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Wiener Filters (1)

N Gaussian random variables

W(t) = X(t)+ N(t)
e(t)=X(t+1t)— Y(t)
E[e2(t)] =E [|X(t+ to) — Y(t)|2]

= E [X?(t+to) —2Y(t)X(t+1to) + Y(t)]
= Rxx(0) —2Ryx(to) + Ryy(0)
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Wiener Filters (2)

N Gaussian random variables

Rxx(0) = / Sxx(®

Ry (0) / Svw(0)|H(0)Pdo

E [€%(t)] = —2Ryx(to) + Rxx(0) + Ry (0)

= —2Ryx(to) + 2];_5/ [Sxx(a)) +5ww((1))|H((1))’2] dw

—oo
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Wiener Filters (3)

N Gaussian random variables

Ryx(to) = E[Y ()X (t +to)]

- [X(t—l—to)/ih(é)W(t—é)dé

— [ Rux(to+&)h(E)de
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Wiener Filters (4)

N Gaussian random variables

Ryx(to):/:o217r/_O;SWX(w)ef“’(tﬁé)dwh(é)dé
- %/stx(w)ef“’fo {/ih(g)efwédé}dw

/ SWX )ejwtod(l)

Young W Lim Minimum Mean Squared Error



Wiener Filters (5)

N Gaussian random variables

E[¢2(6)] = E |IX(t+ ) = Y (&)
= —2Ryx(t0)+ 2i/°° [Sxx( )+5ww((0)’H(0))’2] do
2713/ 5WX )ef“’t"da)

+E [W [Sxx (@) + Sww ()| H(w)]?] dw

= %/:o {Swx(@)H(—m)e/®® + Sxx(®) + Sww (@) |H(®)|*} do
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Wiener Filters (6)

N Gaussian random variables

H(w) = A(w)eB®)
Swx (o) = C(w)eP®@
H(-w) = H" (o)

/_Z {Sxx(0) + Sww(0)A%(@)} do>

E[e(0)] = 52
1

1t [wto+D(w)-B(0)]
= 1@{2C(w)A(w)ef }do
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Wiener Filters (7)

N Gaussian random variables

Definition

B(w) = oty + D(w)
ej[a)to—f—D(a))—B(a))] —0—1

E[e%(t)] = 217t/Z{Sxx(w)—2C(a))A(w)+SWW(a))A2(w)} do
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Wiener Filters (8)

N Gaussian random variables

Sum(@) |A(0) - 5o ]

Swv\/(a))

()
Sww((l)

= Syuw(0)A%(0) — 2C(0)A(®) + )
{Sxx(®) —2C(0)A(®) + Sww (0)A*(0) }

()
Sww(a))

+Sun(@) [ A@) - 57 }

= {Sxx(w)—

Young W Lim Minimum Mean Squared Error



Wiener Filters (9)

N Gaussian random variables

Clo) | _
4 5WW(60)] -0
Swx(@)
HOPt(w) SWW((U)
Sww( ) Sxx(a))+5NN(w)
_ Sxx (o) jorto
Hopt(w) - Sxx(a))—i—SNN((O)ej
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Minimum Mean Squared Error

N Gaussian random variables

« 2
Erin[£2(6)] = o [ { Sox(o)5 (o) I 5wr(e) }dw

Enin [€2(2)] 1 /‘:{ Sxx(®)Syn() }dw

- E Sxx((l))—i-SNN((l))
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Parameter Selection

N Gaussian random variables

Enin [€2(8)] = % l Z See(®)dw

See(®) = Sxx(®) — 2Sxx (®)H(—w)e/ 2™
+ [Sxx (@) + Sun ()] |H(w)]?

See(©) = Sxx () T1(®) + Sy (@) [H(w)?
T1(0) = 1— H(®)e % — H(—0)e/®® + |H(w)|?

See(®) = Sxx (@) |1 — H(—0)&®®|* 1 Syn () |H(o)|?
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