I[TANETIIZTHMIO KPHTHX
Tpfpa Emotpng YoAoyiotov

HY-370: Wnowakn Enc{epyacia Snpatog
Xewpepivo E§apnvo 2025
Adackwv : T'. Etudiavou

50 @povtioTtrplo

. Bpeite ) ouvaptnorn petagopag v duo napakdate ypagev (Exnpa. 1) kat 6eifte ot £xouv toug i61oug
TOAOUG.
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Zxnpa 1: Zynua ‘Aoxknong 1

Auvon:

[Ma tov mpwto ypado, priopouie va Fpoupe To ouotypa mnyaivoviag amnod 1o XOpo ToU XpOvou O autov
g ouxvotntag. Bétoviag e[n] oto deutepo kOPBo (ekel orou urapxouv duo eicodot kat pia £508og), Sa
€xoupe 1o Zxnua 2. ‘Apa 9a exoupe
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xnpa 2: Zynua ‘Aoknong la - emniéov uetabGantég

sl = aln] +efn)
2r cos(0)y[n — 1] — r?y[n — 2]
yln] = z[n] +e[n] = z[n] + 2r cos(O)y[n — 1] — r’y[n — 2] (1)

S
=)
I

Av kavoupe pet. Z oty tedeutala oxeor, 9a Exoupe

Y(z) = X(2)42rcos(0)Y(2)z7t —r?Y (2)z72
Y(2)(1—2rcos(@)z~t +7r227%) = X(z)
Y(z 1
H(z) = XEz; T 12 cos(0)z72 + 12272 2

[Ma 1o deutepo Hiktuo-ypado, Baoviag petaBAntég otoug evdiapeooug kOpBoug (ekel Tou untdpyouv duo
£100601 Kat pia €§060g), orwg oto Lxrpa 3, Sa éxoupe:

e[n]

z-l

~rsin @

Network 2
xnpa 3: Zynua ‘Aoknong 16 - emumAcov uetabAnTeg

win] = z[n| —rsin(@)yn — 1]
e[n] = wn]+rcos(f)eln —1]
yln] = rsin(@)e[n — 1] 4+ rcos(0)y[n — 1] (3)
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Kavovtag pet. Z otig napandave oxeoelg, 9a €xoupe

W(z) = X(2)—rsin(0)z7'Y(z2)
E(z) = W(z)+rcos(d)z "E(2)
Y(z) = rsin(@)z 'E(z) +rcos(d)z Y (2) &
Y(2)(1 —rcos(9)z7') = rsin(d)z'E(z) &
rsin(f)z!
Y(2)(1 —rcos(0)z"t) = l—rcf)es)(ﬁlw(z) &

—~ —
N

Y(2)(1 —rcos(0)z~H)? = rsin(d)z!
Y (2)(1 — rcos()z~1)?
Y (2)(1 —rcos()z1)? + r2sin?(0) 2 2Y (2

rsin(f)z 1 X (2

(

Y (2)(1 — 2rcos(8)z7 1 4 1% cos?(0) 22 + r? sin?(0) 2> 7 sin(
(

) _

)

~— —

) (2) —
rsin(f)z" 1 X (2) &
)z X (2) &
) () &

1

Y(z
X(z

rsin(6)z~
1—2rcos(0)z=1 + 12272

)
)

Y (2)(1—2rcos(0)z7t + 72272 = rsin()z X (2
)

4)

TOoU €1vat Kat to {nroupevo.

2. O ypaog tou ZXNatog 4 avarnapiota Pia ypapuikr) e§iownon diapopav pe otabepoug ouviedeotég. Bpei-

Y

xnpa 4: Zynua ‘Aoknong 2

1e Vv £§i00or §1apopeV roU MePypAPELal aro v ypado.

Avon:
Badovtag srmumAéov petaBAntég oto ox1npa, onou xpeladetal, kataAnyoupe oto Xxfpa 5. Ondte Sa ewvat

Ixnua 5: Zynua ‘Aoknong 2 - emmiéov uetabinieg
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yln] = fln] + x[n]
gln] = yln—1]+pln—1]
pln] = g[n]+y[n—2]
wln] = pln]+ fln—1]
fln] = wln]+pln—1]
OT1G OTIT0ieg av KAvoue petacy. Z, 9a £xoupe
z) = F(2)+ X(2)

2 Y(2) + 271 P(2)
G(2) + 272V (2)

P(z)+ 27 'F(z)
= W(z)+2 'P(z)

NS5 QX
SEOEOIORS
[l

Kat avukadotovrag, Sa €xoupe

V(z) = F(2)+X()
G(z) = zle(z) + zil(G(z) + ziQY(z)) = zle(z) + zflG(z) + z*3Y(z)
14,3
= )
F(z) = W(2)+ Z_IP(Z) =G(2)+ Z_QY(Z) + z_lF(z) + z_l(G(z) + z_2Y(z))

= (0 () 6E) + Y ()

1—=z
1 zl 4273 9 gz b8 3
-1 -2 -3
_ 1 2" +22°+= Y (2)
1— 271 1—271
Kat dpa tedkd ano v e€iowon (5), eivat
1 2z 422724273
Y(z) = T [ Y(z)+ X(2)
1—-3z1—22_.73
Y = X
1—2z714 22 (2) (2)
(1-321—22-23Y(2) = 1-2"142)X(2) &
yln] =3yln —1] —yln — 2] —yln - 3] = x[n] —2z[n — 1]+ z[n - 2|

TOoU £vat Kat 1 {ntoupevr ox£on).
3. 'Eotww o ypagog tou Lxnpatog 6.
(a) Bpette ) ouvdptinon petadopag ToU CUCTIHATOG TTIOU ATIEIKOVILEL O YPAPOG.

(B) Tpawte myv egiowon drapopdv rmou kavoroteitat ano myv eicodo z[n| kat myv e§odo y[n|.

Auon:

(a) Badovtag pia petaBAntr) otov KeEVIPIKO KOPB0, KAtaAryoupe oto Lxnpa 7. ®a €xoupe 1ote

yln] = 2z[n]+whn —1]
win] = il — Jylal + Syln 1]

(5)

(6)
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Zxnpa 6: Zynua ‘Aoknong 3

2
I — > O—p—Q
y[n]
-1
_1- :’[n] . l 4
4 4
> -« —0
71
3
8

Zxnpa 7: Zynua ‘Aoknong 3 - emmicov uetabinteg

1a ortoia kat ivouv petacy. Z 10Ug MAPAKATR

W(z) — iX(z) - %Y(z) + gz*Y(z)
Y(2) = 2X(2)+2'W(2) =2X(2) + 2! <%X(z) - %Y(z) + nglY(z)>
— 9X(2) 4 %z_lX(z) _ iz_lY(z) + ZZ—QY( )
1 3 1
Y (2) (1 + Zz_l — gz_2> = (2 + Zz_1>X(z) =
O Y(x)  (2+427h)
H@z) = X(z) 141z1-322 @
(B) H e§iowon &iapopmv Sivetat roAv arda ano to H(z):
1 3 1
Y(z)(l +477 - gﬂ) - (2 + Zz*l)X(z) o
y[n] + %y[n —-1] - %y[n —2] = 2z[n|+ %x[n —1] (8)
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ITOU €1val KAt 1o {ntoupevo.

4. 'Eva I'XA ouotnpa vdorotettatl anod 1ov ypado tou ZXnpatog 8.

Zxnpa 8: Zynua ‘Aoknong 4

(@) Tpayte v e§iowon dlapopmv rmou oxetiel v eicodo x[n] kat v £5odo y[n] tou ypagou autou.

() Iowa ewvat n ocuvaptnon petadopdg T0U CUCTIPATOG ;

(y) TI6cot moAdardaciaopol Kat pocHEoElg analtouvial yid tov UNoAoylopo g £§060u; (Sewpoupe
otl o1 oAAarAaciacpol pe ) povada 6 mpoopetpovvial)

(67 H vldomoinon tou oxnpatog 8 anattel 4 kataxepntég (otorxeia kabuotepnong). Eivat duvatdv va
XPI OO0 OETE AlYOTEPOUG KATAXWPNTES, HE Xpnon Siapopetikig doung; Av vai, oxedidote 1
dopur, av 61, e&nynote yat ev Nrnopoule va PEIOOOUHE TOV aplBlio TOV KATaX®PNT®V.

Auon:

(@) Bddoviag erurAéov petaBAntég otoug anapaitntoug KopBoug, kataAryoupe oto Txfaua 9. Ipoogdte,
AEN ewat dopn Direct Form I!! Ordte ot e€§lohoetg givat

w[n]

Zxnpa 9: Zynua ‘Aoknong 4 - emmicov uetabinteg

3

yln] = g[n] +w[n]

wln] = z[n]+e[n—1]

eln] = 3wn|+wn—1]
[n]

= yln—1]+2y[n — 2]

Q
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o1l omtoieg H6ivouv pet. Z og

Y(2) = G(z)+W(z) 9)
W(z) = X(2)+ 2 'E(2)
—1 3+271
E(z) = 3W(z)+2z W(z) e E(z) = WX(Z)
G(z) = 27V (2)+22:7%Y(2) (10)

Katl oupgeva pe 1 oxéon (9) kat avuxkabiotoviag, Sa gival

Y(2) = GR)+W(z)=2"1Y(2)+2:2Y(2) + X(2) + 2L E(2)

YY) L2 () L X () L ST
N 1—3z71— 272
3zt 4 272
| -2
3zt 4 272
_ -1 — -2 — _—
Y(z)— 2 Y(z) —22°Y(2) X(z)+ 3.1 z_QX(Z)
1
-1 -2 _
Y(Z) —Z Y(Z) — 2z Y(Z) = mX(Z)
Kat TeAkd
YV(2) =427V (2) + 7273V (2) + 227 (2) = X(2) &
y[n] —4y[n — 1]+ Ty[n — 3] +2yln — 4] = =z[n] (11)
(B) H ouvapon petagpopag H(z) tou ouotipatog divetatl ano
Y 1
H) = L&) (12)

X(z) 1—dz 14723124

(y) Amo 1o oxnua, anattovviat 4 nipooHeoelg Kat 2 rmoAAarnAactacpot.

(8) Aev eivar Suvato va pewwdel o ap1BPog IOV KAtaX®ENI®V. ATArtouvidl 10 AlyOTEPO TECOEPIS KATa-
X@PNIEG yla eva ovotnua 4ng tagng. Axkopa xai n petatporry oe Direct Form II arnattet eriong
TE00EPIG KATAXWPNTES.

5. 'Eowo x[n] xat y[n] ot akodoubieg rou oxetidovrat pe v akdAoubn e§iowon dapopmv

1 1
yln] — gyl —2) = ol — 2] - Jaln]
Zxebraote tov Direct Form II ypdago yia to attiatd I'XA cuotnpa 1mou reptypd@et autrv v e&lowor)
dlagpopav.
Auvon:
H e&iowon Sapopmv ypapetal wg
1 1
ol = ol —2) = aln -2 - galn] ©
1 1
Y(z) — EY(z)z_2 = X(2)z272— ZX(Z) &
1 1
Ve -3 = XE)E2- ) e
Y —3+272
Hz = Y& _—ite (13)
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mou eivat mg popepng

N _
H(z)= Zk:o bz ’
1— ZQ/[ZI apzk

Kat apa eukoda oxediadoupe tov Direct Form II ypdgo oniwg oto Zxnua 10. mou eivat kat to {nrovpievo.

-1/4
> / ’ ® y[n]

z[n] @

+
L

1/4

Zxnpa 10: Zxnua ‘Aoknong 5

6. Eoww o ypadog tou Zyxnpatog 11. Bpeite ) ouvdptnon petagpopdg tou ouctpatog Kat v e6ionor

x[n] y[n]

2

Zxnpa 11: Zxynua Aoknong 6

Srapopwv Tou 1kavormotel autd 10 ypado.

Avon:
Etlodyoviag ermmmAéov petaBAnteg, 9a xoupie 1o ypagpo Apa 9a exoupe

w(n]

Zxnpa 12: Zxynua ‘Aoknong 6 - emumAgov petabAnteg
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wln] = g[n] +x[n —1]
gln] 3a[n] + 2y[n — 1]
yln] = win—1]
ot ortoieg Svouv pet. Z
W(z) = G2)+2'X(2)
G(z) = 3X(2)+227'Y(2)
Y(z) = W)z '=G(R)z + X(2)272 =3X(2)27 1 + 2272V (2) + X (2)2 2
Y (2)(1—2272) X(2)(B327 4272
z 274 272
H(z) = if(iz% - 31 - ;_z_Q (14)
KAl EUKOAA Ard Vv Iapartave oxXEoT, £XOULIE
y[n] —2y[n — 2] = 3z[n — 1] + z[n — 2] (15)

TTOU €1val Katl 1o {ntoupevo.

7. 'Eote 0 ypadog tou Zxnpatog 13 rou avurnpooerievet eva attiatd XA cuotpa.

Zxnua 13: Zynua ‘Aoknong 7

(@) Bpeite v €ionor §1apopev MOU AVIIOTOIXEL O AUTOV TO YPAPO.
(B) Bpeite to A[1].

Auvon:

(@) Bddoviag srurdéov petaBAntég oto oXnpa, KataAryoupe oto Zxnpa 14. Ot e§10®0elg rmou aviirpo-
O®ETTUOUV TO CUCTNHA VAl Ol

gln] = wln] +zfn
yln] = aln — 1]+ gln] + 2g[n — 1]
win] = 8gln—2] - gln—1]
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Zxnpa 14: IZynua ‘Aoknong 7 - emnigov uetabantég

ot ortoieg Hrvouv pet. Z

G(z) = W)+ X(2)

W(z) = 8G(2)z72=G(2)z ' =8(W(z) + X(2))z72 = (W(2) + X(2))z!
W (2)2 2 +8X(2)2 2 = W(z)z ™' — X(2)z7!
—271 48272
W(z) = WX(Z)

Y(2) = 2 'X(2)+G(2)+2G(2)z*
= 27X (2) + W(2) + X(2) + 2271 (W(2) + X(2))
= X(z)(1+3z_1)—|—W( )(1+2z—1)

B . 148272 ,
(1432~ 1)(1 427t —8272) F (—2 4827 2) (1 +227h)
= X(»)
1+271—-822
14271 =822 43271 4327224273 — 271 — 2,72 48272 +16273
= X(2) 1 =
1+271—82

14327 4272-8273
14271 —822

Kat apa
Y(2)1+21-82"2) = X(2)(1+3214+22-8:3) ¢
yln] +yn—1] —8yln—2] = z[n]+3z[n—1]+x[n—2] — 8zn — 3| (16)

(B) Ao v napanave stiowon diadopov, kat dedopévou 6t 1o cuotnua etvat attato, dniadn h[n] =
0, n <0, 9a ¢xoupe

hin] + hin — 1] = 8h[n — 2] = d[n] + 30[n — 1] + d[n — 2] — 8J[n — 3]
Rl0] = 1
hl1]+1 = 3 < h[l]=2 (17)

TOoU £1vat Kat 1o {nroupevo.
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8. 'Eotww éva attiato I'XA ocuotnpa pe Kpouotiky anokpion hn] kat ouvaptnon petapopag

(1—2271)(1 —4z71)
2(1—3271)

H(z)=

(a) Zxedraote 10 ypado popong Direct Form II yia 1o nmaparnave cuotpa.

(B) Zxebiaote tov transposed ypdgo Tou epatHatog a).

Avon:
(@) To ovotpa H(z) propet va ypaget &g

H(z) = 2711 —2271)(1 — 4271 _ 2t —627248273

(1-— %2_1) 1— %2_1

ou etvat g popong

N —k
H(Z) — Zk:O bkz

11

1-— ;:[:1 apz—k
‘Apa kat eubeiav propouviie va oxedlacoupe 10 ypado, oupdpava pe ) dewpia. O ypddog patverat
oto Zxnpua 15.
zjn) o———oY[n]

Zxnpa 15: Zxnua ‘Aoxnong 8a

() T'a va oxediacoupe tov transposed ypddo, avilorpepoupe 1 Popd TV PeA®v o010 ypado, KAl

aAAdloupe 9éon v eicobo pe v £§060. Apa o {nroupevog ypadog gatvetat oto Lxrpa 16.

9. Zxebidote tov Direct Form I ypago tou ouotnpatog

_ 1,2
1 5%

1,1 _1
1 17 3%

H(z) = =

Auvon:

( ) Zfﬁv 0 bszk)

To ouonnua eivat nén ot po H(z) = =

no1 ot popen 1—2/{::1”[%2—’“
ocoupe tov Direct Form I ypago, ériwg oto Zxnua 17.

, dpa priopoupe Kat gubetav va oxedia-
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Zxnpa 17: Zxnua ‘Aoknong 9

10. Zxebuaote tov Direct Form II ypado tou cuotjjpiatog

11.

143t

-1_1,-2
5%

H(z)

—1—52

Auvon:
O Direct Form II ypapog rpoxurttel eUkoAa, pia kat o H(z) eivat ot popen nou 9édoupe. Apa o
YPA®pog 1val autog tou Lynpatog 18.

Zxedaote tov transposed Direct Form II ypdgo tou cuotrjpatog

1-— %zfl + %z*Q
14271+ %2*2

H(z)=

Auvon:

IMa va oxebidooupe tov transposed Direct Form II ypago, mpernet npwta va oxediacoupe tov Direct
Form I ypago. To H(z) sivat otnv katdAAnAn popon, Kat dpa o ypdapog 9a ewvat oneg oto Lxrpa 19. H
transposed pop¢rn tou Direct Form II ypagou oxebiddetal avaotpedoviag ) popd 1oV BeAdV oto ypado,
Kkat aAdAadovrag v 10060 pe v £§060. Apa da ewvat 6mewg oto Txrpa 20.
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13

2] ¢—v —@¢——— @9 —+—@¢—wo—giln
! 3 Tz_l T
1/2 5/6
[ s SO ?
[} Lz-l &
1/2 1/6
@ - 4 - "]
IZxnua 18: Zxnua ‘Aoxnong 10
z[n) o— — +— »— o ¥[n]
&  Ea 4
-1 -7/6
—~——————r 9
4 1271 i
-1/2 1/6
® +—— *
Zxnpa 19: Zxynua ‘Aoxnong 11-1
z[n] @ —> ¢ — 9 —= e vin]
L “2_1 #
-7/6 -1
@ 9 il
¥ “3*1 4
1/6 -1/2
*— & -—

Zxnpa 20: Xxnua ‘Aoknong 11-11





