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Epyactipio Pnowxic Enctepyaciog Eqporog
Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

TL elvall Evo oNUQL;

Qc onua opiloupe to OUVOAO TWV TLHWV TtOU AopBavel
Ul moootnta (e€aptnuevn petaPBAntn) oOtav auth
netoBaAAeTal OUVOPTNOEL AAAWV TOCOTNTWV
(aveéaptntec petafANTEC).

MoaOnuatikaa auvtd ekdppaletoal wg ouvvadptnon N
akoAouBlaa plaC 1 TEPLOCOTEPWV  OVEEAPTNTWYV
HeTaBANTWV.

Ta onuata TEPLEXOUV TIANpodoplal OXETLKA ME TNV
ocuunepldopa N th puon evoc GoLVoUEVOU.
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Epyactipio Pnowxic Enctepyaciog Eqporog
Tpnpoe Hiektpordyowv Mnyovik@v & Mnyovikov H'Y

ALOLOTAOELC ONUATWV

@ Avaloya pe 1o mAnBocg twv aveéApTNTWV UETOBANTWY EXOULE ONpaTO:

» Mo petaBANTnC N plag dtaotaonc (Lovodiaotata, 1-D)

»  Ovo petapfAntwy ) Svo dtaoctacswv (Slodlaotata, 2-D)

»  TOAWV petaBAntwy i MoAAWVY SLOOTACEWV
(moAvdiaotata, n-D)

® H outhia, n pouotkn, n peyiotn nuepnaotla Beppokpaocia eivat
napadelypata  povoSldotatwv  onpdtwv, Omou n
aveéaptntn petaPAntn ivat o xpovoc.

® M swkova (dwtoypadia) amoteAel  XOPAKTNPLOTIKO
nopadeypa onpato¢ dvo Swaotdcswv. H eEaptnuévn
petapfAnt) elvat n ¢wrewvotnTa TNG ELKOVAC Kal ol duo
aveédptntec  petaPfAntéc  elvat ot OUO  XWPLKEC
OUVTETAYUEVEC.

@ JAua Tpuwv SlaoTtdoswy Unopel va givat n akoAouBia
glKOVwV (video), omou ot Vo aveéaptntec petaBAnteC elval
XWPLKEC OCUVTETAYUEVEC KOl N TPLTN €lval o xpovoc.
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Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

ElON onuatwv

Ta onpota taélvopouvtal o U0 PEYAAEC KATNYOPLEC:

OoTOL CAHOTO cUVEXOUC XPOVou (ovaAoyLka)

ota oApota SLakpLtou Xpovou.

AvadepOUOOTE 0€ aUTA W dLakpltol “ypovou”, opwc Oev armokAeieTol
n aveéaptntn HetaBAntTn va ivol Kamolo dAAo duoLKO pEYEDBOC, OTIWC
yla mapadelypo n amootaon N n Bepuokpaoia.
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20T CUVEYXOUC XPOVOU

2Ta onpata cuvexouc xpovou (continuous time) n aveéaptntn
uetapPAntn eivat ovvexnc. AnAadn ta onpata outd opilovtal os
KABE XPOVIKA OTLYUN TNC aveEaptnTNG METOBANTAC OO TV aApXN
LEXPL TO TEAOC.

[a mapadelyua tetola onuata eivol:
n outAior w¢ ocuvaptTnon Tou Xpovou
n ATUOOPALPLKN TTIECN WC oUVAPTNON TOU UYOUC.

x(t)
Eva avaAoyLko onpa meplypadeTal we pLo
ocuvaptnon x(t), omou t mpayuatikog aplBuoc.

7




Epyactipio Pnowxic Enctepyaciog Eqporog
Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

>Nuoato OLaKpLTtou Xpovou

Yta onpata dtakpltou xpovou (discrete time) n aveéaptntn
uetaPAntni eivat dtakpten.

AnAadn ta onuata outd oplloviol HOVO YLOL CUYKEKPLUEVEC
TIHLEC (HLakplto cUVOAO TLUWV) TNC AVEEAPTNTNC LETAPANTAC.

Eva onua dtakpltol Xpovou Uropel
va Tieplypadel amd plo cuvaptnon
X(nT), omou T elvat n mnepiodog S eT
LETAEY VELTOVIKWV TLLWV KAl n gival g
EVOLC OKEPALOC (-oo<n<oo), '

x(nT)




Epyactipio Pnowxic Enctepyaciog Eqporog oy

Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

Wnoloka onupata

Otav kaBe Oelypa evoc onpatoc Olakpltol xpovou  eilvol
KBOVILOMEVO KOl OTn OCUVEXELD KWOLKOTIOLNUEVO, TO TEAIKO onud
avadepetatl we Pnoiako onua (digital signal).

Eva kBavtiopévo onuo Umopel  va AdBel HOVO SLOKPLTEC TLUEC
ouvNOwc (aAAd oxL mavta) tong amootaonc. H €€odoc amo €vav
uTtoAoyLoTn €lval Eva tapadelypa

JpnoLakol ocruatoc. x(n)

Quolkad €va  avaloylkd onua
LTtopEl val LLETATPOTTEL ce .- B —————
Pnodoko pe dewypatoAndia oto 1
XpOVvo, KBavILopo KOLL 1
KwOLKoToilNnor, €T0L HOVO UTOpPEL I [

2 -1

va tapaotaBel og bits.
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Eldn onuatwv

x(t) i X(n)1
s Mo _
/N i i
/. II 1 1] m | ]
N/ 21p123 lll 2-4p123 | []

SO CUVEXOUG XPOVOU  SAO SLAKPLTOU XpOVOU Wndrako orpa
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MeTtooxnNUATIOMOL ZNUATWV

Xpovikn avtiotpodn

[evikd €av oe éva onua x(n) eboppooBel Evac peTaoxNUATIOUOC OTNV
avetaptntn petaBAnti n, yo mapadeypa f(n), TOte MPOKUTTEL TO oA
x(f(n)).
Av f(n) = -n tote Afpe OTL TO oNMA €XEL UTIOOTEL avtlotpodn Kol
aAAalel oto onpa y(n)=x(-n)
H vpadikn avamapaotaon tou X(-n) elvol CURHETPLK WC TTPOC TOV
kKaBeto atova pe avtAv tou x(n).
x(n) y(n)=x(-n)
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Epyactipio Pnowxic Enctepyaciog Eqporog
Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

MetaoxnUOTIOpOL ZNUOTWV

Xpovikn Metatomnion (oAloBnon)

Av f(n)=n-np, TOTE A£UE OTL TO CAMO EXEL UTIOOTEL METOTOMLON N
oAloOnon kata no kol petaoxnuatiletal oto onua y(n)= x(n-no)

2TnVv ypoadikn mopdaotacn tou X(n—ng) UTTAPXEL LETATOTILON TNG
ypadLKNC tapaotaong Tou X(n) Katd ng, otov opl{ovtio afova.

Av no> 0, TOTE TAPATNPOUE METATOMILON TPOC Ta de€la (Exoupue
kaBuotépnon).

Av no< 0, TOTE MAPATNPOUME METATOMION TMPEOC TA APLOTEPA
(éxoupe mpomopevon) kot to onpa pmopet va ypadel wcg y(n)=
X(n+no).



o
e\
2 q
%
&
NI

4

fiparog

oTI|plo

Ynowxic Enetepyaciog X
Tpnpa Hiektpordyov Mnyavikov & Mnyyovikov H'Y

Epya

MeTtooxnNUATIOMOL ZNUATWV

x(n+8)

#(n-8)

A,}\A\A\AAAA,&AAA\AAAAAAAAéAA?TT A A
b

#(n+3)

2
15

AAAAAAA\?TT I N N . . . N . N . N N . N N N N

#(-n+3)

T

2
15

I N N . . . N . N N N N . N . (. N TT?AA\AAA\AA\
5

#(-n-8)

T

T
Ay A TT?AAéz&AAAAAAAA;}\A,}\AAAAAAAA
b

- Do Py oy - oy - poy
- Mesl Mesl peo - peo - May]
- et Dt - s bt
B Lo Lo w B Lo B Lo
B P P w0 B PO ;
B - - sy B pre- B pre-
- poD poD PO - poD - poo
B b P b B b B o
- P P b2 b2 =
S L 4 fe—2
- h O h = N & o
L ho s by by b
- = = b= = b b=
1 G_A.n. 1 C_A.n. | (v_..mu | (vrmu 1 C_A.n.

-t o™ o o™ o o™ [ A -t o™ o -t o™ o



Epyactipio Pnowxic Enctepyaciog Eqporog
Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

MetaoxnUOTIOpOL ZNUOTWV

XPOVLKN KALLOKWGN

KAlpakwon vdlotatal éva onpa av f(n)=Mn n f(n)=n/M, omnou
M akEpalog aplOuoc.

TNV TPWIN Ttepimtwon to Slakpltd onua AEUE OTL UMEOTN
urtodelypatoAnyia Kol oTn deltepn MEPLTTWON
urtepdetypatoAnia.

Katd tnv urtodewypatoAnyia mpokumtel to onua y(n)= x(Mn)
Kol Kata tnv unepdetypatoAnyia to onua y(n)= x(n/M), omnou
n/M ok€paloc.

To onua x(n/M) &ev opiletal yla TIC N OKEPOLEC TLUEC TOU
ninAtkov n/M.
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XPOVLIKNKALLOKWGON
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Epyactipio Pnowxic Enctepyaciog Eqporog
Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

Mpaéelc SLakpLtwyv onUATWY

MpooBeon x(n) + y(n)

Adaipeon x(n) - y(n)
MNoAAarAaotaopoc | x(n) * y(n)

Awaipeon x(n) / y(n) pe y(n)z0

OL ipaelc ekteAoUvTaL OVA OTOLXELO KOL yLo TNV dLa TN NG
aveéaptntng LetaBAnTAC.
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MNapadelypa mpaénc

Eotw OtL B€Aovpe va tpooBeooupe Ta SUO TTOPAKATW
onuata x1(n) ko x2(n):

«1(n) *2(n) y(n=x1{n) +x2(n)
18+
16
4 141 4
1
18
06} 1 O8r
04} {4 D4t 104F
0 02
0 & 5 0 —- - -
i 1 i i 0 1 1 i 0 1 E

x1(n) + x2(n) = y(n)
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Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

OepeAlwoOeLc akoAouBiec

Awakpltr) akoAouBia deAta

H Stakpltry akoAouBia S€Ata | povadloia KPOUOoTLKN
akoAouBia cupBoAiletal 6(n) kol opiletal ano tnv oxeon:

8(n)

1 n=0

o(n)=:+
() 0 n#0
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OepeAlwoOeLc akoAouBiec

Awakpltr) akoAouBia emiBpaduvonc

H Sdtakplt) akoAoubBia eniBpaduvonc eivat n akoAouBia &(n)
OTIOU UTTEOTN METATOTLON KaTA k Kol oplletal amod tnv oxeon:

1.5

o(n-3)
: =k l f
o(n—k)=-:
ek
2NUELWVOUUE OTL 6[Nn-3] B I I I B

loovUTal pe 1 ywa n=3,
Kat 0 yia n #3
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OepeAlwoOeLc akoAouBiec

Movaodiaia Bnuoatikn) akoAouBia (unit step)

H povadtiaio Bnuotikn akoAouvBia cupoAiletal pe u(n) Ko

opiletal amno tnv oxéon:

1.5

u(n)

= 05

(n) = )
u(n) == :
ﬂ n<0

05

2 NUELWVOUME OTL u[n-3] toovTat pe 1 ya n>=3, kot 0 yla n<3
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Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

OepeAlwoOeLc akoAouBiec

EkBetikn akoAoubBia

H ekBetiki akoAoubia eival ¢Bivovoa ywa |a|<1, avéovoa yLa
|a|>1 kat otaBepn ywa a=1 dnAadni x(n)=u(n) kot opiletal amno

TNV mopakatw oxéon: x(n) =o*Vn,aeN

x(n)=1.2"

ffTTH

il

P

x(n)=0.8"
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OepeAlwoOeLc akoAouBiec

Movaodiaia evaAlaooopevn akoAouBia

H povadiaio evallaococopevn akoAouBia opiletal amnod tnv oxeon:

15

1F 0} 0} @ o}

o

g5k

x(n)y=(-1)",n>0

05k

-1.5
-1
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OepeAlwoOeLc akoAouBiec

Huwtovoeldng akoAouBia

OL nuitovoeLldeic akoAouBiec opilovtal armo T OXECELS, OTIoU A
glval To MAATOC, Wo Elval n ouyvotnta Kat ¢ eival n daon:

x(n)=Acos(Won+), VnEN T/ \ /

x(n)=Asin(Won+q), VREN

LE KOKKLVO XpwHa: 5sin(w1t)
ne UrAe: 3sin(w,t+1/4), wr=2w1)
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YAorotnon &(n-k)
Na dtiatete pa cuvaptnon o Python n omola Ba dnuiovpyet pa
dlakplti ouvaptnon smPpaduvonc.

H cuvaptnon Ba 6€xetal 3 opiopata: to k, Kot ta 6pLa Tou n.

Oa emlotpEdel Eva Slavuopa e TNV akoAouBia & katl Eva
SLAVUOUOL UE TLC TLLLEC TOU N.

1 n=k

o(n—-=k)=:
L2 0 n+k
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Tpnqpo Hiektporoyov Mnyovikov & Mnyovikov H'Y

Avon 6(n-k)

import matplotlib.pyplot as plt

import numpy as np

def dk(k,min_n,max_n):
n=range(min_n,max_n,1);
d=np.zeros(len(n));
for i in range(0, len(n)):
if n[i]==k:
dli]=1;
break;

return n,d

o(n—Fk)=-

,

"

1
0

n==xk

n+k
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Aoknon
Xpnotpomnolwvtag tnv cuvaptnon dk mou ptiaate va napootrioste ypadplkd ta

TIOPOKATW SLOKPLTA O LOTO XPNOLULOTIOLWVTAC TNV EVTOAN stem.

x1(n)=6(n-10)  0<=n<=17
x2(n)=0.96(n-5) -3<=n<=8

08¢+
[n1,x1]=dk(10,0,17); 0.&T

0.4}
[n2,x2]=dk(5,-3,8); 02_ _
x2=x2*0.9:; N NN IR

L A A A e A L A A e e D

plt.stem(n1, x1)
08¢}

plt.show()

0B}
plt.stem(n2, x2) / 04}

plt.show() 2
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Aoknon

Na ropaotnoeTe ypadLlkd oTto SlaoTnua -6 £ n < 8 Ta TOPAKATW

Slakplta onpata oto oo figure, xpNOLUOTIOLWVTOC TNV EVIOAN
stem.

6(n+3)
6(n)
6(n-6)
nl,d1]=dk(-3,-6,8); 10 o ’ ;
n2,d2]=dk(0,-6,8);
n3,d3]=dk(6,-6,8); 06
plt.stem(nl,dl,'r') 041
plt.stem(n2,d2,'g') 02
plt.stem(n3,d3,'b’) e e




