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 2015-16Hmeromhn�a: 22-11-2015 1o SÔnolo Ask sewn Paradotèo: 15-12-2015Oi ask sei
, graptè
   tupwmène
, parad�dontai sthn ènarxh tou maj mato
 th
 Tr�-th
, 15/12, sti
 14:15. Epishma�netai ìti oi ergas�e
 e�nai atomikè
. Prote�netai na mhnqrhsimopoihje� upologist 
 (calculator) sthn ep�lus  tou
 gia kalÔterh ex�skhsh sti
 sun-j ke
 th
 proìdou kai telik 
 exètash
 tou maj mato
.'Askhsh 1: 'Estw s ma eisìdou x(t) me f�sma ìpw
 sto parak�tw sq ma.(i) Bre�te to s ma x(t) .(ii) Poia e�nai h mègisth per�odo
 deigmatolhy�a
, T
(max)

s , ¸ste to s ma na mhn uposte� ana-d�plwsh kat� thn anakataskeu  tou me qr sh katwperatoÔ f�ltrou (klassikì sÔsthma
D/C)?(iii) Poio ja e�nai to s ma exìdou, xr(t) , an sto (ii) qrhsimopoihje� per�odo
 2 T

(max)
s ?(iv) Mpore�te na sqedi�sete èna sÔsthma anakataskeu 
 D/C (epilègonta
 diaforetikì f�l-tro apì to klassikì katwperatì), ¸ste to s ma na exakolouje� na e�nai anakataskeu�-simo (dhl. qwr�
 anad�plwsh) me deigmatolhy�a ìpw
 sto (iii)?
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'Askhsh 2: 'Estw h sustoiq�a f�ltrwn (filterbank) tou parak�tw sq mato
 me:
ho[n] =

1

2
(δ[n] + δ[n−1]) , h1[n] = (−1)n ho[n] , go[n] = 2 ho[n] , g1[n] = − 2 h1[n] ,pou efarmìzetai gia an�lush s mato
 eisìdou x[n] , kai sth sunèqeia gia sÔnjesh s mato
exìdou y[n] . Apant ste analutik� sta parak�tw erwt mata, sqoli�zonta
 sqetik�:(i) Poia h sqèsh metaxÔ twn y[n] kai x[n] ?(ii) Sqedi�ste thn ulopo�hsh tou sust mato
 an�lush
 / sÔnjesh
 se polufasik  morf .(ii) Sqedi�ste ta s mata an�lush
 ( vo[n] kai v1[n] ) gia s ma eisìdou x[n] = 1 , ìpw
 kaisthn per�ptwsh pou to s ma eisìdou e�nai to x[n] = (−1)n .
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'Askhsh 3: Bre�te thn apìkrish suqnìthta
 kai kajustèrhsh om�da
 (analutik�) tougrammik� qronik� anallo�wtou sust mato
 me kroustik  apìkrish pou d�netai sto parak�twsq ma. Sqoli�ste gia thn kajustèrhsh om�da
, se sqèsh me th summetr�a th
 kroustik 
apìkrish
.
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'Askhsh 4: 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]
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SUNEQIZETAI STIS EPOMENES SELIDES (ASK. 5-10)
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'Askhsh 5: 'Estw sto k�tw arister� di�gramma h e�sodo
 e�nai to s ma
x[n] = (−1)n

sin (
π n

4
)

π n

2

.Bre�te ta s mata exìdou y1[n] kai y2[n] , ta opo�a prokÔptoun sthn èxodo tou idanikoÔkatwperatoÔ (lowpass) kai idanikoÔ uyiperatoÔ (highpass) f�ltrou ant�stoiqa (me suqnìthtaapokop 
 kai gia ta dÔo f�ltra to π/2 kai monadia�o kèrdo
 sth z¸nh di�bash
). Exhg steanalutik�.
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'Askhsh 6: 'Estw to aitiatì G.Q.A. sÔsthma me sun�rthsh metafor�
 H(z) , to opo�oèqei di�gramma mhdenik¸n kai pìlwn pou d�netai sto parap�nw sq ma (dexi�), kai gia to opo�oep�sh
 gnwr�zoume ìti h èxodì
 tou se e�sodo x[n] = (−1)n isoÔtai me to s ma eisìdou.(a) Bre�te th sun�rthsh metafor�
 H(z) tou sust mato
.(b) Sqedi�ste ulopoi sei
 th
 sun�rthsh
 metafor�
 en seir� (cascade), en parall lw(parallel), kai se kanonik  morf  II (canonical form).(c) Ekfr�ste th sun�rthsh metafor�
 tou w
 to ginìmeno enì
 sust mato
 el�qisth
 f�sh
(minimum phase), Hmin(z) , kai enì
 sust mato
 peperasmènh
 kroustik 
 apìkrish
,grammik 
 f�sh
 (F.I.R., linear phase), Hlin(z) , dhlad  H(z) = Hmin(z) Hlin(z) , kaisqedi�ste ta diagr�mmata pìlwn/mhdenik¸n tou
.
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'Askhsh 7: Bre�te th sun�rthsh metafor�
 H(z) enì
 (polÔ aploÔ!) zwnoperatoÔ(bandpass) f�ltrou Butterworth t�xh
 N = 1 me suqnìthte
 apìsbesh
 sta 3 dB ekatèrwjenth
 z¸nh
 di�bash
 �se
 me ωc 1
= π/4 kai ωc 2

= 3 π/4 . Gia to skopì autì, sqedi�ste pr¸taèna ant�stoiqo katwperatì f�ltro me kat�llhla epilegmènh suqnìthta apìsbesh
 sta 3 dB,èstw θp , qrhsimopoi¸nta
 th mèjodo tou digrammikoÔ metasqhmatismoÔ (bilinear transform).Sth sunèqeia, qrhsimopoie�ste ton kat�llhlo metasqhmatismì gia thn metatrop  tou f�ltrouautoÔ sto zhtoÔmeno. Epibebai¸ste ìti to f�ltro petuqa�nei thn epijumht  sumperifor� sti
suqnìthte
 ω = 0 , π/2 , π . Upìdeixh: Epilèxte èxupna to θp gia (polÔ!) eÔkole
 pr�xei
.'Askhsh 8: Bre�te th sun�rthsh metafor�
 H(z) enì
 katwperatoÔ (lowpass) f�ltrou
Butterworth t�xh
 N = 2 kai me suqnìthta apìsbesh
 sta 3 dB �sh me ωc = 1 /

√
2 , qrh-simopoi¸nta
 th mèjodo th
 amet�blhth
 kroustik 
 apìkrish
 (impulse invariance). Sthsunèqeia, sqedi�ste èna di�gramma ulopo�hs 
 tou. Sqoli�ste ep�sh
 ìson afor� thn apì-krish suqnìthta
 tou f�ltrou sta ω = 0 , π . Upìdeixh: Gia bo jeia sti
 pr�xei
, d�nontaita: 1/e = 0.3679 , e−1/2 sin(0.5) = 0.2908 , kai 2 e−1/2 cos(0.5) = 1.0646 .'Askhsh 9: Zhte�tai na sqedi�sete èna zwnoperatì f�ltro me kroustik  apìkrish pepera-smènou m kou
 kai grammik  f�sh tÔpou I (FIR Type I bandpass filter), qrhsimopoi¸nta
 thmèjodo th
 parajÔrwsh
. H epijumht  apìkrish suqnìthta
 tou f�ltrou prèpei na ikanopoie�ti
 sunj ke


0.8 < |H(e j ω )| < 1.2 , gia π/2 ≤ |ω| ≤ π/2kai
|H(e j ω )| < 0.1 , gia 0 ≤ |ω| ≤ π/6 kai 5 π/6 ≤ |ω| ≤ π(ousiastik� dhlad  ma
 endiafèrei na {pern�ei} to s ma sto π/2 , opìte jewre�ste thn pr¸thsunj kh w
 orizìmenh se èna apeiroel�qisto di�sthma gÔrw apì to π/2 ). Dialèxte ènakat�llhlo par�juro gia ton skopì autì (kajor�zonta
 to e�do
 kai to m ko
 tou, protim¸nta
par�juro pou odhge� se mikrìtero m ko
 f�ltrou). Sth sunèqeia upolog�ste th sun�rthshmetafor�
 tou. Tèlo
, sqedi�ste to di�gramma ulopo�hs 
 tou se kanonik  morf , ìpw
 kaièna di�gramma pio apotelesmatik 
 ulopo�hs 
 tou, lamb�nonta
 upìyh th summetr�a tou.'Askhsh 10: Sqedi�sete èna FIR f�ltro grammik 
 f�sh
 tÔpou II me kroustik  apìkri-sh m kou
 8 (dhl. M = 7 ) to opo�o ja qrhsimopoihje� (ìqi polÔ epituq¸
!) gia aÔxhsh tourujmoÔ deigmatolhy�a
 tou s mato
 eisìdou kat� 4 forè
. Qrhsimopoie�ste gia to skopì autìth mèjodo th
 parajÔrwsh
 me orjog¸nio par�juro. Sth sunèqeia, sqedi�ste to di�grammaulopo�hsh
 tou sunolikoÔ interpolator (dhl. tou f�ltrou maz� me ton rate expander) se polu-fasik  morf . Upìdeixh: Bre�te th polufasik  aposÔnjesh (polyphase decomposition) touf�ltrou kai akolouj ste th diadikas�a th
 Enìthta
 4.7.5 tou bibl�ou.
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