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Analysis of relationship between activity ratio of
single speaker and blind source separation

performance
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Department of Electrical and Computer Engineering

National Institute of Technology, Kagawa College

Abstract

Blind source separation (BSS) is a technique aimed at estimating individual audio sig-
nals from mixed observed signals. Various methods have been proposed for BSS, and
one popular and important method is independent vector analysis (IVA). For multiple
speech mixtures, IVA provides better separation performance when there exist many
single-utterance segments in the mixture. In particular, it was theoretically proved that
IVA can achieve the optimal separation performance in the case of flame-level W-disjoint
orthogonality (F-WDO). F-WDO is an assumption that one source is dominant across all
frequencies in each time frame of the mixture of all the source signals. However, it has
not been analyzed whether such properties hold true for BSS methods other than IVA. In
this thesis, I investigate the relationship between BSS performance of IVA and F-WDO.
In addition, I conduct a similar BSS experiment to investigate whether another BSS al-
gorithm called independent low-rank matrix analysis (ILRMA) has the same property as
IVA. The experimental results demonstrate that BSS performance of IVA is improved
when the rate of single-utterance segment in the mixture increases, resulting in approach-
ing F-WDO. On the other hand, ILRMA did not show the same phenomenon, and it is
hypothesized that this discrepancy may be attributed to the more complex optimization
problem associated with ILRMA compared to IVA.

Keywords: single-utterance segment, blind source separation, independent component

analysis, frame-level W-disjoint orthogonality
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774 Y FEJETEE (blind source separation: BSS) &, B OEFEENES L8
EErLEGHOMEL DEFEESE2HET 2RI TH D, HRALFESREINLTVWS. 75
4 ¥ FEFETBEFIED 1 DTHBHMIIARZ bLsrHr (independent vector analysis: TVA) 1,
BEOFEED W DIRPUTB N T, BEES ORI XEN N UTH—FEE OFER HE X O
Hi D 2 EENZ VI DEERES R W Z SRS ST w3, Frig, BAERY 7
L — 2 BAHBHHMIE R (lame-level W-disjoint orthogonality: F-WDO) % £iOIKRET
H2rEIVA ODDREEREDE K 725 Z e IVA 0 HRBEE D HREBHE LT\ 5. F-WDO &
&, BEEROKEFARBRIRICE VT, H2HERHE7L —LATRE 1 NOFEDERESHE
JRBICBWTKER (HHU) TH2 xS, LarLl, 20 K5 7WHED IVA DSto
BSS FIEDIZOWTHFE R a3 S Twiaw. 22 TARHXTIEES, F-WDO
DIRBBICIED 1F L IVA OBEMERED M L5 % 2 & 2 EBRINGER T 5. 2%, TVA O
RFEE LTHISATW ST > 717417547 (independent low-rank matrix analysis:
ILRMA) 122\ T AHOHEOERICOWTERINCHE T 2. f&5E, VA CIREITmE
DORET 2D, BRAEESD F-WDO IS WSRFIZ T EEERED M B L7228, ILRMA TldZ
DX BRBRDER SN o7z, ZOMBE LT, ILRMA OfE{bf#E? IVA o Zh &
DYEMETHI e EZLND.
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1.1 F@wmXDOER

HREDHEE X, BROGHEESZREE LEBAGS»6, BRESNIHOERESZHET
ZHEMTH 5. BRRRAEE Fig. 1.1 1”9, Fig. 1.1 TiX, Bllsh=E/FE5%2 BIEH
CERMEICOML, BRMTOAZMREAT I THNEAZEHAL TV, Wil E
FIEAY—PAE == F LT =2 a YT RTLRY, SRRMDOATIE LTRIHINS.
7z, BRITBI 2HMBITIE Fig. 1.2 D L 5 1CRMDREEE S50 o R DR DHE G 2
ETHIENTES. RMESNLEHFEOHBET IV I X 2MFEROHEMRE, HERERK
i, M OSHEEMBIBM L E AN S,

BRSO —fle LT7 74 >~ FEPETHE (blind source separation: BSS) [1] 238
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Fig. 1.1: Example of applications using speech source separation.
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Fig. 1.2: Example of applications using musical source separation.

Source signal Observed signal Estimated signal

7T w—— -

Mixing system A Demixing system W
(unknown) (estimation)
Fig. 1.3: Overview of BSS.

%. BSS 21, Fig. 1.3 W3 &5, BAEROBHIEEDANRGZON, 470 kroH
ROME, SHOEE, FARBER, MOZOFEE T —2REB5Z o0k (774 Fi)
FMCRAHOEFAESZHET 2EINTH 5.

BUEICE2 £T, BHESLHEOTE THREL TE72 BSS OFALRTIRLE LTHIZARY k
A 53#T (independent vector analysis: TVA) [2, 3] & Of, MK > 2717515347 (independent
low-rank matrix analysis: ILRMA) [4, 5] 28 %. ZA6D 703V X LIEWTHH AL
739741 (independent component analysis: ICA) [6] ZiEfi& 32 BSS TH 2. ICA »&E
e ki 55 DR FEI D E B IR OHEE b - Dicxt L, HE(EE TIIRERME R BGE T
DEFIE (BE) OHEMENLHEL, ZO®RIVA L ILRMA 5L WO ERLD
5. FIEFETIE, IVA RBU 2 &EPODRELREHRT7 ATV X4 (7], BEIEHFIZHMIGL
TIVADAYF4 VEFTZLIY XL 8], FET—XeFREYE % ILRMA IZERT 271
Y X4 (9], RREFERBEES TR S 2N EHEZEH L ILRMA [10], 2—%2560D
7 T— a v EFHRSEEOMBIER Y L THWS ILRMA [11], ILRMA 2MRE 3 % HIFE
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Speaker 1

Speaker 2

Observed mixture |

Mixed i Single= | Mixed | Single—
segment i utterance | segment iutterance
| segment | | segment

Fig. 1.4: Two speech sources and their mixture. The mixture signal contains mixed and

single-utterance segments.

TV —RALRHLIR U 7= FE [12] R4 LIRESNTE D, IVA LU ILRMA 2 E5E8ES
DBSSICBIEAA YA M) =L R TOVWBEANI AR D, KL Td, BHOFEE
DHEFMEA LZE5I1CRT 2 BSS & LT, LI IVA KU ILRMA ZHED#%>.

WD IVA B3 2 617i1%E [13] £ LT, IVA X NEAES ORI L TH—FEEF
ﬁEW#ﬁ@%ﬂA#&ViZ TREMEREDTEN N & WS E RO e AEERENC T S T
W3, BM—@EERIEXM X, Fig 14 XRT LI CRAEFOLKORHXEDS 5, 2 A
P EDOFEENFRFICHEGLTELT, 1 NOFEEDOADPHEFE L TV ARHXEOZ L2015,
¥/, RAGEPE—HEERGEXMOATHERINTWARL b, H—FEERHEXMEIZWIE
¥ IVA oMREA EF 5. Ko TIVA BIRAES ORRHRICN U TH—GEE R X 5 D
LEIENZWVZETHEERED m KRB L WVWR B.

1.2 AwHXDER

R TIE 1.1 HiCHA L, NESESORMEICH L THE—GEERGEX 5D 3 EE
MEZWE Y TEEERED BV 20D IVA ORI O W TERBINER T 5. BRI, T
BOHETH—FERGEXE 2 ELBAEES2/ERL, Tz W TH &R X R 0 EF|
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a & IVA oFRTHEERE D BAfRME 2 EERAVIC/RT. %7, IVA ORERZ BSS FETDH S
ILRMA I2BWTH, FRRICHE—GE#EEE XM OEIE & FIRDBEIEREICHBED B 5 52 & FERK
WA T 5. ILRMA OfRGELICE T 2 BRIBEEIZ IVA 0 HRIBIR L LT 2 A2V,
[FEROFRFEBAI SN2 Z e IR XN, ZOHAIE ILRMA 1 X% BSS @87z % MR L
WO BAREENEVWEEZONS.

1.3 ZAFEX DB

2ETIE, BEESDBSS kB3 2ENL, HRET N, MODBEEE T MITOWTHAT
. F/z, AELTHS 2 FED BSS (IVA XU ILRMA) 1Z2WT, ZOMEZFHHET 3.
X HIT, FeATHISE [13] TRE N IVA B 2 HEREA EOSRAEDWTHA L, EEOBHI
B AHERAECOWTHHAT 2. 3ETIE, H5EEREXBOEIE & BSS OMEREDBFR
PICOWTHE T 2ERD T — X OIERTIE, ERSM, NOEBHEREZTRT. EBRAETE
BIRT — X OUE(, SREREL, K OE IR B o & Bl R E 2 i3 5. EEESR T
IVA RO ILRMA 22T, BEFRPOR—FEERTEXMOHIEG 2221580 &R
DEEREEOZELERT. F72, IVA MU ILRMA OEBRERZ KL -EZ 2B/, 4ET
BAFYDE L DN OSROFELZARNS.
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ARETI, BSS B3 2 HAMMER K CH—EHHEXE 2 IVA O BEERED BIRIEIC DOV
TS 5. 22T, H8(E5D BSS BT 2 ERMMUMLRE - THEET AV ZFHHT 5.
2.3 #iTlX, IVA OMERUCEHALZHAT 5. 2.4 HiTlx, ILRMA OMZE R CEHREH
B9 %, 2.5 fiCld, BE—iHERFEXE L IVA O BEEEEDBIRIICOWTHT 5. 2.6 fi
Tl IVA oFOBRMEZ ISH L2087 L3 ) X 22DV TEIHT 5.

22 BSSICHBITBENLLRG - FREETIL

KGR 7 — VU =2 (short-time Fourier transform: STFT) 12 X b R B S EI 12 24
LizEFES, BlES, NMUODBEES 222N R TERT 5.

Sij = [$ij1, Sijar - Sijny -+, 5in]" € CN (2.1)
Tij = [Tij1, Tijo, s Tims o Tign]t € CM (2.2)
Yij = [Yij1,Yij2, > Yijns - ayijN]T ecV (2.3)

2T, i=1,2,...,1, j=1,2,...,J, n=1,2,...,N, RUm=1,2,..., M Z*hzh
JEEE e Y, K7 Lv—24, 5, ROBHF YL (x4 270KY) O YT A%ERL,
TisBEERT. 72, X (2.1), (2.2), KT (2.3) DBEBICBVTE, RKEEREITY (8
FARZ barIn) rLToXRELbENEN S, € CI, X, e CI*, Y, eC*) v L
TE#T 3. X (2.1), (2.2), KT (2.3) XBWT, FAEBEORAZY K7L —2 512
I L72W) BRHES Fig. 2.1 (a) D k512, RATTH A; € C7 AW TAATRE 3.

Lij = Aisij (24)
CORAGETNVE, RHBEBICBVWTHEOREFOLEERZ T TEALAALRE L L 58]

A % WA MR C R L7 b DT h 575, BRIESICH LT (24) SR F
bk, HEESD BSS B ARANBIEL %2 [1]. BHlF v 3 LKL HEEH
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Mixing Source Observed Demixing Observed  Separated
matrix signal _signal matrix signal _signal

Tj1 Sl S Tl
A 4 T2l 82 Wi 4. 52l _*i2)

w, : — -
Wi 4 % %W; """ 7

Fig. 2.1: (a) mixing and (b) demixing models in BSS. 8, T;jm, and y;,, are vectors that

Ar

contain all frequency components of nth source, mth observed, and nth separated signals

at jth time frame.

LELW (M = N) »2RETH A 7V > 7 DEEEX, ZDWITHITH 3 5HET4
Wi = ['wil Wi - 'U}iN]H S CNXM ﬁ)ﬁ?{ L, :h%ﬁﬁb‘f n%ﬁ@%ﬁ@ﬁj\%ﬁﬁ% (jﬁ
EIEH) B Fig. 2.1 (b) ®RAD L S IcRE 3.

yij; = Wiz (2.5)
2T, HIHMTAIRUANTZ PLOT LI = bRBEERT. R (24) KT (25) ERURLZZ2H D
DN Fig. 21 TH3. 22T, MPIEHTI2ERT MLOERIIRADED TH 5.

Sjn = [S1jns S2jns - aSIjn]T e C! (2.6)
Tjm = [xljmaijma T 7ijm]T eC’ (27)
Yin = [Y1jns Y2jn, Yrjn]" € C! (2.8)

Thbbt, ThbiEd2FEXNIBEF v 21D j BHORM 7 L —212BWT, £ TOREK
BEryOl gD ML THS.

BSS i, BHIES x;; »O0HERTH 2 W, 22 TORIKECE L TIEMEICHEE L, X (2.5)
THEHES 2B 2 Z e HME 2 5. KT, IVA % ILRMA © X 512 ICA 1235 < BSS 13,
RO 20oDREZEATEILTYA 70k 0RyPFRONME, FIROMESZ DY
FoRREDEFESOEREDEL T2 kL, THEREHET LA TE 2 [14)].

1. BRARTOEEFIUE ST HTHE NI
2. IRAATOEERESZIIIEN 7 ZITHIHE S

23 HikU 24 HiTIdEREN, BSS OD—HTDH 5 IVA K ILRMA IZDOWTEHAT 5.

2.3 IVA

AEITIE, HEESUENTCHYR R BSS O—0TH 5 IVA 120V TH#T 5.
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Fig. 2.2: Source and statistical models assumed in IVA.

Fig. 2212 M = N =2 OBEICBIT % IVA ORGERNUEERDOET VK ZRT. VA
VIR E AR BSS Th 2728, RFEBONETE (W)L, 2H#EET 5. 12720, #EE
DM BNWT, BREABEREET [ ITEER T 77 A0 e £ &R 5, XITHESR Y,

DEMETNVERELTWS 2. I RITBEHERT 77 A0MEIRATERINS.
p(Sjn) = P(Yjn) (2.9)
_ 1 - $ [Lun : (2.10)
N WH,‘ Tin P i Oin ’

TIZT, 0in >0 B3EHES T IADHDRAT —N RS A=K THDH, IVA TlE 0, =1 Vi,n
THEEINS. ZOMRETIVICESZELINS IVA OENEOCERE (HWEED 13X
ATHZONS.

M1n1m1ze — 2J210g | det W;| + Z G(Y;n) (2.11)

17 ) ]n

ZZT, det BT ERT. £, DHES v, TCREMERD W, 23812 JRITHER
3 5. FRoE(LHEE (2.10) FD G(y;,) Ea> b7 2 MK IR, XA TERSINS.

1
=—log — — 2.13
08 g ( (213
.. 2
=logm + Z log oy + Z yazﬂ (2.14)

flR, AT —IRTRX=R%E 0,y =1 LBV TRECERICE T 2HZ I TERT L, VA O
LRI (2.10) @RISR RIE & i 72 5.

Mlnlm‘%e - 2JZlog |det W;| + Z 1Y |2 (2.15)

]T’L

ZZT, |2 & Ly 7V THS.
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Observed signal 71 Estimated signal Low-rank approximation by NMF T1Vl

—s| Frequency- %WWWNWWW~|K|

wise STFT

| TS|
.

[

matrix

7
Update demixing matrix so that estimated signals
are mutually independent and have low-rank
time-frequency structures

Fig. 2.3: Source and statistical models assumed in ILRMA.

IVA 1281 3 7 BETH (W), oHEE X, MBIBIEGE [15] R U RIESEIE (iterative
projection: IP) [16] ZH W@ T L3V X LI Ko T, EEPDOLEMRLS TN TE
%. ZORERELERHANEI NEOED TH 2.

“z:‘]§: zi;!] (2.16)
Z |wzna:1]|2

win < (WiGin) ey (2.17)

Win < Win (ngGznwzn)_% (218)

ZZT, e, 3nFEHOERN 1, ZhUHNDEERDN 0 DRAMART PLTHS. LD EHK
WK (2.16)-(2.18) ZR2TO n K i IKOWTEHHEHT 2 2% 1 HoOBEH e L, HHERIER
HE(T5 22 TIVA OHWBEBORFRTH 2 (W;)_, 2RDZ e TES. B, 20
RAERGEL 7 A3 ) X 20F 1 [HOBEHTEMNBOCERR (2.11) OEDEA T 25 XIZELH L7
W2 (HFHIEEME) 2HEERMCHAES TN 5.

2.4 ILRMA

IVA XD b ERES BSS 2 M TE 5713 24 LT ILRMA [4, 5] BMER XA TW
%. KRBT ILRMA ORET 2ET L ZOREEHRICOWTHEGH T 5. ILRMA OK
EEELOMEE Fig. 23 10RF. Kho T, € RUF KoV, e REY &, n BHOER
DRY —ZART v a7 L |Y,|? ZIEAMHETHIR T (nonnegative matrix factorization:
NMF) [17] £ IR 21T 0 B 7 L3V X LTRSS ¥ 738 BUL 7R EEECE 7L 2 s
21750 CTH Y, Y2~ T, V, L LTETMEINTWS. DL =, T3 2 HutfEzd
SRy MEERRECE |- | P BEZRBOHMEDIERER 2 LT, £, T, 3EETY, V, &
TITAR—Ya ATHERHINDG. T, KOV, OEFBZZNEN tig, MO vgn EERT
5. ZZTk=12,....K BEETH T, FDHIXRTZ bv GEERY V) OV F7 X%
#3. ILRMA I, IVA IZED K BT W, O iEREL e NMF 0K > Z75E00c &k 25
HEBEDRRY =27 ur o a (VDN &S v 75N (T, V,)N_, & KEMICKE
RELT27VTVXLTHS. ZHUTED, FHHEBD Y —ZART FLT T L |Y,[2 A0
THOHERGIKT » 71E0K K5 BT W, eI 5. REFTIOERE S D7 —
ARZ WNT T LS, |2 BAKIKT 7 THB5E, ThOPRAE LEZBIEED Y —2 X
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VT T L Xp |2 R T Y IDPRELBBETTHS. LidoT, KT > RIFHFEEE
Mg (XU —ARZ varIn) ZROXIBOETIIW, Z#HET 2 221X, XD EKER
BSS ZETEMADH D, %L DEBRICEWT ILRMA OFESEEIERED IVA OEfE%E 1A%
Z e AHRENT VS [4].

A B HIZEIE S 228, ILRMA OENBEEREREL T X 5145 [1, 5.

. :BZJ‘
Minimize —2J log | det W;| + + lo tiknVkin
Wi, Wi, Ty T Vi, Z ¢l | ;(Zk tiknUkjn gzk: e )
(2.19)

RELRTE (2.19) 2HR/MET 2 RIETIIRET 7 7 4 R= a ATHIOBEFRIE, RITRTK
b 7 L2 ) AL THEINS.

3 [l [ogin (3 tikmVarn)
tkjn < Likn 1 (220)
Zj Vkjn (Zk/ tik’nvk/jn)
w8 @12t St L )2
Viim < Vg | 2 i @i tikn e bikenVijn) (2.21)

Zi tikn (Zk’ tik’nvk’jn)il
—77, DHETY W, BT 2B i, TVA 2 FEIERIC IP Z W TORER Y bL w,, ZEHT
52 TEREINS. ZOEHRIRK L 15,

H
=T T;; 2.22
Z Zk iknUkjn I ( )
unne—(uiilhnuﬁ‘% (2.24)

IHHOEHAD, IVA FEkIC, 1 EOEFHOFIHRTHBIEL (2.19) OMEHHFHIEEM L &
5 e PREEI N TV S

2.5 VA O%gEm LD

— I HVETHERTEIC BN T, RETEDRHEEREHES T EOBREB A WIZER > TV a2

INBHEBOHECH A EE 52 2 -DEETH . FEREROEARNKE LT, HE
ﬁlfﬁﬂﬁ"‘fi (W-disjoint orthogonality: WDO) [18] £ W5 #E&23% 5. WDO 13, Fig. 2.4
WRT &2, BHllXNRREAEESD, 2TORABKRYE Y MUKM 7 L —AZonwTWnih
P—DODERDAPHEICKENTH D, THOLEIHINTER L TWIRHDOZETH 5.
Fig. 2.4 (a) 1 & WDO 23BEL L CORWIKIHTH D, WL O DORFFEFEHA R v B\ T
REDOHFRE FOOFFENEZ > TS (FEEDEALTRLTWS). —7, Fig. 24 (b) &
WDO I L TWA IR TH D, Y ORMEFRERA Ty + 2 R THEBEROER D DK
, BWIZHHMTER L TWARIICH 5. 2D, KRR THIC, WDO DR
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: No component . : Source 1 D : No component . : Source 1
: Mixture of sources . : Source 2 . : Mixture of sources - : Source 2
1 and 2 1 and 2
A
> >
(&) (&)
[ (-
) ()
> >
(of (o}
() ()
hu hl
L L
>
Time Time

(a) (b)

Fig. 2.4: Examples of (a) non-WDO and (b) WDO mixture signals, where red and blue
source components are mixed (N = 2). In (a), some time-frequency slots has two source

components as depicted in purple, whereas they are completely not overlapped in (b).

HHERESFRLORIZIO0 212 5.
|5ijn‘ : |Sijn” =0 Vi,j,n 7& n’ (225)

X (2.25) &, MUKBERBERR Y b (4,)) KBWTEBOMBEERD s, PETOHEIE
n=1,- NZHLTIEL»I»VWIE2RLTVSE. ZOK57% WDO REX, PirveE
FHThOEFEEEIN L THBIBAL LR T W eI T3 (18], ZhiZ, BHEES
DI SRR A IR C L R S — A e 2 Ff o TV D Z ITERI LTS, HL, Rt AH
FEETHoTHREL TV IEHEOB N HEMT 2, BARZD XS WDO RE XL
LoBL k3.

WDO kb X5 IEVWERMREL LT, 7L —sBNHAHEMERME (Hame-level W-
disjoint orthogonality: F-WDO) 23VE&RZNTW3 [13]. ZHU Fig. 25 ITRT X512, K
7L — 2B TO WDO RETH 2. BRI, HERHET7 1L — L4 TIETRTOREEK
EYIBVTOWTIL— DD HERDADHEICKENTH D, THROBIMITER L TV DR
MOZeThHb. K7L — 21X STFT 2#H $ 20 MERRIXE) CHY3 5728, 2
DERFEXBANTIEFARIC T 77 4 722> TV 3 EFPRHRHCHEE L TV 2 EHRAHED, ©
WS BEWREICHYS T 5. Fig. 2.5 2R Thh 5 X512, WDO 3 F-WDO & b 5WRET
H>37®, Fig. 2.5 (b) ® X512 WDO FRILT 528 F-WDO TlERWRHb HH1E 2. XU
&b, F-WDO 2T 253 RAD LS5 KB TE 3.

“§]n||2 ' ||§jn/”2 =0 Vi’j7n # n' (226)

X (2.26) 1, MUK 7L —24 jIZBWTIEED Ly / VA HEHZFD 5, PETOER
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|:| : No component . : Source 1 |:| : No component . : Source 1
. : Mixture of sources - : Source 2 . : Mixture of sources - : Source 2
1 and 2 1 and 2
A A
> >
(&) O
[ C
() ()
> >
O O
[} o
hul hl
L L
>
Time Time
(a) (b)
|:| : No component . : Source 1
. : Mixture of sources . : Source 2
1 and 2

Frequency

Time
()

Fig. 2.5: Examples of (a) non-WDO, (b) WDO but non-F-WDO, and (b) F-WDO mixture
signals, where red and blue source components are mixed (N = 2). In (a), some time-
frequency slots has two source components as depicted in purple. In (b), there is no mixed
(purple) slot, but some time frames include two source components in different frequency

bins, whereas such time frames do not exist in (c).

n=1, NIZHLTIELIPBENILEZRLTVS. 5T, 72774 7TRVERIE
JEEEE Y DD 0 TRITNUIZR SR WD, K7L —24 j I2BVWTZOERITTEIC
WETHIIEEERLTVS., HREOREAIKBVTIE, Z0 X5 REWMREE— AR LR
WESICHEZ 3D, BHROFBENERT 2 L TWARNOREESR2EZ 24T LHEIVE
BRWZ TRV, BHEORFEIX -V TAF U ITRHEARE LTED, #2256 L TV 2 RH
W, OFEHFFMBEL L TVE I ePEATH . FERICIIHEFCX2Z2DDOHRFED 4 —
N=Fy TRIFET L LTH, BHEORFEEA D SRS EEES BN F-WDO 0IREE



WGEWEB WS 2N TES.

SR [13] TUIX, BEEBICE TN 22 TOHERIESD F-WDO 0&f2iliz3HAa1c, &
LRI (2.19) O KBUR/MES S SR B2 @ 5 X 5 ROEETH (W)L, i
TR 5 e FHERMNCEE LTV, XD EEICIE, IVA  ILRMA TUIE LIREH
TBR—3 27— a Y [19, 20] AR AT TOWARVWE (W)L, 25, F-WDO BRIz
ROE R (2.19) O 2 HOKBREB/MREL 25 22 Z/RLTWA. ZOHEFX, BHESD
F-WDO DIREEITED K IE Y IVA OFFETEEMREN M L3 2 2L 2BRL T3, HidoR
HMEFICEARAEBD I EER T B, F-WDO 12D IR L 1E, BRHES O 2K KE
Xz U CH—GEERFEXEOEENELR2 e 2 EKT 5. 6o TIVA X, FEMIC
BRGSO H— R AR OEE N E L 2212, BHEER BSS #EMTES 2 WX .

—7%, ILRMA 22\ TiE, BEIEES D F-WDO M H & X B0 E & L BSS O
EOBEBRIEZAHTHS. L LAAS, IVA ¥ ILRMA OfRELREED BB EE L T
Wb Z e, pETHIOEFHMVELC IP WO REE7 LTV X LIZEHDIWTWE ZEET
%Y, ILRMA % IVA L FAOWEEFOZ e A FHEINS.

2.6 EHEODESADILH

AIEICIRARz@E D, TVA 1& F-WDO OREISEWBHIE SRR WAREE R 72 55 HE
B2, LrLEDS, BROBEFEENES L TV AEBIIEEN L ORE F-WDO IRk
RV FRESICE > THRL LTHRE 270, FERCHIHTE2 L5230 T
B, 2nTH, IVA ZEAT 200, F5NBEEBICH L TR 2O EEMZ % Z
£ T, F-WDO DIREEITED T 2 Z L IFHFERNCAIEETH 5. BIRIIZIE, Fig. 2.6 IZRT &
512, BRESHOBE—GFEREFEXHELAMN OB 2 M5 WTL % 21X, %2 F-WDO RE
DAL T B2IRREICE T 2 Z L B ATRETH 5. T ONFHDOFEBIIZ, BHNESH» o B —3GE R
X EHEE T 2 RENEL 20, THFEEDEEL D D120 CHIHRETDH % /- D FEE
X [21] RFEHE XA 7 I 4 X — 3 > [22] FOBFEM 2B T UIEER T X 2 alHen
HEW., KX T, BRGSO R—FEERFEX BN TER2CHETE, Fig. 2.6 DX SICH
—FEEFEX LN OIEIE B 2 B TE R L WO REEZ BV TLUROEREED B, E
BRICH —GEEREEX B2 M T 2 5Ic oW TIdSHoFEL 3 5.

IVA % ILRMA %0 BSS 133 (2.4) ORAE R (§ ICIFHkER) BERERELTWVWS 1
B, #EE XN B 0BT (W) BRAZETHS. 2D, Fig. 2.7 D X 5 ITAROBHNE
B% F-WDO X% 2 X5WEFK L7z LTh, ZOmEKTHETH (W, OfER»ZAt
T2HLITERY. ZhETRbE, Fig 2.7 0 X5 25| U TEHEIES 2 F-WDO @
WEEIED, ZHhZHLWEHIES 2 LTIVA AN LTRE 25875 (W), 23, [
SlEMHEITORIO Orix D) BHEIEEICH L CHHEHARRETH 2 2 & 2RIk 5. FAMIC
X, BE 7 L — 225 WRIEAESIXZ F-WDO OIREEISESOWT WS 728, Tk AnT
HEE X2 DB TINIT 4 DBIES 2 H W THEE SN2 DB THI &L D D EAEETH D, 2Hk



Observed mixture signal

Single— | i Single—
i utterance : utterance
segment ésegment

—
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i

—P

Remove mixed segments

Modified signal (F-WDO)

»
»

Single— Single—
utterance utterance
segment | segment

Fig. 2.6: Modification of observed signal to validate F-WDO assumption.

Apply estimated demixing matrix

VA —'(Ml MW%MW
memm\

Fig. 2.7: Application of demixing matrix estimated by using modified signal that satisfy

Observed
mixture signal

Modified signal
(F-WDO)

F-WDO. Since demixing matrix is time-invariant parameter, estimated demixing matrix

is applicable to original observed mixture signal.

BEZRKEALEIEONZZEAHFTXS. 2D LSR5 ETIVA R ILRMA @ BSS 1
REM LD 7 o —F%2E 256, FTHEINRESHEI LD 3 MR35,

e F-WDO IZEWEHNHEE 120 LT IVA @ BSS MR ¥ OFEE D E LT X 2 Db
e F-WDO DIRFEIC ¥ DREET W —FEE HEX B 0 &2 LTH—HTE 2
e IVA kY $EEL BSS TH B ILRMA I2BWT B [AEDOMEIIHEZR XN D

o TAMXTIX, REIZT BSS OEBRZMML, ZOMRLL LD 3 REFLIER

3 5.
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27 XEBEDFr®

REETIIAGG B 3 2 FEREH G M 02 DICHIC O W TEEA U 7. IR A IR BSS @
ERLZITV, ZOREMNRFIETH S IVA L ILRMA iI2BWT, HRDBEE & K RIE
BRSOV TEH L7z, K72, SefTii5E [13] TRE N7 IVA O pBEERE D A 13 5 i
DWTHAL, EEOESADEHICOWTHHL . RETIXIVA K ILRMA O BSS 1
AE L F-WDO SHE & AEMXH OEHIE & OB REZ RBAINCHE S 2. BAERIE, &FHK
T XREEERE G OFRBITR e, Boii AR XA 2 LS ¥z # D IVA L ILRMA
DIEEEREDZ T DOV T DOEREREZ R LB T 5.
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E3E

H—RaRFEXEDEIG & BSS D%
BEDRARIE D EFRHVAE

3.1 XRHE

ARETIZ, BHEEH F-WDO DIRREIC Y ORET WA, T b b E—a# R X Mo #l
A2 IVA KU ILRMA OMREDBFRM 2 RBIICHE ST 2. BRI, REBRICBIT 28
W7 — &2 LR, $REREE, IVA MO ILRMA OEESEME, HHEE O RBIEHMIREE, K&
OCEBHERICOWTRT. EEEETIE, IVA & ILRMA Offj BSS T L CHEES D
H—FEHEXHOEE L 7HEEOBRIEER R L, ZOHBICHE S HEEEIRRS.

3.2 HBH—FEERGEXRER

AEFE T, BHAEE 2 Y OFRE F-WDO OIRREIE WA 2 W05 &FICEH L, BSS OFFE
ZHRET 2. 2O F-WDO ORBEIGE W E»ERTREL LTE, BHES2KORBRIC
B U CTH—GEERFEX A ENZ T OREZ HO TV 2203053 5. Lehi>T, F-WDO
WEDHEEWAZRITIFE LT, H—a&HHEXME (active ratio of single speaker:
AR%)%E%?%.

, FEFITEIRD n BHOERES, m BHO~A 7k ofllES, KO nHEHOH
ﬁ@ HHEB T ZhZN 5[], Tn[l], M gl LEETS. 22T, 1=1,2,---, LIFBER
A YT 7 RATHD. ZOHDEFBERT PEXTHERL TEL

8o = 5a[1),8[2), -, Eull], - LB [L]]T € RE (3.1)
Zn = [Tm[1], Em[2], -, me]~- T L))* € RE (3.2)
Y = [Gn[1),Gn[2], -, Galll, -+, GalL]]T € RF (3.3)

5 26 HiTHRREZ XS, BHIEE @)Y, 75, REZORE/IERFREIELI
WETEBLIRET 2. CORFEORT/IEFREOREE 2HTRIALF IR P LR
dy = [da[1],dp[2], - dnll], -, dn[L]]T € {0,1}F LEFHT 2. FERRED 1, JEEEIREE
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Observed mixture
signal T,

::Time Iengthi:
—
Single— ! i Single—
" utterance utterance

segment segment

— > —>
Single—utterance
segment

<«

Timei length
v'
ARSS = 45%
Fig. 3.1: Calculation of ARSS.

\ 4

MOHIETZ., 2o &, ARSSIEARTERTE 3.

ARSS = ||#] (3.4)
7= [F[1),7(2), - 7 [l), - L)Y (3.5)
0 (otherwise)

I, || W& Ly Ve THB. ARSS ODEFRDMEIX Fig. 3.1 ITRTBHTH 3.
ARSS IZBIHIE S ORHER LIS LT, WIN »Oai#E 1 ADHRE L T2 IHEA > 727 X
DEFIIHIET S, ARSSIZ 0226 1 (02256 100%) DHPHOfEZ X D, ARSS 28 0% TH
AFBHES N —FEERFEXEBFEE L RN 2 EKT 5. #12 ARSS 23 100% TH

g, ZoBEEE F-WDO OIRETH 2 ZLI1Ti 5.

3.3 BET—2D1ERK

AHITIX 3.2 T L7z ARSS 22t X ¥ -8lHIES %2 Zh 2 IVA £ ILRMA IZ AT
L, ZOL EONHMRER LT 2. AEBEFEBE T 2121%, 47 ARSS fHICHIGT 28
HESEMENCHELZERE Y hOTF—XHBRRETHS. AL TlE, 2 AOFEERIR
BIETERT 2BAEZITONT, —HOEEDIFFREGEXE (MEXE) 2632 i
& 5T ARSS % 10% ZIAIZ 10% 205 90% FTHET 2. Fig. 3.2 1R 3T £518, MM
WELT MBI Bk MO Tttt o 2 @ADL REZS. Bt o
HABDLEIZOWTIE, EAFEBDE VDS BSS OMENME RS 2729, KL TIELD
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Pair 1
(F1&F2)

Pair 2
(F1&F3)

Female ’ ’
) § S
Pair 3
l ’ Male (F1&F4)

25 utterance
pattens

Fig. 3.2: Preparation of observed mixture signals with various ARSS, where purple wave-

pairs
Pair 4
(F1&F5)

Pair 5
(F1&F6)

form depicts mixture of two speech sources. In total, 2,250 observed mixture signals are

prepared.

HELORHEORNEEOEFEOREDAENRE T5. R OMAEDEICBVT, &
BHORRZ 5 BHEOFEERT7EHET 2. ZOKFEERTICBWVT, 10% 25 90% £TD 9
D ARSS O&MEREZ Z, X512 15D ARSS DOEMFHEICH U TR 2 55 % 7z 25
RE=VOEREZORTEZHET 5. #Raite LTE, 2,250 HOEREESOR7 *HE
LTW3.

ARSS ZEWGE, —HOHEFRESOHKMEXEIHL BoTLE S 2, Mags oilES
EERDTINF —HIZENECTLES. ZDXICTINF - DAL ERIESHIRS
NBHHES D BSS T, YAZALF—D/NX W CEFEXEIOE) 75O ETRD 7B HE
L%, REBICBOVTE, SHHFRESDI AT —DEICHKT 2 FHRIBIEEOZLIX
—YIHERR L, HHC ARSS D VDAIZ K > THEL 2 HRDEEEREDOZ LD AZEBRIT 2
ERHTHS. 207, Fig. 3.3 RT LI, THXNF DGR EFREZRTTD
EELBOBIGES 2RO 2 VF —ENEFRBTHE L LS L5118, HEXBORWER
EEOIRBEZFHEL CEHLTZ. CONHEEERES s, & L THEHAT 2 :2%
Z2%Y, 81 2 ady (a>0HHRIEDOHER) OTINLF—HNELL R WIEMELD, RIE
DRERPRNE LTRES.

NN
A (3.8

WoT, 8 & asd ZRAMOEIESRT & LTHY, XEITHENS FETERIES 24 %K
5 5.
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ARSS = 90%

|
W b MH There exists large difference of

total energies between two sources.

m Amplitude of shorter
_— . g
speech source is modified.

sl

Equal total energies

Fig. 3.3: Equalization of speech energies between two sound sources. Amplitude of shorter

speech source is modified so that total energies of both sources are equal.

34 AVNILRGEDEHAH

33 THELLHRESIVEESNIHORETDH 5. aﬁ%/h%& T3 H7oT,
HFERUEBFERHRE (real world computing partnership: RWCP) 7 — & X— X [23] IFxD
A VOV AIEE B2A GREFEH Tho = 300 ms) 12X % 2 BRDBAAARES I 2L —Y 1
YERITO. E2A 1%, BRARZEMEEBEO~ A 7 ak R EHREOA4 VoL RAREEZINERLTE
D, 204 Y NVRIBEEBREZICEAAL X, EBCZORETERESZHELL
BRUICEHRE SN SES2ERT 2 2 L ITHET 5. AEBTHOW E2A gD A4 ¥ UL RIGE
D<A 7 aRyREFHOEENZ Fig. 3.4 1187, BOERAAIZ~A 20k 7 LAk
LCHRAETHD, v427arrhoBRETOREMLFELL. ZhUX, 2 NOFEENRFEL
TWVWARNZ 1 BDXA 78Ry T LA TRET 2 20 BRI RIIERIRE 2 EE L2 DT
bH5.

3.5 EHEHFMMERE

AL TIE IVA O ILRMA ORBHEGEFMRE & L TESNEALL (source-to-distortion
ratio: SDR) [24] Z i\ 3. SDR G & EHERDOTHEE S WL EADDR X DM EIEZ ARG
MR ERTEHEETH D, RO LS WKEHREINS.
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Impulse response E2A
(reverberation time:

Source 1 .- ~..__Source 2

. 6 \ 2 m s 3 N
, AN S .
. N % N
. AN . N
/ . J \
/, S / \

50°.  |(50°

5.66cm
Fig. 3.4: Recording environment of impulse responses that are used for simulating observed

mixture signals.

%, n BHOBEKEIR 5, ST HERS g, 23, KD & S0 H oMK SN 5 E
ER:P

'gn - gtarget + éinterf + éartif (39)

T 2T, Starget € R, Eingert € RE, KT €npiir € R IZZNENHEERES g, FO 8, WHIE
I BRG, B U7 8, YANOIEEERICHINS 20, MOEFEDBIC X > TAETZAT
MRBARDTEET. 0%, SDRIX, XA TEEREINS.

H gtarget H2
DR =101 dB 1
S R 0 OglO ”éinterf + éartif||2 [ ] (3 0)

Lo T, & SDREZZEM S 2121, #HERES g, [FRE T 2IEBNETRKD éinterr &
ANLH R BB €artit DT ANAF —HED 5 /NS, ARMEZ NN E HIEFLD
Starget DL ANF =R ZWVRLENDH 5. SDR IZHFEITHEC I T 2 HRER IR Z BAHI R &
LTHwsNTED, 10dB % L2 & R B WIEEHERZZR L TWd WA 5.

3.6 EDMDRERRM

3.3 I TR FEE D RFEEIREE X, A REE O HAREHRTE 7 — 2R EhTw 5
Japanese versatile speech (JVS) corpus [25] D—#nZHEH L7z, Zd & %, JVS corpus
TRHERT —XOH > 7V > ZREEEAD 48 kHz TR TV S A, R TIEEHERH]
RDOT=DICETOEFEEL 48 kHz 75 16 kHz XY ¥ > L. B, HFEESIX
SkHz U RICZ A NLF—DREHF L TWB 70, 7Y Y ZRERE 16 kHz XY 3>
NS A TESIEZEHAT 2 2 83— TH 5. RFEEETIX JVS corpus WD parallel
100 £S5 F—x 2 HWT, ZEKROCBEROFEEZzZhZh 6 HT oMW, 22T, L&
H 6 BT FL 25 F6, BMUEEE 6 KITIE ML 26 M6 WS 7L EZRENT5 L, Fig.
321TRT KO W 5 HHDREERT 2t e BT 5 MET oMK Lz, BRI, 2o
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FEEART D F1&F2, F1&F3, F1&F4, F1&F5, MU F1&F6 @ 5 5, BHEOGEER 7D
M1&M2, M1&M3, M1&M4, M1&M5, KO M1&M6 @ 5 FEETH 5.

Zofth, STFT DT R =X THIEERVT> 7 bRIFZAZHN 4096 & (256 ms) Kk
2048 54 (128 ms) ¥ L, &BHEUX blackman BZ W7z, F£72, IVA R ILRMA OEHR
WF2ETRLAEDDEZMAL, REEHERKEZVThOFED 200 Ay L. IVA ¥ ILRMA
D12 BT HBEATH] (W), ORI S THA{TA L L, 7 ILRMA 0O RE(TS
(T2 U7 77 4 N—=2 a Y751 (V,)2_, OFIHHEIZWSTHS X (0,1) O—kk3 AL
e L., ZoX>512 ILRMA O (T,)2_, & (V,)2_, KB L CELEERZEZ &L,
REFHTIE 1 DDFEERT « ARSS AT LT 25 2 - OBHIEEEHEL TV
7o, ELBOREE GBS — FoE) 131 EE: UTERESER L

RRIZ, REETIE SDR ofERE (755 d SDR fE > 5 BHIES D SDR ZHHE L 72
i) MR L ORT. ZOFERE LT, 3.3 HiTHhRN@ED HFRESOZ A LF—1FFELL
75 XS IIERLEINTWE D, 34 TRz X514 YL RIEE R BAADBRBETHY
DEDIRIAINF—EPEL, BIESD SDR 20 dBIZEH6RVWHTH 5.

3.7 EEER
3.7.1 IVA

THET TV X L0 IVA 055D SDR & &% Figs. 3.5 KU 3.6 1IZ”F. Figs. 3.5 234
MEEHE DR 7 5, Figs. 3.6 HAMUFEZEORY 5 MEOHKRISHELTWE. &7 7%
WIS OTRZHVWTWS. HEOKONAOAKFERRIIFIRAE, FROAENIFEEE R
L, #O Nk Bl zhenss 1 o8RO 3 Wiz ns. 2612, o e k
WKHUZ 0 FEAZh, FO Nk By S/M0REX O 1.5 (SEh -8RI 2 R/IME
YRAMEEZRL, AROFHHZEZ 2% Y 7 UENUEL L THEWALEITHAN T WS,

R ED, Figs. 3.5 (b) XU 3.6 (b) ® & 51 ARSS DA HK LT SDR k& & A RkHL
HNZHEINS % 8% — > ¥ Figs. 3.5 (a), 3.5 (¢), 3.5 (d), 3.5 (e), 3.6 (a), 3.6 (¢), 3.6 (d),
KT 3.6 (e) D& S ICED ARSS 50% RED SR T 2% — > 0 2 BEN A LN, i
BDRE— > DFEFICE L TIX ARSS 23R < 22 512240 T SDR OHYMENIEM L /2. R
Fig. 3.5 (b) DFEE 7 M1&M3 DFERIZOWTIX, ARSS QMK U T IR 55 5 Bl
REDTLE L TR FOSHERR T E 5. Z ORISR 2.5 HITHMA L2 IVA ORitED & & 5
257, THINEERTHS. —FH, BREORSEERPEMT 27 — 220 TIE, HHED
WENIEF-oTLE o WS X DIE, HEEAEW ARSS DR T 12772 SDR OWEDR S
NTREMLTW2 LSRR %, $7&b5, ARSS 25 10% 205 30% R X E IR BEIEREDZE
EDIEF TR E WA, ARSS 28 50% BREETRKEL RS, IVADPERTZZLDTES1H%
REDRAETHHEINT VS, LRI 200Z YRR BEbhd. B, —HoRics
WTiE, ARSS 23 70% 2°6 80% %2 /=H72 D 25, SDR 203 2@ % R L 7-.
ZAUE 2.5 BiITEAAL 72 IVA OFHED B XS 2 AR WTRICK LMRTH L. oA
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WOWTIEARMEHTH 255, ARSS 23 100% 1220  1Z ¥ 7B TH O EHi (2.16)—(2.18) D
SR BI 2 BEAREEDPEZE IR > TL 20T RV EHHILTWS. B, R
(2.16) THHHEE O j BHOKRM 7 L — 202 FRE AT — > |wl x,;|? Z5HHE LaRHCH
WTWBA, ZAH 018D IF T Gy W EREITINGED L (GHEBHEmL 7 > 7%
LOREIED ). 2R, K (2.17) KEEFN 2P THIHEBE OB AR RZERPKE LD,
DI EETA O IERE R HEE IR E R MF L TWBDTId W, EPEXNS. HL, b
LZOFPEPEETH-o LTH, ZTHERELT LIV XLIERT2HKRTH 279,
SCHR [13] TR X Mz TF-WDO D541 IVA OHEERH LT 21 Y WO KMmAETEI NS
DI TR,

3.7.2 ILRMA

SEET AT Y X aH ILRMA 054D SDR ti# &% Figs. 3.7 XX 3.8 1ZR”¥. Fig. 3.7
DUNEFEE DR 7 5, Fig. 3.8 BHMFEEDORY 5 MEOMEFITHEL TV 5.

INODRERERZ L, £3IVA OFBR LD EER SDR O EPSHETERL LT
W3 Zehans. FlziX, Fig 3.7 (a) Tld ARSS 28 20% OB R D, Zh X b K
=1 ARSS O E I MREDNE R L T BRFAEETE 2. —77, IVA Ok %12 SDR 28K
%M ELTW/ Figs. 3.5 (b) XU 3.6 (b) &R LBHIESTH % Figs. 3.7 (b) KU 3.8 (b)
Tl¥, ILRMA O%BE S SDR A EFE T 2B ALNS. ZATD, ARSS 28 50% ¥
7213 60% fhipsie R 2 b, ZHALlEdD ARSS TIEFHERESE R LTWS. Zhs DfbHE
%, ILRMA iI2BWTd IVA 2 HEIC ARSS EWIE EERED M LT 2 2 Bbh - 49T
MK LTW3. #lle k22, B2 6N 2EKIE IVA 0BG L FEkC, REt71ra) X
LHOREIEOARZE e TIN5,

ILRMA OR#E 712U R 2033 (2.20)-(2.24) % RIEHNCEE S 303, SEHTH] (W)L,
DHEHA (2.22) TET ¥ 7EMINLEHRBHDO Y —ZAX7 + a2 I 45 (ETVARY b
75 5) T, V, DEERPEHCENS. B2 T,V, »d 2 REFEBEKES (i,j) TIEFL A
E0eRoTLERE, REVITHI U, OFMEBHIEIML 7 > 7% b ORBIEDL. 2D
fER, 3N (2.23) OWATHEBICK T R BUERAEN EEN 2 Z it/ 5. ILRMA OF#ft 7
LT Y XLFTCRZ D &S BREEAREEZIEHATWSD, WEIIANROBRZ BT 2 72
BDIZ, ETNVARZ varZ 548 T,V, OERZERA FouorTtorur) v 73308 %
1 (2.20) & Or (2.21) OFERICEBREEHT 2. LrLAYNS, ZIUIAENZMERTIZR
<, BHEERWIAEORMC X o TR YK (2.23) OFTHEELRLEL 85 Z LD
%, REMRBRY LT, WTHEEZEDRVWREL 7 L3 ) X 4T IVA RO ILRMA ©
RE(LEEZRES e BB IToNs. Z20L5 713V X4k, IP & & LT iterative
source steering (ISS) HEDHRREINTED [6], FHAD & 5 RITHN DB DO E NI Z 28
HEBICBVT, BEEEDIFERICEE LIS WIS THEINS. B L ISSIETL IVA
% ILRMA CAREDOEBRMGROMEAIED 272 513, Fifik OARE TR 7HER DE M L
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o N £ [=>] (o]
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SDR improvement [dB]

H O ©

R PRSP
ARSS [%]
(e)

Fig. 3.5: Results of SDR improvement obtained by IVA for speaker pair (a) F1&F2, (b)
F1&F3, (c) F1&F4, (d) F1&F5, and (e) F1&F6.
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Fig. 3.6: Results of SDR improvement obtained by IVA for speaker pair (a) M1&M2, (b)
M1&MS3, (c) M1&M4, (d) M1&M5, and (¢) M1&M6.
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NrrEbihdizd, ZNES5HOHEL T5.

®£1Z, ILRMA O7BEFERIZ IVA XD 200D ED - TV 2 EHARED Z W
THHERTE 2. COBRRIFEHINCEZZMETHD, FRETNL T,V, ZIIREILER
AHZ TV ILRMA 23k D LW BNTWE Z L ICERS 5. 512, T,V, OFH
HEEEC LI e s, REMICIVA £ D3 ILRMA O HREICARE X 2L L S8 3 H
K E7zoTws. NMF % ILRMA OfGEb 2 ZE S B2 IESE S RESNTE D BIZIE
[26]), ZhoEMiEIERT 28T, FLENEMETEZAREELNDS. B2V, IVA
DHHHEE % NMF ISEA LT T,V, O#EER2 W HiEE EZ 6N 5.
DExFroHzr, ILRMA TIVA X AOMEER EBE ONRD 72 2 L IEEBOE
KA3d 2 L X 2. FTHIDOSMBUTRRK T 2 BIENRZEN &, Rt IHE RS 3
HREDOARREMRD 2 HEM OS2 DFIETHE LA, ILRMA @ ARSS 123 2 HEED
ZAEA IVA L RBRICE S BT 2R 0 3EHRAMR L 725,

3.7.3 IVA & ILRMA DL R
BT1IHEHMNIT2HTRLULEBMRZK T2, XD 2 ADPHERTE 5.

e IVA 1% ARSS MEWEBIHME B2 LT 7o MERE & R T E
e ILRMA & ARSS 25mWBRIE S0 L THERED H LA T %

FRC, ZHET[6] 2L OXERTHEIFXNTE /7 ILRMA @ IVA 1233 2 B, i
ETHEDPFEE L TV LI HEFAEERHICEZ  DRBPERIN TV L HRESD BSS DEER
TR onZzdDThh, ZhETRhOD ARSS 28 0% 205 10% FE  WEHHE S
f U CHERR T & BT H o Al E V. L LD S, STk [13] TR AzEL
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Fig. 3.8: Results of SDR improvement obtained by ILRMA for speaker pair (a) M1&M2,
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