RM (2.10)
ylll = [l welll, - s ynlll, - yn ] e RV (2.11)

2T, n=12,---,N, m=1,2,--- M, RU¥1=1,2,--- \LIZZhZNEK, ~vA7rn
ZxY (FrRN), ROHEEEO A > 72 2TH 5. BSS TR, HEES s IOEWSEEHE
Byk, BHESc»oMET2ILENLERS.

FDICA, IVA, KU ILRMA %50 FEEGEE BSS T, 5 2 EEBEGER TR O 5.
ARROEBEHE O t B &, WiSTFT % ISTFT5(-) & RiddT 5. KX T, we @
DRT BRADTELE TSR 3T 2 L 2 IRET 5.

z =ISTFT4(STFT,(z)) VzeRY*/ (2.12)

&F x 2 STFT 2@ L TiEohn 2 EHES, BlllES, ROTBESDORR7 bo
775D (i,j) HEHOERZZhZH XA TET.

Sij = [8ij1,8ij2, > Sijns s SijN | ecy (2.13)

wmzz[ﬁmhww%'“,$mmJ~‘melT ecM (2.14)
T

Yij = [Yij1sYij2> o Yijn> - YijN ] ecV (2.15)

F72, X (2.13)-(2.15) ORHEEREEITI R 22 S, € CI*7, X, e CI*J) KUY, €
CIxJ v E3#/¥ 5. JFIREGEE BSS T, XRXOBKFESZRET 5.

Tij = Aisi]- (216)

ZT, A; € CMXN 3REEBEOREITIITHS. X (2.16) 1, BRERDBERMHIEBE
ckD%Hr TRV E RIS 5.
DItg, ARG TRIRENRR (M =N) OA%ZEZS. ZO%5E, BSS X A, OMifTsl%
HET 2RI 2%, ZOWiTHE W, ~ At e 358, DHESIEIRL 3.

yij = Wiz (2.17)

Z ZT W ['wll,'wzg, et L, Win, ,’U),;N] € (CNXM Li \%ETTﬁljku%Zbih, H Gi’\‘7 ]‘}I/
RITHN DTN I — MREERT.
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Separated signal 1

KN
\épi,:f Y;
Q@qi?pg o
1=
Source 1 Mixture 1
S10Q X0
Separ F““@T Permutation
Matgrix||| “4— Sollelt||| Separated signal 2
i 2
Source 2 Mixture 2
So(] X0

Fig. 2.4. Permutation problem in FDICA.

ICA 250K BSS T, #HERDOR T —LRIEFBRETDH 5720, XRXDIERELTEF
£9%.

9i; = Wimi; (W, = D,P;W)) (2.18)

ZZT, D; e CVN ] Py e {0, MV 32 B UEE O FATHIR I S— I 2 57— 3
ATE (BHATE) TH 5.

24 FDICAYN—=Za7—>3arieE

FDICA 3ERBZEO I Lo TELLEROBEAAAREGETH ST 2729, B
H{EE% STFT L, BohiARZ +u s 7 A0FKERY v BOEERRIIBENES
Ti1, Tio, -, Tig WAL, BN ICA ZEHAT A2 ICIDDBEEEDAR b s
LEHET L. LrL, X (218) TRLAZKSIZ, ICA ODRHERITIER T —LREF D
REWA DD, THoI3MhFEE L FEERICEZ 2720, BHI{ESI2 FDICA Z@H L
TR TEAHESZELLHMETZ 2R TERY. FAEBEDORr —LOEEMEICOW
TR TaY 27y a Ny 7261 18 & o THITINICIETCRIRE T H 5 23, Fig. 24 D K5 7%
JERE gD EHES DIEF OEFNE = 27— a YIJEEEENS. ZhETRDE,
P=P,=- - =Pt R52X5C7HEEERITLeTHY, RERFETH 5.

25 VA

IVA X 24 BiCiliRIz =3 27— a YEEZOE LR O BHHREIMZITO FIETDH S
3, 4]. IVA TR, 2RBEHEIZ DRI MV Yjn = [Yijn, Y2jns > Yijns > YIjn) &



2.6 ILRMA 9

EZ, TONT M EHERER Y L& & OMHERDADEAMAMICR 2 L WIS RER B X,
B A TH R HEE T 5. ZOREZEL ik, FHHEEO D 2 AP K E 2 Ex
L5 ZACHEE L T ETRBD KREREZ L 5, LI HERETVIIHBL, k-
T, N=3a7—>aViEZARERRD L2256, 7T W, 2HEET 2 Z e T
5. BOARY bUE, EARFEEEBE Z 0BG OFFETHEE L TREREL L 2720, §i
ROREWC KD, HET 2 FRBED ZFA—DOERDARS bR I A ARTIENTE,
FERINCIVA TEAR—3 27— a VEEZ D 2BERMT 2 LN TE 3.

2.6 ILRMA

IVA Tl&, 7HETH W, 2H#EET 2802, TH—HRO R 2 RO GHEE L TR E
R %) LOWOIERETAERET S LT, N—2a7—>a YiEE D 2EERNET
220 TES. ZOHEFEETLVE—RELXE, XDERBEIC—3 27— 3 ViE%E b
L&A 5 BSS 2175 Fike LT, ILRMA ERINTW3S [5, 6, 7). ILRMA TlX, FA—
BHIR DI RS KRS ¥ 7T TR TE 2] LWOIETAZRELTED, ZOKS
> 7 NI IEAEATAIA F 77 f# (nonnegative matrix factorization: NMF) [27, 28] A3H
VwWHERTVS.

ILRMA 13, XRAOERAT Y A0 M2 BFRESOERET L E LTRET 5.

p(@jh@j?v'" 7gjn7"' 7ng) = Hp(g]n)
n

1 gn 2
- exp (—"7“') (2.19)
s TTijn Tijn

TIT, rijgy &, FEHEORHEERBEDTBTHY, ryn = E [|lyyn?] TH2. K (2.19)
WZED L BHANES o U R EUE

1
log r;in 2.2
5 (o +1oum 2:20)

Z’.])n

L=-2]) log|det W;| +

THEZAH6MNS. 61T, Bl rin ZXRD XS NMF TRZ > 70 s.

Tijn = Ztiknvkjn (2.21)
k
R, =T,V, (2.22)

ZZT, k=1,2,---  KIZINMF ZBUI2REEDA VT v 7 ATHL. LihoT, FEIR
DRFHE B OREBIIIGED K A3 (727 K OIFATHITEMENS). F7,
T, € RUK KUV, € RES & NMF (B 3 RIETHIR U T 7 7 4 N—2 2 V(T TH D,
tikn RO Upjn EZNZNT, KUV, OBRTH 2. X512, R, € RLY ERHEREI#
TAICHY, rijn F R, DEETH 5.
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Observed signal ;1 Estimated signal

1

1

1

= i *MMWWWWM*WH% ] T
Frequency-wise STFT' S 3 :

demixing matrix : S Y 1

T O i 12 . :
{ | |},2 28 1

e e e e g ~Y !

Update demixing matrix so that estimated signals : S - TV, 1
are mutually independent and have low-rank I i ] !
time-frequency structures N Time -~ .1

Fig. 2.5. Principle of BSS based on IRLMA.

ILRMA 12B1F 3 SESHOFE%E Fig. 2.5 13R3. 2875 W; RO NMF FEE 7L
T, OV, OfFELOBETIE, DEESDO RV —2AXT7 v 2754 |Y, |2 2K > 7175
T, V, £ LTETMELRD S, Z OIFHJE B BNES 2 2506k & LTIk L 72 7 #E T2 W,
%%i?é ﬁAmwﬁﬁﬁwﬂv—X&abnﬁiALsP#ﬁ7/7f%mu R&EE
D> 7 FHEATHEIMNS 2 Z 55, ILRMA Z578EHE
?@Hﬁ”&ﬁ%L%ﬁ7/7ﬁﬂkm%?% YT, X—3Ia7—>a U EEEIVA &D
b EAEEICENEE L DD, HEWIHNL e k2 THHES 2HEET 2 2 e TES. 22T, 1750
X35 |- 2 IIEEEOMME LR T.

ILRMA (28 2 7775 W, ok T, mBBEEakcE o KIER#ELFiEE AV 3
TN TES. ZORELFEIIRIENFE (iterative projection: IP) [4, 29] I, i€
KO BEARABLE [3, 30] & D B EEIPDLERPCRT 2 Z L ERIITREINTWS. ILRMA
B2 78ERY P w;, DEHRITIP 2ZHTRATEZ N 5.

Up+— -y ——xx} 2.23
Z Zk iknVkjn I ( )

Win, «—(l@QlEn) en (2.24)
(2.25)

NI

ZIT, e, €RY, B HBHOERSD 1, MEHEN 0O PATHZ. FHERZ PVEH
®ix, TEESEXATERT 5.

Yijn < Wi, Tij (2.26)

BHIRETN T, MOV, iZXOFEFRUREERF A TRELTE 5.

2 : i |Yijn § : ’ tik’nvk’ in Vkjn
7 | J ‘ ( k J ) J
tikn < tikn

(2.27)

Z ; (Zk/ tik’nvk’jn)il Vkjn
J

2 e, Y724
Zi |yljn’ (Zk/ LikinVk irll) tikn (2.28)
> Qg tiknVkjn) tikn
T, MOV, OEHFERIIHETE R, Z XX TEHT 5.

R, « T,V, (2.29)

Vkjn — Vkjn
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MEXD, 2hoonfTile SRETNOEHRKX 2R AICKET S 2T, K (2.20) 2K
IMET E 2. 2ZBOHEERIZ, XKROTud sy ar Ny 7k [26) ZEAT 5.

Yijn = W' (€n 0 Yij) = YijnAin, (2.30)

ST, Gijn = [Tijn1sTijn2, -+ Tijnm, - > Gignar |- € CMIER 7 — VHHIE# D 5TBEES O
(i,7) BEDT, Ain = [Xint, Ain2s > Ainms -+ > Ainar | T € CM IR —VHIEREL, K
Qo 3EZEBOETRT.

27 ARV MOV ZLEFEYE

Fig. 2.6 DEERD X 512, ZARZ 025 505 2RBERKZ Y v ROEKEHRAAY —(E
RRORMEZE 2 5. STFT %A U72Bc ik U= RBE0E, R ARG CIE BB D 2
R7 MVEFFEBTANCEAAL Z LIS T 2. Led-T, HARREREZY v ROk
Y —HITFEAEECB A, BEBGACHREESEENS. £, STFT @A L 72
DR 7 L= A DA —N—=F v A3, R EBEGES C R Mo RS (B3 2 R
7L — A HEWCHEDERE —HEATWAEE) 2ELXES. ZHUTE-T, H B
FEE Y v R DORE LAY (RGN 184, RGBSR EEh 2. R
Wz, IR T, SRR R T —E L 2 A E T TW R Z e HARTH
b, ZoHEMEZRRY bu s T AMEFEEE R, ZOHEMDS, R EREGEE T O 5
POESIHICE > THEINREDZ L 2 AR a2l Lo F)EFEMER. - T, Fig. 2.6
Dk EREEEIC—BEOROFIFELEARZ a5 A THD, ZOESITHIET 2HET
JEI AR ha 2T A& Fig. 2.6 O EXTH 5. KL BEEOME G HEIES DT —Di2
BPECTWSE Z MR TE .

ARY va T AMEFENE, TEDOARZ br 752X LT, Fig. 27D X512, #
STFT RO STFT %#t CHAT2 22T, HETZ2Z e TE%. 4, Fig. 2.7HD s 28
RO D 258 THS. 2k STFT $2 &, REFERKERO S OfcEHRIN .
CDARZ barZon ST, MorOESUE lE MR LGS, S EWwI AR v a s
LHPELENEN, TS F—HLUAREEPHIN, PELEARZ bR I 427> TW
5. 20 S IZEENST 5 R B IERFBEBICFE LRV, COFELLARZ trr5
L ST LT, W STFT 23 2 &, KHEERBERICBOTEFERARY br s A
S NI S A CHIEBIC AN, s BRSNS, LEdoT, FE - EXEMD
FHERE E IR D W H 72 5 27 b oo s, —E STFT %A L CRERfEBRICE L,
O STFT %EHA U TR OEEICEMRmT 2 22 T, EPERARZ ba s T A
WHITT BN TE B,

HRDED, W STFT B FELIARY b0 Y5 ARERERARY b Y5 METS
3. Hib, 27 va2s s Z OEFEEX

E(Z) = Z — STFT,(ISTFT4(Z)) (2.31)
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S 2 ISTF T (ISTFT 5 (Saxt)) |

Frequency

Frequency

Frequency

Time

Fig. 2.6. Inconsistent power spectrograms |Sart|* (left column) and their consistent ver-
sion (right column) obtained by applying inverse STFT and STFT. The top-left
spectrogram is artificially produced with random phase. The middle-left and the
bottom-left spectrograms are music and speech signals with random dropout.
Enforcing spectrogram consistency can be viewed as a smoothing process of the

inconsistent spectrogram along both time and frequency axes.
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Fig. 2.7. Spectrogram (in)consistency with STFT and inverse STFT.
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FEANDBAHHIZNETITH LT, RAL—I Y Z%PIT3 LI BN 725, Su &, NTH
WEo AR va o n (Fiabb, —HLAKEESERINATORVWFELLEARY
rarZS ) 2HRKT. Fig. 2.6 DL ERD Sup 1%, FODES ORREEIREZ Y v FOAIKE
BTl R HEOARZ b5 5 TH 5. Fig. 2.6 DEFRMUIE FHD S, EFNEFR,
HFREBLERESOETER AR b7 5 2 LTI ¥ X LISRA R EREZ Y v
RO =% 0ICLIZARZ bR T LTHS. Zhod, NLINRZUEEIMZ TWE72H%
JELEARZ v aZ o hbkoTW0Wb., ZABIKMNLT, ¥ STFT KO STFT Z@EA L3
DA Fig. 2.6 DEIITH 5. ZORITETL PG DR L —2 > 703, KB TOREE
BOREHHPEFERTIIEARAAIIK S Z L IGERLTED, FEREARDORL—D VY
X STFT OO A —N=F v 7> 7 bHFEERTRZ 5. ZOMELD, AXRZ +ar 7 LK
FIEMELX, ART 0 F T L0 HERER CEEESS OEEMEL @R 2 b TE 5.
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28 ART +ATSLEFEIEICEDC BSS

A TR ZARY b s AMEFEEE BSS ICHEAT 2, X—3I 27— a V8
BHLHEL, BERIHEIED Z 2L 2ICINT WS [25]. Fig. 2.8(a) & Fig. 2.8(b)
D |8, 2 1k, ZNThEREELHEREEORY —ZARZ s I702R LTS, T,
Fig. 2.8 @ |SP™™ 12 1%, [S,[2 o L CTREBYE > % |82 ¥ |So]? T ¥ & sic Ah#
ZBZET, R—Ia7—ya MEEATNCEZLEZDDTHS. X512, Fig. 28D
ISTFT,, (ISTF T4 (SPT™)) |2 1%, |SP™ |2 P ERARY bR 2T MEHBLIL ED
ARZ v arT A THB. FABBAROEGEIER SN, =3 27— 3 YEEND LI
i, EHO S, 2 CbTPTEIVTVWE IR Db, ZOX5B -3 27 —Yay
FIREDRERL FDICA % IVA 72 ¥ ® BSS I2BWT, FEDEEREOMm E2YR— T2
D, EERIICHEZRE I TV S.
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AFETIE, Consistent ILRMA IZBWTR—R & B3 EHEDEET7 L 2Y XA TH 5 ILRMA
DOHEFM O ZARY b5 AMEFEHICOWTIRRZ. XETIE, ILRMA ANDARZ fha 2
7 LEFEME DB I OW TN 3.
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(a) Music signals: guitar (top row) and vocals (bottom row)

|57

|51/
600 600

] | ' I
i~y | g el o e
<400 1 00 [N L
3 | a1 T
g #
3
g #H\_.. Ir
C ."-.l

Frequency [Hz]

Time [s] Time [s] Time [s]

(b) Speech signals: female (top row) and male (bottom row)

Fig. 2.8. Smoothing effect of spectrogram consistency applied to permutation misaligned
signals: (a) music and (b) speech signals. The left column shows the original
source signals |S,|?, and the center column shows their randomly permuted
versions, which simulates the permutation problem and is denoted as SF°™.

The right column shows the consistent versions of gperm),
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ARETI, 32HTARY bur 7 AP EEICHE S ILRMA 2B L 828R 5.
72, 33HTARY ba s s A EFPEHICHE S L ILRMA IZOWTHHT 3. 2L T, 34
HicaRZ b a s A EFEEOEICE 2 70227y a Ny ZOHEAICOVWTIRNS.
Z D1k, 3.5 HiTIRETETH S Consistent ILRMA D7 LT Y) XL%ZRL, 3.6 HiTAER
Fedb.

3.2 Ehi

SCHR [25] TlE, ARZ bu 27T AMEFEEERIEH L7 FDICA KU IVA MERIh TV 5.
ZOFETIE, FDICA % IVA 128 2 7HHTH W, o KIR#ELICE VT, 7HES Y, ©
AR sa TS LB ENY, RIEEHT2EICEEERALTVWS. ZOXRT ba s T L%
FIEMEDOHEMFICE T, 28 HITHBREZE DI, R—3I 27— a YHEZ XD SFEICE5E
TE, FRMICHERD FDICA  IVA Xk b b &EfEE R BSS 23AlREL 72 5. Z OFERIE, AX
7 ar o 7ML %5502 5FHEFRIHLT, A7 bu2rs s EPEEOBEED
FESHEE 2 A E X2 RE 2R LT W5, Z 2 TAGR T, FDICA % IVA DB
7D BSS FEL AT, XD EMEEREFEIREZEBL TWws ILRMA 0L, 3k [25] &
FREICARZ b a2 W EPELEEERBT 220, BRI2EHEIHHEEDHLEE B0 THh
BTN TR ERRZ @ L ChER T 5.

33 ZARY +OTJ S LEFEIEICEDC ILRMA

Consistent ILRMA TlE, AXRZ tu 7o 2P EEZHEMAT 20 %, ILRMA O
W7 ATV X LOBRBITEANT 5. kD ILRMA @ 73 BEAT5] O R AR fw (b 8 #r =X
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(2.23)-(2.26) XX NMF HIFRE T LD RERELFHEOR (2.27), (2.28) IZBWT,
Y, + STFT,(ISTFT5(Y,)) (3.1)

BAHEERFHATZ 2T, BRIODKBEIZBVWTARY va s A WP EEZHEEST 2. X
(3.1) &, Fig. 3.1 T X511, 7HEBSOARZ bu I 0 Y, 2BFEARY buar
FLDEENEHE L TWRZIINET 2. 22T, REDOKHNZ STFT, HEOKHENZ
ILRMA 1231) % 77T W, O AIGHEHT, B RKENE Consistent ILRMA 1IZH1F % X
7 va s LMEFEEOHER, BEDOKHENIISTFT TOHEEZAZNERLTVWS. Fi,
z BBHEEDOZRRZ b arS A, Xide DARZ v arSa, Y 30MES, S 3EEE
BEZAZHERLTVS. E->T, LY, PEFETHIUIN 3.1) EMbLTELT, Y,
WHEPDHIUZ, Figs. 2.6 LU 2.8 1TRT & 512, KM CREEBOW AR A L= ¥ 7H
5.

FROHLWAHOEAICKD, ZHOBRIOKEERICBVWT, FEHELLARZ bR
T LADEFERARY bl MIHEEINS. 2l &> T, Consistent ILRMA Tl
Fig. 3.1 ITRT L5, MRFELIV EOFHEES IO Z RO EHEMMrEDoND 2k
PR TE 3.
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ILRMA O#tEix FDICA ® IVA Ak, R (2.18) IRTEEMELH 2. v g, X
DOIHITH D; (RS 2 BBEEED 275 — AV RENZ, ZRHEBRARY buy s LETE
HEALTLZES. Consistent ILRMA TlX, D; IZEK T 2 XGRS DOE R R/ NRICIZ
578, BRI OREFHREICEWTK (3.1) 2175 EANS, K (2.30) 7oy =rsary Ny o
% [26) Z#EHT 5. £z, K (2.30) Ik >o THWBEE (2.20) DELEEIT 2 Z e Z2Fil®
2, MOZBBRD XS ICHIET 3.

Win < win)\inmrcf (32)
H
Yijn < WinTij

tikn tikn|/\inmref ‘2

ZZT, Mg 37V 272 a Ny ZIETHWR Y77 LV AF vy 2 NVDA VTV AT
H5.

35 ZILdUIXL

Algorithm 1 3R FiETH % Consistent ILRMA O 7 L3 XL TH3. 31{THTIZ,
R (3.1) s, DEHES Y, OERFEHEOHRLZIToTWS. 4, 5THTIEZhZN, R
(2.27), (2.28) iZ~d, NMF HFEETFTLVOIRATINT, £ V, OEHZIToTW05. 6-91T
HTix, X (2.23)-(2.26) 1Ry, TBEHTH W; O Z21T-oTwad. 101THTIE, 3 (2.30)



18 $3&F REFZE

Set of time-domain waves

Set of natural
T waves

Set of time-frequency domain

Fig. 3.1. Comparison between conventional and proposed ILRMAs, where arrows in red
show STFT, arrows in dark blue show iterative update of parameters in ILRMA,
arrows in orange show ensuring process of spectrogram consistency, and arrows
in purple show projection onto set of consistent spectrograms applied in inverse
STFT. Separated signal estimated by proposed ILRMA tends to approach to

oracle source signal S.

R, BEBEBOR Ty =V ARERERET 270070y 27> a Ny 7 E{ToTW0W3.
11-13 f7HTIE, X (3.2)(34) WRT, Tuvzr>arNy 72k 2 HWEE (2.20) ©
HOLEZEN T2, ZBW,, Y, RUOT, OMIEEZToTW53. Lih->T, kD
ILRMA ¥ Consistent ILRMA OEWX, 3THMF10-131THOEETH 5.

36 XEDFLY

ARBETIE, A7 va 2y 2 E\PEEZHEMEL 72 ILRMA OFEME Y 12 OWTBRRE X
BT, KETHRARIBRFETH AR bl o A EFENEZZE L7 ILRMA ¥, itk
DRARY " a7 MEFEMEZEELTORZWL ILRMA » O HBREBROERES 7T,



36 FEODFL® 19

Algorithm 1 Consistent ILRMA

Input: {xij}g’:ﬂ,j:p maxlter
1,7
Output: {yij}i:1,j:1
1: Initialize {T,,}N_; , {V,,}2_, {W;}_,
2: for iter =1,2,---  maxlter do

3. Y, + STFT,(ISTFT5(Y,)) Vr

—2
Z‘ Iyi"n|2 Z Cip/ Vst s Vkin R
4: tzkn — tikn J J ( k! ik’ nVE _iT;) j V’L,j, k,n
Ej(Zk/ tik'nvk/jn) Vkjn

—2
S lViin P (2o k tin/n Vit tik .o
5 Ukjn  Ukjn i yign 2 (T taat '”_"1) Vi, gk,
S (Chr tiwrnvnrjn) titen

6 U,, + %Z] mwwwg Vi, j,n
7: Win < (WZUzn)il €en VZ,??,
1
8 Win — Win (W Upwin) 2 Vi,n
9: Yijn < w%wm Vi,j, n
100 Yijn = YijnAin Vi, J; 10
11: Wip < 'wm)\inmref Vi, n
12: Yijn < wglazij Vi,j, n
13: tikn < tikn‘)\inmmf|2 \V/’L', k‘, n
14: end for




20

%45

4.1 LI

ARETIT 42T, /MERDODRARY vu o AEFENZEMAE LRV ILRMA LIERFIETH
BARY Ay o AMEFEEZEGET 2 ILRMA ¥ OHEBEBROSE 27T, £7- 4.3 fiT,
KERDER BEREHRARS. ZLT, 448T, XEE2ZLD 3.

42 RERZFMH

RRFETHLART bar s P EEZHRT 5 ILRMA OFMMEEZHERT 57201,
BSS OMREEERD AR T v a7 T 2MEFFEEEZHE L 20 ILRMA L7z, 2 2T,
FIFHIC AR s a7 S AMEF EEOEROAIICER S 2 R DOEVDAZFHEST 2729, it
HKFEZ Consistent ILRMA 226K (3.1) DB OAZEWED DL L, ZOMOEMER
T Consistent ILRMA r#i—U7. FEECIE, XHE [31] ML <, Table. 4.1 IR T HEE
FAr EREEE4EMNEESR (L V2 EE) 2 E W, Fig 4.1 124 Y o0V ARG
EOIERERE 2R, FHIEIZE TR EAL (source-to-distortion ratio: SDR) [32] D2
BEMWEZ. 2Dl FEERZEME Table 42 IT/RTHED TH 2.

43 HERFER

Fig. 4.2 1%, Consistent ILRMA D& KEIZH T 2 FERD DL XL F —HD RIEEEDE
fto—fltchz. ZZT, Mt |EY))2/IX|3 FO X KEY FEhzh X = [ X, Xo] KT
Y =[Y1,Ys] ZEL, £ DERIINX (2.31) WREINTWS. FEHT O HILF —EIZRKIE
BV TRELHENT 200, REBRFTEEDHEIICELTWVWS. ZOZEeh b,
Consistent ILRMA DFGELNTE 272 T JERRANLFET 2T 2R TE 5.

Fig. 4.3 1%, MEFEOEKEICBIT 2 a2 MEEMEOHITH 5. a2 bEIEIER (2.20) 1<
MENTWS. aX MEKIE, DIPIKEATZ2I23HoTH, RELEFTZZ 3R
, RIBOPET—EDMEIINKLTWS. 2D 5, Consistent ILRMA I2BWT, &
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Table 4.1. Music and speech sources obtained from SiSEC2011 dataset

Signal Data name Source (1/2) Lnegth [s]
Music bearlin-roads acoustic guit main/vocals 14.6
Music  another_dreamer-the_ones_we_love guitar/vocals 25.6
Music fort minor-remember_the name violins synth/vocals 24.6
Music ultimate_nz_tour guitar/synth 18.6
speech dev1_female4 src_1/src_2 10.0
speech devl_female4 src_3/src_4 10.0
speech devl_male4 src_1/src_2 10.0
speech devl_male4 src_3/src_4 10.0

Reverberation time 300 ms

Reverberation time 470 ms

R o Source 1 "7 —__Source 2
Source 1 -~ . Source 2 /‘ ‘\
505 | 50° 60°" {60°
5.66cm 5.66cm

(a) E2A impulse response (b) JR2 impulse response

Fig. 4.1. Impulse responses used in experiment.

Table 4.2. Experimental conditions

Window function
Window length
Window shift length
Number of bases K for
each source in ILRMA

Hann, Hamming, and Blackman window
64, 128, 256, 512, 768, 1024 ms
1/16, 1/8, 1/4, or 1/2 of window length

10 for music signals

and 2 for speech signals

U W,: identity matrix
Initialization of parameters
T, and V,,: random values in the rang (0, 1)
100

5 with different random seeds

Number of iterations

Number of trials

Reference channel mef 1
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Fig. 4.2. Values of negative log-likelihood function (2.20) of proposed consistent IL-
RMA+BP (window length, 256 ms; shift length, 32 ms).

7
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Fig. 4.3. Examples of normalized energy of inconsistent components (|le(Y)||3/||X]|3)
of proposed consistent ILRMA for music 1: a 256-ms-long window and 32-ms
shifting and b 1024-ms-long window and 512-ms shifting, where X = [X1, X3],
Y = [ Y1, Y2|, and &(+) is in (2.31).
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(b) Results of music signals with E2A (shift length: 1/8 of window length)
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(c) Results of music signals with E2A (shift length: 1/4 of window length)
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(d) Results of music signals with E2A (shift length: 1/2 of window length)

Fig. 4.4. SDR improvements for music with E2A (a) with 1/16 window shifting, (b) with
1/8 window shifting, (c¢) with 1/4 window shifting, and (d) with 1/2 window

shifting, where “Conv.” and “Prop.” respectively indicate conventional and

proposed methods.
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(c) Results of music signals with JR2 (shift length: 1/4 of window length)
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(d) Results of music signals with JR2 (shift length: 1/2 of window length)

Fig. 4.5. SDR improvements for music with JR2 (a) with 1/16 window shifting, (b) with
1/8 window shifting, (c¢) with 1/4 window shifting, and (d) with 1/2 window
shifting, where “Conv.” and “Prop.” respectively indicate conventional and

proposed methods.
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Fig. A.1. Average SDR improvements for synthesized music mixtures (music 1-4) with
E2A, where Hamming window is used with 1/16 length in STFT.
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Fig. A.2. Average SDR improvements for synthesized music mixtures (music 1-4) with
E2A, where Hamming window is used with 1/8 length in STFT.

Fig. A.3. Average SDR improvements for synthesized music mixtures (music 1-4) with
E2A, where Hamming window is used with 1/4 length in STFT.
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Fig. A.6. Average SDR improvements for synthesized music mixtures (music 1-4) with
JR2, where Hamming window is used with 1/8 length in STFT.
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Fig. A.7. Average SDR improvements for synthesized music mixtures (music 1-4) with
JR2, where Hamming window is used with 1/4 length in STFT.
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Fig. A.10. Average SDR improvements for synthesized music mixtures (speech 1-4) with
E2A, where Hamming window is used with 1/8 length in STFT.
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Fig. A.11. Average SDR improvements for synthesized music mixtures (speech 1-4) with
E2A, where Hamming window is used with 1/4 length in STFT.
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Fig. A.12. Average SDR improvements for synthesized music mixtures (speech 1-4) with
E2A, where Hamming window is used with 1/2 length in STFT.
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Fig. A.13. Average SDR improvements for synthesized music mixtures (speech 1-4) with
JR2, where Hamming window is used with 1/16 length in STFT.
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Fig. A.14. Average SDR improvements for synthesized music mixtures (speech 1-4) with
JR2, where Hamming window is used with 1/8 length in STFT.
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Fig. A.15. Average SDR improvements for synthesized music mixtures (speech 1-4) with
JR2, where Hamming window is used with 1/4 length in STFT.
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Fig. A.16. Average SDR improvements for synthesized music mixtures (speech 1-4) with
JR2, where Hamming window is used with 1/2 length in STFT.
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Fig. A.17. Average SDR improvements for synthesized music mixtures (music 1-4) with
E2A, where Blackman window is used with 1/16 length in STFT.
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Fig. A.18. Average SDR improvements for synthesized music mixtures (music 1-4) with
E2A, where Blackman window is used with 1/8 length in STFT.
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Fig. A.19. Average SDR improvements for synthesized music mixtures (music 1-4) with
E2A, where Blackman window is used with 1/4 length in STFT.

—_—— N
ONPRDIOCONIANOO

T T T T T T T T T T T 1T

_— N

—_— N
ONPDIOONPANIOO

T T T T 1T T T T T T T 177

_— N

Window: 64 ms

= H
(T}

—
I S S S S S N S |

1 1

Window: 128 ms

HI H
H T H

T T T T T T T T T T T 1T
I S S S S S N S |

1 1

Window: 256 ms

~[H
~{H

T T T T T T T T T T T 1T
I S S S S S N S |

1 1

Conv.  Prop.
Window: 512 ms

Conv.  Prop.
Window: 768 ms

Conv.  Prop.
Window: 1024 ms

ik

T T T T T T T T T T T 177
) I I S N N N N S N S —

1 1

3§

T T T T T T T T T T T 177
) I I S N N N N S N S —

1 1

T

[k
1 Tb

) I I S N N N N S N S —

F
F

T T T T T T T T T T T 177

1 1

Conv.  Prop.

Conv.  Prop.

Conv.  Prop.

Window: 64 ms

Il
)N N N N N S S —

1 1

Window: 128 ms

T T T T T T T T T T T T T T
-+
-1 -
1 1 1 1 1 11 1 1 1 1 1 1 1

1 1

Window: 256 ms

[ H
[H

T T T T 1T T T T T T T 177
)N N N N N S S —

1 1

Conv.  Prop.

Conv.  Prop.

Conv.  Prop.

Window: 512 ms

;

T T T T 1T 1T 1T T T T T 177
) I I S S B

1 1

Window: 768 ms

- [H

) I I S S B

H TH

T T T T 1T 1T 1T T T T T 177

1 1

Window: 1024 ms

T

|

1

T T T T 1T 1T 1T T T T T 177
) I I S S B

1 1

Conv.  Prop.

Conv.  Prop.

Conv.  Prop.

43



44 {488 A Hamming window BT Blackman window Z W35S D LEERERER

o Window: 64 ms Window: 128 ms Window: 256 ms
-c 20 T T T T T T
= 18r 4 F 1 F .
: ol I I %
QE_, 12 1T a*g .
> 10+ 1 F 1F =
e o D)0 B
a L 1L b L d
E 4l B L]
x 2r 1r 1T .
a 0r 4 F 1 F .
0w -2+ 4 F 1 F .
o 4 17 1T )
@ Or 1T 1T 7
s 8f 1T 1t .
>_10 1 1 1 1 1 1
< Conv.  Prop. Conv.  Prop. Conv.  Prop.
o Window: 512 ms Window: 768 ms Window: 1024 ms
'o 20 T T T T T T
= 18+ 1 F 1 F .
B . 1 A
Fhn ol gl A
3 91 1] . i
S gl 1L 1L d
E af i 11 t ]
xr 2r 1 1 .
o 0r 1 F 1 F .
n -2t 1t S 1
o A - 10 .
S o 1f = 10 1 ]
g)_'lo 1 1 1 1 1 1
<

Conv.  Prop. Conv.  Prop. Conv.  Prop.

Fig. A.20. Average SDR improvements for synthesized music mixtures (music 1-4) with
E2A, where Blackman window is used with 1/2 length in STFT.

Window: 64 ms Window: 128 ms Window: 256 ms

14 - 4t 4 8
12 4t 4 8

_6 = 4 L I I -

_8 = 4 L I I -
_1 0 1 1 1 1 1 1
Conv.  Prop. Conv.  Prop. Conv.  Prop.

Window: 512 ms Window: 768 ms Window: 1024 ms
14 1t 1t

ieoalie 0l 9

S o 0o
T T T
1 1 1
T T T
1 1 1
T T T
- {IH

+ T
1 1
T T

1

1T 17 |

1 =+ 1F 1 4
_zk I I 4 -
_4k I I 4 -
_Gk I I 4 -
_8k 4 4 .

_1 0 1 1 1 1 1 1
Conv.  Prop. Conv.  Prop. Conv.  Prop.

Average SDR improvement [dB] Average SDR improvement [dB]

Fig. A.21. Average SDR improvements for synthesized music mixtures (music 1-4) with
JR2, where Blackman window is used with 1/16 length in STFT.
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Fig. A.22. Average SDR improvements for synthesized music mixtures (music 1-4) with
JR2, where Blackman window is used with 1/8 length in STFT.
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Fig. A.23. Average SDR improvements for synthesized music mixtures (music 1-4) with
JR2, where Blackman window is used with 1/4 length in STFT.
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Fig. A.24. Average SDR improvements for synthesized music mixtures (music 1-4) with
JR2, where Blackman window is used with 1/2 length in STFT.
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Fig. A.25. Average SDR improvements for synthesized music mixtures (speech 1-4) with
E2A, where Blackman window is used with 1/16 length in STFT.
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Fig. A.26. Average SDR improvements for synthesized music mixtures (speech 1-4) with
E2A, where Blackman window is used with 1/8 length in STFT.
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Fig. A.27. Average SDR improvements for synthesized music mixtures (speech 1-4) with
E2A, where Blackman window is used with 1/4 length in STFT.

Window: 512 ms

Window: 64 ms Window: 128 ms Window: 256 ms
T T T T T T
T i ST ]
L 1L T O i
IR A 1L ]
|- — |- — |- L + —
1 1 1 1 1 1
Conv.  Prop. Conv.  Prop Conv.  Prop.

Window: 1024 ms

- H - T L |

I Q 1L 10 ]

B0 Bg
| | [

L 4k | 4k 4
\ \ ‘ ‘ ‘
ool 1L o1r 1 1 4 L . 1 4
1 1 1 1 1 1
Conv.  Prop. Conv.  Prop. Conv.  Prop.

Window: 64 ms

Window: 128 ms

Window: 256 ms

L 4k 4L [
1
- 1L L } L]
L L1 L 1L | +
1 1 1 1 1 1
Conv.  Prop. Conv.  Prop. Conv.  Prop.

Window: 512 ms

il

Window: 768 ms

Window: 1024 ms

Q T

L 15 ‘ 1L Q d

L IR 1 d

L1 1L i .

|- — |- — |- L —
1 1 1 1 1 1

Conv.  Prop. Conv.  Prop. Conv.  Prop.

47



48 {488 A Hamming window BT Blackman window Z W35S D LEERERER

o Window: 64 ms Window: 128 ms Window: 256 ms
o 16 T T T T T T

g 14 1 F 4+ e
£ 12 1 F 1r - —
o 10 1 F 1F ﬁ .
S gl 1t 1t .
a

g0 Ol DL U
x 4r | 1 1 9r .
[a) L L] IR L
g 0 + P " + 77 1L 1
21 1F 1r 1
g _4 1 1 1 1 1 1

< Conv Prop Conv.  Prop. Conv.  Prop.
o Window: 512 ms Window: 768 ms Window: 1024 ms
o 16 T T T T T

g 14 - 1 4 r e
S 12 - 1t 1t .
o 10F 1 F 4k e
© 8+t 1 F 4k e
a _

E 6f 1E T T 1
x 4 gl E ﬁ I .
gal o D4 g b
o 0F Tk 1+ T
g o 1L S L 4L A
g _4 1 1 1 1

< Conv.  Prop. Conv.  Prop. Conv.  Prop.

Fig. A.28. Average SDR improvements for synthesized music mixtures (speech 1-4) with
E2A, where Blackman window is used with 1/2 length in STFT.
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Fig. A.29. Average SDR improvements for synthesized music mixtures (speech 1-4) with
JR2, where Blackman window is used with 1/16 length in STFT.
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Fig. A.30. Average SDR improvements for synthesized music mixtures (speech 1-4) with
JR2, where Blackman window is used with 1/8 length in STFT.
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Fig. A.31. Average SDR improvements for synthesized music mixtures (speech 1-4) with
JR2, where Blackman window is used with 1/4 length in STFT.
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Fig. A.32. Average SDR improvements for synthesized music mixtures (speech 1-4) with
JR2, where Blackman window is used with 1/2 length in STFT.



