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Experimental evaluation of deep permutation solver
based on local time-frequency structure

Shuhei Yamaji

Advanced Course in Industrial and Systems Engineering

National Institute of Technology, Kagawa College

Abstract

In this thesis, we deal with audio source separation, which is a technique to separate audio sources from an
observed signal. This technology is useful in situations where multiple speech needs to be separated into the
individual speech sources. It can also be used to separate a target speech signal and the background noise. One of
the popular source separation methods is frequency-domain independent conponent analysis (FDICA).In FDICA,
the separation is performed with applying independent component analysis to each frequency. However, in FDICA,
the order of the estimated signal in each frequency is not aligned among all frequencies, resulting in the so-called
permutation problem. Thus, FDICA requires a permutation solver as a post-process. In recent years, independent
vector analysis and independent low-rank matrix analysis (ILRMA) have been proposed. These methods
introduce a source model to FDICA to avoid encountering the permutation problem. Although these methods can
avoid the permutation problem to some extent, for the mixture with strong reverberation, they often fail to separate
the sources. On the other hand, it has been confirmed in the previous study that FDICA can separate very high
quality for each frequency. A remaining issue is only the permutation problem.

In this thesis, we propose a new method for solving the permutation problem using deep neural networks
(DNNs).The DNN learns the features of the time-frequency structures of audio sources and predicts whether the
permutation error occur. Then, the permutation alignment is performed based on the predicted results of the DNN.
To evaluate the performance of the proposed permutation solver, source separation experiment using two-speech
mixtures with strong reverberation have been conducted. The experimental results show that FDICA with the
proposed DNN-based permutation solver can achieve about 4 dB improvement from the state-of-the-art algorithm,
ILRMA, in terms of a sources-to-distortion ratio. I also show that the separation accuracy of the proposed DNN-
based permutation solver does not change even when the spatial arrangement of the sources (mixture condition)
in the test dataset is different from that in the training dataset. Therefore, the proposed method can be used as a
general permutation solver that does not depend on the locations of each source. In this thesis, I only focus on a
speech source separation problem in two-source mixture case. The extension of the proposed method to three or

more sources is a future work.

Key Words: Independent component analysis, Deep neural network, Permutation problem
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KESCE, ERSBEEATIC OV TR | S . FRSEEE 1, kxR BEEMNES > BHE 506, 1’
X5HTOME % OFWREFEHET 285 TH D, Z OHINL, BEANRRHZRGE LT-NEEERER
DEFIZFTIENGER, BT EBEF 208 LT WGEE R E TR, RERETRSHEFIED 1
S L U AP A fE RN %5y 40 #HT  (frequency-domain independent conponent analysis: FDICA) 3% 5. =
M, JEEARI ST oy T 2% 2 & THBEATT 5. LU FDICA (23 8= a7 —va v
MRE & FEEN 2 0 BEE 5 O W O 2 BN RET 5720, RA MLERE LT/N—2 27— a3 UfRR
DEEL 725, EFETIE, 2O/ —= a7 —va JREZ ATRERR Y BHEES 5 X 5 2B BEFED 7
RINTEY, FRIMI~2 R8T (independent vector analysis: IVA) <CHHNAK T > 7 1780 3 A
LHTHDH., TROHOFIETIE, N—a7—a UHEEZ D HRRERT 20 0 FRSBENATEETH D
2y, K VFREBORONEIINE ST LT, VIXUVIEOBHCRKRT 2 Z ¢ s Tnd. — 5T,
FDICA TiZ, JABHEmEOERESBEHIIET ICEBE TEBTE 52 2 ERBITIEN LR TE, /=3
27— a VRJEE I BRESNTRETH D 2 ERgho TN D,

KimXTlE, WE==2—7 /%>y hYU—7 (deepneural networks: DNNs) %\ \/z/\—3 =257 — 3
CEDIRINE A REZT 5. R FIED DNN X, HIRIE 5 O BHE 72 I [ )8 i B 1k o Rl 2 FRis 7
L, BEROBEEE ANCONTR—=2 27— g VAREENEL TV ENE1E THIT 5. 29 DNN
DOFRFEREHNT, KON 27—y a VIEEZR T2 LT L3 ) X AERETD.
REFEON= 27— a VRTEOMRVEREZTHET 272012, MR TICBIT % 2 A EH DR
BfE 5 OEVRBEER A Eh L7z, FBRAREY, %75 DNN N—=2 27— a Uik & FDICA
ZMAE DR ERSBETFIEDL, BFORmTFIETHD ILRMA 005, F5xEARLICENT 4~dB
bOWENDH DL Z NP BNI ot e, BEFEFTON—I 27— 9 VRPIER, 7 X MO
BHGESTFOEBTROBERIEF AN FERT —FDZNE R D WO FETHS T, HERE
WEDLIRNZ E2FRINTR L. 207w, HEFROMERRITKAET 5 Z &0k, —fREJ7ZRN
—X 2T =g URRIEE LTIRETIEEZR D Z N TE 5. KiasU, 2 BIROFHRBEZ G L L
TWDA, 3 FWEUEA~OIERIZAHOMETH 5.
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1.1 ABEBXODEES

HEDEEE 1, BIL 2 EEE» S, EEAIDESZHE T 2HMTH 2. T ORIl
D EEZEREIZ Fig. 1.1 2R3, BEIBOHIE LTEREBIINT 27 I BT h
5. —HITIEDH 20, FEEBIINT27HTE, REGEIOMETLZREALCEELZ T2
HRPERAT 2 X R 7%, BBADPRFEET> TO BRI T CEABICOEES 2 X5 & FF
TONEEAR 7R END B, HETIE, A= ALY —H—0D X5 RE R & V-8
MBMEZTWAHT, MERLIFENFEEOEFESFEORAIER L 2 EFE#BEOKRT 2
M3 57-012d, HUFEEDADZ V7 RB—FEESVHAIE LTRDOLENATWS. HE
PRI TR, AXRYD/ A X%y vV v ZHERECHEES O & A BmPRED X 512, A
MOBEREMRREZ Y R— T 2HTHEHEIEDICHLIRZ SFET 5.

EREo &5, EEAMEMOIF=—XAEE->TED, ITNEDXRAT 2L T 5121
EfEERTRTBEFENRD 6N S, ZORHED S 1990 FRNHS5HETH oW 2 FIRTHE
TFEMEREINTE. ZOHHEMMTEOF TS, <4 70k P HHROAMEF O HFIER
DN WS FHETT, BROEESEIPRELLZEGE»S, REHMOTHEZHEST 2 &
S BRNHMEFEE 774 » FERDEE (blind source separation: BSS) [1] ¥\ 5. Fig. 1.2 1
BSS O EZRLTED, RHDEER A (94 7 uR U HRERMESHEDOEIRE X UM
BREKEFELTEN »oREBSIEREING. AN LTRER A DHRTH 2557
BER W ZHEEL, REHR AERAT 2 2 CROEREHET 5.

Ko, Bll~4 70k VB ToFHEE L k2 BRESRMG T TOFHEIRCE, FEE
SR OV EDREITHED K FEDIL S HWHRTWS. I 77 (independent
component analysis: ICA) [2] \&, BRERNT OESEDBERMEICAEHR I THBK
R EEIBETFETDH 2. BBESORSMETEI—RNICEEOMELZIT, BWIHE
BTREAFHEAAAREL K2 226, HEE ICA ZRFHEBHOBRIEEICEHL T
b BSS T 2 Z LI ARARETH 2. 22T, BHES 2R R E T2 2,
TRKBBEOBRRES L TRERZET/MULL, FEEEEIC ICA Z2#EH S 2 B R EK
ICA (frequency-domain ICA: FDICA) [3] 23R & N/z. Z 2T, ICA IF—RicHEE 7 A
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Fig. 1.1. Examples of application using speech source separation.
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Fig. 1.2. Overview of BSS.

EEDIEELTNETH D, FDICA IXEAFEE ML ICAIC L2 BSS 217570, 7#
B5 DIEF DA FEBEIE 5151278 oTL % S MEMET 5. FDICA IZBWT, FRE
DABEEEZELVIEFRICHE R 2MEIF RIS —I 27— a YREBELHIZATE
, BERIIZBEZR R ORRIIEBE (BT 771 X—vay) oflzHwz—3a
— ¥ a VEERIE 4], ~A 7 akr oM ERREZBAN L CEERIRG ML ZEEL,
N—Ia7—vaYFROFHPD & T 2Fk 5], REZOWMH ZHAEDELFIE (6] 2
RBSN TS, £z, EETIE FDICA (K U T E IR DR A R o7 D FEE B 7R 2 #r 7
WIRELT, =3I a7—a REZARERRD B L LD 5 FREE D D EEHES 2 HE
TRFENEHLTWS. filZIX, HIZARZ P73 (independent vector analysis: IVA)
(7, 8] 1%, FI—BEHEDOBARBK T OHEELZRELTED, FAMETHIR T2 (nonnegative
matrix factorization: NMF) [9] & IVA Z#HAEHLETHNLKT > 717515#7 (independent
low-rank matrix analysis: ILRMA) [10, 11] (& [F—Z IR O R E BRSO HERAIMK S > 2 18
2RO ZRELTWS. 2618, HEE=a2—5 12y b7 —2 (deep neural networks:
DNNs) %W TERORHEEREMEEDRE 2 EHT — 2 5 F/NICFE L, FDICA I2#
M3 2 AL REEBTII O [12] IRBE ATV S.

EH

MR



1.2 FHXOEHN 3

Good
| Proposed method
2
E
(on
-5 ILRMA
©
@
8
§ FDICA
Poor
; : Amount of
Blind SUIEE prior information
Fig. 1.3. Scope of this thesis.
1.2 A@wEXDEH

AR L7774 REEERSHMFEZ, —Ia7—>a VBEZERLDD, SVEET
DEETZ2ETANERBERRIFTCE. LrLEDRS, —3 a7 —Ya YIEEORIIHAS
DEBEZEZT 26, FRRWThOFEZHWTH B 27— a VYREZE
T BIFIFFICEHE LW, FHCEEE R OREESICB T 2 AMEER =3I 27— a YIi#ED
BRI VWERETETOWRY., —/AT, Xk [13] T, BEEFDRSES O DHRICIERD
NR—=3Ia27—>avk5x272FDICA 2, 754 ¥ K& IVAILRMA &b I EHICEHEVD
HEREE 2N T 2 Z L 2EBRMMORL TV, ZoERE, FDICA 13— 27— a3 v/
FDOADNRETH D, BEBEBEODBIERCEVEETERINTVWE I EZRLTVS.

Z 2T, AEWXTWE, DNN Z W7 — ZBET (b D) =3 27— a VERIER
2B RT 2. CORBFEOBMEFERINT 21 bME%R Fig. 1.3 1IR3, KX T,
Fig. 1.4 IWRT LS, FDICAXBI 38— 27— a VIEOAICES L TTED,
N—=3a27—2aYOIERZTHTIRICEE L DNN ZHOWTONS— 3 27— a VR
ZHHE T 5. 22T, BRERETTOEREFRDOREZNS L, FDICA T
DEEEESZRDZHZICDNN IKESLK A= a7 —> a VBRERZBEH T2 2EZ 5.
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Fig. 1.4. Objective of this thesis.

1.3 AERXDIEM

7, 2ETE, HEDEETED 1 DTH % FDICA L AR DRI T NERETH % 83—
27—y a YBEIROWTHLLFHAET 2. 3ETIE, RXOREFIETH 2 DNN o
D R—=Z 27— a VREREDO T AT Y X LADFEMIIONWTHRRS, 4ETIE, EHOEE
BRI T 2 FFEIEEEBR 2TV, RETHECBIT 28— 3 27— a VRRIEREDMEL R
fF IR BET % © LU 2175, WIRIC 5 M T, TRTOELRIE L 2ME 2B 5.
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2.1 FZRHE

x93, 22T, REFRECBVTLERERMREZ RN T 2720, FEIMFED
ICARZDWTHAT 2. 23T, TEEBLUETIIAVWSGNS, FRH Y7 -V =2
(short-time Fourier transform: STFT) (ZOWTa#AT 2. 2.4 fiTlE, BEEEREERICE
J2EFRESROBSS DERLEEAT 3. 2.5 H T, HEIBEFED 1 5TH 3 FDICA
WOWTCHHAT 2. 26 FHTl, S—3I 27— ayBELFEN2 FDICA IS5 HEDH
BBy, BIED S— 2 27— a VB OWTHAT 2. 2.7HTWE, X—3Ia7—vav
2 EEES 2 & 5 R ERDBETFETH 5 IVA R ILRMA IZOW T2 B3,

2.2 ICA DEXK[FIE
2.2.1 11:"5/}?0)/11. %T}Ltﬁ%ﬁﬁlﬁ

AIETIE, BSS OEMETH 2 ICA ICOVWTHHT 2. £, 2 O0DEEE s1(1) R sol
BHY, ZOREESZ 250D~ A 270k THAUTI VWO IRKEEZZ. Z 2T,
l=1,2,-- L 3HERRREA > 72 22T, ~A 70k THEIENLESZ v1() &

za(l) 528, 2O00EBROBERZIROELHEATETNMITE 2.

)

{xl(l) =a1151(1) + ai2s2(1) (2.1)
xo(l) = ag151(1) + ag9sa(l)

2T, EEDOEMERTEE am, (&, BE ICBREBSTEICETH I ERETS. Hb,
BRIEONEBERI~A 7 ary DMNBEIEFHI RN ZREL TS, ¥/2,n=1,2,--- N,
MOm=12,-- ,MZEZNFTEFERRF ¥ 2 LDA ¥V F 7 2% RT. GRER apn, 2%
DIATHELTDO XS ICERT 5.

a1 22

A= <““ “12> (2.2)
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ZDITHI A BRETH LIS, BRIES~Y ML a(l) = (21(1), 22(1))7 EEERZ kL
(s1(1), 52(1))T ROBEFTHI A 20T, & (2.1) BT (2.1) OETAERIETRRD X

x(l) = As(l) (2.3)

Tz, T RARY FARTHIOBEBERS. SHEEE y() = (n(),10)T, DT
W L ZNZhERT 2 L, BEABILTO X5 cRan3.

y(l) = Wa(l) (2.4)

ZDrE, HETH A OMITHIMNEET 2 (AHNEHD o1, W=A"12R3X5CW
ZERT 22T, BERs() ZHET 2L TE 5.
y(l) = Wa(l)
=A'z(])
= A1 As(l)
= s(0)

ZD X3, BRETH A OWITHRHEST 222 T, HEEDTHERZERTZI D TE 3.
L LEDS, HlHe~4 7Ry OMEMGPRITH 2 BSS KBWTIE, BRETH A D
FRRATHE. 22T, ICATIE, BEROEAGETLNX (2.3) DfREDMiz, EEZDD
DOIMETHIRET L (p(s1) R p(se) WNT2RE) ZEATEZLT, 774 LZ W
PHET 3.

~~ ~~ ~~

2.5
2.6
2.7
2.8

N O~ ~— ~—

222 HEFHRYIRILME

ICA K X2 ESHIMECHES 2 FTOERELRMR L LT, HeatiHiIE»rH2. 5, F
Bl s1(1) R so(l) ZHEREH Y L TRV, TNOSDEMETNE p(s1) KU p(sy) L ER
3. 8%, FEESHE (s1(1) R sy(l) EGHWZEBGRTHD, s1(1) 205 so(l) ZHEET 2
CERETERVETTHS. 207D, si(l) L so(l) WEVICHEHTICHTY ¥ A5 2 L AT
=, RADILT 5.

p(s1,52) = p(s1)p(s2) (2.9)
[k, BARRY 72 0Bl 7 4 L R DHEE T 2 4UE, THHES v, (1) DGR TH 2729, X
KAWL T 5.

p(Y1,y2) = p(y1)p(y2) (2.10)

ZIT, plyr) R p(yo) BZRENDEEES y1(1) R yo(l) DERETATH D, p(y1,9y2)
RIS TH B, EoTICAIWCEZ BSSIE, R (29)MPHIULTEE5B0HE T4+ LEW
RHETAMETHI ERTE S, LILoMEEZERLT 2, RRD IS ICEEXTRE 3.

arg min J(W) (2.11)
w



2.3 STFT 7

4 Time domain N )
Waveform‘ | . .
M»%MWMMMWWW Time-frequency domain
X Mﬁ A
X LI ] a ['
/ N 2 -
MMQMW o
; X Fourier transform L -
Windo Nj\ Time >
Spectrogram
Shift length MMMM Fourier transform Complex-valued matrix
LN X
« ;/\ Fourier transform -
\FFT length AN )
Fig. 2.1. Mechanism of STFT.
IW) =Dkrlp(yr, y2)llp(y1)p(y2)] (2.12)

ZZT, Dkrps)|lg(s)] EANANY 75475« X4 N—Y = R (Kullback—Leibler diver-
gence: KL divergence) Y FHIN, 2 DD (p(s) Mo q(s)) DEBEZRI2BEE LTX
RO EIITELREINS.

D lp(s)la(s)] = [ pls)log 2 ds (2.13)
7, DBET 4 v E& W THIEER T 200 () L& (y) OMRERZzEZ L E, Theh
DD p(y) = p(yl,y2) & p(x) = p(zl, 22) ORNICIE, RADILT 2.

1

= e w P @
K (2.13) RTF (2.14) ZHVWTK (2.12) 2EH 5 2 &, REEIZR/MEBEE I(W) IZUT D &
SIHIT 5.

p(y) (2.14)

I(W) = / / p(z1,x2)log p(z1, vo)dr1drs — log |[det W
T (2.15)

- / N p(y1)log p(y1)dyr — / h p(y2)log p(y2)dys

— 00 — 00

ICA Ti3xXK (2.15) Z W izowTwm/IMbs 2 2T, EE5EL2IHET 5.

2.3 STFT

STFT iF Fig. 2.1 1&R T & 5 RFEINCENT 2 ART M ERIT 212D DFIETH 5.
STFT ONMBEBOERIRVT 7 EEZAZNQ KU T Lk &, REEHROES



8 E2E HRFE
2(l) © j ZBEHOEREXE (FE7L—2) OEFBERATRINS.
2D = (- ) +1),2((G - D7 +2), -, 2(— DT +Q)" (2.16)
::(zUM1%zUM2y-~,zqu%-~,z@?@m)T € RQ (2.17)

ZIZT, j=1,2,--  JRFqg=1,2,--- ,Q &, ZTHThEHE 7L -2 KRUFH7L—2H
DY TINERT. £/, B A VMR T BRIk TEZLNS.

J== (2.18)

7, SR 7L —24DESD STEFT XD LS5 LTRDHNS.

Z = STFT,(z) € C™*’/ (2.19)

E, ARZYUZIAZ D (i,j) BEHOBRIXARTEINS.

Q :
ij = ZOJ(Q)ZU)(Q)GXP { —2n(g _Fl)(Z —1) } (2.20)
q=1
CITFW (L] +1=T1%M:388 (| SRBEE) %2, i=1,2,-- T ZABELC>DA
VTR, BREENE, o 3DTEBEEERLTWS. 2o k5, KEEBOESIE
—EMRDRRF & 2 IS BB 2 R U CHER Y — V) AR EITS 2 & T, B, Mt
DEBDARY t a5 A ENBZERTH Z TRT DB TES.

2.4 RRBEHICETS BSS DEL

LS—fE GBI BT v 2 (w470 k 08 2ER PR N RO M 255, %7z,
BEAERESZ STFT $5 2 TR s, BRHEARBICBIT2EHHES, BAES, &k
UOnltESzzheh

T
8ij = (8ij1,8ij,2, " »Sijms " 1 Sij,N) € cN (2.21)
T
ij = (g1, Tig2, > Tigmy - Tigr) € CY (2.22)
T
zij = (21, 2ij.2, * » Zigms o 5 Zijn) € CV (2.23)

*HRYy. ZZ7C, i=1,2,---,1, j=1,2,---,J, n=1,2,--- N, 8Um=1,2,--- | M
FENENEBE, R, i, FYyprLDf VTR BRT. ¥, HEARZ a5 A
175 S, € CIXJ, X,, € CcrxJ a6y Z, € cIxJ DR %= TN ZTN Sigms Tijom Jq6) Zijn e
7.

2.5 FDICA

22FTHALL L1, ICA tiF, BEIESIHILESOMEMEE L LTHllc 255
2, BESHOMItZRSSD 2D X5 ITHETETII2H#E T 5 Z £ TBSS 2EHT 5 F



26 N—Ia7— 3 REBELEDRER 9

EThH2. LrL, EBRCBHINZEFESCIREOFEELZZIITEY, BERBAERA
VRN AENBAAENTIREZINE. 4 VNV AEDBAAAIIBEE R ZHWTX
RO LS 1cRINS.

R—1
) =33 a,()sa(l—1) (2.24)

no'=0

ZIZT, ap(l)id, HR n T 2EAAARERENRZ PV (FEn b~ 27075 m
FTOA VN RIGEZF DD D) THD. N2 T 272DIEHEAAALT 4 VAR
ZHET DI BRBEERD. —RIVICEEAALT 4 VRDOHEEIZES TR RN &0 b,
RFFEITEI T ICA 12k % BSS BN TH 2. ZOMBEEMBRT 272512, R (2.24) ORFHE
BB 2 BAAAREZ, STFT I X o THEBEGEE FToOBRRHES AL, K &R
BrEIE TR I ICA 2175 FDICA »MER S hf-.

FDICA Tl&, FEMEEEORALREATTI A = (a1 ain2 -+ aipn -+ ,a;n) € CMXN
ZERL, BEEEOXRNTRRTES LIRET 5.

Tij = Aisij (225)
COREETNVE, STFT OBRPIENRE LD BRVEBICOAMIILT 5. MUK, RE

kR (M = N) 2IRET % ¥, RAETH A, BEAITHIUE, FEETHIW, = A =
(’IJ.JZ"l 'UJZ"Q wi,n ’UJ,"N)H %ﬁﬁb\f, ﬁ%ﬁ{é’%%mﬁfﬁﬁé

Zij = Wiilfij (2.26)
22T, H@ERZ PARITHIO LI — MEEERT. FETHOITNY L TH S w;,y, €
CM iz, AR cBVT, BEEED» S n BHOADBFENELT 20587 4« VX TH 5.
ZD &5 FDICA T, BIES x;; OFAER L T L2 ICA Z2#H S
5T, FEBEED T W, 2 BRI Do TRET 2 Z L THIEDHEZ1TS.

26 N—Za7—> 3 EECEDHER

FDICA R CRBEEICHEA L TW2 ICA 1, FTRME DTN D A NT B
TH|2HEE T 2720, DEEZFEORIFREBOR T — LV R OIEFZFCE L TEANETHS. Eo
T, FDICA OEDBEITH R W, £ T2 2, XRD X5 BRALEENIES.

W, = D,P,W; (2.27)
22T, P e {0, 13NN 35BHTR W; 0fTR2 L wi, OIEEEANEZ S 58— 3 2

7— a Y75 (EYTE)) TH3. D, e RNV, w;,, DRT— L E2ELXE ZA[REED
»HBNMITHITHB. T/2bb, FDICA THEIh 2 HEEES

yi; = Wiz (2.28)
= (yij7layij,2a s Yigmy 7yij,N)T ecN (2'29)
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Estimated signal 1 Separated signal 1
Sies Y, z,
Szl —_—
Source 1 Observed 1
S10 X100

FDICA Permutatjon
.Estimated signal 2 S el Separated signal 2
Q‘g’? .Y2 Z2

Time

Source 2 served 2

Sa[( X0

All frequency | L
components H H

Fig. 2.2. Permutation problem in FDICA, where N = M = 2.

X, HEEROIERRR T — VA RIRBEICESESICR-oTVWAIRETHZ. 2055, D;
WEoTHELZ AT —LOEREMIR, Tudzryar Ny 2k (14 CETAETHS. —
AT, PPCEoTHLZDHHERSOIEFEOHERME (=32 7—Ya ) ZHMRICETLT S
ZrlE, HABDODYEBERNIRETI2-DESTIE RV, ZoMEE, —BNc -3 27—
Ya v mEhs, =3 27—y a VHEOMEY Fig. 2.2 1R, 22T, FDICA
THE SN2 NBES yi; DBRBOERARY v a7 7 uM7H% Y, € CI*/ TRL TV 3.
FDICA %0 Y, CEHT 2 &, FEEETCOSEHIBIGERTETWS. LarL, RE
FERS2E Y LTiE, BR271L—FO0BESD 1 DORMERBIESICEEL T\ 2
EDRNMB. TR —IaT—YaYHETHYD, ICA DRHEESDIEFICHET 2~ EMHE
WEERLTRELTWS., 207D, FDICA IZIERR MUY LT, HHX =S ROIEE
PEREEHY bl o TE L MNETHENDH 5.

N—3 27—y a VEERRRELTELNZ DEEHESIIRA e 2 5.

zij = P D 'y (2.30)

CDR—3 27— a VEERRRT 27D, CHETIZHEADSA—I 27— a iR
REDIRBINTE . RENEEHFTIED 1 01, BEBERBRORRYIERE GFRT 277 4
R—¥ay) OMEZHWEA—I 27— a VIRIRE 4] 5. ZhuE, DEEESD . —
Ja7—vavyPELTIUR, BEELEEREY 774 R—> a2 YEOHEBPEL R DT
EWVWHIRED T TUHNERZFETH 2. £/, BENLLARBICBVWTY, ALEEO T 7
T ANR= a VIOHEBSEL %2 L5 RMETFRZ A TWS. flucd, <A 27 vk N
WM EESRE AN e L CHERISRAMZEEL, S—Ia7—>aVRoFH»rD T3
F& B BIUOMEEMABDELAA— 2 27— 3 VRRIESIEEINTVS. LaLAED
5, N—=Ia7—ya YHEORIHEHAGOEERLEZTZhr 6, FRWIThoFELH
WTHFEBIC R — I 27— a YRR R IRIERICH L, A CEBEFRORERES



2.7 IVA ¢ ILRMA 11

WBIIAEREERASS—I 27— a YEEOBRBIZTWELTEXTWVRL.

2.7 IVA € ILRMA

AT FDICA 120 U CHE RO KB R B 7 DR R Z2#H 72 IS REL T, 28—
7— a VEER O L OB ES R HEE T 2 FESES L TV, i, VA [7, 8] 13,
[l — & IR A B 7y O 2 R E L THE D, FDICA TIEE BB 2 RA(E L Tw
7=t L, IVA TREFRBESZE LD TRY MAZHE L, R PO B
tFTB2EIRETAERO>TVDS. ZORDRILERODHESZ2FERTE e THAX
NDEIBRDTHEETNERSTED., X—3a7—>a VHEEZERTZ PR TE 3.
%72, NMF [9] ¥ IVA ZfiA&DE BSS TH 2 ILRMA [10, 11] 1&, F—ETED KRR &R
BT OHLEMET > 7 BERHOZ L 2RELTED, IVA bERICR—I 27— a V[
B2 ERET VICEDWTRIBEERRDEET 2 X5 RETLER ST VS,

L2L, BFELEFRDREEEOHETHEA R 7 D&, IVA X ILRMA ZHWTH LIXL
WEOBECRBLTLE S, Zhid, EFREEOREAEBBSNEAF I v 7 ICEHTE L
Do, BRESDRY—ZARZ AT 02K Y 7 TREATZZeDH LW EHFRA L F
Hxhz., %/, IVA R ILRMA iCBWTd, T EoABEIEHTR—I 27— a >
DANEDLZME (Tay 78— 27— 2 V) [15] AR EhTwa. Fig 23127
0y Z7)—3a7—a YBEEOETERT. Fig. 2.3 TiX, 4000hz M Lo EREFIE ¥
DTRIELTWE Z 0D 5. £Dd, KR LT =3 27— a VIEDHERIAT
DTHBERTD5.

28 FEDFLY

AETIX, HETFECBOVTREY 2 2 RS L OB THEICOWTHH L. X
EPETIE, XY EELREFESD BSS 2iZW T 272912 2.5 HiTEA L7 FDICA X 2R
MLE Y LT, DNNICEDL =3I 25— a VRREZHT-ICIERT 3.
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Blpck permutation

Frequency [kHz]
O = N W & U O d 0@

Time [s]

Fig. 2.3. Example of block permutation problem.
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E3E

REFE

3.1 FZAHE

HiEE T, BSS FED 1 OTH2 FDICA £ ZNIC K-> THEL B 8- 27— 3 VHEIIZ
DWTHA L. RETIX, FDICA ®RX MLE Y LT, DNN 2HW7 — ZEREEL < —
27—y a VEBREERFICEEST 3. 3281T, IVARILRMADOLS5R 754V F
(BEREL) 28— 3 27— a YVRIHKICBY 22BN, 7 — XBEBIOHETH H < —
I aT—Ya VRRIERHITICIRE T 3EIEICOVWTHL T 2. 3.3 8N 348iT, 12
FNR— 3 a7 —¥a VRRIEICBIT S DNN 7 Lo A DR OHEE 235 2. 3.5 5, 3.6
Hifk f 3.7 #iTlX, DNN O#EMRZHVWTHERT Y, DX—Ia27—>aYyZ2IELL
NEZZ 7NV X L0FEMERT. 38HITARDE L DEIRNRD.

3.2 Ehi&

SCHR [13] Ti&, BSS @ STFT I8 2 iR BRZ EERAVICHRET L T\n5. Fig. 3.1(b) I3,
R [13] OEEBFROKZ5IH L7z dDTH 5. I E =5 EAL (source-to-distortion
ratio: SDR) [16] DHBEETH D, ThETRDLDETHEMEEZRL TS, ZOMRID,
IVA KO ILRMA Tik, FREIRAE Too = 470 ms DL TEDBHCRK L TWE Z 22390 Hh
%. —7T, FDICA XL T, HEES s; ZAVZEBANZ =3I 27— 3 VERIE
(ideal permutation solver: IPS) Z3EHH L 7455 TIX 10 dB Ll E® SDR D&% EM L T
W3, ZOHEER, GRETTOEFRAEETH->TH, W, 13 FDICA TEMICHETE,
Pl OHEDARBL TS Z L ERLTWVA.

%7z, IVA ®° ILRMA & BB TREIRHI L TWE—T, 7Ry 7 X—Ia7— a3
V) [15] DRRIC A= 27— Y a VRRICOAKML CW2A[RER S E 2 ohd. Th
&, IVAR ILRMA TREZN TV EERETADPEAGHRICEL TWRVWEDEEZ LN
3. FEBC, IVAOZFEET L, THROBEA—FEDTXTORAFRBEAHBHEET 2 Lot
FEE, EFEEHICNL TRt hsE s, =3 a7 -y a Vi#EE2TERIH
W22 3LV, £, ILRMA OFFEET L, TROLEE—-ERDOIKT > 7 I E R
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-+ FDICA*DOA  --©- IVA -X- FDICA+IPS
—5— ILRMA w/ 2 bases —A— [LRMA w/ 3 bases
—= ILRMA w/ 4 bases —— ILRMA w/ 20 bases

16
A 14

[S—
\]
l

10

SDR improvement [d

0 Spatial oracle initialization
1 | | | 1 | | 1 | |

00 02 04 06 08 1.0 12 14 16 18 20
Window length in STFT [s]

144 ®)

Spatial and spectral oracle initialization

2
00 02 04 06 08 10 1.2 14 1.6 1.8 2.0
Window length in STFT [s]

Fig. 3.1. Average source separation results for speech signals using random initialization:
(a) E2A (Tso =300 ms) and (b) JR2 (Ts0=470 ms) impulse responses [13].

MO REE, B2 DERANICARY ML EELIR 2 EFEED Y —ARZ b sF A
WIEE LRI dEZABNS. ZIT, KWXTE, —Ia7—ya yHEZIEREICHE
e RDBEREET, LW DNN IS 77— XEER (FffHH) —Ia7—- =
VIRRIERRE T 5. M, R T, BFERN =2 ROF ¥ 2B M =2 2RE LS
AT, "= a7—ya VEOBREEZS. BET -3 27— a3 VRIHEOMEIX
MTo@EhTHs.

o NEHEE Y, RO Y, 26 BT 2 2 DD BB OKERYI Y — %2 2zt L DNN
WKCANT 3
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e DNN B A1 &Nz 2 DDRERANANY —HFE—FFErE»Z FHIL 0 4131 & LTH
192

o Y| KUY, D2k K O 2 EBICH LT DNN 2A#EH 1%

o AR HEEM Pl Ak, P O B 75 160 B O B AR 11 D ZBORAE R A & TRE X
ns

RET 21— 27— a VERETE, BECH2RRZ2O0DEEBT 774 X— 3
YDNR=2 27—y aYPBELVREL%E DNN TFHIL, ZoFHFERICHEINTR—3 2
T—aVEREITS. T0RD, BEFIRE, BELEEEREY 77 4 R—> a2 Y OHE
WCHEDWT =3 27— a YRREIT D IERTIE [4] O&NH D ~NOYRERE UTHRT 2 2
EDTES. %72, DNN KEKREDOFEHT — PR ETH 275, IPS THEHAEAMI -3 2
T a VRIRINTDBHES Z, ERIEBEBICT VAL vy v INT BT, BEh
DORBICERT N TES.

3.3 DNNODAHA

RE$ 2 DNN EFALDANRZ F L% Fig. 32 IRT. BHllxhzEEES X, I
FDICA 2§25 L, N—3Ia7—>a YIEIELLFEMES Y, #Eond. Zhso
N —=2ZARZ b T TL|Y,|2 00, 2 00 (i,i+w) ORREERRYI Y — (BX 1)
ZUTOESITHED 5.

diwry = (i, Gi0y) " € RIG! (3.1)
Tiy = (Tiq1 7T172T)T ER22T0X1 (3.2)
Tiyn = (Ui, J(y=1)n+1, n\ |yi,('y—1)n+2,n’2’ T 7‘yi7(7—1)n+7—,n’2)T S RTZT)l (3.3)
Giory = (Giwon1  Giwn2' )T E]RQZTOM (3.4)
Giwyn = (’yz+w (y=1)n+1, n\ ’yi+w,('y—1)n+2,n|2’ T ,lyi+w,(7—1)n+r,n‘2)T € R;él (3.5)
2T, 7o | |2 1F, BERZC oMM EO _REERT. £, w = -0, -0 +
L, —1,0,1,--- , Q& nwnzmwynwﬂﬁﬁ@%fﬁb n &, EREEZ X2 D

FEEEICIR > 72X T4 FlE, v=1,2,--- ,T'1&, BFEEC I XV DA VTR THB. &
B, T BREEO72774R=2a ORI T EAMNIA4 FEnICXoTRES. X7 ML
Tiyn &, SREABE ¢ OERREFERY ST —IZHIGL, X7 MV g w40 (&, Fig. 3.21TR
Ti?k,%ﬁim%%ﬂﬁﬂz+w@ﬁﬁﬁ\%Wﬂv—kﬂmT%.DNN@Xﬁ«7F
iE, (3.1) ZEHELZDDE LTRDESCLTERT

7 dl w T
di,=—220— eRY! (3.6)
”diw,v”2 -

RET2DNNETFME, 0%k 1 2032 2MEDEBTHS. HEMRD 101 0
I/El\bi Ti~,1 Zg,»wvl?blﬂ—aﬂ?’f%é Z%E'HERL ﬂﬁkrwgkngg HE—FFET
—7.5 ﬁﬁﬁ%%ﬁ) r].JO) birz—ylkgzw'yl (I_J*%&vrz’yQZgzw’y2)7biEz‘£5El
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|Yi|2 |}/2|2

Junnnnnllssss
fs
o ]

s [

——

Time

_ T T T T
di,w,’y _ T’i,’)’,l ? ri,'y,2 17 giywa7,1 ) gi,w")’az

\ N N
ri,'y gi)'y

Fig. 3.2. Input vector of DNN. Matrices |Y1|? and |Ya|-? are separated power spectro-

Frequency

grams with permutation problem, and red and blue binwise activations (rows of
|Y1|? and |Y>|?) depict sourcewise components, e.g., red and blue slots respec-

tively correspond to first and second source components.

B THE I 2ERLTVS. 00 OHENEZ Fig. 3.3 127, FEEiciZ, DNN o
TRFERIE 2METE RS RRD LS RETH 3.

Qi = DNN (diw) e [0,1] (3.7)
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DNN

Input vector outputs
v w2 9 L Jz] . 1om
12 f, [T TT] |8
;ﬁ 1 N o : : 1 : Diff.
4 ~
f - gf370 I I pr
3 ~ |_|_|_|_|_|_|—> Z —>| 0:Same
. v, LT TT] |2
Time ~3 4 .
G L L [ L 11 |a] " 0:Same

Fig. 3.3. DNN predictions in subband frequency bins, where fi, fa,--- , f5 are frequency
bins in subband frequency, and index of short-time activations, -, is omitted for
simplicity. Reference frequency bin is i = f3, and adjacent or local frequency
bins are i + w = fi, f2, -+, f5, namely, 2 = 2. When source permutation of
7; and g;,., is correct, DNN ideally outputs zero as “same.” In contrast, when
source permutation of 7; and g;. is incorrect, DNN ideally outputs one as

“different.”
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3.4 DNN D&

[ Targetlabel (1unity ] Oor1
Minimum MSE
[ Output Layer (1 unit) |

Sigmoid
| Hidden Layer 6 (1 unit) |
RelLU
| Hidden Layer 5 (64 units) |

RelLU
[ Hidden Layer 4 (64 units) |
RelLU
[ Hidden Layer 3 (128 units) |

RelLU
| Hidden Layer 2 (128 units) |

RelLU
| Hidden Layer 1 (128 units) |

[ Input Layer J

Fig. 3.4. DNN architecture.

Fig. 3.4 ICIREFED DNN o2 /R~d. #2E 32 DNN offiidix, ANE, RhE6
B, MUOHNEDE 8B ok 22EEHR o TED, 1~5 HFHDENEIZIZ rectified
linear unit (ReLU) [17] BE%L, BRI I2IE sigmoid BIEIZEH L TW5. BEAEDOX
TERE AN B IBFIT 128, 128, 128, 64, 64 THS. THEEE ¢, LIRS AL L OIEER
Bk, FHFEHZE (mean squared error: MSE) Z{FHLTW5.
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35 HINYRHEETOD DNN #E

DNN o 7l % Fig. 3.3 123, £73, BEFIETIERAERET IS O [PTRY 72 3w 5
(FITNYR) KBFEZ =3 a7 —va VIMEORREEZ S, TIZT, fi,fo, -, f5 &Y
TNY FHNOREKETHD, HHEDZDIT v IFEL TWS. Fig. 3.3 T, SHREKE:
i=fz 2L, TOMBRBEEE i+w="Ff,fo,,fs REQ=2 LEHRLTN3.

Y\ CEHT 2, ZREBE f; ROEERBE f1 O I3REDOFFERTTHD, Y1 O
fo, f1, RO f; 3EOQOHEHEBDITHS. TON, 2 KORRRERYIAY — (74, §iw) D2
HAEDOEN DNNICA LTINS, ANINERERRYI AV — (G itw) D=3 a
F—a YHBIELWES, DNN ZHEAEICE foy #EAT2. #i2, S—Ia5—>aryp
ELLZWEAE, DNN I ZHEANIZIE Ny 2155, Z208ER Fig. 3.3 0GR T L5
2, SRARBICESL =3 27— a YEEOREFFTOREEDATREL 725, Bl LT
COXTIX, SREEK f; LRI CZFEBRD ISR > TWEDIE fi KU f3 THB7=%H, DNN D
HADBELFHUL fi R fs DAD [0 £72oTWB., —FHT, fo, f2 RE f5133—3 2
T—=2aVPELLRVWOT Ny PHAhEIE. DEBEZORT bk, YTNYERT R
MER. SEFRICIE, DNN o id [0,1] 0#EHFANDEL %2 DT, 72 PR FILOAERL
FRHELUT O BIELEE 21T 5 .

Giw,y = round(g; . ) € {0,1} (3.8)

. . . N N - - T
Giy = (G- G-l s 3 Givm 1 G0y Giliys 5 Giry) € {0, 1} (3.9)

Z 2T, round(:) i, ADEEFTH 3.

ZDYTNY RRT VIt TRIBEBRD ZANEZ 2 28T, ¥ 7Y FAIZBWT
N=3a7—yaVREDRIREL 72 5. L L, Z46ONBIEY 7Y RAOSEEFREUC
HEOOWTHUFEZTVWRIBERY., 200, SREAFKPEDZE, D DH 7Y Fi#
WHARL 258, MUK ZBROEROIEFRSKIET 20 0EEDH 2 Z e IcERLRTH
WERHRWV. ZOXIBRYTAY FETD =3I 27— a VERIZOWTIE 3.7 HiCHAH
T3

3.6 HEAARANDZHR

BEEEEEIAR, BEEXENZLAGEETZ 2206, BX 7 OERKHERRYI Y — 7, %
Giw FFEBRY PVICRZAHEREDH D, ZDHE DNN OFHIEALEIC KRS, oM
RIS 2 7212, BBEFIETIE, Fig. 35 IRT LI, RX T DAHRZ P LEZ b
54 RliEn T 7 bEBET, 2R 7L — 241X LT DNN O FRlLE2ZEEST 2. 2L T,
DNN O FHIfERZREEEICRE L T2 T2 22T, O EEEDEVI TNV KXY ML
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DNN Subband
outputs permutation
vy vector
Stride 2 3,2 29
/ Vil Vg1 Vg Vs
o fs || .Y2I 1 1 1 b— > | 1
2% | | " -T—agis—ﬁj_
% fs el | offo 2:%,%%3—93:
= | f2 || | N _L_’Eég_*i_
A | | oflo 0l— L 0
o i . o o
‘Time

Fig. 3.5. DNN predictions for all short-time subbands and their majority decision.

v, #1585, ZONHIE, KRDOXSITRENS.

1

v == Z G € {0,1}+! (3.10)
Y

¥; = round(w;) € {0, 1}**! (3.11)

KFFC, Y1 RO Y, FOFE PO FHRD IR FFRFEICKEF L2 (A—ARETHXY
DFZNBFA—DHRNEL Lo TWB) 7280, ZEIRIC L o TTFHRREDEREZ RIBICRET
x5,

37 2REBTON—Za7—> 3 R

BE T2 DNN =3 27— a YERIEE (a) YTV RDRA T A NI X2 2REK
DY TNy FRZ FLOHEE (3.7.1 RO Fig. 3.6) kO (b) FELEHE Y 2HpucEo<L
TIANY BRZ PLOREE (3.7.2 RO Fig. 3.7) THRIN3.

371 2RRBRBICE TR TN RRT NLOHE

PITNYRRY ML 9 13, BERE 227 3228 ICE D EARKTHET 2. =
DU Fig. 3.6 IIRT. FTH T EDOHF TN FRZ ML 0y, 09, -+, 07 Z#HEL TV
5. ZZT, BTNV ERT ML 0y, Dy, -+, 0y ND2ME (10 Kok 1) &, ERx2EK
EREORREMDS H B Z L ICERT S, ZHEY IS FRO BB S, SIRERE DK
DERE—EEIPEPZRLTVWAIAT TS, SREARK 02t (BT FDO> 7)) e
HITHIGEENPZET 2720 TH 5.

BIZE, Fig. 3.6 D 9y, D0 & 11&, ZAZNRBLFROFRH T ZRL TS, —7F
T, 95, D02 1R ZAENFOEROOERRD ZRLTVDS. ZRHEDY TNV FRT b
L DEEFNIRIE TN X NS,
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Subband
permutation
2 2
|Y1| |Y2| vectors
fs c > 1
fr % 180
Z| fe © G 10140
= C o
S| fs © 5 140 o0f1
E‘ﬁ_ §:§~ 1ol o
f3 Al M B EE
) Ve
f2 G [ K Py
f . Stride & ) ss
M. —1Vf,
Time vf3

Fig. 3.6. Estimation of subband permutation vectors in all frequency bins.

372 TINYERYT FILOERK

HWEINTZT TN RRT ML 0,09, -+, 01 25, AKRNTERINZTINANY FERT ML
u ZHERT 5.

w = (u,ug, - ,ur)’ €{0,1}} (3.12)

u ORI % Fig. 3.7 1CRT. RIETHERNRZED, TN RRT ML 0,09, ,07 D 2
FIEF CERERZ720. 2079, [0y ¢ 1) OESZEAZHREOFHR L HEOFHEER
LI, BTODH TNV IR M ER—T 2RERD 5.

Fig. 3.7 (a) 1&, 7N FRZ bLu OB 2RADRAT v 7R L TWD. K
AT LI, mBBOEFEDY TS FRY ML o, B3, TNV ERT ML u OMIET 2
FEEBICHEAING. 22T, i 1%, RABEOSRBERBDOA > 727 2%KT. Fig. 3.7 (a)
T, is=fs REQ=2THY, uj,ug, - ,u; F0p KEDRESNS.

Fig. 3.7 (b) 1¥ Fig. 3.7 (a) DRDRA T v FZRLTWS. ZDRT v I TlE, RHEWE
BE DY TNy FICBEST 23 TNV PR PUVRREET 5. #ESINT TNV PRI ML
B 11 ROZ OHRERIEANZ ML ;41 (Fig. 3.7 (b) HD 9y, & vy,) PHABINS.

R, u D—if%

;= (Ui—q, Ui—ar1, s Uita-1)" € {0, 1}29 (3.13)

DORICEH L, MSE(9; 41, %4, 41) RO MSE(D; 41, @ 11) ZHEET 5. 2 2T MSE(-, ) 13,
2 ODANNY PARID MSEiCH 3. ZOFRLD, MSEWNX L RBRY M LE 4y
E Ty P OBEIRUTAE Y ITIT 2. TANY FRZ bl uld, Fig 3.7 (b) IWRT &
I, REVIIBHE NIRRT P2 B BBEBECZHRUE 2T TEHRSINS.
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Fullband
5 permutation
Y] 2 vector
f Y3) - i
A L
fr 9
> f6 vf3 ]
2 2.Set —
S| f 1
AN —
& [ fe 1
fs 19]
f2 '
fi 9]
| - U
Time
(a)
Fullband
permutation
o vector
fs
5 Eangk-ige
2| of T o
2| £ 1 L © 1]

5 f5 1 2w
| I o) || D fa
I3 B g —1 9]

1 ul
. — <} To]
1
L] a1
Time . = . i u
1. Similarity comparison
(b)
Fullband
permutation
2. Set Veitor
fe 14 - 1
C I
f ofolH .% L__./(0
| fo ofofofH g t—iof s
=]
S| fs AERER K] = 1;_. 1
2| 4 11|11 =
|59 o =
i biv |4 = Pl
i 1] =1 [1]
s — | [
1 E— | IE—
— L[ 1 1.Similarity comparison u

(c)
Fig. 3.7. Reconstruction of fullband permutation label: (a) initialization, (b) second, and

(c) last steps.
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Fullband
permutation )
vector YAl |Y>| 2
1] 1] fo — E
ofo 5 0 Fr
ojo]|o § 0] |5 9
1111111 H o —.L % s —] C_CUL_
1111111 H 21 = O =
o|lo]|o S0l & |y
8 1 3
111 S _’L fa — —
1 0] — 0 h
Time

Fig. 3.8. Solving permutation problem.

DI, BRD 2T v 72EDRL, ER2BRIANY FRZ ML u B, Fig. 3.7 (c) DL S
MR Ehz. REFETIE, v OMBUBRORKENZHRICE D, DNN #EREDBEEE
BEL T3,

ARD R T v T TSNz 7 ANY FRZ ML w i3, P! OfEEZDODTH 3.
it> T, Fig. 3.8 DRRIZ, w WCEDSWTREIEBEO THEESR T2 ANEZ 22T, 2K
BcBIE2 =27 -2 a VREDENRTE 3.

38 XEDXLY

AETIZ, FDICA DFEX ML Y LT DNN R—Z2D8— I 25— a VRRERZHIC
R, HEFHERZ () DNN ZHWESIAY RRZ FADHERT (b) 72 FR
7 MVERIZLIZIANY R MLOERD 2 27 v T THEEEhTVE. RERI/ERIH
F2TNNY ERY P IZEDWTS—I 27— a3 VIRRZITS.
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E4E

41 FZzHE

M TIRE L7z DNN IO 7= ZEREAR— 2 27— a VIRRIEDO A 2 R T 2
702, BRETOEFDREESE% FDICA THBEL 7212, IREASA—I 27— a VR
FEEEAL, ZOMREZFHME L. 42 8T, AEBRICBII2LEEFEMIRL, 4.3 8T
REFED - 27— Y a VERERELMFE L OBRREZRLTWS. 44 BHITAED
FeHEIBND,

42 RERZFH

Table 4.1 IZEBRGHEERT. EBRTIWE IPS ZH W7 FDICA (FDICA + IPS) [13],
ILRMA [11], RUBEFEE MW7z FDICA @ 3 FEZ B L7z, IPS 32 ois -
BIRES s;; ZFIHLTW3 79, FDICA ic#5< BSS @ ERMEEEZSEEL L TRLTWL
3. AFEBRTIE JVS 2 — R [18] DHAFEDOEFEE (nonpara30) ZEHAL, Zhb0H
FIEEIC RWCP 7 —&RX—=2 [19] D JR2 4 Y SV RIGEZBHAAAT, 1 774 V%7%D
10s, BEEATOms DEFEEEHRME 46895 7 7 A VROZHE 48 % 95 7 7 A A/ER L
72 BARABIHEA LA YV RIEEE, Fig. 4.1 1RT &5, R [13]) citfikio~ 41 7
IR 5.66 cm fe VRS L (61, 05) = (60°,120°) Db DRHEH L. STFT 1%, ZE 512 ms
ROy 7 b 128 ms IZERE L 7=,

Fig. 4.2 IZ DNN iCHW %8 7 - X DERAELZ~T. £3, BHlSALEBECE
512 ms MU 7 MiE 128 ms @ STFT 2#AL, X; KU X 218%. ZH56DEBK
FDICA Z#HA$ 2 Z 2 TR—2 a7 — 2 YHELPKRBERDO (AEBEOZHEDIEEMIE S
EH0) NEEEE YT RO Y, PMEEI NS, HEEBE Y, CIPSZEAL, $—3Ia27—v=
VRN RIR S N Z) RO Zy 2183, 2D Z, LT, EEREDORRTIK S
B2 Y ZyB Ty RIS vy INTBHIET, R—2a7—a YEEIERINE
BY ROY) L ZNSDIEMRT NV (BERBOELWERIE) 2K L7z, LidoLT
FHA0 T 7 7 ANDEE T =R 2EHR L, FEAKRCRIERAIC 2E5 L.
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Table 4.1. Experimental conditions

Window function in STFT Hamming window
Window length in STFT 512 ms
Shift length in STEFT 128 ms
Paramaters in Adam optimizer Learning rate = 0.001
B=09
Reverberation time Teo = 470 ms
Source direction of training data  (61,602) = (60°,120°)
(01,62) = (60°,120°)
Source direction of test data (01,02) = (60°,100°)
(01,02) = (70°,110°)

Table 4.2. Speech sources obtained from SiSEC2011

Signal Language Data name Length [s]
Speech  English devl_femaled src.1  10.0
Speech  English devl_female4_src.2 10.0
Speech  Japanese  devl_female4_src.3 10.0

Speech Japanese devl_femaled_src.4 10.0
Speech  English devl_maled src_1 10.0
Speech  English devl_maled_src_2 10.0

Speech  Japanese  devl_male4_src_3 10.0

Speech Japanese devl_male4_src_4 10.0

DNN OB T, Ny FH A4 X% 128 £ L, ®El7 L3V X Ai12iE Adam [20] %AW
Tz, BAAR—RTG A —RIZFEHRE 0.001, 3=091FELR. R (3.3) KU (3.5) <8I}
BAERREIXAEE 711320 ¥ L, EREXBEOZ NS4 Figld4 2 L. 20RO AHBDORIT
X 20x 4=80THb, [F—FEEBIHT 2 DNN OHFAEEE T = 37 [0 TH - 7= FFfitE
Bk, XA TRINS SDR [16] OXREBEE HV 7.

N

S() = er(l) +ei(l) +eall) (4.1)

L 2
SDR = 10 log 1}1=”%a” [dB] (4.2)
i lei(l) +ea()?
22T, S() BRI X > THLNEEBEROIMESERT. 272, a(), ) RO
eo(l) FENZNREENO 7B B 5 2085, IEFEHN (FiB) BFIROEH D K BSS
THEUZOMD N THREAB T ZRT.
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Fig. 4.1. Recording condition of JR2 impulse response.
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Fig. 4.2. Process flow of producing input vectors for DNN.
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Fig. 4.3. Accuracy curves of DNN for training and validation datasets.
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Fig. 5.1. Extension of proposed method.
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