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Filtreler

When referring to measurements of power quantities, a ratio can be
expressed as a level in decibels by evaluating ten times the base-10
logarithm of the ratio of the measured quantity to reference value.

P
L, =10 Iog(Fo)

When referring to measurements of voltage or current ;

)

L, =20 Iog(l

Vo

(power is typically proportional to the square of voltage or current) Ref:
Wikipedia.
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Filtreler
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Ideal alcak geciren filtre

Ideal alcak geciren filtre

H(jw) = Ke™"T  eger|w| < we
M=o digerleri

dir ve — T faz cevabinin egimi, K kazang sabitidir.
H(@jw) nin ters Fourier doniisimii alinacak olursa

h(t) = Kw;j:(?(t;) 7)

elde edilir.

Burda h(t) nin t < 0 igin sifirdan farkl degerlere sahip olmasi ideal alcak
geciren filtrenin gerceklenemez oldugunu gosterir. Coziim |H(w)]
karakteristigini yaklasik olarak gercekleyen filtreyi tasarlamak.
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|deal Filtre Karakteristikleri

M(w)=‘H(w) ‘
O(w)

egim T

ht)
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Gerceklenebilir Filtre Karakteristikleri

Gecirme bandi kirpismasi (R l)

Gecis bandi

Sondurme bandi

Sondurme bandi
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Butterworth Filtreleri

Butterworth (1930) yaklasimyla n. dereceden alcak gegiren filtre

|Hw)| = W

Filtre karakteristiginden filtre parametrelerinin bulunmasi:

Rp =-20 IOg Ap = _10|ogTVVp2”

RS =-20 |Og AS =—-10 |Og Tvvszn
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Butterworth Filtreleri

Bir onceki iki esitlik kullanilarak

log A
1
11 R
—_ A% ~ s
ws Ws
2log W 20 log W

n tamsayi olmasi gerektiginden kesirli ¢ikan n degeri yukari yuvarlanir.

<
3

Increasing N'

Magnitude-Squared

/
FJES)
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Butterworth Filtreleri

. . . 1
[HGw)[> = Hw)H(—jw) = 1+ wa)
s = jw bu durumda s? = —w? ve H(s)H(—s) = o

1
_1)ns2n
yukardaki esitlikten bu filtrenin 2n tane kutbu oldugu goriilir

|

eim(2k—1)/2n

ciftn'ler k=1,2,...2n
g/mk/n tekn'ler k=0,1,2,..2n—1
n ) Im(s) ;1 dm(s)
N~ | N
X i
\_X " W X J 1‘ \X;
S3x X ‘
| L Re(s) 3 5 *— Re(s)
saX
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Butterworth Filtreleri

Ornek : 3 dereceden Butterworth tipi filtrenin transfer fonksiyonunu bulun.
1

H(jw)]? = ——

HGW)P = 1
H(s)H(—s) = ﬁ bu durumda s, = &*7/3 ve k = 0,1,2,3,4,5. Transfer
fonksiyonu;

1

(s+1)(s+1/2—jV3/2)(s +1/2+V3/2)
Matlab fonksiyonlari:

>>[N, wc] = buttord(wp, ws, Rp, Rs, ’s’)
>>[B, A] = butter(N, wc, ’s’)

H(s) =
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Chebyshev filtreleri

Chebyshev polinomu:

Co(w) =2wC,_1(w) — Cp_a(w)

ve Go(w) =1 G(w) = w.
n. dereceden Chebyshev filtresi

’H(JW)’ m

Filtre karakterstiginden filtre parametrelerinin bulunmasi:
e |H(j1)| = W olmak tizere Maximum kirpisma R, (dB) icin
20log(|H(j1)) = Ry, alarak € bulunur
@ Sondiirme bandindan |H(jw)| ~ 7) alinarak

20 log As = 20 log € 4 20 log C,(ws) ~ 20log ¢ + 20 log(2"~*w/")
elde edilir.
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Chebyshev filtreleri

Bu esitlikden filtrenin derecesi durdurma bandinda enaz istenen azalmayi
saglayacak sekilde secilir.
Chebyshev filtresinin transfer fonksiyonu;

_ C
H(s) = s

bu filtreye ait kutuplar;

2k+1 2k+1

o — —sinhycos 55=m + jcoshysin =5=m ncift, k=",..,5 —1
7\ —sinh~ycos & n7r —i—Jcoshfysm kr ntek, k=0,+£1,..+%1
v 1 1
v = Zsinh7!
n €
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Chebyshev filtreleri

o
. 1, n tek
H(GO) = { 1/(1+¢€?), ncift
o w < weigin 1 < [H(iw)2 <1/(1+€?)

o |H(iw)|?, w > wc igin 20n (dB) ile azalr.

o Chebyshev filtresin But. gore yaklasik 6(n — 1) daha hizli zayiflamaya
sahiptir.

@ Butt.'da kutuplar daire iizerine Cheb.'de ise elipsin lizerine

yerlesmektedir.

Matlab fonksiyonlari:
>>[N, wc] = cheblord(wp, ws, Rp, Rs, ’s’)
>>[B, A] = chebyl(N, Rp, wc, ’s’)
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Chebyshev filtreleri: Ters Chebyshev

@ Chebyshev filtresi (Chebyshev-1) s yerine 1/s secilerek yiiksek gegiren
filtreye donusturilir.

o Elde edilen yiiksek geciren birden ¢ikarilarak Ters veya Chebyshev-II
filtresi elde edilir.

Chebyshev-II filtresi sondirme bandinda kirpisma, gecirme bandinda
monoton olarak zayiflama gostermektedir.
Matlab fonksiyonlari:
>>[N, wc] = cheb2ord(wp, ws, Rp, Rs, ’s’)
>>[B, A] = cheby2(N, Rs, wc, ’s’)
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Karsilastirma
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https://web.itu.edu.tr/yalcinmust/EHB433/filtre_analog.m

Frekans Uyarlamasi

Buraya kadar teorik ¢alismalarda kesim frekansi 1 rad/sn olarak alinmisti.
Istenen frekans icin:

o w, frekansh alcak geciren
Sn=5/wy
o w; frekansl yiiksek geciren
Sn = w;/s
e Bant geciren (w;, w,)
— s*+ g — @(i woy
Bs B *wy s

ve wop = /wyw; B=w, — w,.
e Bant sondiiren (w;, wy)

Sn

Bs B

Sn

:s2+wg wo(= + *2)

ve wop = /wyw; B=w, — w,.
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Ornek : 3 dereceden Butterworth tipi filtreyi kesim frekansi 100Hz olacak
sekilde MATLAB'de tasarlayin.
>> [b,al=butter(3,2*pix*100,’s’);
>> tf(b,a)
Transfer function:
2.481e008
s3 + 1257 s? + 7.896e005 s + 2.481e008
>> [H,w]=freqgs(b,a);
>> plot(w/(2*pi),abs(H))
>> roots(a)
ans = 1.0e+002 *[ -6.2832, -3.1416 + 5.4414i, -3.1416 -
5.44141i]
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Ornekler
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Ornek: MATLAB de ayni derecedeki Chebyshev filtresinin davranisinin
karsilastirin.

>>[b,al=cheby1(3,.3,2xpi*x100,’s’);
>>[b,al=cheby1(10,.3,2*pi*100,’s’);

- : |
[ S s e
LT[R \:/\
09| \ N
n
\

08 i

.

\
07 \ L%

\\
X
06 A
\
\\
05 | \\
\
04 \ N
N
| b
03| !
'
20 40 50 80 100 120 140 160

Prof. Dr. Miistak E. Yalgin (ITU) Sayisal Filtreler ve Sistemler

Spring, 2020 21/



Chebyshev Il tipi filtrelerde | tipinde goriilen ripple sondiirme bandinda ortaya
cikar. Asagidaki ornekte MATLAB iistinde Chebyshev Il icin farkli derece ve
kirpisma degerleri icin filtrenin genlik cevabi
>>[b,a]=cheby2(10,30,2*pi*100,’s’); (mavi)
>>[b,a]=cheby2(10,40,2*pi*100,’s’) ; (kirmiz1i)
>>[b,al=cheby2(30,40,2*%pi*100,’s’) ; (yesil)
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Elliptic Filtreler

>> [b,al=ellip(3,.3,20,2*pi*100,’s’);
>> [H,w]=freqs(b,a);
>> plot(w/(2*pi),abs(H))

Sy

i i i H
0 200 400 600 800 1000 1200 1400 1600

Elliptic filtreler Chebyshev filtresine gore daha keskin olmasina karsin sodiirme ve
gecirme bantlarinin her ikisinde de kirpismaya neden olmaktadirlar.
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Butterworth, Chebyshev ve Elliptic

>>[b,al=butter(10,2*pi*100,’s’); (mavi)
>> [b,a]=cheby1(10,.1,2%pi*1000,’s’); (kirmizi)
>> [b,al=ellip(10,.1,20,2%pi*1000,’s’); (yesil)
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Bessel filtre

>> [b,a]=besself (10,2%pi*1000);
>> [H,w]l=fregs(b,a);
>> plot(w/(2*pi),abs(H),’g’)

; ! T !
0 500 1000 1500 2000 2500

2 % pi x 1000 is the frequency up to which the group delay is approximately
constant.
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Bessel ve Butterworth

1 3 N
03| 4 | I,
\ } T
\ L I
08 b ? |
|
o7 N
1 4 I
N\
~ I
X
| \ e |
0s \ 0 <
\ |
04 \ | |
\ - | |
03 ! ‘ | |
\ |
02 |
01 Y \\ i
S \J
o e h | | ,
o 0 000 1560 2000 2500 &6 S0 &0 70 800 900 {000 100 100 1300

Bessel filtreler ozellikle lineer faz istendiginde kullanilmaktadir.

Spring, 2020
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Bessel ve Butterworth
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Bessel tipi filtre filtrenin frekans cevabindansa basamak cevabinin 6nemli
oldugu uygulamalar icin anlamlidir. Yukarida gordiigiimiiz durum bunu
acatklamaktadir.
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