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S tIabili ty Anal"y ses of Lnfomnatlon‐Theoret1c
Separation A1lgoritlhms m dhe case ･7Vhere t]he

Are Non1inear Processes

さ4asash i ohata and Kayo tosh i Matsuoka

B 1 ind

Sources

A"srr“℃ムーA basic app roa ch to bl i nd sou rc e sepa ra t i on is to de-
fi ne an i ndex reP resen t i ng sta t i s t ica l dependency among the ou tpu t
S igna ls of the sepa rato r and min i I11 iZe it W i th res pec t は) t he sep a-
rator 、 s parameters . Th e n1os t natu ral i nd ex n1 i g h t be mu tua l i n-
貨) r 1natio n an1ong the o u t P u t s igna ls of the Re Pa rato r. I n the c ase of
convo l u t ive n1 ixt u re . however, s i nce th e s i gn a ls mlu st be t rea ted as
time se ries , i t beco Ines very comp l ica ted to Conc retely e×p ress th e
mutu a l i n簿rma t i o n as a funct io n of th e Pa ran1ete rs . rIb coPe w ith
th is difn cul ty , i n most of t h e convent i o nal mlethods , the sou rce sig-
na ls a re assumed to be i n depe nd ent i d ent i ca l l y d i s t r i buted ( i . i .d . )
or l i nea風 Based on th is assun1 p t ion, son1 e s i n1 pler i nd ices a re de -
鑪n ed, and thei r n1 i n i n1 iza t i on is n1a de by su ch an itera t i Ve ca lC u -
lat io n 雛s the grad ien t method. I n actu a l appl i cat ions , however, the
Sou rces are o賃en not l i n ea r p rocesses ‐ Th is paper d is c usses wha t
wi= happen When th oSe a1go rith n1s postu la t i ng the l i nea ri ty of the
so u rces a re app l ied to the case t)f non l i nea r sou rces . An ana lysis
of loca l sta bi l i ty de rives a co uple of cond i t i o ns gua rantee i n g th at
the sepa rato r stab ly tendS toward a deS i red one Wi th itera t i on . Th e
obta i ned resul ts reveal tha t those n1eth ods, wh i ch a re based on the
mi n im iza t i (m o f s。me i ndices re萎ated to n1utua l i n fo rm1 at io n, do not
Work Wel 1 When the sou rces s ignals a re fa r from linea脇

メ““e-虻 解er“"--B 1 i nd source sePa ra t i o n , Convohlt i ve n1i×tu re , gra -
d ien t‐ ty pe algori th n1 , mutua l i n “1 rmation , sta bi l i ty a na l ys is .

I . I NTRODUCT ION

uND sou rc じ sepa ra t i o n (B SS ) i s a me thod fo ｢ rC COVenng
a sd of sou rce s i g na l s from the i r mi x tu re s w i [hOut any

k now l edge abou t t h e mix i ng pr。CCS S ･ [ t h a S heen recdv i ng a
great d e al 。f at te n t i o n fron1 Vari () u S ne l d S as a n ew S i gna l p rQー
CesRm g ted1ni q u eJ n v i cw of me l evc l of comp l cx i ty 、 t h e m ix i ng
Proじ e s s じ a n be das双巨ed mm two tyPes : l n s t a n ta n eous m l × tu re
and convomt i vc m i x t u re ･ Wノhi l e cm l v Wo rkS mr BS S deaI t W i th

the fo rme r type u l 兵2 ] , [ 6 ] , rec e n t Wo rk s are main l y Conce rned
W i t I1 t h e l at ter ty p e ロ ー , [ 7 1 並8 L r l o L [ 1 1 l , ロ 封 . wh i c h i s m uch
mo re d imCu l t from the t heoret i c a1 and con1pu t t1L i o n む1 1 po i n t s o f

V 1ew. Th i s p aper d じ a l s w i t h zl C 1 a S s o f BS S a1 gori th n1 S f0r c0n -
voh1 t i ve m i x ture o f sou rc e s .

A bas i c approach to B S S i s to den ne ともn i n dex rep re se n tm8
Stat i s t ic ak1じpenden cy an1ong the outpu t s i gnal s o f t he separato r

Ma n u sc r i p t re ce ived A ugu s t 29 , 2鰍X) も rev 応じd odoI'd i Q 激増 1 . The asso‐
C 1 a t e ed i to r C0o rd i na t m g the reV ie、V of th i s Pape r 閨M ap proY i n g i t fo r pu b l i じ mmn
W aS Kr i h t l e L . B e 1 1 ･

M ･ o h a ta N W i t h t h e Depar t me n t of Meじ hm涌こt l 俎証 Co n t ro I E I Ig i ‐
n eer i n絲 Ky u N h u m Rt i t u t e 0 - Teじ h n Q k ,8y 、 K i uky u s h u . J i t pan ( em a i I :
○ha t a “‘ m t l . kM i t e℃ l1 . aqp ) .
K Ma 【 Su n入 れ1 l h w l t h t h c Depa rt men t o r B ra i n Sc ie ncじ an d 日n g i -

neer i n g 、 K y u s I 1 u l n s t i t u t e of Tech n omg y . K i tをI k y u s l1は J apan (e -ma i l :
mat S t1ok a gn br a i nkv u tcじれ aC . 一m ) .

Ptl回 芯 her I tCm I Qじn t i n e r s K}5 3 一 5 8 7 X (肥 ぬく)4伴ふり ‐ ‐

a nd m in in1i Ze i t w ith re spec t to t h e paran1 e tじrs o f th e s eparat○ r.
The most n atu ra1 i ndex mi gh t b e mutua l i n fo rmat i o n among the
outp L1 t s i g n a ls [ 1 1 一I 1 3 1 . I n thc c ase Q f convo l u t i v e m i x tu re ,
however、 s i n c e the s i gn a l s mu s t be treated as mne se rie s 、 i t i s
v e ry comphCated k) Conc rete l y じXp re s s t h e mut ua 1 mmnna L t。 n
a s a fu n じ t i o n o f [h C separator 、 s pma Ine tじ rs ･ TQ Cope w i th th i s d i f一
目 c u l t y . i n s ome Conven tional n1et hods based on t he 【n i n i m i 乙a-
t i 。 n of mu [tl a 1 i nfonna t i o n , th e s ou rc e s i gn a l s a re as s umed to be

i - i ･ d ･ od i near Proces s e s . A t i me sCr i es i s じa l l ed 在れ ぞ“7 i f it c :m be
tran s formed to an i . i . d . s i gn a l w i t l1 a i i ncar 損l te r ‐ Based on th i s
as sumpt io n , some s i mp l er i ndi ce s a re i n t rodu c ed、 and th e m i n i ‐
mi zat i o n i s 【m ade by such " 1 n i te rat iVe Cal c u l at i o n as the grad icn t
method .

l n ac tu a l app l i cat i o n s o f BS S 、 howevcr, thc sourccs are not
neceS S ad l y I i near ･ The que st i o n deal t W i th in th i s p ape r i s ゞ ｣Do
thos e al gori thms w。rk wC 1 l ev en i f the sou rces are not l i nearIア ･
As far as we know, there i s no report t hat d i s c us se s [h i s i ss u e .

The p r。b le n1 is equ i va l en t to d i s c us s i ng S tab i l i t y o f th e alg◇
nthms as de sc ri bed i n [ 2 ] 庫明 , [ 6 L and [ 9 1 ･ Th i s p ape r s hows

some Cond i t i Q n s gu とぼan tee i ng t h at t he separ: 1 tor S ta b l y t ends to
a des i red one w i t h th e i te rat io n ･ The obtained re s u 1 t W i l 1 revC al

th at son1e Conventiona1 a 1 80ri t hms ( based on th e m i n i m i zat i o n
Q f s o rne i ndi c e s rC 1 ated to I11u tua1 i n forma t i o n ) do n。 t Work We l l

When the Sou rc e s s i g n a 1 S are far from 1 i ne ar･

Th i s pape r i s stnl c tu rじd as fo1 l ows ･ S e ct i o n 1 I g iVe s a fo r-
n1ma t i o n 。 f B SS prob 1 emS ･ S ect i o n In i n t ro duceS tw。 eva l u a-
t i on fu n じ t i。 n S fo r B SS ･ S ec t i Qn IV Shows a sta bi 1 i ty anal y s i s

for : 1 f1 n i te ‐ d imens i ona l p roces s 、 and Sec t i o n V ex tend s i t to an
i nnn i t巳d imen s ional p roces s , S e c t i on V T s hows 俎1 e x ample t o
demon s tratじ the va l i d i t y o f u1e ana l y scs ･ S ect i on V 1 I d iscu s ses
th e re l a t i on be tween ou r res u l ts a nd t he mnYent i0na l re su l t s l 2 1 .

[ = - ‐ S ec t i on Vn 1 i s devoted to the cQndu s i o n ･

l L N4 1XING PROCES S 人ND THE DEM I X ING PROCES S

l os 3 -5 8 7 X灼2$ 1 7 .00 ① 200 2 I EEE
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0pe rato r ( Z - L S ( リ ニ S ( ‘ - 1 ) ) a nd W il l a lso be 榔ed as a com-
p l ex Variab le ･ I t i s k nown that at moS t one Sourc e S i g n a1 i s a l 一
lowed t o be Gau ss ian to re alize B SS .

The word ~mix ing' ' means that A ( z ) i s not a di agonal matri x
。r. more preci se 1 y , A Cα ) Canno t bc d i agonal ized by mu lt i plyi ng

any pennutat i on mat r i x . 1 【1 what fol l ows , we w i lh1ot re fe r to the

matter of pennuねti o n t 。 aV。id immatena 1 di s cu s s ion ･ For the

n1 1 X 1 ng Proce s swe ass ume two Cond it ion s : E鵠。 = Aa = <
N and dd A( Z ) ≠ O 薊 l " - = L where = = denotes th e
Froben i L1 s norIn o f a matr i x ‐ The nrst Cond i t io n s tates that the

mix i ng proces s i s s t ab le , and me Second one i mpl ie s th at A ( 芯 )
1 S 1 nVert i b l c , a l though the i nvers e A- 1 ( る ) rnay no t be a Cau s モーl
s y stem .

To recover th e sou rce s i gnals をom the sensor s i gnals , we con-

s i der a dem i X i ng p roces s (which w i l l be referred to as the sepを

rato r ) of t he form

y④ ~ E w甘脳を 寸) ･ Waxの @)

y ( ･ ) “ i n s tead m usi ng the lengt hy Words ,mu tua l independence
among “ L ( ‐ ) 、 … はれV ( ‐ ) “ a nd 、mutua l i n fo rmat i o n among
“ 1 ( . ) … . "N ( . ) . "
A ba sic S trategy of B Ss i s t o determine W ( 彩 ) so that the

separator ' s o u t pu t y ( . ) w i l l be nmmal l y independen t . n1e mos t
natu ra l index repre s enting the i ndependence n1 ay be th e lnumal
mformat i on de賃ned bV

where 川筋 ( . ) l and ね, [y ( . ) ] are marg ina l 狙1d j o i n t e n troPy 者“そが
o f y ( ‐ ) . The entroPy mtc i s de鎧ned a s an average entroPy Per

un i t t i me ′ZIy ( . ) ] 全 輻 nub 一筑 互 [y ( 1 ) , … , y (鑽 ) ) ] /雲) , whe re
川 . . . ] denotes the jo in t e ntropy of t … ] .
The outPut y ( . ) o f the scparator i s i ndePendent i住 / (W ( # ) )

t証〔es the min imum , wh i ch i s zefo . There fore 、 i t might s eem thz1t

a desired separator Cou ld be obta i ned by m i n imlzi ng / (W ( z ) ) ,
u t i l iz i ng such an iterat i ve opt i 111 i zat ion as the gradi en t me thod

/ (Wの陰 E婉ぬ] 一 癖( . ) ] ( 3 )

Where y@ △ 霞ま t ) , . . . , 熟 せ ) ] 7 , and w◎ △
E担- 匁 Wくり z イーf me mix i ng process Aa is known
beforehand , t he sou rce s i g n al s can be recove red or separated by

smi ng wくり = A- 19 、 of coursc . The es sent i a l d i伍cu l t y of
B S S i s that we are pl aced in a re s tr icted condi tion where Ae

or A - L 食事nust be e st imated from tl1e ob sewed data x ( ℃ ) only .
Be s i des , the i 【npul s c re spon se { Wa } migh t n eed to t水e a
nonCau s a l fonn m general . i . e “ We ≠ 〇 (7 く の ‐ Th認

Cau s e s the desi gn of adapt ive B Ss al go ri thlns to be somewhat

Com p l i c ated 、 buuh i s i s s u e iS Q f no c。nCeIm i n mi s p aper･
I n B S S of a convo I L1 t i ve m i ×ture , the denni t ion of the sou rce

S i g na1 S h:1s an i nde termmncy ･ Name l y、 if $ 1 を} ｢ 8 ,V の

are sou rce s i gnal s 、 th e i r 窟b itrそばi ly l ine ar‐巨l tcred s i gnal s

赫 々 〕 ･9 1 の 字 ｢ 鱈の .; ,“ # ) can al so be Con si dered Lo b e

sou rce si gnal s be caus e they are al so mutual l y i ndependen t ;

th e m ixi ng p roce s s is th en Aのdiag をjr l a , . . . “#◎ } .
nhe rc i s no way to d i st i ngu i sh between th em because the on l y

i nformatiOn we are gi Ven “ “rねrf i s the faCt that th e sou rces are

mutual l y i ndependen t and that t he m i x i ng proce ss i s a l i near
one .

A sou rc e s i g n al s バリ is c al l ed ′ f7z ど“ i f i t c an be expres sed as

s パ リ = は こ ) と 太 り , where ‘" @ ) i s a l i ne節 目 l ter and c# ) is an
i . i . d . s i g nal . Conven t i o nal n1e thod s u sual l y as s ume thi s l i nearl ty

o f t he sou rc es , and the se ー)arator i s de si gned to prov ide c , のln
the con text of b l i n d s epa rat i on o f l i nearl y m i xed s igna l s . there
i s no subs t an t ia l d ifference be tween も し i ･ i ･ d ･ s o u rceゞ and “ l i near

s ource s . ' ~ As oppo sed to mos t o f t he conventional wo rks , th i s

paper deals w ith th e generi c c as e that the s ourc es are not neces‐

smi l y l i near.

n I . COUPLE 0F TND ICES EVALUATING NIUTUAL INDEPENDENCE

AJ“ONG THE SEPARATORN OUTPUTS

I n what fouoW＼ we wn te a t 1me s enes { … 、 y ( - 1 ) 、
y@ ) 、 y く り … } as y ( . ) to di s c r主m i n ate it from yの at an
i n stan t 。 f t i tne ‘ら Mtorじove r, We wm Someti me s use Such Word s

as ‘mu tual i ndependence o f y ( . ) " and ･mutual i n format i o n o f

‐ (暮無学辯) (4)
Actual ly, howeve r‐ th i s approach has a se rious di 日61 c u l ty ‐ In

order to cXp rc s s と労;ねれ ( ‐ ) ] /"W ( 7 ) Concre tel y , We need to
in troduce a parametr i c n1ode I M ( 1 ) 期 ( . ) の , ) fo r 急そば . ) and to
es t i ma te the Parameter set @ f 賢･o n1 a s amP l e data oね" ( ‐ ) (or

x ( . ) ) . However , s i nce物 ( . ) is n e i th er Gaus si a n no r w lu te 、 the
mode 1 wou l d be very じ○mp l i ca ted t○ bu i l d . [on t hじ ○ t her hand,

i t i s s imp l e to c a l c u 1atば}カーy ( . ) ] / "･W ( 丁 ) aL 1 e as t formany . AC一

Cord i ng to [ B L the en t ropy ra te 砧y ( . ) ] i s gi v en by ′ 7Iy ( . ) ] =

れ - - , 1 〔 )引 く ld wa l g . もた + 川X( ‐ ) ] ‐ The refore 、 We have

認響き儘靴墨t総震盪iな寮. l d e t wのど l ‘‘g /owe,
If the sou rce s al‐e i . i . d . o r l i n ear, we can rep l ace the

entropy ra te カーなり , ( ‐ ) ] i n ( 3 ) W im the en tropy 〃 膨@]
( = - 用k )g 7)“′# ) ) ] , where ““‘ ) i s the pd f o初パリ )

/ ( 1 ) (頼り ) 会 E 互 初の] - ′≧ 軟 . ) ]
で ニ ー

　　

- z (We ) + E 夕飯 ( . ) ) . ( 5 )

Func t i on “ ( 勤 ( ‐ ) ) 会 H きれ④ ] - ′)初長 ) ] 鼠 so to s ay , th e m廿
tua l i n fo rmat i on Q f “ ‘ ( . ) ミ i t i s non-negat ive and take s zcro on1y
when 〃〆 . ) i s i . i . d . 0bv i ou s l y , i f the Sou rce s i g nal s are l i ne狐,

m ini n1izat i o n o f ノの (W ( z ) ) w i l l g i ve a de s i red sepa rato r. 触
w h i ch y ( . ) i s mu t ual l y i ndependcn t a n碑“ , ( . ) くれ = L . ｢ 刃)
becon1e s i . i . d . [n th i s c ase , Wc havc on ly to Con s i dじ r a p そばame tnC

mode l ノM く り ( はね く り 、 “ ' ) for “ 〆 “ ) and not for 父方 ( ‐ ) ‐
1 f the pd f は くの く)nhe i . i . d . sourc e s i g n a l 均 せ ) i s 虹1own be-

fo rehand 、 we can con s i der a ftl ithe r s i mpl c r i n d e x [ 5 ] . We re‐
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p l aじ e " {弘明 ( ニ ーE P(g 7な ( “パリ ) ] ) W i t h -頃log 伍 ( “メ リ ) ]
as

ノ く め (W在 る ) )

仝 E ( -斑k)g q‘ “@ ) ] ) まき( . ) ]
　 　 　

奉@)書 (9 (" ) + E [1og 多辯] ) (6 )
l o thi s equat ion 、 ル [ l og 費 ( "“ ) ) / 偽 ( "バリ ) ] i s th e di ‐
Yergence 。 f q f (の Wi t h res pec t tQ “承り , It i s obv i ou s
th at / く め ( 鞆ゾ ( z ) ) take s the min i mum . Wh i c h i s zero , for
w定 法 y i el ding yの = sの . r降nn 用log “, ( “ ‘ ④ ) ] αu1
eas i l y be e st i mated , u s i ng a set 。 f s amp l e da t a oれヴパ ノ ) as
用☆粘 “ 初#" ] ~ Eを log 伍 ( “パ リ ) / & m tl1 is case , n o
p【ぱan1e ter est i rI1at i o n i s required ( o th er than W(の ) . S i n じe
th e pd f of each sourc e s i g nal i s u n know n i n actual s i tu at i o n s 、

the pdれれ ( そり i s j us t a rough l y ConJ ect u red mode l of a Sou rc e -
Howeve r、 i t i s kI】 own that a des ired s eparato r can be ob望 i ned

by mmimi zi ng 舐め ( Wゾ ( 彩 ) ) , eve n i f 儀 ( ,の are no t exac t ly
i d ent i c a l to the rea l pdf o f [he source s [ 21

Thus . for l i ne ar sourc es 、 We can ob ta i n a des i re d s epを
rat。r by lni n i n1 i z ing メ く り (W (拗 れ 二 1 , 2 ) w i th re s pec t
to Wの . In o th er wo rd s 、 adopting the gradie n t a l gorithm
△We ニ ー"/@ ) (Wa ) / (iwa 、 the sepmator wを )
Converges s tabl y to a de s i red SOI L1 t i o n i f the Inodi賃Cat i on rate

α 遜 sun臼1 C i ent ly sma l l a n d the ini t i a I Va lue of t he seP組学ばor i s
flp p roP ri z1 te l y Cho se n . m mC じase th at th e s o u rc es are non l i n e ar,

however, we m igh t h ave to per知m min i Imzat ion of メ (Wa ) 、
bu t t h i s i s c umbers ome for the reason men t i oned above . Now.

We encomltera que s t約n : Does m in im i zat i o n 。“ ( “" ) (WQ )
give を1 de s i rCd seP arat or even i f the sou rces are not l i n e ar7 、 Th i s
pape r w i n an swer t l1 i s qu e st l on .

As s hown be fore 、 th e del1 I1 i t i o n of sou rc e s i g nal s h as a c crta i n
mde tenni n aCy･ and hence ･ so doe s [he denn i t鰻n o f a ““立““

separa to r. Tn the fo l l ow ing , we w i l l e l iminate t he i nde tenn i nacy.
Le t の be the se t o f al l the separators that Inake y ( . ) mutu a l l y
independen t - Then , for w ( Z ) E ぬ ind i ces / ( L ) (W ( お ) ) and
ノ@ ) (W ( z ) ) reduce to

　　

/ ′ ( 1 \W@ ) = E “ @‘ . ) ) ( 7 )

! / く り (wの着き( ) )呻け霧] ) ( 8 )
We denne 筋と 安穏者でイ .ゞ"““rひr W戸 (m ) ( z ) (77 れ = L 2 ) a s a
m in i nmm p。 im o f r′ ( m ) (W ( z ) ) i n の and denote the ou t pu t o f
the des i red sepmat。r by y * ( 俊雄 ) , i . e . ,

y◆ ) ④ 一 転だれ ･ 濁りほぼ, 会 W臨も)×( / )
( 9 )

S i g n a I .と/メ いり の α ! “ ' ＼ ‐ ) Cm1 be cons i d e red to be a Sou rce
s l g n zu ′ ! " ′“!"“こぐd i n ac co rdanc e Wi t h an i ndex W i t h Wh i c h

We are じonc emed ･ No te t hat th i s det1 n i t i o n o f the non11 ‘1 l i zed

Sou rc e s d epend S on l y m a prope rt y o f the sou,rc e s [ a nd (" “ ! )
知r /@ ) (W ( を ) ) l a n d not 。 n the m i x i ng p roc e s s Aを ) ‐

Now、 th e a fo remen tbned q ue s t ion has become n1ore spec inc :
‘ 、Unde r Wha t Cond i t i o n i s t he desi red s e p arat。r w * ( “1 ) ( の a
m i n i mun1 po i n t o f ノ く “リ ( Wノ ( # ) ) ? ' ' The comi t i o n w i l l be ex ‐
pre s s ed i n tern1 S o f the n。nnnl i スed s ou rc e S i gnaI S de fi ned above ･
I t s hou l d , h owevcr, be noted t h a t We w i l l o n ly d i sc u s s あα! / rn i n -
i ma l i t y o f the desi red separa to r i n t h e fo l low i ng .

1V. ANALYS IS FOR A FIN I TE‐D IMENS IONAL PROCES S

ハ . M‘z rrとて Rと〃 ′‐どぶぞ錺(‘! 〆 ‘) !反り“?e Pれり(で .; .“

The sen sor s ign a I X ( . ) i s nonp e r i od i c . i n g enera l . o f cou rse .
In t h i s se ct i on 、 howeve r . to s imp l i fy ma themat i c a l tre atmen tふve
Con s i d er the case t h at X ( . ) i s a Stat i o n ary but pe r i Qd i c random
s i gn a l ( W i t h a ve ry 1α1g pじr i od 馬 ) . Here, the Word 、 、s ta ti o n と1 iy
means that × ( . ) i s s t a t i o n aiy i n t h e s e n s e of ど〃 s′"わを . on [ he

o th e r hand , the Word ‘ ･pen odiご mean s t h at any ぶ“#“を 。f x ( . )
1s Pe r i odic w i th a 鰍ed peri od 雪 ふ i . e … × (鉢蹄 ) = Xa for eve膨
f ･ S i nce th e s et of periodi c fu nd i o n s forms a f1 n i te ーd i men s i o na1

(燭 ‐d i mens i onal ) vec to r Space , the s epmato r c ai1 b e expre s s ed
i n a matr i x Form as fonows . I t s h o u l d be noted that th i s scc t l 。 n

i s j u s t a p re l i min a ry s tep t o der i vc our m :1 i i1 res u l t i n s ec t i o n V、

where the sou rce s i gn a l s are nonpe r i od ic .
Due t。 the peri od i c i ty o f the Senso r S i g n al ･ ( 2 ) c an be W ri t te n

a s

　　 　 　 　 　

y く り = E E W( 7 初燭xQ 考 栩燭)
m。 - 1 に〆 )

= E E Wを 十 麹残りx ( r ず)
テー0 71 = - ‘＼

　　 　 　 　

- E W( 7 ) ×“ 一 7 ) ( l o )

whe rewa 全 E罷｢M W ( 7 ヤ“b ) . obv iou s l y , th e sePを
ra t or s ou t p u t y ( り i s a l so s t :t t i o n ary and peri odic - De行ne th e
f。noW ing vec 【 ors and mat ri c eS :

　 　 　 　　　　　　 　
　　 　　
X 仝 には 、 論 じミ' ]

W7叢れ ;g浮き事務きき装 ]
W 生き, 浮き ]

Yec t o rs x z と1n d y ′ are 行 n i tき くl i n1en s i ona l re P re se n tat ion s o f

←で で ( . ) and 劫 ( . ) , an d no te t hat n1 ‘t t r i x wー ノ i s a C i rc u l an t mを
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trix . Then , the mput-outPut relat i on of the seParator c an be

exp res sed s imply as

　 　 　　　　　 　 　 　 　 　

Code spondmg to メ (Wa )〆( 1 ) (W@ ) , and ノ ( 2 ) (W ( Z ) ) ,
we denne

　　

メ (W ) - E H 野蛮 ] - 互回 ( 1 2 )
を = 1

丼 ) (W ) = EE メ疱虎 ] 一 日野] ( 1 3 )
た= 1 乙 “ 1

ノV mo

〆の (W ) = - EE用lo離れ ( “疣 ) ] - “団 . ( 1 4)
? = L r = 1

The des ired Sepmator w *㈹ (伽 = 1 , 2 ) can be de五ned i n
a s i血ーm way tO W* (栩 ネ リ ; it is 由e separator mat m inimizes
終り (W) With メ (W ) = 0 , Coなespondmg to (9 ) , the nom1al-
i zed sou rce signal s ズ ( m ) me den 11ed as

y * ( " , と じ隷語れ ( 1 5 )
La ter, we w il l g i ve [he Cond i t ion for 納戸 (m ) to (locally ) mini -
mize 扼nc tion 終り (W ) . For s impl id [y of notauon, s uperscdpt
( 77≧ ) W i l l often be 。m i t t ed ･

Fi na1 1 y 、 We n。te th at due the s tat ionanty o f ヌ′ , ( ‐ ) ' the pd f 。f
“Z r is equ i val ent for eve“ た therefore , We can Write it as !〕 パリ ･
S imi l ar ly, the pdf of vmab1 e “ rr is denoted z噂! す れ' ) ‐ From m諾
stat ionan ty, we have such mv ial equati ons as 刃 初江 ] = …
互 初mJ 如d 瓦 [l喀 ‘拭挽 ) ] = … = E uog 隻, ( 勤芻 ) ] .

β . A如かぶ どぶ ヴ r ( 1 ) (鞆ゾ )

Let u s denne tWo ki nds o f Parameters that sPec ify Certain
stat i s t i ca1 Propemes of 由e nomal i zed source s i gnal y事 one
set of parameters i s the covari ance matn x 凡噂 of yr :

R途E 舷y円
九 ( 0 ) ね ( 1 ) … ゲバ偽 - 1 )　　 　 　 　 　　 　 　 　 　 　　

. ･ . れ 解 - 2

-- : ＼ . . . ;
双 1 ) 壜 2) … ?- . ( 0 )

whereテバテ ) i s the co甘el at i on func t ion of なり汽 ‐ ) ‐ Due to th e peri ‐
鰓icity o f 虜 で ) , the coばelat i on function i s not only symmetric
bu t al s o peri odic なら ( γ ) = 7 ･ 〆 -7 ) = ? ･ “ (九 - 7 ) .
AS another paramete rハハゾ e i ntroduce an i ndex representmg the

degree of non ‐Gau s s i an i ty o白信 :

and whose b l ock el cment ぜVるゾ i s a c i rc u l am matnx because
every bl ock el ement o f 武刃 and 榊戸 隠 c i rcu lan t . Then , ( 1 9)
re ad s

y = (茸 十 “V ) y * = y * + dy (2 1 )

Whe re ( ) 仝 “ ( ) “? ‘ . I n t he above equat i o践 we have a s s umed
that 燈 ( リ ー o and !歌 z‘ ) log p終り → Q ( 鬘 → 士め ) ; su ch
regu l arity condi t i ons are as sumed to ho l d throughouはhe paper.
Acco rd i ng to sじhwar乙N i nequa l i ty , We have

= 1

Where そ is the vari ance of #' ‐ Thu s ‐ We have

77 ' 0 字 ≧ 1 ‐ ( 1 7)

The equa1 i ty i n ( 1 7 ) holdS on 1y When “ 主@ /“謡必 ) リ2 α
@X ′と↓y 2 or d lo拗収uy破る ぱ 弦 i ‐ e ‐ , when だ いゐ ) is a
Gaussi an di stnbut i o n [6 1 .

Now, we show a theo rem that s tate s loc a l m i n i n1 とu i ty of

ノの (W ) at w = W*@ , Which is cxpre ssed i n tern1s of the
two kinds of parameterS .
"l どの翔 れ MatnX W* ( 1 ) ( loc al l y ) m inim i zeゞ① (W ) if

and on l y i f thc fouow ing matri x i s Pos iti ve de臼n ite fo r eve ly
pai r o f ′ねnd .〆 ( ‘ ≠ ! ) :

　　 　 　 　　　 　 　
Where I is the i dent i ty matri× .

′うりQ!;･ We Con s i de r a smal 1 Pertu rbat i o n (でいV from
W* ( = W* ( 1 ) ) . i . e . W = W* + “W i s i n the v ic i n i ty of
VV* . Then , the outpu t y o f th e separato r becomes

y = (W* + 小W ) x = ゾ 十 dy ( 1 9)

Where と‘y 会 “、八森に . I n orde r to prove the t heorem1 , we show that
under the pren1 i sc in the theo rem , the func t ion

終‘W ) 仝/ ( 1 ) (W X 事刃V ) - /“ ) (W* )

　　 　 　　 　

- (憂国 - “鬱賞 ] ) (20)

l s a Po s i t iv e denni te ( Prec i s e l y sPeak i ng , pos l t lve semi -denn i te)
quad rat i c for11n w ith re spect to ′ハバゾ .

Fol low i ng [ 2 1 , We pu t “V = “W納戸- ~ wh i ch i s of the form
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where I i s th e 刃九 x ノVmo identi ty mamx , and dy = ‘ルゾ .
Herea fter, we 甘ea t / ( ‘‘W ) as a func t ion wi th re spec t to dV "
産-" ) = .燕‘W) .

l t c an be shown th at 終談V ) C山I be decomPosed as
火 でメV ) = / ( 国Vfノ } ) + / ′ ′ ( { “Vリ } ) ; the 目 rs t term and
the second one contai n on ly { dV可 and { r ‘V fノ ヌ ≠ ! }
resPeC t i ve ly . Ac cord i ng to me denn i t ion of 出e normal ized

sou rces 、 /′ ( をルリ } ) i s pos i tive ( s em i- ) demite . There fore ,
we have on l y to s how [hat /′ ( { dVJ ) , or 貫 く‘V ) w i th
“V毅 二 0 ( Z ニ ー“ ッ 刃 )お pos lt i ve de6ni tc . Herea fter, we
ass ume “V" = ○ . Then , (‘y f i nduced by (‘、ノ i s

　

“yに E dv ‘"; ‐ ( 22 )
　 　 　　 　 　　

Not i ce th at y r is independent of yヌゾ ≠‘ ) a ndねence , inde-
Penden t of ‘‘y z ‐ The covz1rian ce n1atnx o穢好江s 度 胸忍yr] =
E差‘!“ w,嵐, dv巧 . 穏d we h*

れれ幸赤tr (率"〆] )
　　

戒ふ, tr きりRJ鵺 ) ‐ ⑳
The f頒lo題昭 Pr(搏f has t h ree s tep s : m s tep l , we Cal c u l ate

1 “V) 基 層蓬 l 羽蟻 (川〃# ] - “な周 ) る i n s tep 2 , we calc睫
a℃′2 超V ) 畠 自国 - #野* ] ; in s tep 3 . we ex21m i ne pos l t lve
den ni [e nes s of / ( dV ) = ノー ( “V ) - /2 ( dV ) .

Step 1 ) I n 【he beginn i ng , l e t u s expre ss th e pdf “ ブ ( ′“ ) 。f
" f r u s i ng the Pdf 2 7X JZ ‘ ) of 癪 ‐ The Cond i t i o naI Probab imy
“ 2 ( "羅物 ) o物甕 When given “"# i s “ヌ#' - ““ " t ) ; there-
fore . “止め can be obta i n ed by taking i ts expec tat i on wi th
re spec t to “"# :

物 色 ) = E ゆで 国d“# ) ] = 亙 眩 く“ - “““ ) ] ‐ (24 )

Expandi ng 坪 ( zる 一 衡元 ) up to the second -order term of
(なれれ We have

2i遥か 瘢) - ※‘ ) - “# @拗け 詠め“"み ( 25 )
Taki ng eXPeCtat i on wi th resPeCt [o (‘"‘ ム we 豊nd

“ r @効動を汽“川堝 ‐ (26 )
Here 、 We haVe u Sed the as sumption that 破れr has Zero mean ･

Fron1 ( 26 ) , we have

k〉g鵲癬 ( 1 - 鴦黎#燭) の
or

　 　　　　　　 　 　 　　　　　 　 　
Mu1[ i p l y i ng bot h the S ide s W i th 觜 くり and perfo rming i n-
tegrat i o n , we hav e

一 / 7翹熱りをかれ) ー(感の“2 ‘

Us i ng (26 ) agai n, the second tern1 i n the l eft s ide i s given
by

　　 　　　　 　 　　　　　　
十 菱 / 2終り鰄 (灘中州 @)

Comb in i ng (29 ) and ( 30 ) , we ob tain

- かゆ ー増@(掛 /轍班感のれ
　 　 　 　　　 　　　　　　　 　 　

From ( 1 6 ) and (23 ) and the denn i t i o n o f en troPy, we have

　 　

斑物fM 霞まt ] = 弱“姦“, tr驫R州巧 ) ･ ( 3 2 )
Thus , We 行nd

　　 　　

ノー ( ‘‘V ) = E E (川"“ ] - 川弼 )

′ = 1 ノ = 上ノ ≠ ‘

Step 2) [t i s easy to Show tha t

ね (“V ) =# [y ] - 〃 [y ※ ]

= l ogle t ( 宜 十 “V )
　　

　 　 　 　 　 　　　　　 　 　
ゼニ ー ノ ニ ー ゾ ≠ !

S tep 3 ) Functi on / ( (が ) = ノー @V ) - たを‘V ) becomes
　　

/ @v増元 エ ロ(Mvぶきり
る= 1 J = 1 , ゾ > ‘

十 ?粥VJ乱調瀞鶏糞, 十概観. , ) . 節 )
S i nc e “＼ノ リ and 王も are bo th Ci rc u l a nt lnamce s ‐ th e
mu lt ipl ic ati on o f t hem i s commu tat ive . Accord i ng ly
wzメ Rメタ方 = (Rメルリ ンズV巧 = “V巧RJ (“!, hold s .
and we hav e

　　

ノ @V塙愛 E “ ("v字“V“
ダ ニLノ ニ Lノ > 〆

+ ′7′メタ' ゾ R“V劣

+ (‘Vけせ (がれ + ‘概きり )
　　

逡轟きr ([ (鰡 WMJ ) [ “\〆 ] )

- - 李 / #硼れれ] = Q (29 )

G 6 )

It fol lows from th i s equat i o n th at / ( dV ) i s a po s i t i ve de f‐

in i te func t i on i f and on l y if m霞敵es Mナキ ビ ガ ) 鱒 aー ー
Po s i t ive de n n i te ･

■
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こ ん ′乾けvぶ れy "/ / ( 2 ) ( Wの

ln th i s c a s e , th e po s i t i ve de fm i te n e s s o f メ効 ( 法り mound
W* (= W* ( 2 } ) is g円en m tems of 中e covanance lnamCe s
1許むり and parame ters バ メ d en neu by

崩 れ瓦 F log “ ? (鯖 ) ] @)　　　

U sual 1 y“パ リ i s Cho se I1 S uc h that rnogは ′" ) /減る i s a m。not。n -

i Ca l l y decrea si ng fun c t ion 、 and then 亢 r is po s 1 t l ve .

筋"者",′ 2 ゞ Matri x 圦戸 ( 2 ) ( l oca l ly ) minimi zes ノ ( 2 ) (鞆ゾ ) if
とtl1d on l y i f [h e Fo l l ow i ng ma tnX 1 S PQ S i t i Ye def1 n i te fo r eve ry

pa i r ofなnd ･ブ ( ‘ ≠ ‘“

M≦; ) キトなき, ] 佛)
Pゆけ:. [Mos t of the vari ab l es are used Wi thou t exp l anat ion

becau se they me giv en m Sed ion IV ‐B or Can be de臼ned s imi ‐

l ar l y . ] What we have to do i R to s how that th e fo l l ow i ng funct ion

l s a Po s i ti ve den n i te func t i on :

,魚‘V ) = 舐め (W* + “W) - 〆 ( 2 ) (Wゾ * )
　　 　　 　

= - EE (即喀 q期什 ) ] 一 月 Pog qf (" ] )
　 　 　 　 　 　

- ("回 - # 野｢ )

In [h i s equa t i o n . 川log 物 綴り] 一 亙 nog q , (鯖 ) l can be calじ冲
l a ted as fol l ows :

　 　　　　 　　　　　
　 　　 　　　　　 　　　 　　　　
. す れ収め幽艶zはれれ ] (pm lm l n [増 そtt 1o n )　　

寺 / だ れの “2 kg “パリ 直【 瓦 婚撫rt1a 1 瑯灘の　　　

ー が

= 珂バラ叢, [r (“ノR州巧 ) mom (23 ) and ( 3 7 ) ] ･
Here , we have &ぷumed that ぼ くのbg は“) 一 0 and

2ゞ ( 惣 ) k)g は") /“! ‘ → 0 “ ‘ → ±薦 ) ,
Thu s , we have

　　

　 　　　　　　　
　　

　 　 　 　 　　　
　　 　 　 　 　 　 　 　 　

　　　

- を 云 工 事“v嵐メv巧
ゑ ± L〆= 1 、 ノ > ′

+ ′‘! dv, ' R r ピル劣

　　 　　　　 　　　　 　 　　
h1 th e s an1e way a s Theo rem l , we can show tha t th is func t l o n

l s p o s i t ive den n i [e i f a nd on l y i f matnces Mg ) “ ≠ ! ) are au
Pos i t i ve den n i te ･ ■

(3 9 )

V. ANALYS I S OF AN IN FIN ITE‐ D IM ENS IONAL PROCES S

I n Sec t i o n IY･ We deriYed a s tab i l i ty CQnd it i o n o r the i te r と1 t i V e

a l g o r i t hm for t h e C as e t hat t he Sou rce S igna I s are penod i c ･ S t a-

t 1 o na ly P rocc s s e s . Lett i ng the Peri od 富o tend to i l1 nni ty 、 we c an

obtai n a s tab i i i [y C ond i t i o n fo r a nonper i od i c . S t : 1 t KmaIγ pr( )C CSS ･

To pe ｢ fom that , we n圏 expre鰄he c切1d i t i o n M ≦ダリ > o i n a丹
other fom1 u s i ng the e i g envenva l ue s o f th e covari a n c e n1amx

R! . ‐

S i nce covari anc e mamx Rr i s a ci rc u l a r1 t m am x , i t s eigen ‐

va l ue s ハ . ( "×" = 1 、 … 、 蟹】 ) c a n e xp l ic i t l y be expre ssed , u s i n g

t h e e l emen tsrパリ of R , as

mo ｣ - 1

ん (" ~ E ra鰭 (4 l )
　 　 　

whe re り “ 全 exp ( -ゾ 2ガゾソ舞) ) , andブ i s th e imag i n ary un i t . Note
t h at 入 大の i s m1o朴negat i ve re al n umbc工 The correspondi ng

(un i t ) e i g c n vec to rs are h“ = 1 /辺司り$! “ . "“] - - t ] キ ー 2 1 .
Let 日 be a matri × de巨ned by

日 会 [ h 1 … hグミ , ]

/元 れれ 剖 (42)
I t can ea s i l y be ShQWn that thi S i S a uni tary matri x ; HH 十 =
I 、 Where HT represe蛆s Lhe じo可 u淨1 te mmsp( 'se Q f H ‐ Then ,
matri x R z can be wri t ten $ Rr ご HA? H T . whe re A 【 =

di a霞 ハメ ー ) 、 … ' ハ れ ( 7") ) } ‐

U s i n g H 、 n閼ri x 増芝鱒presen ted as

　　　　　　　　　　　 　
　 　 　　　　　 　 　　

where

　　　　 　　 　
since Mが i証1us u ni tam y equ i va l en t to Uがhe po瓢ive deF
in i t enes s o f M; ) i s equ i v*nt to tha t o f Uリ Th鼠eads to an ‐
o t h er fo r n1 o f Cond i t i o n for vv ネ ( 1 ) to g i v e a l oc ahn i nimum of
/ ( l ) (Wみ Nm1e l y証1e cond i t i (m i s u ノ > o or

"夕方 ふ くノリ ハノ ( " ) > 1 ( 45 )

for every 粥 ( = 1 . … , 鴇 ) .

S i n c e 7す ( 7 ) i s a pedod i c funct i on w i t h pe ri od 7b 、 t h e e i ge n ‐
Val ue ハ . ( " ) C a n be rewri t te n as

　　 　 　 　

ハ ま れ ) - E ば 7 ) ど りれれ
　　　

　　　 　 　 　

- 辷 ′ ･ペ テ ン一ナ ノ凝り稲 岡
　 　　　　 　 　 　

where Pd denotes t he max imum in tegemot g re ater t h a n 偽
Thu s 鮠L we have as s umed t hat ぼ く ) is a Per i od i じ ( h e n ce 辞
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I 0 2n i te- di mens iona l ) random p roce s s . NOW, We regard the pen。d i c

proce s s a s an app roxi Inat i on of a nonperiod i c ( i n fi n i ted i me驫
s i ona l ) random Proce s s Whos e Conel fぬon func t io n 円 ( 7 ) i s

equ i v al e n t to r ! ( 7 ) for 十偽 / 2 ] ≦ ず ≦ [馬 /2中抵触 otherw i s e
zero for a su fndendy l arge 鶴 . F i x i n g / 全 "/7b and l ett ing 鑽)
and ね, ten d [o i nnni ty、 we obtai n 貸om (46 )

1 i m Mの - E rバγ戸辺可ぬ 職の (47 ) e
rを h n ÷】→ (×‘ \~

　

1 00

Funct l o n の式リ ー S no th1ng bu t the powe r Spectrum of the 。ngmal

(nonpenodi c ) proce s s . m1u s . we ob t a i n the fo l l ow i ng theo rem .

7乃"“““ The des ired separator w * ( 1を ) ( local l y ) mini -
In i ze s ro ) (Wa ) if and on l y i f th e fonow i ng inequal i ty ho lds
for every Pa ir of # andブ 々 ≠ ! ) a nd fo r ev ery をequcncy ノ :

リタスノ (Iろ く/ ) ◆! ( ･′ ) > 1 ･ (48 )

ーn addi t i on約r r ( 2 ) (W く り ) , we can obta i n a s i面ねr theorem .
"? “ので崩 そ The deS i red separa [or w 東 ( 2 ) の (bcany ) m i n i -

m i zes / く め (We ) i f and 。n ly i f バ で > 0 ( # = ｣ . . 〆V ) , and
the fo l l owing i t 1 equa 1 i ty h。 1d s for e氾呼 pai r of mndゾ ( ′! ≠ ! )

and for every freque11c y ノ :

バれ冲 , ( の雪 ( 〆 ) > L (49 )

I t s hou 1 d be no ted that the Condition S in th e se theoremS do

uo t depend on the mlx i ng p roce s S A (れ Local minima l i ty o f

叺戸 ( 呻 く 影 ) i s re l evan t on l y to ce賞 率直n s tat i s t ic a l prope賃ies o f
the s ou rc e s i g n a l s .

V I . EXAMPLE

Here . we s how how Theorem 4 can be u sed i n a n actL1a l im ‐

pl e【nemati。 n of BSS . For the min imi zat ion o f メ② (Wゾ ( # ) ) 仝
湖当 ( -班lQg “ 匂 ④ ) ] ) - 舛y ( ･ ) ] . A臘ri “ “ / ‐ 野 ] proposes
the fo l l ow i n g on‐ l i n e al g ori [hm :

△W(穿 くきみ“くり殴 (“ + 7 )We }
(50 )

Where い く y@ ) ニ ヤ ー ( “ 1 のき , . “,V ぐれ斑 ‘ ) ) } T , and
り 乞 @) = -“ kg qゾ @ ) /“仏 When some s z1mP1es o f t he source
s l gn al s .] パ リ have been given ･ We can detennme Whethe r or not

th oSC S i g nal S C をm bc s epar俎Cd from their mix tu re S by the above
lte rat i ve cal c u l at i o n , as fo l l ows .

PrαDed ure :

$を/〉 ! : Con s i d e r a ( tempo開l ) de co杠e l ato r ヌは ぜ ) =
“を ) $“ ) “ wh i c h is a sPeC i a1 Ca se o f (2 ) (バ ニ 1 ) .

M i mm i zc r趣 くなく α ) ) 全 一用log 鰭 ( “パリ ) ] - ′中は . ) ] ,
u s i n g the n1 8or i t l1m ( 5 0 ) w i th ル = 1 . Then 、 t h e res u l ta n t

o u t p u t ““ ) g i ve s t h e no rmal i Zed sou rcC メバ の as s ()C i a te d
w i [h 熟 め ( いゾ ( な ) ) .
Sを“ 2 : Fo r t he obta i n ed no rma l i Zed Sou rじes 、 C a l c u l ate 元 Z

and (P , ( ./ ) ' a n d C h e c k th e S tabi 1 i ty Condi t i o n (49 ) ･

(T he reader might t h i nk th at t he s amp l e s of the S ou rce S igna 1 s
c anno t be obmin ed befo re s ou rce sepmat i on逮s made , b u t the

Same s i t tl a t i 。 n al s o occu rs When t he Source Si gna l s are l i n ear･ )
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Fi g ‐ I ‐ 〉a l ue of バ ー パ コ 頑な げ がれ ( 自 知r で = {) ‐ 70 ' ○ ‐ 7雲 をu1d o ‐ 8

Hcre ･ We sh。W an exam p l e ･ The m ixmg proces s i s a
two‐u1Put , two ‐ ou tp u t s y s ten1 , and Fo r th e いルo sources 、 we

Con s i der bi na ry - v al ued randon1 s ignals gene rated by a Mmkov
chai n given by

貸室 ,@ = ± = “ ′ ( t - ー ) = ± L } = 皇土塁
2

P* ‘'“ ) = 干 1 l ‘“ - ー ) = 上 ー } = に旦 (5 9
2

where P;虹almeter ぐ take s a val ue between o and l . Wノhen (ン

i s equal to o ‐ S ou rc e s誰 ) i s l i ne ar ( i ･ i ･ d . ) ･ A s the parameter
d inc re ases . non l i near i ty of .“ くり is enhanced . Fo r ““‘ ) , we
u s e 偽 ( ,の は ぐ 岬‘ 1 ん (。r 肌 (リ ニ ,と/ 3 ) 、 Wh i c h i s a subGaus s i a n
d i st[i b ut i o n . Pe rfo r n1 i ng S tcP 1 、 we nnd ( a Coup le o f s an1 P 1 e s
o f) the nonnal i zed sou rc e s i gnal s . U s i n g th es e 、 we can e s t i ma te
元 , and 観 ( / ) .

Theorem 4 s tate s t l閼 tl1e val u e o f バ ー 鱒 (lね び冲2 ( / ) gi ve s m

index eva I L1at i ng the stab i l i t y o f t he proce s s . l f the v al ue o f thi s

i ndex i s grea ter ( smaner ) th an unity f。 r cvc丹 ( S omc ) 〆 then
thc des i red Separat。r W i l l be s tab I e ( un st ab 1e ) ･ F 董g 1 S hows t he
val ue of バ ー 物 心 1 ( 〆 )恥 ( の as a func t i o n o f frequency 大 on l y the
C as e s o f ℃ = ○ ‐ 70 、 0 - 7 5 , a nd o ･ 80 are shown . From th i s 、 we can

predic t t h a t the a l gQ r i t hn1 ( 50 ) w il l not give a des i red so l u t i o n
when d exceed s around o . 7 5 .

Nex t , wc s ee what actu a l l y h aPPens when B SS i s PcIformed

us i n g the a lgori t hn1 (Wit h N = 2 ) ･ S i n ce the Stabi l i t y doeS no t
depend on the m i x i n g p roc es s , we hcre set A( z ) = I and use

me norma l i zcd sou rce s i gnal s fo r the sou rc es . Then . t he des i red

s epaI･a[o r i s I . We de f1 n e the ( sq uare ) d i s t an c e between th e act u al
s e p arat 1 ng matr i x Wゾ ( の and the des ired separat or I as

メ) (W ( a I ) 仝 =W くり , I = 2 十 E IWe l l 2 . ( 5 2 )
丁 ≠ t)

Fi g . 2 s hows t h e nnal d i s t a n c c D ( W在 り 江ねfte r a su仔i c i e n t l y

large numbe r o f ite rat i Q n S る t h e n1 i t i こも 1 V a 1 u e 。nwに ) i S I ･ Th i s

ng ure s hows that the de s i red Nep ‘1rat 。 r vv * ( ご ) = ー becomes
sudden l y un s tab l e when で exceed s arou nd o . 7 5 . Th i s co i n c i des

we l l w i t h th e pred i ct i on ob ta i ned from th e st a b i l i ty condi t i on .
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Fig ･ 2 ･ Fi n a l d i s はnce betwee n the des i red SeparQt。r I and the nC tuaJ sepnfator
D (W ( ネ リ after a s u箔c ien t l y large number of i tera t ions .

VII . DISCUSS ION

W′hen a des ired seParator i s sought by the cal c u l at 1o n

△Wリ ニ ー“〆 ( 1 ) (Wa ) /クWの , Theo rem 3 g i vcs t h e
s tab i l i ty condl t i on of the i terat ive proces s . I f the sou rc e s are

l i ne ar, them noma1 i zed Source S ignal s “× ‐ ) become Wh ite ,

i . e . , 職 くり 三 7浅o ) = 考 ゎr eve“ / . Therefore . the s tab i l i ty
condition (48 ) reads

77""“; > 1 ( 化 ≠ " (5 3 )

Th i s inequa l i ty alway s holds as l ong as th e sources are

non -Gau s s i an becau se thenすりガヌ > L 1n the non1meを耳
case , however, あ ま ( / ) i s not con s tan t w ith 君 merefore ,

耽りJ観 (""! ( ,〆 ) ≦ l c an occur fo r s ome / .
Let u s see what is hz1ppenmg in z o ) (Wa ) -

ノ (w@ ) 十 E偽 タ 解式 ? ) ( ≧ o ) = 曲e sou rces me l i n e arbo th
of the n rs t a nd se cond tems become nu l l for wリ ニ W* @ }
imply i ng that / ( 1 ) (W@ ) never decrea se S fo r any pe rtu rbat i。n
from w*e m the nonli n em cas e , howeve r, E≦ “ @× . ) ) i s
stn c t l y pos i t i ve ‐ The reわre , 辷鑑辺 ( “ナ ( ･ ) ) c an pos s i b l y ta ke a
smal ler v a l ue by pertu rb i ng Wa fr〔浦 Wて z ) m a d i rect i o n
toward the outs ide of の (wh ich was denned i n Sect i o n IID ,

a1 though ノ (Wa .) becomes 1 arger. AS a re s u 1t 、 the re i s a

poS s i b i ー i ty th at in to taー〆( 1 ) (We ) t水es a smal ler va l u e
than メ リ (Wキ リ ) . 1n thi s S i tuati on、 Wキリ canno t be a l oc a l
mi n imum poi nt 。“ ( 1 ) (We ) .
As for r@ ) (W@ ) 、 the s i tu at io n i s a I i t t l e mo re con1p1 i c ated .

When 繁り has not b een appropri a te l y chosen , th e source s i g‐
サ nal s norn1al i zed i n our s en s e are no t n eces s ar i l y i . i . d . . even i n

me lmem c ase . I f me nonnal i zed sou rce S i g na I げの の happen
to be i . i . d ｢ then th e fol l ow i ng i nequa l i ty ho l d s :

均 歪 , ( / ) 三 ハリメ > L ( 54 )

Thi s i nequa l i ty comes from the s tab i l i t y condi t i on gi ven by

Doug l as “ “. n l ] a nd the fac t th at the norn1 a l i zat i on o f the

Sou rc e S i g nal s is made to be st ab 1e W i th re spec t to “S ca !e さ

In thi s c as e , i nequal i t y (49 ) i s auton1 at i c a l l y Sm i s t1 ed . S ud泥も
cond i t i on C an be seen i n L 1 q . Wh ich de 之1 I s W i t h 1 i near S Qu rc es .

I f the norl11 を1l i zed source s a re no t i l . d . , t he expre s s ion o f t he

s tabi l i ty c○nd i t i 0 n じ0n t a i n s me p0we r spec t raand nOLj u sはhe

var i an ces二$ g iven i n (49 ) . Thu s 、 i nc l u d i ng th e case t h at th e

Sourc es are l i n ea r, Theo rem 4 Can be regarded a genera1 i z at i Q n

o f th e Conven t i ona l re s u l t [ 2 ] , [ u ] ‐

V I I I . CONCLUS ION

0 0. l o . 2 0 . 3 0 . 4 0 5 0 . 6 0 . 7 0 . 8 09 l

Paramctc r C of thc Markov cha i n

The Conventi ona l B S s al gor i t hms f。r c。nv0l tl t ive mixmre are

u suany de si gned to Wh i te n th e sepmatQ r 、 S output not onl y S p a~

t i n l l y bu t al so temporal l y ( m the sense o f non -Gau s s i an stat i"

[ ic s ) and for th e ve ry re a s on they do not Wo rk Wen When the

Sou rce S i g n al s are fa r fron1 i ･ L d ･ ( o r l i ne ar )In t h i s p aper , We

have pre s ented son1e Condi t i o n s gumaI1 tee i n g th at . Certa i n gra-

d ie n t‐ type a1gon th n1 s b a s ed on mutua l i nformat i on a re st zlb le

in th e v i c i ni ty o f a des i red sol u t 1 on ･ VVe a l so have show n an ex -

amp le to s how i ts 叩pl i c ab i l i ty . The res u l t s ugges t s that i t i s very

m1portant and chal l eng i n g to des i gn an algor i thm that performs
B SS W i thout the tempora I Wh i ten i ng .
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