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ﬂ Avaokonnon
9 BOewpnua delyuyaroAnyiag Tou Shannon
e Yxéoelg I00duvapiag JeETAtU TwV PUETAoXNUATIOPWY Fourier

@ Enetepyacia AX. Twv onudrtwy L.X.
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Avaokonnon

AvaAuTIKG epyaleia yia TG JIAQOoPEG Ka pleg onudarwv

Iipara

/\

Tuvexols EERTS Awakprol

xpbvou Xxpbvou

Meplodik& Mn-nepiodiké Mn-nepIodiké Mepiodiké
Teipa Metaoxnuanopés {AiakpmSe Aiakprm Zeipd
Fourier* Fourier* Metaoxnuamopds Fourier®

[Fourier*
MeTaoxnuanopss MeTaoxnuanopés - -
IMeraoxnuanopdg MeTaoxnuanopds
Fouriert Laplace™®
[Fourier Aiakpito’ Fourier Aiakpitol
pSVOU* Xpdvou

MeTtaoxnuanopés
Laplace! -

Meraoxnpanoudg
|2+

* OpiCovral aVaAUTIK®G,.
T Opiteral yia Ta NUINEPIOdIKA crpaTa.
t Andd0o0n PETAOXNUATICUOU CUVENeid TwV IDIOTATWV.
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Avaokonnon

@ Na kaBapwg Nadeutikoug Adyous Bewpncaue 1000 Ta oruara Z.X. kal

AX. 600 Kkal Ta MPOCAPTNUEVA G AUTA AVAAUTIKA €pYOAEIa WG
AEITOUPYIKWG avetdptnra.

Aeryparoanyia 4/30



Avaokonnon

@ [a kaBapwg nadeuTikous AOyous Bewpnoaue 16oo Ta ocnuara X.X. Kal

AX. 600 Kkal Ta MPOCAPTNUEVA G AUTA AVAAUTIKA €pYOAEIa WG
AEITOUPYIKWG avetdptnra.

@ Qordco TouTo dev aAnBelel. O KOCUOG NMou Pag NePIBANeI eival
avaloyikog. ‘Etol n melioyngia Twv onudrwy A.X. npoépxetal and
SelyparoAnyia avriotoixwy onudtwy L.X. Luvenws eniBAreTal va
peAeTnBei n diadikacia Tng delyuatoAnwiag.
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SelyparoAnyia avriotoixwy onudtwy L.X. Luvenws eniBAreTal va
peAeTnBei n diadikacia Tng delyuatoAnwiag.

@ EnminpooBétwg, ‘puoikr) onuacia” dIaBétel A.X. 0 JETAoXNUATIONOG Fourier
X.X. nou avadelkvUel TIG PACUATIKEG IDIOTNTEG TOU CHIATOG TOU OrMoiou N
avefAptnTn JETABANTA €ival N KUKAIKN) ouxvotnta w (UETPACIWN O %) nn

ouxvatnTa f rnou PeTpIETal o€ Hz.
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Avaokonnon

@ [a kaBapwg nadeuTikous AOyous Bewpnoaue 16oo Ta ocnuara X.X. Kal
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AEITOUPYIKWG avetdptnra.

@ Qordco TouTo dev aAnBelel. O KOCUOG NMou Pag NePIBANeI eival
avaloyikog. ‘Etol n melioyngia Twv onudrwy A.X. npoépxetal and
SelyparoAnyia avriotoixwy onudtwy L.X. Luvenws eniBAreTal va
peAeTnBei n diadikacia Tng delyuatoAnwiag.

@ EnminpooBétwg, ‘puoikr) onuacia” dIaBétel A.X. 0 JETAoXNUATIONOG Fourier
X.X. nou avadelkvUel TIG PACUATIKEG IDIOTNTEG TOU CHIATOG TOU OrMoiou N
avefAptnTn JETABANTA €ival N KUKAIKN) ouxvotnta w (UETPACIWN O %) nn
ouxvatnTa f rnou PeTpIETal o€ Hz.

@ O peraoxnuanoudg Fourier AX. Kal o dIAKPITOG HETAoXNUATIONOG Fourier
npénel JAAov va avriyetwni¢ovral cav aAyopiBuol aplBunTikAG avaAuong
VI TOV UMNOAOYIOHO ToU eTaoxnuarnouou Fourier L.X.
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Avaokonnon

@ [lMapouoiwg éva duvapikd cUCTNUA AX. TO AvBPWMIVO GUCTNUA MAPAYWYNG
OMINIAG, © PWVNTIKOG CWANVAg (vocal tract), drnou diadidovral Nnxnika
KUpATa povrehornoleital and JEPIKES YPAUMIKES DIAPOPIKES EEICWGEIG MoU
nePIYPAPOUV TIG KUUATIKEG €EICWOEIG.

Aeryparoanyia
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Avaokonnon

@ [lMapouoiwg éva duvapikd cUCTNUA AX. TO AvBPWMIVO GUCTNUA MAPAYWYNG
OMINIAG, © PWVNTIKOG CWANVAg (vocal tract), drnou diadidovral Nnxnika
KUpATa povrehornoleital and JEPIKES YPAUMIKES DIAPOPIKES EEICWGEIG MoU
nePIYPAPOUV TIG KUUATIKEG €EICWOEIG.

@ Na va napdouue éva apiBunTkd LOVIEAO TOU CUOTAUATOG KATAAANAO Yid
enetepyacia pe Tov UnoAoyioTH, aAAd Kal YIa Va dnuIoupyrncouue
aAyopiBuoug enetepyaciag Twv delyudrwy nou npoépxovral anod n
delyparoAnyia Tou cAUATog TG opINiag and TG SIaQopIKES eEICWOEIG OTO
nedio Tou xpdOvou Npénel va UeTaBoUe oTo s- eninedo (UETACXNUATIOHOG
Laplace) kal 6Tn GUVEXEIAQ va ArEIKOVICOUE TO s- eninedo oTo z- eninedo
(ueTaoxnuanopog 2).
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@ Na va napdouue éva apiBunTkd LOVIEAO TOU CUOTAUATOG KATAAANAO Yid
enekepyacia e Tov UNoAoYIoTH, aAAd Kal yid va dnuioupynoouue
aAyopiBuoug enetepyaciag Twv delyudrwy nou npoépxovral anod n
delyparoAnyia Tou cAUATog TG opINiag and TG SIaQopIKES eEICWOEIG OTO
nedio Tou xpdOvou Npénel va UeTaBoUe oTo s- eninedo (UETACXNUATIOHOG
Laplace) kal 6Tn GUVEXEIAQ va ArEIKOVICOUE TO s- eninedo oTo z- eninedo
(ueTaoxnuanopog 2).

@ MéBodol aneikdviong evog eniBuuntoU HeETaoxnuaTiouou Laplace ce
petaoxnuanopd Z anaviolUvial eniong oto NpdBAnua NG oxediaong
YNPIAKWV QIATPWV.
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©ewpnua delyuaroAnyiag Tou Shannon

Avtienikdhuyn

@ H delyparoAnyia evéog onuarog I.X. eicayel enikdun (aliasing) oto
QAcua.
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©ewpnua delyuaroAnyiag Tou Shannon

Avtienikdhuyn

@ H delyparoAnyia evéog onuarog I.X. eicayel enikdun (aliasing) oto

QAcua.
@ Tourto eival andtoko NG 1B16TNTAG TG JIAUOPPWONG TOU JETACXNUATICUOU

Fourier.
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©ewpnua delyuaroAnyiag Tou Shannon

Avtienikdhuyn

@ H delyparoAnyia evéog onuarog I.X. eicayel enikdun (aliasing) oto
QAcua.

@ Tourto eival andtoko NG 1B16TNTAG TG JIAUOPPWONG TOU JETACXNUATICUOU
Fourier.

@ To texvikd NPORANUA Mou NPEneEl va eNMUCOUE eival Mwe Ba ekAEEouue
N ouxvotnTta delyuaroAniag f; = lr énou T eival n nepiodog
SelyparoAnyiag nou unovoeital 6Tn ox€on NApAywyngs Twv delyudtwy and
TO Orua ouvexoug xpdvou x(1):

x[n] = x(nT). M

v
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©ewpnua delyuaroAnyiag Tou Shannon

MaBnuarikn diarunwaon Tou NEOBANUATOG

@ [olég eival oI CUVBNKEG MOU eyyuwvIal TNV TEAEIA AVAKATACKEUN) TOU
onuarog x(t) and 1a deiypard tou x[n]; O1 cuverikeg autég npoBA&novIal
and 1o didonuo Bewpnua delyuatoAnyiag Tou Shannon.

Aeryparoanyia
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©ewpnua delyuaroAnyiag Tou Shannon

MaBnuarikn diarunwaon Tou NEOBANUATOG

@ [olég eival oI CUVBNKEG MOU eyyuwvIal TNV TEAEIA AVAKATACKEUN) TOU
onuarog x(t) and 1a deiypard tou x[n]; O cuverkeg autég npoBA&novIal
and 1o didonuo Bewpnua delyuatoAnyiag Tou Shannon.

@ [Népa and 1a evdexdueva oparuara enikAAupng, otav dev yivel BEATIOTN
eKAoyn TNG ouxvatnTac delyuaroAnyiag, eVOEXOUEVWGS UMNEICEPXOVTAI KAl
OQANUATA ArOKOMAG, OTav To Crua dev eival xpovornepard Kal MPénel va
anokorei o1o Nedio Tou Xpdvou MOAANAACIAloVTAG To W éva napdBupo.
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©ewpnua delyuaroAnyiag Tou Shannon

MaBnuarikn diarunwaon Tou NEOBANUATOG

@ [olég eival oI CUVBNKEG MOU eyyuwvIal TNV TEAEIA AVAKATACKEUN) TOU
onuarog x(t) and 1a deiypard tou x[n]; O cuverkeg autég npoBA&novIal
and 1o didonuo Bewpnua delyuatoAnyiag Tou Shannon.

@ [Népa and 1a evdexdueva oparuara enikAAupng, otav dev yivel BEATIOTN
eKAoyn TNG ouxvatnTac delyuaroAnyiag, eVOEXOUEVWGS UMNEICEPXOVTAI KAl
OQANUATA ArOKOMAG, OTav To Crua dev eival xpovornepard Kal MPénel va
anokorei o1o Nedio Tou Xpdvou MOAANAACIAloVTAG To W éva napdBupo.

@ 'HON N xpnon Twv 6pwv OPANUATA EMIKAAUWNG KAl ANOKOMNG UAG
NApanéPnel o€ PEAETN avAAuoNG AaBWY AAYoPIBUWY apIBUNTIKAG
avaiuong. Mpdyuar ce pid 1€rold Bewpnon N nepiodog delyuatoAnyiag
dev eival 1inote dAo and 10 Briua evog alyopiBuou apIBuNTIKAG
avAAuong, A.X. MAPEUBOAN.
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©ewpnua delyuaroAnyiag Tou Shannon

YUoTNUAa PeTarpornng onuarog X.X. ce onua AX. (1)

Mevatgons and

c/D o] = z.(nT) ——> — ORI i) = aeT)
zc(t) z.(t) z(t) | xdv mahudy ge

oxxohoution AX.

v

Enetnynoeig

Anopelyoupe Tov 6po PETaTPOonEAS avaloyikoU oe Yngiakd (A/D converter),
eneidr) dev Ba Pag anacxXxoACoUV O€ MPWTN PAch SouIKA Yépn evog TEToIoU
peTarponéa, Onwe Ta KUKAwUATa Kodtong deiyuarog (sample and hold) i o
TEAEOTIKOG EVIOXUTNG MOU UAOMOIET TN KBAVTION Tou deiyuarog.
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©ewpnua delyuaroAnyiag Tou Shannon

Yuotnua petarporing X.X. ce AX. (2)

@ YAonolei MOAANAACIAOUS PE TPEVO KQOUOTIKWV MAANJWV KAl JETATPOMN
and TPEVO KPOUOTIKWV MAAUWY € akoAouBia diakpitoU xpdvou.
MapAuETPOG TOU CUCTAUATOG €ival N Nepiodog delyuaroAnyiag 7.
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©ewpnua delyuaroAnyiag Tou Shannon

Yuotnua petarporing X.X. ce AX. (2)

@ YAonolei MOAANAACIAOUS PE TPEVO KQOUOTIKWV MAANJWV KAl JETATPOMN
and TPEVO KPOUOTIKWV MAAUWY € akoAouBia diakpitoU xpdvou.
MapAuETPOG TOU CUCTAUATOG €ival N Nepiodog delyuaroAnyiag 7.

@ To TPéVo KPOUGTIKWV NANJAV $(1) kal o peTaoxnuanoudg Fourier Tou eival

+o0o
s(t) = Z 5f—nT)HSjw Z O(w — kws), ws=277r.

n=—00 k=—00

@
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©ewpnua delyuaroAnyiag Tou Shannon

Yuotnua petarporing X.X. ce AX. (2)

@ YAonolei MOAANAACIAOUS PE TPEVO KQOUOTIKWV MAANJWV KAl JETATPOMN
and TPEVO KOOUGTIKWY NAAUWY G€ akoAouBia diakpiTou Xxpdvou.
MapAuETPOG TOU CUCTAUATOG €ival N Nepiodog delyuaroAnyiag 7.

@ To TPéVo KPOUGTIKWV NANJAV $(1) kal o peTaoxnuanoudg Fourier Tou eival

= 2m = 27
s(t) = Zéf—nT)HSjw Z O(w — kws), ws =

n=—o0 k=—00
@
@ MoManAacialoviag 1o orpa X(1) UE TO TOEVO KPOUGTIKWV MAAUWOV
naipvoupe

+o00

+o0
x(1) = xe(N) s(t) = xo(t) Y o(t—nT) = > xe(nT)s(t — nT). @

n=—o00 n=—00

v
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©ewpnua delyuaroAnyiag Tou Shannon

YUotnua perarponng .X. oe AX. (3)

E@appudlovrag tnv 1Id1é1nTa NG dIapdpPwons Tou JeTacxnuanopou Fourier
npokunrel

+oo
1 1
X(jw) = 5 [Xe # 8](w) = ~ > Xe(jw — jws). @
k=—o0
Xe(jw)
(a)
XST(N)
®)
Aeiyparoanyia
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©ewpnua delyuaroAnyiag Tou Shannon

YUotnua peratponng Z.X. oe AX. (4)

@ Av 10 apxikd onpa Xq(1) Nrav KatwdIapaTd Ye avwrepn CUXVOTNTA Wy, TOTE
0 peTaocxnuanoudg Fourier Tou onuarog uetd  delyuaroAnyia eival
neplodikKn enavaAnn Tou JETACXNUATICUOU Fourier Tou apxikoU CAPATOG
HeE Nepiodo ws KNIWAKWPEVOS KATA Tov Mapdyovia lT
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©ewpnua delyuaroAnyiag Tou Shannon

YUotnua peratponng Z.X. oe AX. (4)

@ Av 10 apxikd onpa Xq(1) Nrav KatwdIapaTd Ye avwrepn CUXVOTNTA Wy, TOTE
0 peTaocxnuanoudg Fourier Tou onuarog uetd  delyuaroAnyia eival
neplodikKn enavaAnn Tou JETACXNUATICUOU Fourier Tou apxikoU CAPATOG
HeE Nepiodo ws KNIWAKWPEVOS KATA Tov Mapdyovia lT

@ [a va ano@euxBei enikAAupn petatl dUo enavaljPewyv Tou apxikoU
PACUATOG APKE(

WN S ws — WN = Ws > 2wWN. ®)
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©ewpnua delyuaroAnyiag Tou Shannon

YUotnua peratponng Z.X. oe AX. (4)

@ Av 10 apxikd onpa Xq(1) Nrav KatwdIapaTd Ye avwrepn CUXVOTNTA Wy, TOTE
0 peTaocxnuanoudg Fourier Tou onuarog uetd  delyuaroAnyia eival
neplodikKn enavaAnn Tou JETACXNUATICUOU Fourier Tou apxikoU CAPATOG
HeE Nepiodo ws KNIWAKWPEVOS KATA Tov Mapdyovia lT

@ [a va ano@euxBei enikAAupn petatl dUo enavaljPewyv Tou apxikoU
PACUATOG APKE(
WN S ws — WN = Ws > 2wWN. ®)

@ H uikpdrepn enmpentry ouxvdrnra delyuatoAniag ws = 2wy KaAeiTal
ouxvormra Nyquist. “Orav 1oxUel n (5) 1o apxikd orpa x. (1) pnopei va
avakTnBei, eneidn dev undpxel eniKAAUYN PETAEU TWV QACUATIKWY
GUVICTWOWV.
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©ewpnua delyuaroAnyiag Tou Shannon

Yuotnua perarpornng Z.X. oe AX. (5)

MNa v avakion Tou CAATOG Z.X. And TO TPEVO TWV KPOUCTIKAV MAAUWV Xs(1)

apKei va 1po@odoTcoupe To xs(1) o éva 1davikd katwdiaBard @iNpo H;(jw) pe
ouxvOTNTA AMOKOMNG We.

H,(jw)

T
—»| H[(jw) [——
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©ewpnua delyuaroAnyiag Tou Shannon

YUotnua petarponng X.X. ce AX. (5)

@ [a va avrictaBuicouue Tov napdyovia lT nou eival eyyevng om diadikacia

NG SelyuaroAniag apkei 1o 1Idavikd katwdiaBard QIATpo va éxel NAarog T
ot {wvn didBaong Tou Nediou NG cuxvotnTag avri yovadiaio. EmBupolue

Xr(jw) = Hr(jw)xs(jw) = Xc(jw) ©®
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©ewpnua delyuaroAnyiag Tou Shannon

YUotnua petarponng X.X. ce AX. (5)

@ [a va avrictaBuicouue Tov napdyovia lT nou eival eyyevng om diadikacia

NG SelyuaroAniag apkei 1o 1Idavikd katwdiaBard QIATpo va éxel NAarog T
ot {wvn didBaong Tou Nediou NG cuxvotnTag avri yovadiaio. EmBupolue

Xr(jw) = Hr(jw)xs(j ) = Xc(j ) ©®

@ dpa nMpénel va ekKAEEOUE TN CUXVOTNTA AMOKOMNG ETOI WOTE VA IKAVOorolel
TIG AviodTNTEG
WN < We < Ws — Wy, Ws > 2WN. @

Aeiyparonyia 9,



©ewpnua delyuaroAnyiag Tou Shannon

YUotnua petarponng X.X. ce AX. (5)

@ [a va avrictaBuicouue Tov napdyovia lT nou eival eyyevng om diadikacia

NG SelyuaroAniag apkei 1o 1Idavikd katwdiaBard QIATpo va éxel NAarog T
ot {wvn didBaong Tou Nediou NG cuxvotnTag avri yovadiaio. EmBupolue

Xr(jw) = Hr(jw)xs(j ) = Xc(j ) ©®

@ dpa nMpénel va ekKAEEOUE TN CUXVOTNTA AMOKOMNG ETOI WOTE VA IKAVOorolel
TIG AviodTNTEG
WN < We < Ws — Wy, Ws > 2WN. @

@ Av ws > 2wy, TOTE €xoule euelitia va enAéEoue LIa cuxvoTnTa
AMOKOMNG KE PN-HNdevikd elpog {wvng JETABaonG. To 1davikd
katwdiapard PiAtpo dev eival UNOMOINCIUO, YIaT €xel andtoun JeTApacn
and  {wvn didBacng otn {wvn anokonng. Ta uAonoinoiua Katwdiapard
QPiNTPa napepBANoUY pia {wvn PeETABaong METAEU Twv dUo
nponyoUuevwy {wveV eMTUYXAVOVTAG Kid ouaAr BaBuiaia petdpaon.
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©ewpnua delyuaroAnyiag Tou Shannon

AvaKaTaokeur) onuarog X.X. and 1a deiypuard Tou oto nedio Tou Xpovou
(1)

Mevortpons) and I3avixé giktpo
axohlouio ot ovaraTaoHeuTc
z[n] " tpéve xpouaTixdy > > (1)

-Is(t) HT(J'“')

T

T

T
Metatponéac afjdatoc AX. o X,
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeun onuarog L. X. and ta deiyuard Tou oto nedio Tou xpdvou

@
@ To Bewpnua Tou Shannon eyyudral TNV avaKaTaokeur evog {wvoneparoU
(bandlimited) oryuartog and ta delypard Tou.
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeun onuarog L. X. and ta deiyuard Tou oto nedio Tou xpdvou

)

@ To Bewpnua Tou Shannon eyyudral TNV avaKaTaokeur evog {wvoneparoU
(bandlimited) oryuartog and ta delypard Tou.

@ Zwvorepard crnuara eival NpoPavwg Ta Katwdiapard kai 1a {wvodiapard
onuara. v avaiuon uag Bewpnoaue éva katwdiapard onua. ‘Eva
onolodrnore {wvodiaBard crua unopei va avaxBei oe katwdiaBard (r
onua Bacikng Zwvng) Ye JId aniry anodiapopPwon.
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeun onuarog L. X. and ta deiyuard Tou oto nedio Tou xpdvou

)

@ To Bewpnua Tou Shannon eyyudral TNV Avakataockeur evog {wvoneparou
(bandlimited) oryuartog and ta delypard Tou.

@ Zwvorepard crnuara eival NpoPavwg Ta Katwdiapard kai 1a {wvodiapard
onuara. v avaiuon uag Bewpnoaue éva katwdiapard onua. ‘Eva
onolodrnore {wvodiaBard crua unopei va avaxBei oe katwdiaBard (r
onua Bacikng Zwvng) Ye JId aniry anodiapopPwon.

@ Eneidn x[n] = x5(nT)., and mv (3) npokurrel

“+00

x(1) = > x[n]5(t — nT) ®

n=—o0
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeun onuarog L. X. and ta delyuard Tou oto nedio Tou xpdvou

(3

TOTE TO AVAKATAOKEUAOUEVO ONPA NEokUnTel we

+oo
x(t) = [xs*h,](f):/_ xs(A) he(t — X) dA

+oo0 1+ h
_ /_ (S Xl 6(A — n7)] hu(t — A) oA
i n=—o00 "
— S A / Ai(t — X) (A — nT) dA
nj—;ooo
= > x[nlh(t—nT). ©

n=——00
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeur orjuarog L. X. anod ta deiypard Tou oto nedio Tou xpdvou

4
@ AMNA 1O PIATPO AVAKATAGKEUNG €ival To 1I8aVIKO KatwdiaBatd PIATpo e
OuUXVOTNTA AMOKOMNG We Kal UETPO T. Av eKAEEW WG W TN ouxvotnTa
Nyquist kai

We =WN = — = (10)

ws T
2 T
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeur orjuarog L. X. anod ta deiypard Tou oto nedio Tou xpdvou

&)

@ AMNA 1O PIATPO AVAKATAGKEUNG €ival To 1I8aVIKO KatwdiaBatd PIATpo e
OuUXVOTNTA AMOKOMNG We Kal UETPO T. Av eKAEEW WG W TN ouxvotnTa
Nyquist kai

ws T
WCZWN:?:7 (]O)
@ 101E
1 [T T [T .
h(t) = — T dw=— & dw
21 J == 21 J ==
T T
™ mt
T T 2T T
= — coswtdw = — cos Y dip
21 == 2t Jo
1 ort. sn(B)
= (7)) =—F— an
T T )
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeun onuarog L. X. and ta deiyuard Tou oto nedio Tou xpdvou

()

@ AvrikaBiotwvrag v (11) otnv (9) npokunrel

+o0 sm7r(' nT)

Xf( ): Z X[] (f nT) 12)

n=—oo

Aeryparoanyia 18/30



©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeun onuarog L. X. and ta deiyuard Tou oto nedio Tou xpdvou

()

@ AvrikaBiotwvrag v (11) otnv (9) npokunrel

+00 t—nT
LORDIEL 7{,( nr)) a2

@ lMaparmnpoupe 4Tl N OXEoN AVAKATACKEUNG Vo {wvonepaTtoU CHPATog
and ta delyuard tou dev eival napd uia oxeon rapeluBoing (interpolation)
pe nupriva (kemel) h,(t) T ocuvdpmnon sinc()
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeun onuarog L. X. and ta deiyuard Tou oto nedio Tou xpdvou

()

@ AvrikaBiotwvrag v (11) otnv (9) npokunrel

+00 t—nT
sin7 ()
()= > x| (e nT) a2
n—=——0o0
@ lMaparmnpoupe 4Tl N OXEoN AVAKATACKEUNG Vo {wvonepaTtoU CHPATog
and ta delyuard tou dev eival napd uia oxeon rapeluBoing (interpolation)
pe nupriva (kemel) h,(t) T ocuvdpmnon sinc()
@ Mapamnpoupe ém h(0) = 1, evd h(nT) =0yian = £1,42,... Apa
x-(mT) = xc(mT).
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©ewpnua delyuaroAnyiag Tou Shannon

Avakaraokeun onuarog L. X. and ta deiyuard Tou oto nedio Tou xpdvou

()

@ AvrikaBiotwvrag v (11) otnv (9) npokunrel

R sin (=0t
x(t) = Z x[n] (,(nr))- (2

@ lMaparmnpoupe 4Tl N OXEoN AVAKATACKEUNG Vo {wvonepaTtoU CHPATog
and ta delyuard tou dev eival napd uia oxeon rapeluBoing (interpolation)
pe nupriva (kemel) h,(t) T ocuvdpmnon sinc()

@ Mapamnpoupe ém h(0) = 1, evd h(nT) =0yian = £1,42,... Apa
x-(mT) = xc(mT).

@ Av 1o onua x.(t) dev eival {wvonepard unopei va yivel éroio av
PIATPapIoTEl U €va KATwdIapard @iAToo nou 8a diampProel TO CUXVOTIKO
MEPIEXOPEVO WG TN CUXVOTNTA Wi.

fuvdpmon h,(t).
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Metaoxnuaropoi Fourier £.X. kai A.X. (1)

@ Ta deiypara Tou avaloyikoU oApaTog X.(nT) cuykpoTtolv pia akohousia,
ondre opileTal 0 YETACXNUATIONOG Fourier A.X. TNG akoAouBiag autig

+oo
X(Q) = > xlnje™™, x[n] = x(nT). (13)

n=—oo

V.
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Metaoxnuaropoi Fourier £.X. kai A.X. (1)

@ Ta deiypara Tou avaoyikoU oruarog X.(NT) cuykpotolv pia akohoubia,
ondre opileTal 0 YETACXNUATIONOG Fourier A.X. TNG akoAouBiag autig

+oo
X(Q) = > xlnje™™, x[n] = x(nT). (13)

n=—oo

@ ‘Exoupe eniong

+o00 oo [ to©
X,(jw) = / (1) e ot = /+ [ Z xo(nT)d(t — nT)]

. +w +m .
e Mgt = Z xc(nT) / 5(t—nT)e ™ at
n=—00 =9
+oo +oo
= Y x(nn)e M = 3" x (n1)e/N". (14)

n=—0o0 n=—0o0 y
Aeiyparoandia 19/30




Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Mertaoxnuariopoi Fourier £.X. kai A.X. (2)

@ Ano nig (13) kai (14) éxoupe

Xs(lw) = X(Q)lgeur = X(¢7). as)
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Mertaoxnuariopoi Fourier £.X. kai A.X. (2)

@ Ano nig (13) kai (14) éxoupe

Xs(lw) = X(Q)lgeur = X(¢7). as)

@ And v (4) kai v (15) éxoupe

X(e*T) :1T D Xoliw — Jkws) 16
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Mertaoxnuariopoi Fourier £.X. kai A.X. (2)

@ Ano nig (13) kai (14) éxoupe

Xs(lw) = X(Q)lgeur = X(¢7). as)

@ And v (4) kai v (15) éxoupe

+o0
. 1
X&) =2 Y Xeljw — jkw) a6
k=—0o0
o
X(&?) = - § X2 — 2y an
T = VT T
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Metaoxnuaropoi Fourier .X. kai A.X. (3)

@ O petaoxnuarnoudg Fourier AX. €ival anAwg PIa KANIJAKWUEVN WS MEOG T
ouxvoTNTA NMAPAAANAYT TOU PJETACXNUATIOMOU Fourier £.X. H oxéon
KAINAKWONG (UeTaoXNUATIOUOG avetdpTNTNG JETABANTAG) eival

Q= wT. asg)
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Metaoxnuaropoi Fourier .X. kai A.X. (3)

@ O petaoxnuarnoudg Fourier AX. €ival anAwg PIa KANIJAKWUEVN WS MEOG T
ouxvoTNTA NMAPAAANAYT TOU PJETACXNUATIOMOU Fourier £.X. H oxéon
KAINAKWONG (UeTaoXNUATIOUOG avetdpTNTNG JETABANTAG) eival

Q= wT. asg)

@ H (18) unopei va BewpnBei wg aneikdvion Tou

w: [Ows) — QJ[0,2m) a9
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Metaoxnuaropoi Fourier .X. kai A.X. (3)

@ O petaoxnuarnoudg Fourier AX. €ival anAwg PIa KANIJAKWUEVN WS MEOG T
ouxvoTNTA NMAPAAANAYT TOU PJETACXNUATIOMOU Fourier £.X. H oxéon
KAINAKWONG (UeTaoXNUATIOUOG avetdpTNTNG JETABANTAG) eival

Q= wT. asg)

@ H (18) unopei va BewpnBei wg aneikdvion Tou
w: [Ows) — QJ[0,2m) a9

@ And v (16) av ekAéEoupe didotnua uiag nepidédou [—%, %) 101

Xo(w) = TX(e*T),  |w| < ; ©0)

onou T eival n nepiodog delyuatoAnwiag.
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Metaoxnuanopog Fourier L.X. kal Alakpitdg Metaoxnuaroudg Fourier (1)

@ Ag Bewpricoupe 61 n akohouBia x[n] = x.(nT) eival xpovonepam,
dnAadn opiletaryian=0,1,...,N — 1. Téte

2

—
X(w) =T Y x(nT)e M, @n

n

I
o
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Metaoxnuanopog Fourier L.X. kal Alakpitdg Metaoxnuaroudg Fourier (1)

@ Ag Bewpricoupe 61 n akohouBia x[n] = x.(nT) eival xpovonepam,
dnAadn opiletaryian=0,1,...,N — 1. Téte

N—1
Xe(jw) =T Y x(nT)e™™™. 3
n=0

@ YnoBaA\oupe ce opoiduopen delyuaroAnlia wg npog w 1o didctnua
[0, ws) naipvoviag N deiypara. Téte yia w = wy drou

f
wr = k Dws = (2w AF,) = kZﬂNS

pe f; = % naipvoupe
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

Metaoxnuarnoudg Fourier X.X. kal Aiakpitdog Metaoxnuanoudg Fourier (2)

N—1 N—1
Xe(jwe) = T x(nT)e_"("A‘*’S)Tn =T x(nT)e_jk27r Sl
n=0 n=0
N—1 .
= 7Y x(nn)e &) = NT X[K] 22)
n=0

J/

NX DF;EX[n]}k

érou N T eival n GUVONIKN XPOVIKr SIGPKEIQ TOU CNIATOG,.

v

Yuunépacua

Enouévwg dikaiohoyeital N apxikr prion nepi ueBddou (UETAoXNUATIOUOG Fourier
Y.X.) Kal aAyopiBuwV (ueTtaoxnuatioudg Fourier AX. - SIAKPITOG UETAOXNUATIONOG
Fourier).
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Yxéoelg Icoduvauiag ueTafU Twv PeETacxnuaTiouwy Fourier

MNapddelyua 9.1

Av epapudooupe TRV avaAuon Mou nponynenke otny nNepintwon g
QAVAKATAOKEUNG evog {wvoneparou onuarog and ta deiyuard tou. 1o pacua
€XOULE:

+oo
X(w) = H(w)X(jw) = H(jw) [ Z x[n] e "] = H,(jw)X(*T)

n=—0o0

1
= TX(w)=T : Xc(jw)

énou X(e~T) eiva o petaoxnuanoudg Fourier A.X. NG akorousiag x[n].
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Enetepyaocia AX. Twv onudarwv L.X.

Enetepyaocia onudrwy X.X. ye xprnon cuctuarog A.X.

Tootnuo

AX

Aeiyparoanyia
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Enetepyaocia AX. Twv onuatwy L.X.

['VWOTEG HABNUATIKEG NEPIYOAPEG

@ NG e166d0u GTo MEDIO TOU XPAVOU KAl ThG CUXVOTNTAG, And Tn UETATOOMN
onuarog X.X. oe onua AX.

—+00

7 Xy =) Qe
x[n] <= x(9) = = k_z_:ooxc(,T i~ ) (23)
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Enetepyaocia AX. Twv onuatwy L.X.

['VWOTEG HABNUATIKEG NEPIYOAPEG

@ NG e166d0u GTo MEDIO TOU XPAVOU KAl ThG CUXVOTNTAG, And Tn UETATOOMN
onuarog X.X. oe onua AX.

x[n] «— X(&*) = 7 Z Xc(l7 —JT) (23)

k=—00

@ NG €Eddou and TNV avaKATAoKeUN onuaTtog and ta deiyuard Tou

T sinfrr(f=nT
= 3o T
n=—o0 W(T)

jwT yis
TY(EY") avw| < T

24
0 aA\oU

V(w) = Hr(fw)Y(e’“T)Z{
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Enetepyaocia AX. Twv onuatwy L.X.

['VWOTEG HABNUATIKEG NEPIYOAPEG

@ NG e166d0u GTo MEDIO TOU XPAVOU KAl ThG CUXVOTNTAG, And Tn UETATOOMN
onuarog X.X. oe onua AX.

x[n] «— X(&*) = 7 Z Xc(l7 —JT) (23)

k=—00

@ NG €Eddou and TNV avaKATAoKeUN onuaTtog and ta deiyuard Tou

T sinfrr(f=nT
v() = > vl [ g_fﬂ L 7
n=—o0 W(T)

jwT yis
TY(EY") avw| < T

24
0 aA\oU

Y(w) = H,(fw)v(e’“’)z{

, , F! a , .
@ onou Y, (jw) &— (1) (aviiorpo®og petaoxnuanopdg Fourier £.X.) kal

) =T
y(eMT) I y[n] (avrictpogog peraoxnuanouédg Fourier AX.).
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Enetepyaocia AX. Twv onuatwy L.X.

fuoxénon petaty y[n] kar x[n] (1)

@ Eneidn) 10 x.(1) eival {wvonepard, kar anaimnon Tou BewpruaTog
deiyparonnbiag, éxoupe X (jw) = 0, via |w| > %
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Enetepyaocia AX. Twv onuatwy L.X.

fuoxénon petaty y[n] kar x[n] (1)

@ Eneidn) 10 x.(1) eival {wvonepard, kar anaimnon Tou BewpruaTog
deiyparonnbiag, éxoupe X (jw) = 0, via |w| > %

e Ma éva ypappuikd cuomua diakpmol xpdvou Y (&) = H(e?) X(&) dpa

Yi(jw) = Hi(jw)H(ET) X(e*T)
— —
y(ein)
1 X 21k
_ g wT _ g _ e
= H,(jw) H(& )Tk;OOXc(J J= )
_ H(ET) Xo(lw) avw| < F
- { 0 av |w| > T =
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Enetepyaocia AX. Twv onudarwv L.X.

fuoxénon petaty y[n| kai x[n] (2)

@ dnAadn
Yr(j ) = Helf(jw) Xc(jw) (26)
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Enetepyaocia AX. Twv onudarwv L.X.

Yuoxénon petaty y[n] kai x[n] (2)

@ dnAadn
Yr(j ) = Helf(jw) Xc(jw) (26)
@ 6rou Heg(jw) To 1I008Uvapo cuotnua L.X. nou opiletal wg

_ H(EMT) avw| < F
Herr(Jw) = { 0 av |w| > % @7
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Enetepyaocia AX. Twv onudarwv L.X.

Yuoxénon petaty y[n] kai x[n] (2)

@ dnAadn
Yr(j ) = Heﬂ"(jw) Xc(jw) (26)

@ 6rou Heg(jw) To 1I008Uvapo cuotnua L.X. nou opiletal wg

[ H(ET) avw| <
Her () = { 0 av |w| >

@ H (27) unodeikvuel uia u€Bodo yia TN JETATOOMT MIAG AVAAOYIKNG
oxediaong oe Yn@Iakn, TN K€EBodO NG AUETABANTNG KOOUGCTIKAG ArndKpIonG
(impulse-invariance).

@n

—=—3

v
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Enetepyaocia AX. Twv onuatwy L.X.

MNapdadeiyua 9.2 (1)

@ [Na va oxedidooupe éva 1Idavikod {wvornepard dilapoploTr) Eekivouue and
v 1316TNTa TNG dlIaPdPIoNG ToU PETAaoXnUaTniopou Fourier. ‘Evag
dlapopIoTg eival cUuotnua L.X. e oxéon eloodou-eEddou

d
yo(t) = axc(f) (28)
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Enetepyaocia AX. Twv onuatwy L.X.

MNapdadeiyua 9.2 (1)

@ [Na va oxedidooupe éva 1Idavikod {wvornepard dilapoploTr) Eekivouue and
v 1316TNTa TNG dlIaPdPIoNG ToU PETAaoXnUaTniopou Fourier. ‘Evag
dlapopIoTg eival cUuotnua L.X. e oxéon eloodou-eEddou

d
yo(t) = axc(f) (28)

@ kai andkpion ouxvomnrag He(jw) = jw.
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Enetepyaocia AX. Twv onuatwy L.X.

MNapdadeiyua 9.2 (1)

@ [Na va oxedidooupe éva 1Idavikod {wvornepard dilapoploTr) Eekivouue and
v 1316TNTa TNG dlIaPdPIoNG ToU PETAaoXnUaTniopou Fourier. ‘Evag
dlapopIoTg eival cUuotnua L.X. e oxéon eloodou-eEddou

d
yo(t) = axc(f) (28)
@ kai andkpion ouxvomnrag He(jw) = jw.

@ Na lwvonepam eicodo epapudloviag v (27) npokurnrel

jw av|w| <

Herr(jw) = { 0

@29

===

av |w| >

MWETPO Kal N @AoN TNG andKpIiong cuxvotnTag Tou I00dUvauou cuoThUarog X.X.
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Enetepyaocia AX. Twv onuatwy L.X.

Mapddelyua 9.2 (2)

@ To avricTtoixo cuoTnua dlIakpIToU XPAVou €XEl andKpIon CUXVOTNTAG

H(e?) = ’% Q| < . (30)
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Enetepyaocia AX. Twv onuatwy L.X.

Mapddelyua 9.2 (2)

@ To avricTtoixo cuoTnua dlIakpIToU XPAVou €XEl andKpIon CUXVOTNTAG

- )

H(?) = ’? Q| < . 30)

@ H andkpion cuxvdtntag eival Twpa neplodikr cuvApTnon Pe nepiodo 2 7.
H @don 1ng andkpiong ouxvatntag eivai:

31
Tﬂ av—m < <0. ©h

4
Aeyparoangia
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Enetepyaocia AX. Twv onuatwy L.X.

Mapddelyua 9.2 (2)

@ To avricTtoixo cuoTnua dlIakpIToU XPAVou €XEl andKpIon CUXVOTNTAG

H(e?) = ’% Q| < . (30)

@ H andkpion cuxvdtntag eival Twpa neplodikr cuvApTnon Pe nepiodo 2 7.
H @don 1ng andkpiong ouxvatntag eivai:

T
o 5 av0< Q<
2 )_{ _Tﬂ av—m < <0. 1)

@ H KpoUOTIKA Tou andkpion Tou dlIapopIoTr diakpitou Xpdvou €ival:

h[n] =

mTncosmn — sinmTn 0 avn=20
= { 32)

T % av n # 0.

éT&)n%GKOI n @4on NG andkpiong cuxvotnTag Tou diagopiot AX.
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APILTOTEAEIO pl.
MANENIXTHMIO AKAAHMAIKA B

OEIIAAONIKHE MAGHMATA e

ANOIXTA

TéAoc Evotntoc

EMIXEIPHIIAKO NMPOTPAMMA
EKTMAIAEYZH KAI AIA BIOY MAGHEH EznA
£l oo gTn o a . / £ o

-
1= | OO
YNOYPTEID MAIAEIAL & BPHIKEYMATON. NOAITIEMOY & ABAHTIZMOY YPOMATKO KOINO \MEI(

EvpwmaikiEvwon EI!AIKH YNHPEZIIA AIAXEIPIZHI
Eupuwmaixd Kowvuwwvikd Tapeio

Me 1 ouyypnuarodotnon tng EAMGSag kan Tng Evpwnaikrg Evwong
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