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 2013-14Hmeromhn�a: 27-11-2013 1o SÔnolo Ask sewn Paradotèo: 11-12-2013Oi ask sei
, graptè
   tupwmène
, parad�dontai sthn ènarxh tou maj mato
 th
 Te-t�rth
, 11/12, sti
 16:15. Epishma�netai ìti oi ergas�e
 e�nai atomikè
.'Askhsh 1: Sto s ma suneqoÔ
 qrìnou xc(t) = sin (10 π t) + cos (20 π t) èqei g�neideigmatolhy�a me per�odo T kai, w
 apotèlesma, èqei prokÔyei to s ma diakritoÔ qrìnou
x[n] = sin (

π n

5
) + cos (

2 π n

5
) .Bre�te thn per�odo deigmatolhy�a
. E�nai monadik ? An ìqi, entop�ste kai deÔterh kat�llhlhper�odo T , sumbat  me ta parap�nw. Ja up�rqei fainìmeno anad�plwsh
 (aliasing) kat� thnanakataskeu  tou s mato
 suneqoÔ
 qrìnou apì to s ma diakritoÔ qrìnou?'Askhsh 2: Poia e�nai h èxodo
 y[n] tou sust mato
 tou sq mato
 se e�sodo

x[n] =

[

sin(π n/8)

πn

] 2

;

x[n] y[n]
4 4

− π/4 π/4

1
H(e    )ωj

ω'Askhsh 3: Sto sÔsthma tou sq mato
, h e�sodo
 e�nai h x[n] = δ[n] . Sqedi�ste topl�to
 kai thn f�sh tou Y (e j ω ) th
 exìdou (gia |ω| < π ).
x[n] y[n]

2e−  ω/2j'Askhsh 4: D�netai to parak�tw sÔsthma allag 
 rujmoÔ deigmatolhy�a
 kat� rhtì
M/L , me qr sh kat�llhlou katwperatoÔ f�ltrou kèrdou
 L kai suqnìthta
 apokop 
 ωc =
π/K , ìpou K = max {L , M} . Poia e�nai h èxodo
 y[n] tou sust mato
, e�n L = 4 ,
M = 3 , kai

x[n] =
sin(2 π n/3)

π n
;

L M
− π/Κ π/Κ

L

ω

x[n] y[n]
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'Askhsh 5: Poia e�nai h kajustèrhsh om�da
 tou grammik� qronik� anallo�wtou sust -mato
 me kroustik  apìkrish pou d�netai sto parak�tw sq ma?
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'Askhsh 6: Sto parak�tw sq ma, d�netai to di�gramma enì
 grammik� qronik� anallo�-wtou sust mato
. Bre�te thn sun�rthsh metafor�
 tou sust mato
, H(z), kai sqedi�steto se kanonik  morf  I kai II. Sqedi�ste ep�sh
 to mètro th
 apìkrish
 suqnìthta
 tousust mato
, |H(e j ω )| .
x[n] y[n]

−1 1/2

z−1'Askhsh 7: Sto parak�tw sq ma d�netai to di�gramma ulopo�hsh
 enì
 aitiatoÔ, grammi-koÔ kai qronik� anallo�wtou sust mato
.
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(a) Bre�te th sun�rthsh metafor�
 tou, H(z) , kai sqedi�ste to di�gramma mhdenik¸n kaipìlwn tou sust mato
.
(b) Sqedi�ste to di�gramma ulopo�hs 
 tou se kanonik  morf  (direct form) I kai II.
(c) Ekfr�ste th sun�rthsh metafor�
 w
 ginìmeno sust mato
 el�qisth
 f�sh
 (minimum

phase), Hmin(z) , kai oloperatoÔ (all pass), Hap(z) , kai sqedi�ste ta diagr�mmata pì-lwn/mhdenik¸n tou
.
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'Askhsh 8: Bre�te th sun�rthsh metafor�
, H(z), tou katwperatoÔ (lowpass) f�ltrou
Butterworth t�xh
 1 me suqnìthta sthn apìsbesh 3 dB �sh me ωc = 0.2 π , qrhsimopoi¸nta
ton di-grammikì metasqhmatismì ìpw
 ep�sh
 kai thn mèjodo amet�blhth
 kroustik 
 apìkri-sh
. Se k�je per�ptwsh sqedi�ste to di�gramma ulopo�hsh
 twn f�ltrwn se kanonik  morf (direct form) II, ìpw
 ep�sh
 kai to di�gramma mhdenik¸n kai pìlwn. Gia bo jeia sti
 pr�xei
,d�nontai ta:
tan (0.1 π) = 0.325 ,

tan (0.1 π)

1 + tan (0.1 π)
= 0.245 ,

1 − tan (0.1 π)

1 + tan (0.1 π)
= 0.51 , e− 0.2 π = 0.53 .'Askhsh 9: 'Estw ìti to f�ltro diakritoÔ qrìnou d�netai apì thn:

H(z) =
6

1 − e− 0.3 z− 1
− 3

1 − e− 0.6 z− 1
.To f�ltro autì èqei sqediaste� me thn mèjodo th
 amet�blhth
 kroustik 
 apìkrish
 (implulse

invariance) me b�sh èna f�ltro suneqoÔ
 qrìnou, qrhsimopoi¸nta
 th sqèsh h[n] = 3 hc(3 n)metaxÔ twn kroustik¸n apokr�sewn tou f�ltrou diakritoÔ kai suneqoÔ
 qrìnou. Bre�te m�asun�rthsh metafor�
 tou f�ltrou suneqoÔ
 qrìnou, Hc(s) , apì thn opo�a mpore� na proèkuyeto dojèn f�ltro diakritoÔ qrìnou.'Askhsh 10: Sqedi�ste èna uyiperatì f�ltro me kroustik  apìkrish peperasmènoum kou
 (FIR highpass filter) pou na ikanopoie� ti
 sunj ke

|H(e j ω )| < 2/

√
10 , gia 0 ≤ |ω| ≤ 0.25 πkai

1 − 1/
√

10 < |H(e j ω )| < 1 + 1/
√

10 , gia 0.75 π ≤ |ω| ≤ π ,qrhsimopoi¸nta
 thn mèjodo th
 parajÔrwsh
 (qrhsimopoi¸nta
 k�poio kat�llhlo aplì pa-r�juro). Bre�te thn kroustik  apìkrish tou f�ltrou (qwr�
 ton arijmhtikì upologismì twn
h[n] ) kai sqedi�ste to di�gramma ulopo�hs 
 tou. Parale�yte to telikì st�dio elègqou th
ikanopo�hsh
 twn prodiagraf¸n apì to sqediasmèno f�ltro.

3


