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Frekvensselektiva Passiva Filter

Exempel, dampningskrav for amplitudnormerat LP-filter:

6(0) = |H(®)lgg L H@)ad =1

A

[dB] Do D @ = 0dB
A IH(®)|gs = 20-"°log |H(w)| dB
T
A, : Storsta passbands-
| dampningen
—As w, . Passbandsgransen
(gransvinkelfrekvensen)

\ ~ J\W_/Hﬁ___

) A : Minsta sparrbands-
Passband  Over- Sparrband dampningen
gangs-

band o, : Sparrbandsgransen
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Syntes av praktiska filter (Lp, Hp, BP & BS)

1. Overfor frekvenser och dampningskrav fran énskat filter
Hsnekat(S) till ett motsvarande normerat LP-filter H, ., (®)

( Hoom(@)lmax =1 (<>0dB)  Oftadr m, (= @,)=1rad/s )

1
‘H norm(a))‘ = m

2. LP-filtret: Ay A, @ &o, = n

Standardfilter har vanligen

min - |Hnorm(a))|
3. Tabell (filter med grénsv.frekv. = 1 rad/s) = H,(S) (grénsv.frekv. = @)

4. Filtertransformera: H,,.(S) & Hgnexat(S)
( H; s) art.ex LP-, HP-, BP- eller BS-filter )

onskat(
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Butterworthfilter, 3 dB-gransv.frekv. w,z = 1 rad/s
Amplitudkaraktaristik Pol-nollstallediagram for Hy (s)
~ 1 xx ............. J Poler pa halvcirkel
Hg (a))‘ - o JN = i vanster halvplan,
1+ w X pa radien 1:
X P = ej(1+:jz
\ N xx _______________ | m=135...2n-1
1 Hg (@ )‘ o
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Butterworthfilter, A, dB-gransvinkelfrekvens @,

~

Om strangare dampningskrav,
max A, dB dampning i passbandet:

‘H~B (a))‘dB =201 Iog‘H~B (a))‘

-
-
-—
-— -

=—10-"“log(1+ &™)

~

Hg (@p)‘dB -10. 10Iog(1+ébp2n)

Ap=-

/= konstant, oberoende avn/ =10-"° |Og(1 + 52)

1
= | @, =en | dar | e=\10%" 1
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Butterworthfilter, godtycklig gréansvinkelfrekvens o

Y
A ~

[dB] @ ] Do D3 @
A ]

dB

T S
v 1
dvs. @, =@, -w3qg med @, =¢’" = | @y =345 - &""

= ‘HB(C‘))‘:I:'B[ - j:ﬁ8(51”-£J
D348 a)p —> (se nasta sida...)
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Butterworthfilter - sammanfattning

Hoom ()| =|Hs (@)| = \/1%21(@}2” [Ln (@) /e{aa);j]

a o= /100.1,%_1

p
dar |Hg(@)| erhalls fran (e=1 < A,=3B)

1
- S"+a, S"'+---+aS+1

1
S:gn .

S
o

& Butterworthpolynomet av ordning n

1

Filtrets A, dB-gransvinkelfrekvens ar w, = w345 - &/"
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Butterworthfilter, forts

\ |Hg(®@)lgs
[dB] O o
Butterworthfilter har
~A; maximalt flat amplitud-
karaktaristik i passbandet!
dvs ger basta
—A_t . :
s passbands-approximation

0.1A _ 4

Iog[
Filterkraven uppfylls om n > 10
2-10Iog[a)3]

@p

j (n heltal)
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Chebyshev I-filter

S -3

1+(92'I'n2 @ 01
@, £=10"" —1

dar T, (») ar chebyshevpolynomet av ordning n

Motsvarande systemfunktion:

K

Hnorm (S) - HC (S) = n n-1

S S S

— +an_1 — +---+a1—+a0

[a)p] (a)p] a)p

K 1 n udda ]

He(O)=1—~=1 1 H = tsv. —A, dB
ool fy {mz; njamn Mol =z (motsv. =4, c@)
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Chebyshev I-filter, forts

* Rippel (A, dB) i passbandet!

[dB] } |Hc(@)lgs Wy W W _ _
! >  Optimalt m.a.p. brantheten i
dvergangsbandet
—A - . )
p * Polerna ligger langs en
halv-ellips i vanster halvplan
—A T _Jw
° n=3 X
n=4—" X g
. arcosh| ,|— X
Filterkraven 22 %

uppfylls om n > om & <1 (prwsd-é)

arcosh s 1 41
(n heltal) o, = 34 = W, cosh(ﬁcosh ;j
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Kretsdemo1 - ’Passiva LP-filter”:

-----------------------------------------------------------------

Pol-nollstillediagram

0.707

05

0.25

Amplitudkaraktéaristik, |H(f)|

| : :
0 0.5 1 1.5 2 25
Frekvens, (fHz) Gransfrekvens fu=1 Hz
Gruppléptiden, (tu = -dfdwe{arg(H(x))} )
: ‘ ; :

| ; :
0 05 1 15 2 25
Frekvens, (fHz) Gransfrekvens fD=1 Hz

10
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Klassiska ideala LP-approximationer

IH(w)|

Butterworthfilter

IH(o)|

Chebyshev II-filter

[H()|

Chebyshev I-filter

IH(o)|

Cauerfilter (elliptiskt filter)

11
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Besselfilter

Butterworth, Chebyshev I & II och Cauerfilter ger bra
approximationer till ideala LP-filtrets amplitudkaraktaristik.

Besselfiltret har istallet goda faskaraktaristikegenskaper !

[Hnorm(®)]

f_ Butterworth

<— Chebyshev 1

ty(w) ; grupploptiden

<—— Chebyshev I

/ Butterworth
Bessel

v

N——o

p

Q)

12
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I
rekvenstransformation (filtertransf.)

1. Syntes av normerat referens(LP-)filter som uppfyller
stallda dampningskrav ( tag fram H,,..(S) )

2. Filtertransformera till onskat filter ( H,.,(S) & Hgnekat(S) )

o 7777°7- 2! s
Al _ ~T A — . : .
He () :_Q == " (daroy =Gy @) Filtertransfor-
_______ 4 H .
o Q. ’ . mationer (kap 6.6):
~% (Q, = 0y — @)
\
———————— | l’ |H6nskat(w)| ;
| 2 1
1S =s+ Y1 : W
S -
I a)p1 a)pz
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Rakneuppgift, Chebyshev I-filter

G p(@) = [Hip(0)lgs Gp(@) = [Hpp(0)lgs %

[@g] 1 @IQ\S@%& Ws  p 2 [dB] W S @p Hp @
RN N -

A AN —Ap 7 i

-3 _/ ARy ‘\‘\ A -3 4 y

—A —-A

Referensfilter, Chebyshev, LP:
A,=1dB, o, p=1000 rad/s

As220dBvid o p=2000 rad/s

LP — HP:

2 = :
W~ = @, p" W, Hp

Onskat Chebyshevfilter, HP:

faghp = 2 KHz

14



