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NLMsrtt RLsrtO)~ra~~:f3L~l, ~~1~~~:itl 

't" NLMS rtJ: ~ iWiJ!~~~o i9[_;~:0v''t",j:, 1~~ 

~nt.:~~O)~t_rt~'j:, pL+O(p3) ~~ ~, NLMS 
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*BifU,j: AP rtO)~X*~lt10)O t 00)jg'~~1~IFT ~ 
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Wtj:£~~~m~~ ~, ::. n1 ~O)~ <O)fj{~t~{~ ~ 

n't"~t.: [7-11]0 l~~l, ::.n;O)~< 'j:A1J1g%0) 
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2.1 NLMS $ 

~-1~: NLMS rt~Jf1v't.:~M571 )v~*O)f~nX:~ 

1FT 0 rwJ~~, k tj:~fiX~~1j ~£i< l, x, d, y, e, n tj:, 
i"n~n, A1J~%, §~~%,~~g%,~~~7l:,. 

*~~£i<T 0 1 t.:, h, h o t±, i"n~'tL, ~M5 7 1 )v ~ 

1*tt, *~n*O)llt~71 1--71 )v~~~~£i<To * 
X*t±i"0)~t~~{""'7 r )v~.~ v),j:q-r9U~~~::' t ~ 

£i<T 0 NLMS rttj:, 

h(k) == h(k-l)+~ {x(k)j Ilx(k)11 2 } e(k) (1) 

x(k) == [x(k), x(k -1), ... ,x(k - L+ 1)]T (2) 

~: J: ~ ~M5 71 )v~i~t~ h ~£~Jj-T ~o ::'::'"t", L tj: 
~M5 7 1 )v ~"*, ~ ,j:A T Y 7°4j- -{ A'~£i<T 0 t t.:, § 

~1~% d(k), ~~1~% y(k), ~~~~~ e(k) t±, i"tL 
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+ +
 

~-1 NLMS j*'d:'fflv)t::.~M3* 

~'n, 

d(k) == x T (k)ho + n(k) (3) 

y(k) == xT(k)h(k -1) (4) 

e(k) == d(k) - y(k) (5) 

~~~o 2:tL; (3), (4), (5) ~ (1) ~:1tAT~t, 71 

)v ~ i~tt~~7l: €(k) == h(k) - h., ~: ooT~ lIJ1m:r\ 

€(k) == [1 - ~Px(k)]€(k - 1) + ~x(k)n(k) 
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~{{~; n~ 0 t: t!.l, 1 tj:1jtf3i:ff9U, P x(k) tj:"", 7 r 
)v x(k) ~:itT ~~tJ3qT9U~~ ~, 

Px(k) == x(k)xT(k) (7) 

x(k) == x(k)j Ilx(k)11 2 . (8) 

iJ~51~~ 

A1J1~% x ~:itT ~, a~~u k "t"0) NLMS ¥t~: J: ~i~ 

t~ 2 ~~~~O)M1;f1l~ JNLMS,x(k) t£i<To T~bt, 
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(6) 0) ss ill~: 13 v- 't", ~iJf~*i~~: 13 v) 't" ,j:~~ J: ~ i~ 
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= E [lltI[l-/LPx(m)]€(O) In 
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~~~~ 
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(12) 
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~t ~ t::.~ ~:, ~~L¥J~: '±~~~:5FT J: ~ ~:~7tfiXqf91j 

XT(k)X(k) ~:~tftj ~:1lj;:I: <5 ~~~~tftjqf9rj <5·1 

~1JD;t ~ ~ t ~1W1f1~~m:/J"1l 'd:"1*IDE Lt.:~~JT~~ ffl 

h(k) = h(k - 1) 

+JlX(k)[XT(k)X(k) + <5. I]-le(k) 

(17) 

2.3	 JlUrRJ! .y)DU t ::J v A :f- - ~M 

*j1J~'j:, 1WrOJ~~7iJU71 }v? t '::J vA~-7tm 

~:~",)"()t~~ [13]0 ~-2 ~ J: ~ ~:, A1J1~% x(k) 

~ 0,1, ... ,p - 1 ~~1WrOJ ~ 71JU 7 1 )v? ~~ ~ ~ ~ 

7 1 )v? } '\/' 7 'd:" ~ ;t ~ 0 t: tf. l , fEJ ~ --c' ! 0 (k - p + 
1)'!1(k-p+2)"'.,!p_l(k) '±7iJU1*~9U~7 1')v 
~~~o i~~7rlU~;t~7 1')v !i(k-p+l+i) '±, 

Xk 

fo(k - p + 1) uo(k) 

~r ~ JEm1Jfi~~M ~ a; ~ 0 

xi(k-p+ l+i)Xi(k-p+l+i) 

!i(k-p+l+i) = [Ui(k-p+l+i), 0, ... , O]T 

(18) 

t:.t!. L, 

X i(k-p+l+i) = 

[x(k-p+ l+i), x(k-p+i), .. . , x(k-p+l)] 

(19) 

it:., Ui(k-p+l+i) ,±!i(k-p+l+i) ~:J: ~7rJ.U9~ 

~~ 2 **D~a;~o 7rJ!U1*~~7 1'}v !i(k-p+l+i) 
~ j j:§ ~1,*;t~ fi,j(k - p + 1 + i) t~T t, p qf 
p 91j~ 7 1 )v? }'\ /'7 qf91J F(k) '±, 

F(k)= [!p-l(k), ... , !1(k-p+2), !o(k-p+l)] 

1 0 

o 

0 

o 
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!p-l,p-2(k) 

!p-l,p-l(k) 

1 

!l,l(k-p+2) 

0 
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(20) 

t _~t ~ 0 ~ (J) 7 1 )v? }'\ /' 7 qT9U '±An1§%qT91j 
X(k)'~9U~7 1')vx(k-i) ~:~tl,,(i~~1WrOJ~7 

iJU ~qT"')71JU~~ ui(k) ~~nX:T~ 0 7iJ.U9~£ ui(k) 
~91j~7 ~)v~:~~qT91j U(k) '±71 )v~}'\/'7qT91j 

F(k) ~ffl"')-c, 

U(k)	 == [up-l(k),up-2(k), ... ,uo(k)] 

= X(k)F(k) (21) 

tff< ~t~f<:~~o ~~:, 7iJU~~~~7 1')vui(k) 

'±, 
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u;(k)Uj(k) = 

{ ~U'(k) II'(~ U,(k - p + 1+ ill	 (i = j) , 

(i =I j) 

(22) 
(/) J:: -? 1: 1[v' I:~xi" ~.:. c ip C:J, 

UT(k)U(k) = D(k) = 

diag(llup _1(k)112, Ilup _2(k)112, . .. , Iluo(k)112) 

(23) 

c v' -? ~ifdJ{!1X: ~ 3T.-:::>o .:..:. -c:, D(k) liTiP.U~l~(/) 

0I'P7 - ~M~~~I:f;f-:::>~t~1TJ"U-c:il; ~ J!I:, (21) 

C (23) J:: ~, )"1:1%~(/)*5j-fX1TJ"Uli, ::J VAq:.-5j­
McL.l~C:Jn~J::-?I:, 

[XT(k)X(k)r 1 
=	 F(k)D-1(k)FT(k) (24) 

c5j-m~n~ o 

3. AP ~O)fl.g. NLMS ~-=ET)V 

:<fs:1ii-C:'i, ::J vAq:.-5j-Mi'fflv'l AP ¥:t;(/)f;HtJ! 
wr~ (12) i'fl~(/) NLMS it;;(/)J!wr~~{fl%L.t.::*I: 

~*i"~o (12) I: (21) c (24) i'1"t)..L., (23) (/)~i* 

i'fflv'~c, 

h(k) = h(k - 1) + J-LU(k)D-1(k)FT(k)e(k) 

= h(k -1) + 
up-1(k) u p-2(k) uo(k) ] 

J-L [ Ilup - 1(k)112' Ilup _2(k)112" ' " Iluo(k)112 

l;_l(k) 

f~_2(k - 1) 
x e(k) 

fJ(k-p+l) 
p-1 

- h(k - 1) "" ui(k) e ·(k) ()- + J-L ~ Il u i(k)112 f ,t 25 

c ~*-c: ~ ~ 0 td3. L., (14), (15) c (21) J:: ~, 

ef,i(k) = l[(k-p+l+i)e(k) 

=	 {[(k-p+l+i) 

x {XT(k)[h
o-h(k-l)]+n(k)} 

= u;(k)[ho-h(k-l)]+nf,i(k) (26) 

nf,i(k) = {[ (k - p + 1 + i)n(k) (27) 

n(k) = [n(k), n(k - 1), . .. , n(k -	 p + 1)]T 

(28) 

-c'il; ~ (25) ~,c." Jl!JZ 71 )v)7 i*~ h (/){I~lEii 

ooe(k) oo 
oo 

~-4 AP ¥to:>fli5- NLMS ¥t.:c T)(,­

:ti:;brp;R:~:*'lV:~~*~O:>;f$r*Jn'T1ltU7HH§-% Uo, Ul , 

• • . , Up_l ~ A1J c Lt.: p 11/ilo:> NLMS ~r.r:,* o 

'i, )"1:11g~ x(k) (/) i *(/)T7P.U~i¥:%~ ui(k), (i = 

0,1 , ... ,p - 1) i')..1:1 c L.t.:: p {1m(/) NLMS it;; I: J:: ~ 

{1~lE:I:(/)~O I: ~ ~ .:. c~{5j-~'~ 0 

1fE5E~i¥: e(k) I:-:::>V'lli, Ti~U~~i¥:I:Mi"~1fE5E 

~i¥:i'~~1:~-:::>.r{7 r)v ef(k) i' 

ef(k) = FT(k)e(k) = 

[ef,p-1(k), .. . ,ef ,l(k) , ef ,o(k)]T (29) 

c5E~i"~c 

e(k) = (FT)-\k)ef(k) (30) . 

c ef(k) ~'c.,%!1X:~n~o F-1 (/) i J"Ui' t:' c~~[!. 

i"~ c (30) 'i~-31:~i"tff!1X:I:~~ o [U]~ib~'c..).. 

1:1i" ~ T 7P.U~~i¥:(/)1fE5E~i¥: ef,i (k) i' ~.I6l.r{ 7 r)v 
ef(k) c L., -t-ni'~ 71 )v)7 r;' 1:)"1:1i" ~o 71 

)v)7 (/)ili1:1 'iT~U~~i¥: e(k) c ~ ~ 0 

J-:J-J::, (25)~' c., (30) ~{ AP i:t; (/) fl% NLMS it;;.:c 
T )Vc' il; ~ ~-4 Ii':' (/).:c T )v I: £ -::5 <AP it;; (/) m0 0 
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Ji~I.GT ~ (J)~~ ~, AP ¥~1J{, p 'iJ(J) NLMS ~ht\* 

t, A1J1§"%*9U {x(k)} t / l' ;<'*9U {n(k)} ~ 71 
)v~ 1) /~lT~fE]~1*~t(J)7rlIj71 )V~J\/~, f-l 
l, -yr~IjJ~~~:~tT~1lk:~~~1J~t>A1J X(k) ~:~tT 

~llJi:~~~~*~T~71 )v~ J\/71J~~f_~~n~ 

~t~l.GllV)~o 

4.	 m~ NLMS ~tT:)V,:~-j<AP ~O)~X 

*~~'11 

*_~,;t, AP ¥~(J) 7 1 )1,1 ~ 1*tt(J) 2 *~~~(J)~ilt 

B: Lf~1it~lt~ ~, 1W~~JF Lt.:*l* NLMS ¥~.:c T)v 

~:7f}-? L ili:1~ T ~ A ~ ~l:HT ~ 0 

AP 1*~:.t3~t~1*tt~~~ €(k) (J)~~mJ!fJfA';t, (25) 
t (26) ~fflV)l, 

€(k) == h(k) <h.; 

A ~ Ui(k) 
=h(k-l)-ho+1t t:o' II i(k)112 e j ,i(k)

U 

A ~ Ui(k) 
=h(k-l)-ho+1t t:o' II U i(k)112 

X { u; (k) rho-h(k-l)] +nj,i(k) } 

== [I -It I: Ui(k)ut(:)] 
i=O Ilui(k)11 

p-l 

X [h(k-l) -ho]+1tL Ui(k) 2 nj,i(k) 
i=O	 IIUi (k) II 

= [I-It ~PU'i(k)] €(k-l) 

p-l 

+L MUi(k)nj,i(k) (31) 
i=O 

e t:t ~ 0 t: t!.. L, 

Pu,i(k) == ui(k)uT(k)	 (32) 

ui(k) == ui(k)j Ilui(k)112 (33) 

't: ~ ~ 0 J!~:, (22) --r-JF L i: ui(k) (J)~~lt!J:: ~ 

P U'i (k) (i == j),
P u, i ( k)P u ,j ( k) == 0	 (34)

{ (i i= j) 

~~~1l~1J~~~(J)--r-, (31) ,;t, 
p-l 

€(k) == II [1 - MPu,i(k)] €(k - 1) 
i=O 

p-l 

+LMui(k)nj,i(k) (35) 
i=O 

~jJi~~ 

A1J1§"~ x(k), ~t~*tJ: p ~:~tT ~1l~~ 2 *~~~ 

~ !AP,x,p(k) e *T0 ~ilt~*i~--r-';t NLMS ¥~ t J01 
f*~:, (35) (J)kJill~ 2 JJi1J{~~J!"t" ~, fPlkJill~ 1 Jj{(J) 
€(k - 1) ~:~ llN1iB9~:!{~T ~ ~ e~, 

JAP,x,p(k) == E [11€(k)11 2
] 

~ E [lliI }j[I -ItPu,i(m)] €(O)ln (36) 

"t"ili:1~T ~ ~ e 1J~"t"~ ~o ~ ~"t", (36) (J)kJjll~:.t3v'l, 

M1J~+?t 1 J:: ~ IJ~~ <, M21IPu,i(mi)PU,j(mj)€(0)11 
t:t t~ (J) j.L (J) 2 * J,~ 1: (J) / )1,1 A e f- (J) ~t J3iT 9U 
P u,i(mi) e P u,j (mj) (J) }IIJiJ¥; ~ A ntf it t: / )}.I A 

2 
j.L 1I P u,j (mj )P u,i (mi )€(0) 1I (J)~(J)*~*D1J~ M ~:J:t1'U 

T ~ / )vA MliPu,i€(O) II (J)*,~*D J:: ~ +?t/J~ ~ v) e 1fiJi: 
"t"~~t:t~, i e m ~:~T~=-:::>(J)~~*~X~T~ 

~ t 1J~~ ~, 

JAP,x,p(k) 
2

~E [llgiI[I-ItPU,i(m)]€(o)11 ] (37) 

eill:1tL--C' ~ ~ 0 

~ (J) e ~, (10) "t"~ ~ nt.: NLMS ~(J)1l~tt 2 *~~~ 

eJ:l:iXT ~ t, TI~=l [1 - MPu,i(m)] €(O) ,;t, i *(J) 
-Y1~1j71 )v~ 1J~~(J)J~~*91j {Ui(O),ui(I), ... ,ui(k)} 

(£LT {Ui} e~) ~A1J1~%t t., NLMS ¥~~:J:: ~ 

71 )1,1 ~ ~J!'Jf It,:~*(J)t*~ 2 *~~j1 t~t:tT ~ t 
1J~-r: ~ ~ 0 J:: -? l, (37) ,;t, ~~U k --r-(J) Ci~iJi) 1*tt 
2 *~~j1iJ~, ~ -r, ~-4"t"(J) NLMS ~M5*(J) e~n1J~ 

--r-71 )v~ ~ k @]t':~tJ!fJfl, *~:, ~1j(J) NLMS ~M5 

if."t" k [illt':~t 7 1 )}.I ~ ~J!fJfT ~, e v) ~ ~ t ~T~ 

l (J) NLMS if!IM5* "t"iT ~ t: e ~ (J) 7 1 )1,1 ~ t*tt 2 * 
~~j1t ll1~~n~ ev)1 ~ t ~~P*llV)~o 

J!~:, ~(J)1!~m~5G~:, AP ¥~(J)t*~ 2 *~~~ 

JAP,x,p(k) ~-Y1lIj9~~*9U {Ui}, (i == 0,1, ... ,p -1) 

~:itT ~ NLMS ¥~(J)1*:t 2 *~~7l: JNLMS,Ui (J)~-r: 

*~T~ ~ e ~~it~o 

(37) ,;t~I=f:l~'t"~X*llV)~1*~~~JJ1tJ31~e t.r. 
NLMS i~~~fflT~ ~ e ~~P*T~1J~, -~~:,;t, 

NLMS ¥~(J)~X*(J)~iJi~~It!,;t7 1 )1,1 ~ t*tt(J)~JJMt* 

tJ:~~~~:1A~T ~o ~ (J)t-:(J. AP ¥~(J)If.ij:~U k -r:(J)1* 
~ 2 *B~~ JAP,x,p(k) (J) JAP,x,p(O) ~:~tT ~ J:1:,;t-y 
rJIj 9~ 7.! {Ui}, (i == 0, 1, ... ,p - 1) ~: itT ~ '*~U k "t" 
(J)1*tt 2 *~~~ JNLMS,Ui (k) (J) JNLMS,Ui (0) ~:~tT 

~ J:1:(J)fl~: ,;t ~ ~ ~ v'o f- ~ "t", t*tt~~(J)~JJMff[(J) 

J3W~J,~T(J)J:: ~ ~:t&;t~ e1&k:T~0 ~~ ~, 1*tt 
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~~~~~ JAP,x,i(k) ~~~~MrT07jJU9~~*9U {Ui} ~ 

AJJt L t: NLMS 1tO)t*~ 2 *~~ J~LMS,Ui (k) 0) 

~)l*fttI~'j:, t*fl~~~O)f)JM1j~5Lft1:l};tt.:t ~ 0) 

JNLMS,Ui(k) O)~)l*HB_~ JNLMS,Ui(K) = JAP,x,i(k) 

t ~ 0 J: ~ ~: JNLMS,Ui (k) ~ fl;fFJJ«b1JroJ~: K t~ ~tIJZqT 

~j1J L t: ~ 0) ~: ~ 0 t 1&~T 00 

fJU ;t ,;f', 2 *. 0) AP 1t0) a;J~1j k 1: 0) 1* fj( 2 * 
~~~ JAP,x,2(k) ';1:, {OC%: J: ~ 7iJ!U~~~*9U {U2-1} 
~ AJJ l t.:t*ft~~~ JNLMS,U2_1 (k) ~~ 1 *.0) AP 
itO)~~1j k 1:O)1*:t~~~ JAP,x,2-1(k) t ~ 0 ~~Ij 

I N£MS,U2_1(JAP,x,2-1(k)) ~~Mi/~t t r, 1*0)7 
~~~~AhtToNLMS~o)~*~_~kfl;f~~ 

Ivt~ JNLMS,Ul (IN£MS,U2_1 (JAP,x,2-1(k)) + k) ~:~ 

o 0 fEJ~~: l"t", Ah1~i}~~ x 0) P*.O) AP itO)t*:t 
2 *~%~ (37) '±, 

JAP,x,p(k) ~ 

JNLMS,up_l (IN£MS,Up_l (JAP,x,p-l(k)) + k) 

(38) 

tili:1~~n, (38) ~WjfflrfJ~:~fflTo t JAP,x,p ~~~ 

~*9U {Ui}, (i = 0,1, ... ,p - 1) ~:*tT 0 NLMS 1t 
0)1*fl2 *~~~ JNLMS,Ui O)~ 1:~~ ~ no 0 
~,*~j! 

NLMS ~O):tJ!~t fEJ~~: (31) O)JilijillO) 2 *O)M~~ 

1®:~too 

2J
E [lle(k)1I = 

E [II [1 -M ~ PU'i(k)] e(k-l)ln 

+ E [eT(k-l) [1-M ~ PU'i(k)] T 

x [~MUi(k)nfAk)]] 

+ E [[~Miii(k)nf'i(k)]T 

x [1 -M ~PU'i(k)] e(k-l)] 

+ E [11~MUi(k)nf'i(k)112] (39) 

J!~:, (22), (32) 1:'~ It.: ui(k) 0)I[3t1tl J: ~ 

E [lle(k)11 2J = 

E [eT(k-l) [1 -M(2-M) ~ PU'i(k)] e(k-l)] 

+E [2M(1-M) ~eT(k-l)iii(k)nf'i(k)] 

+E [~M2nf/(k)/IIUi(k)1I2] (40) 

L~O)~:iZI~ 2 Jj~:tboM~~1j'j:, eT(k -l)ui(k) 

t nj,i(k) 0)5!tt~Llt! t nj,i(k) O)Mf;f1j~~ 0 1:'tb 0 :: 

t~~1&~1:~ot, O~:~oo it:., ~illO)~3JJUj: 

?tTC?t£J:~~~!RJL$~t~0)1:11m~U~:Mf*1W:~t ~ ~ 

t ~~1: ~ 00 kA...t ~~lIT 0 C, (40) 'j: 

E [lIe(k)1I2J = E [lle(k - 1)1I 2J 

- M(2 - M)E [II~PU, i(k)e(k -l)ln 
p-l 

2(k)J+ LJ-t2 
E [nj, i IE [llui(k)112] (41) 

i=O 

2JE [lIe(k)112J = E [lle(k - 1)11 (42) 

~{tA L, 1PI~l k ~ 00 1:'~T C, (41) ';1:, 

kl~~ E [II~ r.; i(k)e(k - l)ln = 

M r ~ E [nf, i 
2
(k)] 

2 - (43)M k~~~ E [llui(k)112] 
C ~ 0 0 ft:illO)Mf~1lO) ~:f:q±, (34)·J: ~ , 

II~pu'i(k)e(k_l)112=~ IIPu,i(k)e(k-l)112 

(44) 

t_~too TiJ!U~~*9U {ui(k)} ~Ah t It:.. NLMS 
1t~: J:01*~~~~~ eu,i(k) t ~T C, 1"\j~0)~ (A.6) 
O)~lli t fEJ~~:, 

lim E [IIPu,i(k)eu,i(k - 1)11 2J L = 
k--+oo 

lim E [I\eu,i(k - 1)1\2J (45)
k--+oo 

t~oo 

ti:illJ;1:, NLMS1~~::J3~t 01tJ~0)~ (A.5) ~~C:J (A.6) 

O)~lli C fSJll~:, T1J!U~~~ ui(k) ct*~j(~~~/'{7 r)v 
e(k -1) O)~~~~~~gt1L1:tb~ , it.:, t~~~~~/'{7 

r )v e(k - n O)~~~ ~ li"~ ~:~!HJL1:M~1®:~~ 0 1:tb 
OC{&~Tot, 77J!U~~*91j{Ui(k)} ~Ahc It.: 

NLMS i~~: J:ot~~~~~ eu,i(k) O)%:1ft~*t~ 2 *~~~ 

~{>.Ki 0 0 
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kl~~ E [11~PU'i(k)€(k - l)ln = 

kl~~E [~II€u'i(k-1)112] /L (46) 

AT 'J 7°-1j-1 ~' J.L 0)~*t1iiti'+5t/J' ~ v)j~ir~: ,;:J:, _ 
~~UO) 71 )v~1*ttO)£fJfiJ~ P 1Ima;~7iJIj~~~~7 ~ 

)vui(k) O)1JJOJ~~£{TbttLV)~ t1oc5£T ~ t, 

hp,x,p(oo) = J~~ E [11€(k - 1)112] = 

2]J~ E [~II€U'i(k _1)11 (47) 

t~~o (47)~: (46) O)~{,*t (43) ~1tAT~~t-e, 

AP r*O)k:1it~~~ JAP,x,p(oo) ,;:J:, 

p-l E [n .2(k)J 
hp,x,p(oo) = 2 ~ J-L kl~~ E [lIui~~)ln /L 

(48) 

t~~ltIT~tiJ~-e~~o ~~--C', ~ t., ~-=iniJ~B 

) ~~-=i-e a;tt';f, 

E [nj,i 2(k)J == E [ll/i(k)11 2
J a n 

2 
(49) 

1:'JtJ~o NLMS ~o)}£~~~~'d:-~T (11) ~:13V)L, 

ax tan 'd:- i- tt~'tt E [IIuc (k ) 11 
2J / L t E [ni, i

2
( k )J 

-eti~~;tt.:~O)'d:- (48) ~:1tAT~ t, 
p-l 

JAP,x,p(oo) == L JNLMS,Ui (00) (50) 
i=O 

t_~t~o ~O)~';:J:, AP r*O)~~~~~iJ~, T7llj~~~ 

'd:- A1J t It.: NLMS r:t~: J: ~ 2 *~~~O)*,t*D~:~ L 
v)~'t'd:-~P*lLV)~o 

flir NLMS r:t.:c 7')v ~:£--:1v) i: AP r*O)~iIf~:R:t~ 

t~~~~0)~ft2*~~0)~mO)*~tt·~~tt'd:­

~IDET ~ t::.~ ~:, ~ TO)~1tt1:'~ATA ~5£0) ~ ~ a: 

v--~ 3 :,;~qT0t.:o 

._~71 )v~ h o t~hlS71 )v~ it o)~*~iJ~t 

~~: L == 1280 

• AT 'J 7°1j-1 A' J.L == 1/160 

• A1J1§%t t, L",;:J:, .:cT')v~.~ffl t t. LIl9--:J0)7i 
r; A t,$-=i 'd:-, i t':1JtFiim1§~: 13 ~t ~ ~~t81§% t 
L L ~lt~O)-=iF'd:- fflv) iz; 

iir; At,$-=i,;:J: § cffiOO 0) 5i~ t m~O)*tto)= 

--:JO)Wt~ip~, I3cif~~O)ij~ <mJrJt;tt£$;~~lt~iJ~f 

:t1!t:tm% t t, L B~ilr; A~~ t if~~*~O)~v) 8 

(0) white (b 2nd-order-IIR-filteredi 100 i 100 

~ 80 ~ 80 

:E 60 ~ 60 

. 
0. 

. 
0. 

~ 401------~ ~ 40 

~ 20 ~ 20 e 
~ 0 '----"""---.....I.....-........L----'------' ~ 0 '---..0.__.....1.....----'----'-----'
 

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 
Normalized Frequency Normalized Frequency 

c 4th-order-IIR-filtered d 8th-order-IIR-filtered 
CD 100i 100 
"0 

~ 80
 

~ 60
 

~ 80 

~ 60 
Q. Q. ~-­

~ . 40
 

~ 20
 

~ . 40 

~ 20 
e 

~ 0 L...--""---"""""--......&......----'-----' ~ 0 '----'-.....I.....-~--'----J 
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 

Normalized Frequency Normalized Frequency 

~-5 ~.~{~~(7)l,ry-A~7 }-Jv 
~$H,±~~~t l\ ry -- [dB], fl,dn±m~1tmJ1Jitto (a) ~: B 
~jf7 A~ii, (b), (c) t (d) ~:'±-t-n~'n 2,*, 4.:x, 
8*(7) IIR 71 JV7~:B~jf7A~ii~jjj&!~1tt.:~~ 

{~~(7)A~7 }- JV'd:-5FTo 

*0)1~%, §Cif~~iJ~5i <mJjJtfttJN$i~~lt1~:1@~t:t 

1:': --7 iJ~mtt~1§%t L Lifl3l*l*ftiJ~ 2*t 4:j((J) 

1§%~ fflv)t.: o B~1§%~9t(J);ff~7i? A~{f';:J: 

B~7i? A~-=i'd:- IIR 7 1 )v~ ~:imT::' t -e{=!j:t.:o 
IIR 7 1 )v ~ O){,*~';:J:, 2 *-e ,;:J: , 1, -0.98,0.9,4 * 
-e,;:J:, 1, -1,0.620097, -0.429807,0.627265,8 * 
-e ,;:J:, 1, -0.8, 0.7, -0~6, 0.5, -0.4,0.3, -0.2,0.1 

-eJtJ~o ~tt~0)1~%O)mJrJt~tJN$;A~7~)v'd:­

~-5(a)--(d) ~:~T0 

--n, -=iJii1§"%';:J:, 8kHz -e-1j-:';7° 1) :';~l·lt.: 

~lt1-=iJ5'd:- fflv)t.: o i-O)rJt%'d:-~-9(a) ~:~T 0 

.1R:~.:c7')v~:13V)L, T1lU~~ ui(k) 'd:->.K~~ t: 

~0)7ilU{'*~i, O){@:,;:J:ilr; A~-=iO):JiJiir';:J:, A1J 
1~%0)~5t~1T9U XT(k)X(k) O)~lRra'~:iIf~f 

j:5j{@:ip ~ >.K~ tz; .:g.JiiO)j~iJ~: ,;:J:, ifJiiiJ~5E1it{~ 

%1:'~;:J: t:t v) t:~ 1 1j-:,; 7° )v ~' t ~:, T7~1j{,*~ i, (k) 

'd:-*~i-O)~~~~tA~m%*~{x}t~~* 

9U {n} ip~A~1§"%0)~7fllj~~~ui(k) t~~O)T 

7lU~~~ nj,i(k) 'd:-*NJ, (48) :t'illO)~irSf~';:J:~ 

JZ 7 1 )v~ ~ L -1j-:,; 7° )vO)~rdr¥~ t It.:o 
• AP r:t-e1T&JJ.T ~ ~O) (17) ~:13 ~t ~ 8 ,;:J:, ~iIf~~ 

~O)~ ~.:L v-;~ 3 :,;-e,;:J:, 8 == 0, ~1it~~~0) 

~ ~ a. v-- ~ 3 /'-e,;:J:, 1~%iJ~7i? At,$-=iO)~iJ 
\. 

2L, 2L,;:J: 8 == 0.01ax ifF"(J):JiJiir';:J: 8 == 0.03ax 

t l tz; 
iT, 7i? A~1f~:*tT ~*5*~: --:JV)LJ!J!~~ 0 

ii51~& 

~-6(a)--(d) ~:Im--:JO)A~1§%~:*tT ~{'*ft 2 *~~ 

~O)~X*BB*!'d:-~To ~t~*~,;:J:, B~1~%, 2 *0) 
~~ffi%~:*tl L,;:J: p == 2, 4 *t 8 *0)~~1§%~: 
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c white 
CD 10 _APA 
~ 0 

- - NU,tS complex 

1 2 3 4 s 
Iteration (x, 0·) 

4th- order-IIR-filtered 

-APA 

- - NU.lS complex 
~ -10 

C -20 

] -30 

:; -40 
u 
o 

-50'---__-=--~-' 

o 1 2 J • 5 
iteration (x10·) 

2nd-order-IIR-fillered 
'iii' 'bb 

-APA 
~ 0 

~ -10 

~ -20 

~ -30 

~ -40 
uo -50l-_~__-' 

o 1 2 J • 5 
Iteration {xt0·) 

~d 8th-order-IIR-filtered 
'iii 1 -APA 
~ 0 

e -10 
- - NU,6S complex 

~ -20 

~ - 30 

~ -40 
u -50 '---_~__""___-' 

o , 2 J • 5 
Iteration (lel0·) 

~-6 ~iIlt 2 *~£%'tto) (37) ~: J: 1.> i1i:fj;].O)~~iE 

(a) Stsll$ifAJJ, (b) 2 *O);fj.g"fg%AJJ, (c) 4 *0) 

;fj.g"fg%AJJ, (d) 8 *O);fj.g"fg%AJJo ~*,~l;l: AP 1* 
~: J: 1.> JIUUI!I*&. liJt*&';l: (37) ~:~ L i: AP it; ~ NLMS 
1*0).~~LMrntL~i1i:WL~~.8*&~*~0 

MVC I;J: p = 3 -r- ib J.> 0 ~*,~JU;J: AP $~: J: J.> b Cl) -r- , 
~lU~I;J: (37) ~:lF Lt.: AP $>r NLMS $ HAP) ~ l~ 

fflT J.> tv' -J jfrftJ.:tt~: J: J.> b Cl) -r- ib J.> 0 ~~ t ~~Cl) 

~I;l:~ dB *ifdl)-r-ib ~, AP $>r NLMS $Cl)~ ~ ~ l 
t jfrftJ.T J.> .: t iJ{* ~ -r- ib J.> .: t iJ{5tiJ'J.> 0 

~-7(a)-(d) ~:I;J:Im-::>Cl)A1Jf~~~:Ml,,(, AP $ 
~: J:J.>f*~ 2 *~~Cl)q)nl~I!Il~>r~~-r-lF t., p 'OOCl) 
T¥Jl1j9~~g~ >r A1J t t, t: t ~ Cl) NLMS t!Cl)qX*1!Il 
~>r,¢.i:~-r-lFT ((a) -r-1;J:=-::>Cl),¢.i:~iJ{:m:~-?"(v'J.», 

;J; tc, (38) ~: J: J.> AP $Cl)jfrfJ;).qX*I!Il#& >r~~-r-lFT 0 

M~*~IHul§-6 t[li] t:-r-ibJ.> o (38) I;l:T¥Jl1j9~~~: 

MTJ.>NLMS$Cl)n*I!Il~~~AP$~J:J.>n*1!Il 

~Cl) jfrftJ.T J.> tv' -J b Cl) -r-, .: Cl) jfrftJ. ~: J: J.> ~!~ -r-lF 
It.:ili:ftJ.I!Il~~;J: AP tid: J: J.>~~t. (c) Cl) 4 *Cl);ff 
~1g~Cl)~*.W,ji--r-~;J:, jtJl§-6 Cl) (37) ~: J: J.>ili:1tJ.t 
[li]1tJt~: J:v'jfrftJ.>rl}it "(v'J.> 0 

1§-7 iJ' ~ I;J:, AT 'J -j'-fT1 ,7::iJ{[li] t: ~ ~ Ii' NLMS 
$ J: ~ AP t!Cl):niJ{qX*)i!JtiJ{)iv' t v' -J AP $Cl)­

~B9~l'4.t b ~1W ~ nJ.> 0 1§-7 ~:i>~t J.>'Ai b ..tCl),¢.i:~ 

('Ai b n*Cl)~v',¢.i:~) I;J: 0 *Cl)T¥Jl1j9~~ uo(k) ~:M 

T J.>qX*I!Il~ ~~ l "(i>~, uo(k) = x(k) ~ Cl)-r-.: n 
I;l:x(k) ~:MTJ.> NLMS$Cl)f.a*'t"ibJ.>o -:n, T¥Jl1j 
g~-r-I;J: A~ 7 r JviJGjZ:t!Ht ~ n"( i> ~ NLMS $'t" 
ib-?"(b)iv,qX*iJ{1.!}~nJ.>0 AP $Cl):ijJj"&?j~:I;J:, 5G 
Cl)1~~~:MT J.> NLMS $~:1JDit "(, T¥JlIj~~~:MT 

J.> J: ~ qX*Cl))iv, NLMS $~: J: -? "( MX*T J.> t.:~, 

NLMS $ J: ~ qX*)i!JtiJ{)i < ~ J.> 0 'Ai*:t-B9 ~ qX*1!Il;Mt 
(~~) ~;J:1~4 Cl)T7lIjJ~~1g~Cl)qX*I!Il*Jil C¢.i:~) >r:§l! 
~: r jgh t.: ()iv ')i!Jt-r-qx* l t.:) b Cl) t ~ -? "(v' J.> 0 

~~~~ 

1!~T J.> .:c T)V t 1!t*$~: J: J.> JE1t~}"I;~Cl)ili:f~*Cl) 

a white 
CD 10 

.... NLWS for predIct Ion .rrtlr 
~ 0 -"Pit 

_ - NLWS comp'" 

1 2 J • 5 
Iteration (X10·) 

4th-order-IIR-filtered 
t:rI • • • • NUl tor predIctIon ''''0t-1~ ,: ~:~,~:~~.S.::.~~'.I~, .. 

~-~ =~~ .. , . ~.~ :..~ . .. : .~ '." 
:; -40 
o 
o -50'---_~~~._J 

o 1 2 J • 5 
Iterotion (xl0·) 

~ 
(b

10 
2nd-order-IIR-filtered 

~ 0 g-10 1: : : :::.: .: : : : ••• _ • • 

~ -20 

] -.30 = ~~S for pr.dleflon .rro 

] -40 - - Nl.WS campi .. 

U -50'--- ~--' 

o 1 2 J • 5 
Iteration (lel0·) 

(d 8th-order-IIR-flltered 
'iii' ,~ .... NLWS f" , .."",,, "n, 
~ 0 .:-: ~LQs comp l..! -_2'00 '~:" "::. : :. " :. " • - ... . . 
~ -30 . 

] -40 
o -50l-_ _ --"'-~_ 

o 1 2 J • 5 
Iteration (x10·) 

~-7 ~iIlt 2 *~£%'1'10) (38) ~: J: 1.> i1i:fj;].O)~~ 

(a) s.g"lI$ifAJJ. (b) 2 *O);fjtsfg%AJJ, (c) 4 *0) 
;fj.g"fg% AJJ, (d) 8 *O);fj.g"fg%AJJo ~*&,;l: AP 1* 
~: J:1.>~.8*&, lH~U;l:AJJf§%O)TiJlU~£~ AJJt L 
t: t ~ 0) NLMS itO)~.8*Jit. .of L~. liJt*,~I;l: (38) ~.: 
J:1.>NLMS1*0)~.8*&~G~~AP1*0)i1i:W~.8 

*&~*~o 

a white b 2nd-order-IIR-filtered 
'iii' 0 

e X Nll.lS-complex 

~ -20 
+ 

-APA Qi' 0 -APA 
~ -10 + elgenanolysis basis ~ -10 + elgenonalysls bas is e X NLl.lS-complex 

~ -20 

4 16 64 
Prof.ctlon order 

4 16 64 
Projection order 

4 16 64 
Projection order 

x 

+ 

d 8th-order-IIR-filtered 
'iD 0 -APA 
~ - 10 + elgenonolysls bas is e X NLMS-eomplex 

~ -20 

4 16 64 
Projection ord.r 

~-8 MJ3*~t5E1It:tkt~f*~ 2 *~£O)~f*O)i1i:fj;].f.ti* 
(a) Stsll$ifAJJ, (b) 2 *O);fj.g"fg%AJJ. (c) 4 *0) 

;fj.g"fg% AJJ, (d) 8 *O);fj.g"fg%AJJo MJ;*~f;l:, 

p = I, 2, 3, . . . ,10, 16, 32, 64, 128 0 ~*,~f;l: AP 1*~ 

tJJf'F~-tt~f~Gnt.:f.ti* ( ~fi~:) o r+J ';l:Jt~ [9] ~:.:f; 
1.> ~;fjfil!'Hff~:t£-::i .< i1i:fj;].f.ti*, rxJ 1;l:t'l:~.f.1*~: J: 1.> 
i1i:fj;].f.ti*o 

.!tf(>rq:y-?t.:o ~-8(a)-(d) I;J:JE1t~~tM~*~Cl) 

~f*>rlF It.:I§-r-, ;j1{$l!H;J:MJr~x~, ~Ul!H;J:JE1t~~Cl)* 

~ ~ >r~ l "(v'J.> 0 (a)~(d) ,±~n-f'n8~ME1fA1J. 

2*, 4 *, 8 *Cl);ff~g~ A1J~:MT J.>~*>rlF l "(v' 
J.>o Mj;*~,;l:, p = 1, 2, 3, .. . ,10, 16, 32, 64, 128 
-r-ibJ.>o ;J;t.:, §B91fd ~:§B91fJ: ~ 30dB/J'ts-v'8 

~:tj'7 AME1f >r1't1JD l t.:o ~*Jil,;J:4l-*~~:i>v' "( AP 
$~~~ts-~~~~Cl)JE1t~~Cl)fiI!>r~~~bCl)-r-, 

*~Cl)!~1Jo~: f~-? ,,(~~iJ{~1Jo l "(v' J.> .: t iJ{5tiJ'J.> 0 

1t.:, r+ J ~nl;J:JtWlX [9J ~:ibJ.>IID;ff1~5t1JT~:£0< JE 
1t~}"I;~ Cl) ili:fj:).:tt , 
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M ~ Ji,La; (51) 
p ro..J 2Amin,p 

~: J: ~ 1Ill ~ 7FT 0 t: t!.l, Amin,p ,;.1: p :)( (J) *?tfiX~T 

9U E [XT(k)X(k)] (J)~/j"Wj1f1Ill~~~o ~(J)Jli1~1Ill 

~ ';.1::)(tt p iJ~* ~ <~ ~ ~:"'::) tL --r/flE~~: ~ ':) --r \t) < 
~ t iJ~7tiJ~~o -1f, I x.l En';.1:1Jt~1:"r)v~:~--:5\t)t::­
(48) ~: J: ~ Jli:1~{ffl* ~ 7FT 0 . Jfr1~*5* t AP 1t~: J: ~ 

*s* t (J)~';.1: p = 128 PJ~}' ~'±lil*~ft dB f£It""C'~ 

~, .& \t)JlI:1lJA ~l};t ~ ~ t iJ~~ip~ 0 

p = 128 't: (J) AP 1~~: J: ~ ~ * iJ~1J! ~ L i: Jli: 
1~it t a1f (J) JlI:1lJA1:t J: ~ *~ <~ ~ JJl: I~H±, 1tffl T 
~ An1~%(J) ~?t~~T9U (J)jl\t)~: ~ ~ 0 ili:1lJAit~ ,;.1: 
E [xT (k)X(k)] t -¥:t5j1Ill ~ ffl \t)~ t: &I) , *7t~~T9U 

iJ~ ~ *&1) ~ tL~7ijUJ~&:(J)}\ry -~~1f1Ill b -¥:t5j89~: 

1WI~: ~ ~ iJ~, AP i~~ ,;.1:~~(J)*7tfiX~T9U ~ ffl \t)~ t: 
&I) TiP',1j ~3t~ (J) } '\ry - ~~ 1f1m: (J) 7tiiiJ~*~ \t)t: &I) Ij"~ 

~lm1f1IlliJ~~n~ ~ t iJ~~\t)o 5E~~~&:'±TijU~~~(J) 

} '\ ry - ~~ 1f1Ill (J) ~ft ~: it'f;U T ~ t ~ ;t ~ tL ~ (J) -r: , 
p = 128(= L) (J)J: ~ ~:/j,,~\t)7iJU9~~}\ry-~~/ff 

1Ill iJ{~ tL ~ ~*?£ ~ ,± AP it (J)1fiJ~ jfr1~ it ~: it/'( --r 5E1it 
~~~iJ~*~ <~~o 

AP 1t(J)~~~89~~¥lt t l--r~t~:)(ft~ ~ \t) ,;.1: A}] 
1~%(J) § c~~f*1iJ~*~ \t)'l t~ (~-5~, ~-7 iJ~f@~ 

~ 'l t~) 5E~~~~ b * ~ <~ ~ t \t) -? ~ t iJ~~O ~ tL --r 
\t)~ 0 ~ (J) AP it(J)~¥~iJ~~ t: ~ JJ.Ef3 ~fl~ NLMS 

it1:"T')viJ~ ~ ~ ~ t, :)((J) J: -? ~19¥~iJ~~ ~ ~ 0 

"1f, (48) ~: is \t)--r, ~t~:)(ftiJ~:t~1JOT ~ ~: 1* ':) 
--r, 1Jolf ~ n~ JJliJ~:t~1Jo l~~~ JAP,x,p(00) iJ~1it~~: 

±~1JoT~~tiJ~~JJ.19~~~~o "1t.:, ~t~:)(~ (7 
mU:)(ft) iJ~:t~1JOT ~ t, 7ijU9~&: ui(k) ,;.1: B1S1~ ~ 

n, 'l'~~JE(J)*~~t~~o J:':)--r, (48)1nJl1(J) 

E [nJ,i 2 (k)J /(E [llui(k)1I2J /L) t± i ~: J: ~ f-5E1Ill 
t ~ ~ t.:~ p ~:it'f;U l--r JAP,x,p(oo) iJ~:t~1JOT ~ ~ t 
iJ{mf9j-r: ~ ~ 0 ~ (J) ~ t ,;.1: fm/ff1Ill ~fljfflT ~ tE*(J)7 
tJU~ (51) -r: ,;.1:mf9j-r: ~ ~ \t)o 
~1f, A1J1~%(J)(J)§eAl~mliJ~*~ \t)!j~~:t;.1:, 7iJU 

'~&:1~%Ui(k) ,;.1:/j,,~~b(J)~:~~o T~b~, (48) 
1nJl1(J)7t£J:rJ{iJ~/j" ~ \t)1rn: t ~ ~ t.:&I), JAP ,x,p (00) iJ~* 

~ ~1Illt ~~o ~(J) ~ t J: ~ ~~f*1(J)*~ \t)1~% (c) ,;.1: 
1a-% (a) ~ (d) J: ~ JE~~~~iJ~*~ <~ ':) -C\t)~ ~ t 
iJ~mlJfj -r: ~ ~ 0 

*~:if%~:~tT ~*5*~~-g ~:7FTo fPJ~ (b) ,;.1:t* 
ft 2 *~~~(J)~X*HB*!~~To ~tJ3*tt,;.1: p = 3 ~~ 

~ 0 ~7Iit;.1: AP i!~: J: ~ b (J)~, 1i!K9~t;.1: (37) ~:7F l 
t.: AP ~~ NLMS i!(J)*l ~ jJ! l~fflT ~ t \t) -? Jli:1~ 

~~: J: ~ b (J)~~~o ~*Jitt1i!*9~(J)~';.1:~ dB f~lt~ 

~ ~, 1iJ!f~:~t l--r b AP it~ NLMS it(J)~ ~ j£ l t 

o 

2 

12 16 

a wave form 

-2 L.---_---L__----L..__~____' 

4 8 
Time [s] 

b transient-state. coefficient error 
m 10 -APA~ 0 ... - - NLMS complext -10 
_CD -20 
c -\: ­

:§ -30 

:s -40 
<3 -50 L...--_.....L..-_~----.;~--...L------I 

o 2 3 4 5 
Iteration (x10") 

c stead -state coefficient error

'i 0 -APA
 
~ -10 + eigenanalysis basis


+ + +
X Xe X NlMS-complex


; -20 

] -30 
°0 =-40CD

<3 -50 '------'-__~__---"-__--J-_----I 

4 16 64 
Projection order 

~-9 ~F1~~c: ~n~:~tT~ifr1~*!* 
(a) ~Fi1t%, (b) ~iJt 2 *~~~tJ~iO) (37) ~: J: ~ifr1~ 

O)~~iE, (c) ~t~*fj(c: 5E1ft~7Ct~t~~ 2 *~~~O)~t~O) 

ifr1~W*, E~~O)~P*'±, ~-6 c: ~-8 ~~~~o 

Jli:1~ T ~ ~ t iJ~*~ ~ ~ t iJ~?tiJ~~ 0 ,~-9(c) ';.1:5E~ 

~~~t~t~*;t(J)oot*~7F It.:~~~ ~, ~*9~t;.1: AP 

it(J)~*~~:iS~t ~*5*~*5Ivt!. b (J)~~ ~, I xJ ~n 

t;.1:1J!~ l t::- (48), I +J ~n t;.1:ffiJ1f1IllJtlJf~:~0 <~~~ 

(J)jfr1fA~~:J: ~1~~7FTo ~is, 1!~lt.: (48) (J)at_ 
';.1:, JIG ~:~.~~1tJ:(J) t ~ ~ "'r':iZFi/'(t.: J: ~ ~: 4j- ;,; 7°)v~' 

t ~:*~t':A1J1~% x t~.:g. n (J)7tj!J~~~iJ~~*~t.: 

iJ~, ~ /ff1rn:?tlJf ~: £--:5 <1fit ,: is ~) --r b, 4j-;,; 7°)v~' 

t ~:A1J1a%(J)*7tfiX~j9U XT(k)X(k) (J)*/j"I1ID1f1m: 
iJ~ ~ (51) ~*~,*ra'-¥:t5) It::-{@:~ ffl\t)"t"\t)~ 0 ~*! t 

I xJ ~n(J)~t;.1:lI*"'r'ft dB f£~~~~ ~ t iJ~~W~1:" 

T)v ~:£0\t) t::-JlI:1~*fi*iJ~·J:\t)ili:1fA ~ If;t ~ ~ t iJ~?t 

iJ~~o ~t.:, r+J En';.1:~tJ3*~~...t~-f'~ t~7f!iJ~~~ 

tL, /fiE$~: ~ ':) --r\t) <~ t iJ{7tiJ~~ 0 

~...t, ~~~~t5E~~~~(J)~~2*~~~JlI:~ 

~t~~(J)m~~~l~~*, jfr~~t~~(J)~*~ 

tliJ~ J: <~~.t l, 1l~ NLMS i!1:"T')viJ~ AP i:t(J)~X* 

~Jtl~JE;a9~:mlJfj-c'~~~tiJ~7tiJ~':)t.:o "1t.:, ~t 

J3*ft~ A1J1a%~: J: ~ ~X*~¥JI~(J)Jiv) ~1l~ NLMS 

it1:"r)v';.1:5EJt189~:~~-r:~ ~ ~ t b?tiJ~':)t:.o 
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. !j	 6. * t ltJ 

AP ¥to)~:lJIt!!~ttO) $~lj:~1W~ ElE!9c i.r. AP ¥t 
~ AJJfg~O)Tmti~~H~~ AJJ c T ~fl~O) NLMS ito) 
.1~c1W~T~fl~NLMS¥t~f~~~l~o* 

~:, .:. O)~ -r )Vl,Pi?, AP ¥to)i@.iJf:l*:t~ b:E-m-:I*:t~O) 

~~2*~~~NLMS¥t0)+n~*~T~~~~~ 

~l:Jj It.::o Tlj:b-t:J, i@.iJf~~~li , AJJfg~O) 0 *iJ' 
i?Mti*~-1*1~O)T.B~~AJJCT~NLMS 

¥t~~ ~ ~ l~fflT ~.:. c -Co, 5E-m-~~Ii~TiM~~~ 

~AJJCT~NLMS¥t~~t~5E-m- ~~O)Wcll 

~ftllt.::o Btsfg~ c 5!v' § c~§l*IO)a; ~fg~~'2itr 

@"?O) if? .A~-H-&rl'-H-JIiAJJ{g~~::NT ~ at1U;l~ 

~~~-~3~0).*, ••~~:~5E-m-:I*D2*~ 

~O)~fWitE:*O)Im;fffj/[~ fflv' t.::1W;fJT c Jt ~llHflj: 

~~~fi1':'c#~~, Mti*~~AJJ{g~~:~~ 

~~IUI~ttO)jftv ' ~5EttE!9~:m~~ ~ ~.:. c iJ'~~ nt.:: o 
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1-tii< NLMS $(J):iE*,~~ (11) (J)~l±l 

1 f, (6) 0) 2*/ )v1. O)WH;ffiR ~ c~ 0 ~t J3fi9U 

O)tt~, P;(k) = P x(k), Px(k)Px(k) = Px(k), 
P x(k)x(k) = x(k) ~:iE:i:T~ c, 

E [11€(k)11 2
] 

= E [€T(k-l)[I-J.t(2-J.t)Px(k)]€(k-l)] 

+ E [€T (k -l)[I - J.tPx(k)]J.tx (k)n(k)] 

T+E [J.tx (k)n(k)[I -J.tPx(k)]€(k- l )] 

+ E [J.t2 n2(k)1 Ilx(k)11 2
] 

= E [€T(k-l)[I-J.t(2-J.t)Px(k)]€(k-l)] 

+E [2J.t(1-J.t)€T(k-l)x(k)n(k)] 

+ E [J.t2n2(k)1 Ilx(k)11 2 
] (A.l) 

(A.l) O);{jJllO)fff; 2 J1H:a; ~~{;ffj/[liW- ""f0)1&:5E0)""f 

~O clj:~ o (6): ~ €(k-l) li~~ (~~ljk-lW-1ltr 

0)) AJJfg~ c ~~O)~-H-iJ' i? nX; -:> l v' ~ 0 ::. 0) C ~, 

~~~Ij k O)~-H- n(k) cAJJ{g~O)lMUx &r)"i@.~O)~ 

-H-iJ'5!tl3tt'= c1&:5ET ~ C, E [€T(k -1)x(k)n(k)] = 

E [€T(k -1)x(k)] E [n(k)] C lj:~ o £~:, n(k) O)~ 

{;ffj/[iJ' 0 c 1&:5ET ~ C, (A.l) O);{jJllfff; 2 JllJ:a; ~~ 

{;ffj/[ Ii 0 c lj: ~ 0 

(A.l) O);{jJllfff; 3 J1{li7trc 7tm:iJ'5!tl3t$~lj:O)~ 

1Ia!5JU ~:M{;ffj/[ ~ c ~ .:.c iJ'~ ~ ~ 0 W---t ~ ~~T ~ C, 
(A.l) Ii, 

E [11€(k)11 2 
] ~ E [U€(k-l)11 2

] 

-J.t(2-J.t)E [llPx(k)€(k-I)11 2 
] 

2E 2(k)]+J.t [n IE [llx(k)11 2 
] 

(A.2) 

clj:~o .:..:.~, (A.2) ~:5E-m-:I*:t~~:i:,*T~~1!j: 

E [11€(k)11 2] = E [11€(k - 1)//2] (A.3) 

~ttAl, 5E-m-:I*D~a;~,:,c~~.~T~~~~, 

k-+ooCT~C, 

lim E [IIPx(k)€(k - 1)11 2 ] 
k~oo 

E [n2(k)]J.t . 
=	 -- lim ----;,..=-----;;-, ­

2 - J.tk~ooE [//X(k)//2]
 
2J.t an (A.4)

=	 2 - J.t Lax2 

O)l*I~iJ ~f~ i? n~ 0 

(A.4) O)tr:Jll~~l<~~t.::~~:, (A.4)~: (7) C (8) 

~1tAT~ C, 

mailto:r)"i@.~O
mailto:i@.iJf~~~li
mailto:to)i@.iJf:l*:t
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lim E [II Px(k)e(k-1)1I2 ]
k- oo 

~ E [e
T(k-1)x(k	 2 

= kl!..	 )xT(k)e(k-1)/ Ilx( k)11] 

= ,Ii.n,:, E [ (~ X(k - i ),,(k -l ))' / IIx(k) II'] 
2 

= kl~~ E [~ X2 (k - i ) fi 2 (k- 1 ) / II X (k)11 ] 

+~~E [~~X(HX(k-j ) 

X ,,(k-l ),;(k-l)/ IIx(k) II' ] (A.5) 

t ~ 7.> a t: t!. L, f i(k - 1) Ii , e(k - 1) (J) i I' 
§(J)~~"t"~7.>o 5E1t;jjUiH:j3"' -CliJ.JJ x(k) t 

1*~~~ ~ 7 l- )v e(k - 1) (J)~~~ilf~gDL"t" ~ 

I) , "tt:., 1*~~~~7 )-)v e(k) (J)~~~bK'" 

1.:~gDL "t" WH~ 1l ilf a "t" ~ 7.> t{&5E"t"~ 7.>(J)"t" [14], 
(A .5)	 (J)"tiill.m 2 J1{ li a t~7.> o "tt:., x2(k ­

fi2(ki)/ lIx(k)1I2 t - 1) (J)~!RJLt1i1 f{&5E-r:' ~ 7.> t, 
(A .5) (J)"tiillm 1 J1{ li, E [lIx (k)1I 2] = LE [x2 (k)] , 

E [I:~~olfi2(k -1) ] = E[lI e(k - 1)1I2] "t"~7.>': 
til'G, limk_ooE[ lle(k-1) 1I2 ]/L t~7.> o ':nG 

lim E [llPx (k)e(k - 1)11 2 ] L 
k-oo 

= lim E [lIe(k - 1)11 2] (A.6)
k-oo 

);),1:, (A.3), (AA) , (A.6) J: I) , 5E1t:l*~"t"(J)1*~ 2 

*~~~3\(T (11) ilfj;JT(J) t j31) $ iI'n7.>a 

JNLMS,x(OO ) == lim E [lIe(k)1I2]
k-oo 

= lim E [lIe(k - 1) 11 2]
k- oo 

= lim E [II Px (k)e(k - 1)11 2] L
k-oo 

(A.7) 

EHtfJ ft51: 
-'¥ 21F~t * . I . -f$±~l~T a fiiJ1F NTT AHa j.:)'*, ;m 

~7 1~9, 7 17 0 * ~ 7 ~ - ~M~~R~~.a .~ 
t1fflljffi{g~~~Ja a 

~EH ~ 

813 5216* . I . t1ffll . *±~~T a fiiJ1F 8 *.m-lt~~ 
H WI. NTT ) AHa j.:)'*, NTT M~PJTI.::t:>" '''( , {ffim­
~~~~M~~~. a-'¥ 12:~.~.~*~ t1fflljffi. I 
~HfX~ o ~{EI: ~7.> a I "fta -'¥ 1 7 1 7 0 * ~7 ~-~ 
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