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ParamìrfwshkaiDiasumbolik Parembol 

•Mèqrit¸raupojètameìtitokan�li

h
(t)èqei�peiroeÔroz¸nhkaiìtihmìnhep�dras 

touep�nwstos mae�naipollaplasiasmìmestajer� /kaikajustèrhsh.

•Sthnpr�xhtakan�liaèqounpeperasmènoeÔroz¸nh.Ep�sh,sthgenik per�ptwsh,

hapìkris toue�naisun�rthshthsuqnìthta.GiatoulìgouautoÔtakan�lia

paramorf¸nountos ma.
•Hgrammik paramìrfwshmpore�naantimetwpiste�meqr shtouprosarmosmènouf�ltrou

stodèkth.Up�rqoun,wstìso,k�poieleptomèreiepouprèpeinaproseqtoÔn.Endèqetai,

giapar�deigma,oisunart seib�shnamhne�naiorjog¸niesthnèxodotoukanalioÔ.

Akìmaqeirìtera,endèqetaik�poienae�naikaigrammik�exarthmène,meapotèlesmana

�q�noume�k�poiediast�sei(mhantistrèyimometasqhmatismì).Apaite�tai,epomènw,

prosektikìsqediasmì,oopo�oexart�taiapìtokan�li.
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ParamìrfwshkaiDiasumbolik Parembol (2)
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•Hantimet¸pishthdiasumbolik parembol g�netaimedi�foroutrìpou,metaxÔtwn
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ParamìrfwshkaiDiasumbolik Parembol (3)

Hdiasumbolik parembol emfan�zetaisepoll�sust matamet�doshkai
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matamagnhtik kaioptik apoj keush,optikè�ne(lìgwdiaspor�

trìpwnpìlwsh).
SthsunèqeiajaasqolhjoÔmemetaex jèmata:

•P¸montelopoie�taihdiasumbolik parembol ?
•Poiae�naihep�dras thseènasÔsthma?
•Mepoiemejìdouantimetwp�zetai?
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Epikoinwn�adiamèsoukanalioÔperiorismènoueÔrouz¸nhme
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Epikoinwn�adiamèsoukanalioÔperiorismènoueÔrouz¸nhme

qr shisostajmist (2)

•Odèkthmeisostajmist kaianiqneut 

S
B

Sdene�naibèltisto.Qrhsi-

mopoie�taigianaaplopoi seitosqediasmì.

•Wstìso,pollèforèhap¸leiaapìdoshsesqèshmetobèltistodèkth

e�naiikanopoihtik dedomènwntwnprodiagraf¸ntousust mato(B
E
R,

poluplokìthtadèkthklp.).
•Upìorismènesunj kekaimetautìqronhbeltistopo�hshthmeta-

didìmenhakolouj�a

x
k (tran
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epiteuqje�hbèltisthapìdoshgiadedomènokan�li.
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Diadoqik Qr shKanalioÔ

•Metadidìmenos ma(Kdiadoqikèmetadìsei,rujmìmet�dosh
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Diadoqik Qr shKanalioÔ(2)

•Epomènw,mporoÔmenaqrhsimopoi soumeolìklhrhthlhfje�sakumatomorf 
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Diadoqik Qr shKanalioÔ-

Orjogwniìthtasunart sewnb�sh
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∫
φ

i (t)φ
∗j (t)d

t
=

δ
i,j .

•Giadiadoqik qr shkanalioÔ,tometadidìmenos maèqeithmorf 

x
(t)

=
∑

K
−

1
k
=

0

(
∑

Nn
=

1
x

k
,n

φ
n
(t−

k
T

)
),ìpou

Nhdi�stashtouasterismoÔ.

•Toìti
∫

φ
i (t)φ

∗j (t)d
t

=
δ

i,j deshma�nei,kat'an�gkh,kaiìti

∫
φ

i (t
−

k
T

)φ
∗j (t

−
lT

)d
t

=
δ

i,j gia
k

6=
l.Epomènw,e�nepiqeir soumena

anakt soumethntim thsunist¸sa
x

p
,m jaèqoumediasumbolik parembol 

apì�lleqronikèstigmè:
y

p
,m

=
∫

(x
(t)

+
n
(t))

φ
∗m
(t

−
p
T

)d
t

=
∫

(
∑

Nn
=

1
x

p
,n

φ
n
(t−

p
T

)
+

∑

k6=
p

∑
Nn
=

1
x

k
,n

φ
n
(t−

k
T

)
+

n
(t)

)

φ
∗m
(t−

p
T

)d
t

=

x
p
,m

+
∑k6=

p

N
∑n

=
1

∫

x
k
,n

φ
n
(t−

k
T

)φ
∗m
(t−

p
T

)d
t

︸
︷
︷

︸

IS
I

+

∫

n
(t)φ

∗m
(t−

p
T

)d
t

︸
︷
︷

︸

Jìrubo
.9



Diadoqik Qr shKanalioÔ-

Orjogwniìthtasunart sewnb�sh(2)

•Sthnper�ptwshpouoiφ
m
(t−

k
T

)kaiφ
n
(t−

lT
)e�naiorjog¸niegia

k
6=

lsek�poio

di�sthmaolokl rwsh,denemfan�zetai
IS

Ikaitodianusmatikìkan�lipouprokÔpteiden

èqeimn mh.
�Par�deigma:

φ
(t)

=
1

√
T
sin

c
(

tT

)e�nhdeigmatolhy�ag�neitiqronikèstigmè

k
T.

•Wstìso,sthgenik per�ptwsh,horjogwniìthtaq�netaiìtanoisunart seib�shper�-

sounmèsaapìtokan�lipeperasmènoueÔrouz¸nh
h
(t),meapotèlesmanaemfan�zetai

IS
I.•MialÔshe�nainaepilegoÔnkat�llhle

φ
(t)twnopo�wnhsunèlixhmetokan�lipar�gei

orjog¸niesunart sei.

�Sun jwoi

φ
(t)exart¸ntaiapìtokan�li.Wstìso,up�rqountrìpoidiamìrfwshme

φ
(t)oiopo�ee�naianex�rthtetou

h
(t)(p.q.

O
F
D

M).
•Alli¸,e�teefarmìzoumean�qneushmègisthpijanof�neiastodèkth prospajoÔmena

dhmiourg soumekan�liqwr�mn mhstodèkthkat�prosèggishmeqr shisostajmist¸n.10



MontèloKanalioÔmeDiasumbolik Parembol 

•Staepìmenajajewr soumeìti
N

=
1di�stash(giaaploÔsteush).Taapotelèsmata

genikeÔontaieÔkolase2diast�seimeqr shmigadik¸nposot twn.

•Ep�sh,upenjum�zetaimiabasik upìjeshpouèqoumek�neièwt¸ra(kaipouja

suneq�soumenak�noumeseautìtom�jhma):Tametadidìmenas mata
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(t)∗

h
(t),ìpou

φ
(t)hsun�rthshb�sh
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p‖
2
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〈p
(t),

p
(t)〉

=
∫

∞−
∞

p
(t)p

∗(t)d
t.

• Hsun�rthsh

φ
p (t)e�naikanonikopoihmènh,all�ìqikat'an�gkhorjog¸niameti

metatop�seith,

φ
p (t−

k
T

).
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Par�deigma(C
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•JewroÔmediamìrfwshmeqr shth

φ
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=
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√
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palmì)kaikan�lime
h
(t)

=
δ
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+
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T
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=
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√
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MontèloKanalioÔmeDiasumbolik Parembol (2)

•'E�dameìtitolambanìmenos mastodèkthisoÔtaime

y
(t)

=
∑

K
−

1
k
=

0
x

p
,k φ

p (t−
k
T

)
+

n
(t) .•StaepìmenajewroÔmekan�li

A
W

G
N(sthnper�ptwshkanalioÔ

A
C
G

NmporoÔmenato

metatrèyoumeseisodÔnamokan�li
A
W

G
Nìpwperigr�fhkeprohgoumènw).

•StodèkthqrhsimopoioÔmeaniqneut prosarmosmènouf�ltrou

φ
∗p (−

t),ìpwfa�netaisto

sq ma.

•ApodeiknÔetaiìtitade�gmata
y

k arkoÔngiathnperigraf tousuneqoÔs mato

y
(t),

arke�‖
p‖

<
∞.
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MontèloKanalioÔmeDiasumbolik Parembol (3)

•
y
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φ
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=

∑
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1
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=

0
x

p
,k φ
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T
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φ
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+

n
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φ
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=

∑
K

−
1

k
=

0
‖
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x
k q

(t−
k
T

)
+

n
′(t), ìpou

q
(t)

,
φ

p (t)∗
φ
∗p (−

t)
=

p
(t)∗

p ∗
(−

t)

‖
p‖

2 .

•ApodeiknÔetaieÔkolaìti
q
∗(−

t)
=

q
(t)kai

q
(0

)
=

1.
•'Estw

y
k

,
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T
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Krit rioMègisthParamìrfwsh

•
y

k
=

‖p‖x
k

+
‖p‖

∑

m
6=

k
x

m
q
k−

m
+

n
′k .

•Krit rioMègisthParamìrfwsh(P
eak

D
istortion

C
riterion):

D
p

,
|x|m

a
x ‖p‖

∑

m
6=

0 |q
m |.

•Antistoiqe�stoqeirìterosen�riopoumpore�nasumbe�seènakan�li

IS
I

(ìlataparemballìmenasÔmbolanaèqountomègistodunatìpl�to).

•
P

e ≤
N

e Q

(

‖
p‖

d
m

in
2

−
D

p

σ

)(e�n
2D

p ≤
‖p‖d

m
in ).

•Sun jwhakra�aaut per�ptwshemfan�zetaisp�niameapotèlesmao

qarakthrismìtou

IS
Imeqr shth

D
p naodhge�sepolÔapaisiìdoxe

ektim sei.
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MèshTetragwnik Paramìrfwsh

•E�ntadiadoqik�s mata
x

k e�naianex�rthtakaiomo�wkatanemhmèna

(i.i.d
.),hmèshtetragwnik paramìrfwsh(M

ean
-S

q
u
are

D
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taiwD
m

s
,E
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∣∣∣ ∑

m
6=

k
x

m
q
k−

m

∣∣∣ 2
}

=
E

x ‖p‖
2
∑

m
6=

0 |q
m | 2.

•'OtanqrhsimopoioÔmethmèshtetragwnik paramìrfwshgiato

qarakthrismìtou
IS

Iupojètoumeìtihdiasumbolik parembol akolou-

je�gkaousian katanom kaiìtie�naiasusqètisthmetojìrubo

n
′k .H

prosèggishe�naipioakrib sesust matamemeg�louasterismoÔkai

kwdikopo�hsh.

•
P

e ≈
N

e Q

(

‖
p‖

d
m
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σ
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+
D

m
s

)

.
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S
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R
M
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S
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x
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S
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Krit rio

N
y
q
u
ist

•E�dameìti
y

k
=

‖
p‖

x
k
+

‖
p‖

∑

m
6=

k
x

m
q

k−
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+
n

′k .

•Krit rio
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√
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⇒
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⇒
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√
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(
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+
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+
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=
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=
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∫
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√
Ē
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