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1 Lysing & verkefni

Verkefnio felst 1 pvi ad kanna hvort siur sem hannadar eru til ad uppfylla dkvedin skilyroi
standist honnunarkrofur.

2 Lausn verkefnis

2.1 LAghleypisia

Hanna atti Butterworth, Chebyshev og andhverfa Chebyshev laghleypisiur sem uppfylla
eftirfarandi honnunarkrofur:

e Hleypisvid fra 0 til 1 kHz, leyfilegt hamarksfravik 0,2 dB.

e Stoppsvid byrjar i 2 kHz og hefur lagmarksdeyfingu 30 dB.

2.1.1 Stooluod yfirfeerslufoll

Fundin voru stéolud yfirfeerslufoll med Matlab.  Yfirfeerslufallio fyrir Butterworth
laghleypisiuna var af 8. gradu og leit svona tt:

— 1
Hlp1 (S) T s84+5.125857+13.137155+21.84625°+25.68845%+21.84625%4+13.137152+5.1258s+1 (1)
Yfirfeerslufallio fyrir Chebyshev laghleypisiuna var af 5. gradu og leit svona tt:

. 0.2879
2 65 11.49325% 1 2.36485% + 1.864952 + 1.0823s + 0.2879

(2)

Yfirfeerslufallio fyrir andhverfu Chebyshev laghleypisiuna var einnig af 5. gradu og leit
svona ut:
H — 0.1582s* 4 0.6328s% 4 0.5062
s T G5 1 2.64725% + 3.4913s% + 2.914252 + 1.51985 + 0.5062

(3)

2.1.2 Naill-pélarit

Null og polar voru fundin 1t fra yfirfeersluféllunum hér a0 ofan med Matlab og teiknud &
mynd (1) hér ad nedan.
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Mynd 1: Null-polarit fyrir siurnar prijdr.



2.1.3 Deyfing fyrir réttar tidnir

Hér atti a0 skissa deyfingu sem fall af ti0ni fyrir réttar tionir (b.e. denormalized). Réttar
tidnir eru fundnar med pvi a0 setja

Hy,,(s)) = Hy, (i) . i=1,2,3 (4)
Jo
Par sem fy er svokollud ,cut-off” tidni par sem deyfing er ekki ordin meiri en 3 dB.

Fyrir Butterworth siuna var f, ~ 1299 Hz. Deyfing siunnar er teiknud 4 mynd (2).
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Mynd 2: Deyfing Butterworth ldghleypisiunnar sem fall af tiona.

Fyrir Chebyshev siuna var fy = w, = 1 kHz. Deyfingu siunnar ma sja & mynd (3).
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Mynd 3: Deyfing Chebyshev ldghleypisiunnar sem fall af tiona.



Fyrir andhverfu Chebyshev siuna var fy &~ 1716 Hz. Deyfing siunnar er teiknud & mynd

(4).
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Mynd 4: Deyfing andhverfu Chebyshev ldghleypisiunnar sem fall af tiona.

2.1.4 Sannpréfun

Deyfing var reiknud i skurdtionum f,, fs og fo. Nidurstoour ma sja i toflunni hér ad
neodan:

Tafla 1: Deyfing i skurdtionum.
Deyfing (dB)

Sia fp ‘ fs ‘ fO
Butterworth 0.066 | 30 3

Chebyshev 0.2 {37902
Andhv. Chebyshev | 0.2 | 30.9 | 30

Vio sjaum af pessari toflu ad siurnar uppfylla hénnunarskilyrdin.

Einnig atti ad skissa garur i hleypi- eda stoppsvidi eftir pvi sem vid atti. Ekki paf a0
gera petta fyrir Butterworth siuna par sem hin er naerri algerlega flot 4 hleypisvidi sinu.
Garur 1 hleypisvidi Chebyshev siunnar méa sja & mynd (5) og garur i stoppsvioi andhverfu
Chebyshev siunnar méa sja & mynd (6) (& nsestu siou).



Garur i hleypisvidi Chebyshev siu
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Mynd 5: Gdrur i hleypisvioi Chebyshev siunnar sem fall af tioni.
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Mynd 6: Gdrur 7 stoppsvidi andhverfu Chebyshev siunnar sem fall af tiona.



2.2 Hahleypisia

Hanna atti Butterworth, Chebyshev og andhverfa Chebyshev héhleypisiur sem uppfylla
eftirfarandi honnunarkrofur:

e Hleypisvid fra 3 kHz, leyfilegt hamarksfravik 0,2 dB.

e Stoppsvid byrjar 1 0-300 kHz og hefur lagmarksdeyfingu 30 dB.

2.2.1 Stoolud yfirfeerslufoll

Fundin voru stéolud yfirferslufoll med Matlab.  Yfirfeerslufallio fyrir Butterworth
hahleypisiuna var af 3. gradu og leit svona tt:

1
§34+2s2 +25+1

thl (S) - (5)

Yfirfeerslufallio fyrir Chebyshev hahleypisiuna var af 2. gradu og leit svona tut:

2.3032

H, =
P2 T2 11 99715 + 2.3568

(6)

Yfirfeerslufallio fyrir andhverfu Chebyshev hahleypisiuna var einnig af 2. gradu og leit

svona 1ut:
0.0316s% + 0.0632

_ 7
"Ps T 210,355 + 0.0632 (7)

2.2.2 Deyfing fyrir réttar tidnir

Hér atti ad skissa deyfingu sem fall af tioni fyrir réttar tionir (p.e. denormalized). Réttar
tidnir eru fundnar med pvi a0 setja

thi(sl) = thi (%) ) 1=1,2,3 (8)

Par sem fj er ,cut-off” tionin.



Fyrir Butterworth siuna var f, ~ 949 Hz. Deyfing siunnar er teiknud & mynd (7).

Butterworth deyfing
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Mynd 7: Deyfing Butterworth hdhleypisiunnar sem fall af tiona.

Fyrir Chebyshev siuna var fo = 3 kHz. Deyfingu siunnar ma sja 4 mynd (8).
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Deyfing Chebyshev hdahleypisiunnar sem fall af tioni.



Fyrir andhverfu Chebyshev siuna var f, ~ 350 Hz. Deyfing siunnar er teiknud & mynd (9).
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Mynd 9: Deyfing andhverfu Chebyshev hdhleypisiunnar sem fall af tiona.

2.2.3 Sannproéfun

Deyfing var reiknud i skurdtionum f,, fs og fo. Nidurstoour ma sja i toflunni hér ad
nedan:

Tafla 2: Deyfing i skurdtionum.
Deyfing (dB)

Sia fp ‘ fs ‘ fO
Butterworth 0.0043 | 30 3

Chebyshev 0.2 32.7 0.2
Andhv. Chebyshev 0.2 36.6 | 30

Vio sjaum af pessari toflu ad siurnar uppfylla honnunarskilyrdin.

Einnig atti ad skissa garur i hleypi- eda stoppsvidi eftir pvi sem vid atti. Ekki paf a0
gera petta fyrir Butterworth siuna par sem hin er naerri algerlega flot 4 hleypisviodi sinu.
Garur 1 hleypisvioi Chebyshev sfunnar méa sja & mynd (10) og garur { stoppsvioi andhverfu
Chebyshev sfunnar mé sja 4 mynd (11) (& neestu siou).



Garur i hleypisvidi Chebyshev siu
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Mynd 10: Garur 7 hleypisvioi Chebyshev hahleypisiunnar sem fall af tioni.
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Mynd 11: Gdrur 7 stoppsvioi andhverfu Chebyshev hdhleypisiunnar sem fall af tiona.
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A Inntaksskrar

A.1 Laghleypisia: rv04 a.m

clear all
close all
wp=1000;
ws=2000;

amax=0.2;
amin=30;

[buttn ,buttwn| — buttord(wp, ws, amax, amin, ’s’);
[ buttz ,buttp ,buttk]| = buttap (buttn);
[buttnum , buttdenom| = zp2tf(buttz ,buttp,buttk)

Hbutt = tf (buttnum , buttdenom)

[chebln ,cheblwn| = cheblord(wp, ws, amax, amin, ’'s’);
[cheblz ,cheblp,cheblk] = cheblap(chebln ,amax);
[cheblnum ,chebldenom| = zp2tf(cheblz,cheblp,cheblk)

Hchebl = tf(cheblnum,chebldenom)

[cheb2n ,cheb2wn]| = cheb2ord (wp, ws, amax, amin, ’s’);
[cheb2z ,cheb2p ,cheb2k]| — cheb2ap (cheb2n ,amin);
[cheb2num ,cheb2denom| = zp2tf(cheb2z ,cheb2p ,cheb2k)

Hcheb2 = tf (cheb2num , cheb2denom)

figure (1)
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subplot(1,3,1)

zplane (buttz , buttp );
title (’Butterworth )
vlabel (’\Im”)

xlabel (’\Re”)

axis(|[-2 2 =2 2])
subplot (1,3,2)

zplane (cheblz ,cheblp);
title (?Chebyshev’)
ylabel ("\Im")

xlabel (’\Re”)

axis([—2 2 =2 2])
subplot (1,3,3)

zplane (cheb2z ,cheb2p );
title (?’Andhverf_Chebyshev’)
ylabel ("\Im ")

xlabel (’\Re”)

axis([-2 2 —2 2])

print —depsc a_ pz

figure (2)

w=logspace (2,4,1000);

[ buttnum?2 ; buttdenom?2|=1p2lp (buttnum , buttdenom , buttwn)
[magl,phasel] = bode(tf(buttnum2,buttdenom?2) ,w);
magdbl = —20xlogl0 (abs(magl(:)));

semilogx (w, magdbl)

title (’Butterworth_deyfing’)

ylabel (’Strd. (dB) )

xlabel (?Tidni_(Hz) ")

grid

print —depsc a_butt

figure (3)

[cheblnum2 ,chebldenom2]|=1p2lp (cheblnum ,chebldenom ,cheblwn)
| mag2, phase2| = bode(tf(cheblnum?2, chebldenom?2) ,w);

magdb2 = —20xlogl10 (abs(mag2(:)));

semilogx (w, magdb2)

title (’Chebyshev_deyfing )

vlabel (’Stero_(dB) )

xlabel (" Tidni_(Hz) ")

grid

print —depsc a_ chebl
figure (4)

[ cheb2num?2 , cheb2denom2|=1p2lp (cheb2num ,cheb2denom , cheb2wn)
[mag3,phase3] — bode(tf(cheb2num?2,cheb2denom?2) ,w);
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magdb3 = —20xlogl0 (abs(mag3(:)));
semilogx (w, magdb3)

title ("Andhverf_Chebyshev_deyfing ’)
ylabel (’Staero_(dB) 7)

xlabel (’Tidni_(Hz) ")

grid

print —depsc a_cheb2

buttdeyfing = —20xlogl0 (abs(freqs (buttnum?2,buttdenom?2 ,[wp,ws,buttwn]|)))
chebldeyfing = —20xlogl0 (abs(freqs (cheblnum?2,chebldenom?2 ,|[wp,ws,cheblwn])))
cheb2deyfing = —20xlogl0 (abs(freqs (cheb2num?2,cheb2denom?2 ,|wp,ws,cheb2wn]|)))

wgl=linspace (0,1000,1001);

figure (5)

[mag4 , phase4| = bode(tf(cheblnum?2,chebldenom?2) 6 wgl);
magdb4 = —20xlog10 (abs(magd(:)));

plot (wgl,magdb4)

title (’Géarur_i_hleypisvidi_Chebyshev_siu’)

ylabel (’Stzrd. (dB) )

xlabel (?Tidni_(Hz) ")

axis ([0 1000 0 0.2])

print —depsc a_garurl

wg2=linspace (1000,3500,2501);

figure (6)

[magh, phase5] = bode(tf(cheb2num?2,cheb2denom?2),wg2);
magdbb = —20xlogl0 (abs(magb(:)));

plot (wg2,magdb))

title (’Géarur_i_stoppsvidi_andhverfrar_Chebyshev_siu’)
yvlabel (’Staerd_(dB) ")

xlabel (’Tidni_(Hz) ")

print —depsc a_garur?2
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A.2 Hahleypisia: rv04 b.m

clear all
close all

wp=3000;
ws=300;

amax=0.2;
amin=30;

[ buttn ,buttwn| = buttord(wp, ws, amax, amin, ’'s’);
[buttz ,buttp ,buttk]| = buttap (buttn);
[buttnum , buttdenom| = zp2tf(buttz ,buttp,buttk)

Hbutt = tf (buttnum , buttdenom)

[chebln ,cheblwn| = cheblord(wp, ws, amax, amin, ’'s’);
[cheblz ,cheblp,cheblk] = cheblap(chebln , amax);
[cheblnum ,chebldenom| = zp2tf(cheblz,cheblp,cheblk)

Hchebl = tf(cheblnum,chebldenom)

[cheb2n ,cheb2wn]| = cheb2ord (wp, ws, amax, amin, ’s’);
[cheb2z ,cheb2p ,cheb2k | = cheb2ap (cheb2n ,amin);
[cheb2num ,cheb2denom| = zp2tf(cheb2z ,cheb2p ,cheb2k)

Hcheb2 = tf (cheb2num ,cheb2denom)

figure (2)
w=logspace (2,4,1000);
[buttnum?2 , buttdenom2]|=1p2hp (buttnum , buttdenom , buttwn)
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[magl,phasel| = bode(tf(buttnum2, buttdenom?2) ,w);
magdbl = —20xlog10 (abs(magl(:)));
semilogx (w, magdbl)

title (’Butterworth_deyfing’)

ylabel (’Steero_(dB) )

xlabel (?Tidoni_(Hz) ")

grid

print —depsc b_butt

figure (3)

[cheblnum2 , chebldenom2|=1p2hp (cheblnum ,chebldenom ,cheblwn)
[mag2,phase2| = bode(tf(cheblnum2,chebldenom?2),w);

magdb2 = —20xlogl0 (abs(mag2(:)));

semilogx (w, magdb2)

title (’Chebyshev_deyfing’)

ylabel (’Staero_(dB) 7)

xlabel (?Tidni_(Hz) ")

grid

print —depsc b_chebl

figure (4)

[cheb2num2 ,cheb2denom2]|=1p2hp (cheb2num ,cheb2denom , cheb2wn )
|mag3,phase3| = bode(tf(cheb2num?2,cheb2denom?2) ,w);

magdb3 = —20xlogl0 (abs(mag3(:)));

semilogx (w, magdb3)

title (?’Andhverf_Chebyshev_deyfing )

yvlabel (’Stero_(dB) )

xlabel (’Tidni_(Hz) ")

grid

print —depsc b_cheb2

buttdeyfing = —20xlogl0 (abs(freqs (buttnum2,buttdenom2 ,[wp,ws,buttwn])))
chebldeyfing = —20xlogl0 (abs(freqs (cheblnum?2, chebldenom?2 ,|wp,ws,cheblwn]|)))
cheb2deyfing — —20xlogl0 (abs(freqs (cheb2num?2,cheb2denom?2 ,|[wp,ws,cheb2wn])))

wgl=linspace (2800,15000,12201);

figure (5)

[mag4, phase4]| = bode(tf(cheblnum2,chebldenom?2),6wgl);
magdb4 = —20xlogl0 (abs(magd(:)));

plot (wgl,magdb4)

axis ([2800 15000 0 0.4])

title (’Géarur_i_hleypisvidi_Chebyshev_siu’)

ylabel (’Stzrd. (dB) )

xlabel (?Tioni_(Hz) ")
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print —depsc b _garurl

wg2=linspace (0,2000,2001);
figure (6)

[magh, phaseb| — bode(tf(cheb2num?2,cheb2denom?2),wg2);

magdbb = —20xlogl0 (abs(magh(:)))
plot (wg2,magdbb)

title (’Garur_i_stoppsvidi_andhverfrar_Chebyshev_siu’)

ylabel (’Staerd_(dB) ")
xlabel (*Tidni_(Hz) ")

print —depsc b _garur?2

?
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