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Blind Source Separation Based on Deep Permutation Solver
Fumiya Hasuike

Advanced Course in Industrial and Systems Engineering

National Institute of Technology, Kagawa College

Abstract

Blind source separation (BSS) is a technique to estimate individual source signals from observed mixed signals
without prior information. It is widely applied in fields such as speech recognition, audio signal processing, and
noise reduction. Frequency-domain independent component analysis (FDICA), a key approach to BSS, estimates
sources by assuming independence in each frequency bin. However, FDICA faces the permutation problem, where
the order of signal components varies across frequency bins. To address this issue, various permutation solvers
(PS) have been proposed, including methods based on source direction of arrival and frequency correlations. Since
then, methods based on source models have been widely proposed as BSS to avoid permutation problem, but it is
difficult to construct a universal source model that can be applied to a wide range of sources. Therefore, deep PS
(DPS), which is based on deep neural networks (DNN), is being considered for PS with high generalization
performance, rather than constructing a universal sound source model. However, conventional DPS has a complex
algorithm and limited accuracy in source separation, as shown in the experimental results. Therefore, I propose a
new DPS based on a bidirectional long short-term memory. The proposed method aims to solve the permutation
problem by learning the relationship between the frequency directions of sources. The proposed DPS has the
advantage of achieving generalization to various sources using only a few seconds of training data, while the use
of DNN generally entails high training costs. To evaluate the performance of the proposed method, comparative
experiments were conducted against conventional methods. The results demonstrated that the proposed DPS,
trained with music signals, could partially solve the permutation problem in speech signals. On the other hand, the
performance of the proposed method is still less than that of conventional methods based on sound source models.
Nevertheless, it is meaningful that the proposed DPS was able to solve the permutation problem in speech signals
using only two types of music signals, and further performance improvement is expected by introducing new

machine learning models in the future.

Key Words: frequency-domain independent component analysis, deep neural networks, bidirectional long short-

term memory, one-shot learning, permutation alignment
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774 FEJETEE (blind source separation: BSS) &, BlHES 2 5EAHOSEHES %
HATHIRR LICHEE S 2500 TH D, Siatak, oG5S50, HEFRER EREWDE TR
HEfiTws. BSS OFEBER 7 1 —F Td 2 EFREEEIN K798 (frequency-domain
independent component analysis: FDICA) &, JEEEE > Z & iyt z2IE L TEFEE
DT 2, ZOEETESHIDIEFEEM I LR L2 =327 —>a V@) 2
AL s, ZONR—Ia7—YaYEZBRT 57012, SIROFRTAIEHREZ AW -
I 27— a VFRE (permutation solver: PS) LRI EHEAHEBICE DO PS FEoiERE N
TW3., 20K, =3I a7—ra MEEZTE 57200 S % BSS £ LT, BHEETILIC
HEOKFEDILLS T ENTE D, BEAVWERISEE S 5 TR ETRE 7V ORI K
TH5d. £2IT, HREBERET NV TIZR S ATRZR D LD E W PS 0Bz HIV &
LT, #HEg=a2—712%v bV —72 (deep neural network: DNN) 2#-25< PS (deep PS:
DPS) ZMEfehTwd. LhLEds, BIFD DPSIE, 71TV XLHEMTHZ LI
MATHN—3 27— a YHEZZEEICBBRTETWARYL. 22T, FRXTRE, POTHE
THIRERE A Y b =2 2B e T 25 LW DPS 22K 3 5. IBRFRE, HHEOREEKITH
KB MEEEZYE T2 T, R—Ia7—YaVBEMRLT 2 2L 2BIELTVS.
F7z, —IVIC DNN OJERICIZFE a2 X PR EWHEDL D 55, 185 DPS IZBHEED
BT —RXY U TINOATHELDERICHEHATZ 2 LEREZERTE 2 E03H 5. BEF
FEOMREZFHN S 279, ERFEL O Z EfMi L7z, EROME, BERFENIET >
INVDERFESTEE L DPS ZHWT, HFEESD - 27— 3 VEEZ RIFRRE
THRTZ 3 Z RSN, — T, BIRETMCESIIERFIR KT 2 &, e
TIIMKAR L LTHEDNR S Ze PO e Rotz. TNTHRE, EV Y INVOERESEH
WTEHREED A= 27— a YRBEZRTELRIKEBERLD D, 5%, Wiy
BETNVEEAT L TX oA LGNS,
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1.1 AHAEOE=

BHIETHEZ, BN RESES»S, SEHEOMV LLESE2HET 2HMTHL. 20
Rk, HEEENUHICBWTEERME T —~THD, Fig. L.1IIRT X512, ZOISHE
FIAEIC DT 5. BIESHEME, SREESOUELZIEILH L T2ZDEMANREAZIC
HHIN TV, —fITEH 25, EHEESIINT208TIE, BEES»OMEEZRELT
%ﬁﬁﬁ%%&&@ﬁ%?%&x&% BRADREEET > TOBIRM FCEABICTHES
EORERALONMER R, BREOHHRGERXR A IR EDDH 5.

IR, A= FAE—H—PERRM S AT LDOERITH, EHEESUHEOMERER EA3 K
HonTns. Iz, MESCIEENFEEOERMEALLEATDH, HIWEEE OEF T L
WIS 2RE R O BB EICERT 5. £, JAXF v k) VI YR UHEES
B 2 EHERFASIE O FEIC b HIRAMHEMIS AL TWE. Zhs0BEK2 S, EEY
BERR OB EIIFIT EITEE o> TV 5.

RO X 5T, ERDEEEMNIERINICA TS IFFICER R L TREHKRZINTED,
INHDRRA ZIMET 2 ITEBERERIBETEI RO 5N D, 2 ORHED S 1990 F4R
POSHETHOLW D HHEAMFEMRREINTEL., ZOFRIBMEFEOFTH, w178
R UREHROMEFOHEAERIEN L WHRFT T, BROGESENEEGLLREEGE?D
RBEWMONHE ZHET 2 X5 0MFiEL 774 ~ FEHEDEE (blind source separatlon
BSS) [1] £w5. Fig. 1.2 13 BSS O#fEZ/RLTED, RHIOEER A (A4 70K
N ERPHRE ORI UME R Y IkE L T2 »HIRAEEMERINS. ZHATHLT
BER ADHRTHL0MERW 2H#EL, BHIES X \HEAT % Z e TRART DS ZH
ET 5.

R, B~ 4 7 ok BRI L R 200D 2 b B BUVERG L IFER. 205
I CcoFRDEECIE, HERESHEOMEIHI O REITHED S FENRSHVw LR TY
%. MRS 57#T (independent component analysis: ICA) [2] &, BIRESMA T D BSS i
IR EHEM TV ARRWBRTFETH 2. BEESORGHETIEI—RIVICREOREL 2
T, BRES TR RS FMEAAARAE L K2 225, B ICA ZRHEEROBRAIES
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Hearing-aid system Smart speaker

Fig.1.1. Examples of application using speech source separation.

Mixing system Demixing system

8 s — & [
2 0oL & cetpina TV g

Fig.1.2. Overview of BSS in two-source case.

WAL TS BSS ZEKT 2 Z LI TAEETH 5.

Z T, BAMES 2R BB ER T 2 Z L TRBBBEORKES Y LTRAR
ZETMEL, FEBEEEIC ICA %A 3 2 R JE L ER ICA (frequency-domain ICA:
FDICA) [3] R a7z, 2T, ICA 3 —MRICHEETHHES DIEEIRETH D, FDICA
VEETRBUEI AT 72 ICA I X % BSS 2175 728, 77 HHEE ONAE D EREE TR gk -
TLXSMEPET 5. FDICA IZBWT, FBEED 7EHES % E U WIEEICI 7 X 5
RE— RIS TR—=3 a7 —>a V) 2RI TVWE. ZOREE, Blll~f 7ukroy
DB EFRBDZVHRESRFE T ICHICHTE 258172 BSS D 7V 7 > 7 58 [4] 128
WTHAECZHBWRMETH L. 20— 27—y a VBB LT, ThETig, K
o8 — 32 27— a YRPHE (permutation solver: PS) MRRXINTE 2. BRMITE, B
BEREEBORRIEE (FF7 7714 RX—>a>) OMBEEHWEZ PS [5,6, 7, ¥4 278K
¥ O EERE B UCTHEREPR 25 H L TIT 5 PS [8], MU ZDMiE Z A
BhEPS 9] BREREINTWS. 7z, FDICA 1xf U CE IR IR MEE A5 D AR (R
EHIAREL T, =3 27— a VIEEZATREZRIR D [EhE U 723 & AR O it E S %2
HET 2 FIEDBREINTWS. FlzIE, L7 F A9 (independent vector analysis:
IVA) [10, 11, 12, 13] &, F—&EO BT OHEZIRE L TE Y, IFEEITIIR T 77 #
(nonnegative matrix factorization: NMF) [14] & IVA ZfHA GOV MK T > 7175157
#r (independent low-rank matrix analysis: ILRMA) [15, 16] (&[F—& i R & B 808 7
OIEPMET ¥ I EERO L ERELTWS. LD T F74 ¥ FREFEDHFEEZS -



1.2 FAROEH 3

TLTH, HEDFL %o B THBIEERAOIEFERIER 5 70y 2 X—3 25— 2
VHEEAE TR AREXNTWS [17, 18, 19]. 207 Ry 7 8—3 25— a YIIED
BHEL TR SNTED, 2P L4 Y X T2 > 3 >RV 2Tk 18] REHEEF L% AL
Ta R MIFIERE LAy # Y — ik [20] 2T 2 Tk 19, 21] HEEXATH 3,

1.2 AHAFROEH

AR L2794 > FERZFRDEETEZ, S—Ia7—Ya VEEEZEE LD, SWHEET
DT Z2ETANERBEEZRTCEL. BFETE, S—Ia7—ya VEEEZMRRT 2720
2, BRI ORRYERE (FR7 774 RX—>a>) OMHEEZRAWEZPS[6) 2dbric, %
B EGE (L% W T ZEERITS] (doubly stochastic matrix: DSM) [22] TRELX 13 K
B OB R ICRELL, =3 27— a YRIEOMIRE EEEICERT 2 Fk
[7] o 7N R e M 2 RFTHABIECHER D BSS FiEEBIGHEA L, BRI o 7 Bk R
ZHEHEE LTS 2 2T, RBEEHEDIEFEEH 25D 5 Fik 23] PREESI LTV S.
L LAEDS, FEROVWTHOFELZHWTD, BHREFRDRAGESS, HHROFBEEERE D
RBAEBCBY MM - BRER - 27—y a YIIEORRZVWELTETLRL.

ZIT, RARIBGESICBY 2 - SMEER - a7 —Ya VIFREZHET L L
ZHINE LT, HE=2—71 % v b7 —2 (deep neural networks: DNN) % HW7Fik
[24] PHRRINT WS, ZHUE, H TNV N ERIN 2 BATHEEC, B LR 7 2
TAR=2a YOMHEZRHRNSFETHS. Dk, DNN ZHWT A= 27— a Viil#EZ
RS 2 FEEZRE S — I 27— a VEREE (deep PS: DPS) LFER. kD DPS [24] T
X, BWOBEERE R ER T 220, BMRETAMEELEY LTED, £, HEEDHE
MT2edHIXIPERTIEVWSHENDZ. £ 2T, R T, Hizk DPSicown
THRZEL, FDICA [CHEH L THRLON 2 THHES I LT, 2% DPS 2 H\W:BRo riitae
WOWTFHIS 2. DPS &, 2RwWyEE 75— 2T, FUtHEDEWE TV 2 /RS 2 rlRElt:
EMHTED, HEERERETNVOERBICHIZLEER7 7u—FThs. FULHEREL X, %
BT —ZITGBEIKFET, RANOT—XIH L THRKOMREEZHEETZ 2 ETLVORNZ
B9, Fg, FABETHLIHHAT 2D, BRESTHYE L DPS 2BRESLZITRE
FEBICHHEH T 2HEBREZITS 22T, RIAWEREREISNISATEERE TV OMREEZHEKR LT
W3, ZO77a—FF, FEHIAXFOERZERT S W BIELS, FALICBWTEE
RERTFO.

CNETIIBEINTE BSS & Z21USHEDS PS % Tablel.1 IR F. AT, FDICA
DRI T 5 PS OMRRBEOAICERZETTED, THESHIOELWVW =3 2
T—ayEFHTAREE L DNN ZHWT A= a7 —> a VIERERT 22 %
Hi 323, 20, FDICA ZH#A LBIcE o N2 #ETHES ICE Th 2 Dl ED
WE AR DO B TIZR N, Lo T, KX TRET % DPS &, IVA £ ILRMA 0%
BUCHER T2 Z v b ARER A TH 5. X512, 5% & D EHER BSS BMER I WG AIC
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Table 1.1. Comparison of BSS and PS

Method Year PS Principle of PS

FDICA [3] 1998  None (required) None

FDICA+COR [6] 2007  Post-process Based on frequency correlation in each source

FDICA+DOA [8] 2006 Post-process Difference of DOAs in each source

FDICA+DPS [24] 2020  Post-process Based on frequency correlation in each source trained
by DNN

IVA [13] 2011  Unified Assuming source model based on co-occurrence of all

frequency components

ILRMA [15] 2016  Unified Assuming source model based on low-rank time-
frequency structure

Subband splitting 2024  Unified Applying ILRMA to local frequency components

ILRMA [23] with overlap

b, TORBICIEMT 2 Z e AJRETH 5.

1.3 FRERX DR

¥9, H2ETIE, RLOBRIRNEHETH 28— 27— a YHEOHRHIZL
F 725 ICA OEARFH P EE(S 5 O JE BRI A O ZE8 T H 2 R Fourier 2544
(short-time Fourier transform: STFT) Iz, »X—3 27— a YFEZOEERIR D [
3% BSS @ IVA N tF ILRMA, ZLTEEFED DPS IZOWTHLLFHHTS. Zhdid, »
TNDHIRETFEOHINHEL R IHHTH 5. 5 3ETIE, KiiXDIRERETFIETH S DPS
DTl 72 X LDFMIZOWT, DNN OEN 58— 3 27— a VRROWHEE T
ZEENCIARAN S, B4 BT, ERIREZ S LRSGES %2 FDICA ICHEA L TR o h 2 77 HE
BRI L TERDHEER 21TV, 1258 DPS OMREDOMEEZIT S . BRIRICE 5 BT, IX
TOEZRIELIHME 2R 5.



w0
EXF;

21 FZRHE

ARETIE, BEDEEMIBOTREL R 2 FEOREBIEGRYE ChE TIKBRIhTELYE
FERBEFIRICOWTIANS ., 3 2.2 fiTlE, BSS OHEMHRY 722 ICA ITOWTHHT 5.
2.3 HiTlX, SEEBUHETILHVSLNS STFT IZOWTHAT 5. 2.4 HiTid, RRRER
KRB A I ICA 2§ % FDICA oW TEAT 5. 2.5 Tk, AigxoFHE
¥ LT, FDICA T 28— a7 — a VREOHHAY, BEDN—I 27— a Vg
PHEIZOWTHIAT 2. 2.6 §iTlX, »$—3I 27— a3 YEEZRRERR D [EHE3 2 BSS O
IVA RO ILRMA (DWW TR 3. 2.7 HiTlX, BEFD DPS & Z OREIC- DWW THA
$5. 28 HiTlE, REOXLDEBNS.

22 ICA OER[RIE

ARETIE, BSS OEMETH 2 ICA 2] ITOWTHHT 2. B, KETRFFEEM S~ 2
nRVEE, ZNENAN RO M e LUTHIAT 3. HL, &Rido@b, HEKe~A 7k
BUIEICE LW WS IREDSDBETH S, BSS DXARTIE, ZD &5 7% FREFEES~A 7 ak
YEULT ) 2D Sefb ke BOUESR L A

221 EEEDBAETIEHEAE
4 NHoEREZ M fEdo~A4 7aRkyTHHAZT 20w R EEZ 2. EE5FE;CEBHRIEG
SR FENENRAD LS ITRENS.
s(l) = [s1(1), s2(1), -+, sn(1)] " € RN (2.1)
a(l) = [e1(1), 22(1), -+, 2 ()] € RM (2.2)

ZZtC, 1=1,2,---,L, n=1,2,--- N, RO'm=1,2,---, M %, FHETNEEHFEERE, 5
FRO~AZ70aRkyDA Y F 7 2A%RT. £72, T 3ER7 PARIHOIEBERZERT. L, B



6 H2E ERFE

BoOBEREZORAHED, MOV > IvBoRE (BRES) t LTRBHTE 2415
X, Bz BHESOBEBRIEXTET LT 3.
z(l) = A s(l) (2.3)

ZZT, AcRMXN 3 M x N ORETHITHD, RATRENS.

aii ai2 ai1N
a21 Qg2 Q2N

A= ) ) . . (2.4)
apy1 ap2 o QGMN

TIZT, G BEFE LI 7082 m ANDERERTERTHS. S~ 7aky
DHEBREETH 2 IRETIUE, amn FFRERICKRIFEL W, JHETY 2 W e RVXM pog
#3322, DHES y() e RY 2XAXTERES.

y(l) = Wa(l) (2.5)

ZorE, RATH A OWITHIDEET S (AHDER]D ZoiE, W=A"12R3X5CW
EHET 2T, BEHs() 2HETE N TE 3.
y(l) = Wa(l)
= A 'z(])
=AAs()
= s(l)

D XS, REITH A OWATHITH 2 7BEHTHI W 2HE ST 2 2T, SlETHEZIER
TEHEIENTES. LELENS, BEPL~YA ZakyOMBEBBRPAHITSH 2 BSS BV
T, BETH A b ERATHS. 22T, ICA TlF, EEHOEAETAR (2.3) DI
EOMIZ, BEZDHDOMENRETNVEZEAT LI LT, THITH W 2H#ET 5.

222 HRETRYIRIIME

ICA 2k 2E5FREDEEZ RS 2 ECEHERM S, HErWHItETH 2. SFHRES
Sp() BHEWCEMBRTH 2 EZ N30, NHOESHE s(l) ZHRERL LTART
, ZORFFSMIIEHEMODHOETRINS.

N
p(s1, 82, .-y 8N) = Hp(sn) (2.6)

n=1
—77C, BN DEATIIW R %D, DBHES y(l) 2157Rcd, RRICRKEDELS 5
LHIfFEh S,

N
p(y1s v2, - yn) = [[ p(vn) (2.7)



2.3 STFT 7

L7pioTICA 12 &3 BSS 1%, R (2.7) ® &5 I HMES RGN L 22 &5 7%
DHATHI W B HET 3R AT o LA TES. ChEERLT2Y, XRO LS L
(LRI RETE 5.

min‘i}‘rfnize J(W) (2.8)
N
I(W) =Dk (p(’y) 11 P(yn)> (2.9)

22T, Dki[p(s)]q(s)] i& Kullback-Leibler (KL) XA N— = Y R IR, 2 DDA
[ (p(s) KT q(s)) OEBEZHIZEHE L TRAD XS ITEREINS.

D lp(s)a(9)] = [ plshog 22N as (2.10)
273 (25) &b, BRIEE ¢ L HHHEE y ¥ OBICIRRAHITT 3.
1
p(y) = Wp(m) (2.11)

COBMRERA L CRiEfbiEz < 28T, ICA XK ESHEIHNFERINS.

223 ICAICHITRERMN

WIEE D, HHEES y() = (1), y2(0), -, yn(D)]" € RY oMre% BALLT 5 58
79 W %K 3 ICA ORELIEEAERLING. LhLESS, SHESOIEFERSR
F— (KEX) OEWE, MUMORETHZRK (2.9) KHEEE5Z RV LIEHLLTH
3. 65T, ICA Ik > THEEZ N2 HMHES v, (1) 1<1&, T OEEMDEFET 2.

(a) DHHES DIEFIIFEREDH 2
(b) DEHEES DR —NIZIIEEMEDL D 2

IO DEREMETEHEE IS LT Fig. 2.1 0 k58N, FiofEREME (a) &b, 7TAD
EEROIEFBANE D ZA[ReMNH 5. Fiz, (EEM (b) XD, DEESORr —ADES
HIOERESDOR T —AhoZL L T LES RN D 2. 1B, BE5DR 7 —LOEREMI
BLTIX, Yayzr>ar Ny 2 (projection back: PB) 14 [25] & MEZAL 2 fltT Y 72 i IE
FEPREINTED, 24 HTHAT 2 FDICA IZBWVWTH R ERFBEICIER S0, —77,
JEFF DIEEMEE FDICA BT 28— a7 —>a VREZG ISR TERE 25,

23 STFT

WH O BSS T, 2.2 HiTHAXNEFREEBROES - DEEEF A TIER L, FEERBGER T
DRE - THEET NV ERET 5. ZOEESCFHMIT 2.4 §iTibR 5. KRETIE—KRNLEEE
S OB ERBERTH 2 STEFT IZOoWT, ZDiERT.
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Source signal Observed signal

Z>MWMW«W WWMW

Estimated signal

?

]
sall) WMMM
Mixing matrlx Demixing matriA
( Uncertainty of scale
A
-~ N
( zll(l)wmwwww ;MUWWMWM z/l(l)'ﬂﬂwwww
;UQ(I)W AL ] yz(l)w
Uncertainty
of order
o1 0) N | [ (1) Wogmni ym*mnw“
K :uQ(l)WWWWM :uQ(l)WWMWW yz(l)'m\wwww
L J

Fig.2.1. Uncertainty in ICA. ICA cannot determine order and scales of estimated signals
(N =2).

STFT & Fig. 2.2 IZRT £ 5 RRFENICENLT 2 ART PV 2RI T27-0DFETH 5.

WX, HBESORMEIE R TERT 5.

z = [z(1), 2(2), ..., 2(), ..., 2(L)]" € R"

STFT OOMRBABOEIR IS 7 bV EEZNZR QMU T 2 LIz &,
O BEHOEMEIXE (K7L —24) OESIIARTERINS.

(- +Q)"

(2.12)

RFRITEHIRDES «

29 =z (G-D)r+1),2((-1)7+2),-- ,z

. . . . T
_ [x(J)(1)7x(J)(2)’... 29(q), - 2D (Q)] eRrQ (2.13)
2T, j=1,2,--  JKRUq=1,2,---,Q%, THAZNRH 7L —LRUFE7L—2A
DY IIVERT. £z, BZAVMJT BRI ->oTEZBNRS.
gL (2.14)
T

7272 L, RE#EEOES ¢ 133X (2.13) BEAR L 25 L 512, BEORBITHBERDTZIEE
PEMENTVEHDETE. oL, B w=|w(l),w?2), - ,w(q), ,w@Q) €R?



2.4 FDICA 9

4 Time domain N Time-frequency domain A
Waveform 0 M
20 3 -
[
> mun % L
> . g
/ @) i — Discrete Fourier transform C
Window * s Time Jj
functionw ——— 7>\ . . Spectrogram .
) " Discrete Fourier transform (complex-valued matrix)
(3 1
€T NG
| Ay — |
Shift lengthT 1, X Discrete Fourier
L = tansom T
\ Short-time IengthQ / \_ J

Fig.2.2. Mechanism of STFT. Each of windowed short-time signals are transformed to

frequency domain by discrete Fourier transform.

FRAWEES  ® STFT 2 XX THRT.
X = STFT,(x) € C'*/ (2.15)

ZIZT, X & (EH) ARZ buFZ 7 AN, Fig. 2.2137RF & 5 Ik & B 2 %
TLDfTHITH 2. ARZ 75 X D (i,j) FHOBEREFIXATRINS.

Q _

Tij = ;w(Q):UU)(Q)exp { —2mlg _Fl)(z —1) } (2.16)

CITFWE | L) +1 =1 %388 (] GREE, i =12, T ZAEBLC YD1~

Fr R, BEREMEZNPIURLTWS. £/, BB 0 3ERBES 20 oo

HEEERRE ST -0 DTEBERTHZ. 2D XS STFT X, REEBOES*—ER

DRREMESZ T HEI U THTEREBZ R CHtAL Y — ) =22 @A L, A7 tar ok

ML E N 2 E BRI FEEATNC AT 2 W ThH 5. SRS DZ O EEE S TIZ,
CDARY vl S LB ONRE T 5.

2.4 FDICA
AREILIE, SRR BHF v I (A 70k 8) 22h2h N ROCM 3%, X
7o, HIMES, BMES, ROTBHES ORRBEBRBEOR D 2 2 2 R TRT.
8ij = [Sij1s Sig2, s Sijn, - ,SijN]T ecV (2.17)
Lij = [l’z‘jhxijz,“' s Lijms " * ,Q:ijM]T ecM (2.18)

zij = (251, Zija, 5 Zigny o ,ZijN]T ecV (2.19)



10 %2&E ERFE

RN (2.17)-(2.19) BWITNDEBERXZER T v AL T DT PV THEH, HiR
XEF % TR REERETE e DT ERLTEL. Tbb, n HEHOEERE
BOARZ bar o6, mBHOBREEDARZ vl I n, U nFHOTHES DA
Rz arsrkEAENS, c C*/ X, e C™, RN Z, e CI* v EFTZ. Zhbd
DITHND (i, 7) FHDOERIIZNLEN sijn, Tijm, R zijn IT—HT 5.

22 HiTHAALZ- X512, ICA X, BESHNIEESOMEME L LTEllZh 355
2, BESHOMIHEZRS ED 5 X5 RoBAITHIZHEET 2 Z £ T BSS 2FEHR T 2FIET
H5. EROGEBESORSIIGREOREDVELZ I 570, FEHEI,LEXA 7K
VETOREMGERDA Y OVRAISENBAAENTERAZINS. 1 VUL RIEEDEAIAS
WBRER Rr THHOWTXRD LS ickxh 3.

D) =YY an(l)i.(0-1) (2.20)

22T, #() = [#1(0),22(1), -, 2ar (D] K 3, (1) EENZNEREROBIIES KRS (n
FKHD) BEEBETHD, a,() 3HEF n 0 F 2 BHAAREGHEMNRTZ bV (n BEHOHR
DORYA AR ETOA VoOLRIREZINHE I BICEeD7bD) THS. K (2.20) D &
SWCREGEINZEBOGFEEDHET 2720121%, HFETHITIE R HBAABRT 4 VR EHEE
TBHIEARBEY D, RSB AAAR T 1 VX OHEEIER ICNEERME Y 22> TLE S
b, FEEFERTO ICA X3 BSS WAS TRV, COMBEERMIRT 272012, &5
5D STFT 12 X 2 IR EEEFRB 2 HWT, X (2.20) ORHEEBICE T 2 BEAAAERES
FRF [ JET B 28R C O A B D BRI B s 25 U, IRFR JET R SR C R R KA 12 ICA %475
FDICA 2SRRI N -.

FDICA T, AMBEORALRIEEITY A = [aiq ai -+ ag, -+ a;y] € CMXN %
EEL, REGEPRATRHTEZ LRET 3.

wij = Aisij (221)

X (221) ZARZ v I a2HOTETMET S L, Fig. 23D X5 1IERBENh 3. ZOR
BETME, BRESIERRFOKRERE R XD b STFT OERHEXHEE Q 25 o RVWHEITHK
F S Mg, MENRR (M = N) 2RET 2k, BETH A; DIERITHIUR, EEEE
DHHITHIW, = A7 = [wig wig -+ wiy -+ win]? € CVM 2FWT, SHHES %2 XK
THEES.

Zij = m.’B” (222)

22T, BERZ PARITHOTN I — MEEERT. K (2.22) ERARZ ba T a2HW
TEFNMLT 3L, Fig. 24 D XS5 CRBExN 2. DEATHIOITRZ M TH B wyy, € CM
&, i FHORERE Y icBWT, BlES» S n BHOADEENE TN 2 DHHE 5L
TE20ME7 4 V2 THZ. ZDXSZFDICA TIX, BHES z,; OFEERE YL zh
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Mixing Source Observed
matrix spectrogram spectrogram
A 1
A °
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[ ]
A T

Fig.2.3. Mixing model in time-frequency domain (N = M = 2).

Demixing Observed Separated
matrix spectrogram spectrogram

Fig.2.4. Demixing model in time-frequency domain (N = M = 2).

ZHHNLIC (EFRE D) ICA Z#EH T % Z 2T, FABEEOTHATI W, 2 2B bz
THEES 2 Z e THIEDEENEII SN 5.

25 N—Za7—>a BB EDFER

FDICA FRCRIEEEICEHA L T\ ICA X, 223THTHRARZED, Sl -HERES
DEBRED A7 — VR UIEFICE L TEARETH 5. [£o T, FDICA OHEE T BEITH %2
W, e32r, ZRD LS5 BAREWEIES.

W, = D,P,W; (2.23)

Z T, P e {0, 1}VN EEEHTH W, DFTRZ bV w,, ODIEFEE ANEZ S 58— 3 2
T —3 a Y175 (BEATH) TH3. HlziE, N=M=2DEAX

j - [é ‘1)] or [g (1)] (2.24)
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D2 FEENAR—I 2T — 3

v
1 0 0 1 0 0 010 010 00 1 00 1
010, ]oo0 1, |t 0o ofl, oo 1], |t o0o0|,or]0 10
00 1 010 00 1 10 0 010 100
(2.25

D6 B N— 2 27— a VTHITH . —J5, D; e RVNIE, wy, DRT =N ZALE
B LAREEDH 2 HITHITH S, iE-> T, FDICA THE S W2 JHHES

P =

yij = Wizy; (2.26)
T
= [Yij1, Yijor - Yigns YN € CV (2.27)

1%, HEERDOIEE SR — A AFEREICILIEH B> TWRIRETHE. D55, D;
WK E-oTHEL 227 — L OEEME, FFEETO ICA O%H L AR PB Ik [25]) TR
WIETCAIRETH 5. — /T, P Ik > TEL 2 7BESDIEROERENE (=27 -3
V) & IEORFEESRYE VB L TRILT 2 22X, HARDEBEIEL 20K 5 TilER
V. BRI, TEOFAERE Y oznz2hT N HoEROIERE N FBEd 37-0, £/
BHDA—I 27— ayE (N) E@OVFET 2221k D, ZONDIER (&EBEETR—
DHFEFASA—I27—>ave2236D) IN HETHZ. ZOREZ —RIOIC—I 27—
Ya vEEEENS. =3 a7 —v 3 YREEOMER Fig. 2.5 1283, 22T, FDICA
THRLNDE (=3 27—y a YEPIEL TV BIRED) #HERFS y; D n BEHORARZ b
nr55%Y, cC*/ v EHLTWS. FDICA BHD Y, ICEHT 3 &, AEKEETOE
BOBIZERTETVS. Lo L, REERBIEESAL LT, B2 EHEOTHERD D 1
DORFEEFBMNITIBEL TV Z e ah 5. IO —Ia7—>aYBETHD, ICA
DHBEEFONEFICE T 2 MEMRICER L TRAEL TS, ZD7®, FDICA ITIERX ML
HY LT, BINZEROIESRZ 2B E Y Icblo TIELIIRETRELND 5.
ZDN—=3 27— a VEEZ RS 2 UHIIXA TR S.

zij = Pi_lDi_lyij (228)

ARDIED , 27— VOREWEEMIET 2 D; 1 13 PB i [25] I & » TRk 51 5.
fEoT, R—3a7—va VHEBEORRE I, 2FERKE Y ICbzoT P 2Rk 2R
LTHRTES. ZOX—I 27— a VIBEZRIRT 27012, TRETIRLEAD PSH
REXNTE . REMERPGFEFIED 1 01, BERIEBORRYIEE (B 27 1 R—
vayv) OMBEEHWE PS5, 6] 28H%. Ziu, Fig. 2.5 ORI R HEOTHEES D &
512, THHEBSD =3I 27—y a YPELFIUR, BHELZBEREY 77 4 R—> a YD
MHEAE R DR TVEWVSIRED T TUNEFEZ L2 FETDHS. ZorE, MEnLEEBICES
WTh, RAILHEKRDT 7T 4 RX— a YREOMHBELEL L2 X5 IEZ N TWS. i
b, VA 7akr oMM BEREBEN Y UTEHFEEPRAMEFEL, f—3Ia7— 2
VIRROFHHD £33 PS [8] MUEIREIR L & ARG DR RYIGEE DM 2 HAES D
72 PS [9] BEREhTV3,
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Estimated signal 1 Separated signal 1
.6\0 i=1I Y; VA
Sz —_—
1=
Source 1 Observed 1
S:11 X0
FDICA Permutatjon
Estimated signal 2 S ar Separated signal 2
«@(? },2 Z2
Time
Source 2 Observed 2
S, X0
All frequency |5 v
components H H

Fig.2.5. Permutation problem in FDICA (N = 2).

FRED PSITNZ, =3 27—y a ViEZ XD MRND»OEREIHRT 5720 DH 7
RFHEL LT, =74+ —L NESHEIL [26) 2 VA7 o —F 2R EhTw3 [7]. ZoF
FETE, TEROFIEIFOFINZ WARS 2 TRBBRINT WS, SHR [6] T, BEEREBEG
OMEBAZAH L T— 27— a Y28 5802, BT & D87 =2 P LT
Wo T, —HT, WK [7) T, RV —HROEXRTZEEEET 2 B HIBEKZE
AL, ZAUT XD EEEY v EOBGREZ RIS 2 Z A AREE Bo TS, I 51T,
COHMNBEEEMREL 7212, =3I 27— a3 74% DSM & LTHEML, ~=7+—1LF
RECZEALTWS. ZAUuT kD, 18RO &S RilaELERELTIZR L, WEEICK S
RIS REPEIAZ N TV S, BRI, HEZHWT =3 27— a T Z2fR4 12
Bl LU, BAEINIEANY Y =% [20) ZFHWT DSM 22 5 B % 8— 3 27— a Y {75%
S 2 FEEZRHAL TV S.

2.6 IVA XU ILRMA

FDICA (Zht U T HIR DI EE B 7 O IEBIRZH 72 ITIREL T, =27 —Ya v
M % FTHEZR R D B8 LoD 0BG S 2 H#HEE 3 2 FEMBL L T0 . filziX, IVA [12, 13]
&, F—BEOBREBR S OH-ERZRELTE D, FDICA TIRERBE TR
TWDIH L, IVA TRERERBER D Z e HTRY MAVEKE L, X7 MLVE O %
BAETZ2EIRETAERSTWVWS., 2D, FEERICEROREEE Y » TRRICHERE S
SMAHRI—FFHE LT D65 X5 RITHATIIHEES N, =3I 27— a Viil#EZ
AMREZRBR D [ 3 2 Z e SR T & 5. Fig. 2.6 IRT £ 918, IVA X TRA—FFETHIUIE
JABED T 21 L WS REEZHWT, BIES O ERENE I T 2 €7 L 2 MET
5. R, SEESR IO LS RFHERBMESHEBIESE T 279D, IVAZHWS Z L
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Source model of IVA Source model of ILRMA
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Fig.2.6. Source model of IVA and ILRMA (N = 4).

THHEENN—I 27—y a VIJEZOBTE 2. X512, IVA OEIFR(ES O R E L
BT 2 ETL (D%, SHEETLVEMER) 2 X DFMlRET VICHEIEZBSS LT,
ILRMA [15, 16] BMER XA TW5. ILRMA 1%, IVA TREXNZFHEE 7L NMF [14]
ERHWTWS. NMF B EFERE 2K S > 7 EMTE 2 2 e h s, TA—FHTHHI
RFRE R R B E LR > 27475 %) EWOREZEZEZTED, Fig. 26 I3 L5118, &
S5 OREERBIEE KT ¥ ZfTHITRIT 2 L O RBERETAEHELTVE. 20X
IRERETNVIEFEEL T TRIEREBICL XKHAT L2225, ILRMA OBEIC
FoTEZLDEERBVTIVA XD D EMER BSS #ER T2 DN TEZ XS ITR -7,

L2 L, FEOIEWEEERDOREGS®, BREH N > 4 bk 2#EREfcsvtid, IVA
2 ILRMA ZHWVWTd LIZUIEABRCKBL T L E S, 2k, SFHFIEE ORFREERES S
MEAF I v ZIZEFHTE o, IVA S ILRMA 2ME T 2 5T T ME—F RO K
BREBER S 2 ELSEZ bR IGER L Twa e b s, filziE, IVA 2 ILRMA
WWBWT, FEoFARBIREETRR—I 27— ayPANEDLIME (Try Z78—3 a2
F—a VHE) [17] PR EXINTVS. Fig. 2770y 78— a5 — 3 VHEOMKT
Y. Fig. 2.7 TlX, 4 kHz Y EORBEEREDIF & £ > TANED - 2IRETHEHE S H 4
EEINTLESTWVWS. ZOLIREEPLD, AR LT R—3I 27— a2 VIEEOMRIZ
R THY, EhZEBELS—I 27— a VBREOERDPEETH S L 0h 5.
Fig. 27T D X5 RHAL PR TRy 78— 27— aryThhI, 2—¥7 /77— a itk
DIBIET 242X 525 4 77 BSS 7LV X4 [18] EHARETH 528, £ < OHICT
Oy 7= a7—>a VBN RETEIHELDHY, 2—F7 /7> a YOFHBEEL L
KIRHTEIET 5.

WMETIE, IVA R ILRMA KB 28— 27— a2 YHEORIIIHT2HLVWY 7
o—F ¥ LT, BAEEETEEMMMLT 2 FEMRRESA TV [23]. ZOFIETE, 2T
JEER T 2 B2 D RO DY TNy FIZnEIL, £hzhod 78y Ik LT IVA
R ILRMA &\ 72 BSS FiEEEAT 2. 7Y FRNTHEEDTON IR EFICRO Y
TINY ROUHHERZRET S Z 8T, ¥ TNV RO =2 27— a VEFIMWAIEEICK 5.
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Block permutation

Time [s] Time [s]

Fig.2.7. Example of block permutation problem.

o7 Fa—FI2kD, HEKED IVA % ILRMA TIRIERICIERRTE R o270y 78—
a7 —va YEORRPERIN, SRR MEHEMEE 5 &L TEHERED M _L
BERTVS. ZOFIAY FEIFEZ, BSS FEDMHENRZHVCHFBICHIRT 2 2 &
T, DEET NIV X LOMELR LXE L EIRBNTH L. K, ERDEROY TNV
MEEFH T2 22T, 37V FHTODBRRO—EMHZHERL, MR LT =32
T— a YEEOHICT ST 2 Z e IREATWS., UL, ZRTHREBFEDIVELR
BHREORGETIE, —3I27—>a VIEORRPKETSH 2 Z e PlE SN TV 5.

2.7 DPS

B CIRR7zE D, IVA L ILRMA O XS5 CHRET LV EREL T = 27— 3 V[
R [AhEES 2 5, EEERTUEECHREY D 5. s OFETE, BRGESH RS
LT\ 2R HRES O ERBMEICHE ST 2 HRE TV ZRET 5 2 & Th\WIEREZ FE
$5. LHL, ZOBFFRETADPEROFRESICES LRV E, THEE»HkL, 7
0y 78—=3 27— a YEEPZOMOTHERENRAE T 2A[REMD 5 5. AT, MELAW
HIREBITMIETE 2 HRERETRE 7L O, WETH 5.

CDESRBERRRT 272012, FIREFVKERT, AR D IULIERED B oS —
a7 —YaVRRETAEEETE7 7 u—F LT, DPS BHERINTWS [24]. X
BR [24] T, BHMESICE N2 RS 2 5, F—FHRICE S 2802 FHl$ 2 7%
=a2—1%y b7—2 (DNN) ZHETL2LT, X—Ia7—>a VEEZERT S
FHEZEZELTWS. BENICE, ¥ 7NV FAD A= 27— a YEEZFEIRT 2 DNN
RETHEAL, 20%, Y TAY FHOA—3 27— a VEBEERT 4 v F > 70 [27]
KXo THAET 2 EEBEEZRALTWS. LrLads, A cHF X3 DNN X,



16 $2&F WERFE

ZRJEEBE >~ LMD AR > DR DR —EFRICE T 250 % _E7ET 2tHATH 57
B, BIFES N >3 D5E, A7 4 vF v ZWEMPIEFEICEME 5. ZORR, STk [24]
DFHEIF N =2 OB REZN, 3 HFRUEAOBEIIRAYD 5.

ZRCH 05T, DNN ZHWT =3 27— a YEEZRRT 2 DPSO7 Ju—F
WITEERERDLD 5. DPS 3RO ERE 7T UREICKEE S, EMERESE WV S—3 2
T a VIRPUEERREERT 2 Z e R ATREICT 5. DPS X, HHERETRE 7V OREEH R HE
WIHTT, = 27— a VHEOHLLRBREL L TR S Tng. 22T, KX T
i, RETBRZ2EHELIIC, —3I 27— a VRHEERRATEER DPS O HiET.
RETEOEIMNEERIET 2720, MELEZETAEZHVEBHOEREZFEML, ZDFEIC
DVWTHRET 5.

28 AXEBEDOIC®D

RETIE, BEFIRCBVTHEL & 2 AR N CSEECRTFIRICOWTHA L. 2.2
ffiTld, ICA OEAFEME DBEHES ICB I 2IHF L A7 — L DEREMEIZOWTHHAL 2. 2.3
Tk, EEEEUHETIHVONZFETHZ STFT IOV THH L. 2.4 8T, B
i1 B R BRI C D SRR B8 ICA 25§ 5 2 ¥ THEDEEZ /TS FDICA IZOWTHIBA L
7=. 2.5 fiTlX, FDICA WAL Z =3 a7 —Y a YIEIZOWTHALZ. 2.6 HiT
W, X—3 27— a VEEERERR D [EEET 3 X 5 2FIETH S, BSS D IVA ¥ ILRMA
WOWTHA L., 21T, 2.7 HiTIZBFED DPS O ¥ B S I2 O W TRz, KEL
BEClX, AR TIRET2H LW DPS O#Fife 712V XAV THEHL BN 3.
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Bz
jﬁE%%%:—/
3.1 FzHE

A= T, T2E5D BSS IZBWTEER FDICA 08— 25— a YEBEIZOWTHE
LRz, 7z, BRETFIMCHESER—3I 27— a VHEEEZ MY 2 T, LERE
X7z DPS IO WTEHA L 7=.

ARECIE, FHEBN BEINLERETH 703 ) X L8 ET, By v to
NR—3 27— a VREEEMHICRIT 5 DPS 2712 ET 5. £3°3.28iTl&, BSSIC
BWTDNN ZHWT A= 27— a VIEOMRERE HISTEMRICOWTIARS. 3.3 fik
O34 HTIE, KM TIRET % DPS @ DNN 710 AN R OEF SR 22
3 %. 3.5 HijkU 3.6 HiTlE, FAEAPRBCHVZEEBEBOMD e A\—Ia7—>ay
1190 ERECHEE T 2 ET NV R FE T 27D DANT — X RUPERT—% (F~00) OB
FEEREFhENHHET 2. REIC, 3THITAEDZ L HEBRRS.

3.2 Entk

SR [28] T, IVA % ILRMA 1235 < BSS @ STFT 1281} 3 fuiz ER XK E (&
E) Q oW TEBMCHEL TWS. Fig. 3.1(b) 1%, ik [28) DFEEEROKEFIH L
bDTH 5. 7 LWERBRSEMEFIISH (28] Bz, #HitidES0E AL (source-to-
distortion ratio: SDR) [29] DHEETH D, NI THROEEHETHEOMREZERL TW5.
CORERED, IVA KU ILRMA T, FRERFED 470 ms ¥ W 5 LERVREBE OB VR T
&, IVA & ILRMA & SFEERFRDEICEBR L TWE Zehnhd. —7C, FDICA IZht
LT, BHIHMES si; ZHWAHAENIZ — 3 27— a ViERTE (ideal permutation solver:
IPS) % LfER (F72b5 FDICA OER L 5 2MR51ERE) Tk 10 dB L E® SDR @
BERERLTWS., ZOHEFKIZ, BRETFTOEFRESORAL VI HLWEHIGGETH -
TH, W, offE Atk ($hbbREBEE > B0 BSS) 13 FDICA ThEMEICEETETY
5Z%RLTVS. $abb, RIWEIMEERS v; ZIEELWERICHIZEZ 28— 2
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-+ FDICA+DOA  --©- IVA  -x- FDICA+IPS
—&— ILRMA w/ 2 bases —A— ILRMA w/ 3 bases
—=— ILRMA w/ 4 bases —— ILRMA w/ 20 bases
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Fig.3.1. Average source separation results for speech signals using random initialization:
(a) E2A (Tso = 300 ms) and (b) JR2 (Teo = 470 ms) impulse responses. For
details of this figure, see [28].

7—va YIEOMR (P OHftE) OATHZIERBLTWVS.

COFEEEHEE LT, DPSHREEINTWVS. 1EKD DPS [24] TlX, ¥ 7Y FAD
N—=3Ia7—a YEEERRRT 2B, SRIEBREY I8 L TZ2oto e > o
EEEWRADE—FRDEIHLEPD 2 75 20 HHE%2 DNN THFHl L T\w3a. S
N =2TdHZX, Z0O A—FHEOED»E») O 227 7A0FIETHhbE 85 505K
DRG] IC—T 3705, BFRED N > 3 2o 561, TRA—&HEOMDTIERV] &
DNN 23 L7238 Z2 DR L DEIRD R D HEE LRV, o T, ZOHBEITKHE
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FERA D E DEVRICHIGT 2 02 HE X E 2 72DI121%, &0 2 77 A58 DNN £ 7% &R
BN EHOHD 5 2 DEIMEAEDLEE (vCo) MHEHAERIEZLT, S HIEBEROY T
FEID = 27— a VRFEDRRE (BTN FORT 4 v F V7)) OUHEEEZ S L,
ZO7NTY RLFIIFHITHEH - RIS o TLES.

Z 2T, RamX T, & - FHAEE (long-short term memory: LSTM) 2= b [30] Z W7
MAMERE= 2 —F L% v b7 —72 (bidirectional recurrent neural network using LSTM:
BILSTM) 1Z#-5< DPS 22K L, —3I 27— a VIEEOMREZ HIES. BILSTM 13,
AT =20 UCTIE G A e G R O 5 22 SR E 2 U, 28 217 5 RICREIV T
ETH5. ZOFHEICED, KEND 2 VIR T — X281 2 W57 DERAFRERZ RERAVIC
ETMET 2 ZEHAIRETH . £, BILSTM O 725 LSTM 2= M, ANRS
N B2 7RG T 20BN TE D, AEEAME L BT %7 — M % fF
ZATWEY, RORIT— X 25 BRItz s 5. ok, BERBUTHIC
B 2B EIER OB ENRINCIEZ 27 DICERETH 5. 128 DPS Tk, SHIEH O
LT BT 2R IHEICEE T2 2 2 HNE L, BREHEEBEOARZ burJ
L2 JEERBOTENCHEE LB T BILSTM ICA N 57 Fu—F 283 5. DNN &0
M, 3.4 HITIANS. 2L DPS X, HIFEK N OIS 73V X 2 O HENEZ ] 5
52 HNE LTEEFENTVS., L2LAEDPS, KX TlE, RBEFEPI -3 27—
¥ a VREERIRAIRE T H 2 D 2 MEES 2 72D OFEICERZ YT, HRBRCF v 1 LB
N =M =2 DBEREL THRDIMEZITS. %8B, SHEMN >3 U LOEMITBIT S
MEREFHEIIC DWW TIX, SROFME L L THEDIT 5.

AFX CTHERT % DPS %2 BSS IZHEH 3 2 WEOBZIILL T Ol D TH 5.

(a) R—3 27— a YEEDPKRMIEORETH 2 HERFS (V,)N_, € CI*hzxfL,
ZNERDEE Y —Hic S < ERUL [6) 25

(b) EHILENIARIE T =27 va T A6 (Y, )N_, e CT¥ »e) H2HRRH 7L — 4
J EZDHIE j+ 5 DR 7 L — 2D T =27 ta 7o azefiti L, K
7 L—24j 2R LR ERIE SV — 227 v 7o L2 HBRT 5

(c) RFIREHRIG Y —2_27 v B 275 A (V)N € CIXCOHD 2R A A E Lz
750 [Yi1 -+ Yyn] € [0,1)7*NE8+D 2 DNN ICA 1§ 5.

(d) DNN FESHCRFREFIRIE SV — A2 bu 7o AOEEEBY Y OABREhTh
YOHFEFEBICET 20208 LTPHIL, BEEE R CEREOMRHEL £ &
DATHE T

(e) (b)—(d) DALFRZ 2R 7 L — 2 LCHEA L, K7 L — A BOmMREITH L;
[0, 1] ZE{§ 3 3

(f) MERMEITH Ly € [0, 11N 23 21z, FHR—3 27— 3 V175 Pt € [0, 1]V
RT3

L AEMERSE, FHOEFSLTLS n e —HLTWS EERLRWED, n & n/ ZHEVWTTITHS.
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Fig.3.2. Extraction of local-time-frame power spectrogram (N = 2).

(g) 2WFf 7 L — 2 ORERMHEITIZ AV THR L2, FRI—3 27— a Y7L
T, RGNS SRR 2@ L, ®FHE7 L — sl 08— 27— a V{75
Pl {0, 1}VXN 2T 3

(h) 2 = P ly;; Kb o8— 327 — a YRENRR SN DEHES 2155

RO DFEM DNN O228 FHICOWTI, KEILBETHL K B3,

3.3 DNN OAHEAS

FDICA 5%, $—3 27— a YEEPRAE L RBOHERES (V)N _, 565,
22T, A—HFICET 2Ry OMEBE®RTAT 2720, #HERS (Yo )N, 27 —ZAXZ b
0277 5 (Y| 2)N_, oltFRicEHs 2 EFIL [6) 3. oI XRTRIN 3.

.2

Y. = ii%z%%;;Tg e [0, 17/ (3.1)
ZZT, || ROHEREZ N T OBERZBEOHHED 2 FROBERBOE D HERT.
D XS RIEMZ, SR [6] TREL KBTI ATV & 5 ICRA—FHICET 2 B0 OMHE%
BRI X B R HEDA D 27T TR, HEEESOMENXR [0,1] OHEPFICREXNE 25,
DNN OB 2 LE ST MR BMFHFTE S, Kic, #HERFBSDOER LAY —2x7 tnr5
L (Y )N_y 25, Fig. 32 1R T &1, Bl7 L —2 j 2D T 3 FAHRER 7 — 2%
sraroakts s, ZoRHERATRINS.

Y = [y(j_ﬁ)n, y(j+6)n/] e [o, 1]I><(26+1) (3.2)

ZIT, Y €0, BY, @ jHHDIIRZ FLERT. £, § (0 LB &
R 7 L — 2 j OEBRE 7L — 22 Y ORE DNN ICAN T 202 RO 214 %=X
X=X TH%. Fig. 3.3 1RT LI, K DPS T (V)N _, ZRREAMICHE LAT5
(Y1 -+ Yy €[0,1]>NEAHD % BILSTM AN T 5.
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Fig.3.3. Estimation of permutation matrix (N = 2).

R DPS T, FRKERY LTI Ly € [0,1)*N 2 h3 5. L&, SREABEMLE VS
28— 2 27— 3 VFHIO FRRERE [, > 0 2ERL 3T 2175THD, ¢=1,2,---, N!

F N EOHFFH T2 NUED DIEFIDA > F v 7 22 RT. E5IT, Ly FHERMEL LT,
PUF ool Z2 i 72 3.

Zii‘ﬁ =1, Vij (33)
q

Z ORIFNZ, softmax BIZEH WS Z ¥ THEIAGETH D, DNN EFALNTUHIh 2 (GE
IR TR S).

BEFMN =2 088%0ct 5, FPHENE =3 25— a8 P71, Iy RO

lig; ZAVTARD & S 1cREh 3.

ﬁgl—ihj[é ﬂ-+&%[$ é} e [0, 1]N*N (3.4)
K (34) 1BV, Iy Bl &, ANES Y1 KU Yo OFABEBES S (1 HHOEZH
WES2ME] ¥ NRFHOFRICET 2R 2Z2hZiurLTW05.

S i =1 &7 T e, P DSMTH5 I ah 5. %7, Birkhoff-von
Neumann OEH [31] (5 A ) 2FEET 2L, X—Ia7—>a VREEIREL TV
AT —=&H 5 DSM % FHlIT 2L DPS D DNN i, £X 52 FTRTDNR—I 27— 3
ATHNCR T 2 IS AREEHEE L T0d Zick 3. S0z UL, DNNIZEZ 5 % 8—
27—y aTHOHT, EOTHIDIERTH 202 WHOEEZHERMEL LTFHlL TV
3L RRTE 3.

B, N—Ia7—va YAEOREIFEAMCBOWTALETHZ (R (2.23) B3
P, 7L — 4 jICE SRV ERERT 3). DD, Bz FRE Y — 227 k
B275 ah BN TH =3 27— 3 VATH (B1), 100w, SR E M S

52 TCEDREDOECTIRER P e {0, 1}VN 24K T 2 Z L ASAHETH 5. T ORRAE
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Three BIiLSTM layers Freq.-wise dense layer

N

3 Sb@-S
9)
5 1
@ .. . . . .. . . .
- K

(] - o) [ ]

*g LSTM h. g

g g

o o

| Product |
| Product |

Fig.3.4. DNN architecture (N = 2).

WZED, N—=3 27—y a MTHOHERENMER I N, HHETEEEM LS 2 2 & AT
N5,

3.4 DNN DiEiE

R DPS T, ARBYE VHEMADARA—2 27— a VEERRRT 2BICETE Y 25, &5
TR FEEOT NS B 5 BERIE %2285 5 7=, BILSTM % FEEO5FICER $ 5. BILSTM
VX, IR R I B e YT 72 R B B RO A TSR LT, I A R O T 0 e % R RE L
ERLI¥FEEAEEY T2 DNN ThH3. ZOREICKD, FEBEEOKREFREGENRNICE
BS2Z e DAGETH 5.

Fig. 3.4 12185 DPS THW % DNN ofigiz/~3. AFETIE, 3 BILSTM % 3 EiiE
M¥2. B, TTTHEHLTWAHEIZ, 120 BILSTM ATEZ#S3 (%8 BILSTM
(multilayer BiLSTM) J Tl <, BILSTM B2 Db 02 BHEAENS X2 v 7 A
BiLSTM (stacked BiLSTM) ) T#® %. % BiLSTM ETIZ, AWK Y > DIETT A O R E
h{D e RNCAHD pisim o i b € RVNCAHD 2z nznihT 5. Zhe ORE
X, F—FEEE Y ICBWTEEHICHEEIS Z e TG Sh, XN TRINBZXZ bLs
hans.

hi = h{" @ B e RN D (3.5)

ZIT, O BERBOEERT. ZOBMEICKD, EAMEEAAORNEEIRESH, &KF
B e BT 2 KFEGREER L REEN GO N 5.

BT, 3D BILSTM O I TH 25 E h; %2, N(28+1) 226 N IITICHHMES %72
», FAEEECeEEEEEHA L, X512 Softmax B¥E W TXRRD & 5 I IEFbX
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MERMER 7 A ZAERT 5.
I; = Softmax(Dense(h;)) € [0, 1] (3.6)

Z 2T, Dense(:) 3&fiaE %, Softmax(-) & Softmax Btz zhzhRd. ZOMUHEIC X
D, BREMEHEE Y it LT, NED =2 27— a YTFICHIET 2HERERE2 Z &
MTES.

97 DNN O TH 5 L &, IF 2172 by LTHKREA21THITHD, UTD
otk hs.

i
i3

L;= || elo,1j*M (3.7)

I

Softmax B DEAIc & b, L; 0EHRIZIEATHD, 51Tk (3.3) ROL&MERAET. ¥
kbbb, L BRERME Y i 1BV, S—3 27— 3 YTHoFPRHEREEZHLTH
% LRRTE 3.

3.5 DNN FEEDIEKEE

2% DPS @ DNN 8 %, #HEBEKZERL, ZoEZRMET 2 X510 X —4%H
W9 AN EREICESWTIThbN S, 2% DPS @ DNN &, 3.3 fiicii~7/db, AT
T =S EAFEBHBEDIELWERASA—I 27— a2 FHlT2ETLTHE. BRI,
BHERD N =2 OBAE, (i), lin;) #FHT 2 227 5 28 UTHAEEL, softmax BI%
FAWTE Y 7 202003 2 EREE T 5.

W, 2277 2A0FBOBEREBIE, TV IADTH2OENBMAEERRTHZH T
IV ANKETLY b rE— (categorical cross entropy: CCE) 2SHWHN S, Z4uT kD,
DNN Q%8 2 AHEE DM ATITS CEMARETH 5. LA LREH S, 1% DPS 04k
DOHMX, 2EERE S ICBWTIEM#Z A= 27— a YT ETHIT 2 Z 2 Tldkl, &
KN IEER T BEHES (Z,))_, 18522 TH 5.

filz1E, HERES (V)N OZFAF I AL RV K S BEARKYE YicBWT, o
o= a7—varyHTFHlEnTd, R LTHONZ0HES (Z,)N_, OBERIHEN
FiZizt AL 252720, CCE ZHEEK L LTHVWS &, =¥ —ndin (FE
SHECBVWTEEENMRY) FEBE Y, TXLF—PREV (BESEHCBW TEEED
BV B E Y PELCEREETIRbNS Z ik b. 2O X5 REGE, BRIEEREDOR
LT SN B AREND D 5.

Z 2T, 18R DPS T, #HEBEY LT, CCE ZHW2DTidk <, FEEHRE (mean
squared error: MSE) %8B Y L THWS. BEARNZELBEBOID /% Fig. 3.5 1

*2 ZIESRICET A RTEEE 1 B LG E D51
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Frequency-wise
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»—1
P,
a9 arz

a9 a7,

O
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Fig.3.5. Loss function using MSE with PIT (N = 2).

KT, REDPS 2B % DNN 02685605 FHA—I 27— 2 Y75 P!
¥, FDICA 2 X 2H#EEES (Yo )N_, ORFIBEEER<Z baZ 5 a (Vi)N_, oM
AR LT, PHOBES (Z,)N_, %85, =5 LTEA THSEES
(Zow)N_y ©THUT, ERTNALEZHMEE (Z,)N_, %W 2. ERS S, 58
BE (Z,)N_, ORFIMEREARY a2 ATHRESNS. N6 DEEH DM
T 3720, LKL LT MSE 2 TR & D EHT 2.

N
Co=>

/I —

ZZT, Cyld ¢ HHOIEFNZ BT 2 THIES L EfES O RAEZRT. £, Plg,n)
W NMEDFTRXTORRERIEFID S 5, ¢ FHHDIEFNCBT % n/ FHOERA > 7 v 7 A %R
TR TH 5.

% DPS TW, HINCKF LR WERZHZB T 579, IHFAZ¥E (permutation
invariant training: PIT) [32] ZEA L, #HEBEK L 2 XX TEHKT 5.

2

Zjw — Zip(gm) (3.8)

‘2

£ ey Co (3.9)

Z OEKBIRERET ORI SIE, FIFEIEF 2% B ICEE 3 2 0872 <, FTRTBER B
WETLZR—I 27— a VITEOMBRICERZYTONIHTH L. ZOME, STHRHDIE
FEORMERMEZEZR L7205 DNN 2RI RIICHI T 2 Z e AREL 72 ), FIEDBERE M)
EpEIRIEINS. ZO7 Tu—FI1F, BEERL &CRELIRN T S ZHITHISTE % KT,
PERFIRICHANTENEEET 3.

3.6 FHEEDDNN DT MT—RADEA

DNN OB D5ET Lz, 8% DPS 1%, FDICA O#ERS (Y. )N_, CEHAxh 3.
N— I aF—a YRR, BARAEROETH W, (EE L TRET 3729, ©ELWHIEIET
BB 7 L — 2 AMICBWT—ETH S (P 1% j 1QIEKkTE). ZoMEEFIAL, Fig. 3.6 12
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ml\
DNN £F
+ P -
Convert to :
permutation matrix
> i-4 3 it p—
P ; g
s 1Y, Py T2
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Fig.3.6. DNN predictions for all local-time-frame power spectrograms and their majority
decision (N = 2).

RIT LI, TAMNT—XAOHEHRIZIX, B4 REHE 7 L — 24 5 1281 2 /FTRE 7 — 2
X7+ aZ 5 n (YVi)N_y # DPSICANIL, WAHENE =3 25— a X175 (P;')],

WL TR EITS. ZOUBEICE D, 2R 7L —21ilb3—8 L A—3 27—
> a AT P 2T OR T .

J
~ 1 A
P! = round (J § jPijl) € {0,1} V<N (3.10)

22T, round(:) ZASATHIOERZ L ICPHERAZEH T 5 HAZRT.

ZROLFR ORI, % DR 7 L — 212813 % DNN OHIICE $h 2 2 et
WATE 58I H 5. BRM7 L -2 j THASNS P13, BT — 5CkTE LR
BRHEICE DOV T WS 1280, —IBORR 7 L — A Ti#lo /28— 3 27— a YT¥IAH S h
ZEREMD BB, L L, ZEIULERITS 22T, 27 1L —2a1ibkz 3 FHlfEREHE
L, REMCEEL—BlDH 28— 27— a THI2BHT 2L AlREE k5. T
ek, HEESROBEBELM EL, SEIEEED X 5% 2WEIIFTE S,

BRI BHEEDBHES 2,5 1%, Boh—HLE A= a7 - a U178 P 2 VTR
KTatEIN 5.

ﬁij = If)iilyij (311)

COMFIZE YD, IREDPS 3L —ABTO—EBUEEE L, SBEEREREHY
RT3,
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3.7 mREBEDXE®

ARETIX, FDICA OFK R MLE Y LTITS5 DPS IZOWTH I ZIHRE L 2. 3.2 HiTI,
FDICA IZBWTHAWN LA A— I 27— a VRIREZEH L1256, BRECERS 7]
HEr 25 Z e B L. 3.3HiTlX, DNN O AR —HFICE T 3 50 DR % i &
B 27012, EFILELT - /R ERIE SV — A7 va 7S a2HlwsZ e 2k, DNN
DN LTR= 27— a THIOFRBE R 2MERMELSE2 e 2@ L. 34 8T,

FIROFFEOTENC BT 3 BREE2¥E T 5728, BILSTM ZHWEEF L 2ME L2
ERDOWTHAL. 3.5 H#iTld, DNN O NI > T8— 27— a ATHIR/ER L 7=
#%, FDICA 2 L2352 MU 2 2 2 THRLNS THINEHES v ERODHHES L 0
BT MSE % FHW/-48KBE IS 2 e 2B L7z, 3.6 iTlX, 7R b7 — XA L TR
HENCZBPIIREFTS 28T, N—3 27— a YREEORIUEEZ M L X¥ 2 2 ¢ 2Hi
L.
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5 4 2

41 FZRHE

ARETIE, BIETHAL = DPS OBRMEZ IS 2 72 D124T o 72— EH O EERIZ O W TR
5. #8R DPS &, FDICA K X3 #HEBS N T 28— 27— a VEZMBRTZZ L
ZHHE LTBD, ZOMEEZEBROERESNOERESICHEMA T2 2 & TiHliz1T o 7.

AEOHBIILLTOEY TH 5. 4.2 HiTiE, 2% DPS OMRELZFHE T 272012, HRED
FDICA O#EEBICEEN 2 DHEEEZE TRV V-V EBENRE LTk - 2FEEBRI
DWTHIAT 5. 4.3 HiTlk, EBIC FDICA O#EEEBICH L TIRE DPS ZHM L, fEX
D BSS L EBRICOWTHIAT 2. RERIC, 44 HiTAEDOZ L DEBRNS.

4.2 2% DPS DML %REICEI 9 2 FTMIRER

AFEFETE, IREDPS LT 2 00RLR 254 T TEBREZITV, MREZ MG L7z, FH
LY LTI, SDR [29] O ERE % F\ /2. SDR ERE, HIEDHEMERE % & & M1 3T
T 5D DRENZIEETH D, HEESHITOEZICEDEEEVWrZRT. KEHRTI,
SDR EH RO ZE L T, REFEOAMNMEEZMEEL /2. DITD 4.2.1 HT, BAIRFER
SR DOWTHIAT 5.

421 HEREMH

AREERTIX, K DPS [24] K U42%E DPS O bHREZ M3 2 72Dz, BEREF L &
BEZHVWEERZE M L. EEESOAZHVWTEELZDNN €7 LE, BEESDA
ZRAWTHEE L DNN E7LD 2 0% MEL, FET /U LT in-domain (FHFF7—X &
T AT —=REZFA—OEREZHW25E) & out-of-domain (FE T =X 7 X b TF—&IZ
R 2HEOERZHWV25E) D&M CHHiiZ1T > 7. In-domain & F out-of-domain @
EOWE Fig. 4.1 1OR7T.

HIR(ES (S1,82) &£ LT, Table 4.1 1Z/”F SiSEC2011 F— %t v b 33| Ic&EN 55
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Table 4.1. Speech and music sources obtained from SiSEC2011 [33]

Signal type Source Data name Length
Male speech dev2 maled4_inst_src_2.wav 10.0 s
Speech
Female speech dev3_female4_inst_src 2.wav  10.0s
) Drums devl_wdrums_src_3.wav 11.0 s
Music
Guitar devl_wdrums_src_2.wav 11.0s
In-domain
Training A

DNN

Audio

. Evaluated by
signals

audio signals

Out-of-domain Permutation patterns that do
not overlap with training data

Training /
DNN

Audio Evaluated by
signals music signals

Fig.4.1. In-domain and out-of-domain experimental conditions.

ZOERRES, SRR FI7LFX-—DHERESO 2HEOXRTZHVWE., ThbDEED
P72 EBEENE 16 kHz (IZEGE L, R 7 — U £ (STFT) O&RKEIE 2048
(128 ms), > 7 FEIZ 1024 55 (64 ms), ABEFUCIE Hann BZ V-,

AFFRTI, Fig. 42183 K51T, BEHES (S1,S:2) OEBE Y VAT VX A1
RAEANEZ BT, X—3a7—a YREEEGEELZHERFS (Y1, Y) AR L.
¥ET-2E, 150 RRX—=2 DI Y X AANBEZZHCTER L (Y1,Y2) 2L, 7
2N F=RIEEE T - R EENEN 10 XX =0 DT Y X AANEZ EHAWTERL 2
(Y1,Ys) ZfEH L 7.

DNN oZ&HizonwTiy, &ibifbFiEe LT Adam ZHY, I=NyFH 4 X% 8, TRy
7 8% 500 WZFE L7z, BILSTM O JRFiEHEEEZ 8 =13 & L, BRAEDOXILIES BILSTM
BoHHEFRUT N(268 + 1) ICFE L 7.

DNN O Fifti#icid Adam [34] ZFHV5. Adam OEADREL T LY X 4 %K
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- Random shuffling

O

C ]

g n

o - N

o Random shuffling

L Random shuffling
Time

Fig.4.2. Creating signals that imitate permutation problems.

Y.

g® =vL(wh) (4.1)
m; = pymy;_; + (1 — Pl)g(t) (4.2)
vi = pavio1 + (1= pa)(g")? (4.3)

. m
;= —tpﬁ (4.4)

R v
V=1 —t,og (4.5)
Aw®) = — T 4 4.6
v R (4.6)
wtD = w® 4 Aw(® (4.7)

ZZT, L(w) kU w ik 2HEKEEEBIR U DNN ORELEBE e D77 ML TH D,
my K v FWTHHBEOHENEZRTE— X VX LALIINZBTH B, £/, LAx
XFD 3R (ZEER) ORERKEZRT. m K v, BRI ATNWSE I LITLD,
ZROEFNC BT DIRENZ M 725 & @l D DRE R b RE L 72 5. R (4.2)-(4.6) F o
NAPR=RT X = RIFFNZINEHEN LR EMETH S e =1.0x 1078, p; = 0.9, pa = 0.999,
N 2R n = 0.001 1IZFE L=,

it T H 2 SDR 1%, BRDBEDES &L HBEE DEAD DR X O /5 7% Ik U 7= Z 8T
MRETH . 5, BEIEMOHNERESZ s(1), HWELAOER (FHER) E5%
n(l) L33k, TNHEVRALEE x() 3R k5.

x(1) = s(1) + n(l) (4.8)

Zorx, BEES x() CHEE 2 EH LGS oM 2 HVEROHEERES 8(1) 3R TEZ
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Table 4.2. SDRs [dB] for music test data using DPS trained with music signals (in-domain

evaluation)

Test data Observed
Conventional DPS Proposed DPS

pattern signal
1 -0.95 2.95 64.75
2 2.00 2.95 64.75
3 0.55 2.95 155.00
4 1.25 2.95 64.75
5 -1.00 2.95 66.65
6 -1.00 2.95 61.15
7 -0.85 2.95 66.65
8 -0.15 2.95 64.75
9 0.60 2.95 64.75
10 -0.35 2.95 61.15

ns.
é(l) = Starget(l> + einterf(l) + eartif(l> (49)

ZZT, Starget(l); €itert(l), R eqrie(l) FENZHHEEE BT O HIE RN, KRB L
FHEERD, MOBFFRTEULEIC X > THELCREARTTHS. 2O Z, SDRIFXAD
ij&zﬁﬂj’c“%é.

|Starget (1)]?
SDR = 101ong PRI [dB] (4.10)

4272 HEFER

Tables 4.2 & Tf 4.3 1%, ZAENERESKVOERES D in-domain 7 A ;7 — XX}
3% SDR #/RLTW5%. In-domain aﬂﬂﬁ’ﬂi YERTF—RETAMT—XTHCERES
(S1,82) ZHHL TV 7D, BWHRENGONL /T, @FEOAREY D 2 FICHET
5. fiRe LT, itk DPS “C“&i%ﬁ‘?ﬁﬂ%ﬁ@ SDR 72> 6 —EEDOHEN R SN Th, HEE
STVEH 3 dB, EAEESTEEN 10 dBEEICE -7, —/1, #E DPS TEE2TOT
A FF—&T 50 dB LLED SDR HEM MR SN, S— I 27— a YHEZBYNSHERT
XTWBZednmrol. TIZT, SDRIF—MINICHI SN B ESHE L (signal-to-noise
ratio: SNR) & #2742 b, K (4.10) ITRT X518, FRICTFHERRTICMZ, &7 BENLE
WEoTHELIZEARDTDOELIEETH 2720, SNR LD B LWEETHZ. 28 DPS H
EERL L 7= 50 dB LA B SDR & &1, SNR#ECRIEELM EICHYS L, ~A x> FOER
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Table 4.3. SDRs [dB] for speech test data using DPS trained with speech signals (in-

domain evaluation)

Test data Observed
Conventional DPS Proposed DPS

pattern signal
1 -6.25 3.60 44.5
2 -6.85 4.65 44.5
3 -5.40 3.60 44.5
4 -6.45 3.55 44.5
5 -6.60 4.70 44.5
6 -6.45 4.65 44.5
7 -6.35 3.60 44.5
8 -5.50 4.65 44.5
9 -5.85 3.60 44.5
10 -5.55 4.65 44.5

Table 4.4. SDRs [dB] for speech test data using DPS trained with music signals (out-of-

domain evaluation)

Test data Observed
Conventional DPS Proposed DPS

pattern signal
1 -6.25 -8.00 33.55
2 -6.85 -5.85 22.85
3 -5.40 -7.20 33.85
4 -6.45 -7.60 23.50
) -6.60 -7.40 22.00
6 -6.45 -7.25 24.05
7 -6.35 -1.40 23.60
8 -5.50 -7.65 26.65
9 -5.85 -6.40 25.15
10 -5.55 -7.90 24.05

AT LACHHATERIZEDMETH 5. FEBIZ, NBEOH THERST 2 L LTRSS B
TN ERDIIEDENERETH 5.

Tables 4.4 )R Tf 4.5 1%, ZNEFNEREERTEFETD out-of-domain D7 X 7 — &2
X325 SDR Z/RLTW5A., ZHHDRRIE, EFEESTEE L DPS 25 E(EFTD -
Ia7—Ya MEEBRTE 0 KU ERESTHEELL DPS AEFESD -3



Table 4.5. SDRs [dB] for music test data using DPS trained with speech signals (out-of-

domain evaluation)

Test data Observed
Conventional DPS Proposed DPS

pattern signal
1 -0.95 5.05 3.35
2 2.00 5.05 1.75
3 0.55 5.05 3.35
4 1.25 11.35 3.35
5 -1.00 11.35 3.35
6 -1.00 11.35 3.35
7 -0.85 11.35 3.35
8 -0.15 5.05 3.35
9 0.60 5.05 3.35
10 -0.35 5.05 1.75

F—Ya YEERRRTE S0 ZFMELZDOTHD, ST LOMNELEREEZRLTVS.
R DPS 1%, BREESTEE LA RE—EORENR NN, ERESTHEE LY
BRREBEACYEEDRRONR o7, —TF, R DPS TlE, BRESTHEELLET A
BEESD A A—Ia7—Ya YREZMBIRL, 924 dB ML LD SDR &E0HF o, £
7o, BREEETHYE LAETAPEREEICHA I NZGE IR DPS e itiks 22, ®
RHRIET L. RERTESNLTHEESDOARY P77 ADRBIZOVWTIIf R B
PRIV, DLEOREERDLS, 2R DPS I, FHCERESTEE L7 LIZBWVWTIE,
BOVINLEREZ RS, BRBETR—I 27— a VHEZRTE2 2 b o 7.

4.3 1EZ DPS % BSS IZIHA L 1RO SR ER

AREETIX, EEDPS Z FDICAIZ K-> TIELNAMEEFESITHEAL, —Ia7—Y =
> PO RRHERE % 30 L 7. FEMSEE Y LT3, SDR [20] Oeki i % M 7.

431 HEREH

2% DPS % EIE D FDICA (JSH L 7B MRER il § 2 72012, RO KTk M
ABDOELEFEEML 2. BEMICE, PS ZHWVWARW FDICA (PS: none), FI2EAH
(direction of arrivals: DOA) f&#iz w7z PS [8] 12 &k % FDICA (PS: DOA), ##ZEFiE
(PS: DPS), IVA [13], &IPS 2w/ FDICA (PS: IPS) ¥ DLt# %47~ 7-. FDICA
(PS: IPS) & FDICA IZED K HRIHED FIRMGEZ RTHDTH 5.

22 DPS 0% 7 — 21213, Table 4.6 17”5 SiISEC2011 ® R A F X —DEEET %
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Table 4.6. Dry sources obtained from SiSEC2011 [33]

Source Data name Length

Drums devil_wdrums_src_3.wav 11.0s

Guitar devl_wdrums_src 2.wav 11.0s

Huwiz, ZTOoDEREBIINLT, B8 Ia21L—>ar 7477V ThH? pyroomacous-
tics [35] ZEH LT, 100 HET ORERE > I 2 L — F L. pyroomacoustics i, =N
BERG 2 (RAEMICHEE T 27290 Python 24 72V Th b, HEDOEIK, BHIRME, <A
7 ak VELE, BEEORSHRE, MUORERHE (Tg) ZRT7RXA—XE LTRETDHZLT, B
N BHEESEERT 2 ZeAETHE. ZOTA4 77V, BENREDS I 2L —v 3
URBEEBUHEOTICBWTAL #HHIA TV S,

AREFFTIE, HEDOY A X2 HlE 5~12 m, BITE 5~10 m, RUEX 3~5 m O#HiFHT—
BRI 2 TT Y X LITRRGE L. BEH O PRI Z T L, Tho 13 220 ms FRE L 725 X
HCHEL. 2o~ A 7akr2EHL, ~4 70k BRI 5 cm, SR ~4 7ok
YORRBEIZOWTIEE S 2 1.5 m ITHEE L, MilEN BT ZICOoOW TR EOHEHMNT KD
MRS EETRE L. 72720, BRe~A 270k BRIAZESNT 30° ks &5
WAL 7.

EREOFFNHER 2 2125 WTIE, FDICA THEE XN 3 SHHTH W, ICHEESEA & Eh
5. D7D, JREBIEICZRR S A2 EUESITH LT, B —I 27— a V[
B fRRT 2REPEC D, THETIKHAL TE/4E%E DPS % FDICA oA 2 &
BFEICHEH L7256, FDICA OHEFESICEEN L THREZDFBEICID =3I 27—V 3
CVHEDOIERERNE T §2 Z e B FTREINS. ZORERAERT 272912, FDICA 281
2R ERZERB LY E T —2%HEL, DPS OFEICHWSETILVEREL /.

R B S 2 72912, HEEER O EIS 2R T REEEBEITH R € [0, o]/
PUER T 5. RIIRANTERSINS.

m M ™
ro T2 - T2

R=|. . | €000 (4.11)
rrrr rr

ZIT, riyra,ee s EREE [0, 0] IKHES RN S T Y X MERINLHETH D, Rk
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Fig.4.3. Simulation of estimation error in FDICA (N = 2).
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Fig.B.1. Spectrograms (in-domain evaluation) for speech test data using DPS trained

with speech signals, conventional DPS (left), proposed DPS (right).
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Fig.B.2. Spectrograms (in-domain evaluation) for music test data using DPS trained with
music signals, conventional DPS (left), proposed DPS (right).



Frequency [kHz]

Frequency [kHZ]

Time [s] Time [s]

Fig.B.3. Spectrograms (out-of- domain evaluation) for music test data using DPS trained

with speech signals, conventional DPS (left), proposed DPS (right).
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Fig.B.4. Spectrograms (out-of- domain evaluation) for speech test data using DPS trained

with music signals, conventional DPS (left), proposed DPS (right).



