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1.2 HEGNER
— Y 2138 [o] Rt

y(n)--—-BEHH (ZFEET) x(n)-----HNE T e(n)-—--REES

CLAIR Ay (), x(n) 2 IE VORI A2 B L (845 5, ke (H
FEOG, HAHZS) CF1LIEH AR 2L MM (FIRIR)

K FHE N B¢ /N ¥ 7 iR 22 (MMSE, Minimum Mean-Squared Error)
J =E[e*(n)] = E{[(y(n) - Y(n)]"}= min
W PR AR [Rh(n) A 7E /NS T R 2 2 T 22 S LI,
--------- S £ 38 58G o) R

y(n) ++ >e(n)
FIR,IIR )

o) | gereye |V

W

h(n)
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1.2 HEGNER

— Weiner-Hopf 512
WU I 2% BAAT EURE R N h(n) > h 2 S8 |
7() = > h(i)x(n-i) = X hx(n-i) \l

0] oe(n), b
E—ZE[G(H) ey 1=—-2E[e(n)x(n— J)] 0,/,771,”

| — |
/
* /
/
) s/

/

E[y(n)x(n—J)- Y hx(n-)x(n- j)]=0
X (J) = Ely(n)x(n— j)]
r(j) = EIx(mx(n- j)]

W ()= hr(j—i),Vj == Weiner-HopfJs 7
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1.2 HEGNER

= IE3ZJEIE(Principle of orthogonality )

R ..., "
é ={e(n)},
ym =Y hxn- i -

o

—_

IRESHA

EMy(=0wn
TF 32 REE: 2 B TR (R R B R 1 R0
BRI (S 215 S AERIE S MG SIRE(TE
55 EESHE)ER i

. &(n)=y(n)—y(n) = y(n)=y(n)+en),vn
y(n) =2 hx(n—ijem G nfs 52— 5
HEL LM SRR (MR R T RS2
S SHEBIES ERNES EHMERER
MMVCLAB
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y(n) = §(n) +e(n), vn
E[e(n)y(n)]=0,vn

L2 M RIER(ENER)FNTIEEEES
DEBRAARPTERTE (REGESEMIER M
EENE) , REGSHESWAEGES (EX)A
iﬁi, /)ﬁz)i'i::ﬁfi'uﬁ']ﬁ?ﬁ?\ 58AES(MEXR)
H

y(n) e -e(n)
FIR,IIR
g (ORI

x(n) X 2 R

h(n)
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1.2 AELNER
NBFIRLELRE IR 25 AV A%, 0<= i <=N-1
g(n) =Y hx(n-i) === §(n)=Y hx(n-i)

=0

BN X(n) =[x(n),x(n=1),..., x(n=N +D]'
A H= [hO’ h1 ----- hN—l]T
Wit y(n)=H"X(n)=X"(n)H

—_————— e

E[e(n)x(n—])]=0,0< J<N -1, Vﬁ\.\: E[e(n)X(n)]=0;V¥n

E{[y(n)—H"X(n)IX(n)} /’
— E[y(n)X(n)]- E[X(n)XT(rL]H 0
S Hoy = R T, Rxx

—

/
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1.2 HEGNER

=H -
PR .

- r(0) r@ ... r(N=1)
r(l) r(0) ... T(N-2)

R =| . . .
F(N-1) r(N-2) .. r(@)

r(p) = E[x(n)x(n—p)]

1(0) | R =Ru(A), LA Toplitzth i
=l "D ) = Elymxn- p)
_rC(N —1)_
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1.2 HEGNER

I NMFIRENE R s &/ NI FIRE J,,

J =E[e*(n)]= E{[(y(n)-y(N)I’}
y(n)=H"X(n)=X"(n)H
J = E[y*(n)]-2E[y(n)H" X(n)]+ E[H' X(n)X" (n)H]

= E[y*(n)]-2r,H+H'RH
Jmin = E[y*(M]-2r,H, +H R H,

opt opt

=E[y*(n)]-Hg:R,H,,

opt

= E[y* ()]~ HL,r

opt yx

*Ely(mX' (M]=r, =HR < H_, =R T

opt opt XX" yX
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1.2 HNER
N FIRZELNE R 25 iR Z 1 sEFI M

(Error-Performance Surface)

J(H) = E[yz(n)]—ZryTXH+HTRXXH — X EATE

iREMEERAE (Error-Performance Surface)
J(H)=J = E[y?(n)]-2rTH+ H'R ,H -
{E[y*(n)]- 2r H_ +H R Hoo

opt opt

J (H) — ‘]min +(H U Hopt)T Rxx(H o Hopt)

REMeedi®E (Error-Performance Surface)
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My = RHoi Ty = Ho R

xx' topt? " yx opt" * xx
J(H)-J, = ELY*(M]-2r,H+H'R H -

@ . {E[yz(n)] — 2r-;/rxHopt T H-cl)-ptRxxHopt}
*A T T T T
:—2rnyi RxxH+2rnyopt_H RxxHopt

opt
A

J(H)-J =—HT R,H-HTR H_ +HTR H+
2H-tl)-pt RxxHopt o H-(Ia-ptRxxHopt

— _H-orptRxxH o HTRxxHOPt + HTRXXH + ngtRXXHOPt

‘] (H) = ‘]min +(H - Hopt)T RXX(H o Hopt)
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2518 : NFFIRZEAE TS )
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i=EMEEME (Error-performance surface)
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1.2 HEGNER
+ EYNER KT R IER

y(n)

x(n) ‘ 2P E
| i
y(n) =e(n)+y(n)
=e(n) +Hg,, X(n)
hiERERE: e(n)dy (n) FAIX(n) AR,
HY(n) 2y (n) FAIX(n)FH IR IHE 43

Z512 e (n) {E A ATV AN IE0R (B ULk ieos) |,
2 My(n) RS EEFHIAX (n) FE2XHERS Y (N) ’i’ﬁ“ t
y (n) FFIEAX (N) N HERBIER
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B 18 B i 4k 1858 (Adaptive line Enhancer)

x(W)=y(n-D)

y(n)
!

Delay
(D)

FHIC IR - < D <K,g

ADF
/

e(n)/-sy( ) ) Nzrrow j
ana Signa
y(n) )

|
Narrow band signal (single frequency signal) + broad band signal (white noise)

i

AHER SPyE SR
s%\éw_” " Narrow band signal
P -
broad band signal inllE]
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1.2 HEGNER

J\ YELRE R FN— AR 24 5K U EE &R
Weiner-Hopf 7 F2: 1,(J) =D hr(j—i),Vj

X(n) = y(n)+v(n) v(n):noise Fay (n) FAEE

rc(j):ryX(j): y(Y+V)(j):ryy(j); I _ﬂﬁzf.’r_&.j),ﬁ?}fi
o (1) = Tyanyyon (1) = 1y (1) + 1, (1) v

()= Xhr(i -0, /2 5
H(z) = %) =|H(e") 5, ")

- 8,(2)+5,,(2) ) S, (") +S,,(")
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1.2 HEGNER

71 Examples
Example 1:Echo cancellation
() =S hrG-i)v [
i ; \H(n) =H
S, (2) =H(2)S,,(2) H(z) X(n)_&
/ L @im | P
y(n) = X(n)+s(n) e(n) y(n)

(1) =1, (1) =T (1) = T () et F e s lVIMISE

(1) = 2_h()r(j—i)===%(n) = >_h(i)x(n i)

H(2)S,,(2) =H(2)S,,(2) = H(2) = H(2)

\
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Example 2:inverse modeling problem

noise v[n] _ training sequence d[K]

rc(j)ZZhir(j—i),Vj Cl(n)///"\\
SXX(Z) =H (Z)SXX(Z) + rHafI(izo)channel
X(n) =d(n)+v(n)=h_(n)*d(n)+v(n)
y(n) =d(n) X(N)}

N N : H(z)
r =T, « =T, 2
(1) d(hrld+v)(J) d(h, Ne) e(n) d o
S, (2)=H. (27)S4(2) > «———_training sequence d[K]
. | y(n)
Lo (1) = T vy =) () = T wayn =y (1) + 1 ()
Sxx(z) — Hr (Z)Hr (Z_l)de (Z) + Svv(z)
-1 Suw (2)=0
H (Z) — Hr (%1 )de (Z) — H (Z) _ 1
Hr(Z)Hr(Z )de (Z)+va(z) Hr(z)
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Example 2:inverse modeling problem

Syx(z) — Hr (Z_l)de (Z)

r(P) = ELy(n)x(n—p)] r,(p)=E[x(n)x(n-p)]
fa(n, -y (P) = E[d (n)zk: h (k)d(n—p-k)]
= Zk: h.(k)E[d(n)d(n—p—k)]
=Zk:hr(k)l’dd(p+k)
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1.3 F/REIEF Fr=E)
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1.3 F/REIEH
— [oJRERYEE

EsNFREENT SRR — etk iR, 8
HEXESF2 HRETAREERE L ITENENS.
(DM EEF X(D), X(2),...,x(n);

(2)E3n 105 R L RTEI M 2RSS, X(1), X(2),...,x(n—1),
s IFIREENSFRY(0-1)RHETT,IEA:

y(n— ]Jn 1)
BI85 4 S BIE MBS S x(n), & 3t: Y(nn)

&2 1)#848 X(D), X(2),....,x(N) , 43+ Y(Nn) ;(Weiner Filter)
2)BRMFE: y(n—In-1)——y(n|n)

x(n)
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1.3 F/REEN

— BRFE:
(1) — 77N (One-step prediction) N
B X(),x(2),...,.x(n—1) — x(n) X(njn—1)

IR E: a(n) = x(n)— X (njn—1) += #72 (Innovation)

HEXESYNEAESEE
y(n)=ay(n-1)+w(n) R&HRE
MYWRIESx(n BRI TUEREZRT:
x(n)=cy(n)+v(n)  WEFGIE
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1.3 F/REENK

H Ha,cREXMENTINE

#H.w(n),v(n) 2 HZE57HQ%F
RE’JEH;E Hv(n)Fy(n),w(n) A8 <. SR E R 77 79

(2) BIEBMEIT Y (n—1n-1) Bid RS H Ry HB—5

y(nn-1) =ay(n-1n-1)
(b) FR¥ENE 5 X &
i(n\n -1) = CV(”‘” —1) = cay(n —]Jn —1) <= x(n) = cy(n) +v(n)

(c) x(n)BRjE HEH R
n—1) = x(n) —cay(n-1n-1)

a(n) = x(n)—-cy(n

EHT S X TR

(2)FR:

y(nn)

y(n|n-1) #4TE1

N

y(nn) =y(njn-1)+G,a(n)

2024/9/22
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1.3 F/REEN

Hrren2 M EF (Ul ), GnaY BN (R IEH 21
ERRERIMMET Y(nn) B4 B STt %Ia0E H FnE s
B FIRES/N:

J(n) = E[e*(n)]=E[(y(n) - V(n\n))z] = min

od (n) 8e(n) B
3G, =2E[e(n ) G 1=
oe(n)

~ —a(n) y(n\n) =(nn-1)+G,a(n)
oG,

2024/9/22
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E[e(n)ar(n)]=0 or E{e(n)[x(n)—cy(nn-1)]}=0
Loe()=y(M)-yn-1)  [EEEHREE — L HNE2E)

p(n) = E[eZ(n)] (— B TR R 2 Th )
e(n) = y(n)—-y(njn) (I3 5 17 %)

=y(n)—y(nn-1) -G, [x(n) —cy(nn-1)]

=e,(n)-G,[cy(n) +v(n)—cy(nn-1)]

=(1-cG,)e,(n)—-G, v(n)
or(n) = x(n) —cy(njn-1)

=cy(n)+v(n) —cy(nn-1)
= ce,(n) +v(n)
2024/9/22 24
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Ele(n)a(n)]=E{(-cG,)e,(n) -G, v(n)][ce (n) +v(n)]}

=C(1-¢G,)p(n)-G,R  V(m)Aile;(n)FHHEE
-0
__¢p(n)
R+c’p(n)
C

- %(n)+‘32 [p(n) =G, 1]

n

2024/9/22 o5 MMVCLAB



(2)3KJ(n)
Bt 2tk e, iF Az |Ele(n)Y(nn)] =0
AR Efe(n)a(n)]=0)]
y(nn) = ¥(nn-1) + G,a(n)
0 = E[e(n) y(n|n)] = E[e(n) §(n|n ~1) + e(n)G, cx(n)]
= E[e(n)§(n|n-1) \/
E[e(n)¥ (nn—1)] = oj}

E[e(n)ax(n)]=0
a(n) = x(n)—c§(n|n-1)

E[e(n)x(n)]=0

+
x(n) =cy(n)+v(n)

Ele(n)y(m)] = - Ele(rv()] | 4

MMVCLAB
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3 (n) = E[e* ()] = E[e(n)(y(n) - §(nfr)]
BRSO COMO R LU
=—%Emmwmﬂ
\/e(n) =(1-cG,)e,(n) =G v(n) v(n)Fle (n) A+

J)=2GR
] C

__cp(n) _ ~
G, = R+ 2 p(n) = G, R=cp(n)[1-cG,]

\
J(n) =[L-¢G,1p(n)
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(3)>Kp(n)
p(n) = E[e; (n)] = E{[y(n) - y(nn-1)]}
= E{[y(n)-ay(n-1n-1)I°}
= E{[ay(n-1) + w(n) —ay (n -1n-1)]}
= E{fae(n-1)+w(m)]’}  [(m)=y(n)=y(n[n)
= a’E[e*(n-1)]+ E[w’(n)] W(n)fiie(n—DAHHE

=a’J(n-1)+Q
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1.3 F/REEN

(4) 255

y(nn) =ay(n-1n-1)+ G, [x(n) —cay (n—1n-1)]

p(n)=a*J(n-1)+0Q
__ ¢p(n)
R+c’p(n)

I =& G, = (1-¢G,)p(n)

n

Yiaas&At: §(0/0),J(0)

2024/9/22 29
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1.3 F/REENK

= Summary of Kalman Filter

EHESZESYN)EGESHER
y(n)=ay(n-L)+w(n) RK&HiE

MBS S x(n) BN S HEEY:
X(n) =cy(n) +v(n) E=pats:
y(n)

O E @ HOT X(n)
e

ENATZI R AT R ES X(D), X(2),...,x(Nn)
&t nE R ESEESy(n)
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1.3 F/REIER y(njn) =ay(n-1n-1)+G, [x(n)—cay(n—1n-1)]
p(nN)=a’J(n-1)+Q

__¢p(n)
R+c’p(n)

HTF—EFM g Kalman Filter

n

(1)=& 6, =(1-¢G,)p(n)

J(n)

y(n) =ay(n—1)+w(n)
x(n) =cy(n)+v(n)

x(n) — T \“i\ y(n|n)

\

__Init. §(00),J(0)
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