FLtE mNTRBIENIE
(Least-Squares Adaptive
Filters)
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IH)= S €)= 3 [(y(n) - §(n)F = min

L}

J(H) = E[e*(n)] = min
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7.1 wmANZFE
(Method of Least-Squares)
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7.1 E/INZFE
— LAY A B

% (DMEEE XD), X(2),.... X(L); H=[h,h,..."hT
)EIEE YO, y(2),..., y(L)

x(n) - x(n—1) il - x(n—N+1)
: eA(n)
- 1 R R
0 1 ! N-1 7 y(n)
D D P Chn
RMHFIRE &N RN 25 [RIBHEE
4 VIR BB R AR RO
y(n) =Zh x(n—k) e(n)=y(n)-y(n)
n=n, H,. < LS Filter
J(H) = Ze (M) = 3 [(y(n) ~ ()] = min
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n=n,

7.1 wm/INRE J(H) = Ze () =">_[(y(n) - y(m]* = min

n=n, n=n,

— IEA R (Principle of Orthogonalit
RO YR URY

a;f:') O:fo(n K)e(n) = 0.k =01 N1

BT R HE : LSTE I 2 B Ax(n-K) iR Ze(n) IEXT, k = 0,1,...,N-1
R 1 IR A8 g AR Ze(n) IERT

I’]=n2

Z y(n)e(n) =0

HER2:LSIEFE SN TR ARG 5 y(n)#H1T IEXR 4R
y(n) =y(n)+e(n)
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Z (M= §2n)+ > e (n)
s

Jnin =&, — &
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7.1 ®m/NTIFE

= IENJ5#(Normal Equation)

e(n) =y(n)—y(n)=y(n)- Zh X(n—k)

Zx(n—k)e(n) =0,k=01...,N-1

n=n1

M

n=n,

Zh rix(n kK)x(n—m) = > x(n—k)y(n),k =01,...,N -1

0 n-n é) /'nrh

N-1
Zh ®d(m,k) =z(-k),k=01...,N -1 Normal Equation
m=0

OH=z=>H  =®"z
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7.1 w/PNITIRIE
o(m,k)= > x(n—Kk)x(n—m), m,k =04,..., N -1
2(—k)= > x(n—k)y(n),k =04,..,N -1

(I):[(D(m’ k)]NxN
z =[2(0), z(-1),...,z(-N +2)]'
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n=n,

7.1 wmINZFE J(H) = Ze (n) = Z[(y(n) vy (n)]? = min

/4 selection of n; and n2(Da(’£)a windowing)
P S
- M Ny _
| e __ G _ _ _ _ _ _______ )
I (3) e i
d(m, k) = Zx(n k)x(n—m),m,k=01,...,N -1
2(—k)= > x(n—k)y(n),k =04,.., N -1

1)n, =1, ny=L+N-1, 515V EN-1( 1 A1)
2)n, =1, n,=L, B #NEN-1, 5 At 2 (R N5 15)

3)n, =N, n,=L+N-1, 5 A2 5 #NEN-1 (5 18
4)n, =N, n,=L, § J5 AT (7 2 0%)
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7.1 w3

FH. Minimum Sum of Error Squares

£ =3 M) = 31> Ax(—K)F

=H'®H=H"z=2"H H,. - @z

— Ty _ T 41
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7.2 FrRERLSE
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(Standard RLS Adaptive Filters)
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J(H) = 3 e () = 3 [(y() - T = mi

x(n) - x(n—1) il : - >1<(n—N+1)
I eA(n)
|
Wi @ TR TR
! gy | y(n)
D D P D <

FAR AR RBEN- 1 2118 2 8 4% R BB LSAt 3 7En
EAVNEE ?E@Jﬁl%): BLSHEN EEHTIEB A3 RBDRLS

J[H(n)] = Zl” 'e?(i) = min A—> BHEHF

x(i) =[x(), x(| ~D,...x(—N+D]"  e@i)=y@i)-V()
H(n) = [h (n), b (n),...,hy_ (M]'
y(i)= Zh ()x(i—k) =H" (n)x(i) = x" (i))H(n)
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yi)y=H' (n)x(_i) = XT_(D"l(f‘)
8J[H(N)] iy e()=y(@)-y()
6H(n) 0= Z/I e(i)x(i) =0

Zﬂ,” ')(i)x" (i (jH(n) Z/I“ "y(i)x(i)

<1>(n>H(n> z(n)/
1) @(n), z(n)EE

PO=2AXDXO o) =201+ x(x ()

= /Iri AXOXT ) +x(n)XT (n)
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2(n) = 3 Y(X() = A3 A X(0) ) + X()y(n)

z(n) =Az(n—=1)+x(n)y(n)
2) @ (N)IEHETHE ®(n) = A®(n-1) +x(n)x' (n)

%Elzilrﬁ—?ﬁ‘éﬁ (A+ BCD)_]' = A_l _A_lB(C_|_ DA—lB)—l DA—l

P(n)=®*(n) A=4®(n-1)
B=x(n);C=1D=x"(n)
P(n)=A"P(n-1) - A"'"P(n=D)x(n)[L+

X" (N)AP(n=1)x(n)]*x" (N)AP(n-1)
22 P(n=1)x(n)x" (n)P(n-1)

[1+ A" (N)P(n—D)x(n)]
2020/12/11 15 MMVCLAB

P(n)=A"P(n-1) -




AP(n=)x(n)x" (N)P(n-1)
[1+ 42X (N)P(h—1)x()]

A P(-Dx(n)
1+ AT (N)P(n=1)x(n)

Q P(n) = A'P(n—-1) - A 'k(n)x" (N)P(n—-1)
k(n) =P(n)x(n) \
3) H(n)Ribs T

/‘ H(n) = ®*(n)z(n) = P(n)z(n)

H(n) =H(n-1)+k(n)§(n)
En)=yn)—H" (n=)x(n) ETREZE

e(n) = y(n)—H" (N)x(n)| (e(n)¥:)5i%%)

P(n)=2"P(n-1) -

z(n) =Az(n—=1)+x(n)y(n)

~ k(n)
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z(n) =Az(n—=1)+x(n)y(n)
P(n) = A2"'P(h—1)— A 'k(n)x' (N)P(n-1)

H(n) = @™ (n)z(n) = P(n)z(n)

={A"P(n-1) - A k(mx' (N)P(n=D}HAz(n-1) +x(n)y(n)}
=P(n-1)z(n-1) jk((n)xT (n)P(n —mp(n)x(n) y(n)
=H(n-1)—k(n)x" (N)H(n-1) +k(n) y(n)
=H(n-1)+k(n)[y(n)—H" (n-1)x(n)]
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z(n)=Az(n=1) +x(n)y(n)||H(n) = H(n-1) + k(n)§(n)
4) J[H(N)]=min =J, ¢ AEHETHE
w=6,-THs =Y A7)

Jiin (N) = &y (n)— z' (MH(M) {Hgs(n)}
g,(n) =&, (n-1)+y*(n)

Jin(N) = &y (n)—z" (n)H as (N)
= Ae,(n=1)+y*(n)—[Az(n-1) +x(n) y(MT’
[H(n—1) +k(n)&(n)] A
=g, (n-1)-z" (n-)H(n-1)]
+y(M[y(n)—x" (NYH(n-1]-z" (n)k(n)&(n)
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z' (Mk(n)=z" (N)®*(n)x(n)

_ [(I)—l(n)z(n)]T X(n)// 'Jmin (n) — gy (n) o ZT (n)H(n) .

=H'(nx(n) -~

/

s(n) =y(n)— H' (n-Dx(n)

Jn(M) =Ale,(n-1) -2 En —DH(n —1)]//

+y(MLy(n) —x" (n)H(n

~D]=H" (n)x(n)&(n)

= Ain (N=1) + y(n)g(n) —H' (n)x(n)§(n)
= A, (N=1) +[y(n) —H" (n)x(n)JE(n)

= 23, (1) +e(N)&(n)

F(n) =y(n)—H" (n)x(n)

Jrnin (M) = Ad i (N—1) +€(N)E(N)
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A P(n=1)x(n)
T k(n) — =
5) RLSEIXH &S 1+ A% (n)P(n—=1)x(n)
wiaatk:  H(0)=0
P0)=5"1
5 small positive contant for high SNR
| large positive contant for low SNR

S n=12,... n(n) =P(n-1)x(n),

k(n) = ™)
A+X" (n)w(n)

&(n)=y(n)—H" (n-1)x(n),
H(n)=H(n-1) +k(n)&(n),
P(n)=A"P(n-1)-Ak(n)x" (n)P(n-1)
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