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1 Eisagwg 

'Eqoume suzht sei th sunèlixh suneqoÔc qrìnou sth jewrÐa, kaj¸c kai se ask seic. Ac doÔme se
autèc tic shmei¸seic to pwc sqedi�zoume kai epibebai¸noume ta apotelèsmata sto MATLAB. Up�rqoun
merik� shmeÐa pou qrei�zontai prosoq  ìson afor� thn anaparastash shm�twn suneqoÔc qrìnou se èna
periballon diakritoÔ qronou, opwc to MATLAB, kai aut� ja xedialÔnoume se autèc tic shmei¸seic.
UpenjumÐzetai ìti h sunèlixh eÐnai mia pr�xh pou sqetizei thn eÐsodo enìc sust matoc, x(t), me thn
kroustik  apìkrish tou sust matoc, h(t), kai thn èxodo y(t), kai dÐnetai apì th sqèsh

y(t) = x(t) ∗ h(t) =
∫ ∞
−∞

x(τ)h(t− τ)dτ (1)

2 S mata suneqoÔc qrìnou - SqedÐash kai Sunèlixh

Ac doÔme duo qarakthristik� paradeÐgmata.

1. 'Estw loipìn ìti èqoume duo shmata suneqoÔc qrìnou, ta

x(t) = cos(πt/2), −5 ≤ t ≤ 5 (2)

kai
h(t) = 2rect(t/2) (3)

ìpou Arect(t/T ) eÐnai èna summetrikì tetragwnikì par�juro me pl�toc A kai di�rkeia T , apì −T/2
wc T/2 sec. 'Ara to s ma 2rect(t/2) eÐnai ena summetrikì tetragwnikì parajuro me di�rkeia 2 sec
(apì −1 wc 1 sec) kai pl�toc 2.

Jum�ste ìti to MATLAB anagnwrÐzei ìlec tic metablhtèc tou wc pÐnakec. Opìte ola ta dedomèna
pou ja eis�goume ja eÐnai morf c pin�kwn, kai sugkekrimèna, dianusm�twn (pin�kwn Nx1   1xN).
Parak�tw dÐnetai k¸dikac gia th sqedÐash twn shm�twn sto MATLAB:

ts = 0.01; % Sampling step

tx = -5:ts:5; % Time vector for x(t)

x = cos(pi * tx/ 2); % x(t)

th = -2:ts:2; % Time vector for h(t)

h = 2*rectpuls(th/2); % h(t)

plot(tx, x, th, h); % Plot the result
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xlabel(’Time (sec)’); % Make plot pretty :-)

ylabel(’Amplitude’); % Make plot pretty :-)

title(’Signals of Example 1’); % Make plot pretty :-)

legend(’Cosine’, ’Rectangular’); % Make plot pretty :-)

To apotèlesma fainetai sto sq ma 1.
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Sq ma 1: S mata Paradeigmatoc 1

Merikèc parathr seic ston parap�nw k¸dika...

(aþ) H pr¸th gramm  mac kajorÐzei to pìso suqn� paÐrnoume deÐgmata apì to suneqèc s ma, gia
na to anaparast soume sto MATLAB. 'Opwc gnwrizete, èna s ma suneqoÔc qrìnou orÐzetai
k�je qronik  stigm , oi opoÐec einai �peirec to pl joc, akìma kai se èna kleisto di�sthma
ìpwc p.q. to [0, 1]. Profan¸c den mporoÔme na anaparasthsoume ìlec autèc tic timèc. Prepei
na dialèxoume k�poiec. Ed¸, sthn pr¸th gramm  epilègoume to b ma me to opoÐo ja paÐrnoume
timèc apì ta s mata mac. To bhma ed¸ einai 0.01 sec, to opoÐo sthn perÐptwsh mac eÐnai arketì
� to b ma autì exart�tai apì to suqnotikì perieqìmeno twn shm�twn, ìpwc ja deÐte proc to
teloc tou maj matoc.

(bþ) Sth deuterh kai tètarth gramm , orÐzoume ta pedÐa orismoÔ twn shm�twn. To th den einai
an�gkh na einai diaforetikì apì to tx, ìmwc to tx de ja mporoÔse na eÐnai Ðdio me to th, giati
to x(t) orÐzetai sto [−5, 5]. EpÐshc, to h(t) èqei di�rkeia apì −1 wc 1, opìte h epilog  tou
diast matoc [−2, 2] mac dÐnei merik� mhdenik� ekatèrwjen tou palmoÔ.

(gþ) Ja mporoÔsame na prosjèsoume merik� epiplèon mhdenik� ekatèrwjen kai sto x(t) ¸ste na
proseggizei akìma perissotero to pragmatikì s ma. Ac b�loume 10 deuterolepta ekatèrwjen.
Autì ja ginìtan k�pwc etsi:

ts = 0.01; % Sampling step

tx = -5:ts:5; % Time vector for x(t)

x = cos(pi * tx/ 2); % x(t)

x_new = [zeros(1,length(tx)-1) x zeros(1,length(tx)-1)]; % Enhanced x(t)

tx_new = -15:ts:15; % New time vector for x(t)
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plot(tx_new, x_new, th, h); % Plot the result

xlabel(’Time (sec)’); % Make plot pretty :-)

ylabel(’Amplitude’); % Make plot pretty :-)

title(’Signals of Example 1’); % Make plot pretty :-)

legend(’Cosine’, ’Rectangular’); % Make plot pretty :-)

Trèxte ton parap�nw k¸dika gia na deÐte to apotèlesma. :-)

(dþ) H sun�rthsh rectpuls() ulopoieÐ ènan tetragwnikì palmì di�rkeiac 1 deuterolèptou kai pl�-
touc 1, sto orisma-�xona pou tou dÐnetai. H kl sh pou k�noume ed¸, 2*rectpuls(th/2), fti�qnei
èna tetragwnikì par�juro di�rkeiac 2 deuterolèptwn, kai pl�touc 2.

(eþ) Oi teleutaiec 4 grammèc apl� dÐnoun mia perissoterh saf neia sth grafik  mac parastash.
Mhn tic parameleÐte, den eÐnai mìno gia aisjhtikoÔc lìgouc. :-)

Ac poÔme oti jèloume na k�noume sunèlixh aut¸n twn duo shm�twn. To olokl rwma thc sunèlixhc
dinetai wc

y(t) = x(t) ∗ h(t) =
∫ ∞
−∞

x(τ)h(t− τ)dτ (4)

H sunèlixh ulopoieÐtai sto MATLAB me th sun�rthsh conv. H sun�rthsh aut  ìmwc ulopoieÐ th
sunèlixh gia s mata diakritoÔ qrìnou. H sqèsh (4) ìmwc eÐnai sqèsh suneqoÔc qrìnou. Ja prèpei
na th metatreyoume se mia k�pwc pio bolik , diakrit  morf , ¸ste na qrhsimopoi soume thn ètoimh
sun�rthsh pou mac dinei to MATLAB. Mporei na deiqjeÐ oti h sqèsh (4) mporei na proseggisteÐ
apì th sqèsh

y(kT ) = x(kT ) ∗ h(kT ) = T
k∑

i=k0

x(iT )h((k − i)T ) (5)

ìpou kT eÐnai akèraiec qronikèc stigmèc an� T deuterìlepta (ousiastik�, T = ts ston k¸dika). H
sun�rthsh conv ulopoieÐ akrib¸c to �jroisma pou fainetai parap�nw (qwrÐc th stajer� T ). 'Ara
h sunèlixh twn duo shm�twn ja dinetai apì ton k¸dika parak�tw:

ty = -7:ts:7; % Convolution time vector

% [tx1+th1, tx2+th2]

y = ts*conv(x,h); % Convolution approximation

plot(tx, x, th, h, ty, y); % Plot the result

xlabel(’Time (sec)’); % Make plot pretty :-)

ylabel(’Amplitude’); % Make plot pretty :-)

title(’Signals of Example 1’); % Make plot pretty :-)

legend(’Cosine’, ’Rectangular’, ’Convolution’); % Make plot pretty :-)

To apotèlesma fainetai sto sq ma 2. Prosèxte oti ta �kra tou tetragwnikoÔ parajÔrou (meta thn
an�klash kai metatopish pou èqei uposteÐ, opwc èqoume dei sth jewria) eÐnai ta t−1, t+1, arister�
kai dexi�, antÐstoiqa.
Ac lÔsoume jewrhtik� th sunèlixh, na doÔme an sumpÐptoun ta sq mata. Ja èqoume pènte peript¸-
seic, oi opoÐec faÐnontai sto sq ma 3.

• Pr¸th perÐptwsh:
t+ 1 < −5⇔ t < −6, y(t) = 0 (6)
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Sq ma 2: S mata kai Sunèlixh Paradeigmatoc 1

• Deuterh periptwsh:

−5 ≤ t+ 1 ⇔ t ≥ −6 kai t− 1 ≤ −5⇔ t ≤ −4⇒ −6 ≤ t < −4,

y(t) =

∫ t+1

−5
2 cos(πτ/2)dτ = 2

2

π
sin(πτ/2)

∣∣∣t+1

−5

=
4

π
(sin(π(t+ 1)/2)− sin(−5π/2)) = 4

π
(sin(πt/2 + π/2) + 1)

=
4

π
(cos(πt/2) + 1) (7)

• TrÐth perÐptwsh:

−5 ≤ t− 1 ⇔ t ≥ −4 kai t+ 1 ≤ 5⇔ t ≤ 4⇒ −4 ≤ t ≤ 4,

y(t) =

∫ t+1

t−1
2 cos(πτ/2)dτ =

4

π
sin(πτ/2)

∣∣∣t+1

t−1

=
4

π
(sin(π(t+ 1)/2)− sin(π(t− 1)/2) =

4

π
(cos(πt/2) + cos(πt/2))

=
8

π
cos(πt/2) (8)

• Tètarth periptwsh:

t+ 1 > 5 ⇔ t > 4 kai t− 1 ≤ 5⇔ t ≤ 6⇒ 4 < t ≤ 6

y(t) =

∫ 5

t−1
2 cos(πτ/2)dτ =

4

π
sin(πτ/2)

∣∣∣5
t−1

=
4

π
(sin(5π/2)− sin(π(t− 1)/2)) =

4

π
(sin(5π/2)− sin(π(t− 1)/2))

=
4

π
(1 + cos(πt/2)) (9)
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Sq ma 3: Peript¸seic Sunèlixhc Paradeigmatoc 1

• Pèmpth periptwsh:
t− 1 > 5⇔ t > 6, y(t) = 0 (10)

'Ara sunolik�:

y(t) =


0, t < −6,
4
π (cos(πt/2) + 1), −6 ≤ t < −4,
8
π cos(πt/2), −4 ≤ t ≤ 4,
4
π (cos(πt/2) + 1), 4 < t ≤ 6
0, t > 6

(11)

Ac sqedi�soume autì to s ma sto MATLAB. DeÐte to sq ma 4. O k¸dikac pou par�gei to sq ma 4
dÐnetai parak�tw:

t2 = -6:ts:-4; % Case 2 time vector

x2 = (4/pi)*(cos(pi*t2/2) + 1); % Case 2 signal

t3 = -4:ts:4; % Case 3 time vector

x3 = (8/pi)*(cos(pi*t3/2)); % Case 3 signal

t4 = 4:ts:6; % Case 4 time vector

x4 = (4/pi)*(cos(pi*t4/2) + 1); % Case 4 signal

t_zero1 = -7:ts:-6; % Zero time vector: case 1
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Sq ma 4: Sunèlixh Paradeigmatoc 1 - Jewrhtikì apotèlesma

t_zero2 = 6:ts:7; % Zero time vector: case 5

x_zero1 = zeros(1, length(t_zero1)); % Zero signal for case 1

x_zero2 = zeros(1, length(t_zero2)); % Zero signal for case 5

plot(t2, x2, t3, x3, t4, x4, t_zero1, x_zero1, t_zero2, x_zero2);

xlabel(’Time (sec)’);

ylabel(’Amplitude’);

title(’Convolution by hand’);

legend(’Case2’, ’Case3’, ’Case4’, ’Zero Case1’, ’Zero Case5’);

Parathr ste oti to jewrhtikì apotèlesma tou sq matoc 4 kai to apotèlesma thc sun�rthshc conv
tou sq matoc 2 eÐnai Ðdia. :-)

2. 'Estw ìti èqoume duo shmata suneqoÔc qrìnou, ta

x(t) = u(t) (12)

kai
h(t) = 2u(t− 2) (13)

ìpou u(t) eÐnai h gnwsth sac bhmatik  sun�rthsh. Profan¸c, ta s mata aut� eÐnai �peira sto
qrìno, opìte de gÐnetai na ta anaparast soume me akrÐbeia sto MATLAB. Ja anaparastajoÔn
meqri èna sugkekrimèno qronikì shmeÐo thc epilog c mac. Ac sqedi�soume aut� ta shmata sto
MATLAB wc eqoun:

ts = 0.01;

tx = -5:ts:10; % Up to 10 seconds

x = heaviside(tx); % x(t) = u(t)

th = -5:ts:10; % Up to 10 seconds again
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h = 2*heaviside(th - 2); % h(t) = 2u(t-2)

plot(tx, x, th, h); % Plot

xlabel(’Time (sec)’);

ylabel(’Amplitude’);

title(’Signals of Example 2’);

axis([-5 10 0 3]); % Rescale the axis of the figure (prettier graph :-P)

H sun�rthsh heaviside() ulopoieÐ mia bhmatik  sun�rthsh, an�loga me to orisma pou thc dÐnetai. H
sun�rthsh axis prosarmìzei ta oria twn axìnwn sto sq ma. Sto sq ma 5 faÐnetai to apotèlesma
tou parap�nw k¸dika. T¸ra, h sunèlixh twn duo aut¸n shm�twn ja dinetai wc
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Sq ma 5: S mata Paradeigmatoc 2

ty = -10:ts:10; % Time vector for y(t)

y = ts*conv(x,h); % Convolution (size [-10,20])

y = y(1:length(ty)); % Keep only meaningful result ([-10,10])

plot(tx, x, th, h, ty, y); % Plot

xlabel(’Time (sec)’);

ylabel(’Amplitude’);

title(’Signals of Example 2’);

legend(’u(t)’, ’2u(t-2)’, ’Convolution’);

To apotèlesma faÐnetai sto sq ma 6. Prosèxte ston parap�nw k¸dika to ex c: to di�nusma pou
antiproswpeÔei ton �xona tou qrìnou, ty, gia th sunèlixh, y(t), den upakoÔei ston kanìna pou
gnwrizete kai pou eÐdame kai sto prohgoÔmeno par�deigma. Poiìn kanìna? Autìn pou lèei oti èna
peperasmènhc di�rkeiac shma x(t), pou einai mh mhdenikì sto [a, b], otan sunelÐssetai (koultoÔra :-)
) me èna �llo peperasmènhc di�rkeiac s ma h(t), pou einai mh mhdenikì sto [c, d], tìte to apotèlesm�
touc (h sunèlixh dhladh) einai mh mhdenikì sto [a+ c, b+ d]. Ed¸, orÐsame kai ta duo s mat� mac
sto [−5, 10], par' olo pou den eÐnai peperasmèna jewrhtik�, opwc eÐpame. AntÐ ìmwc na p�roume
wc �xona qronou ty gia th sunèlixh to [−10, 20], p rame to [−10, 10]! GiatÐ? H ap�nthsh eÐnai ìti
se tètoiec peript¸seic, ìpou anaparistoÔme �peira - jewrhtik� - s mata sto MATLAB, prepei na
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Sq ma 6: S mata kai Sunèlixh Paradeigmatoc 2

elègqoume/gnwrÐzoume mèqri poiì qronikì shmeÐo ta apotelèsmat� mac èqoun nìhma (sumpÐptoun
dhlad  me aut� thc jewrÐac). En prokeimènw, xèroume ìti met� th qronik  stigm  10 sec, to shma
mac jewreÐtai (apì to MATLAB) ìti mhdenÐzetai, pr�gma pou de sumbaÐnei sth jewrÐa. Opìte ì,ti
apotèlesma paÐrnoume met� apì to 10o deuterìlepto, den èqei nìhma! JewroÔme ìti h grafik 
par�stash thc sunèlixhc ¸c to 10o deuterìlepto suneqÐzetai ep' �peiron sto motÐbo pou eÐqe wc
ekeÐnh th qronik  stigm  (sto par�deigm� mac, h eujeÐa suneqÐzei na anebaÐnei wc to �peiro).

Prosèxte oti h gramm 

y = y(1:length(ty)); % Keep only meaningful result ([-10,10])

apojhkeÔei sto di�nusma y ta stoiqeia tou dianÔsmatoc y apì to 1o wc ton arijmì pou isoÔtai me
to m koc tou �xona ty pou èqoume epilèxei. H sun�rthsh length() mac epistrèfei to m koc enìc
dianÔsmatoc (dhl. pìsa stoiqeÐa perièqei). Epeid  h sun�rthsh conv() mac epistrefei thn pl rh
sunèlixh, jewr¸ntac ìti ta shmat� mac mhdenÐzontai meta to 10o deuterìlepto, prèpei emeÐc na
krat soume ta stoiqeÐa tou y pou èqoun nìhma. Autì k�noume sthn parap�nw gramm .

Ac lÔsoume th sunèlixh analutik�, na doÔme an sumpÐptoun ta apotelèsmata mac. Ja einai

y(t) = x(t) ∗ h(t) =
∫ ∞
−∞

x(τ)h(t− τ)dτ =

∫ ∞
−∞

2u(τ)u(t− τ − 2)dτ (14)

'Omwc parathroÔme oti

u(t− τ − 2) =

{
1, t− τ − 2 ≥ 0⇔ τ ≤ t− 2,
0, alloÔ

(15)

kai

u(τ) =

{
1, τ ≥ 0,
0, alloÔ

(16)

Opìte, apì koinoÔ,

2u(τ)u(t− τ − 2) =

{
2, 0 ≤ τ ≤ t− 2,
0, alloÔ

(17)
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'Ara to olokl rwm� mac gÐnetai

y(t) =

∫ ∞
−∞

2u(τ)u(t− τ − 2)dτ =

∫ t−2

0
2dτ

= 2τ
∣∣∣t−2
0

= 2(t− 2) = 2t− 4, gia t ≥ 2. (18)

Profan¸c, gia t < 2, y(t) = 0.
EÐdate oti k�poiec forèc, den eÐnai aparaithto na diaqwrÐzoume peript¸seic me sq mata gia th
sunèlixh, an kai siwphl� k�name k�ti tètoio me majhmatik�. ?-) Epibebai¸ste eseic (ex�skhsh!) ìti
k�nontac th grafik  lÔsh thc sunèlixhc pou èqete dei sto m�jhma kai sto frontist rio, pairnoume
to Ðdio apotèlesma.

Mporeite na deÐte , tèloc, oti to apotèlesm� mac einai to Ðdio me autì pou mac èdwse h conv() (h
2t− 4 pern�ei apì ta shmeÐa (2, 0), (10, 16) pou pern� kai h eujeÐa tou sq matoc 6).

3 Kleinontac

Profan¸c h parap�nw diadikasÐa sqediashc shm�twn mporei eÔkola na epektajeÐ gia s mata diakritoÔ
qrìnou. Se authn thn periptwsh, o �xonac tou qrìnou perilamb�nei mìno akèraiec timèc, en¸ h sun�rthsh
conv() qrhsimopoieÐtai qwrÐc klim�kwsh me ts (�llwste to ts sta diakritoÔ qrìnou s mata eÐnai p�nta
mon�da). Gia par�deigma, o parak�tw k¸dikac sqedi�zei to sunhmÐtono tou paradeigmatoc 1:

nx = -5:5; % Discrete time vector for x[n] (step = 1 sample)

x = cos(pi * nx/ 2); % x[n]

stem(nx, x); % Plot the result (stem is for discrete time signals)

xlabel(’Time (samples)’); % Make plot pretty :-)

ylabel(’Amplitude’); % Make plot pretty :-)

title(’Signal of Example 1’); % Make plot pretty :-)

legend(’Discrete Cosine’); % Make plot pretty :-)

Trèxte to, deÐte to apotèlesma, sqedi�ste to sto qartÐ, kai epibebai¸ste oti eÐnai swsto! ?-)
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