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Interactive Audio Source Separation System Using
Independent Low-Rank Matrix Analysis

Fuga Oshima

Advanced Course in Industrial and Systems Engineering

National Institute of Technology, Kagawa College

Abstract

Audio source separation is a technique for separating original sources from an observed mixture signal. For
example, it can be used for a pre-process of an automatic speech recognition system and remastering of existing
music signals by users. In the former ap- plication, audio source separation is utilized for separating a target
speech signal and the other speech or background noise. Also, in the latter application, vocals and individual
musical instruments are estimated by the technique. In particular, audio source separation that does not utilize
any prior information about mixing system is called blind source separation (BSS). BSS has mainly been
developed based on the algorithm called independent component analysis (ICA). The state-of-the-art BSS
algorithm is called independent low-rank matrix analysis (ILRMA), which can achieve high quality audio source
separation in (over-)determined situations. However, the separation performance is of- ten degraded because of
the dependence of initial values for optimization parameters and the difference of optimization speeds of source
and spatial models. This is due to the occurrence of a mismatch of estimated source permutations in certain
ranges (blocks) of frequency bands, which is called the block permutation problem. In this thesis, | investigate
the appropriate balance of optimization speeds between source and spatial models and clarify the relationship
between the behavior of the cost function and the separation performance in ILRMA. The experimental results
show that the convergence behaviors of the cost function value are significantly different in the cases of high-
and low-quality separation in ILRMA. This fact implies that we can expect the failure or success of separation
during the iterative optimization. On the basis of this findings, I extend the interactive audio source separation

system, which utilizes user annotations to achieve more robust and precise audio source separation.

Key Words: audio source separation, independent low-rank matrix analysis, user interaction
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BIRHEE 1L, BEOBFEBES L O LBHE S OIREMOFREZHET i THD. Z0H
i, B2 E AR ORTBEECEEFOEREZFO Y v A& Y 7EIZHWL LS. JiFE T, BRY
FEDEFESEETOMOEF Y mMEEEO B ERENEH IS, EBFITBNTL, R
— IR & DEEREF D ETR DB L > THEESIND. FIC, BIROEERICET 2 FailER%E 2
SHOWFICHERZ 5 BET 2 8L 7 7 A > FEPSEE  (blind source separation: BSS) & FEiX#1 5. BSS
WL BTSN AT & MHEN A BB FRlc D&, TN ETCHREL CEBEREZES. IO BSS
T T Y RNIMSIAR T > 7 4755387 (independent low-rank matrix analysis: ILRMA) & FE(XAL, ERE
BRBLNRMFICB W CEMERR BRI BEAZ FEHT 5. L LA 5, ILRMA OERSBEMRRIZ T 2 ¥
DTIMELAFELE R - 22T T NV ORBEEHEDBEWEFL TR TLTLE > HBERH L. 2
Ty N —Ia7—va REEMEEIND, FEFESTHAREETON— a7 —v g URESN
HETHIEOTHD. KimXTIE, ILRMA 2B 2 FRET /LK ONZERET VO BB O IR DR
F L BIRBEVERE DOBIRIE A I BT 5. FEBRFER LV, ILRMA OSBEERENRR W E & LN L X
O HBEBMEOBR OB IZH S MNIC i o TS Z L 2R Le. ZOFFEL, ILRMA O KAE i
fEOEFTH-TH, DEEOKGZHHRREHR TXDH I LEZRLTWVD. I HIT, SOz RICHE
DNC, 2—=WT )T =y a VEIERT A V27 7T 4 TERGEEY AT DI T 52 LT, LY
TR D B2 E IR B AT A ZRET 5.
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1.1 FwBXOE=

B 13, BROBEEEVRE - LBHIEES» 0EAHMDESEZHET 2HMTH
5. ZOEME, Fig. 1.1ITRITHIDO X512, HArRGHETHOLATWS. X, A~v—
b7 4 YRR = RE— A —DEFE BRI B W T AN E A OHIBLE Y LTHwLRT
W3, ZHUIRRIZAN ENTAE50 MG RREE 2D BV B ES O AZ i
52 Ttz =m0 5720 TH 5. £/, Kz RET LTI LT, <X
RV Y TENTIMD Y~ ZXY) Y IPAREL D, 2—PFICX 2 EROHERBLIEIT S
ETHISULDOBEIZ DR > T 5. T OBEZEETRTEEHIN b BUI W < D2 DY TEA LD
ThbhTwad. il LT iZotope ® RXS8 [1] % Deezer @ Spleeter [2] 7 LI TR E % FIH
LT2F v A VOREESZER—I, FI7LAROR-ZDBEBEENDIHET 2L TE
%. FfZ Spleeter 1% GitHub TSN TEY (3], HHICHHT 2N TE 5.

RS EEFRZEFCE BB OF ¥ FVBOBBRIC L > TREMRBIENS. Fig. 1.2
ZOMEZRT. £3, FRESRNF EFFEYE > F v 28D OBECOVWTAERS. —&IY
12 mp3 TGRS wav TER D BEEEB X F ¥ 28D 1ch (£ F0) L& 2ch (A7 H)
ThHh, ZIRXEFENLEHROBII2 DI DREVWI L DHIHZ VWD, BEOHFEEHD
HEIHERMFDO T TITONS. LaL, HIRERNFOERTHZ HEROMESEN, RER
72 DRAMHFRPENVRETHEB T 20 3RNETH 2. 22T, HRERMTOFRITHEZS
WESRA O EEBMEEZ FHE» D & LT, IFAMETYIRF 7 (nonnegative matrix
factorization: NMF) [4] Z W= ERDBETIEL 5, 6, 7) BERShTWE. —J5 T, RERIS
fF ERE = 72 280 b LS RBIVESRM (IR < 7 v 2080 T, FHiilHRs
RETHHFEESOMGINMHEZANAT 2 2 e THM2HEEST 275 1 ~ FEFETEE (blind
source separation: BSS) [8] OFENBA TSN T WS, MILH 777 (independent
component analysis: ICA) [9] 1Z BSS O d —fRINATFIET, MABRTFIEIMEREINATWVS.
AL THD 5 ALK T > 717515341 (independent low-rank matrix analysis: ILRMA)
(10, 11] £ ICA ZHEZELFIETH 5.
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Fig. 1.1. Typical application examples of audio source separation technique.

(Over-)determined BSS Under-determined BSS
Year
1004 |- Independent component
analysis (ICA) [9]
oo | -Frequency domain ICALIZL)  ("onegative matrix analysi
(NMF) [4]
2006 |. Independent vector analysis
2000 L (1314 | ltakura-Saito divergence
based NMF [20]
L . e | Multichannel NMF [7] |
2016 |o-erereeeees [Independent low-rank matrix analysis [10, 11]]
A 4

Fig. 1.2. History of audio source separation techniques.

ZD XD IEACERDHMFESHE SN, AFEOBER I U GERED 20 S i E 72 5 TR
DEEHNFEBLTWS. — /4T, BWENMCOHEREMET T2 2055, 2 ICA 1IKHD
CFEPRERFL T VT XL THD, TORE T X ZOYBHEDIEI TG X 5N 5T
DIFEETZ2HDTH 5. EERDIGHTIE, DGR DREDOMRETD o h2H 5121
FEINCTHE T 2 Larknizsd, T X ZYFIERENC X 2 7EEEREO 28I K & 2T
Hb. TD, BT XEZPED XS5 I I TS HICE S E R &R HED IR X
N3 &5 R yIEEEYE 2 O SRS HE Y ThT W3,



1.2 FmXDOEH 3

1.2 F®HXDEH

AR TIE, &FTD BSS FIETH % ILRMA % V- Wl ERE RN Z Fro S IR 7D 5
FHEHET. ILRMA IREFREL 7 L) XL TH 2 EFBGEER ICA (frequency-domain
ICA: FDICA) [12] R UHAZARZ v (independent vector analysis: IVA) [13, 14] &
Wo 7 BSS FEIC NMEF Ik 2 HFEET AV ZEAL, BHESZ T2 7 4 v 2 (ZEHE
T) LEHRETNERAICRERET 2 2 TED SRR EHRIMZERLTWS. L
P LERETNVOYIMEDE LN X o THREMREAME T LTL XS 2ehH 5. ZHIEFKAEIZ
RIERELT 2 —DDETNT X X DEGEGEE DN F > 293N DI/ FTisE ik b
RTVWDTH 5.

AW TLE, D RVWIHEPER SN RE(LEEZERICEIDFAE T2 LB, ZDD
EFNVOHWREROZEH & EEREOMHBRGRZHET 25D TH 5. 7/, ZHITEIDES
N7HA% Fig. 1.3 D3 ICHFEDA Y X577 4 T7ERDEES AT LIEAT . BHFO
A VRF T 4 THRDEES A7 220F, AT LZHDTH S 2 — 121350 BBz ) E
L, 7/7=>a 25220088 L 0w 0wWs5MERH 5. LirL, KR THELNLFREE
Wl 2 Ta—FOFFETHMEROHMEENEZ, 7/ 77— arE2#HoTHERIRVWESD
BRIAT INEWETXS.

1.3 AFHEX DB

2ETIX, MIED T 74 ¥V RERDBEOFIER A &2 577 4 TEEDTHES 2T 2 DfFEE
2175, 3ETIIARBLTHOELD FEDAT X X e HEEOHBEBEGREZERICLDFAET 3.
AFBETIXIEBETEHELNHRZELLTHEDAL V&2 577 4 THEDEES X7 ADYERELT

[ ILRMA ] [ Interactive audio source ]

separation system

Predict arati forma f : :
redict separation perrormance from | |\ Re_estimate separated signals

convergence behavior of cost function )
based on user annotation

value during iterative optimization

. 4

Construct new interactive audio source separation system
that enables us to predict separation performance from

convergence behavior of cost function value

Fig. 1.3. Extension of interactive audio source separation system.
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21 FZANE

ARETIX, BSS OFEIZOWTHHAT 2. £3, 2.2 #iTlE, EEH7 -1 ZZH#UTONWT
AT 5. RiZ 2.3 HiTlx, KREEE BSS OMERE = 27— a YRIEIZDO W T
5. 24 HiTlE, FABEEGEE BSS 0ERLE1TS5. 2.5 HiTld, FDICA THRAT 2MED
FRIRD 7= DITIRF S iz TVA, 2.6 BiCI3ITAIMOFED—>TH S NMF, 2.7 #iTld, &
I T’ - 72 ILRMA oW T ZzhEnitHs 5. 2.8 fiTik, KEFEHNZ g7
ILRMA ([ZOWTHT 5. %7, 298 TIZ ILRMA 2RV V&5 275 1 7TERTHES
AT BIZOWT, 210 HiTIET R T L DT X XD FTRICOWTHIAT 3.

22 FERE7—) IE#

FORFR] 7 — V) =244 (short-time Fourier transform: STFT) & Fig. 2.1 \Z/RT & 5 1l
FENCZ(LS 2 ART MRS 270D TETH %, STFT OOMEREBOR I KU
ZrREZEhZERQ kU T Lt &, KHEHDES (] © j HFHOFKREXEES (K
W71 —2) BXRATERINS.

20 =[2G = V7 +1),2(G = D7 +2) -+ =[G = D + Q)
= [2VI[1], 290 72), - -+, 2W)[q), - - -, 21 [Q)]T € R@ (2.1)

ZTC,1l=1,2,---,L, j=1,2,---, J KU q=1,2,---,Q ZZThZNEEEFB DAL > F
IR, K7LV — AN 7 L —2NOY » FLERT. £, Rl 7 L — o8 J 13xc
koTHEzBLNS.

J== (2.2)

72720, BERLEZEIZAY MIT PEBEEE X5ICER 7 L — 2 DESOMMICE R
BRAT 2 (057 4 ¥ 7)) BfiZNG. 2LT, B8 2 = [2[1], 22, , 2[L]]T € RE
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4 Time domain ) /Time-frequency domain )
Waveform
| | N ! b A
SR W -
U : Z
D S ax
‘ ‘ ‘ ‘ ‘ o
1 ! ; 1 o
/ S &
: 3 X 3 Fourier transform
Window |y <\ | 1 - >
fun¢tion 1 | 1- i Fourier transform Time
1 l 1” ' l 1 Spectrogram
Sh;ﬁ . c_]?th Vx\ Fourier transform Complex-valued matrix
\ ‘FFT Iéngth ‘ ‘ ‘ / \ /

Fig. 2.1. Mechanism of STFT.

DSTFT EXAD LS IcREN 3.

Z = STFT,(z) € C'*/ (2.3)

F/2, ARZ AT TN Z D (i,)) FHOBERIXATRINS.

Q )
Zij = Zw[(ﬂzm lq] exp { —12mlg _Fl)(z —1) } (2.4)

IIZTi=12  T3EERC YDA v F o R%, Fid |5 +1=1 %7388 (-] &
RESED %, 1 3EEBHNMNE, w 3OMEBEEERLTWS, £/, ¥ STFT ZERERME ©
ZHWTERSR, ISTFT () iddEhs.

D XS, HEEBROESICHN L T—EE0ERE Z 2 I oA E T THsi7 —Y
IAHEATS 22T, MR, MEDSEBEBORARS fa s o A RN R EHETY Z
TERTILDBTES.

2.3 ICA € FDICA

ICA BEBRESRNE (A4 78RV > Frarf) b LARBRESRNE (x4 7vk 08
= F ¥ 2D ICBF 5 BSS & LTS —BINAFIET, HRHBOMTIENRRICKRS X5
725 BEA TR 2 RERSREIR CHERE 3 2 FIETH 2. 2D & 5 2 RERIFER D BSS & FRRERDE S
CIRGTAOMTREINS. Lal, EBROEEEEORAIIEREDHETEAAAREI
2570, Hiflik ICA THEMES2#HET 2 23 TERWV. 22T, KEEBOBIIES
2 STFT % i U R BBEI O E B I AL, SREBICB W TN ICA 2EH T 5
FDICA [12] BMER I T\ 5. FEEREEE T, BRERICHN L T STFT ORBEBELT



24 RRHERICE1TS BSS (FDICA) Rt 7
FICREVGZEL, KEBEIRTOREAAARS Z MEA ST OBRES (758 T%

HT&E27-%, FDICA I3RE2 EVIREESOEIRTHENAIREL 12 5. XHEIIZT FDICA 12
BIABEBOER(ILE = 25— a YIEIZOWTHHT 3.

2.4 FEREMEEICEHTS BSS (FDICA) OERL

B EE D BSS AL E21TH. BHOFEMESGL TV BAESTOFFRBA T
F 2NV EZNZENN MU M 2 EFET 3. Fig. 2212 N =M =2 OHED BSS OfHE
2Ry, REMOHER, BHESKOTHHESITNLTSTFT LbozZzheh

Sij = (Sij1,8ij20  * »Sijmy > Sijn) . € CN (2.5)
@i = (Tij1, Tij2,  Tijm, Tigm) . € CM (2.6)
Yi; = (Yij1, Yijos s Yigns o Yign) - € CY (2.7)

CEFRTD. 22T, n=12,--- NRUm=1,2,--- M ZEZNZNEFENLIF ¥+ 1D
A7 2%RT. X (25) 26K (2.7) LB L ORAZER (K7L —24 j ITKFL
20 BETA A € CMXN 2RV b, BRAROBRERD STFT 0MKEESRE (BR) L
Db THIEVEGE, BIEESEIRATRES.

wij = Aisij (28)
ZZT, M =N 2D A BINT>7DOEEE, THITH W, = (wi wp -+ win)! €
CNXM 237 E L, DEHEE R RATEE 3.

Yi; = Wiz (2.9)

22T, M EREARNT LI I — MEBEERT. BSSIHEATTYI A; BARAIDIRAE
TOEETH W, Z2TORBER i =1,2,--- , I ITBWTHTET2METH 3.
ICA % I HLIR L7z FDICA T, FEBBERO 7875 W, I XX OEE M
FET 5.

W, = D; P,W, (2.10)

ZZT, D; e CNN R P; € {0, 1}V 32 ZAUTEONAFTHIR I NR—I 27— 3
ATHITH B, DF D, DETHIDR T — L =3 2T = a VIERUERTEET 5720,
BB e CHEED A — AV EIERESE SIS L RBAIEMELH 5. X7 — L OB
TuayzraryNy 7[5 EHOWTHRRTES. LarL, IEFEOMEIT S—I 27—
va VB HEh, BRPRHETHDZ. —I 27— a YREEOHMEZ Fig. 2.3 IZR7.
FDICA AR > T CHBHEEZHET 20, DBELEENE D X 5 RIEFHFTHE X
NEZDPEFRETHY, FEATHOYUIREICKTE L TIRES. Ko T, AFERI L OoBEs5eEE
WEREIN TV LT, DHEEENTED A= 27— 3 Ik > TRIEN S 7=
», ETORERFEEE I2BWT =3 27— g TR —B L TWARITIUSF RSB ER
SRRV, =3 27— a VBRI A RRRENMER SN TED, %R0 IVA 2 ILRMA
FX— 27— a VREEZERTZFIETH .
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Source signal Observed signal Estimated signal
Sij Lij Yij
Fig. 2.2. Outline of BSS, where N = M = 2.
Estimated signal 1 Separated signal 1
‘:Q\Qi.;l -Y-l
Q@?j?r'g |
Source 1 Observed 1
S:0 X100
FDICA Permutation
4 Estimatedsignal2  [§ afl|| separated signal 2
O
AN Y,
Tim
Source 2 served 2
Ss(] X0
All frequency ] ]
components H H
Fig. 2.3. Permutation problem in FDICA.
25 VA

IVA 12 FDICA OZZ &Y 5ETH D, 7HHATH W, OHEE L RIS —I 27— 3 V[
BrHLEERETE2 BSS TH3. ZZTHKE, BHESRIDEESZRZHIZONVT,
ETORBERE VICET IR DRI P LR

Sjn = (S17m52jn>*+ » Sijns -+ »51jm) € C! (2.11)
Ej,?n = (wlj,m; T2jms " s LTijomy " 7xfj,m)T € CI (212)
Yin = WijnY2ins s Yijm, i)t € C! (2.13)

YEHKRTD. Fig. 2412 M = N =2 OBEDREDHET VERT. IVA  FDICA @ X
S ISEIEE S 2 WS U 22 B TH Wy REE T 5. 2270 L, #HEEOMBETEREREED I
R EERETLE LTREL, [ RTR7 MAVAOEXREEZRELTWS. 20 IVA
DERETMIZ, Fig. 2.5 TRT XS BERIKNHZ 77 20mrHweh, K (2.14) TX



25 IVA 9

Observed Separated
Source ﬁnal ﬁnal
§J 1signal Mixing matrix mj’l Demixing matrix yj,l
Y
5,2
Fig. 2.4. Mixing and demixing model in IVA, where N = M = 2.
0.15

AN
o ““\\‘\\\\

AN
7

A
Illl;

20 4y

L0507650K N
% ',"'" 00::0‘“ & \“x“‘s&\\\\
SRR Sesieetiine
e %%, R
Fs

Fig. 2.5. Zero-mean and spherically symmetric Laplace distribution, where I = 2 and

si; » can be considered as either real or imaginary part of s; n.

EN5.

2

Yijn
Tin

>

(2.14)

(@) = ——
in = ——— e&X
(Y, Lo p

ZZT, 0 BRAT—=NARFRXRTHS. KX (2.14) DERILT 77 AT FMEZ 50
728, F—~X2Z MAHADORSBEITAEEZ D, Ledi-> T, IVA XFRIRFICAER S 2 FEHREUK



10 %H2F BEFEFE

NE—ODHEFRE LTEFDIZ2 WO HALDH L. OF D, BEOEARFER L £ OEEKD
MHE—ERE LTIROIRTVWEE RS, 20X 5% [A—&HFROEFEE D OIEN % RE
L7 EIRE T V) 12k D, FDICA THRAT 38— 3 27— a V% & 2 Rk
THIHTES. HFRARBARYZ NVEOMNYE p(Y; 1,7 0, U n) = 11, p(U;.,) 2K
ET 5, IVA OBRNEE TN T 2 BEOEOLERBIIRATHRONS.

L=-2]) log|det Wi| + > G(¥;,) (2.15)
7 7m

ZIT, G(Y;,) dary b2 EBEMIN, G(y;,) = —logp(y,,) TEXRENS. IVA

D EGEAITHBIBIRGE [22] & AW FEIC X o TE#EP DOLEIITR 5 [14, 16].

2.6 NMF

NMF [4] & i3 TH RO STED—DTH 5. NMF MM TH RO STETH 5 LU s
B Y B2 5 DIFIEAMTIZ R LTWBETHS. £72, NMF 3Ry 553k
BT > MR REL THRT 2 28T, fTHOBERX Yy EHETE2 713 X
LTHB. 2L T, NMF BHRESHEDHECEN T2 Z e BAGETH % [5, 6, 7). H—F v
FNVDHFEEEE STFT $5 2 THRONZ Y —2ARZ Fu 25 A0 NMF 12 & % 91X
KA TERING.

1Z|2 =TV (2.16)

ZIT, || BEREZ e oMfxtfEE, Ry MIZOEBIIEZZLDRELZRT. Lo, |Z]?
BT —ARZ bR Z I aEERT. T, T e RUF #HETH, Ve REY 272774
R—=a e wS. K1 NMF O fRCENTTFETEZ 339 XX TH D, RIETH
T DFHIRZ v VDR FEERTZ MV TH2. HE->T, ATV 732713 K £ —
L, @EEK <min(l,J) L7223 X5 CRESNS. DFD, Fig. 2.6 ITR-T X5 ICH—
Fy ANVOEBEEEMRE Lz NMF TlE, XV —2XRZ b 27 20 L TES > 273l
27522 T, THEEEEFOHHART bR D, V BEART MLARZ YD
BRAIVT (T T74R=2aYy) eR3EXIBRNMIPAREETH 2. Tz, HETHIT &
72T 4 R=a ATHV B3R om/MEEEDR e LTHEE S 5.

i 2 . ik, Ui >
Iilﬂl’l‘r/l'D(‘Z| |TV) S.t. tik, Ukj >0

Vi=1,2,.,1, j=1,2,...J, k=12 ... K (2.17)

ZIT, iy RO v 3T RV OBHRETH 3. £/, D(|Z|*TV) &2 20175 (|Z]2
MUTV) MOBEPEZH 288 TH 5. TP OBLELZX 2B, XATREID
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Observed matrix Basis matrix Activation matrix
(Power spectrogram) (Spectral pattern) (Time-series activity)

Z|2(1x]) ~T(IxK) V (K x J)

{
I% %I% K|g
- - ) Time
Time Amplitude J
J K
Fig. 2.6. NMF decomposition of power spectrogram, where |- | and dotted exponent for

matrices denote entrywise absolute value and entrywise exponent, respectively.

S-divergence [17, 18] 23 & K M X 13 [19)].

Z—logs -1 (8 =0)
a
ds(alp) = { @logg +b—a (B=1) (2.18)
a® b abP1 .
— — —— (otherwise)

BE-1 BB
B-divergence DHTHEHT = 2,1,0 DHHIEZNZ N3 Euclid #lE, —#{t Kullback—
Leibler X 4 N— = ¥ A K Ttakura—Saito X4 N—=Y = Y A EEEINTVWD. ZHRHD S
B, BAN=V 2 VR HDDL DL MR T RO N

JE&ME  D(alb) >0 Va,beR

[W—M :D(a|b) =0 a=>b Va,beR

WFRE © D(ald) = D(alb) Va,beR

=AAREX I D(alb) + D(blc) > D(ale) Va,b,c e R

Ll e

DS5h, M =ARE L TR0,

ARG TLE Ttakura—Saito X A4 N—3Y = ¥ Z212HS { NMF (Itakura—Saito-divergence-
based NMF: ISNMF) [20] i0WTHARZ. Z OBHETH2HMERRY F L z; BT O
RET N> TERSN TN S EIRET 5.

Zij = Z Cij,k (2.19)
k
cijpe ~ Ne(0, tigvry) (2.20)

ZZT, ¢ijr €ECREATD G, j Rk RCELTEWIH EIRET 2. 72, c 2 EHEBOD
MERER e Lz &, Ne(p,o?) 3—RITERI U A 5MERL, Z OMEREEEBUIRT



12 $2&E BEFEFE

Fzohs.

1 e —
2y
pe(clp, o) = 5 XD {— = (2.21)

TIZT, p R o> BENZNEEIROGEETRT. £, ¢ & oo DHILTH 258, ¥uF
BO—RICERT Y AFHCE W TUT DIMEMEAK D 7D,

c1 ~ Nc(0,07) 22D ca ~ Ne(0,03) = ¢1 + ca ~ Ne(0,07 + 03) (2.22)
Lo T,
Zcij’k ~ Nc (QZtikvkj) (2.23)
k k
ZHWTRADE D LD,

Zig ™~ N(c (0, Z tikvkj> (2.24)
k

M ISNMF OAERRE TNV T, Fig. 2.7 D &5 RIRGFHERT Y A9 THh5. 22T, #
HWES 2i; DEZLNIGEETBIT 2 ty, RO vy ORAMEMELEZS. O %, LE
ESp g

_ 1 2351
L(T,V) = l_J[ TSt P ( (2.25)

> tinvkj

0.15

JARAANNAY
:‘Q:sx‘::\\\\\\k
ishsui

Fig. 2.7. Circularly symmetric complex Gauss distribution.



2.7 ILRMA 13

eRh, BRELER

_ _ 2l -
log L(T,V) = ZZ]: (Zk o + loggtzkvk] + log (2.26)
TRINDG. THEBHEED RV =27 sa 27T 4 |z;2 T3 % ISNMF o BB
(R (2.18) D B =0 DHHE) L EBEDEZRNT—HT 20T, LEBREUTOLS IcES
zohs.

—log L(T', V) = dis <|z¢j]2] Ztikvkj> + const. (2.27)
k

22T, dis(-]) & 2 2DfTHIR O Ttakura-Saito X4 N—Y = ¥ R %3, D% D, ISNMF
EBUEBD Y —AXRZ b Z I L |Z]2 ICHEA L &, HERRY MLz HR (2.24)
TRINZAELET MK, RRFEEBEZ Y v FIZB L THWIMY TH 2 L RESNT
W3. £/, ISNMF O T &MUV OR#E{tD 70 KEEHRIER (2.28) UK (2.29) T
xxhs [21].

(2.28)

Ukrj (D timrvrrs) '
2
t / ’ ’
vme»m¢z‘%|m§L *WE (2.29)
doitie O g tinr i)

COEHNFRERFEEHNX &0, HBEBDEFIFEMNTDH 5 2 L BRILE T
W5,

—2
tir < t; J Z ’zij‘zvkj (Zk’ ik’ Uk' j )
1

2.7 ILRMA

ILRMA [10, 11] 1% IVA OFJFEEF L% NMF IZHER L= FiETH 5. IVA ZRA—FHED
R DI S8 — 2 2T — > 3 YEE L DD, BT W, RHEETE 3.
L L, 2FEBICH L T—HEMEOELLrRER V. 2%, REREESD XS REAR
FBEBUCH L TR ED AP KE VRS ZRD, ZALUNOREB TN VRS 2HD, &
WS AT RS 2 O BB O BRICITE L Ty, ZAUT LT, 2.6 BiCHEEL
7= NMF &, Fl—&HOREEREMEZ DB (K ) OART MARRYEZEDT 7T 4
N=—Ya Yy TRTIIENTE, ZTHIEFREBESORMEREEDEFNMLICREE
LTW3%. ILRMA O KEFRELOER Fig. 28 IIRT. ZZTT, X'V, Zn&HD
HFRD AT =27 a2 2T LT BRIETHINGET 7T 4 R— a3 VT8 % RT.
ILRMA & IVA 12363 2 57 BET5 W, o KKIER#EL e ISNMF K7 > 7 €71 > 7t
55 % T, V,, ORERELSZHIThbI . BENIE, 28T W, i<k h#fEEShi=5
HEE5% NMF 12 X o CIEAIKR S > 7178 TETULL, Johi: T, kU V, OFRHERK
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Fig. 2.8. Outline of ILRMA.
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Yijn = Zcij,k,n (2.30)
k
Cijen = Ne(0, tik,nVkjn) (2.31)

T ZT, tikn R vgjn 1d n HFEHOEHIRICHT 2 HIETH T, K7 77 4 R—2 a V174
V, DFATERTHY, k=1,2,--- K BREA Y TI7ATHS. T2, cijrn € CIIAWVI
WL THBERETS. ZorE, Bl oy, K52 5NGEECBVWTW, T, KUV, %
RAHEET 2HEEZ 2 5. ISNMF 0¥ % v FERC

Z Cijkm ~ Ne <0, Z tik,n”kj,n) (2.32)
k k

&0,

Yijn ™~ N(C <0a Z tik,n“kj,n) (233)
k

D DIALODT, ZOERETIMHED S BRAIESDEMNBLE IR TREINS.

H
LW, T,V) = —QJZlog | det W;| + Z (M + lothik,nvkLn) (2.34)
k

ijn Zk: ik,nVkjn

ST, W= {W,, T={T)Y, ROV = (V)N | R A ZOEETHS.
ﬁ@S@%E%Z —ﬁz”‘ﬁufclaf%éﬂén%wfﬁ%ﬂuﬁmb 9 IH
L =IHIZIN (2.27) © ISNMF O LEREIIHIE L TWS Z e hibd b

TTHEITH W, DBES 2 madlX, TEERZ by w, , O ISR {f (iterative projec-
tion: IP) [14] ZFW 3 Z & TRRTIibN 3.
waH

tj

Zn - JZZ[ zknvkjn
wi,n (WzUz,n) €n (236)

1

W g = Wi (Wi, U pw; ) "2 (2.37)
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ik ik, .
e R Uk] n(zk/ ik’ nvk/] n) 1

S lwi |2t n (O, tinr nVkrjn) 2 (2.30)

Vkjn < Ukj, _
o o ZZ tik,n(zk/ tik/,nvk/j,n) !

o EHA D (2.28) L5 (2.29) & ARk HRIBEEGES (2.34) OEHEFAIEENTH %
ZEPMREEE N T VWS,

2.8 BN ZE—METBIIRIIIES > I17593Hh

ILRMA o REEHAZ, FiffichR7 &5 nif75 (Mg, ZHETLEER) W,

R (2.35) 263 (2.37) T, B V7 ETV 7L B9 X% T,V, (LU, E(E%Tﬂ/t
IE3) 1E3N (2.38) RO (2.39) TREKERELEINE. ZheD%E-ETILE EHE
FOLOIHGEE I RIRIC R R 2 Z e BREFIICHIShTwS. 22 T ILRMA 0 HIY
BE%GR (2.34) I3IEMBEETH 2. ChooBEH» S, W, T, KUV, 1252 3 5LBWIH#H
WAL TC, ZEETNAVEFRETNVORENEED NS Y APENGE, SRDEEHNIEL <
ER IR VRFTRERICKS 23D 5. 22T, XHk (23] TEHPIBEEEDO—D2TH S
majorization-equalization i% [24] % & IHE 7L OEFHRICH W 2 Z & THRoELEE 2§l ©
%%, HEETAVOEINLEHAPREINA TS, K (2.40) RORK (2.41) KHIFRE
TN DAL EH N E R

> Wi i 2ok n (X tinr vk in) 2 "
tik,n Ftik,n 1 (240)
> Vkjn (g Likr Vit jn)
_ P
Uk =V S lwi i Ptign (O tikr Ok jin) 2 (2.41)
k7, kj, — .
s doitikn (g tikr V)

T, p 3REILEEEZRITNIXEZT, 0<p<1OHFECTHFAIEEINTD 2 2 & MFAE
émfmé.it,p:05z%,ﬁ%@%ﬁﬂf%éﬁmsaﬁaﬁmswm—ﬁﬁa
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AIEi T N7z X 512, ILRMA 3R ko@E cRREIcik2 22 23H 5. U7
By 7 =327 —>aYeWHBIRVPHEET LD THS. Fig. 2917vy 7 8—3 2
T—YaYBEEOFERT. Tavy s —Ia7—>a YRR, 23 HThREZLS R
N=3a7—Ya YMEPFL EoLFARBHTRET 2RSS, DFD, &2EBEA
TRREDHFEDOTHE TH21CHHDLS T, Z DM EBEH TR OETRD 7 EEE A H T
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Block permutation problem
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an w ‘
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Fig. 2.9. Example of block permutation problem.
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FZY RN IV REFGEITZ2HENEHNTVWS. Fig. 211 KT AT LADZ—H AL ¥
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W 2HET BRI TRIEMETNVORKIEEHMOBRICEELRIERE 725 [ 2FEDHERD
AP L TV RHEE) ZHEET 2 HIETH 7 /7 —>a v k25252 TE 5.
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Vue.js WAV
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Fig. 2.10. Outline of interactive audio source separation system.
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Frequency @Time  submit

Fig. 2.11. UI of interactive audio source separation system.
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Pi=d, 1 <ig<i.<I) OHPFATTOY Z7X—I 27— ayMENIEEL, ZRICEKY
TRHERA T IR n=mn,, 7Ry ZOBEFLERDIIELWVWAA—I 2T -3 YOFRFED
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Wi, ngy Wigtlng " > Wigng, < Wigng, Wi, 41n, " > Wign, (2'42)
iskings Lot Dkmes " s tickns € Liskines Lot 1)kynes = o Lickyng VK (2.43)
Ui — p Vk,j,n (2.44)

T BEALGADERE ANEZT LI eE%KT 5. £z, p ldXH (0,1) O—kk
BEcHs. K (244) TlE, 7774 R=ya [V, 2ty + 3528 T, BERLD
NTVBECEIE, & —ERIHT e 2B LTV 3. 58T W, ROEEITHI T,
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Fig. 2.12. Overview of frequency annotation.
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PHEAT 22D, Tuy o= 27— a VEEZEELZNS XD EREERERESEED T
XLMRANLHEXNL e 2HFLTWS.

2.10.2 fEHEHILE L TVLWAERIEFEOIEEBHRDERAE (d)

K7 27— a Y OIERA % (a) OMEZ Fig. 21313, 4, Wl j = j, 5 j = j.
(1<js<je<J) OHHTEI n =n, OBFFESBULBELTVWB WD T 7= a VIFHRH
I—HF =052 6NLRNEEZS. ZO%E, DIEO ILRMA OFEHTIE, XRXD X511
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Wi, IKOWVWTHEITY £y M T2 EFTS.

Vkjomes Vk(jot1)ynes """ > Vkje,ne S €56, ,€ Yk (2.45)
Win < p Vi,n (2.46)

ZIT, e> 03 EYRMMETHZ. ZONBETIEIERETALW, 2V Ly b T35 LT,
BHEH S b TW L EBECEFE,» b —EIRTH T I 2B LTV, ZOBAITEETS
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K

Fig. 2.13. Overview of time annotation (a).
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2.10.3 MERIERL TWBREEEDIEERRDERAZE (b)

K7 27— a Y OiERGE (b) OMER Fig. 2.14 1273, AHONHE (2.45) k&
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LIFIAL . RETIE, 2.8 HiTHH L 72— EH RO EHHEE & 5 HErERE O MBI D
WTHEZITS.

Basis matrix

Demixing matrix

1

I

I (spectral patterns)

! -

I

1 | .

: Reset with € Reset with «
1

; i=i\ J7=i. /]
rjn) | v [
: B i v |K
i Activation matrix

:

1

KL

. K

1

1

Fig. 2.14. Overview of time annotation (b).
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33 ETFILCOBREEK
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Fig. 3.1. Audio recording environment.

Table 3.1. Experimental conditions

Parameter Value
Sampling frequency 16000 Hz

FFT length 256 ms (4096 samples)

Shift length 128 ms (2048 samples)

Initial value of spatial model =~ Uniform random values (0, 1)

Initial value of source model N x N identity matrix

Number of iterations 200
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SDR improvement [dB]
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Fig. 3.2. SDR improvements of guitar and synth mixture in terms of balance of optimiza-
tion speeds between spatial and source models.
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Table 3.2. Exponent parameters and initial values in case of good and poor separations

| SDR [dB] #8807 A% p  HIMHE (RLECS— )

13.51 0.067 1656
13.50 0.252 789
= ERE 13.48 0.125 854
13.43 0.237 984
13.41 0.084 1580
6.53 0.795 769
6.56 0.941 1052
KMERE 6.81 0.841 1040
6.89 0.990 1513
7.23 0.960 1823

F 2.7 BTNz K 512, HEHER Y, OMEL 2T RKT V7T Y VIR HEIAT
bz, BRETNL TV, OREGEENENE T,V, ZEHICY, ZETF UL LINET S
2, EHETL W, ORBEED E A TOROWKIEIADERTIX, EHET ML > THE
EINBNHHES Y, OHEEREIEL, EROEHEMNREA Lz GEENERNZ SERE L)
RECHZ. ZOXIBRRETHREFN T, V,, DY, ZEHCEFY Y ZLIGELTLES
v, RAEGERKT ¥ 7EMT 2R8I RETY ¥ 7h Tbh, Zhucnd 20855 Y, b
Tz, DHEERENMRVRETRERICHoTLES. 2D, HRETLT,V, FZEHET L
W, 23% 2 FRERRIL I WK (D2 RREFRSMOSHEATTIRE) TET Y V7T 2 0ED
»H5. —MALERELICB T 3 pEE/hE L, EERETLVT,V, ORBELEEZEL T
32ri%, T,V, DRAGEEEZETNMELLTLE SBRE SRS DD, X b &R HEERE
DEWRANCFELTVWEEZ LN,

RIRIZ, METMCHET 2HHEZL LT, TR EVWE 2RV 2 TRHAL2ICHDY
B DBE DR > TV, DHEEREDER WV & 213220 T 7L & BT 7L O O H B
DI <, KIBEEDS 40 22 2 ¥ HEBEIZIZE A E LR, —5T, o
HEMEREDS RO & 2 R EIEDS 100 [8]7% 88 2T 3 IUHRE 805112 H B EEAHERE L Tuw
3. ZOEENIS, HWEBOEEZHE T2 2 THHPRT Th 3 KIERELDRH T
HoTHRHOREZHIWITEZZ b 5.
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Cost value for spatial model
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Fig. 3.3. Convergence behaviors of cost value for spatial model.
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Fig. 3.4. Convergence behaviors of cost value for source model.
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Fig. 4.1. UI of proposed interactive audio source separation system.
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Table 4.1. Sources used in experiment

Mixture Source signals

No. 1 devl_female3_synthconv_130ms_5cm_sim_1
0.

dev1_female3_synthconv_130ms_5cm_sim_2

devl_male3_synthconv_130ms_5cm_sim_1

No. 2 -
devl_male3_synthconv_130ms_5cm_sim_2
No. 3 devl_male3_synthconv_130ms_5cm_sim_1
© devl_female3_synthconv_130ms_5cm _sim_2
Table 4.2. Experimental conditions
Parameter Value
Sampling frequency 16000 Hz
FFT length 128 ms (2048 samples)
Shift length 64 ms (1024 samples)
Number of bases K in source model 3

Small value ¢ 1015
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Fig. 4.4. SDR improvements by frequency annotation for no. 1 data.
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Fig. 4.5. SDR improvements by frequency annotation for no. 2 data.
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Fig. 4.6. SDR improvements by frequency annotation for no. 3 data.
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Fig. 4.7. SDR improvements by time annotation for no. 1 data.
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Fig. 4.8. SDR improvements by time annotation for no. 2 data.
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Fig. 4.9. SDR improvements by time annotation for no. 3 data.
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