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Abstract A feedback structure and its learning algorithm were proposed for over-complete blind source sep-
aration, where the number of sources is larger than that of sensors. In the first phase, the signal sources are
separated so as to satisfy the condition, under which one signal source is not included in different outputs. By
setting the number of the sensors to be more than a half of the sources, at least one output includes a single
source. This output is selected based on property of a single source. Furthermore, this output is fed back
and cancelled from the observed signals. The selected single source, information about a mixing process and
histogram of the observations and the separated source are used for this cancellation. In this paper, a spectrum
suppression method is introduced for reducing signal distortion caused in the cancellation process based on the
histogram. Furthermore, a learning algorithm in the second source separation is also modified. Compared to
the conventional method we proposed, the signal to interference is well improved.

Key words Blind source separation, Over-complete, Feedback, Speech signal, Learning algorithm, Spectral
Suppression, Histogram
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1. $AHE

W, BEEHRKIBRLALBRCBVTEAETH, ARCH
WIFYTFA—DRELENTWS, MERE, Ta-R
%, RSt EOESLBIIE VT, E5ETIALTEE
SBEMiLIR-TW3S. ¥, BRESTHHIICOVTHY
ZEENMELN AV ER, BREBEREEERICIOVTLE
AICHIZ T LR TERVRELEV. TOXSHRETA,
ESROFMANERICE SO TESEIMETSI T 514V
F{ES#H 5 (Blind Source Separation: BSS) AEE L i«
% [1],[2),[),17].

EBROF7 SV r—a v Tk, BEROBETFAITSCL
MELWEELNHS. COXSHKRRT TR, —BHAicEy
PERESER L ERE5. &, ESEEVLVYRED
BWIBED BSS idA—/3—a>7 1) — I BSS LSRN,
EEHERCH L TERUMESOBENTE T B LickD, £
EROREVHITELRY. TORGETCRIFAESE M
T3 i, BRIESLHNCESHRICET 3tholEHE
BN ZRENHB.

FraERe LT, FKBAIRBSOLA NI L2ZAV
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VAT LB TRESERE M, L8 %E N LS
(M > N)ic, Hhh—Eic MEDESKEEB L SIS
B3, SEARBIAEZSELT, BETIHEAELE
SHEETEEN D, RNOBRESTHIEHET SHEICK
b, TEFENKELLAENS.

A==V T Y—FEBSSICNLT, HLRT7 —FK
RNy IRy IR TRERR O H LR BLCRE
LTwW3 [16],(17). Thid, B—0BEIhE5EET 1—
Ry 2 LTRAES» S+ Yy VT3 AETHS. Bl
EENLESHEM—SET 3 H0EYEICIIBEEER
BYEANTSLERAVTWS. £, 1 KBOESHR#
KO DEEESh-E—EERLEHEBSFROBIIEERE
WERACTITEbIS. ZLT, SEBEhE—-E85I8
HIEEIrSFr LT h, BRIESCEENSE5HEESE
B BB L2 RET 2 KB OESEIEERTERS. &
H—E5H0OF vt LT, BERELLAMNTSL
KRDLBREL VS 2BHEDF+ VVEERRET 5.

T A4—RNRv IOREE LT, 74—FN\v 2#%OBHIE
BORBEHBI 2K EEERMELS. AETE, 71—
RN 72 &k BESEOF ¥ VIVILBOTARS LTS
LyyarvgZBATRILICkY, E85ELEMHTS.
¥/, 2HEOEYEERRRETSC Lick b yEtkERR L
T5. LT, EHEESEAVEY I al—YaryETV,
SEVEEFHET .

2. 74—F NNy I ReA—I\—2>T)—} BSS
2.1 RV PIT—UBRK

BIRFREA D BSS IEBWT, BUHADANX b HBEER
OHAUR, KADREAVIALESESICED, FhFh

UFD&k3icEkENS.
X = AS (1)
U = wX = HS (2)

2T, WERHETH, HIESHE, SHOBEREAET
DIEEFEERT.

EEERES3, v BE 2L LIEREDT—F 1w
EA—n"—arFVU—k BSSO7ay VREK 1IIRT.
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M1 74—FRvHELA—1—a2 7 J)— BSS DEERHER
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UG (oRERRICE T 5405 s L EOHAIIC
H—DEBSREDETZ ) REHLRMHB T LICTS. BSS
DEFIHIESHRIMITHILICEZ L3 IKEEIhS
728, RS E, 1EOESEI 1 HORNCSERS
LRETS. EEEEEM, LUYHEENLTIHES, £
HOEEEHI-TI-HOE /T

N 2 [¥2+1] 3)

&%, BHEF (X)) XZHEARVEREXRT.

2.3 7 4—FN\v It & DEENHESFEOHE

—HlE LT, w,8s:ZBH, uslds,, s; 5 FUBEEER
5. 2TOHAHICH L TH—-ESEMEI DR % Signal
estimater D7 01y 7 TITV, wi WE—ESHOBEELO
T, ThBREh, o 3ERRNTH Ny, L%, EFC
Y, EDEERBOANCT 1 —F v o Eh, Ahfes (=8
RUES) o EZDESERIEELIIL. T4abb, BRIE
Ba, 2l BENSaBOEF v+ VTR LIRS, #
RELT, BRIEST,x 1 3EB W2, ss T DHEFTLC
Ltz b, silahFy IV EhEBRES 22,z & &
T. TOBRAIBER v ERIFIOSEERTIHEINS.
1DBITIE, TOBRBTE YL EERBNFLIES
DT, 2KEHDOESEIEIEROMKERILICAZD, HR
MICRETOESERMELICHTET A LA EES.

3. Z14—FNyIic&BBREDFY IV

3.1 EENGEERRE (FB(1))

B&THIE 1 KEOESHESBEOTETIIZHNT, B
FESM LW LW ESERS ZEBRNICF Y LT3
TCT, BRETHVARKATHZOT, BRAESOLALS
S LEAVWTUTO X SICHERITER S [14),17).
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a'i(n+1) = a's(n) +7-sgn(vi(n) - a'i(n))  (4)

ZCT, viBIES R ECBRELIELDT, AIRAD
HEREREZRLTWS. A EHEET ZBOTHBEIIERICE
BETHD, BRESOLRA NS LAMNEARKRS LT 5.
KANDOBREITHZERICHETE, s1(n) VE—FSHE
LT ui(n) IEEENTVBRAZRE LIES, wi(n) XK
1ORHEHATHS yi(n) L LTGEIENS. 1 KEOES
FEOMFHEN BEFRIEE, BEINC y1(n) I s2(n), sa(n)
BRidaEhtuhwhna kicks. FCT, z2(n) & ni(n)
BUTOESICEBRTES.

z2(n) = a2151(n)+as2(n) +azsss(n)  (5)

y1(n) = (anwn +aznwiz)si(n) (6)

ZO&K I BFEN S, HELRESTHA ZHAVT, XKk
L&D s1(n) B z2(n) B6F ¥ EIVTEENTE, Fv
YEVEROBRRAES % o5 (n) 9 5.

a’ n
a’nwlfﬂﬁ(azlwu ™
C T, BAEMITIE 25 (n) BESE s1(n) KO ZEATV
WZ ENLEE LW, REORETHOHERHE R REL
B NBERROEL, SHERICEIT304EEd 1lD
HACHE—EEEEIMTIROMEREEOEEERITT,
s1(n) ROV RIBENDHS.

FB(1) ORIEA L LT, Fv bl oBiceTOBRRES
ERLUTZOFEERAVSC LIZTERY. Thid, FB(1)
K& BonHEBRUESIROBRAES OEHEIC
D, TOXIBRKATTRESHEIENPIERICHL K
%. LhL, FBQ1) TOF v VIVEERIERICENDT
HBBEMESTHLUTRFBQ) 2EHL, HOBRESIC
BB 7T O—FILE > THLIEWESERSZ v Vil
TRIBELNSHS.

3.2 ERAMITSLIKEDVEERE (FB(2))

Y IBENTV 3BT EBRAESz, 2z, DL AT S
LFIZEDOTah5F vV T 3. Fr kel
T, B OMHEREEEEIL Super-Gaussian £33 T L &#E
BLT, HLEWESERS THZBMODHEENLCE
NTVAERPDERA TS LEFY VT3 (17, B2
81 O ZF v VN TBRMEDOC AT T LERT.

Zh(n) = m2n) —

0w a2 x x W W M B ¥ 4 M X » & % #4 B B %

K2 s1P%Fv VT BHMEOLANTTL

M2xERAL, LARNTSLFD3S, siihAkE 0V iisy

KA S LOENEELENT L9 5. LL, &
B EIE 81 BMTEDOBMOBRING B fzbic, ARHB1ET
Dsy, s3I DEREEDNTLEI EWSHENEL S.
T, HLEVWESERIZEA N SLFPSFy
YT BFAAEERRETS. HERERELT, 1K
HOGEBEIBICI->THBONEE—ERHEZ8Ty, LB
HESIC LD RODENB L AN FS LEFRAVS. BRI
Y, BB EELBELTEHNEXISN, BEMICB LA
yﬁlxj"islﬁiﬁ@%gﬁt ¥—ohHbh, 82, s3 D DIER
ROV, FCT, LA SLEFRAVRE, EAMTS
LFHADs ROFEBE Y, 52, 83 MO DERETESZ T
BRI ehaiELxs. choDHEZEFRICANT, AR
55 LF DoaiBEEF Y VRV EREBRDOL AT S L
F'RUTOLSICRDS.

£6)\°
+ ) ®)

mazx

F'(6) = F(9) (1.0 -

TZT, FraRFORKETHY, F'(6) DMHIZEFO) DE
NEADBEOICED, TNLULITRHEIC FOEMEREN
FErEB. BB, 8, s6R00—ROERIIEELD
T, TOBAFOMIELTEEV. TOXIBAETs: K
DEFYRNVE BEIBROLRA LTS LB ITRT.

s, s,

] S, !

[ j‘
JWW\“:MM .

BT A w4 ® ® % 0w m 3 % ¥ B 4 A ® N w W

3 s1EOEFYUENTEFEOEANT TS L

TCZT, LA SLFEFOBEBRERIDE—IPHLT
NBEVWSMENS Y, FOREEFOMEESZE L LD X
LT T N ERBIBENDHS.

FB(2) L& >Tai 3 EF v IV LEBEOL AT T L
F L AN SLFRMBICE>THEPAESELRS. F
I B F OB B TRELERDHDOT, LA SLF
KRS &S ICF DB Gz, DIRIBEER S 29 VT
WERETS. R, HAMHETOL AT T LFOMEMN
100, F'OMED 40 DFE, 100 YT NVDHHh 5E{LS 60
YUTNESVELREL, ZOV VT IVORIBEELE
g3 lickd. B, RELZELILZEHER, v, OF
BB U TR SRS, X3 LTHENBRIES%
zi(n) £ T 5.

BIEB &, FB(2) IZ& b ¥ V7 IVBICIRIBMERE
N, siBHEFvyoLEng. UL, EELEY TSI
DIRIEMERENE B EDOFERMS, z)(n) DEEEESE
FRICEBZNELS. TOEBERIFREFEFR I AV
LEDTC, BELLTHW GBS B E RO TH
FOXSKHEITLES. FTT, ARV VYTLwig
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VERBATBHILICLD, FBQ2)ILL>THELKEEEESH
ZHH L, 2B DESESMOSMFESRIFE L DI
BE5HETS.

3.3 ARNI M IVYT Ly avEic EBESEH I

BEDANRY VS Super-Gaussian £ WO EHGTFT
VS5 Joint MAP & [18] Ik b, FB(2) itk b4 Uk
ESEH2MHT . FB(1) ROBAEEEIV—VEE
L, MERDZBLUIZWEBENDs:1 295 &, Super-
Gaussian OHERFEEEHIIEFOSEBEN LLTR (9) T
&ZEHbh3.

-r+1 B
p(B) = r(r+1) /\,H exp{ W } (9)

7e#ZL, D BAEFORIBERL, TLuIEMT P(B)
DOFRERES . Joint MAP T, MZTBEAZTEN X

EVIRETOEFOIRIE B LIRASICH BRATHE
P(B,§|X) #BKICTBARY MV A Glk) BT O
ESTRDB.

T

mo= - B (11)
2 4\ /v(R)EK)

TTT, &k)EIV—-BRMSEE, (k) IRSEAE
FAMEELTHD, ThPNLUTOXSIKREIB.
k)? R(k)?

=30 w=5F
Q(k)*id FB(1) %DBAIE S D/RT—ZARY + b, R(k)?
& FB(2) #OBHES DT —ZARST M IVERAWS. %
To, A(k) EEREZOHBIEH, FB(2) BORIFAY +
)V — FB(1) %DIRIEARY MV TRDB. HH7L—LE
B512H VT NVONIVITRBERCTED, A—NR—5v7
Bl 256 47N ETB. B, R 10) DART IV A
Y G(k) &, £(k) ADEVRE, DEOMERIN I V-2
BFEICH L TREWVESINE L AED, AR M VSIS
{HEEHh 5.

BEI2T UL IEREEBEED Super-Gaussian Tld iz
DT, MREHEMEBOEICK Uk Joint MAP #0385
A—RRENEBICKD. FTT, FB(2) BOBRIESOF
BEHE DR RE T 5 4 ROHEHR kurtosis DIEICIS
UT, p LrOBERERELIE, BYEARI V1Y
ZRHDB. FLT, £(k) HMESNR FHCHRBESEMEL,

BOVEVIEREFEHATS. £z, AT RS ALY
KX 2BFMEREBLL, MRSFOREENRET S8
2, ARNZ MV AV OB/MEO TREZRES 5.

&(k) H¥% SNR BFIT Joint MAP EZHVBIRE, AR
FMVFAVI LITGEWT EHBEE LOR, ARSIV BE
IKHELTLE SIBELNHS. FTT, 7 VAR Z(k)
PUTDESICEENDZ V4 —F—T AV EERBLIED
EHAWS.

(12)

A0

Z(k) = Po(k) + Pa(k)

(13)

TTTC, Po(k) B7VTHEDINT—ART M, Pu(k) &

BOIRT—ARY b IVTHSB. TORERISHLT, (k)
A SNR BEDARY N VT A 2% Joint MAP DD D
K TFD &L SIRDS.

Gk) = E—(k)f(kl 5 (14)

BH, SX1UTOERTHS.
4. 2KBDOESEIMOFBIEOBE

4.1 1KBDOESEIMOFERE

SMEROETER, X (15) OHEBRET MM
T3 ERERER VS [9).

M
Uz, W) = —log|det(W)| - Y _logpa(us) (1)
k=1
T DR EEBOES & D ORERMOHEHHR
ER/MET R X ICEH ENS. HEBERBROFFNUILLTO
&35 T7 NI XLTES IS [17).

w'(n) = ar%max |vT(n)w,~ (n)\ (16)

w'(n+1) = pr (w'(n) n[{e(u(n))u (n) Jw* ('n))

TCT, pridEF T TRERZBUCER LICRETS
B, < >REHYYE, v(n) BBRRESOL AN S L%
AVTe(n) ZERLICRE LI ORRT. CORYTL
JYZALTR, BRESCRLBEL TV 2HHREE~Z H
Nw*(BERT B V) OREEFEIES. £/, K (16) H0
FERTERIR EEF R RELETEZHOLOT, BANES
D kurtosis(x4) @ﬁlCJZ STUTOXSICHIET S [3],(6]-

e(u(n)) = atanh(u(n)) + (1 - a)u(n)’ @am)

. = 1 - exp(—2.1x4 — 2.5) (18)
1 + ezp(—2.1k4 — 2.5)

4.2 2MHOESRIMOFL®

1 EOESHEIMMOREEEZICHLT, 2 KBDESR
DEBOEBERRRTS. £7, R (16) FOBET ML
DOREEERDPLEET . 1 EBOEBITRIBEI ML
REDOEICv(n) EAVTWES, 238HO2B IR AL
TS LERAVYT, BEENICz(n) ZHERECRE LI O%
v(n) DRBDIZHVS.

HIERIC T 4 — R\ J%OBRES IR, Fv b
NIEBEs D RBEERT, 82,8, D DBHNES TS
KL D, 7 4—R N\ 7 %OBRAEB T 2ZEBE
DOE@EHNARETIRa, 2 KBOTERREW T 5L,
Hhu' 1E5Hs,, sa O OBFRIILITOX S IcEE N 3.

up = (w1412 + wiad22)82 + (w)yd13 + wizd23)sa(19)
uy = (Whyd12 + Whodz2)S2 + (Whd1s + whyd2s)83(20)

RIT, upiTe Bl %, uhilss D ZDMET BI85,

[ ! A I A 1 A
W13813 + W@z = 0,  wyid12 + wyle2 =0 (21)
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MDD, R (21) 5, UTDX 5 asBT5OMRE
BHTES.

' wiad. 1
= —%:3’ v =T
R (22) DBFREZEHICERAT 3 LI, 82, 83D EDET
BOICENTHS. LHL, aVkRAE VW SHENHS. 7
T, aZT7 A—F Ny JHOBRAEESDOL AN S L5
KDB. AL T LNMEED RS, £ LT, EUNT
BEZDLUTOLSicakBEMZ, chEEE7ILIVX

LI AN%.

&23

— = tangi, ?—2—2 = tang: (23)

a3 ai12
R (16) FOHBMEROEF EqLT5. T4—RN\vY
#“OBRAIES L 2 KHOESHEABMONHERE, 5 BEN
ZRIVEREL, BEY PV 1FIHOEBES, UTDLS
KRR EH I NS,

1 A
_ Wa2a22

(22)

wum+qy+=uo—<nn@y-ﬂzmz (29)
wa(n+ D+ = (10 - Oan(n) - (2 (29)

IR, BB MV 2FIEDBE, SEBEBRIELTOX
SICEHENS.

‘w12(n + 1)+ = (10 - C)Q12(’n) - Ctan¢zq11(n) (26)
waz(n + 1)+ = (1.0 — {)q22(n) — {tandiq21(n) (27)

B, (B1LUTOERETS.
4.3 2 BOESREIMOMNE

SRR OFBREIZEAITIIE LTV, YR E
MORBMRRBOEEERKRDILSCERTD. 2KEOE
BEMMIEBE2M, LY 2BOETIVZOT, ZTOH
BICHEMWE, RNOEESTIZHET I HERHA VS [19).
KEDBEETHOFTINE B DOFRRETHZDT, Z
ORZERLUT, HE UEBITHOMITH % S EREREOY)
MEL 3. COREBTIHEEOFHIIBANES OMHEBRE
KEDWEAET, BRHES OHEHBENAKE VRS
PHERE 21T 5 &, MRS R LT 25805 5.
COMEICN LT, BRESOHEHABICEREERT T, M
B REML F TH NS BT OPIEEIL AT, B
EUTTHENE, EYEREREERTEILOLTS.

5. YXal—avExnER

5.1 YTalb—Yav&#

ESWELT, BE2MEGE 1 @AY, Y82
BOA—/3—3F Y-+ BSSDEFITYIal—¥g
YIRS, BETMNE a1 =a23 = 1.0, a13 =a3 =0.3,
a2 tax=14%,L, #Hlli%a=aqa2/a2:£F 3. a1 D
R, EB5Hs, DUBIZESHs s DPMIcHD, B—EFES
REBERESRICOET 5188, FFERICTEBELIC WKL
5. —H, ahNEVE, E5#sdsholN, sl
WUBICH D, THERERBEFRbDOERS.

5.2 1 XBOESESRH S H—E5 R

1 EDESEIEETIE, E5Fs 1L+ 8:DT V-7
KT EANL LTV, H—EBRLERESH
KT IW—T 08T 2BOEROBRER/ N _REEHAWT
FELELOE, 1 KEOESHEIEOSHREZ LR,
BERRARRFIOBIE T 2R AR LS. £, B—E85E
ELTaD5NBTE, TOHALEROESENREE >/H
HEBHTBC LITEBL TN [15),[17). ZLT, #5l
T, DHEFUHJu ZRENEE Yy, £ 55.

5.3 74— FN\v I SRBONBEREETORN
T 4—R Ny I 5 2B OESESBONMEROTILE
BEREETOBWEL T Oy FJRELFICRT.

X, weef FB(2) == Kaurtosis

x, —{FBO)} x
B4 74—y S EOYMEREE TOT 1y J]

ISR UTIR FB(2) %, 2o i LTIR FB(1) ZAVTHL
EWEBEs R FY LT 5. FBQ2) IckdFvr b
WTREEEAVELZDT, ARNVMILYT Ly g vk
CEIWEBEHREETES. ZLT, 2KHOESHR
DEEEER T L XA BIC, FHEOWE LBy M
REEITRS.

5.4 ¥ fi :

L XEOEESHELEY» SH—EBERA, TLT3&L4
BOT 4—F )y 7L 2KBOESHEIEIERT L, SRN
THhEENThy,,y, £T53. FHEEE LT, BENTF
BESHSIRZLUTOX SICEHT 5.

¥ s(n)
2 (si(n) = yi(n))?
a=az/anZREE LT, HAy, iU Ts,, Hhy,licx
L Ts2, My it U Tsa %X (28) D SIR; TiHMEE L 728
OZLATIRY

SIR; = 1010g10( ) [dB] (28)

laB),

Proposed Method

o3 04 (13 0.6 (%4 0.8 Y} 1

(24

K5 ESNTHBESE(SIR)
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Laa),
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s 1
ALl
wr M e
w ,"“_“ et
Y ‘,""_
. e Proposed Method
e s=easeves  Conventional Method
.GJ 0.4 s (X3 a 0.7 o8 o8 1
K6 ESMTHBES(SIR,)
[aB),
20
.
hll
14
12
Al
. et s PrOpOsEd Method
L memaceann Conventional Method
. .
* X .. X 0.
0.3 0.4 os os a (24 os £ 1

X7 EEXNTHESLL (SIR;)

9, SIR oM WVIBEII T EBERFENIERICBIFT
H3H, aMKELEBZICONT, TEEREIKIBICHET
3. 1 BOESHETBIESHESs Ls + 52 DT IV—T5
BERITIR S DT, aVKEV, DX D s, DAIEM s IET K
BN LUNIRSICES. —HT, SIR: & SIRsiE SIR,
EREMT 5 & 5%HT, ab’lkE < EBICONTHERNME
MALYT 3. chid, BEENMNEEIhZBETEICEES
FODBHENREZNETHS. 2KEDESHEIBEOE
B7VIVILTREBER MVERELT, BEXZ b
WIEFEZYERZN, FHAOTICFEEMED T LhH 5.
ZOREICH LT, DBEROETLAERE T/
BR, 2EMEE LD - S BEHTRIORNIM B RARICIER L
fz. iz, BREODEFEE, AXI VYT Lway
ERAVZWVRERESR, Shortest Path Method[14] TD4y
BEREE L LB LT h, JERICBEFRERELS.

6. & & &

ERTE, A—N—aYFV—rEBSSIINTET 41—
RN ZIERBERRR L. 1 KHOESHE B LYY
HENH—ESHRREBRIESICT +—F Xy o &h, B
I EEREL L AN TS LIRREDBREL VS 218H0
Fr UV ETFY VTS L AR TS LICED W
BREOBIC, F+ vV ENEBRRAIESIESERIELS
M, ARG VYT Lw g VERIEH LU TESERZIH
L. &7z, 2HOGESHIMOEET7 VIV XLEZRE
L, SEtEEROYEHEREYIREL T2 ik, SR
HhmELE. SBOFEELT, 74— N\vIOBICE
C3EEEADE6AIHRE, 2HEOEER R EDOX
SxBMEEEHBIFONS.

RFRO— RIS B S (BT (C)17560335)
Ik 5.
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