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1.2 HEGNER
— Y 2138 [o] Rt

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

CLEIZEATy(n), x(n) A2 IE VO R S BN [R5 =, 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) - ¥(n)]"} = min
W PER AR [Rh(n) A 7E /NS T R 2 2T A2 S L.
--------- S £ 38 58G o) R

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

) | ety |7
B3

h(n)
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1.2 HEZNIRIR
— Weiner-Hopf 512
WU I 2% BAAT EURE R N h(n) > h 2 S8 |
7() =3 h()x(n-i) = S hx(n-i \l

STJ—ZE[ ) )= —2Efem)x(n- )] =0,¥i.r

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

r(j)=E[x(n)x(n—j)]
i rc(j)=Zhir(j—i),Vj =) \Weiner-Hopf /i #

HO
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1.2 HEGNER

o

= IE3ZJEIE(Principle of orthogonality )

EEOXEDIE0NA | . .,
N

y(m =Y hxn-ijJ

ERM@I=0vn T

IFR R e M | UK (NIRRT R R 2R

y =1y(n)},

IRESHINE

Karpvid (S ESAAZESHEIN IREN

T58ZESHE)L

:x-

. €(n) = y(n)-y(n) = y(n)=y(n)+e(n),vn
y(n) =2 hx(n—ijem G nfs 5o ki
HEL LM B LR () R RG2S 2

=S EEB S S RN E SN ETEY
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y(n) = y(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(n)
FIR,IIR
e 1T |

X(n) | RS :

h(n)
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1.2 YELRIRIK
NBTFIRZE 480K 25 A%, 0<= i <=N-1
gn) =Y hx(n—i) *=== F(n) =Y hx(n-i)

=0

i X(n) =[x(n),x(n=1),..., x(n—=N +DT
A H= [ho’ hy,..o, hN—l]T
i y(n)=H"X(n)=X"(n)H

—_—————————

E[e(n)x(n—])]=0,0< J<N -1, vﬁx\: E[e(n)X(n)]=0;V¥n
ELy(n) - H XMIX(M}
= ELy(MX(n)] - E[X(n)X’ (M)JH =0

. Hy, =RT R

XX YX X

—

/
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1.2 HEGNER

=H -
PR .

- r(0) rd .. r(N=1)
r(1) r(0) .. r(N-2)

R —| . | |
F(N-D) r(N-2) .. r(O)

r(p) = Elx(n)x(n—p)]

1 (0) | R=Ru (), LA ToplitztE i
ol O e = Erymxn- p)
_rC(N —1)_
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1.2 HEGNER

T NMFIRE N E R s/ NI FIRE J,;

J =E[e*(n)]=E{[(y(n) - y(n)]}
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
Join = E[y*(M]-2r,H,, +H R H,

opt opt

= E[y* (W]~ HipRH,,

opt

= E[y*(n)]—Hg,r

opt yx

*E[y(mX" (M]=r, =HR,<—— H_  =R,r

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)]—2ryTxH+HTRXXH — X EATE

iREMEERAE (Error-Performance Surface)
J(H)-J,;, = E[y2(m]-2r H+H'R H -
{E[y*(n)]- 2r H_+H! R oHoptt

opt opt

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

iREMeedi®E (Error-Performance Surface)
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My =R Hoi Ty = Ho R

Xx' ‘opt? " yx opt" ™ xx
J(H)-J,, =Ely*(n)]-2r,H+H'R, H-

@ . {E[yz(n)]_ 2r-3-|/-xHopt T H-(Ij-ptRxxHopt}
*AlT T T T
=—2rnyi RXXH+2rnyopt_H RxxHopt

opt
A

J (H) _ ‘]min = -cl)-ptRxxH o HTR;Hopt + HTRxxH +
2H-cl)-ptRxxHopt - H-cl)-ptRxxHopt

= _HzptRxxH o HTRxxHopt T HTRXXH T I_IgptRxxHopt

J (H) — ‘]min +(H o Hopt)T Rxx(H o Hopt)
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1.2 HEGNER
+ EYNER KT R IER

y(n)

x(n) | SetEE
_ &0
y(n) =e(n)+y(n)
=e(n)+H,, X(n)
HESEE: e(n)y (n) FAX(N)AHE IR,
H(n)Zy (n) FHAX(n)FH <847

75318 e (n) 1E oM IR E 0S8R (R L M EsR) |, M)
= ()RR AX (n) AR E0EE4 Y(N) |
y (n) FFIEAX (N) N HERBIER
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B 18 B i 4k 1858 (Adaptive line Enhancer)

X(n)=y(n-D)

y(n)
!

Delay
(D)

FREE K, < D<K,

ADF
/

e(n)(~5y( ) ) NZTTOW j
ana Sidna
y(n) J

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

i

AHER SPyE SR
SF\éBB_“ "we___Narrow band signal
P -
broad band signal Ff ]
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1.2 HEGNER

J\ Z’Eéﬁ]i)ﬁi&fﬂ—ﬂ%%’l‘ii)ﬁi&EI’\Jl:l:?ff_i o
Weiner-HopfJ5 #: 1. (1) = Z hr(J—1),V]

x() = y(n)+v(n) v(n):noise Fay (n) TAAE

L) =) =nn () =ry () [ &R
o () = Ny (1) = Ty () + 1, (1) /

(=S -/ 7 ;
) - S,,(2) L [He)| - \Syy(e ) !
S,,(2)+5,,(2) S, (&) +S, (")
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1.2 HEGNER

71 Examples
Example 1:Echo cancellation
() =2 hr (- vi [
i ; \H(n) =H
S, (2) =H(2)S,,(2) H(z) X (n) 4
ST
y(n) = X(n) +s(n) e(n) y(n)

(1) =1 ()) = aaon (1) =T () e i e s () fOMMSE

(1) = 2 h()r (j —)<==%(n) = 3" h(i)x(n—i)

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

\
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Example 2:inverse modeling problem

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

(D) =2_hr(j-i),v] doy"
SZX(Z) =H (Z)Sxx(z) gl rHafI(izo)channel
X(n) =d(n)+v(n)=h_(n)*d(n)+v(n)
y(n) =d(n) X(n)y

- - : H(z
r,(J)= rd(hr:d+v)(J) = Ty(h <0y (J) e(n) 5)9(”) -
Syx(z) =H,(z7)S,,(2) « «— training sequence d[K]

. . y(n)
()= (hr*d+v)(hr*d+v)(J) = =ayn =0y () 1, ()

Sxx(z) — H r (Z)H r (Z_l)de (Z) + SVV(Z)

-1 Sw(z)=0
H (z) H, (z27)S44(2) = 1

= - H(z)=
Hr(Z)Hr(Z )de (Z)+SVV(Z) Hr(z)

MMVCLAB
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Example 2:inverse modeling problem

Syx(z) = Hr (Z_l)de (Z)

r(P)=ELy(mx(n-p)] r,(p)=E[Xx(n)x(n-p)]
Fa (hyray (P) = E[d(n)zk: h.(k)d(n—p—k)]
= ;hr(k)lf[d(lﬂ)d(n - p—k)]
=Zk:hr(k)rdd(p+k)
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1.3 F/REIEF Fr=E)
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1.3 F/REIEH
— [oJRERYEE

Es/NIFREENT EPEREE—MmMk iR, B
HEXESER BHRTARERER L ITENESS.
(DM EES X(D), X(2),..., X(n) ;

(2)EAn- 1852 R L RTRI M 2R E5, X(1), X(2),..., x(n-1),
e /NI FIREENSEly(n-1)B &M, I8 A:

y(n— ]Jn 1)
B8 4 SRS Sx(n), i3t Y(nn)

212 D)RE XD, 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(),%(2),.., x(n—1) — x(n) X(njn-1)

iR E: a(n) = x(n)— X (njn—1) += #7 2 (Innovation)

HEXESYNEBEFESRE
y(n)=ay(n-L)+w(n) R&sE
MmAWRESx(n 2RI TNEREIRKE:
x(n) =cy(n) +v(n) MEFIE

2021/10/10 ’1 MMVCLAB



1.3 F/REENK

S tha,cREXIMENT I E

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

(2) EEAMTY(N-1In-1) BITRESH RNy M—5

y(nn—1) =ay(n—1n-1)
(b) MRIBIEITHE X E
X(nn—1) =cy(njn-1) = cay (n—1n—1) <= x(n) = cy(n) +v(n)

(©) x(n)BIRJE 7+ HH B
n—1) = x(n)—cay(n-1n-1)

a(n) = x(n)—cy(n

EHT S X TR

(2)FR:

y(n|n)

y(njn—1) #4171

N

y(nn) =y(nn—-1)+G,a(n)

2021/10/10

22
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1.3 F/REEN

Hrren2 M EF (Tl ), GnaY iR BN (IR IEH 2 1E
EFRERIMMET Y(Nn) S4B STt %Ia0fE H FE s
B FIRES/N:

J(n) = E[e*(n)]= E[(y(n) - Y(n\n))zl = min

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

=—a(n) Y(ﬂ\n) =Y(nn-1)+G,a(n)
oG,

2021/10/10

MMVCLAB
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E[e(n)xx(n)]=0 or E{e(n)[x(n)—cy(nn-1)]}=0
Lroe(n) =y -Vnn-1) TR, — P HEE)

p(n) = E[e?(n)] (— T 5% 2 T )
e(n) = y(n)—y(n|n) (R 5 1R 2)

= 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)
(n) = x(n)—cy(njn-1)
=cy(n) +v(n) —cy(nn-1)

= ce,(n) +v(n)
2021/10/10 24
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E[e(n)a(n)] = E{[(1-cG,)e,(n) -G, v(n)][ce,(n) +v(n)]}
c(1-cG,)p(n)~G,R  MMHERAHEE

)
__¢p(n)
R +c”p(n)
C

B %(n)+cz [p(n) =G, ]

n

2021/10/10 - MMVCLAB



(2)=KJI(n)
e PLE MR R, H 122 Ji 34 E[e(n)y(n\n)lzo
A E[e(n)a(n)]=0||
y(nn) =y(njn-1)+G,a(n)
0= E[e(n)§(n|n)] = E[e(n) §(n|n—1) +e(n)G,a(n)]
— E[e(n)§(n|n—1) \/
E[e(n) (nn-1)] = Oﬁ

E[e(n)a(n)]=0
a(n) = x(n) —c¥(n|n-1)

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

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

E[e(n)y(1)] = Efe(V()] |4

MMVCLAB
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3 (n) = E[e2()] = E[e(n)(y(n) - §(n|n))]
S ey e
=—%Ewmwmn
\/e(n) =(1-cG,)e (N)=G,v(n) v(n)Fe (n)AHHx%

J)=1GR
] C

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

\V
J(n) =[1-¢G,1p(n)
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(3)>Kp(n)
p(n) = E[e; (N)]= E{[y(n) - ¥ (njn-1)]}
= E{[y(n)-ay(n-1n-1)]}
= E{[ay(n-1) + w(n) —ay(n-1n-1)]}
= E{[ae(n-D)+w(m]’}  [(m)=y(n)=y(n[n)
= a’E[e*(n—1)]+ E[w?(n)] W(n)Fiie(n=DASHHE

=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—n-1)]

p(n)=a’J(n—-1)+Q
__¢p(n)
R +c’p(n)

I =& G, = (1-¢G,)p(n)

n

VItaFA1F: §(0[0), 3 (0)

2021/10/10 29
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1.3 F/REENK

= Summary of Kalman Filter

DAE{EEy(nEBEE S
y(n)=ay(n-1)+w(n) REFE
RIS Sx(n) BN S FEH:

x(n) =cy(n)+v(n) MEFTIE
AR > y(n) »(X _I_ >
w) Py | x(n)

1EI‘|'I’IHT7|J HY Ea—1 = ﬂ;y(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

__¢cp(n)
R+c’p(n)

HTF—EFM g Kalman Filter

n

3(n) =§Gn - (1-¢G,) p(n)

J(n)

y(n) =ay(n-1)+w(n)
x(n) =cy(n)+v(n)

X(N) — @@ y(n|n)

\

__Init. §(0]0), J(0)
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