
EE725-Eidik�JèmataYhfiak¸n

Epikoinwni¸n

Dhm trh-AlèxandroToumpak�rh

3oM�jhma�12Mart�ou2009



PerieqìmenashmerinoÔmaj mato

•JìrubostiYhfiakèEpikoinwn�e(sunèqeia)

•Diamìrfwshkaiapodiamìrfwsh:Anapar�stashmedianÔsmata
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LeukìProsjetikìGkaousianìJìrubo(A
W

G
N)

•TogegonììtihautosusqètishtouleukoÔjorÔbouisoÔtaime

N
02
δ
(t)ded�neikamia

plhrofor�agiathnkatanom twntim¸ntou.Giapar�deigma,mialeuk stoqastik anèlixh

endèqetainapa�rneitimèmìno0kai1(B
ern

o
u
lli).

•LeukìProsjetikìGkaousianìJìrubo:Leukìjìrubotade�gmatatouopo�oue�nai

anex�rthteomo�wkatanemhmène(i.i.d
.)gkaousianèmetablhtè.

•O

A
W

G
Ne�naitopioeurèwqrhsimopoioÔmenomontèlojorÔbou.Olìgoe�naiìti

montelopoie�polÔkal�ènameg�loposostìkumatomorf¸njorÔboupouemfan�zetaisti

YhfiakèEpikoinwn�e.

�Leukìthta:Apotèlesmathtuqaiìthtathk�nhshtwnhlektron�wn.

�Gkaousianì:Dikaiologe�taiapìtoKentrikìOriakìJe¸rhma:Osunolikìjìrubo

e�naiapotèlesmathajroistik sumbol enìpolÔmeg�louarijmoÔ(i.i.d
.)phg¸n

jorÔbou.
�Ojermikìjìrubomontelopoie�taiw

A
W

G
N.

•'Egqrwmo(co
lored)ProsjetikìGkaousianìJìrubo:H

P
S
Ddene�naiep�pedh.

Montelopoie�jìrubolìgwdiafwn�a(cro
sstalk),jìrubolìgwf�ltrwn.
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Jermikìjìrubosemikrokumatik�sust mata

•Stamikrokumatik�sust matadiakr�noumedÔophgèjorÔbou:thnkera�akaitaeswterik�

kukl¸matatoudèkth.
�Ojìrubolìgwthkera�aexart�taiapìtofusikìperib�llonkaiton

prosanatolismìthkera�a.

�Ojìrubolìgwtwnkuklwm�twntoudèkthexart�taiapìthsqed�as tou(kaita

ulik�pouqrhsimopoioÔn).
•Sun jwosunolikìjermikìjìrubotoudèkthan�getaisthne�sodìtou,ìpwfa�netai

stosq ma(ìpoudenemfan�zetaihep�drashtoukanalioÔ).
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Shme�wshsqetik�metiOptikèEpikoinwn�e

Stioptikèsuqnìthteojermikìjìruboe�naiamelhtèo.Epomènw,

sesust mataoptik¸nepikoinwni¸nojermikìjìruboemfan�zetaikur�wse

metagenèsterast�diaepexergas�astodèkthìpoutos maèqeimetaferje�

seqamhlìteresuqnìthte(giapar�deigmastost�dioproen�squshtou

s matosthnèxodotoufwtoaniqneut ).

Taoptik�sust mataupìkeintai,epiplèon,sepollaplasiastikìjìrubo

bol .Stom�jhmadejaasqolhjoÔmeanalutik�meoptik�sust ma-

ta.Parìlopouhsqed�ashoptik¸nsusthm�twndiafèreiapìaut twn

mikrokumatik¸nkaibajuperat¸nsusthm�twn(enmèreilìgwtoudiafore-

tikoÔjorÔbou)up�rqounk�poiebasikèarqèoiopo�edièpounìlata

sust mataepikoinwni¸n.Epomènw,k�poiaapìtajèmatapouja

kalÔyoumeefarmìzontaikaiseoptik�sust mata(idia�terastokomm�timet�

tofwtoaniqneut ).
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Shme�wshsqetik�metaMagnhtik�Kan�lia

Tamagnhtik�sust mataqarakthr�zontaiapìajroistikìkaipollaplasi-

astikìjìrubokaj¸kaiapìjìruboqronismoÔ(jitter).

Oajroistikìjìruboofe�letaisthnep�drashtwnmagnhtik¸ndipìlwn

sthnkefal an�gnwsh/eggraf .Opollaplasiastikìjìruboofe�letai

seanomoiogèneiethpuknìthtatouulikoÔoiopo�eprokaloÔnmetabol 

toupl�toutous mato.Tèlo,ojìruboqronismoÔprokale�taiapìth

metabol thapìstashmetaxÔthkefal kaithepif�neia

eggraf .Epiprìsjeta,stamagnhtik�sust mataemfan�zetaidiafwn�a

(crosstalk)lìgwparembol¸napìgeitonik�kan�lia.

'Opwkaisthnper�ptwshoptik¸nsusthm�twn,dejaasqolhjoÔmeme

tamagnhtik�kan�lia.Wstìso,pollèapìtiarqèkaiteqnikèsqed�ash

yhfiak¸nsusthm�twnefarmìzontaikaiseaut�tasust mata.
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Jìrubosethlefwnik�kan�lia

•EpiplèontoujermikoÔjorÔbou,�llephgèjorÔbousethlefwnik�

kan�liae�nai:
�Jìruboapìgeitonik�kan�lialìgwdiafwn�a(crosstalk)

�JìrubolìgwkbantismoÔ(q
u
an

tization
n
oise)

�Kroustikìjìrubo(im
p
u
lse

n
oise)

�Jìrubolìgwparembol¸nseradiosuqnìthte(R
ad

io
F
req

u
en

cy
In

gress
-

R
F
I)
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Diafwn�a(C
ro

ssta
lk)

•Ofe�letaiseparembolèapìgeitonik�kan�lia.Apotele�prìblhmasesunestrammèna

zeÔghtaopo�aan kounseom�dekalwd�wn(b
in

d
ers).

•Prokeimènounameiwje�hep�drashthdiafwn�a,pollèforèqrhsimopoie�taidiaforik 

met�dosh(p.q.
D

S
L),dhlad tometadidìmenos maisoÔtaimethdiafor�t�shmetaxÔ

dÔogramm¸n.
•Diakr�netaiseparadiafwn�a(N

ear-E
n
d

C
ro

sstalk
–

N
E
X

T)kaithlediafwn�a(F
ar-E

n
d

C
ro

sstalk
–

F
E
X

T).

•Tastatistik�thdiafwn�aexart¸ntaiapìthdiamìrfwshpouqrhsimopoioÔnoigrammè

pouparemb�llontaistoupìexètashkan�likaisthnapìstas touapìautì.
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Diafwn�a(2)

•Sepollèpeript¸sei,hparadiafwn�amontelopoie�taimearket akr�beiaapìthsqèsh

S
N

E
X

T
(j

ω
)

=
K

N
E

X
T |ω| 1

.5S
in

terf (j
ω
),

ìpou
S

in
terf (j

ω
)h

P
S
Dtous matoapìtoopo�oproèrqetaihparembol .Osunte-

lest 
K

N
E

X
T exart�taiapìtoperib�llonstoopo�obr�sketaitokan�li(p.q.dom 

tou

b
in

d
er).ParathroÔmeìtihparadiafwn�aapotele�megalÔteroprìblhmastiuyhlè

suqnìthte.

•Ant�stoiqa,hthlediafwn�amontelopoie�taiapìthsqèsh
S

F
E

X
T
(j

ω
)

=
K

F
E

X
T
·
d
·|ω| 2|H

(j
ω
)| 2S

in
terf (j

ω
).

de�naitom kothgramm .Sekan�liasunestrammènwnzeug¸n(tw
isted

p
airs)o

jìrubolìgwthlediafwn�aarqik�aux�neimethsuqnìthta,all�sthsunèqeiamei¸netai

lìgwtoupollaplasiasmoÔmethn|H
(j

ω
)| 2hopo�ae�naifj�nousa(stasunestrammèna

zeÔghhapìsbeshaux�netaimethsuqnìthta).
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JìrubolìgwkbantismoÔ

•Gianametad¸soumeènaanalogikìs ma(p.q.fwn )meqr shenìyh-

fiakoÔsust matoanagkastik�prèpeinaperior�soume(nakbant�soume)

tipijanètimètous mato.
•Okbantismìparamorf¸neitos ma.
•Merikèforè,kaigiaorismèneperioqèshmatojorubikoÔlìgou,h

paramìrfwshlìgwkbantismoÔmontelopoie�taiikanopoihtik�wajrois-

tikìjìrubokbantismoÔkaihapìdoshtousust matoexet�zetaime

qr shtoulìgous matowprojìrubokbantismoÔ(S
Q

N
R).

•Taqarakthristik�toujorÔboukbantismoÔdiafèrounapìtojermikìjìr-

jubo.Giaperissìtereleptomèreiede�tep.q.
L
ee

&
M

essersch
m

itt
2n

d
ed

.
C
h
.

5.
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KroustikìJìrubo(Im
p
u
lse

/
B
u
rst

N
o
ise)

•Emfan�zetaimethmorf xafnik¸nkaisÔntomwnkumatomorf¸nmemeg�lh,

pollèforè,enèrgeia.
•Ofe�letaisefusik�fainìmena(p.q.kerauno�),seanjr¸pinhdrasthriìth-

ta(p.q.kinht re,�noigmadiakopt¸n),stothlefwnikìd�ktuo(p.q.

mhqaniko�diakìpte).
•E�naimhst�simokaidemontelopoie�taieÔkola.'Eqounprotaje�di�fora

montèla(p.q.palmì
C
o
ok),all�kanènamontèlologik poluplokìth-

tadenperigr�feimeakr�beiathnep�dras toukroustikoÔjorÔbousta

kan�lia.

•Stasust mata

D
S
Lantimetwp�zetaimeqr shkwd�kwndiìrjwshsf�l-

mato(E
rror-C

orrectin
g

C
o
d
es).
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Jìrubof�sh/qronismoÔ

•Dene�naiprosjetikì.
•E�naimia�gnwsthdiataraq touqronismoÔtous mato(tim

in
g

jitter) 

thf�shtou(p
h
ase

jitter).
•Miaapìtiait�etou

jittere�naitomhtèleiorolìipouqrhsimopoie�o

dèkthgiaapodiamìrfwshkaideigmatolhy�a.
•Antimetwp�zetaimeqr shkuklwm�twnstodèkth(p.q.

P
h
ase-L

o
cked

L
o
op

s
(P

L
L
s)sesunduasmìmef�ltra).Hantimet¸pis toue�naipio

eÔkolhìtanèqeisqetik�mikrìeÔroz¸nh(dhlad ìtandiadoqikètimè

tou

jittere�naisusqetismène).
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Ep�drashkanalioÔstometadidìmenos ma

Tometadidìmenos madèqetaitìsothnep�drashtoujorÔbouìsokaithnep�drashtou

kanalioÔ.Htim toujorÔboue�nai�gnwsth.Ant�jeta,semerikèpeript¸sei(ìqi,ìmw,

p�nta)otrìpopouepidr�tokan�listos maendèqetainaperigr�fetaimeakr�beiaapì

k�poiomontèlo.Parajètoume,qwr�natouanalÔsoume,merikoÔapìtoutrìpoumetou

opo�ouepidr�tokan�listometadidìmenos ma.Jaepanèljoumesek�poiouapìautoÔse

epìmenamaj mata.
•Apìsbesh

•Kajustèrhsh

•Paramìrfwsh(pl�tou/f�sh)
•Apìklishf�sh/suqnìthta(p

h
ase/

freq
u
en

cy
o
ff
set),fainìmeno

d
o
p
p
ler

•Diale�yei(fad
in

g),

sh
ad

ow
in

g

•Diasumbolik parembol (In
ter-S

ym
b
o
l
In

terferen
ce

–
IS

I)
•Hq¸
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Diamìrfwshkaiapodiamìrfwsh:Anapar�stashme

dianÔsmata

•JìrubostiYhfiakèEpikoinwn�e(sunèqeia)

•Diamìrfwshkaiapodiamìrfwsh:Anapar�stashmedianÔsmata

�

C
ioffi

C
h
.

1,
L
ee

&
M

essersch
m

itt
2n

d
ed

.
C
h
.

7
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Yhfiak Met�dosh
•

m
i :'Enaapì

Mpijan�mhnÔmata.Antistoiq�zetaiapìtonkwdikopoiht seènadi�nusma

(sÔmbolo)

x
i .Odiamorfwt epilègeimiaanalogik kumatomorf 

x
i (t)meb�shthnèxodo

toukwdikopoiht .Stodèkthhlhfje�sakumatomorf apodiamorf¸netaistodi�nusma

y.

Oaniqneut apofas�zeipoiom numametadìjhkemeb�shto
ykai,sthgenik per�ptwsh,

plhrofor�aapìprohgoÔmenel yei.
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Yhfiak Met�dosh(2)
•E�ndoulèyoumemedianÔsmata,mporoÔmenadiaqwr�soumethdiamìrfwsh/apodiamìrfwsh

apìthnkwdikopo�hsh/an�qneush→pleonèkthmaanapar�stashmedianÔsmata.

•'Estwìtiopompìstèlneiènam numaan�
T

s(sym
b
o
l

p
erio

d).Orujmìmet�dosh

(d
ata

rate)isoÔtaime

R
=

lo
g
2
M

T
b
its/

s.
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Qr shdianusm�twngiathnanapar�stashtwnanalogik¸n

kumatomorf¸nmet�dosh

•'EstwtosÔnolotwnpragmatik¸nsunart sewn

f
(t)giatiopo�eisqÔei

∫

T0
|f

(τ
)| 2d

τ
<

∞.Oq¸ro
H

ilb
ertstonopo�oan kounoi

f
(t)onom�zetaiL

2 [0
,
T

]

kaièqei�peirhdi�stash.
•Miasun�rthsh

x
(t)touL

2 [0
,
T

]mpore�naekfraste�w�jroismasunart sewnb�sh:

x
(t)

=
∑

Nn
=

1
x

n
φ

n
(t). Sthgenik per�ptwshto

NisoÔtaime

∞.Taparap�nw

isqÔounkaiìtantaìriatoudiast matote�nounsto
∞( -∞).

•AupojèsoumeìtiqrhsimopoioÔme
Msunart sei

x
(t)giathdiamìrfwsh,oiopo�e

an kounseènanupìqwro
Vtou

L
2 [0

,
T

]di�stash
N

(≤
M

−giat�;
).Epomènw,

k�jesun�rthsh

x
m
(t)isoÔtaime

∑

Nn
=

1
x

m
,n

φ
n
(t),ìpou

φ
n
(t)oisunart seib�sh

touV.Sunep¸,mporoÔmenagr�youme
x

m
(t)↔

x
m

=
[x

m
,1

x
m

,2
.
.
.

x
m

,N
]
T.

•TasÔmbola

x
m

,
m

=
1
,
2
,
.
.
.
,
MapoteloÔnenanasterismì(co

n
stellatio

n).Me

qr shdianusm�twnmporoÔmenaanaparast soumeènanasterismìstonEukle�deioq¸ro

(parìlopousthnpragmatikìthtaoasterismìe�naiènasÔnolosuneq¸nkumatomorf¸n).16



Par�deigmaAsterismoÔ

•Met�dosh
B

P
S
K:

φ
1 (t)

=
√

2T
c
o
s
(

2
π

t
T

+
π4

),

φ
2 (t)

=
√

2T
c
o
s
(

2
π

t
T

−
π4

)sto

di�sthma
0
≤

t≤
Tkai

φ
1 (t)

=
φ

2 (t)
=

0ektìtoudiast mato.

�Oisunart seib�she�naiorjog¸niemetaxÔtoukaitomètrotouisoÔtaime1

→

orjokanonik b�shupìqwroudi�stash

N
=

2.

�QrhsimopoioÔmedÔosÔmbola:
x

1 (t)
=

φ
1 (t)

−
φ

2 (t)
=

−
2

√
T

sin
(

2
π

t
T

)kai

x
2 (t)

=
φ

2 (t)−
φ

1 (t)
=

2
√

T
sin

(

2
π

t
T

)

(UpenjÔmish:
c
o
s(A

)−
c
o
s(B

)
=

2
sin

(

A
+

B
2

)

sin
(

B
−

A
2

)).

�Epomènw,
M

=
2,

x
1
=

[1
−

1
]
Tkai

x
2
=

[−
1

1
]
T.
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Par�deigmaAsterismoÔ(sunèqeia)

•Ajewr soumet¸raèna�llosÔsthmatoopo�oqrhsimopoie�kwdikopo�hsh

M
an

ch
ester.

•Upojètoumekaip�liìtiqrhsimopoioÔme
x

1 (t)
=

φ
1 (t)−

φ
2 (t)kai

x
2 (t)

=
φ

2 (t)−
φ

1 (t).'Ara,kaiseaut nthnper�ptwsh,
M

=
2,

x
1
=

[1
−

1
]
Tkai

x
2
=

[−
1

1
]
T.

•Parìlopouoikumatomorfèe�naidiaforetikè,hanapar�stas toustonEukle�deio

q¸roe�naih�dia!

•Enallaktik�,mporoÔmenaanaparast soumeti
x

1 (t)kai
x

2 (t)tìsosthnper�ptwsh

B
P
S
Kìsokaisth

M
an

ch
estermeqr shm�amìnosun�rthshb�sh(p¸;)
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