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Linear blind source separation using time-frequency
mask obtained by harmonic/percussive source

separation.

Soichiro Oyabu

Department of Electrical and Computer Engineering

National Institute of Technology, Kagawa College

Abstract

Time-frequency-masking-based determined BSS (TFMBSS) is capable of liner
(distortion-less) multichannel source separation based on a time-frequency mask, which
is given as a source model. In this thesis, I aim to achieve linear audio source separation
that employs conventional monaural source separation techniques. In particular, I
propose a combination of TFMBSS and harmonic/percussive sound separation (HPSS)
to achieve the linear separation of drums and other music instruments. The proposed
method alternately updates the separation filter in TFMBSS and the time-frequency
mask in HPSS as an iterative optimization. However, since the time-frequency mask
drastically changes in each parameter update, the source separation performance becomes
unstable. To solve this problem, I propose a smoothing process of the time-frequency
mask.

The source-to-distortion ratio (SDR) improvement was 4.68 dB with conventional
nonlinear HPSS. In the proposed method using TFMBSS and HPSS; it is experimentally
shown that SDR improvement increased to 11.0 dB with the benefit of the linear

separation mechanism.

Keywords: time-frequency mask, smoothing, audio source separation
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R B Y A% v 2 BD < IEE BSS (TFMBSS) 1, HHETLVELTHEAOND
R Y A 7 12D W THIE D (BEADDRN) £F v 2AVEIRSHENTEETH D, KNif
XTI, €/ INVOFERDEFIETERT 2 REARE~ A2 % TFMBSS O&FEET V&L
THEAT2Z L2k, B/ INVOFHFESHTIEOKFEFBEBY A2 2R T 271717 %
EPUODOESERSENMEZERT S22 HKE T 5. Kz, TFMBSS & T 8E 5
#t (HPSS) #MlAadbt, NI LLMOBBOMELMEFEHT S L2 IBET 5, REF
ETIE, KEFHEZITW HPSS 12 & 2R EABRE~ A 7 2 ZIRIIZEHR LTV D, ZOR, &
KEF DY A7 PR E LT T 2720 FHESFEERILZE L RN WS REDRHAET L. Z0
MR % R 2 72012, BREERBY A7 DAL=V v I Z R T 5.

WD IR 72 HPSS TlE, [F5MEAL (SDR) B &2 4.68 dB TH - 7248, TFMBSS
ERHWREETE, LM OREIZL->T11.0dB FTEEN A EL .
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1.1 FROBEOER

HIHEDBEE L, BUHIL 7252 RAEEE»S, RATOES2HET 28 ch 5. BRWA
FIAH% Figs. 1.1 KO 1.2 1087, SHESHOHIE UTETERESITHT 2 0MAET S
h5. BEFEEBINTIHMTE, BEEEIOMEE2REAL CTERZT2IH T 2MELE
FODHEY, EHRADRRTEE2IT > TVAIRA T TEMAZ L ICHM LI T2 X5 REE LS
HONEMREDNDHL., TNS5DFEDEFR—2are TR, AXN—hAE—H—%FV¥
= a VAT LIRS EREEN WS OINEERZTWA T, HEnEREENS
BEGETIEANGEORBRENE L AT T 2L WO MENFEL, HZOERAN RV
D7 BREFEGHEBANTE UTRODONT WS ZEREDVEITLND.

£S5 =20l LTHEERESIZHT 200D 5. SHEESICNT 208, HEEHIL-
FREBNPOET /), ¥X—, FIL - VD LK BRTLIZHNEET 5L WO EBIENE
TH5. INSDOMEDEFR—2are U, EETIE, BEEHOA—T 1 4 OEGHE
EAD2E&ORVIVIAIUEREREINTE D, A—T 1 AmEETD LR —PITEHH
TLOEMERSEEREBLEL L TWS I EEREITLNS.

Y (( )
Navigation system Smart Speaker

Fig. 1.1. Application examples of source separation for speech signals.
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Fig. 1.2. Application example of source separation for music signals.
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Fig. 1.3. Overview of blind source separation.

ERo &Sz, FESMEMIEF=—ANEGE>THD, TNH6DXAT 2T 5121
EREE R TR T EARD o NG, Z O S 1990 FERP S SHETH 5 W 2 FH i
FEMREINTE . TOHFFEDPHMFIEOFTTY, Y1 70K PHIHONESE O FHTFHR
DN WS EMETT, BBOBESENMESG UZREAE» SRANONHS 2HET 5 L D%
NEETIEE T T4 REESHE (blind source separation: BSS) &\W5. 774 v REHFESD
BEOME % Fig. 1.3 12R7. RHMOEAR A (X1 270K P HFEMEPREDO R L1
7L CTEAL) PHREEENERING. ZHIHLTREAR ADYERTH D 0HER%
ELUREGR AICHEHATSZ L TROEREMET 2L WHLHMATH 5.

BRI~ 1 7 1R DD EIBE L & 72 2 EPESAE T TOHFFEIHCIE, FIRESHO
RN DIRE I D K FEAS Hu o T Wb, FlZIE, M4 247 (independent
component analysis: ICA) [1] % J& R 28 H U 72 J& B ICA (frequency-domain



12 XWXICHBITHERE 3

ICA: FDICA) [2] ®, FDICA 255 /8— 3 25— = L [3] % 2 & [ kT
2N R 27 MV (independent vector analysis: IVA) [4, 5] K OMNAK T > 27 155153 K
(independent low-rank matrix analysis: ILRMA) [6, 7] DML I TV D

LR BSS & IEAE ST 5 HTE (FRET V) ICHESWT A= a7 —va vl
BEMRLTED, FHETNVOZLMIZ L > TFHEOR UE LRI 50T 5 &R
TE5. BIAE, TVA XFE—&FHO BB BRFHIR N AT -2 FOZ L 2HELTE
v, ILRMA ¥IEEMEFTHIR 72 % (non negative matrix factorization: NMF) [8, 9] %
W5 Z & TH—F RO EIRBRGENME T V712 b Z e 2 ELTWS. Hib, XhREW
HIRET IV 2 BSSICEATENE, L@ ER T EIGEonNs WLV H L. Iz
RS BDIZIIRLDFRETNOLBIEETH D, WAWEIRETIVINIGTE S#EtT
VT XLDIFET 278 5 I XFIRET VOO I X MERIZEL S

ZOF#EALT VT XL DOBEWITIG U T, EHEs s b E [10]-[13] 2 W TiRA W
JHET IV EM—INZIZKZ D BSS 7TV XLNREI N [14]. TOFIETI, THEEMAZE
DWEAETEZHFFRET LV THNREED LIS BRETANTHRS ZLHTES. ZLT, ZDEH
EHF#IZZ K OB ERET VICBWTBMELELE LTHA 5 2 LW TE, RHERE~ A
FUTE UTHMIRARETH S, T OMHIZEED < BSS BRMERE~ Ax v 712 O 18
PLE BSS (time-frequency-masking-based determined BSS: TFMBSS) [15] TH b, I %
THRE GG L LT IVA OFHEE T A= ZAVEZ B L 72 28— 2 IVA [5] DRIEA
BMEEENTWS. 74, TFMBSS &HMld 2 Fike UT, #ighBBIZE S < IVA O8I
MR T — DHEEEE V5 ETIVR—Z IVA [16] BREI LTS A, TFMBSS &
(a) BoB b IZinED L2 WS &, RO (b) MZMERRAL & W D IREHIMH A % B A 2 1D
2MTRES LS.

1.2 XWXICBT2ERE

TEFMBSS &, RREEEE~ A7 IZEDWTHIED (EADDLN) £ F v 3 )V EiH 0 M
WHEETH B LATHI TR AY, TORRZTED LT, A TR AR~ 227 O —4fl
CEUTRAEEZMHKG RS ICAMT 2E ) INVOFES BT IETDH 2 BT S 5 i
(harmonic/percussive source separation: HPSS) [17] #H\ 7z TFMBSS #2%£4 5. ZD
REFEOMAFHEIINT B HAEE Fig. 1.4 1239, HPSS BARTO /3 TIEMEREDE <
HDOEADEL W=D, HHE LU TOEMMENKRESELRDbITLES. £Z2 T TFMBSS %
FHWT, $ERAM7 A VR THELF v 2V ERDHEE UTHEET 5 Z & TaEmMitE% Kb
WEDBRERBAME 2E2 2 L2 HNE TS, ik, HPSS IZHEDODWTWAZ en s, i
B BEDLF ¥ 2VEESBICRHTRETH Y, BRESOMNT (2 —F - FUKR - &
BEEDHETE) FITINATE 5. 72, IREFETIX, TFMBSS O KA Sl b 2 R R~ 2
TDAL=Y VT oI TEATHI LT, JOLELLEERIMPTIEE 25 2 L 2R,
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Fig. 1.4. Scope of this thesis.

1.3 AW DIEMK

9, 2ETIR, FEESUEICE W TEAN LTS BRI 7 — ) 22448 (short-
time Fourier transform: STFT) IZOWTHHL, & SIZBHEDOBFETEE LT HPSS XU
TFMBSS OB ZEIZDOWTHRAR S, 3 ETIE, RKXDEREFEICB I3 2BHOT VIV X
LOWEIZDWTHRA, HEBERFZTS. 4 BT, 3HOMRETITH L BIELLTA
L=V VT FR U I OBREIZ LD ESOMEEZITS. b ETIE, 3ERV4ELZEEA-K
TR IR R FIE L MM DR T L & VERE LI EBR 2 1T Wl 9 5. mRIZ 6 =TI, $RNTOE
ERIEL-AS 28R 5.
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21 STFT

STFT &%, 1 OWHEES%Z 2Rt ORHAKBES AT THS. STFT
DIFEDOE % Fig. 2.1 IZRF. KEEHEOGESE2EEOES (7Y Z£ME) 24EL,
BREUIAEEE2A—N=Fy T2FEELRPOMAEOES (YT ME) Z&i2¥ 7 b Uik
7=V IEMEHEGT 5. ZORNERBEMERET S I L THIHD REGMEE AL —XIZLTW
5. IS DOEELD, R & 0 AZEBRBORABEBANR 2 MudEons. ZoXZ b
IV 7% Rl CaEiAs L1741 & U Tk S 2 & TR & B /5 DI H % £ - 72 2105 5038 5
N5, INaEARZ vaT I LR, FESHEMIZESWTIE, ZOAXRZ AT T L%EF
BUHEDONR L TE2ONRATH 5.

4 Time domain " (Time-frequency domain
Time waveform X
IR LA i 1 =
| | ! | | (&)
C
o)
[N -}
log LHLEL
I o
/' L
Wmdowmjbwwwww Dlscrete Fourier transfprm Time >
functlon/\ Spectrogram |
I\ Discrete Fourier transform (Complex matrix)
Shift length b
Wftransform
\Fourier transform length VAN .

Fig. 2.1. Overview of STFT.



6 B22E EROFRIBMFE

22 ERAL

HIFRS BT v 2V (x4 270FR 08 220NN RO M &L, £F ¥ 1 I)VOEHE
65 % STFT LT o2 RMEEREEO HRES, BHESROPEMES 2T TH

8ij = (sij1, =+, sijN)T ec¥ (2.1)
xij = (Tij1, -, xijM)T ccM (2.2
Yij = (Yij1, -+, yiyn)T € CV (2.3)

EERT. 22T, i=1,--- JTEAEBA YT IR, j=1,---,J KA YT I A, n=
L ,NWEEES VTR, m=1,--- , M ZEFr2x V17T 2%xr0L, & 3iRE2RT.
7, BRIESOEFEARI busS0% S, eC™, X, eC™, RUOY,cCH t£¥. Z
T, CRIEZEBEROESTHE. ZNoDIFFIOERIIZENTN Sijn, Tijm» K Yijn
Th5.

BARVBVERETH D, KFHEAKRBES COERERFES TRETES LKET

5L, AMEBEORALRERREEITH A = (an, -, aiy) € CYPN (22T ay, =
(aint, “++, Ginn)t WEFFROAT TV VIR ML) BEHTE, BIES L FEESD

FfREZRATRETES. 22T, A, ZIEORIR, 1 7ok y OMEROTEDKEYE
BWIREDE®RDP SRBFE S AT LTH 5.
Tij = A;Sij
ai1n 0 GiN1 Sij1
=\ : : (24)

a;imM cr AiNM SijM
ZORAGET IV, KAZESROKERMD STFT OBK L D B FoHWEGE IR K
VFH. ZDLE, M=N 7D A BENTHIE, SN2 MV wiy = (Wi - Winar)T
THER S 0B DT A7 =Wi= (w1 - win)TeCVN PIEEL, DEHERIZRA TS
Zohd.

Yij = Wiz,
Wil vt Wil Zij1
= : : : (2.5)
WiN1 * WiNM TijM

22T, M FTor s — MEE, TIREERSEERT. BIRERME BSS T, X (2.5) oy
BT W, 2 2R (i=1,-- 1) IZBVWTHET 2 Z e RKNZEEE 2 5. DEHES
yi; &, REGBS oy (I8 U CAERBEBO ST ERU S Z L TfEINS 2D, KX (2.5)
XD HFRDBEIIRIE 7 « VXX BB L EMiTH D, ARMEOEWDEELTRETH S, H
U, W, IZ N = M OFMFE2EZSBRINVEFELELRWED, X (2.5) OF RS MEIXEYE
Zt (N < M) TORBEHAABETHD (N < M TIEERDHHTEDIRGCIEMZ#H L T
N=M=tr753).
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Low quality (

N
* Monaural j%%f -’1mmMMWM
o,

Number of channels =1
\Monaural recording Monaural signal (1-ch) /

" N
+ Under determined » =
Number of sources > Number of channels Rxch Wmm

\__Music CD Stereo signal (2-ch) /

~
1Ch msronskpbb b
¢ Over determined/Determined 2ch meww
Number of sources = Number of channels Meh mw%mm

High quality

\Microphone array Multichannel signal /

Fig. 2.2. Classification of audio source separation techniques based on number of channels

of observed signals.

23 BHAEBESOF v RIBICE T 2EFROMFEDOR D

BRI WTAHAROFRDOF ¥ A NVEDENVIZLE DXV HFELEL ZTOME%E
Fig. 2.2 IZRT. Fy¥ 2IVER D054, €/ IVOEFFRSHE NS, #ilk LT HPSS ¥
HIZMEAT & L8 b NMF [18] B IFond. —F, BEF vy 2V THREINES%
MR ETHEEE, Fr 2IVEREEEE DR WEGES (N > M) &, #IZF ¥ 32 IV IR
DEDEE (N < M) BEZS6ND. FiHIFHRESRM, HBHIZERESRML LHIEN, R
BERESRMFDOEHEDHEIEN (2.5) DX D ITHIEDBET « V& W, DIRERRT & % 72 i & E
Thb. BREFMFOFHEIEOH L LTI, ICA, IVA, ILRMA 2 EREFLNE. F¥
FIWEINDIRNE WD T U, RIS T HEMEND LR NE NS T TH L7720, F ¥ 3V
ﬁ¢ﬁhi8%ﬁﬁ%il%f%@ HFENHNT D, TOD, EMMENEE L 55 HERES
FCR, EAEEICRODPERE/ IVOERERSMFEZEHLTCY, SEIMESZAHTE
HWNGEDD D.

2.4 HPSS

HPSS &%, FARBRECHEROZTORIFEARZ vu s I LORBIZEH LT, RES%
PG LT RE NS 2 FIETH S, HPSS O E# Fig. 2.3 12537, BRI, HRIEA
R M7 T LDV E TR A 52 (Fig. 2.3 FORKH) THO, FTRFIZEEH
T DRI IE S (Fig. 2.3 HOEMKH) THD, LW RICEHL THME%17
5. ZIT, B/ INVORERES, HMINZHKES, SMINITRESOEZEARS b
05 LEZFNEN BeC, HeC™, RO PeC™ r#&$. ik [17] ® HPSS T,
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Harmonic instrument

VO,

Percussive

component

frequency

Percussive instrument

B

. t|e _ ]
Mixed matrix

| oo e T

Percussive matrix

Fig. 2.3. Separation principle of HPSS.

RAEE B2 H e PAEET 5720, & (2.6) DHMESE H KT P ICB L TR/A
tt3

2 2
J(H,P)=>" {’YH (IhiG+0) 72 = 1hiz1*°)" + e (Ipaig)1™° = pig|*°) } (2.6)
i
ZZT, hij &Upij FENETNWH KO P OEFZETHY, Y >0 36 vp >0 IR IEANDEH
BMRETHB. 2B, R (26) DRMEIZBWTE, & (2.7) KT (2.8) 1075 S N BHKEIEDS
MELoN TV,

i = [has| + |pij] (2.7)
arg bij = arg hij = arg pij

A (2.6) DERAMET B hyy B pij 1E, RADOKEEHFAELTD i LT jIZOWTHEDIEL
RIS THETE S (17).

1y |5 = i (|hgn)3 1”2 + lh—1)]°)] big]>°
ij

_ (2.9)
2 2
\/’YH2 (h s 1°° + 1ha—071°%) " + 9P (IPig+1) | + IPi—1)[°®)

05 _ e (Ipigi+)|*® + IPig-1)*®)] b3
2 2
V2 (3123 + 1hos10%)* 4702 (i 4]0 + [pi-n]©)

|pij (2.10)
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Algorithm 1 TFMBSS
Input: X, w[l], y[l], Wi, fo, &
Output: wlk+1]
1: fork=1,--- K do
2. W =DIOX,, 7 [WW — ,ul,uzXHym]
3 z=ylH 4+ X (2w — wit)
40 y=z—-M(z)0z
5.yl =ay +(1—a)y

6: whtll =aw + (1 - a)wl

7. end for

2.5 TFMBSS
25.1 TFMBSS D%

SCHR [14] TR, BRESRGETOHLWERDH 7 L — LT =M REINTWS. ZD7
L—2L7U—27Tl, FDICA iZf56hDFRET NV EHEAL TN —I a7 —Y 3 V3] 2
[m#3 % BSS (IVA ® ILRMA %) Z2#i—WIZMIRL, FIRE TV % plug-and-play Cif A
TELZT7NT) XLWEHINTWD., AFIETIE, EEOMRELE [10]-[13] 2 IFIENS
BEATNVT) A LZ2EHALTED, HIZIEIVA TIREINSEHEJRE TV EH W BSS T
&, HERD IVA & FFEE DS IRBEZ BHEIER L TV 5.

S SIT3CHk [15] T, EEOEZEDEET L — L7 — 2 hOEIEE TIVITHAET B i A
BT A0 X v 7 UTHIRTE 2 Z LICEHL, REARE~Y A TREI NS EHRET
)V % plug-and-play TG AIHEZR BSS 272 I1IZIBELTWa. KTl Z g TFMBSS
RS, TFMBSS ®7)V3Y X% Algorithm 11289, ZZ T, Algorithm 1 10D X 3%
F v AVBHESDOERARZ b0 I 0 (X, , Xy) PoBRSNLERTITHY,
w TR D HEATE] (W, - W) 2RI MULUEERRZ MV ThHD. £z, 0
BREOMERT. Zh o2 A8 Algorithm 1 HOKZEE - B OFEM 7R E 130k [14, 15]
IZREL W, F£7z, Algorithm 1 @ 4 f7H® M(z) 73, TFMBSS THW &0 2 R A~ 2
ITHD. TOTIVITY ALTI, LKz 25188 Uniiz X SIS 2 £ 5 2R
WA ZBRITEBM 2ERETNVEUTEHTSZLT, TOETIICHIL 2 &R B
DWERIND. N, YA7OEHR M(z) % FiioMIC B Wiz R EEE LT
LR T E 5 [15]. fE> T, TFMBSS Tld, HESHEZEET 2 & 5 2RI~ 2 7 %
RIBIM(z) ZHHIZANEZ D Z LT, A RGRETVEE AL BSS ERI NS,
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Time-frequency mask

Spectrogram of mixture signals or extracting red source

A

= : i3
N s = N
I g : I
) $ X )
c : 3 c
D @ " 3. S ]
=] y—> S 5 7 9 =)
o g = =3 2 =3
) St 3 S o)
— 1 g 3 = % —
v =< SCES S IR w
Time [s] /’ Time [s]

Black and white show zero and ones, respectively.
(a) Mixture signal and time-frequency mask for red source

| Time [s]

(b) Extracted red source by time-frequency mask

Fig. 2.4. Overview of time-frequency mask.

252 BERBRRE<AD

e R e A 27 1%, BHESOH 2 ERIIH U THNOSESBEFEL TWE R E S
MERT AT THD. VI NIAZTHNUL0DS 1 FTOMETHERSh, N1FU~
A7 THNE0 £/21E 1 OETHREINS. ZOME% Fig. 241277, Fig. 2.4 (a) 28
WTC, 7%, % BOFENPSKIBEEENSROFFEOAZMOE LWL E, FOFHED
AR % 1, TOLSNE 02 TE LRV AT ZERL, BERBICHEE2IS Z & TR
DERDAE NS D EHHHETH .

T/ IIEERHRESRMICE T 2 EIHESEEE, X (25) DL BRDMET « V2 W, &Rk
TERW (X (24) BT 2EETH A, TR 728, iS50 HIEIZE D Fig. 2.4
D& S RIFEABB Y A7 2 ER L CTHERDMTFEEZERHT 7V T ) ALADPKREETH 5.
A HPSS £ HETH b, X (2.9) KT (2.10) THELEZH L P25V 7 YA %
L, BREBEDARZ AT I MZHEMATS. LrLAaMS, REEEHRYAZ12L5
HIRDHEIIRBLIETH 2 Z &0 s, MR EEOLIP AT REAZHLMELD 5.
TFMBSS 1%, ZOMEERRT 27-DIREINZFETHS. Thbb, HPSSD LS
7 TR R A0 2S5 747471 ZENPLDD, R (2.5) OMIESEET « V&
W, 24€ 352 2T, BAFOFFDMETIEE R 7200 2B UE SRS IR M % B L <
W5,
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253 EEERFE

Algorithm 1 @ 2 17H Tid prox &MEENEBEBBHEHINT WS A, ZhldaE/EHE
(proximal operator: prox) &WME:Xh % E#E LB TH 5. prox B DM %2 X (2.11) i
R, prox BEIIE/MEE HHEE A D R BKTH, X (211) 1, § 5> coDE ERX
(212) KO 5 - 0D ER (2.13) &5, 22T, ulddd D RuES RP OfHES C
IETAERTHY, v I HEARP WETZAEDMETHS. ZLT, § ZBBOESVE
ETHERENTRA=XTHY, dom(f) IZBE f OFEMEFR L TH 5. EREHRHIIN (2.14)
DEIITEET S, HiEDELE, X (2.11) OFE 2 HIHEA TR (2.12) 45, u* X f(u) D
RMEZGZBMTHY, THNERMEBRDORIRAGWEFD. BEDGA, X (2.11) D% 1
EAHA TR (2.13) &2 0 THIFFHEHEAORKAVWERFD. I &b, § DRUEIZ L > T
IMEEFHEDHEDESGNEEAD T LTWD 0D

1
proxs¢(v) = arg min {f(u) + %Hu - 'UH22} (2.11)
uedom(f)
proxss(v) = arg min f(u) = u” (2.12)
uedom(f)
(v) = arg min 5 flu—v]la* = [[(v) (213)
proxg = arg min —||lu — v|[x" = .
! ucdom(f) 20 c
dom(f) £ {u € R? : f(u) < oo} (2.14)

prox BB OB ZEX % Fig. 2.5 1ZRT. I THROEMIZ f(u) DEFEMRTHS. X (2.13)

BID[[pld Ly JVATHY, WEEMBZL DTN, dom(f) NIZ v ﬁfﬁfbféib\i%

&, dom(f) NIZv 2B 45, ZLT, 6§ DEMEIZRKST f(v) ZR/MET S u* ITEDWT

W EWIEIEERT . BAEL D, Algorithm 1 @ 2 47 HIXMH A Al REME IR G BRME % KF - 72
B#d > THm/MET 2L WO HE R > TN 5.
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U (Outside effective domain)

Projection

Minimum value

Proximal operator

U (Inside effective domain)

dom( f)

Fig. 2.5. Overview of proximal operator.

26 XEDFTED

AETIE, RSB WTHE L 2 HED 8T e U T HPSS R U TFMBSS % fif##i U 7=.
RELABE T, ARETHIH L 2 HEIMETEZ 0 U L WERD M TR 2 RE U ERER

4 A

119,
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B3IE

HPSS IC & 2E5ERRM~ X V7 ICED
K T54 Y REROE

3.1 #h

T/ INVEEDOFRDEEFTIETH S HPSS Tlk, JAE G L ESZ 2R DHTHZ N T
E LN, MR ERAHCTH D Z IRKNT 2 HEOA L MEE 5. HlZIE, HiFES
HEDRAER D DRFTNIERE T2 21I2&0Ia -V /) A4 ZEDNTINREADFET S
BENRD D, ZOMEE, FRESO X ICEMNMHENEEREFE I VWTITELTH 5.
—Ji, BHESEREEMS (M > N) Th35E51%, TVA R ILRMA O & 5 I8 22
DEET 4 VR (DEATHI W) 2HEET S8 T, BEADDRVEHRR SRS TREL 22 5.

Z 2 CAGRX T, HPSS IZ & 23T BE Al I L DD, MBS s ML ERT
FH L UT, TFMBSS QR HJE I~ A 7 B8 M 12 HPSS 238 A U 72 SR 2 BT % Hi 7=
IZIRET S, ZUTHPSS 2 AL GHEDMMFIEL LT 2HEOT LV IT) XA RELE
Bt 2175, IRETE 1 TIHEFEIZE/ 500 HPSS OO 8 k2B L2701 3) XA
THDHOIIRL, MEFIE2 TIEHPSS 274 VX2 LTI Z, #ARETRITRVWED, T
BERDTHRVE D EZHHMNZEI D RO T WS TV TV XL TH S, UBETIE, s 2 F 8
DT NTY XL %I U RD 5 Gl 2175 .

32 REFE1OHE

REFE 1 OB Tay 7% Fig. 3.1 IZ"9. AFHETIE, TFMBSS O &b 8
2, EZR 2 1S L HPSS 2 L, 2 OfED S 572 mR AN 2 2 %2 Em LT
IO TEMBSS CRIET 2 2 & 280 R, W5, BB 22 % b 85K M(z) 5
HPSS DO+t D &> TW5.

&0 BRI, F 9 NEZEE 2 hOFNEE L AT ST A EHE A Zh TN HPSS O
2 H RO P OFIIEE L, & (2.9) KO (2.10) % KEKICEET 5. Wiz, Bohi H
Y P OHER R, S BRI 22 B ERT 5. 510, WETHLIBRD LS, 1
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Fig. 3.1. Block diagram of proposed method 1, where zy and zp are parameters that

corresponds to harmonic and percussive components, respectively.

RAGHT TRV REERB Y A2 L DAL=V 7% L, ThEHi-REMERER~ A2 &
LT TFMBSS 12383, 738, TFMBSS £ IVA ¥ ILRMA & [fkIZ D EHES DA —L o
HEIXTE RN, SEETH W, OfEESIZA (2.5) TROND DGR y;; LT, Fo
VxrvaryNy K19 2EAL, HEBEOAT-VEETLTS. e, X (25) X8
MG yi; 1E, FEESOA T —L (F&) FTEMETET, #YLRAT — IV THEIE X
NTUESMENRD 5. RFENRBT R AT — VOEEETHZRIEZ WS, FEREED
DHEATII Wy DAT = VAETH B 7012, DHHES vy 3B BIZNFNFRAT =)V
o TULEV, ZOFFH STFT (inverse STFT: ISTFT) % U CHREMME S & # L
THELWHEHER IXES ARV, ZoMEICHT ke LTy ay s va vy ik
PEAINTVWS. 22T, yj;, 2XADLSITEHT .

Yijn = | Yijn (3.1)

THDL, Y, Eyy On BFHOEROAREL, iz 0 L LANMEETHE. TV
sy vy 2T, R (3.1) OREMERICH LT, HEEFO ST W O¥fF5 W,
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£ =i '! Zp |:: HPSS 7 = } Time o Time g
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Observed signal l Percussive estimate

WMWM
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- _' Ezsse d - E?o?gcﬁon - -
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Fig. 3.2. Block diagram of proposed method 2, where zy and zp are parameters that
corresponds to harmonic and percussive components, respectively.

ERAD LS ITHEHT 5.

Yijn1
gijnm = Wz‘_lygjn (32)

YijnM
ZIT, BoNEEE Jijnm Em BHOYA 70KV CHHIS WA —VIZHEDE n %
HONMESTHS. R (3.2 TRINLZ IOV rya vy 2iEicdy, Ar—) 24
JIEB T EDETDMIES ijnm PROND. KX TOTRY 27 ¥a Ny 7k, #IiZ
Gijn1 2T 5. 2D, ISTFT 2 HWT, SMES2REESITEHRT 5.

33 REFE2OHE

REFE 200D 70y Z7M%E Fig. 3.2 12RT. AFETIRIELETE 1 LR,
TFMBSS O fgifb Bz, FRZE z 126 LT HPSS ZEH L, T OFERD 5 Fr 72 22 i
JAR R~ A2 % B U CTHO TEFMBSS THIHT 2 Z L 246 0iRd. HIb, REFEEHR~ A2
B BB M(z) HYHPSS &> T3,

L0 BARINZIE, FHRMER z P OGBS ST RF IR T 2 EEE O HPSS IZAD
LLTHZ, TOHEELEZTNETN D —UT-fH%E HPSS OZH H XU P oylifEx L, R
(2.9) KU (2.10) % KEWIZEE TS, 22T, HPSS D ANEBN OB ETH D Z & KT
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HIRIZRMER (2.8) DHESFL WS ZDODOHEIA S, Z4HD—U7zfi% HPSS O#HAEE U TERA
LTWa. RIZ, fBoniz H & P OREEERD S RBARBM T A2 2ET 5. 612, |
A z MO EES 2y THER UL A2 T 1 KERTTHW 7 RBEBE~ 2 2 Mask
(old) ®5H HIZRIGTBYAZ EDAL—Y Y 7% T, —F, HEZEK z hOEEE
Fzp TER U A 27 Tl 1 KERTTHWZEBERE~ A2 Mask (old) 55 P izxf
BT BRATEDAL=Y VI RET. TNEHT-2RFERE~ A2 £ LT TFMBSS (2K
T. INSDEEIZBWT, AL—Y VI EHI RO AT IER1E TdhULFE RS Tk
WD, BETHITHBEEDTIEBRVWEDIZHENUT S, ZIUIHE W THHER z h i
WE TR LY AZD P IZRIET 5 YA LOHEER z hOf 5 TERLIZY A0
H TGS 2 A7 IFMATTHEST 5. ZULAVEOZIMD RS WS XS ICHiiIz
MEIELZLETHADYAZIZED PORAVEOBRrNIZI AT LR, £S5 HADY
A7 &0 H DRI BRIrNTZ~Y AT s, REFIEL LFEKRIZ, SEESICE 7o
VrxovarvnNyokE#EHAL, £O%KISTFT 2 HWT, 2GS Z2RMESITERT 5.

34 KEDFED

ARETIE, RHFSCIZBIFE - DDREFHEIZOVWTHIHL =, RETIE, BEFEOAREE
P NS REIZ T AR UTDAL—Y Y T EZZE U < fBai L, AHAME2MREET 5.
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HA4E
E%#%ﬁl

ﬂ+

BERAVDAL—=D VY

4.1 BFERREI~< R U DERK

A z h OGS HEZICHINT 2 ERZEE2 LM H KO P OFEE U7z HPSS %
O, HEESNZ H & P D) SIRORFREIEIRE~ A7 25T 5.

|th|
M _ 4.1
[ H] ‘hw| + ‘ng| ( )
[pij|
M _ 4.2
[ P] |h21| + |pw| ( )

IIT, My € Ry KO Mp € RS BENENGPEE LTS OBy % a3 2 I
BES A THY, My YA M D ij B8R (AA7—) 2£T. EELOYATZERIT
TFMBSS TOKEmIZITS.

42 BEEERBRB<TAIDAL—VY

TFMBSS T, RHEERE~Y A2 M PREBIZRE SEHT 256, ZEL G
MTERWEERD L. BEFIEIBVWTH, KEMIZ HPSS TYAZOFHERZITS Z &
Mo, IATZDPKBIZEELTH Y, miifhe UTOREWIZRIT B AREMELRD 5.

COMBEIZRNT 272010, KR TIEY AT Z2ERTBEIZ, 1 KEFHOYAZ LD
L=V VT %EdT Z LT, TFMBSS Ot 2 ZEIES. ZOXATDAL—Y Y T
A cRIns.

M = MP & MgqP (4.3)

ZIT, Moq 11 KEFORMEKRE~YZA 27 THY, 8RS Bog BENETNAL—V UV IE
BWERETENRNITA =R THE. X (4.3) DWHE My LT Mp DENZFNITHT. 1K
EHT ORI~ A7 LBIEDY AT % B RO Loq WIGUTEEZEZ L DEZIS Z & T,
AL=V VT HITD., AL—=V YV THDY AT TFMBSS ISR S 4, A E z o
CHBEZ IR T 2RI ZENZTNEFA I N5,
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Impulse response E2A
(reverberation time: 300 ms)

e=mTTTT “:'7\'“\\\
Source 1 .-~ .. Source 2
?/ i S \
//, \\\\ E 2 m ,"\\\\

5.66cm

Fig. 4.1. Convolution system in E2A.

43 RRAUVDAL—TJVTICE T DREDIREE

431 ERFZH

RETEOEIN 2R T 572012, ERESHDORN I L TN ORSRE (BiEDZ D
MO EE (other) 12342%4) @ E.A%\ﬁﬁ%%ﬁ%ﬁot. AFEERTIE, SISEC2016 [20] © DSD100
F—XEy hEMHAL. DSDI00 b —=2Zty b (Dev) &5 At w b (Test) @
200F =Xy MOBFELE 50 HIANERI N T WS, Sk c 2 2 & 1V O3l T
KENTED, F—=HLFHE (vocals), X—ZAFJK (bass), N7 LFE (drums) KTZD
D FHIE (other) BHFIWZ LIRS NTWDE. 22T, TOMDEJE (other) &, Hixs
&, ERBBOREHRRE DGR ER > 2B OREAETH Y, T OfMKIXEHIHKET 5.
DSD100 D7 A~y bDHFHTT VT 7 Xy METHR7ZHFFHH»S 3~6, 8, 11, 13~19, 36
FZHODEER 14 #h, DSD1I00 D b —=> 2%y DR TTILT 7Ry METHR7ZFH» S
1, 3, 9, 15, 23, 27 ZHDO%H 6 #hD N 7 45K (drums) & Z DD ZYE (other) %E,
ZTNEN Song F ¥ N— 1~14 K 15~20 (ZH] D M CT7-. #EEDRAEEL, S HERICHRY
ETPEEDPNT VAR GFELTOWAENPNIEY V2 RT LR ETIERLS — RN R T LENE
IMMTHB. TNHDRITA V=A%, Fig. 4.1 12588 D~ 1 7 vk U HE 5.66 cm R~ A
0By ERRE U 2m O ETHEFE AL 50°&130° D E2A 1 VOV A GE [21] (5%
#E 300 ms) TEALXA, £F ¥ ANVEEGESEHERL . T OMDIEERSM:Z Table 4.1
WZRT. FHlFEREIZE SR EALL (source-to-distortion ratio: SDR) [22] % F\\7=.
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Table. 4.1. Experimental conditions

Window function in STFT Hann window
Window length in STFT 128 ms
Shift length in STFT 64 ms
Parameters in HPSS v =1.02
vp=1.01
Number of iterations in HPSS 15 times
Parameters in a=0.25
masking-based BSS pu1=p2=1.0
Number of iterations in BSS 500 times

432 ZERER

REFIELIZBOVTO, IBEFIED Boq KU B OAEEZIZHEDERE T £ D SDR &K
EE%E Figs. 4.2-4.21 1TRF. AR, EFIE2ITBVTO, BEFED Boqg LU B DA
EEZIGEDOH{KEZ L O SDR EE % Figs. 4.22-4.41 TR, BEFEL 23 %
HBE UGG, SDR O#BALEETINHABIELS 222 Z eABIE N, —7, Boa
EESERELGE, HBIXLET20PRPENS Z e Bllc N, BEFEL 2%
BT LRBEFE1ITHEH L OMEPHIRERGSBREINTVWTELE LZHERNRR SN DD
PWOR SAME L, RETHE 2 TR 8 OEAMD T < 2RI EHER AL E U 720 YUK SIS
WZ MBI N, LA LAEMRS, MTPETREMNICHERRZELTEY, AL—Y VY ID
SRR A SNz, B ZMIHIEL UG AHBIIIEFIC LR TH DD, POREHIE TEL 25
WS BRI SN, KRBT B2 L—T v 7 OHMIE SDR OB DLEIT & - TIHE
DLE, WNTH 5728 SDR OLZFEZIS Z & TR AMEL 25 DIZAKEETH S, %
ZTHUBOERTIE, RELE LT Boa=0.45 KT B=0.05 DEMTIHHRL, ZEVEIXTAS
DR RS @ WERMAD Bo10=0.375 KO §=0.125 ZFHT 5.

A4 KEDOFED

AETIE, HRESHORN I AL ZTNLNOREG T OEFIRDTMERZ 1T WVIREFIED Lo
KO B DAEEZIZGEDERE T LD SDR W% KU 7z, REFIELIZZ 3T OHR
DR DR RAME S, WHZIREFE 2 Z 2 37 OB XL E L WA A E W
ZEMHERSI N, WIFEL BT Bog KO S OZELITIR L THEEIZHB OLENRAE NI,
ZDEREYD, SDR#EBDOLELNHEEZIMN L —RATTHEOIDREZRL/INT
A—RBEDBELIRE. WETHIDAL—Y VT OBEREID At, MORRTFELE HRE
PR 2 AT WA TR A AN 2 /LT 5.



20 BL4E BREARBRRBRTRAIODRAL—IVY

y
|

N

w

—

o

B = 0.45/Bold = 0.05

——B = 0.25/Bold = 0.25

——B =0.125/Bold = 0.375

B=0.05/Bold = 045 ||
.

SDR improvement [dB]

1
—

1
N

]
w
o

100 200 300 400
Number of iterations in BSS [times]

Fig. 4.2. Example of convergence behaviors of proposed method 1 with various 8.4 and
B (song no. 1).
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Fig. 4.3. Example of convergence behaviors of proposed method 1 with various Bo14 and
B (song no. 2).
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Fig. 4.4. Example of convergence behaviors of proposed method 1 with various 814 and

B (song no. 3).
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Fig. 4.5. Example of convergence behaviors of proposed method 1 with various So1q4 and

B (song no. 4).
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Fig. 4.6. Example of convergence behaviors of proposed method 1 with various Bo1q and
B (song no. 5).
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Fig. 4.7. Example of convergence behaviors of proposed method 1 with various Bo1q4 and
B (song no. 6).
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Fig. 4.8. Example of convergence behaviors of proposed method 1 with various Bo1q and
B (song no. 7).
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Fig. 4.9. Example of convergence behaviors of proposed method 1 with various So1q4 and
B (song no. 8).
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Fig. 4.10. Example of convergence behaviors of proposed method 1 with various So1qa and
B (song no. 9).
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Fig. 4.11. Example of convergence behaviors of proposed method 1 with various Bo1q and
B (song no. 10).
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Fig. 4.12. Example of convergence behaviors of proposed method 1 with various Bo1q and
B (song no. 11).
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Fig. 4.14. Example of convergence behaviors of proposed method 1 with various So1a and
B (song no. 13).
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Fig. 4.15. Example of convergence behaviors of proposed method 1 with various Bo1a and
B (song no. 14).
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Fig. 4.16. Example of convergence behaviors of proposed method 1 with various So1q and
B (song no. 15).
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Fig. 4.17. Example of convergence behaviors of proposed method 1 with various Bo1q and
B (song no. 16).
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Fig. 4.18. Example of convergence behaviors of proposed method 1 with various So1q and
B (song no. 17).
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Fig. 4.19. Example of convergence behaviors of proposed method 1 with various So1q and
B (song no. 18).
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Fig. 4.21. Example of convergence behaviors of proposed method 1 with various Bo1q and

B (song no. 20).
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Fig. 4.22. Example of convergence behaviors of proposed method 2 with various So1a and
B (song no. 1).
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Fig. 4.23. Example of convergence behaviors of proposed method 2 with various So1a and
B (song no. 2).
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Fig. 4.24. Example of convergence behaviors of proposed method 2 with various So1q and
B (song no. 3).
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Fig. 4.25. Example of convergence behaviors of proposed method 2 with various So1q and
B (song no. 4).
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Fig. 4.26. Example of convergence behaviors of proposed method 2 with various So1a and
B (song no. 5).
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Fig. 4.27. Example of convergence behaviors of proposed method 2 with various So1qa and
B (song no. 6).
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Fig. 4.28. Example of convergence behaviors of proposed method 2 with various So1q and
B (song no. 7).
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Fig. 4.29. Example of convergence behaviors of proposed method 2 with various So1qa and
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Fig. 4.30. Example of convergence behaviors of proposed method 2 with various So1qa and
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Fig. 4.32. Example of convergence behaviors of proposed method 2 with various So1q and
B (song no. 11).
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Fig. 4.33. Example of convergence behaviors of proposed method 2 with various So1qa and
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Fig. 4.34. Example of convergence behaviors of proposed method 2 with various So1qa and
B (song no. 13).
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Fig. 4.35. Example of convergence behaviors of proposed method 2 with various So1qa and
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Fig. 4.36. Example of convergence behaviors of proposed method 2 with various So1qa and
B (song no. 15).
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Fig. 4.37. Example of convergence behaviors of proposed method 2 with various So1qa and
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Fig. 4.38. Example of convergence behaviors of proposed method 2 with various So1q and
B (song no. 17).
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Fig. 4.39. Example of convergence behaviors of proposed method 2 with various So1q and
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Fig. 4.40. Example of convergence behaviors of proposed method 2 with various So1qa and
B (song no. 19).
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Table. 5.1. Average SDR for each method

Method Average SDR [dB]
HPSS 4.68
IVA 7.09
ILRMA 8.56
HPSS+TFMBSS(method1) 7.44
HPSS+TFMBSS(method?2) 11.0

18
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12 NaHpPss+TFMBSS (method2)
10
8
6
4
2
0
2

Song no. 1 Song no. 2 Song no. 3
Fig. 5.1. Example of SDR improvements of ILRMA, IVA, conventional HPSS, and pro-
posed methods (song nos. 1-3).
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Fig. 5.4. Example of SDR improvements of ILRMA, IVA, conventional HPSS, and pro-
posed methods (song nos. 10-12).
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Fig. 5.5. Example of SDR improvements of ILRMA, IVA, conventional HPSS, and pro-
posed methods (song nos. 13-15).
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Fig. 5.6. Example of SDR improvements of ILRMA, IVA, conventional HPSS, and pro-
posed methods (song nos. 16-18).
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Fig. 5.7. Example of SDR improvements of ILRMA, IVA, conventional HPSS, and pro-
posed methods (song nos. 19 and 20 and average of all songs).



52 AEDFXED 45

52 AEDHE®H

ARETIE, REFEOEMMEZHAT 572012, EREFHDO R I LLEEZNLUNOERED
IR TR 2T WO FIE L IR U 72, 2 DOREFEILIT, HPSS OBk 2 Kikd %
72 HPSS Bt C & W EHNIZ A a7 PR S bR e o7, UL, REFKIT
ARG 3 7 MO RERFIERE AR T FEI-> 725 DD, REFE2 TIE EESHERE
ol IRETIE, ARXITHIT2HIEE L-fimzidRs.



3
1K

it
il

REWSCTIE, FWFLHEEFO BSS #HE LU, HPSS i O R A~ A 7 %
TFMBSS (2RI U 72 SRS BT L% B 7z 1282 F U7z, 7z, TFMBSS O fiifl & 2@t &
HB7012, WEEERSY A DAL=V 72 EA LR, EBRERL Y, MBS
REFIRICE T, fEKD HPSS & 0 FEM [ LU & 2FBRMITR L. ZLT, {KE
D~ A7 DBKELEFHT 5720 SDR OB LE LR\ E%EZ SDR #F O %@ & I
EOML—RFRAT72ZBEUEZEYR Bog KO B E2BRETDIEILLE>TAL=—YVIT BT
& TR RS Z & B FEERIIZR U 7.

BEBICSBORBELZRRS. 5ETIE HPSS %> THMEST &85 208 L 2 2Mho €
S INVERDHET VT XLAWTHE S L BECHMT 2L WEETHL. TDD,
A X DEBFER MO TN TV ZLAHCTHHEL 78R Z L, k0 BWIHHEE &%
BT AEFETNVOERNKRDSNS.



47

5

ARG SCIE, ) &M 2R SRR LA RN 8= TIT b 7 iR Ic D < b D T

9, AFEEZEDDIIHID, TLIEOL IABMITIRELS X Wk LARERE DL
FARHBIBUZ D & 0 R U B £ 3. bl KMBhBUIE, AREFFE0 I 51 D I 20 I
D OIIZICBE T B R Y, MEIC O ECTHEICIREWZLZEE L. X 51T,
MWD =T 4 VI RMLAED AT Y 2 — )VEHLY RO, FEWEEIZL D & TH R VBRI
TCHRZEDD Z N TEE L.

KM DRETH B Eg—UeBIRITIE, X OREEPHRICE L TRERWS RIS 2 HE,
KEBMEFTIZRDE LA, ZZITELMHLBL LT X,

FARG R O R R I il 12 1, HEERFZE A2 B U I — T 1 ¥ 7 KOG SCREIT DR 745
X, 2BOHBO B8R ETEEZ U, DI VE#MEBEL EIFET.

N E DR TH 2 EHER 1O LHEFKRITIE, 7RIS 20RbRmESGN SR
CHRAEMGELE L UTORBRIZE DT AN AEER I LD, HEOAETFEH THE L D TX%%
Wz EE U7z, F7z, INEERAOEDBARIZI, HED S HMWREE L O RS 5
B2 RN A DOMNIIZZ DT RN A2THEE L. HiZ, BHERICBIT2FL
FolT A VERHRIZBIBY 7 MY 2 TEEODSEZE L L TE<DO Y M2 HEPSTHE
FL ZZITE#HAL ETET.

BBIZZD 2TH, BUEICED ZTROZEEATE 2 BEMICE X, BRAKAF-oTTFE o7
MBI IR ORI R FHA. TRNETRLYIZH VML S T VWE L.



48

2% 3 HA

1]

[10]

[11]

[12]

P. Comon, “Independent component analysis, a new concept?,” Signal Processing,
vol. 36, no. 3, pp. 287-314, 1994.

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

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. Speech and Audio Processing, 12(5), pp. 530-538, 2004.

T. Kim, H. T. Attias, S.-Y. Lee, and T.-W. Lee, “Blind source separation exploiting
higher-order frequency dependencies,” IEEE Trans. Audio, Speech, and Language
Processing, vol. 15, no. 1, pp. 70-79, 2007.

N. Ono, “Stable and fast update rules for independent vector analysis based on
auxiliary function technique,” Proc. Workshop on Applications of Signal Processing
to Audio and Acoustics, pp. 189-192, 2011.

D. Kitamura, N. Ono, H. Sawada, H. Kameoka, and H. Saruwatari, “Determined
blind source separation unifying independent vector analysis and nonnegative matrix
factorization,” IEEE/ACM Trans. Workshop on Applications of Signal Processing to
Audio and Acoustics, 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.

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. D. Lee, and H. S. Seung, “Algorithms for non-negative matrix factorization ,”
Proc. Neural Information Processing Systems, pp. 556-562, 2000.

P. L. Combettes and J. C. Pesquet, Proximal Splitting Methods in Signal Processing,
pp. 185212, Springer, 2011.

N. Parikh and S. Boyd, “Proximal algorithms,” Foundations and Trends in Optimiza-
tion, vol. 1, no. 3, pp. 127-239, 2014.

N. Komodakis and J. C. Pesquet, “Playing with duality: An overview of recent



[22]

SEXH 49

primal-dual approaches for solving large scale optimization problems,” IEEE Signal
Processing Magazine, vol. 32, no. 6, pp. 31-54, 2015.

M. Burger, A. Sawatzky, and G. Steidl, First Order Algorithms in Variational Image
Processing, pp. 345—407, Springer, 2016.

K. Yatabe and D. Kitamura, “Determined blind source separation via proximal split-

7 Proc. International Conference on Acoustics, Speech, and Signal

ting algorithm,
Processing, pp. 776780, 2018.

K. Yatabe and D. Kitamura, “Time-frequency-masking-based determined BSS with
application to sparse IVA,” Proc. International Conference on Acoustics, Speech, and
Signal Processing, pp. 715-719, 2019.

A. R. Lépez, N. Ono, U. Remes, K. Paloméki, and M. Kurimo, “Designing multichan-
nel source separation based on single-channel source separation,” Proc. International
Conference on Acoustics, Speech, and Signal Processing, pp. 469-473, 2015.

N. Ono, K. Miyamoto, J. Le Roux, H. Kameoka, and S. Sagayama, “Separation of
a monaural audio signal into harmonic/percussive components by complementary
diffusion on spectrogram,” Proc. European Signal Processing Conference, 2008.

D. Kitamura, H. Saruwatari, K. Yagi, K. Shikano, Y. Takahashi, and K. Kondo,
“Music signal separation based on supervised non-negative matrix factorization with
orthogonal-ity and maximum-divergence penalties,” IEICE Trans. Fundamentals,
vol. E97-A, no. 5, pp.1113-1118, 2014.

N. Murata, S. Tkeda, 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.

A. Liutkus, F.-R. Stéter, Z. Rafii, D. Kitamura, B. Rivet, N. Ito, N. Ono, and J. Fonte-
cave, “The 2016 signal separation evaluation campaign,” Proc. 15th International
Conference on Latent Variable Analysis and Signal Separation, pp. 323-332, 2017.
S. Nakamura, K. Hiyane, F. Asano, T. Nishiura, and T. Yamada, “Acoustical sound
database in real environments for sound scene understanding and hands-free speech
recognition,”
2000.

Proc. Language Resources and FEvaluation Conference, pp. 965-968,

E. Vincent, R. Gribonval and C. Fevotte, “Performance measurement in blind audio
source separation,” IEEFE Trans. Audio, Speech, and Language Processing, vol. 14,
no. 4, pp. 1462-1469, 2006.



50

RRXE—F

Era

1. REGR—BB, LA RHE, SRR, <F i dT 589 70 i 0 5 Fl Al B < A 2 & FT W T
TI4 v FEEDEE, HASTEY R 2020 FAEFMRAER MR E, 3-1-16, 2020
(to appear).



