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 tou akriboÔ
 trìpou par�dosh
 ja anakoinwjoÔn ègkaira.Epishma�netai ìti oi ergas�e
 e�nai atomikè
.'Askhsh 1: Upolog�ste ton DFT, X[k] gia 0 ≤ k ≤ N − 1 , twn shm�twn diakritoÔqrìnou x[n] , peperasmènh
 di�rkeia
 ( 0 ≤ n ≤ N ), me N �rtio:(a) x[n] =

{

1 , gia 0 ≤ n ≤ (N/2)−1

0 , gia N/2 ≤ n ≤ N−1 .(b) x[n] =

{

1 , gia n �rtio entì
 [ 0 , N − 1 ]

0 , gia n perittì entì
 [ 0 , N − 1 ] .Aplopoie�ste kat�llhla ti
 ekfr�sei
 pou ja l�bete gia di�fore
 timè
 tou k , p.q., gia
k = 0, k = N/2, k �rtio, kai k perittì.'Askhsh 2: Upolog�ste to metasqhmatismì sunhm�tonou, DCT-2, tou s mato
 diakritoÔqrìnou x[n] , peperasmènh
 di�rkeia
 ( 0 ≤ n ≤ N ), me N �rtio:

x[n] =

{

1 , gia 0 ≤ n ≤ (N/2)−1

0 , gia N/2 ≤ n ≤ N−1 .'Askhsh 3: Upolog�ste kai sqedi�ste tou
 DFT m kou
 N = 24 twn akolouji¸n:(a) x[n] = δ[n − 6] .(b) x[n] = cos (π n/3) , gia 0 ≤ n ≤ 23 .(c) x[n] = δ[n] + δ[n − 12] .(d) x[n] = 2 + cos 2 ( π n/12 ) , gia 0 ≤ n ≤ 23 .'Askhsh 4: Upolog�ste ti
 kuklikè
 sunel�xei
:(a) cos ( 2 π n/N ) N© sin ( 2 π n/N ) .(b) ( u[n] − u[n − N ] ) N© ( u[n − N ] − u[n] ) .Sta parap�nw, to N© sumbol�zei kuklik  sunèlixh m kou
 N . Ep�sh
, oi akolouj�e
 pousunel�sontai jewroÔntai mhdenikè
 ektì
 tou diast mato
 [ 0 , N − 1 ] .
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'Askhsh 5: D�nontai oi dÔo akolouj�e
 peperasmènou m kou
 x[n] kai h[n] tou parak�twsq mato
. 'Estw ep�sh
 X[k] kai H [k] oi diakrito� metasqhmatismo� Fourier (DFT) tou
,m kou
 N = 6 deigm�twn, ant�stoiqa, ìpw
 ep�sh
 kai oi metasqhmatismo� Fourier diakritoÔqrìnou (DTFT) tou
, X(e j ω ) kai H(e j ω ) , ant�stoiqa. Sqedi�ste ti
 akolouj�e
 diakritoÔqrìnou kai peperasmènou m kou
 pou èqoun:(a) DFT m kou
 N = 6 pou isoÔtai me (−1) k X[k] + (−1) k H [k] , gia 0 ≤ k ≤ N − 1 .(b) DFT m kou
 N = 6 pou isoÔtai me X[k] H [k] , gia 0 ≤ k ≤ N − 1 .(c) DFT m kou
 N = 6 pou isoÔtai me Real {X[k] } + j Imag {H [k] } .(d) DFT m kou
 N = 6 �so me X[k] 6©H [k] (ìpou 6© upodhl¸nei kuklik  sunèlixh).(e) DTFT �so me to ginìmeno X(e j ω ) H(e j ω ) .
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'Askhsh 6: Upolog�ste th grammik  sunèlixh y[n] = x[n] ∗ h[n] twn shm�twn touparak�tw sq mato
 akolouj¸nta
 th mejodolog�a tou algìrijmou epik�luyh
−prìsjesh
(overlap-add method). Gia to skopì autì, jewr ste diadoqikè
 upoakolouj�e
 tou s mato

x[n] , m kou
 L = 10 k�je for�. Exhge�ste analutik�.
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h  n[   ]'Askhsh 7: To di�gramma ro 
 petaloÔda
 (butterfly) tou parak�tw sq mato
 apotele�tm ma th
 ulopo�hsh
 tou algor�jmou FFT me apodekatismì ston qrìno (decimation in time),gia m ko
 metasqhmatismoÔ N = 16 (upenjum�zoume to sumbolismì WN = e− j/(2 π N) ).(a) Pìsa e�nai ta st�dia/b mata tou diagr�mmato
 ulopo�hsh
 tou FFT?(b) Poie
 e�nai oi pijanè
 timè
 tou r gia k�je èna apì ta st�dia/b mata aut�?(c) Se poia st�dia up�rqoun petaloÔde
 me tim  r = 2 ?
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'Askhsh 8: Ta parak�tw e�nai anex�rthta erwt mata:(a) Bre�te proseggistik� ti
 paramètrou
 ω0 kai λ tou s mato

x[n] = sin

(

ω0 n +
1

2
λ n 2

)(chirp signal) apì to fasmatìgramm� tou (spectrogram), pou èqei sqediaste� sto para-k�tw sq ma (skoÔre
 perioqè
 upodhl¸noun meg�le
 timè
 tou mètrou tou DFT).

(b) EpijumoÔme na sqedi�soume to f�sma tou s mato
 diakritoÔ qrìnou
x[n] = cos (π n/4) + cos (17 π n/64) ,qrhsimopoi¸nta
 èna orjog¸nio par�juro w[n] me m ko
 64, kai diakritì metasqhma-tismì Fourier (DFT) m kou
 ep�sh
 64. Exhg ste e�n anamènetai na diakr�nontai dÔodiaqwr�sime
 korufè
 pou antistoiqoÔn sti
 suqnìthte
 twn dÔo sunhmitìnwn,   ìqi.'Askhsh 9: 'Estw to s ma x[n] =

3
∑

l = 0

(−1) l δ [ n − 4 l ] . Sqedi�ste to s ma kai sthsunèqeia to fasmatìgramm� tou (3D):
Xr[ k ] =

L−1
∑

m = 0

x[ rR + m ] w[ m ] e− j (2 π/N) k m(gia −∞ < r < ∞ kai 0 ≤ k ≤ N − 1 , ìpou to w[n] e�nai to orjog¸nio par�juro m kou

L ), upolog�zonta
 ti
 timè
 tou gia ti
 ex 
 dÔo peript¸sei
:(a) N = L = R = 4 .(b) N = L = R = 8 .'Askhsh 10: 'Estw oi mh mhdenikè
 timè
 tou fasmatogr�mmato
 enì
 s mato
:

Xr[ k ] = 2 , gia r = −∞ , ... , +∞ , kai k = 0 , 2 ,upologismène
 me orjog¸nia par�jura m kou
 L = 4 , metatopizìmena kat� R = 2 , kai DFTme N = 4 . Anakataskeu�ste to s ma qrhsimopoi¸nta
 th mejodolog�a tou algìrijmouepik�luyh
−prìsjesh
 (overlap-add reconstruction).3


