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GRAMMIKA QRONIKA ANALLOIWTA SUSTHMATA

x(n) → y(n) = F(x(n))

• To grammikì sÔsthma (arqă thc upèrjeshc)

F(ax1(n) + bx2(n)) = aF(x1(n)) + bF(x2(n))

• Qronikì analloÐwto sÔsthma

F(x(n−D)) = y(n−D)
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SUGKERASTIKH ANAPARASTASH SUSTHMATWNDIAKRI-
TOU QRONOU

• To monadiaÐo deÐgma

δ(n) =

{
1, n = 0,
0, n 6= 0

• To săma eisìdou

x(n) =
∞∑

k=−∞
δ(n− k)x(k)

• To săma exìdou

y(n) = F(x(n)) = F
( ∞∑

k=−∞
δ(n− k)x(k)

)

ă lìgw thc grammikìthtac

y(n) =
∞∑

k=−∞
F (δ(n− k))x(k)
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• OrÐzoume thn oikogèneia twn shmĹtwn

hk(n) ≡ F (δ(n− k))

• To săma exìdou

y(n) =
∞∑

k=−∞
hk(n)x(k)

• EĹn to sÔsthma eÐnai qronikĹ analloÐwto

hk(n) = h(n− k)

h(n) ≡ h0(n) =
∞∑

k=−∞
F (δ(n))
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• F(.) grammikì kai qronikĹ analloÐwto sÔsthma

• Apìkrish sto monadiaÐo deÐgma

h(n) =
∞∑

k=−∞
F (δ(n))

• To săma exìdou

y(n) =
∞∑

k=−∞
h(n− k)x(k)

• H prĹxh tou sugkerasmoÔ ? (sunèlixh, convolution)

y(n) ≡ h(n) ? x(n) =
∞∑

k=−∞
h(n− k)x(k)
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EIDIKES PERIPTWSEIS

• aitiatì sÔsthma

y(n) ≡ h(n) ? x(n) =
n∑

k=−∞
h(n− k)x(k)

kai

h(n) = 0, n < 0

• aitiatì sÔsthma me eÐsodo aitiatì săma

y(n) ≡ h(n) ? x(n) =
n∑

k=0

h(n− k)x(k)

kai

y(n) = 0, n < 0
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PARADEIGMA

• To sÔsthma me apìkrish sto monadiaÐo băma

h(n) = (
1

2
)nus(n)

• Săma eisìdou

x(n) = us(n)

• Upologismìc tou sămatoc exìdou

y(n) ≡ h(n) ? x(n) =
n∑

k=0

h(n− k)x(k)

ă

y(n) =
∑

k=0

(
1

2
)n−kus(n− k)us(k)

ă

y(n) =
n∑

`=0

(
1

2
)` = −(

1

2
)n + 2, n ≥ 0
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IDIOTHTES TOU SUGKERASMOU

• antimetajetikă

h1(n) ? h2(n) = h2(n) ? h1(n)

• prosetairistikă

h1(n) ? (h2(n) ? h3(n)) = (h1(n) ? h2(n)) ? h3(n)

• epimeristikă wc proc ton pol/smo kai thn prìsjesh

(ah1(n) + bh2(n))?h3(n) = a (h1(n) ? h3(n))+b (h2(n) ? h3(n))

• monadiaÐo stoiqeÐo

x(n) ? δ(n) = x(n)

• antistrofă

h(n) ? h−1(n) = δ(n)

8



SUNDESMOLOGIES SUSTHMATWN

• h1(n) kai h2(n) en seirĹ:

h(n) = h1(n) ? h2(n) = h2(n) ? h1(n)

• h1(n) kai h2(n) parĹllhla:

h(n) = h1(n) + h2(n)

• SÔndesh me anatrofodìthsh:

h(n) = (δ(n)− h1(n) ? h2(n))−1 ? h1(n)
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SUSTHMATA PEPERASMENHS KROUSTIKHS APOKRISHS

• Sustămata (fÐltra) peperasmènhc kroustikăc apìkrishc F(inite)
I(mpulse) R(esponse)

h(n) =

{
h(n) = hn, n = 0,1, . . . p

h(n) = 0, allo′u

y(n) = h(n) ? x(n) =
n∑

k=0

h(n− k)x(k)

ă

y(n) =

p∑

i=0

hix(n− i)

ParĹdeigma:

x(n) = 2x(n)− 3x(n− 1) +
1

2
x(n− 2)

p = 2

h0 = 2, h1 = −3, h2 =
1

2
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ULOPOIHSH GRAMMIKWN SUSTHMATWN ME DIAKRITA
STOIQEIA

• StoiqeÐo monadiaÐac kajustèrhshc

y(n) = D(x(n)) = x(n− 1)

• Ajroistăc

y(n) = x1(n) + x2(n)

• Bajmwtì

y(n) = ax(n)
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y(n) =
4∑

i=0

hix(n− i)

’Amesh ulopoÐhsh

AnĹstrofh ulopoÐhsh
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FIR sÔsthma sto SIMULINK
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ANADROMIKA SUSTHMATA

• GrammikĹ sustămata me anĹdrash (anatrofodìtish tou sămatoc
exìdou)

• Sustămata (fÐltra) Ĺpeirhc kroustikăc apìkrishc ( I(nfitite)
I(mpulse) R(esponse)

y(n) =

p∑
ı=1

ha(n− i) +

q∑

i=0

hb(n− i)

• Apìkrish sto monadiaÐo deÐgma ??? EpÐlush exÐswshc diaforÿn
!

ParĹdeigma:

y(n) = 2y(n− 1)− y(n− 2) + x(n) +
1

3
x(n− 1)
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y(n) =
4∑

i=1

aiy(n− i) + x(n)
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SUSTHMATA EKTIMHSH MESHS TIMHS

• Mèsh timă sămatoc

mx = E(x(k))
• Prosèggish me kuliÿmeno tetrĹgwno parĹjuro măkouc L

mx(n) =
1

L

n∑

i=n−L+1

x(i)

ă

mx(n) =
1

L

L∑

i=0

x(n− i)

• FIR sÔsthma me L + 1 suntelestèc

h(0) = 1, h(1) = 1 . . . h(L) = 1
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EnallaktikĹ,

mx(n) =
1

L

(
L∑

i=0

x(n− i)± x(n− L− 1)

)

ă

mx(n) =
1

L
mx(n− 1) +

1

L
x(n)− 1

L
x(n− L− 1)

• IIR sÔsthma me 3 mă mhdenikoÔc suntelestèc

ha(1) =
1

L
, hb(0) =

1

L
, hb(L) = −1

L
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Gennătria hmitonikoÔ sămatoc

y(n) = Ay(n− 1) + By(n− 2) + Cx(n− 1)

A = 2cos(ωT ), B = −1, C = sin(ωT )

x(−1) = 0, y(−1) = y(−2) = 0

• f epijumită suqnìthta, ω = 2πf

• T perÐodoc deigmatolhyÐac

• x(n) = δ(n)

.
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