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«YmevBouvn AfAwon pn AoyoKAOTNG Kot oVIANYNG TPOCHOTIKNG VOOV

Me mApn EMiyvodOoN TOV GULVETEW®V TOL VOHOL TEPT TVELUOTIKOV OIKOIOUATOV, Kot
Yvopilovtag TIg GLUVERELES TG AOYOKAOTNG, INAOVE® vIEvBLVA Kol EVOTOYPAP®G OTL M
napovoo epyocio pe titho [«Mekétm Emidpaong Oopvfov ota Tniemkovoviakd
Yvotuoton] anotelel mPOIOV ALGTNPE TPOCMOTIKNG EPYACING Kot OAEG Ol TNYEG OO TIG
omoieg ypnopomoinca dedopéva, 10£€G, PPACELS, TPOTAGELG 1| AEEELS, gite emakpPmg (dmwg
VTAPYOVV OTO TPMTOTVTO 1 UETOPPACHEVEC) €lte pe moapdepacn, £xovv onAwOel
KOTAAANAOQ Kot €0O1GKPITAL OTO KEIUEVO HE TNV KATOAANAN TOPOTOUTH KOl 1 GYETIKN
avapopd TEPLOUPAVETOL GTO TUNUA TOV PPAOYPUPIKOV 0VOQOPOV [LE TANPN TEPTYPUON].
Avoroppéve TANPOC, aTOUKE Kot TPOCMTIKE, OAES TIC VOLUKEG Kol SIOIKNTIKEG GUVETELES
7OV OVVATOL VO TPOKLYOLV GTNV TEPITTMON KATA TNV 0moia amoderydel, dtoypovikd, OtL M
gpyacio oVt 1 TUAKO TNG OEV LOV OVIKEL O10TL Elval TPOiOV AOYOKAOTNC.

O AHAQN
I'EQPI'TOX KAPAMHTPOX
12-03-2017
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Evyoaprotieg

[Ipodto an’ 6la, BéA® Vo €uYOPIOTAC® TOV EMPAETOVIO TNG SMAMUATIKNG €PYACIOG OV,
Kadnyntm| k. I'edpyo ZtoapovAn, yw v moivtiun Ponbewr kot kobodnynon tov katd
dwbpkelor g dovAelds pov. Emiong, elpon evyvopov ota vmorowro pEAN G €EETOOTIKNG
EMTPOTNG TNG OUTAMUATIKNG EPYUGIOG [LOV, Y10 TV TPOGEKTIKN OVAYVAOGCT TNG EPYACIOG LOV Kot
ywoo TG moAvTeg vrodeitelg tovg. Ildve om’ Oha, siponr €vyvOU®V GTOVG YOVELS OV,
Kovotavtivo Kapoapuntpo kot Bacieio Todvov kot otov adehed pov Ilodvvn Kapapntpo yio
™V 0OAOYLYN Ay Kot VTOGTHPLEN TOVG OAX AVTA TO XPOVIL. APIEPDOVE® QLTI TV EPYUCIN GTOV
TATEPO, OV , GTNV UNTEPO, OV KOl GTOV AOEAPS LLOV.
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KEPANAIO

EIXATQI'H

O1 emkowvavieg onpepa emnpedlovv Pabdtata v {on pog:

Ta mAépmva ota xépla paog, o padltdPOVe Kot 01 THAEOPAGELS 6T0 GaAoVL pag, ot H/Y mov
ovvdéovtal oto Internet ota ypogpeio Kol 6To OTITIOL LOG EMTPETOVY TNV TOYVTATY ETKOVOVIOL
pe KaOe yovio Tov TAOVIHT.

O1 emowwmvieg amotelovv To. ooHnTplo dpyova yw o TAOIL GTOVG MKENVOLS, Yo TO
OLEPOTAGVOL GTOV 0EPOL KOIL Y10l TOL S1OTNUOTAOL KOl TOVG S0PLPAPOVG GTO OLAGTNLLOL.

Ta kivnTd TNAEQ®VO ETTPETOVY TNV ETAPT LG EV KIVIOEL LLE TO YPAPEIO KOl TO OTITL
YUOTNHOTO EMKOWOVIOG EMUTPETOVLY TNV TANPOPOPNOY], Y TOV HETEMPOAOYOV Yol TIG
LETEMPOAOYIKEG CLVONKEC.

H emkowwmvia cuvictator 6tnv pHetddoon mAnpogopiag omd Eva onpeio Tov yopoyxpdvov o Eva
dAro. TTeprhapPdver Tig e€ng ddkacieg:

Hopayoyn onpatog mAnpogopiog (Hivope)

-Owvi), povoiKn, ekdva, dedopéva.

[Mopdaotacn pnvopatog pe 10 cHVOA0 GUUPOA®Y KoL dESOUEVT akpiPeta

-H)extpikd, akovoTikd, OnTTIKA

Kodwomoinon towv cupPornv ce popen KatdAAnin yio petdooon 6to 0£d0UEVO PUGIKO HEGOV
(KOHLATOHOPPES)

Metddoon TV KUUOTOHOPP®V 6TOV ETBLUNTO TPOOPIGUO.

ATOK®IIKOTOINGT KOl AVOTOPAY®YT] TOV OPYIKOV GUUPOA®V.

Avomopoymynq Tov oapyikod UNVOUOTOS HE Mo avamOQEVKTN OAAG TPOoKaOOPIGUEVT] KoL
EAEYYOLLEVT] OTTMAELD TOLOTNTOC.

Hopoakdto eaivovrol ta Zroyeio evog TnAenikovoviakoh GLGTHUATOC:
Yroyeia evog TAETIKOVOVIOKOD GLGTHLATOG

Od6pvPog + Iapapdpewon
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. : Xpriotng
Mnyn mAnpodopiag

mAnpodoplag

2Aka rnpodoplas Ektipnan ofuartog mAnpodopiag

T M

Exmepmopevo . .
. HTTOH Aappavopevo onpa
onuo
Ewéva 1
Ot Baowkoi Tomor Emkowvaviag eivat:
Exmourn

H Exmoumm ( Evpvekmopnn — Broadcasting) mov mepthappdvet Evav 1oyvpd Topumd, ToAA0VG Kot
eOnvovg dékteg, povodpoun pon mAnpoeopiog (downlink) kebdg ko pic mopaAiayn : To
Multicasting (emAeypuévol dEKTEG)

Emrxowwvio anueiov - ue - onueio ( poin-to-point )
H ovykexpipévn emkowvovia amoteleital omd £vayv mopmd Kot £va dEKTN Kot and  apeidpoun pon
TANPOoPopiog

H mAemkowoviakn dadikacio eivor ek UOEMG OTOTIKY Sladikacio.

O1 kVprot TnAemIKo v@VioKoi Topot givar:

H Ioyog exmoumc 6mov 10 kavdAl £xetl mepropiopd wyvog (Power limited channel)

OT®G T.). TO dOPVPOPIKO KOVOAL.

To EbVpog ¢@dopotoc kovoiov HeTAOOooNS TOL €ivorl €va KOVAA UE TEPLOPICUEVO QOGO
(Bandwidth limited channel) 6nwg my eivor To TNAEPVIKO diKTvO.

A&iler va avapepbel mog o1 KOP1OL TNAETIKOWVOVINKOT <<gyOpot>> eivat:
O 86pvPog oT0 KOVAAL

H moapapdpewon tov kovaiion

Texvoroyucol meplopiopol
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1.1 KANAAIA EIIIKOINQNIAX

To kavai mapéyer v Cevén [Hopmov-Aékn
Ta mpoPAnpata Tov TaPoLG1ALovToL GTO KOVAALN ETIKOVOVING EtvaL:

0‘0

» Tlepropiopévo e0pog PAGHATOCS

AndoBeon, TopadpPOGT TAATOVG KOt PAoTS

Ewayoynq Bopvfov (Oeprkds mpoobetikdg Agvkdg 06puvPog, kpovotikdg 06pvfoc,
mopePOAEG)

»  [ToAhamAn 6166gvon (AcVPUOTO KOVOAL)

»  XPpovikég HeTaoAég

1.2 EIAH KANAAIQN EINIKOINQNIAX

3

%

3

%

0‘0

0‘0

1.2.1 Kavdiia KaBoonyovusvys Metdooons

‘Eva amd o €10m kavoldv encotvoviog eivor ta Kavailo Kafodnyoduevng petddoong, to omoio
amoTELOVVTOL aO TAL TNAEQPMOVIKA KOVOAL OV givol cuvestpappéva {evyn cupudtov Qmvng
(xDSL), ta opoatovicd kardmdio (CATV) kar Tig omtikég iveg (2* 10713 Hz).

1.2.2 Kavalia Elev0spns Metddoons

‘Eva. Ao &idog xavaldv emkowvoviag eivor to kavdiio eievBepng petddoonsc to omoio
amoptiCovioar amd To kavalo padiopetddoons (radio, TV, WLAN), ta xovédio Kivntig
emkowvoviog (GSM, UMTS), ta dopupoptkd KovaAio Kot To. KovEALe acOpUOT®V SIKTO®V.
Y7apyovv €miong To YPOUUIKGE - U1 YPORUIKO KOVAALO, TO XPOVIKG OUETAPANTO - YPpOVIKA
HETAPOALOLEVO KOVAMO, TOL KOUVAALL [LE TEPLOPICUO 1GYVOG - E TEPLOPICHO PACUATOS KOl TO
Tniepwvikd kavdil. Kabng eniong kot to kavél mepropiopévov vpovg : 300 Hz — 3100 Hz, ta
KOVOAMOL  pe peydAn amdofeon oTig vynAdtepeg oLYVOTNTEG, To. KAvAAlL LAOTOINONG e
ovveotpappévo Levyos kahmdiowv (Z0 = 90 — 110 Qu), 1o kavdAio mov eivar gvdAmTo o€
NAEKTPOPOYVNTIKEG TAPEUPBOAES KO GUVAKPOACELS, TO KavdAlo pe v teyvoroyio xXDSL mov
YPNOOTOOVV  OVTA TO KOAMOLO KOl TAL KOVAALOL TTOV €vol oppddial o TIg GUVOEGELS point-to-
point.

1.2.3 Onrikéc Tveg
O1 Omtkég tvec, mov aviKovy Kol OUTEG OTO KOVAALO, ETIKOIVMOVIOS, TOPEYOLY TH OLVOTOTITO Yol
tepdiotio e0pog pacpatog (péxpt 2x10E13  Hz), éovv pkpn andofeon = enkovovieg peydiov
OTOCTACE®MY, OMOTEAOVVTOL OO €vo. VAAVO KEVIPIKO mupnva TePPAAAOUEVO amd €MEVOLON e
SPOPETIKY OMAEKTPIKT GTAdEPE KO EVOL TPOCTOTEVTIKO EEMTEPIKO GTPAOUL, £XOVV avacOncia oTig
nAektpopoyvntikég mapepPorés, eivon  pkpéc oe  péyebog ko ehoppiég oe Papog. Emiong eivan
avOEKTIKEG KOl EVEMKTES Kot £X0VV aveEAvTANT TPOTN VAN (AUUOG).
‘Eva axdpo £160¢ Kavaldv emKovmviag ival To acOpRate KovAAo EKTOUTNS PASIO-TNAEOTTIKMV
TPOYPOUUUATOV TOV OTOIMV TO VP0G PACUATOS EVOL AVAAOYO TOL GMUOATOG KOl TNG OO PPMCTS,
mov gtvon Tar akdAovda :

— 20 Khz AM (Awpdppmon TAATovg)
— 1001 200 Khz FM (Awpdpemon cuyvotntog)
— 4-6 Mhz TV

10
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Emiong vmdpyovv vmepetepOdLUVOL dEKTEG AMOSIAUOPPOONG, Ol Kepaieg mov Ppiokovior oe Yynid
onpeia, ot woyvpoi mopmoi, ot PONVOi kot o1 amdol dEKTEG Kot 1) EMKOWV®VIO HEYAA®V 0mTOGTAGEWV (
avaxiaon, epibiaon).

1.2.4 Kavdiia Kwnytig Emixowvwviag
Ta Kovolo KNG emKowmviag etvor emiyela KovOaAlo acVpUOTNG EMKOWVOVIOS HE KvnTovg
TOUTOVS KOt OEKTEC, 1) OTTIKN ETAPY] TOV TOUTOV Kol TOV OEKTN TOVS OV gival TAVTOTE duvaTY KoL
&yovv cav kupiapyo eawvopevo ™ XKEAAZH tov H/M kopdtov mov cuvendyetol v TOAAATAN
d10devon. To cuykekpipévo kavdl Bempeitor ypoppkd ypovikd PLeTaoAAdHeVO
1.2.5 Aopvgpopixa Kavdiia
Ta dopvpopikd Kavaia £xovv peydin a&lomotio kot LeYyAAo g0pog Pacpatog (avtaymvitovrol
TIG OMTIKEG tveg), mapEYovv KOALYN TOAD peydAwv mepoydv g I'mg kabog emiong ot
ovvdéoelg point-to-point, point-to-multipoint kon broadcasting.Efvar kwvovpevor 1 otabepoi
mopumol ko dékteg Ko givan vrevBuva yro v vAomoinon dwktvwv VSAT (very small aperture
terminals ) — HUBs. H cuvOng cuyvomra Agrtovpyiog tovg eivan ta 4/6Ghz pe tomucd €0pog
eaopatog S00Mhz dwupopacuévo og 12 transponders (36 Mhz) ko o transponder tovg pmopet
va vrootnpi&el 1200 kavaia emvig 1) SO Mbps data.

Ewova 2

[Ipopavdg, Ta TPONYOLUEVO CNUATO OEV UTOPOVV VO, EQPOPLOCTOVV Kotevbeiov o€ kepaio - TO
amotovpevo pNKog etvor tepdotio. o vo vrepvikicovpe owTOV TOV TEPLOPIGUO UTOPOVUE VO
YPNOOTO|GOVE TO ONUHo. TANpogopicg m(t) Yy vo SWIHOPPAOGOVUE EVOL QEPOV VYNANG
ovyvomtog fc (Radio Frequency), €161 dote o1 amattovpeves dotdoels g kepaiog (A/4) va givor
Aoywéc. Tn Aettovpyio ovtn TV ekTELEl O OLOPOPPOTIC.
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1.2.6 Awauoppwon

H Mopdpomon (Modulation) givor n petafoln, cbpueovo pe to onuo TANpoQopiog Tov
TOPOPETPOV EVOG PEPOVTOG KOPOTOG (carrier wave) mTov etvol KaTdAANAo Yo TNV HETAS00T)
péco amd 1o dedOUEVO  KOvOAL evd M Amodapdpewon (Demodulation) eivar n axpiidg

avTioTpoen dladkacio

To €idog g dapopewong kabopiler v avtoyn oto B6pvPo Kol TV TAPAPUOPE®CT TOL
KOVOALOD, TNV TOTOTNTO OVOTUPOY®OYNS TOV OPYIKOD GHLOTOS TANPOPOPIias, T0 €0POS TOV

OMOTOVEVOD YOl TNV UETAS00N (QACUATOS, Kol TNV TOALTAOKOTNTO TMV GLOTNUATOV
EKTOUTING KO ANYNG.

=  Tnv petddoomn TOAADV CNUATOV GTOV 1010 YOPO UE XPNON SUPOPETIKAOV PEPOVIMV
" Tnv eAITTOON TOV ATOITCEDV GTO OPUKTNPIOTIKA TMV GCUCTNUATOV EKTOUTNG
" Tnv €KUETAAAEVOT TEPIOY MV TOV PAGLLATOG TOV EXOVV KOAVTEPEG GLUVOTKEG PLETAOOONG

Eiéin Avapopd wonc

|

r

Hurovosibes ¢Epov

|

¥

r

mhnpodopiag

Avohoyiks onpa

e

AM e

Auvabikd onpa
mhnpodopiag

ASK
P

FEK

e

PSK

¥

Mok dEpov

1

¥

Ll

AvoAoyLIES
onpa
A nNpodopiacg

[

PAM P

r

KBawvriopswo
oo
TN podopiag

o

FFM FCM DM

A=amplitude, F=Freguency, P=Phasze, M=Modulation, K=Keying, W=Width, P=Pulse, Position,
D=Delta

[t j=hoos[ 2t -+

Ewova 3

H[t=E Auplt-t)
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1.2.7 Avaroyucy kor ¥nouwxn Awpoépoomon

Avodoyikn doauoppwaon
AvoLoYIKT SUOPP®OT) EYOVHE OTAV TO oMo M(t) etvar avaloylKo KOl O OTOSIOUOPPMTNG TPETEL

va ovaroapaydyel To m(t) 660 KaAVTEPO UTOPEL.

neioxn dwopuoppawon
1. To m(t) maipvetl o Tyun and £va TEMEPUCUEVO GOVOAO TULDV
O amod1opHOPPOTAG TPEMEL VAL ATOPAGIGEL TOLA OO TIG TOAVES TILES £xEl LETOOODEL, dEV VILAPYEL

avAayKn TOTHG AVATOpOy®YNS TOL m(t).

Ewovo 4

Ewova 5

Inpioxn dwopoppwon
Onwg gpaivetar oto oynua s Ewovog 9: To m(t) maipverl po tiun and €va memepacuévo

oOvoro TIH®V. O amodIOHOPPOTNG TPETEL VO OATOPAGIGEL TOW OO T MOAVES TIUEG €XEL
petadobetl, dev VIAPYEL AVAYKN TGTHG avVoaTapay®YNS ToL m(t).
[2. KKapovumarov, Ewcaywyn om Osmpio Gopvfov kor E@apuoyés, Exdooelg Bacdéxn,
Abnva 1979]
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2

KEPANAIO

PYZIKH MNMPOEAEYZH TOY GOPYBOY

I'vopilovpe 611 0tav o1 nAextpikoi Qopeic Ppiokovior vd ™V emidpacn NAEKTPIKOL Tediov,
aALaCovy Tpoyld Ko Kivntiky Koatdotaon. O dpopoc mov o axorovbncovv eEaptdtat amd ™
QOPA TOL NAEKTPIKOV TEHIOV KOl TO PHEGO 6TO 0Tmoio Ppickovtat.

To paKpookomikd pedpa TOL TPOEPYETAL, Yo KaBe Tepintmon, amd Eva peydho TAndog té€tolmv
Qopéwv, TeptExel 00pvPo pe SPoPETIKN TPOELELOT KOl GVGTAOT), AVAAOYQ LE TNV TEPITTOOT).

2.1 ®EPMIKOX GOPYBOX (OOPYBOX JOHNSON)

O tdmog awtdg BopvPov peremOnke amd tovg Johnson kot Nyquist to 1928 pe agpopurn tovg
UETOAMKOVG aymyovs. Av u(t) m otiypoio toyoio Tédon ota akpo pog avtiotoaong R Adyw
Bepukng xivnong Tov niektpoviov, n Tokvotta mfavotntag p(u) akoiovdel otatiotikny Gauss,

pe u=0, dnA.:
P(u)= (1/o27)*e ™% (& 2.1.1)

H ‘Swkdpaven’ 6> = E[V?] 0o eivot ion mpog ) péon tetpayovich tum u_2 H u_z, mov Ha
™ cvpforilovpe pe e’ , sivon mopactatikh Tov BopvPov ota drpa g R.
Amd 116 epyacieg Tov Johnson kot Nyquist, Bpébnke 0T

o’ = E[V’] = e? = 4KTRB (&£ 2.1.2)

Omnov:

K = otafepd Boltzman = 1,38*10 Joule/ k

T =0gpuokpacio tng avtictaong, o k.

B =10 €0pog g {dvng cuyvotNT®V Yo T0 0moio evolapepopacte, o€ Hz.

e = o w6odovapun mnyn tdong tov Bopuvfov.

H e, 0ev €xel vonpa mapd povo cov ~’ péon TeTpay®VIK) T ~° TV OLKVHAVGE®DY TOL
BopvPov. Exepaletar o volt * rms, 6mov 10 rms givor 1 cuvtopoypaeior ‘’root mean square’’
Kot Topatifeton yio vo dei&el Tov Tuyaio yopaktnpa Tov peyEdoug.

Amd tov om0 PAémovpe 6Tt M 10yHS Tov BopvPovu eivat:
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W=¢’/R = 4kTB (e 2.1.3)
(M. M e 1e0bTon apuntikd pe v 16xd Tov BopHBov avé povado avtictaong).

[Mapammpovpe 6Tt Yo otabepn| Beppokpacio n 16x0¢ Tov BopHPov Oa e&aptnOel

povo oamd 1o gvpog {dvng cvyvotntwv B=Af, ko1 Oyt amd T cvyvétTa otV omoin &ivon
“KevTpaplopévo’’ avtd 1o gvpoc. Katt avdioyo copfaivetl Kot pe v evépyela 6To AEVKO POG.
Ye 0mowo onpelo Tov EAcHATOG ThpovpEe TV evépyela g {dvng Af, avtn) givan i St And v
W T avT, Pynke 10 dvopa Aevkog BopvPog. O Beppkdg Aowmdv 00pvPog eivar Aevkoc.

O Beppkdg B0pvPog eivar o edyiotog B0pVPOC TOL PTOPEL VO TEPIEYETAL GTO GNUOL P0G TNYNG.
O 80pvPog avtdg VIAPYEL TAVTOTE, OALL GVVIOWS deV €ival 0 HOVASTIKOG OV emNPedlel TO oMU
OV ALPAVOLLLE.

Mo mopddetypa, otovg déktec, o B0pvPoc TV evepymv otoyeiwv mpootifetan oto Beppikd

086pvPo. Etot av petpricovpe mEPpapatiKd v e, (Xp1NOYOTOIMVTOS ol KOTAAANAN dtdtaln) Kot
Katdmy dokipdcovpe va vroloyicovpe pe Baon tov tomo  pia Ogppokpacio T této100 MOTE:

2
e

T=_% 214
wgg 21D

Ba ™ PBpovpue telelmg dwpopeTikn amd T Oepuokpocio mepiPdriovtog. Avtd dikaroloyeiton
ywrin e, mov peTpnoape, dgv eivaun e, tov Beppikod Bopvfov pdvo .
INa Beppokpacio dopatiov (T=290 k) amlovotedeTon oTNV:

e,=1,26*10""VRB V*rms (€. 2.1.5)

Onwg Ba dovpe oe Ghdovg tomovg BopOfwv (m.y. oto B6pvPo schottky), n Tvyaio @vown
dwdkacion Tov wpokaiel o BOpvPo exdnidvetan pe v vVmopén tuyoiov pevuatog i(t). Xtnv
nepintwon avth o pldpe yio o « 1wodvvaun mnyr pevpatog-0opvpov » pe «rms» tn i, .To

: . «
i, Oa 1o petpbpe oe A*rms.

“Ioodvvapo BopHpov’’ pwog avtictaong

Otav eEetdlovpe éva dkTOOUO ©C TPog 10 BOpLPO TOL, OVTIKAOIGTOOUE TNV TPOYUATIKN
(“’evB6puPn’’) avtiotaon R pe o wovikn (abopvPn’’) avtictaon g dog Tyung R, o oepd
He po KOTGAANAN «tnyn téong - BopvPov» ion pe e, M mapdiinia pe pio KATdAANAN « TNy
pedpatog — BopoPov » 1, . Exovpe €11, dnmg gaiveral 6to oyfpa, to 1wodvvapo Bopvfov g
avtiotaong R katd Thevenin kot kotd Norton.
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o) MpEyuaTer) ETiaT aon) e S amsa
B looS v oo sTa Thewenin
] koo tuapn misku]a pard Maron.

Ewova 6

Ortav érovpe 000 1M mepiocdtepeg mnyés BopvPov, mpénel va Bupodpacte 6Tt o1 BopvPoi TovS
pmopoHv va mpootedov pe v mpoimddeon Ot givor otatiotikd aveEaptnrotl.(Onwg Ay, dtav
EYovpe 30O PLOIKE EEYMPES OVTIGTAGEL).

I mapdoderypo 6to wwodvvapo BopvPov dvo avtiotacemv R1, R2 oe oepd, o «BdpvPoc» e, g
1000VVOUNG TYNGS TAoNS, Ba eiva:

el=e) +e, N e =4k(RIT1+ R2T2)Af (€. 2.1.6)
Av 01 600 avtiotdoelg Bpiockovtar otny id1a Oeppokpacio T, toTE
2= 4kT(R1+ R2)Af = 4kTRAf , 6émov R=RI+R2 (gt 2.1.7)

ONAodn TOTE HOVOV UTOPOVUE VO TAPOVUE o 160dvvaun avtiotoon ion pe 1o dfpoiopa:
R1+R2, oe Oeppokpocio T=T1*T2. Av opwg T1# T2, Ba éovpe : RT=RI1IT1+R2T2 omdte M
avamapdotoon pe pwoe povo avtiotaon R Beppokpaciog T pog odnyel oe ampocdidpioto
mpofAnua. ‘Etor to pdovo mov pumopode va movpe yo v «1oyxd Bopvfov» og €va cuotnua
acVoYETIOTOV TNY®V Bopvfov givar 0TL « 1 0AKN yYVG BopHPov, Ba eivon ion pe to dBpoiopa
TV 1600V BopvPov TV enl pépovg Tydv Bopvuov TOL GLGTAATOS ».

Hapatipnon

[Moaporo mov 10 1606HVapN KOKADOULOTO ONAGVOLUE TIC TYES BopOPov OTmg TIg cuvndiopéveg
Y£EG, elval eavEPO OTL GTOVG VTTOAOYIGHOVG OV TPENEL VO, TpocHETov e Ta uvndicpéva peyétn
He Ta avtioToryo rms HeYEON: Ay, TO TOPAKATO KOKA®UA :

-0

E=3V & =0 Jirms

Ewova 7

3V + 0,5V*rms dev divovv 3,5V.

16

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



K\etvovtag n péom 1oy0g mov amodideton oo Oeppikd 06pvfo eivar:
Ogpuikog 00pvPoc: N péon = K*¥T*B  (€€. 2.1.8)

Omov K gtvon 1 otabepd Boltzmann, T gtvon 1 andivtn Beppokpacia oe Pabpovg KEABwv ko B
70 €Vpo¢ LOVNG 67O 0TO10 YiveTon 1 LETPNON.
O Bepkdg B6pvPog pmopet TpoPavds va pelwbel pe v yoén g mnyng tov Bopvfou kot avt
N apyn epopuoletor oe PepKoNS PASIOOEKTEG, XPTOLLOTOLOVTOG KPVOYEVIKA GUGTHIOTO YOENG
Yo vo BEATIOGOVV TV gvoicOncio Tov OEKT).

[ 2. K Kapodunarov, Ewcaywyn ot Otwpio OopOpov xor Epappoyés, Exddoeig Bacdéxn,
ABnva 1979]

2.2 ®0PYBOX SHOT (§ SCHOTTKY )

Hopondve avaeépape 6tL o BOpvPog PoAng eppoavileTor cov anoTtéAespo g Tuyaiog APENG
(QOPTICUEVOV COUOTIOV OTIG AVOS0LG,.
To pevpa - BopHPov 1, pag diverar omd tn oyéon :

i,=564*%10""JI, *B | A*rms (g& 2.2.1)

I, = n T tov pedpatog mOAmons ce Amp.

B = Af = gbpog {dvng cuyvotitov og Hz.

e = ooptio niextpoviov = 1.6%10 " Cb

1, = mrms T g 160dvvaung Tnyng pevpatog - Bopvpov.

210 oynuo  eaiveton 1 &aptnon tov i, and to pgopa I, mov Swppést o diodo p-n M pia
diodo agpiov 6TOV KOPO.

Ewovo 8
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Onwg poaivetan kot amd ™ oxéon €E.(2.2.1) o B6pvPog Shot givar, OIS Kot 0 Beppukds, Aevkog
00pvPog kot og £va ddypappa Bo ToploTdveTat Le po 1I6odvvaun tyn pedprotog -Bopvfov.

[2. K.Kapovurarov, Ewcaywyn ot Oswpio @opvPov kot E@appoyés, Exdocelg Baocdékm,
ABnva 1979]

2.3 ®OPYBOX FLICKER (©1 ®OPYBOZX 1/f)

[Ipdkertar yio évav tOmo BopOPov mov mapaTNPeitol TEWPOUATIKA KUPIMG OTIG YOUNAES
ovuyvomteg, (pkpodtepeg amd 100 Hz). Ztig cuyvomteg awtég emkpatel tov GAAov BopvBov.
Avto ovpfoaiver, ywri n woyds tov petafdriieton cdpeova pe o vopo 1/f, 6mov f eivor n
oLYVOTITO.

O 00pvPoc avtdg dev €xel aKOUO EPUNVELTEL KAVOTOMTIKG HE €va QUOIKO VTOOETYLOL.
YUYKEKPIUEVO 0L TETOWL GUUTEPLPOPE  TpoPAémetar amd emoAinAio peydiov apiBuov
OWICTACEMY - EMAVOCUVOEGEWV NAEKTPOVIMV — ommv Kot mapepforn Oepuucod Bopvfov, oe
nuyoyd. O 06pvPog 1/f mapatnpeiton emiong Kol 6€ AVIIGTAGELS AvOpAKO, GE OVTIGTACEL
Aentoh oTPONATOS (VPPIOIKES) Kot OTIS Avyvieg KEVOD.

Ievikdtepa, o TOmMOG awtdg TOL BopOPov mopatnpeitol 6 OAO TO OYDYHUO VAKE oV
EPAPULOCOVLE Lo TN YN 10X00G, OAAL ival O £VTOVOG OTIG SATAEES MUY OYOV.

AxpBéotepa, 1 10x0¢ Tov BopvPovu flicker axorovbei vopo

Lﬂ KLE TUTKEG THES Yo TO n oty mepoyn: 0.9<=n<=1.35.

‘Etor akdpo kot 1 «oAicOnon amorofrcy tov evioyvtdv dc (cuveyés), pe tpaviiotop M pe
Aoyvieg kevol, Bewpeitonr onpepa 6T lvan 1 ekdnAwon tov BopvPov flicker oe mOAD yopmAég
ovyvotTeG f.

Yav anotéiecpa, o B0pvPog 1/f Baler Eva moAd cofapod eumdolo oty axpifela TV PETPROEDV.
Av Bewprioovpe T0 PACHO TOVL GNUATOG OV HOG EVOLUPEPEL GTNV TEPLOYTN TOV GLVEXOVG 1 TOV
TOAD YOUNADV GLYVOTNT®V, OTMG OTO OCNUOTO OVTOUOTOV €AEYYOL, €ival @ovepd OTL 1M
emukpdrnon tov BopvPov 1/f dev emrpénel ko Peitioon tov Adyov «onpa mpog BOpvPoy
(S/N).

Y11 mepurtdoelg Agvkol Bopufov pumopovpe va Peltidcovpe 10 Adyo S/N pe 0AoKANP®OTN TOV
onpatog og @idtpo (LPF — Low Pass Filter), eved o 06pvog flicker, eneidn etvon ypopatiopuévog
(Onradn e&aptator and o £7), dev emdéyeTon Pedtioon.

Mo va petpnoovpe Aowmdv acBevry ofpoto ToAD YOUNANG GLYVOTNTOC, TPOCTAOOVUE VO TO
CUETOPEPOLUE) UE OLAUOPPMOT GE VYNAEG GLYVOTNTES OTOV emkpatovv ot BdpvPor Johnson kot
Shot, dnAadn Aevkoi B6pvPot. Metd Vv vicyvon ToL GNUATOG VYNADY GLYVOTHT®V, TO dc oI
Aoppaveron Eava pe T Aeyopevn cOyypovI @OPOCT).

YnroAoyiopdg tov ohkov Bopvpov flicker oe pa meployn cvyvotHTwV
‘Eoto éva d1dotnpe cuyvotitov pe katotepn £, kot avotepn £, .

AoV 1 1oy0¢ Tov BopOPov flicker etvan avtiotpopa avarloyn mpog ™ cuyvotta f, tote 1 16%0C
0V BopOPov oto ddotnpa [f, , £, ] Oa etvan :
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/i

H 1 f
= [k ~df W ei=k hIL (& 23.1)
/L }[ f /L f

L

Avtictoya yio to 86pvfo flicker pog 10od0vapung «mnyng pevpatocy Ba Exovpe :

/i
. i1 ) f
i2=k,—df N iy=khZL  (g£.232)
g J f " f

[2. K.Kapovurarov, Ewcaywyn om Oswpio GopvPfov kor E@apuoyés, Exdooelg Bacdéxn,
ABnva 1979]

2.4 OOPYBOX FLICKER MAZI ME AEYKO GOOPYBO

2V mpdén, Yo OYETIKA YoUUNAEG cLVOTNTES, 01 dvo BOpVPOL CLVVTAPYOLV. AG TpooTUON GOV E
Aowmdv va g€etdoovpe amd Tow cLYVOTNTA Kol TEPA eMKPOTEL 0 Agvkog B6pvPog. H cuyvomta
avt) Ba etvor n ovyvomra yoviag £, (corner frequency), OTWG TAPIOTAVETOL GTO TOPUKAT®

GXTMHL

Ewovo 9

Mo 1o pktd avtd B6pvPo Ba 1oydet :

2 Ty 2 fH 2 2 ku fH
€ Liirsomse) = I(kul/f+av)df:kuhlf_+av(fH_fL):av(_zlnf_+fH_fL)
Y4

L a, L

(€. 2.4.1)
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Opog ywo £=f, o1 dvo 06pvPot Ba mpénet, cOUPOVA LLE TO TOPATAVEO G, VO EXOVV TV 110
T woyvoc. Emopéveg yu f=f, :

2 qf = k, (s€. 2.4.2)

1
eiL =e> . ML k, —=a "

c v

v

Apa teEhKA :

e(zﬁ,gwcﬁrfL) = a\% [fc* hl% + fH - fL] (SEJ 243)

L

Avtiotoyo, Yo 160d0vaun Tnyn pevpatog Bopvfov, Ha 1oydel o TOTOG :

i2 =a’[f * mff—H +f,-f,] (et 2.4.4)

l(ﬂ,guxﬁrfl)
L

[2. K.Kapovurarov, Ewcaywyn ot Oswpio @opvPov kot E@appoyés, Exdocelg Baocdékm,
ABnva 1979]

2.5 OAIKOE @OPYBOZ KAl AOFO: SHMATOS MPOX
OOPYBO (SNR) ENIZXYTH

Onwg yvopilovpe, péoo oe €vav TPOYUOTIKO EVIGYLTI LIApYovv dtdpopes mnyés BopvHfov
oTOTIOTIKG aveEapmnTeg petaly tovg. Ot myég avtég pmopovv va evomomBodv TeMKA Ge o
woodvvoun myn pevpoatog - Bopbfov kot oe o 16odvvaun mmyn peduatog -Bopuvpov
tomofeTnpéveg otV €16000 £vOg 10avikoD (aBOpvPov) evicyvti mov £xel TV 010 amoAafn (gain)
A ) HE TOV TPOYUOATIKO EVIGYLTY).
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LPF
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My I T W0 P Py, Tood DSaTow LD § QT TpY| TAO E, KO S0wTE e § Vg Tao g Fa-

Ewova 10

210 TOPOTAVE GYNLLL, TOPICTAVETOL EVOL KUKA®LO EVIGYXVLTN OlEyelpdpevov amd myn tdong E |
KOt E6MTEPIKNS «evOOpLPN» avtictaong R | .

O 1010c o evioyvtng etvar «evBOopvPoc» pe amorafn A, . To ¢iktpo RC €£6d0v (S1éhevomng
YOLUNADV GLYVOTNTMV) £XEL GOV GTOYO TOV TEPLOPIGUO TOV €VPOLS {dVNG Tov BopvPov EGJ0V.
210 TOPOKAT® GYNLO PAETOVLE TO 1IGOGVVOLO TOV KUKADOTOS TOV O AV KUKADUATOS, OTOV
10 Bewpovpe wg mpog 1o BOpLPo (1oddvapo BopvPov).

— Tow ST

5

WS TETPPIT] TR e e e e e -
1 1
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T 1 FAY AW
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100 ST BODUE DU SV MDD ATEG ZWOY LT M0 ToO0 SOTETAL ad Ty 1T B, pr sowrasr | B douEn evmioTaon

L

Ewova 11
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H mpaypatikn avtictaon aviikatactddnke amd pio iodvvaun tnyn tdong - Bopvfov 4KTR Af
Kot e afdpuPn’’ avtiotaon R, og cepd. O mpaypotikdc eVIoYLTNG OVTIKOTACTAONKE amd
gvav Wavikd evioyvutn g g amoAapng A, , otV £i6060 TOV 0TOIOV VLEAPYOVLV 01 LIGOOSVVOLLES
mmy£g Thong - BopvPov e, Kot pevpatog - Bopvfov i, .

Tig myéc e,, 1, Ba 11 Bewpovue mnyéc Agvkov BopvBov Kot oTaTIoTIKA acVoyEToTes. H
teAevTaio vt 1010, pog enttpénetl va afpoilovpe Tig avtiotoyeg 1oybs Bopvpov.

[Mopatipnon:

Y10 mo mAve codvvopo BopvPov tov TapamAve oynuatog doev Kpidnke amapaimmTo va
Bewpnoovpe kot T0 B6pvPo mov Palet to pidtpo RC ££6d0v. Avtd yuti, Onwe Ba dovpe kot og
endpevn mapdypoago, o 00pvPog avtdg eivor apeAntéog, Wwitepo dtav n anoiaPn A, TOL
EVIOYLTN EIVOIL APKETA PEYAAN.

Ocwpmvtog avti Tov pevpatog 1, , v mtoon 1, R mov Bo mpoxaiel oty avtiotaon R, kot
pe Baon Tov THTO Yo acvoyETIoTEG TTNYES BopLov, Exovpe Yo Tov oAkd BOpvPo oty ££0d0:

e,., EEOA. =[4kTRsB+e? +(i,R,)?]"> *Ao  Volt*ms (& 2.5.1)

Omnov:
A = anolofi) TGoNG TOL EVIGYLTY], KoL
B = Af, ebpog Ldvng ocvuyvotitov mov emPaiieton and 1o eiktpo RC.

To onpoa oty £€0d0 O £xel mpogavmg taon Es* A . ZEépovpe 611 Yo vo yapaktnpicovpe v
o0 TNTA TOV GNUATOG €000V oG ddtaing, Bempode 10 AdY0 Tov onpatog £600V TPOG TO
06pvPo e£6dov. O Aoyog avtdg Ba supPoriCeton pe S/N 1) SNR (signal to noise ratio)

XNV TPOKEWEVN TTEPINTTOON:

Es
SNR)v,E=E. = €€. 252
(SNR) [4kTRsB +e’ + (i, R,)*]'"? (e )

Omov (SNR)V,EE. givar 0 Adyog onpatog mpog B0pufo yia tnv Tdomn e£630V TOV EVIGYLTY.

210v¢ PactkoVg TOTOVG KOl UTOPOVUE VO KAVOVLLE TIG T KAT® TAPOUTNPNOELS:

1. Me mv avéyvoon tov ecotepucod BopvBov tov evicyvtr 6Ny £16060 T0V, T0 A | omodeipOnke
Kot eivat SVoKOAO Vo GYoALAcoLpE TNV emidpach) Tov otov SNR.

2. Mmnopodue va Bpoope v wodbvoun téon oikov Bopvfov otV €icodo TOL EVIGYKLTY,
dwupavtag myv €, ,, EEOAO  upe Ao .
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e, EIZ=[4kTRsB+e’ +(i,R)*]"?, Volt*rms (e 2.5.3)

Avto 10 TtéYRvaoua yiveror yori ogv etvon dvvatd vo petproovpe to B6pvPo amevbeiog otnv
€16000 TOV vioyLTY, OAAL LOVO TNV ££000 TOV.
3. H ovpPorn g eowtepikng avtiotaong Rs g anyng - onpatog oto 86pvfo mov maipvouyle,

yiveton gavepn and tn oyéon . Ao Vv BAémovpe 6TL Y100 SooUEVO
gvioyut (OnAadn doouéva Ao, i,,e, )o (SNR)v yiveton péyiotog 6tav Rs— 0.
4. T va depevvioovpe to poAo Tov 0povg Ldvng B tov gpiktpov  mavew otov TPOTIUApE

va yphyoovpe v HE TN HOPON:

Es
SNR)v,EE = e€. 254
( : [4kTRsB +e’ +i>/B*R?]"* *B'? (e )

omovtoe./B=a’ «a i./B=a’ etvan 6tadepés, otV mepintmon Asvkdv Bopvpav.

Amd v mapandve eEicmon eaivetat, 6t1, av to ofjua Es etvat meplopiopévo og Eva pukpd £0pog
CdVNG cLYVOTATOV, €V £YOVUE KAVEVE GUUPEPOV VO TAPOVUE PEYAAo evpog Ldvng B.

‘Etot yuo omowdnmote tomo Bopvfov, pog cupeépet vo meptopicovpe 6to £makpo tn {ovn B,
apkel va un Balovpe o€ kivduvo 10 pdopa g TAnpoeopiag tng Es.

[3. Andotohog Tpayavitng, Pnoaxés Emkowvmvieg, ®Owvommpo 2004]

2.6 0 OOPYBOX KBANTIXHZ

O 86pvPog awtdc pmopel va yapoaktnpiodel cov «TeXvnTOG» Y10Ti TOV TPOGHETOLLE ENELS KOTA TN
dwdkacio g KPdvtiong .

Onwg Ba avel mo kdto, deépel apketd amd évoav cuvnbicpévo Tuyaio tpocsbetikd B6pvo,
TpOTO omd OAa YTl UTOPOVUE VL TOV TEPLOPIGOVUE 060 BEAoLLE, apkel vo avEnoovue v
mokvoTTo TOV dtKkprtedv Paduidwv dni. va pewwoovpe v andotacn petald Tov otabudv
KBavtiong.

Ouoiopopen kfavtion

Mo va vroloyicovpe v rms T Tov BopvPov KPdvtiong Ba dexbovpe apykd Tt o1 GTAOUES
oanéyovv peta&d Toug (opodpopen kpavtion). Ag Bewpnoovpe 6Tt T0 onpa x(t) mov TPOKELTOL
va petadobet &gl péom Tun Undév kou 0pog dlakvavong and «akprn oe akpny» (peak to peak)
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ico pe Amax Volt . Ag Bewproovpe 6t 10 KPavtiCovpe oe M dokprég otdfpeg mov améyovv
peta&y touvg katd q Volt. Oa £yovpe 101!

q=Amax /M (€€. 2.6.1)

Onwg poaivetan 6To TopakdT® Gy ot EMTPETOUEVES oTAOUES peTd TV KPavTion Ba eivor ot
+tq/2, £3q/2.... (M -1)q/2

Ewovo 12

BAémovpe amd to mopandve oyfua 0Tt  KPAviion £xel avamodgpevkto Eva opdipa E apov to
TPAYUATIKO OTIYHIOTUTO X TOV GNUOTOG GTPOYYLAEVETOL GTNV T

Xj+Ej ogtpdmo dote vo dDoEL £vo TEPTTO TOAATAAGIO TOV /2.

H myn dpmg tov opdipatog kBavtiong E sivon mepropiopévn 6to dd.otnpa

- ¢/2 < E< + ¢/2. Ot dwdoykég Tpég tov opdipatog E o odnynoovv, kotd ™ Afym Kot
EMOVAGVOTOCT TOV CHUOTOS , GE OMOKAICELS amd TIg TPAYUATIKES TIES. Ot amokAicelg auTég
ovviotovv Tov Bopvfo KPAvTiong mov dwpépsl amd €vav cuvnBopévo mPocheTikd TLYOiO0
00pvPo, OTMg etmape, BewpPNTIKE TOLAYYIGTOV, LTOPOVUE VO, TOV TTEPLOPIcOLUE OG0 BEAOVLE.

Mo va vroloyicovpe ™ péon teTpayVIKn TN tov Bopdfov kPavtiong, ypealopacte v
mokvomto mhavotrog tov E. Qa dexbovpe 6Tt n tyunq tov E elvar cokatavepunuévn oto
dtbotnua + q/2,- q/2, dOnA. dexdpacte OTL:

P(E)=1/q vy -12q<E<+1/2q
ku P(E)=0 TVToU 0AAOD
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Oa &rovpe t0tE

o +q/2
6, =FE’= jl/qE2 dE=q2/12 (e 2.6.2)

—q/2

onA. M rms T tov BopvPov Ba eivar
MmopovpEe ETOPEVMS VO TNV LEUDWGOVE, LEWOVOVTAS TO Ppa q TS KPAvTionG.

Ac vrohoyicovpe tdpa to Adyo S/N Bewpdvtag povo 1o 86pvfo kPavtions, oSnA. apeldvtag TovV
ynowko 60pvfo. H wydg S tov onpatog, OnA. n HEST TETPAYOVIKN TIUN , O0EV €val YVOOTN
apd povov av yvopilovpe v katovoun mbovottog p(y). I' avtd Ba amiovotevcovpe 10
TpOPANHa Kot Ba emkevipwBovpe oty 10x0 T0V PEYIGTOL TAGTOVG (peak value) , ondte Ba eivar:

S/N=Amax’/E *=q*M?/(q*/12)=12M?* (& 2.6.3)

‘HoedB  (S/N) _,,=10,8+20logM (e€.2.6.4)

Hopammpovpe 6t1 T0 S/N 610 Ynelokd onpa eivor aveEAPTNTo Omd TV 10XV EKTOUTNG Kot amd
70 £{00G SLUOPPOONG TOV PEPOVTOC, EVA VEAVEL e TO TETPAy®mVO ToL TANBove M twv 6tafumv
KBavtiong.

[2. K.Kapovurarov, Ewcaywyn ot Oswpio @opvPov kot E@appoyés, Exdocelg Baocdékn,
ABnva 1979]

2.7 ITAPEMBOAH KAI GOPYBOX

2.7.1 Iyyés mapeuPoirc

To peyodvtepo pépog g mapepuPoing (interference) mov amavtdTol GTO. GLGTALOTO YNOLOKNG
EMKOWVOVING TPOEPYETOL €ITE MO GAAQ GLOTNUOTO EMKOWOVIOV &ite amd pnyovipato. o
mapadeypo, 1 ovvakpooorn (cross talk) mov ocvpPaiver otic ypopupés TmAemukovoviag etvot
eowopevo mapepPfoing, O6mwg eivor emiong kot o BopvPog avdereéng (ignition noise), mOV
TPOKOAEITOL GTN UNY OV ECMOTEPIKNG KOOGS EVOG LTOKIVIITOV.
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Ewovo 13

Ewwotepa og éva padio-cHotnpa pio onpavtikn nyn topepPoing ivar ot GAAOL ¥pNGTES TOV
eAaouaTog padlocvyvotitov. o mapddetypa, to KOKAOUATO TOV EKTEUTOVY GE GLYVOTNTES
KOVTO 670 €MOLVUNTO KOVAAM UTOPOVV VO, TEPAGOVY OO TO GIATPO EMAOYNG TOV JEKTN KOl VO
TPOKAAEGOLV TNV emovoualopevn mapepfoln yertovikdv kavoAldv (adjacent channel interface).
Y& KOYEAMTES EQOPUOYEG GE XPNOTES OV PPIoKOVTOL GE SOPOPETIKEG YEOYPOUPIKES TEPLOYES
dtvetar amd 10 cvotnua N B cuyxvoTTa Yoo TIG KANoES tovs. Edv dpmg Ppebodv, kabmg
KWVOOVTOL, 6TV 1010 YEOYPOQPIKN TEPLOYN Kot dEV TOVS Ywpilel apket) andctaot, tote O cupPel
dwa-kavaAkn mopgpoAn (co-channel interference).

YT1G pOSIOPOVIKES KOl TNAEOTTIKES eKTOUTEG cvpPaivel cuyvd TaperPorn] AOY® TOAAATADV
dwdpopmv (multipath interference) kot 1o amotédecpa ivar | epedvion elddAmv (ghosting) otig
006veg g TAedpPOONG, TOL TWPOKOAEITOL OMO GNUATO TOV PTAVOLV GTO OEKTN EXOVTUG
aKoAOVONGEL S10POPETIKES OOOPOUES KO EMOUEVOS EYOVTIOS EANPPADS OLOPOPETIKY YPOVIKN
kaBvotépnon.

2.7.2 Avtiuetwniovrag ™y mopeufoin

Eneidn n meprocdtepn mapepPorr) (pe efaipeon to 06pvPo) onpovpysitor 6to GLOTAHUATO
EMKOWVOVIOV 0omd GAAEG OCLOKEVLEG, €lval dvvaT 1 EANYICTOTOINGT TOL QUIVOUEVOL TNG
mapeUPoing pe KatdAANAN oxedioon auT®OV TOV GLoKELOV. Avtd pmopel va emtevyfel pe
TPOGEKTIKN £MA0YN ™G HeBOOOV SOUOPPMOOTNG KOl KOIKOTOINoNG, doTe Vo gival 660 yiveton
Myotepo evoaicOnn oe Kamown €idn ToPEUPOADV, KOU HE OVIUETOTION TOV OOV TOL
TPOKOAAOVV TNV TOPEUPOAN.
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Ewovo 14

H ocvvaxpdoaon o1ig TNAEQ®VIKEG YPOUUES, Yo TOPAOEY Lo, UTOPEL VO EAOTTMOEL UE TPOGEKTIKY|
d1evfémon tov KeAmdinv N pe aVTIKOTAGTOON AVTOV and TI ONTIKEG 1VEG, TOV JEV EKTEUTOVV
axtvofoiia 1 omoia Oa TpokaAovsE T GUVAKPOAC.

Ewova 15

Ta €idoio mov dnuovpyovvton amd TV VIAPEN TOAAGDV SdPOUOV PTopovy va e&oreipOovv
YPNOLOTOIDOVTOS KOTEVOVVTIKEG KEPOUES, TOV VO UMV HITOPOVV Vo AGPovv avakAdcels omd GAAES
devBivoelg. Mepkoi cvyypovol kKuyelwtol otabpoi Paong Kot akOpo Kot HEPIKES KIVNTEG
OLOKEVEG YEPOG XPNOLLOTOI0VY TPOCUPUOCTIKES KEPAIEG, OOV AALALOVV GE TPAYLOATIKO YPOVO
™V katevBouvon g dEoUNG TG KePAiag MOTE Va.

«OTOGTPEPOVTOD) TOVG TOPEUPOAEIS Kot VoL «E0TIALOVV» 6TO EmBLUNTO GO

H dw-kavoiikn mopepfoin kot n TapeUPoAn YETOVIKOV KOVOADV EAEYYOVTOL ETIONG UE KOAN
oxedlaon Kot KoAo, emAeKTIKO PIATpapIoUe Héca 6To modem Tov SEKTT.
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2.7.3 IInyés Qopifov

Ye avtifeon pe v mapepPorn, o B0pvPog TpoépyeTar Kupimg amd T0 KAVAAL EMKOWVOVIOV Ko
avtd kol cvvnBwg Exel TVYaia PHON, omdTE gival TOAD SVGKOAO VO OVIETOMIOTEL. YTApYOLV
dtpopot pnyovicpoi mov dnuovpyodv 1o B6pvfo Kol 01 MO YVOOTEG HOPPEG TOL €ivol O
Bepkdg B6pvPoc.

O Oepuikog B6pvPog cvyvd Kuplopyel GTO CLOTHUOTO EMKOWMVIOG KOl TPOEPYETAL OO TN
Bepkn kivnon tov niektpoviov og évav aymyd. To ovopo mpoépyeton and to yeyovog OTL 1
EVEPYELD, KOl EMOUEVMG 0 Babpdg tng kivnong, etvor avdioyo e andivtng Oeprokpociog Tov
ayoyov. To peopa, kol emopévmg 1m TAOT TOV OMOLPYEITOL amd VTRV TNV Kivinon €xet
KOHOTOHOPON OV EVOL EVIEAMS TUYOLOG (VUONG Kol GE KAVO XPOVIKO O1ACTNHO EYEL EMIMEDT
KOTOVOUT HEOMG EVEPYELNG OC TPOG TN ovyvoTNTe. Avti 1 W1dtNTa Tov BopvPov mov TEpLEyEL
OAeg TIC oLVyvOTNTEG, 00N YNOoE GTNV Oovopacio Aevkdg (white), oe aviioToryia e T0 AEVKO P®G
OV TTEPEYOVY OAOL TOL XPDOUOTO.

[3. Andotohog Tpayavitng, Pnowxés Emkowmvies, ®Owvortmpo 2004

2.8 EYPOX ZQNHX ®OPYBOY

Ocopeiote 011 otV €l6000 £vOg dOEKTN epeaviletar Aevkog BopvPoc. YroBéote emiong 6t éva
¢iltpo pe ovvaptnon petagopdc H(f) xevipwrng ovyvommrog f,, ypnowomoteitar ywo vo
neplopioet v 10yd Tov BopHPov mov mepva oto déktn. Tdpa Bewpeiote Eva opBoydvio eiktpo.
To ¢iktpo ovtd éxer emiong kevipwkr] ovyvotnto mv f,. 'Eocto 611 10 €0pog {dvng tov
opBoyaviov gidtpov B, mpocappdleton katd t€toov tpdno, 00Tmg MGTE TO TPAYUATIKO GIATPO
Kot to opfoydvio eidltpo vo petadidovv v B wyxd BopvPov. Tote, 10 evpog Lovng B,
KaAgiton ebpog Ldvng BopHPov Tov Tpaypatko eiktpov. Tote T0 gVpOg Ldvng BopHov givar To
evpog Ldvng evog e€davikevpévon (opboywviov) eidtpov mov mepvd v B woyd Bopvfov e
TO TPOYUATIKO QIATPO.

Oa deifovpe avtRv TV apyn Tov €0povg {dVNG Tov BopvPov Bewpdvtag TV mEpinTtwon evag
Babvmepatov RC pidtpov. T to @iktpo avtd, n H(f) Aappdver tn péywom mmg tuq H(f) = 1
oty f= 0. Onwg diveton and v N, = %nﬂ L,&povtog cav £i6000 Aevkd BopvPo pacuaTIKNG
TLKVOTNTOG 16YVOG /2, 0 BOpLPOG oTNV ££000 TOV PIATPOL givar

N,(RC)=n2(nf,) (& 2.8.1)

Orav mapovoialeton £vog t€to10G B0pvPog, éva opboydvio Babvmepatd gidtpo pe H(f)=1
ot Covn diékevong B, , Ba ddoet BOpuPo oty ££0d0 e 100
N ,(opboydvio) = (n/2)2B, = nB, (&&.2.8.2)
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Oétovtag N, (RC) =N, (opboydvio), Bpickovpe 61t 10 0pog {dvng Tov BopvPov eivar
B, = (w2)f, (& 2.8.3)

"Eto1, 10 g0poc {dvng tov BopvPBov tov RC giktpov eivan /2 (= 1.57 ) popég 1o evpog Codvng f.
tov 3dB.

[4. Taub / Schilling, TnAenikovoviakd Zvotiuata, Exkdocelg TCioAa, Oeccarovikn 1998]
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3

KEPANAIO

3.1 [TAPAXTAXH TOY OGOPYBOY XTO IIEAIO
XYXNOTHTQN

Ye évo ovomnua emKowvovimv, o B0pvPog dipyxetan cvyvd amd ¢idtpa. Ta @iltpa ovtd
TEPLYPAPOVTOL GLYVA pe TN Ponbelo TV YOPAKINPIGTIKOV TOVG 010 edio cvyvotntwv. 'Etot
Aowmdv, yuo va kaBopicovpe v enidpacn TV eIATpeV avt®dv 6to BOpvPo, etvar KaTIAANAO va
&yovpe éva yopaktnpopd tov Bopvpov oto medio cvyvotitev. Exovtag avt) T popen cov
Baomn, Oo eipoote wavol va kabopicovpe pio QAGUOTIKY TLKVOTNTO 1GYVOG Yo pio
Kopatopopen BopvBov mov £xel YaPUKTNPIOTIKG TAPOUOLN PE OVTE TNG PAGHUOTIKNG TUKVOTNTOG
woyvo¢ piog vIeTeEpIVIOTIKNG Kupatopopene. H avdivon pog Oa givor, katd kdmowov tpomo,

EVPETIKN.
Ac emiélovpe €va ouykekpévo delypa cuvaptnong Bopvfou ki ag emhéCovpe and avtd €va
dtotnua ddpkewag T extewvopevo, éotw amd t = - T/2 éog t = T/2. 'Eva 1é€t010 Oiypa

cuvapmong BopdBov n®(t) mapovcidletar 6o oy, Ag TOPAYOULE piot TEPLOSIKT KOUATOLOPON
oto emheypévo odotua to omoio emavoiapuPdveton kédbe T sec. H mepodwkn owt
koparopopery nr(t) pmopei vo avatvdei oe oepd Fourier kot pio TéTow GEPE MAPLOTAVEL
kaOapd to n'*(t) oto drdotua amd - T/2 éog T/2. H Ogpehddng cvyvotnta tg avamtuéng eivar
Af=1/T, ko1 vToOETOVTOG OTL OEV VTLAPYEL GLVEYNG CLUVICTMOGCA, EXOVILE

nr(t) = 2 (ox cos 27k Aft + by sin 2nk Aft) (& 3.1.1)

k=1

N EVOALOKTIKG
0

n(t) = ck cos (2mk Aft+ 0y )

k=1

oV omoia ax, by Kot ¢k €ivor o1 6Tabepol GUVTEAEGTEG TOV PAGUOTIKOV Opmv Kot Oy eivor 1
yovia paonc. dPvowka,

2 2 2
K=oy +by (8& 3.1.2)

Kot
O =-tan ' by/oy (c€. 3.1.3)
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H 1oy0¢ mov ovvdéetan pe kabe pacpotikd opo eivar Ce2=(a¢+ b /2 Epdcov
TopOVGIALETAL éva SimAevpo Paopo, KGOE oopaTkh Ypaput 163006 éxet byog Ci / 4. O GEovag
ovyvotNTeV givor Babpovounuévog katd dwwotnuato Af kot pio ypopp QAGHOTIKAG 1GYVOG
Bpioketal oto ké€vipo kabe daotnatoc. Opilovpe TOPA TV POCUATIKY TUKVOTNTO 1OYVOG OTN
ovyxvomta kAfcav mv mocod O

Gn (kAN = Gu(-kA) =ci/ 4AF= 0> +bi” / 4AF (€. 3.1.4)

H ocvvolikn 1oydg Pk mov cuvdéetan pe to dtdotnua cvyvom|twv Af otn cvyvotnta kAf givon :
Py =2Gy(k Af) Af (e€. 3.1.5)

To éva od g wyvoc, Pk /2 = Gu(kAf) Af cuvdéetar pe T poopatiKy ypouun 6t cvyvotnto
kAf, evéd T0 GAAO p1od pe ™ ypapun ot ovyvomta - kAL ‘Etot,

Gn (kAf)= Gyu(-kAf) woovton pe v w6oy0 oto BeTikd N opvNTIKO SAoTNUO SOUPEUEVT] UE TO
péyebog tov dwotnpartog. Emopévaoc, n Gu(kAf) sivon n (apeinievpn) uéon paouaticn rokvornta
10y00¢ o€ KOBE éval S1AoTNUO.

[N éva cuykekpévo detypa cuvdptnong tov BopdPov, kdmoog pmopei va AdPel cuyKeKpUEveg
TipéS Tov otafepov ax kow by g €. 3.1.1 [N Toug cLVTEAESTEG Ck Kan TIC Yovieg B g €&
3.1.2]. Awgopetikd detypoto cuvaptnoemv Oa kataAnEovy og dpoPETIKOVS GUVTEAECTEG. AV
npoteivovpe ot popeéc twv €€.(3.1.1) 1 (3.1.2) va mapiotdvouy yevika v tuyaio depyacio tnv
0Toi0 TPAYUATEVOUAOTE, TOV TTEPLOOKO BOpLPOo dINAadY|, de ypeldletan mapd va Bewprcovpe OTL
ot ai’s, bi’s, ck’s kKot Bi’s dev givanr ovykekpiévol apBpol aAhd ot B€om tovg €xovpe TVYOLES
petapintés. Téhog, emrpémovpe T — oo (Af— 0), €161 OV TOL TEPLOJKA dElYLATA GUVAPTCEWY
BopvPov. Tote, Eyovpe To B0pvPO n(t) va AapPavetl T popen

n(t) = lim,, ,, X", (a, cos2zKAf +b, sin 2zxft) (g€ 3.1.6)
l
n(t) = lim,, ,, 2, ¢, cosQRurAfi+6,)  (e€.3.1.7)

Yvveyilovpe va dexopaote v €£.(3.2.5) cav opopd TG PAGHOTIKAG TUKVOTNTOG 1OYVOS TOV
0opvPov n(t), pe eEaipeon To OTL AVTIKADIGTOVNE TO € HE TO C° SNAADY HE TNV avapevopevn 1
NV a0 KOWoL HESN T TOL TETPOYMVOL TNG TuYoiog petafAntig ck . Emmpdcheta, kabmg
Af— 0, ot S10KPITEG PUCHOTIKES YPOUUEG EPXOVTOL OAOEVO KOL TTO KOVTA, SLOUOPPDVOVTOG
TeMKd éva cuveyég pdopa. ‘Etor Aowmdv, oty €£.(3.1.5) avtikabiotovpe v kAT pe v cuveyn
petapAnm cvyvomrog f. Emiong, and v €£.(3.1.3) €éyovue

c;=a; +E (e€. 3.1.8)

Kot tehkd 1 €€.(3.1.5) yiveran

g : a; +b;
o = lm
AN ANf

G D) = lim , (€. 3.1.9)
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Inueidote 6t M wyHG 6To dtdoTnpa cvuyvottv and f; £oc f eivan

» 1 1
P(fim£) = [G,(Ndf +[G,(Ndf =2[G,(fHdf  (s£3.1.10)
11 11

,fz
EVD 1 GLVOMKY| WYV Pt etvan

Pr=[ G,(Ndf =2[G,(N)df (e 3.1.11)

-00 0

[4. Taub / Schilling, TnAeniowvoviakd Zvotiuata, Exkdocelg TCoAa, Oeccarovikn 1998]

3.2 AIIOKPIXH XTO ®OPYBO ENOX OIATPOY XTENHX
ZQOQNHX

Av 1 mopdotacn tov BopOPov coav VEEPOEST) EAGUATIKOV GLVICTOOMV &ival €OAoyN,
avapévovpe 6t 6mote diépyetor 00pvPoc péoa and eidtpo otevig Ldvng, 1 €£000¢ ToL PidTpoL
va potalel pdAdlov pe MUITOvoEwdn kKopotopopen. Bpiokovpe Ot mpdypatt avt etvon M
TePITTOOT, S10TL TOPATNPOVUE TS 1 ££000¢ PIATPOV oTeEVNC Ldvng pe icodo BopvPou yxetl
popon v Xy ¢ Ewovag 22. H xvpoatopopen €£6dov potdlet pe nutovoedr], €Ktog and to
avapevopevo mAdtog to omoio petafdiietar toxaia. To @acpatikd bpog ™G mepPaArovcag
€£0d0v 10V PIATpOL cuumepLopPavel To acpaTikd €bpog and - B/2 émg B/2, 6mov B etvon 10
g0pog {dvng Tov eidtpov. H péomn cuyvotnta T KOLATOROpPNG EIVaL 1] KEVIPIKT GLYVOTNTO
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Ewova 16

oV @idtpov f. .Av B<< f,, n mepifdriovoa aAldlel apketd «apyd» Kot pOvVo HETO amd TApa
TOAOVG  KUKAOLG  €xel VWOOTEL OVLCLOOTIKY oAAayn. 'Etol, eved ta SlwoTiuoto TOV
SCTOVPDOGEDV LE TOV AEOVa TOV TETUNUEVOV TG KVUATOROPPNG deV elvan akpiBdg otabepd, n
aALoyn amd KOKAO 6€ KOKAO givo pLikpr| kot 1 LEoM TG TY € S1AGTNLO TOAADY KOKA®MV givot
apketd otabepn oty T 1/2f. . Télog, ailer va onuewdoovpe 06Tt Kabmdg 10 B yiveton
TPOOJEVTIKA LKPOTEPO, TO 1010 cupPaivel kot pe To PEGO TAATOG Ko 1 KUHOTOHOPON YiveTon
0AO£VOL KO TTEPLGGOTEPO MNULTOVOEIONC.

[4. Taub / Schilling, TnAenikowvoviakd Zvotiuata, Exkdocelg TCioAa, Oeccarovikn 1998]

3.3 MI=EH TI0Y XYMIIEPIAAMBANEI ®OPYBO

3.3.1 Odpofos pue nuITOVOEION KOUATOUOPPI]

Mia mepintmon mov Guyve GUVAVTATOL GTO. GUGTIHUOTO ETKOWVMOVIOV EVOL VTN GTNV OTOio O
00pvPog voictator pign (SNA. TOAAUTAAGIALETAL) [LE VIETEPUIVIGTIKT NILITOVOEDN KULATOLOPPT.
‘Eoto 6t1 n murtovoedng kovpatopopen eivoar n cos2ufot. Tote, 10 ywwopevo avtng g
KOHOTOHOPONG  pe  pio  @acpoatikny  ovvictoco  Bopvfov, Omwg diveton amd Vv
n,(t) = a, cos2mrAft + b, sin 2rxAfi , divet

nk(t) cos 2nfyt = 0y/2 cos 2m(k Af+ fy)t + b/2 sin 2m(k Af+ fo)t

+ ou/2 cos 2m(k Af - fo)t + bi/2 sin 2m(k Af - fo)t

(€€ 3.3.1.1)

‘Etoun pi&n eyeipet 600 pOCUATIKEG GUVIGTAOGCES, Uiol 6TO AOPOIGILA GLYVOTHT®V
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fot+ k Af ko pia ot dapopd cvyvotitov fy - k Af . Emmpoofeta, ta mAdmn kabepiog amd Tig
V0 PaCUHATIKEG GLVICTM®GES BopOPov Tov Tapdyovior omd T Win, &xovv peiwdel Katd Evav
Tapdyovta 160 HE 2 OXETIKA HE TNV OPYIKN QACHOTIK ouvioT®co Hopvfov. Zuvendc, ot
SOTOPES (KAVOVIKOTOMUEVT 1GYVG) TV 000 VE®V GLVIGTOOOV BopvPov sival pikpdtepeg Katd
évav mapdyovta 6o pe 4. ZOupova pe avtd Aowmdv, av 1 apyikny cvvictoca Bopvfov ot
ovyvomta kAT eivon Gy, (KAT) tote, amd v €£.(3.3.1.1), 01 véeg cLUVIGTAOCEG £0VV PAGUATIKES
TUKVOTITEG.

Gn(k Af+ f) = G (k Af- ) = Ga(k A)/4 (€€ 3.3.1.2)

Opuokad, kabmng Af— 0, aviikadiotoope v kAT pe m ovveyn petapant f ko n €. (3.3.1.2)
yiveton

Gu(f+ fo) = Gu(f- fo) = Gu(D)/4 (€& 3.3.1.3)

Avolotikd @ dedopévng NG MOPACTOONG TNG (POCUHOTIKNG Tukvotntag woyvos Gp(f) plog
Kopatopopeng BopvPov n(t)cos2nfit mpokvmrer ®g €€ng : dwmpovue ™ Gu(f) pe 4,
petatomiCovpe T Sopepévn mapAcTOoT| TPOG TO. AptoTeEPA Katd fy, mpog ta de&ud kotd fH Ko
TPOGHETOLLE TIG HVO LETATOTICUEVES TOPAUCTACELS.

Oeopeiote TOpa ™V akdAoLON mepintwon : 'Exovpe 06pvPo n(t) omd tov omoio Egxmwpilovpe dvo
QOCUATIKEG CLVIOTMGEG, Lo ot cuxvotnTa kAL kot pio ot cvyvotnta 1Af. Kdévoope pién pe
pio nuitovoewdn ot ovyvotnta fo, pe mv fo va Exet emeyel 610 P€co tov daotnatog omd kAL
¢mg 1AL, onhadn sivar

fo= (k +1) AY2. H pi&n avt Bo ano@épel TE66EpIG PUOUATIKEG GUVICTMOGES, OV0 GUVIGTMOOES
oTN JPOPA GLYVOTHT®V Kot dVO 6T0 GOpoicpa cLYVOTHT®V. Ot dVO CLVICTMOGES 6T SPOPd
ovyvotNT®V Oa glvar otV B cuyvoTTAL

pAf = fy - kAf = 1Af - f). Qotoc0, Ba deifovpe TOPA OTL AVTEG O1 CUVIGTMOGESG GTN SLPOPA
OLYVOTNT®V £IVOL AGVGYETIOTES. AVOTAPICTMOVTG TIG PACHUATIKEG GUVIOTOGEG 0TV KAT kot otV
IAf 6nwg otig  n, (t) = a, cos2nrAft +b, sin2nikAft o n,(t) = a, cos2alAft + b, sin 27Aft,

Bpickovpe OTL 01 GUVIGTAOGEG GTN JAPOPA GLYVOTATAOV Eivor

npi(t) = ou/2 cos 2mp Aft — by/2 sin 2np Aft (€. 3.3.1.4)

Ko

np2(t) = /2 cos 2mp Aft + bi/2 sin 2np Aft (g€ 3.3.1.5)

Omov np1(t) etvar n cuvicTOco dpopdg Adym e HENS Twv cuyvottov fy kor KA evd npa(t)

glvar 1 cLVIGTOGA S10POPAG AdY® TNG WENS TV cuyvottev fy kot TAf.
Tote and 1ig €£.(3.3.1.4) wan €£.(3.3.1.5) _PBpiokovpue 611

E[n,(0n,@®)] =0
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‘Etot, n pign Bopoufov pe Eva nTovoedég onpa £XEL GOV OMOTEAEGLLO T LETATOTIGT GUYXVOTNTOG
00 opywov OopvPov katd f,. H dwomopd tov petatomopévov BopvPov Ppicketon

npochétoviag T Swomopd kabe véag ocuvviotdoag. [lapatmpovpe Aowdév 6tL M apyn 7oV
dwtvmocape apéong petd v €5.(3.3.1.3) epapudletonr axdpo Ki av VIAPYEL EMKAALYN OTIG
TOPOUCTACELS TV SVO0 HETATOTIGUEVAOV QACLOTIKMY TUKVOTHTOV 15Y00G.

3.3.2 Mién Qopvfov - Bopvfov

Oa Bswprcovpe TOPE TO ATOTEAECUO TOV TOAAATANCIOGUOD OV0 (QUCUOTIKOV GLVICTOCHOV
BopvPov. IMoapatnpdvtog TG PACHOTIKES cuviotdoeg and v e&icmon, Ppiokovpe OTL TO
YWOLEVO TV dVO CLUVIGTOONV, pio ot ovyvotnta KAf kot pia ot cuyvotnta 1AL, sivon

n, (O, (t) = %ckc, cos[27(k + )Aft + 0 +6,]+ %ckc, cos[27(k —)Aft + 0. —6,]

(s£.3.3.2.1)

ATd 10V MOAMOTANGLOOUO TPOKVTTTOVY 000 VEES PUCHOTIKES cuviotdoeg Bopvfov, pio oto
dfpoopa cvyvomtov (k + 1AL ko pio o dapopd cvyvotmitov (k -1)Af. Ov dpor oy
nopondve Eicmon etvar g popeng g 1, (¢) = ¢, cos(2rrAft + 0, ) , ekT6G and 10 0TL 0
(1/2)c,c, avtkabiotd tov ¢, , ku o O_ omv e&flowon  n, (t) =c, cosLrrAft+06,)
avtikadictator and tov 6 _+0,

omv pio mepintwon kot and tov 6 -0, omv GAn. Epocov ov 6. ka6, Eyouv
OO0 pPEG TUKVOTNTEG ThAVOTNTOG, Elval SoucONTIKE TpoPavEg amd TNV apyn TG EAAYLOTNG
ékminéng ot ot 0 +6, xau O -6, £xovv emiong opowdpopees mbovotnTeg (Mice mo opbn
amodeln eivan duvarn). ‘Etol, 1 kavovikomompévn 1oyxbs mov cuvdéetal pe kabévav amd tovg
opovg ¢ €£.(3.3.2.1) pmopet va eEayBel dmwS Kot Yo TNV QAGUOTIKY GLVIGTOGO TG e&lowong

n,(t)=c, cosQrrAfi+0. ). XPNOOTOIDVTOG mv eglowon
P, =2G,(KNOAf =2G (=kAA)Af =a] =b} =a; /2+b} /2=c] /2
, EYovpe

1.1
Pk+l :Pk—l :E(Eckcl)z (SE', 3322)

Agov ol ¢, ko ¢, etvon aveEdptnreg Toyaieg petofAntéc,

1
P.=P, :_013012 :Epkpl (€€. 3.3.2.3)
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[5. Andy Bateman, ¥nowokés Emkowvovieg, Xyedioon cvotmuatov omv mpdén, Exddocelg
TGoha, Oeoocarovikn 2000]

3.400PYBOX 2E XYXTHMATA EIIKOINQNIQN
BAXZIKHY ZQNHX

Y& ouoTNUOTA ETKOWVAOVIOV Bacikng {dvng, To onpa petadidetor amevdeiog xopic Stpdpemon.
Ta amoteléopata mov Aapfdvovpe v ta cvotiuoto Pacikng (VNG YPNOYLOTOI0VVIOL GOV
Bdon ovykplong pe GAAO GUGTAMOTO. XTO TOPOKAT®O CYNUO, QOIVETAL Vo OmAd OVOAOYIKO
ocvomua Pacwng {dvng. Xto cvotnua Bacikng {dvng, o déktng sivan €va Pabumepatd @idtpo
ov petoPipdlel o onpa eved gdattdvel tov BopvPo oty £€E0do. Eivar pavepd 6tL to @iktpo
TPEMEL VO ATOPPINTEL OAEG TIG GLVICTMOOCES GLYVOTNTEG TOV BopvPov Tov Ppickoviol kTOG TOL
g0povg {mvng Tov onpatoc. Aempovpe 611 t0 Paburepatd eiktpo givar Wavikd pe evpog LdVNG
ovyvotntwv W( = 2nB).

Ocopovpe 6TL 10 onua X(t) eivar toyaio dwdtkacioo UNdEVIKAG HEONG TYNG, TEPLOPICUEVOD
gopoug W, e @acpatikn mokvomto woyvog S (o). Oswpodpe Ot 10 KavOAL Oev €xet
napapopemBel oty {dVn GLYVOTHTOV TOL CTLOTOS £TCL DCTE

X, () =X(tt,) (e& 3.4.1)

Omnov t, eivor n gpovikn kabvotépnomn tov cvotnpotog. H péon oydg tov onpatog e£66ov S,

gival
S, =E[X2 ()] =E[X’(t-t )] = 1/2n j s _(0)do=S =8, (& 3.4.2)

Omov S eivou n péon 1oydg tov onpatog kat S; eivar n 6xOG TOV CNHATOG GTNV €GOS0 TOL

déxtn. H péon o6 tov BopvPov oty £5odo N, etvan
w
N, =E[n} (0] =12 [s, (0)do (& 34.3)

-w

E0pufor kmveiion

¥alt)

il LPF g Koo LFF

Ewova 17

INa v mepintoon tov Tpostféevov Aevkov Bopvfov, S, ()= 1/2, kot
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w
N,=12n [n/2do=nW2r=nB (et 3.4.4)
w

H mopadoyn mov kdvovpe yio tov Aevkd B0pvfo amromolel Tovg VIOAOYIGHOVS MGTE VO SOVLLE
™V ovacia g avdAvonc. O Adyog onpatog mpog 80pvPo g eE6dov etvan
(S/N),=S,/N,=Si/mB (& 3.4.5)

‘Eotw 6t S,/mB=7vy (€. 3.4.6)
Tote Oo etvar (S/N) =7 (€&. 3.4.7)

H mapdpetpog y sivar amevdeiag avéroyn pe to S, . Kotd cvvémewn, n odykpion dwpopmv
cvoTnudtoVv Yo 1o Adyo onpatog mpog B6pvPo, SNR (Signal to Noise Ratio) ywo dedopévo S,
gtvar 1 1010 e TNV GVYKPIoN OVTAOV TV GLOTHUATOV Yia ToV SNR €£0d0v Yo dedopévo .

[5. Andy Bateman, ¥nowokés Emwowvovieg, Xyedioon cvotmuatov omv mpdén, Exddocelg
TGoha, Oeoocarovikn 2000]

3.500PYBOX X2E XYXTHMATA ME AIAMOPO®QXH
[TAATOYX

2T0 TOPAKAT® YN, QOIVETOL EVOL AEITOVPYIKO SLAYPOLLLLO GUGTILOTOG ETKOVOVIDV GUVEXOVG
Kopatog. To pmpootvd dkpo tov déktn (Pabuideg RF/IF) povrelomoteitan cav davikd @itpo
Cdvng mov gival yvooto Kot oav Gidtpo mpoaviyvevong, teplopilel v mocdt o Bopvfov eKTdg
Lovng mov @tdver otov aviyvevtn (“out - of - bond noise”). To {wvomepatd @ATpdpiopa
mpoaviyvevong divet

Y.(t) = X, (t)+n,(t) (g 3.5.1)

Omnov n, (t) eivan 0 06pvPog otevng Lovng, mov ekppdletat cav

n,(t) = n_ (t)cosw, (t)-n (t)sinw, t (€& 3.5.2)

Av 1 eoopaTIK TUKVOTNTA 16YVOG ToV n(t) eivon /2, 101E

E[n?()] = E[n>(®] = E[>(0] = 20B  (e& 3.5.3)

£0 puf of Koy kol

E4 ] %l -.:ul !AgkTng wy i-'-'

Mopnog KoL BPF i AvpvsuTrc LFF
=M |Supopdur- T
nel

i T
Ewkova 18

1
Tt
i
H

|
il
|
ﬁm&.:nxp;ﬁq :
il

|
i
1
i
i
i
i
i

B T T e
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3.5.1 Xvyxpovy Aviyvevon:
3.5.1.1 Xvotijuara DSB:

Y ovotpota DSB, to petadwopevo onpa X, (t) éxet mv popoen

X, () =A._X(t)cosm .t (g 3.5.1.1.1)

Y70 MOPOUKATO GYNHO QAIVETOL TO TUNHO aTodtopope®mTh Tov cvotiuatog DSB. H gicodog tov
déKT elvan

Y, (t) = A X(t)cosw t+n,(t)

= [A X(t)+n, (t)]cosw, t-n (t)sinw, t (& 3.5.1.1.2)

2t #nit] -: vt
BFF ;
i —
HE
i
1
i
1
AmoSapns g
Ewova 19

Av moAhamiaciacovpe v Y, (t) eni2 cos o, t kot ypnoponomcovpe Pabvmepatd oiktpo,

Aappavoope
Y, () = A X1t +n (t) = X,(0t)+ n,(t) (€& 3.5.1.1.3)
X, = A _X(t) ko n,(t) = n_(t) (€. 3.5.1.1.4)

BAémovpe 011 10 ofjpa €£6dov kot o B0pvPoc mpootiBeviar Ko OTL £xel anopprpbel amd TOV
amodlapope™ N ophoymvikh cuvictdsa BopvBov n | (t) . Oa eivor

S, = E[X;(®)] = E[A’2X*(t)] = A2 E[X*(1)] = A’S_ (&£ 3.5.1.1.5)
N, = E[n](t)] = E[n’>(t)] = E[n’(t)] = 2nB (€. 3.5.1.1.6)

Kat o SNR €£660v givan
(SN), = S,/N, = A’S _/2nB (g& 3.5.1.1.7)

H 1oy0¢ onpatog e106dov S, diveton amd v
S, = E[X2(t)] = 1/2A2S, (€& 3.5.1.1.8)
"Etot amd 115 500 mapamdve oxEcELg £xovpe
(SN),=S,mB =7 (£ 3.5.1.1.9)
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H onoia delyver 6TL 68 0TL apopd oo B6pLPo, To DSB pe wavikn chyypovn aviyvevon xet ida
amo6doon He To cvoTpa Pactkng Lovng.

O SNR oV €l60d0 OV aviyveLT £lvarn

(S'N),=S,/N, =8§,/2nB (€. 3.5.1.1.10)

Kol (S/N),/(S/N),=a, =2 (€. 3.5.1.1.11)

O Adyog a, eivor yvootdg cav omoAaPn aviyvevt Kot cuyvé ypnoylonoteitor cav pETpo
TO10TNTOG Y10, TNV ATOSOUOPPOOT).

3.5.1.2 Xvotriuoara SSB

[Mapopoot vroroyiopot yio cuothpata SSB pe cuyypovn aviyvevon divovv v 1810 amd300M ®¢
7pog 10 BOpVPo OTTMG Yo To cvoTra Backng {dvng N To cvatnua DSB.

3.5.1.3 Xvortiuoara AM

Yta cuvnn ocvomupota AM, ta onpoate AM amodiopope@VOVTAL amd GUYYXPOVO OVIXVELTA 1|

amo avyvevt nepioriovcas. To dapopeopévo onpa oe cuotnua AM €xet  popen
X, () =A_[1+pX(@t)] cosmo t (€& 3.5.1.3.1)

Omov p etvan 0 deiktng dpdpPwong Tov onpoatog AM kot
p<li Ko X(t) <1

Av 0 cVYYpovog aviyveuTng TepAapPaver Woavikod KotaotoAéa de, 1 €£000¢ Tov déktn  Ba ivon
Y, () = A pX(@t)+n (1) = X, (t)+ n,(t) (& 3.5.1.3.2)

Omov

X,® =A_puX(t) xar n,(t) = n_(t) (€€ .3.5.1.3.3)

Qorte

H 1606 Tov onpatog £16660v S | givan
S,= 12E[A2[ 1 +puX®)]?] (& 3.5.1.3.4)

Emedn Bewpovpe 6t X(t) £xer undevikn| péom tun,
S, = 12A2(1+u*8S,) (e 3.5.1.3.5

"Etot S, =A*pu*S =@2p*S /1+ p”>S.)S. (& 3.5.1.3.6)
0 c x x x i

kot (S/N), = S,/N,=pu>S_ /1+p> S (S,/mB) = (u*> S /1+p” S )y
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(€& 3.5.1.3.7)
Emedy p> S, <1, éovue

(SIN), <vy/2 (& 3.5.1.3.8)

H omoia deiyver 6t1 0 SNR ££600v og cvotipata AM givar tovhdyiotov 3dB pikpodtepog an’ 0Tt
oe ovotnuato DSB kot SSB.

3.5.2  Aviyvevon llgpifdrrovoag kor Parvopevo Katw@riov

YvvnBwg, éva onpa AM amodtapopeavetal pe aviyvevon mepidrrlovcas. Amd to oynqua n
€16000G TOL aviyveLTn gtvor

Y0 = X, 0+ n,0)

={A_ [1+pX({t)] +n_ (t)}cosw t- n (t)sinw t (&&. 3.5.2.1)

Mmopovpe va avardcovpe v enidpacmn tov BopvPov av eEetdoovpe Tov pactBétn g Y, (t)
Y . (t) = Re[Y(t)e’™] (€€ 3.5.2.2)

‘Omov
Y(t) = A [1+pX(t)] +n, (tH)+Hn (t) (& 3.5.2.3)

210 mopoKdTo oynue, eaivetol To Sdypappa acemv. Amd ovtd to oxfpa, PAEnovpe 0TI Y,
(t) pmopei va ypaptel mg
Y. (t) = V(t) cos[o,(t)+o(t)] (€& 3.5.2.4)

Onov

V(O = A+ X O]+ n, (0} +n2(6)  (e53.5.2.5)

-1

O(t) = tan n () A [l+ pX®]+n, () (& 3.5.2.6)
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@il

\ !

T T e a o ReY

Ewova 20

3.5.2.1 lepinrwon Meyaiovo SNR ( Emikpdatnon Zjuorog )

Ortav (S/N), >>1, A _[1 + uX(t)] >>n,(t), ko kotd cvvénew A [1 + puX(t)] >>n (t) ko n (1)
Yoo oxedov 0Aa o t. Me avt) T ovvOnkm, 1 mepPdAlovca V(t) umopel va ypoaetel katd
TPOGEYYION

V(i) = A [1+pX(@®)]+n_(t) (e& 3.5.2.1.1)

‘Evag wavikdc aviyvevtng mepiPdiiovoag ovamopdyslt v mepifdriiovca V(t) yopic v
ovviotooda g de, Kot £Tot

Y, () = A, uX(t) +n_(t) (e& 3.5.2.1.2)

ov elvar O pe v €€odo ovyypoviopov aviyvevt. Tote o SNR e£ddov givar avtdg mov
dtvetan omd v, Ao

(SN), = (u> S /1+u* S )y (g£ 3.52.1.3)

Zvvenmg Yoo AM, 6tav (S/N), >>1, n Aertovpyia Tov aviyvevt) mepipdirovoag etvar idia pe v
Agrrovpyia TOV GUYYPOVOL AVIYVELTY.

3.5.2.2 lepintwon Mikpov SNR ( Emxparnon Oopifov )

Ortav (S/N); <<I, omv mepBAALOVCA TOV CUATOG TOV TPOKVTTEL VILEPLGYVEL | TEPBAAAOVGQ
oV onuatog Bopvfov. Amd 10 SAYPOUUO TOV TOPOKAT® CYNUATOS, T TEPPAALOVGA TOV
TPOKVTTOVTOG CNUATOG UTOPEL VO Ypapel KOTd TPOoGEYyIon Gav

V(i) =V, )+ A [1+uX(t)] cos, (1) (g€ 3.5.2.2.1)

omov V() xou @, (t) etvon n meppdArovsa kat n @domn tov Bopdfov n, (t). H mapandve oyéon
delyver 0Tl M £€E0d0g dev mepiEyel Opo avaroyo mpog X(t) kot 6t o 0B6pvPog eivan
nolhomiactootucos. To onpo X(t) modhamiaciéletar pe tov toyxaio B6pvPo otn popen cos ¢,
(t). 'Etot 10 oo pnvopotog X(t) €xel KaTaKEPUATIOTEL, Kol 01 TANPOPOpieg Tov Erovv yobel.
2116 ouvOnKEG AVTES, deV £xel vonua vo LiAdpe Yoo SNR g£6d0v.
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H anoiewn f 0 akpotplacpudg 1o unvopatog oty aepintwon pkpov SNR mpoaviyvevong
ovoudleton emidpaon katweAiov. To dvopa mpoépyetar amd T0 YeYovog OTL LILAPYEL KATOWL TN
tov (S/N) ; mhve and v omoio N wapApOPPm®ON Tov oNpatog eEoutiag Tov BopvPov etvon
apeANTEN Kot KATO omd TNV omoic 1 AEITOVPYio. TOV GUGTHHOTOC EMWOEWVMOVETOL TOAD YPNYOPOL.
To xatoeit eppaviCeton 6tav o (S/N) . etvon mepimov 10 dB 1} pkpdtepoc.

-

A0g]

|..| mut]

¥

Ewova 21

[6. Jack Smith, Modern Communication Circuits, Mc Graw Hill, 1986]

3.6 GOPYBOX 2E XYXTHMATA ME AIAMOPOQXH
'ONIAX

Y& GLOTNOTO SWUOPPMOONG YOVINS TO LETASOOUEVO GT 0L
X, () =A_ cos[o t+ot)] (g 3.6.1)
omov  ¢(t) = k, X(t) ywPM, (g€ 3.6.2)

t
o) = kf [X(r)dr Yo FM (€& 3.6.3)

-00
Y70 TOPUKATO CYNUO POIVETOL Vol TUTIKO GVOTNHO amodlapopPwong Yovias. To gvpog Ldvng
oVYVOTHTAOV TOL PilTpov Tpoaviyvevong B, etvar mepimov 2( D + 1 )B, 6mov D eivor o Adyog
amokAiong kot B givar 1o gupog Ldvng ocvyvotitev Tov onpatog unvopatos. H gicodog tov
aviyveLTr tvat
Y, (0 = X,(0)+n,()
= A_cos[o, t+¢(t)]+n,(t) (€. 3.6.4)
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Yi() Yo(t)

Xy ppp | TeploptoThc S AgvkpivioTig > LPF S

y

Ewovo 22

To mAdTog TG PEPOVGAS TOPAUEVEL 0TADEPD, KOTO GUVETELD
S.= E[X2(t)] = %A’ (€€. 3.6.5)

Ko
N, = nB, (€. 3.6.6)

‘Etot,

(S/N), = A2/2nB, (g€ 3.6.7)

mov gtvon ave&dpmrog and v X(t).

O (S/N), g mapamdve oxéong ovyva ovoudletor Adyog gépovcag mpog 80pvPo, CNR (Carrier-
to-Noise-Ratio).

Emedn o n, (t) eivor otevig Lovng, Ypheovpe

n,(t) =u, (t)cosfo t+o, ()] (€€. 3.6.8)

Omov N u,, (t) éxet katavoun Rayleigh ko n ¢, (t) £xet opodpopen Katavour 6to SdoTnpd (
0,2m ). Tote n Y, (t) umopel va ypdopet
Y, (t) = V(t) cos [, t+0(1)] (€. 3.6.9)

Omov

V() = {[A.cosp+u,(t)cosg,(®]* +[A, sing+u,(t)sing, (]}

(€€. 3.6.10)

Kot o) = tan' ASNPTU,(OsnG, (D) e 564y
A.cosg+u, (t)cosg, (1)

O meplopiotg katomviyel kaOe moapariayn mhdtovg V(t). 'Etol, oe dtopdpemon yoviag, ot SNR
e&ayovrol povo and e&étaon g O(t). H éxppaon g B(t) ivor modd moldmhokn Yo avaAvon
Yopic Kamow amAomoinon. Aswpovpe 0Tt 0 aviyvevtig eival Wovikos . H é£000¢ tov aviyvevt
etvan

Y, (t) = 0(t) ya PM (€& 3.6.12)

Kot
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Y, (t) = dO(tydt yu FM (€. 3.6.13)

3.6.1 Ilgpinrwon Emkpdryong Zijparos

Aapfavovpe S16ypaplo GACEDV, OTMG POIVETOL GTO TOPOKAT® GYNLLO, YO TV TEPITTOOT QVTY
omd v
Y.(t) = Re[Y(t)e’™] (e&€. 3.6.1.1)

Onov Y(t) = A_e?Dvu (1)’ (g€ 3.6.1.2)

Ko oedoV Y10 kaOe t. Ao To TapaKAT® oynpa To unKog L tov 10&ov AB givan
L = Y(@®)[0(t)—ot)] (g 3.6.1.3)

Ko

Y() = A, +u,()cos[e, ) -] = A
L=u,@®)sin[e, (t)—o)] (€. 3.6.1.5)

(e£. 3.6.1.4)

c

Ewovo 23

‘Etot, amd v €£.(3.6.1.3), Aappdvooue
0(t) = o(t)+u, (t)y A, sin[e, (t)—o(1)] (€€. 3.6.1.6)

I'a va vohoyicovpe tov SNR ££6d0v, 1 avtikatdotoon g ékppacng ¢, (1) — ¢(t) pe v @,
(t) dev Ba emmpedoet To anotédeoua. Etol, ypaeovpe

0(t) = o) + (u,(®)/ A )sing, (1)
= ot)+n (1) A, (g£3.6.1.7)
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Amd 116 €£.(3.6.1.2), €£.(3.6.1.3) , €£(3.6.2) ko €£.(3.6.3) 1 £€0d0g TOL aviyveLTH givor
Yo =061 =k, X®O+n ()/A, vaPM (g 3.6.1.8)

Y, (0 = doydt = k, X@®)+n,(t/ A, yaFM (g& 3.6.1.9)

3.6.2 Ilepinrtwon oe Lvotiuata PM

Amd v €£.(3.6.1.8)
S, = E[ki X*()] = kiE[Xz(t)] = kin (€€ 3.6.2.1)

N, = E[(I/A2)] = (JA®)E[n?()] = /A2(2nB) (&£ 3.62.2)

‘Etot,
(S/N), = kf, Af S.2nB (€. 3.6.2.3)

Amd 116 €£.(3.4.6) ko €£.(3.6.5) éxovpue
y=S./mB=A22nB (. 3.6.2.4)

Kot 10te M €€.(3.6.2.3) pmopel va ekppactel cov

(SN), = k2S, v (¢€ 3.6.2.5)

3.6.3 Ilepintwon oe Lvotiuata FM

Amo Vv
S, = E[kl X*(®] = K E[X*()] = kS, (e&3.6.3.1)

N, = E[(VAZ)n; (O] = (VADE[n,(®]"] (e€. 3.6.3.2)

Av ypnoonomicovpe mv S, (@) = @S _ (@) , N TUKVOTNTO GOCHATIKNG Woydog T 1 (t)
dtvetan omd v
S. . (0) =® *Snn (0) = ©® yiow< W(=21B) ko 0 omovdfinote arroo.

Torte

N ,= (/A?) (1/2m) Iwzndw =(2/3)n/ A2 (Ww’/2m) (g& 3.6.3.3)

Kotd ocvvénea,
(SIN), = 3A22mk’ S, 2qw’ (€. 3.6.3.4)
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Av ypnoomomcovpe v €£.(3.6.3.1) , pmopodpe va exppdoovpe v €£.(3.6.3.4) cav
(S/N), = 3(kj S./w?*)(A?/2nB) = 3(kj S./w?)y (£ 3.6.3.5)

Emedn sivan Ao = ‘kfX(t)‘max =k, [|X(t)| <1],n €£.(3.6.3.5) umopet va Eavoaypoptet
(SN), = 3(Aw/w)* S .y = 3D* S_y (g 3.6.3.6)

Omov D etvan 0 Adyog amdxiiong.

H €£.(3.6.3.6) deiyver 611 oe FM 1 1oy0¢ BopvPov €£600v etvar avTiotpoemg avaAoyn g Héong
1oy00¢ NG Pépovcag A2 /2 . Avth n ehdtTmon g wyvog BopdBov e£650v pe TV abEnom g
000G NG Pépovoag ovoudletal novyoon Bopvpov.

[2. K.Kapovurarov, Ewcaywyn ot Oswpio @opvPov kot E@appoyés, Exdocelg Baocdékm,
ABnva 1979]

3.7 ®awvopeva Katopiiov ce Xvomuote Atopdpemong
['oviog

Otav A’ <<E[n? (t)], n mapdotacn acemv Tov TpoKOTTEL, Kuplapyeital ard tov 6po
u, (t)e Jén (1) .

Mo mv mepintmon avth, 1 Ao TG EL6OS0V TOV AVIYVELTY gival
0t) =0, O+ (A, /u, ()sin[e, ) -e®)] (g8 3.7.1)

Ed®d vmepioyder o 06pvfog ko 10 onuo punvopatog €xet aAloiwbel amd tov B0pvPo ywpig
duvatdTNTA AVIANYNG - OVOLEVO TOPOLOT0 LE TO POIVOUEVO TTOV TOPOTIPTCOUE GE GUGTHLOTO
AM pe ypnon aviyvevong mepiPdAlovcac. Avti 1 enidpacn KAT@OAIOL PAIVETOL GTO TOPAKAT®
GYfHO.

e, L,
[ P
T s § Tomo T W .f

TEuqsmemog Tom0g T Wit

RS | % e ERNED

Ewovo 24
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Av A’ >> E[n’ (t)], nepipévovpe va eivar u, (t) << A, 670 peyoADTEPO THAKA TOV XPOVOL, KoL
T0 GKkpo ToV PacBETN Y(t) Kveiton Tuyaio YOP® amd T0 TEAOG TOL PAGIOETN TG PEPOVGOS, OTMG
eaivetal oto mopandve oynuo . H petafoln o gdon sivon oxetikd pupt|. Av, opwg, o 06pvfog
yivel apKeTd PeEYAAOG, To AKpo Tov @actfét Y(t) etvon duvatd vo amopakpuviel and 1o TEA0G
TOV PACIOETN NG PEPOLTOS KOl VO TEPIKVKAMGEL TV 0PN TOV GUVIETAYUEVOV , OTOTE 1 (AOT
™¢ Y(t) aArdlel amdtopa katd 2m . Tote 1 £€£000¢ TOL drevkpvioT cuyvoTTaG Bo TEPIEYEL Piat
oy kébe Qopd mOV TPUYUATOTOLEITOL TETOWN TEPIKOKAMOT. AvTd Qaivetol 6TO TOPAKAT®
GXTHO.

Ewova 25

[6. Jack Smith, Modern Communication Circuits, Mc Graw Hill, 1986]

3.8 ANIXNEYZH AYAAIKQN XHMATON KAI AOKIMH
YIIOOEXEQN

Ye auThVv TV €vOTNTA, B0 LEAETIGOVUE TNV ATOS0CN YNOLOUK®Y GUCTNUATMV ETIKOWVAOVIOV LE
™V mapovcio tpootiBépevov Bopvfov, Onwg petpdton pe v mbavoémra cedipatog. Tlavton
Bewpovpe Kavaltl xywpig Tapapd pP®ST), OTOTE TO O 6T ANyn etvar eEAedBepo amd ToperPoin
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petaly copporwv, ISI (Intersymbol Interference). YmoBétovpe, axdun 6Tt £yovpe mpocsTOEUEVO
Aevko 06pvPo Gauss, AWGN (Additive White Gauss Noise) pe undevikn péon tipn, ave&aptnto
oo TO GO

Y10 mopakdT® oyfuo aivovtal ot Asttovpyieg dvadikod doéktn. To petadwdopevo onpo ce
dtdotnua cvpforwv (0, T) mapiotdveton pe

s; (1) =s,(1), 0<t<T vyl (€€ 3.8.1)
Ko
s; (1) = s, (1), 0<t<T vy 0 (€€ 3.8.2)

To AapPavopevo amod tov déktn onua r(t) TapIoTAVETOL e
r(t) = s, (t) +n(t) i=1,2 0<t<T (€ 3.8.3)

omov n(t) etvar AWGN pe undevikn péomn tipn.

2V aviyvevon 1ov onuatog £xovpe dvo Eexmpiotd Prpata. To Tpdto Prjpa cuvictator oty
avayoyn tov Aapfavopevov onupotog r(t) oe apBuo z(T). H Aertovpyic avt) umopeil va
npaypatorombel pe ypappkd @iktpo mov akoAovBeiton amd kOKAwpo dsrypatoAnyiog
(deryporonmn), 6w @aivetor oto TpuMUe 1 Tov Tapaxkdte oynuatog. H €£0d0g tov déktn
(tuqpa 1), e omolag Exel Anedel dciypa oe t =T, divet

Z(T) = a,(T)+n,(T) i=1,2 (g£.3.8.4)
rit] _'-z'-c!:'ﬁ ) I_J.‘I|J.'I.1”= J— -J-'LJ__-. -
Asiypa ost =T i : :
Mpoppikd B : i K (e _ :
$idtpo hit) ik L{—M CUVKPLONG — j—emoi2Sg
=it rit] i ; ke Alou :
i i !

Ewéva 26

omov a,(T) eivar n cvvictwca orpatog Tov z(T) kot n(T) etvor n cuvictdca BopvPov. Zvyva
ypboovpe v (€€ 3.8.4) cav
z =a, +tn, i=1,2 (g€ 3.8.5)

Ac onueiwbei 611 n cvvictdca BopdBov  givor Tvyaio petofoin Gauss undevikig HEONG TUNG,

Ko étot ) z givon Toyoda petaPAnt Gauss pe péon tun eite o, eite o, avdroya pe 0 av £yve
ekmopnn Tov s, (t) M tov s, (t) . To detypo z pepikéc popéc ovopdleTol GTATIGTIKY SOKIUT.

48

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



To devtepo Prpa g depyaciog aviyvevong GNUATOG TOTEAEITOL A0 GVYKPIOT THG GTOTIOTIKNG
OOKING Z ME Mo T KOTOEAOL A 610 Tufuo 2 (KOKA®UO GUYKPLoNG KOT®OAIOV) TOL
ToPOTAve oyNuatog. To teAkd Prpa oto Tunpa 2 givor 1 Aqym g amdQoong.

z> A vy H,
Ko
z <A v H,

Omov H, xou H, elvon ot 600 dvvaréc vmobéoec. H emroyn tov H, oodvvapei pe v
andeoon Ot £ytve amootodr] tov onuatog H, , xou n emdoyn tov H, codvvopei pe myv
andeoon OTL €yve anocToAn Tov ofpatog s, (t) . H mopamdve oyéon detyvel 011 emdéyeton m
vdOeon H, avz > A, kot m vmdbeon

H, eniéyetarav z < A Avz = A, 1 and@acmn propet va etvar avbaipetn.

[7. B. Razavi, RF Microelectronics, Prentice Hall, 1998]
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4

KEPANAIO

4.1 METAAOXH PCM

10 TopokdT® oYNpo Tapovstaletot £va oot peETddoons dvadikov PCM. To onua Bactkng
Covng m(t) kPavriCetar, Snuovpydvtog to kPavricpévo onua m (1), 6wov

m,(t) = m(t) +et) (e& 4.1.1)

O 6pog e(t) eivor To0 onpa cEaALATOG TOV TPOoKHTTTEL ad TN dradikacio Tov KPaviiopov. X
ouvvéewn, To kPavTiopévo onpa veiototor detypotoinyio. H detypatoinyio Aappdaver xopo pe
puOuod Nyquist. To dibotnpa derypoatoinyiog eivon T | = 1/2f,, ,6mov £, efvar n cuyvdtTo oty
omoia o ofpa m(t) eivorl TEPLOPIGHEVOL EVPOVC.

H derypatodnyio emrvyydvetor pe tov moAMOmAGGWIGUO TOL ofjpatog  m (1) pe pia
KOHOTOHOPON oV omoteAeiton amd pion meplodikn axolovbio moiumv, ot omoiot ywpilovron
neta&d tovg amod 1o Swotnpa dstypatoinyiog T . @o vroBécovpe 6Tt 01 makpol derypoatornyiog
glvar apKeTA 0TEVOL OVTMG MOTE 1 detypatoAnyia vo pumopel va OempnBel otryaio. Ze avtd to
onpeio va vevOopicovpe, 6TL pe pio TETow oTrypoio SeryaTtoAnyic, To GNo TOV £YEL VIOCTEL
detypoatoinyio pmopel va emavokatackevaotel emakpiPog pe ™ diEhevon g akoiovdiog TV
ToOALOV péca and Eva yauniomepatd eidtpo pe cvyvotnta anokomng f,,. ' Adyovg tdpa
poOnuoTikng evkoAMac, Bo mapiotodpe KGBe TOAUO TOL VEICTOTOL JEYHATOANYia cov €va
KpovoTikd moApd. ‘Evag tétolog kpovotikdg moApdg eivol amelpootd oTevog TOpPOAO TOL
yapoxtpiCetor éyoviag éva memepacpévo eppaddv. To eufaddv evdg kpovotikoh maApon
KoAgitor évtaon (strength) won évag kpovotkdg maApdg évraong I ypaeston 18(t). H
detypatoAnmTik] akoAovdio kpovcsewv givar S(t) kat, Katd cuvénela, divetal and

St =1 S 5(-4T,) T, = 1/2f,, (e& 4.1.2)

k=—00
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Ewova 27

To kBavriopévo onpo m (t) petd m deryporornyio yiveton m  (t) kou faoel tov e§lodoemv
KOl YPOAQETOL GOV

m,, (t) = m()l iw—kn) + el iw—kn)

k=—00 k=—00
= m,(t) + e, (t) (e€. 4.1.3)
To xPavticpévo onpa mov €xel VTOoTEL detyLoToANYin nov cuvictaton and dafpoiopa dVvo

aKoAoVOWDY  KPOVCEMV  SOUOPPOUEVOV KOTA £vTOoT, eQopuoletar o€ €vav UETOTPOTEN
aVOAOYIKOU € YNnolokod. (Xg éva uowkd cOotnu, N €i60d0g otov petatponéa A/D eivar pia
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KBovtiopévn Kot Stopop@opévn kotd mAdtog akoiovBio modpmv). H dvadwn €£odog tov
petatponéa A/D petadidetor HES® KavaAoD EMKOW®OVIOV Kot eOAvel 6To deiktn LOALGUEVT,
oav amotéleoua e tpdcbeong Asvkov Beppikod BopovPov n(t). H perddoon pmopel vo givan
dupeon, O6mwc mAPOLGLALETOL GTO TOPATAVED GYNUA, N TO dvadikd onuo e£6dov pmopel va
xpnoomomOel yioo va dapopedcel Eva eépov 6mwg oto PSK 1 oto FSK. Xe omowdnmote
TEPIMTOOT, TO ONUo oL AopuPdvetor aviyvedetol amd £vo TPOGOPHOCUEVO GIATPO Yo Vol
EAOYLOTOTTO0VVTOL TAL GPAApaTA 6TOV KaBopiopd KdOe dvadkov yneiov Kot 6T CUVEXELN TEPVE
og £vav petatponeo D/A. H é€0dog tov petatpoméa D/A ovopdleton m (). Tedd, to onpa
dépyetonr amd €va Pabumepatd ¢idtpo ot Packn Covn. Zmmv €500 avtod TOov QIATPOL
Bpiokovue éva onpa m(t) to omoio, extdg amd pio Svvaty dopopd 6To0 TAATOG, EYEL AKPPAOGC
™V 0100 KLULATOROPPT UE LT TOV apyKoD onuatog ot Pacikn Covn m(t). To onua e6d0v,
oLVOIEVETOL WOTOGO amd pio Kupatopopen BopHpov, n omoia opeiletar 6TOV KPOVTIGHO KO pio
pdcOetn kvpoTopoper Bopvpov n , (t), Adyw Tov Beprkov BopHPov.

[2. K.Kapovurarov, Ewcaywyn ot Oswpio @opvPov kot E@appoyés, Exdocelg Baocdékm,
ABnva 1979]

4.2 YIIOAOI'IEMOX TOY OOPYBOY KBANTIZEMOY

Yy evomra avt, Oa vroAloyicovpe v woyY €£660v AOY® Tov Bopvfov KPavTiGHOL ©TO
cvotnuo PCM tov 6ynpatog Tng Tponyovurevns eVOTNTaG.

H wopatopopen tov 6edApatog KPovTiopov mov £xel VITOGTEL dELYHATOANYI0, OTTMG

dtvetar amd v e&lomon 4.1.3, ivan

e () = e®] $5(—kT) (5 42.1)

k=—00

[Ipénetl va toviotel 0TL €dv 0 puBUOG derypatoAnyiog emeyel va etvar o puBuog Nyquist yio o
onua PBoaowkng Covng m(t), o pvBudg ovtdg Ba elvar avemapkng Yoo vo EMITPEYEL TNV
EMOVOKATOOKELT TOV CUOTOG COAALOTOG

e(t) and ta delypata tov e (t). Eivor evkoho va yivel gavepd oamd 10 mapakdtm oyfpe 0Tt
mpdypat étot cupPaivel. Lto oyxfua mg Ewovag 34.a mapovsidleton n oyéon petad N (1) kot
m(t). Ot otdBueg KPavtiopod anéyovv kotd mocdtnta S. [Mapatnpovpe and 10 oMU ™G
Ewovog 34.8 011 10 e(t) exterel Evav mAnpn kOKAo kot Topovotdlet pio EaQViKN acuvEyeln KaOe
@opd mov 1o m(t) Kéver pio Sdpoun TOcOHTTAS S. LVVETMG TO PUCUATIKO €VPOG TOL e(t)
ektetvetal ToAd mépa amd v oplokn cvyvotnta Lovng f,, Tov m(t).

[ va Bpodpe v 1630 Tov BopvPov kBavticpod oy €€080 N, xpEalOHACTE TNV QOCHATIKT
TLUKVOTNTO 16YVOG TOV GOAALOTOS KPOVTIGHOD TTOL €YEL VIOOTEL delYHoToANyio  , OV diveton
amo v e&iowon

Apov 8(t-kT ) =0, extoc 0tav t =KkT , 10 e (t) pmopel va ypoptel

e.() = 1 S e(T)5(t~kT)) (e& 42.2)

k=—00
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H wopatopopen mg e&icwong 4.2.2 anoteAeiton amod pio okorovdio kpovoewv gpfadov
(évtaong) A = e(kT,)I mov cvpPaivovv kotd dwotiuota T . H nocdémra e kT, ) etvon to
OQAALLOL

Eyfion eTaEy s5aso -
=10 0500 T 2 Mo ahs et
o mEanTIOT

ki

=

T

=l

et =mJt] - mit]

AN D
ZRIRL

-5 s

]

Ewovo 28

KBovtiopob 6to xpovo detypoatoinyiog Kot etvon pio toyoio petoAnt.

H o¢oocpotiky mokvotnta  oydog Ge (f) tov oedipoatog xPoviicpod mov  veiotaton
detypatoAnyio etvon

Ge,(f) = (I°/T,) &’ (kT,) (& 4.2.3)

I'vopilovpe 6Tt £dv o1 otdBueg KPavtiopov dwywpiloviar amd v mocoTTA S, TOTE T0 GEAAL
KBovtiopov diveton amd

e*(t) = S?/12  (s&. 4.2.4)
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H elicoon 4.2.3 eumiékel tov 6po e’ (kT.) avii tov e’(¢). Qo16c0, £EPOGOV 1 TUKVOTHTO.
mBavotntog Tov e(t) dev e€aptdTor omd Tov ¥povo, N dcTopd Tov e(t) wohTal Le TN SeToPA
tov e(t = kTs). Etol

e’(t) = e*(kT,) = S?/12 (gt 4.2.5)

Amd 11g elowoelg 4.2.3,4.2.4 kon 4.2.5 épovpe

Ge (f) = 1> S?/T 12 (c& 4.2.6)

Telwd, om6 v e€icwon 4.2.6 , 0 B6pvfog kPaviicpov N - givan

Sy
N, = [G, (hdf =(1>/T,)(8*/12) 2, = (I°/T?)S? /12 (e&. 42.7)
—fu

apov 2f,, =1/T_.
[8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001]

4.3 TO AIIOTEAEXEMA TOY GEPMIKOY OOPYBOY

To omotélecpa Tov 7poohHetkov BopvPov etvar va TPOKOAEl TOV  aVIXVELTH] TOL
TPOGAPHOGUEVOV GIATPOL TOV GYNUATOG TG TPMTNG EVOTNTOS VO VITOTHURTEL GE VAL TEPIOTAGLUKO
oQaAl, otnV mpoonddeia kobopiopov eqv petaddnke Eva dvadikd 0 1 éva dvadkd 1. Eav o
Bepukdg B0pvPog sivarl Aevkog ko Gaussian, 1 ThavoOTTO £VOG TETO0V GORAANATOS EEAPTATOL
and 10 A0yo E, /n, 6mov E, elvon 1 evépyeta tov ofjpatog mov petadideton kotd tn dibpketo evog
bit kot n/2 etvor M apeimievpn QACHOTIK) TLKVOTNTA 1oXVoG Tov BopvPov. H mbavotnta
oQAALOTOG EopTaTal EMioNg Kot amd ToV TOTO TG SIUOPPMCNG OV XPNoloTotEital, dniadn
dupeon petddoon, PSK, FSK, kA

Eivar péddov avtimpocomevtikd to 0Tt ta cvotiuoate PCM Agitovpyovv pe mibavotmrteg
OQAUALOTOC OV €ivol TOGO WIKPEG MOTE VO UTOPOVUE VO OyVONGOLHE TNV TlavotnTa va
ocvpupodv meplocoTEpa amd €va ecpaipévo bit oe pio omAn AEEn. o mapdderypo, €dv m
mOavotTa oedipatog eivor Po= 107 wou pio AEEN éxet 8 bit (N = 8), Oa avapévape, Kotd
péso Opo, Ot v kaBe 12500 AéEeg mov petaddbnkav, pio Ba €xer opdipo. [pdyuatt, n
mhovotta va givar espalpéva 2 bit oy it AEn TV 8 bit dtav P, =107 givar

P,={8,{2} P2(1-P,)° = 28107"°.

Ac vmoBécovpe 0Tl pio KON AEEN OV YPNOYLOTOlEiTOL Yo Vo Tpocdlopicel pio otdfun
KBovtiopov, éxet N dvadwd ynoic. EmmpoécHeto vmobétovpe 0T 1 ohvdeon TV KOIK®V
AEewv pe TG otdfueg elvan g TAENG TG apWOUNTIKNAG onpovTikoTag g Aééng. 'Etot,
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avtotoyiCoope v 00...... 00 omv mo apvnrikn otdOun, v 00........ 01 omv aupéowmg
vyNAGTEPN OTAOUN £ M Kodkn A&En 11........ 11 va avtiotoyileton oV o Hetikn oTdOun.
‘Eva opdpa mov cvppaivel 1o eAdyiota onpavtiKd yneio g KON AEENG, avTIoTO el o€
évav eo@oipévo kabopiopd ommv KPaviiopévn tiun TOV ONUATOS OV £XEL VTOGTEL
detypoatoinyia, kotd v mocdmra S. ‘Eva c@dipa 610 apécmg vynAdTepo oNUAVTIKO Yneio
avTIoTolyEl 68 6PaApa 2S, 610 apécmg emduevo 4S, KA. Ag ovopdoovpe 1o cpaipna Am . Tote
vrobétovtog 0Tt £va opdApa pmopei va cupPet pe ion mbavotta og onowdnToTe bit TG AéENG,
1M doToPd TOL GPAANATOS gival

(Am))* =1/N[S*+(29)>+ (4S)* + (8S)*+...+ (2V"S)?] (& 4.3.1)

To dBpoopa ™G YEOUETPIKNG TPOOSOV otV e&icmon elvan
(Am)* = 27 -1 sz~22N S?  (g&4.3.2)

‘ 3N " 3N -
yuN >2.

H mponyovpevn avéivon Ociyvel 0TI T0 OMOTELECHO TOV CPOALATOV AOY® TOL OepUikoD
BopvPov, pmopel vo Anebel v’ dyn mpocHBitoviog, oty €icodo Tov petatpomén A/D Tov
OYNUATOS TNG TPAOTNG EVOTNTAC, £V GOAALA TAONS Am KOl 0QOP®OVTOS TNV TNYN AELKOV
BopvPov kat to @iltpo mposappoyns. Exovpe vrobéoetl 6TL amd v gicodo Tov petaTponéa A/D
¢og Vv €€odo tov petatpomén D/A to k€pdog eivor povadiaio. Xvvemmg, otV €600 TOV
yapnAomepatod @iltpov Pacikng (ovng epeaviletor To 1010 cdipa tdong. To amotéheopa g
dadong ceaipdtov etvar pio axorovbio kpodoewv, kabepio éviaong I Am . Ot kpovoelg
aVTEG TOPOLGIALOVV TVYL0 TAATOG KO TVYAIO YPOVO ELPAVIOTG.

Mia kpovon cedipatog Beppikov BopvPov cvpPaivel oe kabe mepiotaon omov pio AEEN etvan
ecQaApéEVN. Me mv mlavotnta €vog ec@aipévov bit, n péon amdotoon HETAED TV
gcQorpévav bit gtvar 1/P, bit. Me N bit avd AéEn, n péon amdcTOoN HETAED TOV
gocporpévav Aégewv eivar  1/N P, AéEeig. O Aé&eig améyovv ypovikd dubotmpa i6o pe o
ddotnua derypoatonyiog T . Qg ek tovTOL, 0 PEGOG YPpdvog petald tov Aé&ewv mov eivor
eopaipéves etvan T kou dtveton and

T=T,/NP, (g 43.3)

Xpnowonotbviag ko wéh ™y eicwon G(f)=1/T,| P(f)|* , Ppickovue OTL N QOGHOTIKN
TLKVOTNTO 10YV0G TNG akoAovBiog kKpohoewV opdiatog AoYm Tov Beppikov BopvBov givar,

G,(f) = 1> (Am)* /T=NP I** (Am,)* /T, (c&. 4.3.4)
Xpnowomowdvtag v e&icoon , £xovpe
Gu(f) = 2°NS*Pel’/3T, (c£.43.5)
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Telkd, 1 w6yvg €600V AdY® TOoV GPAApaTOg Beprcol BopvPov elvan

™

No = [ Gu(hdf = 2S"Pel’3T% (2. 4.3.6)
- ™M

(1([)01,) T, = 121w

[8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001]

4.4 AOI'OX XHMATOZXZ IIPOX ®OPYBO XTHN EZOAO
TOY PCM

O Aoyog ofpatog mpog B0pvPo o £€£060, cvumepAappfavopévov tov KPavTIoHoD Kot TOV

Oepucot BopvPov, Ppicketan cuvdvaloviag tig efichoeg 4.2.7 , 43.6 ko S, =m, ()=
(I* /T)M?S? /12). To amotéheopo sivor

So/No = So/Ng+ Ny = (I/T?)(M?S712 / (IF/T2)(S/12)+ (IF/T>)(P2*NS%/3)
(€. 4.4.1)

GTO 0010 £YOVLE YPNGUOTOMGEL TO YEYOVOG 6Tt M = 2N
Y10 PSK (] ywu dipeon petddoon) £xovpe,

(Popsk = Yherfe A[E, /n  (e8. 4.4.2)

omov E, etvarm evépyslo onpotog evog bit kat n/2 etvon 1 apginievpn eacpatiky mokvotnTo
1ov0o¢ tov Beppuucot BopvPov. Emiong, £xovpe 6T yia copewvn Aqyn tov FSK, 611

(Porsk = Y2 erfc JO.6E, /n (€. 4.4.3)

INa vo vmoAoyicovpe v Ey ,toviovpe 611 €dv €va deiypa Aapfavel Kotd StooTnpato StopKeiog
Ts o1 n kKoo AEEN tov N bit kataAapPdver OAOKANPO TO SWUCTNHO LETAED TOV JELYHATMV,
tote €va bit £yl ddpkewa TN . Eqv ) 1oydg Tov Aapfavopevov
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Ewova 29

onpatog ivan Si , n evépyela Ep mov cuvdéetan pe €va amdo bit etvon
Eb = Si Ts/N = Sil/szN (8& .4.4.4)

Yvvdvdalovrag 115 e&lomoeg 4.4.1 ,4.4.2 ko 4.4.3 , Bpiokovpe

(So/NoJpsk = 22N /142N erfe | JA/2N)(S, /nf,,) (€€ 4.4.5)

Xpnowonowwvtag v e&icwon 4.4.3 avti e 4.4.2, éovpe

(So/NoJesk = 22142 erfe \[(0.3/ NX(S, /nfy,)  (e€. 4.4.6)

O1 e&iodoelg 4.4.5 ko 4.4.6 mapictovTon Ypoeikd 6to Tapamdve oxnuo Yoo N = 8. Enueidote
oty Simiv>>1 ko N=38
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(So/No)pskrsk = 101log (2'%) = 48 dB  (e&. 4.4.7)

[opampeiote 6T ko Ta 600 cvotyuate PCM mapovcialovy £va KaTOEAL, LE TO KOTOOAL TOV
FSK va gppavileton og éva S; / nfy mov givan 2.2dB peyaidtepo amd avtd tov PSK. ( To
onpeio katweiiov kabopiletor awbaipeta cov v TR exeivn tov Si/ Nty otnv omoia 0 Adyog
(So/Np)  éyerméoet katd 1 dB amd v Tun mov avtictoyel og €va peydio Si/ niv ).

[9. W. Alan Davis, K. Agarwal, Radio — Frequency Circuit Design, John Wiley & Sons Inc,
2001]

4.5 O0OPYBOX KBANTIXMOY XTH AIAMOPO®QXH
AEATA

Mo va gtacovpe og pia extipnon g woxdog tov BopvPov kPaviicpod otn dwpdpemon dérta,
Bewpovpe ™V Katdotaon mov TapovcldleTol 6T0 mopokdtw oynuo. Edd, oto oynuo g
Ewovag 36.0 £xovpe éva Ntovoeldég onpo £16060v m(t) Kot v kvpatopopen 7 (t) 1 omoio
amotelel ™MV TPOGEYYoN TOov Spope®T) SéATa Yoo o m(t). Xto oynuo ™ Ewovag 36.8
TaPOLGLALETOL ) KUROTOHOPPN SPAALATOC A(t) oV divetal and

A(t) = m(t) - m(t) (€. 4.5.1)

AVt 1 KLLOTOHOPPT CPAAUATOG Etvar 1) YN ToL BopvPov KPovTicpoD.

[Hoapammpovpe 6t1, kaBOGOV amopedyetar 1 evicyvon ¢ KAlong, to oeaipa A(t) eivon mévtote
pkpdtepo amd to péyebog tov Prpartog S. (Xto PCM, 10 opdipa glvarl mdvtote pikpotepo and
S/2). O@a vrobécovpe 6TL To A(t) AapPavel OAeg Tig Tiég petaly —S kot +S pe ion mbovoedveo.
[Ipdypa mov onpaivel 4t1, Bewpovpe 6T N TVKVOTNTA TOAVITNTAG TOL A(t) Efvon

f(A) = 1/2S SS<KALS (€. 4.5.2)

To1e M Kavovikomompévn 16306 TG Kuporoopeng A(t) eivan

[A()] = j A’fA)YA = j A 2S dA = S*3  (e£ 4.5.3)

-5

To evdupépov Eykettonl 6TV KTIUNOMN TG TOGHTNTAG, OO VT TNV 100, Tov Oa S1EADEL 0o TO
oiktpo Paocung Lovng. T'a 10 okomd avtd yperdleton va yvopilovpe KATL Yo T QOGHOTIKN
TUKVOTNTO 16YV0G TOV A(t).

Y10 mapaxkdTo oynua n tepiodog T tng nuirovoedovs KupoTopopeng m(t) £yl emieyel
00TmMG MOTE Vo givorl £va 0AOKANPOUL TOAAATAGCIO TNG dtdpKenS PHaTos T. (ENUEDOTE OTL O
puOuog bit givar f, = 1 /1 ). [apatnpodpe tote 011 T0 A(t) etvon TepLodikd, pe Bepelmon mepiodo
T ko etvan, uokd, TAoVG10 68 apUOVIKEG. YToOEéote maTOc0 OTL 1| Tepiodog T aAldlel oAy
apudpd Katd v mtocotta 0T. Tote 1 Bepeldong nepiodog Tov A(t) dev Oa givar T aArd, avti
avtg, Oa givon Tyt / 8T mov avtictoyel og Bepeldon cvyvdTTa Kovtd 610 UNdéV kabmg 6T - >
0. Kon mdA1, 6nwg givor puokd, 1o A(t) Ba elvar TAoOG10 GE APUOVIKEG. ZVVETMS, OTI YEVIKY|
nepintwon, Wing 6tov 1o m(t) etvar &va tuyoaio onua, gival Aoywd va vrobécovpe otL t0 A(t)
EYEL VO QACLLOL TTOV EKTEIVETAL GUVEYMG GE £VaL SLAGTNUO GLYVOTHTOV ToL EKvA KovTd 610 0.
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Mo va AdPoope kamowr 10€a yuoo TNV €KTOOT TNG VM GLYVOTNTOS TOL (ACHOTOS TNG
Kopatopopens A(t), ag avaroyiotovpe tepvavioag To A(t) péca and Eva younAomepatd GiAtpo
pLOLopeEVNg GLYVOTNTOG OMOKOTNS. YTTOOEGTE OTL apyLKd 1) GLYVOTNTO OTOKOTNG ElvaL APKETA
VYNA ©ote va pmopel 10 A(t) va diéABer ovopaotikd diywg moapapdpewon. Kabog
YOLUNADVOLLLE TN GLYVOTNTA OTOKOTNG, 1 TPMOTN HOPPY| TOPAUOPP®ONG TOL Hol TOPATHPNCOLLLE
gtvar OTL 01 EUPVIKEG AGVVEYEIEG OTNV KLUOTOUHOPPT B TOPOVGIAGOVY TETEPUTUEVOLS Y POVOLG
avodov kKo ttmons. ‘Etol akpiBodg sivor avtéc ot amdtopeg aAlayég mov GuUPBAAAOVY GTO Vo
TEPEYEL TO ONUA 10Y0 OTIS VYNAES cuyvOTNTEC. Ag dtevbetoovpe 10 ¥pdvo avodov vor givarn
HLAALOV KPOTEPOG OO TO SLAGTNLLOL TO Y10 VO, ot pn el 1 ToPapo pewon

Ewova 30
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evtog Aoywav opiov. o vo iavomoteitor auti 1 GLVONKT, OTUTOVUE 1) GLYVOTNTO OTOKOTNG
oV QiAtpov f; va etvar g t6éng tov fo= 1/1. A@o¥ o petadddpevog pvudg bit f, = 1/ 1, fo= 1,
O MG AVOLEVOTAV.

"Exovpe tdpa metvyel va poaivetan Aoykd, e évo LdAlov evpeTikd emtyeipnio, 6Tl T0 PAGHLO TOV
A(t) exteiveton pHAAAOV ocuve®ds amd to pndév ovopoaotikd €o¢ v fo = f, . Oa deybovpue
emmpocheta 0T 6 OA0 oWTO TO doTnua TO0 Pdopo etvar Agvkd. ‘Exel mpdypott Oepeiiobel
TEWPAPATIKA OTL TO PAcpa Tov A(t) givorl TPoceyYIoTIKA AEVKO GTO SIUCTNUO GLYVOTHTMV TOL
TovioTnke.

Mmnopovpe tdpa TeMKA vo vtoloyicovpe to 00pvPo kPavticpov mov Ha eppaviotel oty €060
evoc oidtpov Paocikng Covng pe ovyvotnrto amokomis fu. Epocov n 1oyxdg tov Bopvfov
KPavTiopob o€ éva dibotnua cvyvotitev f, sivar S¥/3 dmwg divetar  amd v e&iowon 4.5.3 ,
1N 1006 Tov BopHPov 660V GTo droTne cvyvoTTOV PBactkng {dvng fy etvar

Ny = S¥3 fu/fy = S*fw/3f (e& 4.5.4)

Mmnopovpe eniong va oNUEIOCOVUE OTL, KATA TN S1EAEVON, 1 AUEITAELPT POGHOTIKY] TUKVOTITO
10LOG Tov A(t) etvon

Ga(f) = S¥3/2f, B FSS, (e£.45.5)

[2. K.Kapovurarov, Ewcaywyn ot Oswpio @opvPov kot E@appoyés, Exdocelg Baocdékm,
ABnva 1979]

4.6 TO AIIOTEAEXMA TOY OEPMIKOY OOPYBOY
>TH AIAMOPOQXH AEATA

Otoav mapovodletor o Oepuikodc 06pvPog, 10 PiIATPO TPOCAPUOYNG OTO GEKTN TOL GYNUATOS
Bo kdvel mEPIOTAGIKA GOPAALN KOTA TOV KOOOPIGUO TNG TOAMKOTNTOS TNG KUUOTOHOPPNS TOL
petaddonke. Omotednmote Kot va GuUPel Eva TET010 GOAALLA, 1 TOALOGELPE KPOVGEDY

po’(t) mov AapPavetal Bo ToPoVGIAcEL £vav KPOVOTIKO TOAUO £6QAALEVNS ToAMKOTTaG. TOTE, M
AopBoavopevn TOALOGEPA KPOVCE®V gival

Po’(t) = po(t) + pu(t) (€. 4.6.1)

070 0T010 pm(t) etvar To oPdANa TNV TaALOGEPE Kpovsewv Ady® Tov Bgpuucov Bopufov. Edv
N éviaon (eppadov) tov Eexmpiotdv kpovoewv etvan I, t0te KGBe KPOLOTIKOG TAAUOG GTO Pih
etvan évraong 21 xon Aappdavetr xydpa poévo og kabe opdipa. O mapdyoviog 2 mPoKOTTEL OO TO
YEYOVOGS OTL V0L GOAALLO OVOGTPEYEL TV TOAMKOTNTO TOV KPOLGTIKOD TOALOD.

To opdipa Tov Beppikov BopHfov eppaviCeton cav &va pedpo omd TOAUOVG e TVXOIO YPOVO
enpdviong kot pe évtaon *2I. H péon ypovikn amdotoon HETAED QVTOV TOV KPOVLGE®V givat
t/P. , 0mov P, givon n mbavomra opdAipatog o éva bit kot T 1 xpovikn didpkewn evOg bit.
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H paopatikn mokvotnta 1oyvog tov kpovcewv Beppikov BopHov sivor

Gpn(f) = P/t (20)* = 4I°P /1 (€. 4.6.2)

Thpa Exovpe NN yopaktnpicel Tovg oAokANpwTEG (Vobécape 6T Tavtilovtol oe TOUTO Kot
oéktn DM) pe 1o va €govv v W0 Ta 0Tav 1M €16000G €VOG €lval €vag KPOLOTIKOG TOAUOGS
évtaong I, n é€odog va givan €va Prjpa TAdtoug S. O petacynuotiopog Fourier tov kpovotikov
maApo?b givan I ko o petaoynuotiopog Fourier evog Pripatog mAdtovg S givat [xpnopomoumvtog
u(t) = povadiaio Prpa]

3USu(t) =S/ jw 020

= Snd(w) =0

Mmnopovpe va ayvorjoovpe tnv dc GUVIOTOON GTO HETOCYNUOTICUO €pOcOV TéToleg dc
ovviotwoeg O0¢ Ba petadofovv pécm tov @iktpov Pactkng L{dVNG. ZVVETMG UTOPOVUE V.
TAPOVLE TN GLVAPTNGN UETAPOPES TOL OAOKANPMTN

7oV divetan and

Hy(f) = S/ 1/jo o#0

Ko

|Hi(D]* = (SN)* 1/w® %0

Amd TG e&lodoelg Ko Bpiockovpe O6TL N POCUATIKN TLKVOTNTA 1GYVLOS TOL OgpuiKoD
BopvPov oty gicodo tov Piltpov Pacikng {dvng etvar Gi(f) Kot dlveton amd

Gu() = | Hi(D Gpn(f) = 4S°Pe/ 100 w#0 (g8 4.6.3)

Topa @aivetonr 6t v va Bpodue 10 Bepucd B6pvPo omv €Eodo, dev ypeldletar mTopd va
oroxAnpmcovpe v Gu(f) oe 6An ™ {dvn diEdevong tov eidtpov Pacikng Lovng. Evepydvtog
€101, Eyovpe emekteivel To dtotnua oAokAnpwong and -fy péow g £= 0 o + f, TapoAo OV
avayvopicape 0Tt T0 eidtpo Pacikng Lovng dev emtpénet T diélevon ¢ de GUVICTOGOG Kot
£YEL OVOLOOTIKA YOUNAN cvyvotta omokomg fi. QoTO00 OTIG AAAEG YEVIKG TEPUTTMOGELS, M|
QOCUATIKT TUKVOTNTA 10YV0G ToL BopOPov kovtd omv f = 0 dev eivonr VEEPUETPAL PEYAAN
GLYKPIVOLEVT LLE TNV TUKVOTNTO 6€ OA0 TO dtdoTnpa TS Packng Lovng. Zvvenmg, av << fy,
omwg ovpPaivel Kavovikd, n 6An dwdwacio propel Pefaing va dikooroynbel cav pio Koin
npocéyyon. [apatnpodue wot660 6TL TNV Tapovca Tepintor, Gu(f) — 0 6tav @ — 0 Ko
TEPLOGOTEPO ONUAVTIKO TO OTL TO oAoKApwpa TS Gi(f) og dilopa copmeptropfdvovy Ty ®
=0, eivon amepo.

Ac AdPovpe copdc v dyv pog T oAl cuyxvotnta amokong f1 Tov eidtpov Pacikng {dvne.
Xpnowonowwvtag v e&lcmon pe © = 2nf ko gpocov f, = 1/1, 0 Beppkdg B6pvPog oV
¢€odo etvon
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-fi Sy
No = SPn’c (| dff+ [ dof
—fu A
28*P/nt (1/fi — 1/fu)

= 28°P/n’ fit = 2S8°Pfy/ ni” (€. 4.6.4)

eav fi<< fu. [apampeiote 0TL, SLPOPETIKA OO TNV KATAGTACT TOL GLVOVINCUUE GE OAES TIG
GdAleg mpomyobueveg mepmtdoel;, o Oepukdc BopvPog €£0d0v otV SEATA SLAUOPPMOT)
e€opTATOL OO TNV OMOKOTT OTIG YOUNAEG CLYVOTNTES TAPA OO TO OPLO OTIC VYNAEG CLYVOTNTEG

TOV J10OTHOTOG 6T Pacikn| {ovn.

[10. Taub / Schilling, Apyxég Tnienikovoviakodv Xvompdtov, Exéocelg T(0Aa, ®eccarovikn
2006]

4.7 AOI'OX XHMATOZXZ ITPOX GOPYBO XTHN EZE0OAO
KATA TH AIAMOP®QXH AEATA

O SNR oty é£080 Aapfdvetar cuvdvalovtog Tig e€ioboeg S, = S°f,) /2w,
kow N, =S*/3=f,1f,=S8f,/3f, . To amotérecpa civar

So/No = So/NgtNu = (2S¥n’)(fu/fu)* / (S*fu/3 o) +(2S°Pefi/n’f)) (€& 4.7.1)
10 omoio pmopet va Eavaypoptel cav

So/No = So/NgtNu = 0.6(fi/fy)’ / 1424P(Fy/fuf))/4n* =
= 0.6(fy/fu)’/ 140.624P(fu/fuf)) (€€ 4.7.2)

Edv 1 petddoon etvon dpeon 1 péow PSK

P. = Yoerfe \[E /0 (g5 4.7.3)

omov Es , 1 evépyela onpatog og éva bit, cuvocetar pe v 16%0 T0L Aapfovopevov opatog S;
ue

Es= S§iTy = Si/fy (e£ 4.7.4)
Yvvdvdalovrag 115 e&lowoelg 4.7.1,4.7.3 ko 4.7.4, épovpe

So/No = 0.6(fi/fw)’/ 1+[0.3 (Fy/fufi)] erfc /S, /nf,  (e&.4.7.5)
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[10. Taub / Schilling, Apyxég Tnienkovoviakodv Xvomudtov, Exéocelg TC0Aa, ®eccarovikn
2006]

4.8 2YT'KPIXH TQN PCM KAI DM

Mmnopovpe tdpa va cuykpivovpe tovg AdYovs ofpotog mpog BopvPo omv ££odo tov PCM
ovykpivovtog tig eélowoelg 4.4.5 ko 4.7.5 . T va StoooAicovLE TO amattoVpeVo e0pog {mdvng
TOV KOVOALOD ETKOWOVIOV vo givarl 1o 1010 Kot OTIG dV0 TEPUTTMOCELS, YPNCUYLOTOIOVUE TN
ocvvOnkn mov divetan and myv e&icwon f, = f', =2f,,N, 0nt 2N = fi/fu. Tote n e&icwon
4.77.5 pmopet va ypoaget

SNy = 2™/ 142(™™) erfe \[S, /nf, (e& 4.8.1)

Y10 mopoKAT® oynpa cvykpivovror ot e&lomoelg 4.7.5 ko 4.8.1 yuu N = 8 (f,(DM) = 48kb/s).
[Noa va AdPovpe 10 KOTOEAL ATOSOGNG TOL GLOTHHOTOS JSUOPP®ONS déATA, VTOBETOLLE
LETAS0GT P®VNG OOV

fm = 3000Hz «ou f; = 300Hz. Etot

f/fv = 16
Ko
tw/fi = 10

Mo mv mepintmon g Hetddoong pmvNG, oG GLYKPIVOLLE TOVS AOYOLG
So/Np yuoo PCM kot DM. YroBétovpe 6t fr = 3000Hz, f; = 300HZ ko N = 8. 'Eyxovue to1€
ot f, = 2Nfy = 48*10°Hz. Xpnowonoihviag autots Toug aptdpots Kot evOupovuevot 0Tt 1

mBavotnta evog cpaAipatog o €va bit eivan Po, = (1/2) erfc \/S_l /nf, , and g eilomoeg 4.7.5
kot 4.8.1 &yovpe to amotéAeoua yio. to DM mov givan
(SoNoJom = 2457.6 / 14768 erfe \[S, /nf, = 2457.6/ 1+1536P. (st 48.2)

kat yw 1o PCM givan

(So/NoJeem = 65.536 / 1+131.072 erfe[S, /nf, = 65.536/ 1+262.144P,

(e£. 4.8.3)
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Otov n mBavotto opdipatog o éva bit elvar moAd pwpr, 10 cvotquo PCM éxst évav
vynAdtepo SNR €£660v amd to cvotnua DM. [pdypatt, o SNR g£660v ywo to cvotyua PCM
gtvan 48dB evad yu to cvotpo DM zepimov povo 33dB. Qotdc0, A0 avtd MOV amotteiton yio
éva cvotnpo emkovoviov gival o SNR e£6dov va givar 30dB. TIpdypatt, €dv ypnoylomoleiton
ovumespévo kot emektopévo PCM, o SNR g£600v Oa pewwbei mepimov katd 12dB ota 36dB yia
10 ovotnua PCM. 'Etot, evod n e€icwon @avepadvel 6Tt o SNR ££6d0v eivar vynidtepog yio 10
PCM, omv mtpd&n pmopet va OempnBel 0Tt elvan cuykpicipor.

Tyetikd pe 10 Katdet, PAémovpe 6Tt T0 chota PCM £éxet p0Goel 610 KotdeA dtay Pe ~ 107,
eved to cvotnuo DM @0dvel 6to katdeil OTOV

P. ~ 10™. Tt mpéén, Bpickovpe 6L T0 owti pog dev avigvedet Katdeit £o¢ 6o 1 Pe va givan
nepinov 10" vy to PCM ko 102 vy to DM kar ADM. Megpikd ADM cvotipato pmopovv
OTNV TPAYLOTIKOTNTO VO TAPAYOLV EDANTTO AOYO e puOpovs opdipatog vyoug 0. 1.

Y10 mopomave oynpa TopovstdleTat pio cuykpion twv PCM kot DM yio N = 8 kon fyy/f; = 10.

[10. Taub / Schilling, Apyxég Tnienikovoviakmdv Xvompdtov, Exéocelg T(0Aa, ®eccarovikn
2006]
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R

KEPANAIO

5.1 ANAITAPAXTAXH KAI MONTEAOIIOIHXH ©GOPYBOY
ME TO ITPOTPAMMA MATLAB

[

W

Sine Wave

)

¥

Sine Wavel

| I |
10T [
Fulse
Generafer F ,.r'_ Scope
—— Jelin S/H .:_,J"
Sample Quantizer
and Hold
1
Scopel

To mopomdve koxhopo sivor évo poviélo kPavrtomoinone. H kPavtomoinon eivor m
TEYVIKT] KOTA TNV 0010 TO GO LETATPETETOL OO GLVEYOVS TAATOVG GE SOKPITOL TAGTOVG. Tal
detypota tov mAdtovg maipvovton pe Ppa A 1o omoio amoteAel 10 €bpoc tv {wvev L 1
emméd Vv kPAvTiong oto omoio ywpileTon T0 TAATOG TOL GIUATOG,
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270 TOPOTAVE SLAYPUULO TOPICTAVOVTOL TECCEPIS KuUaTopopPés. H mphovn kopatopopen
etvar amotéleopa mpocheong 600 NuITovoEW®V Kopatopopeav. H yord&o kopatopopen sivan
amotéleopo ™G TYNG TETPoyOVIK®V moipmv (Pulse Generator). H koékkivn xvopotopopon
mePEYEL TV Tpoohion TV dVO TMUTOVOEWMOV KLUUATOUOPP®Y Kol TOV TETPOUYOVIKO TOAUO
&yovtag OPmG 0o avtd vrootel detypatoinyio cvykpdtnong. To onua ™¢ POl KLHATOHOPENG
&yer vootel 6t ko 1 kokKkwvn. H pdl kopatopopen €xet vootel ko KPavromoinon.
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2V TOPOTAVE KUHOTOHOPPN £YOVUE TO OmOTéEAECHO NG mPOcbeong o©10 oMU G
JetyaToANyiog cLYKPATNONG Kot TNG apaipeong ¢ kPavtomoinong.

Y10 mopoakdtw TpodTLTO, £Yovue Eva KukAmopo MSK pe swoaymyn Bopvpov. O ppaynog {ovav
Baong dwpopemtdv M-PSK

Aéyetor TIG SVAOIKOC-EKTIUNUEVES EI0AYMYES TTOV OVITPOCHOTEVOVY TOVG OKEPOLOVS
apBpovg peta&y 0 kot M-1, 6mov 10 M givan to péyebog aApdafntov

Xoptoypagel TG SLASIKEG AVTUTPOCOTEVGELS GTO G UELN OCTEPIGHOD YPNOYLOTOIDVTOS
o yrpiloc-kmdtkomompévn dtoym

[Mopayer ta obvBeta amoteAéopota oe  povada-peyébovg, pe TG OUOWOHOPPO
YOPIOUEVEG KaTd SaoThpota edoelg peta&y 0 kot 2pi(M1)/M

|Gray Coded 8-PSK

Info
Integer to Bit
Rand o M-PSK
anaom " Converter = .
Integer
Random-Integer ¥
Generator
AWGN .
AWGEN
Channel
Emor Rate T ot
ity Calculation Bit to Integer W
e ol ol -] ol
R ot Converter [ M-Sk ™
Emror Rate Calculationt

Symbaol Emor Details

graySER Symbaol set size = M

To Workspace 1 Symbaol pericd = Tsym

grayBER System sample pericd = Tsample

Simulation stop time = Tmax
To Workspace 2 P

1

Ebi/No (dB) = EbNo

il
Emer Rate Tee

Calculation

F

Fac

Emor Rate Calculation2

Bit Emor Details

O mivaxog Tpocdlopilel moleg SLUSIKEG OVTUTPOCHOTEVGEIS GTNV EICAYMYY] AVTIGTOLYOVV GE Ol
phasors otnv mapaywyn. H dedtepn otiAn and tov mivaka givol pio eVOLAUEST OVTUTPOGOTEVON
OV O PPAYHOS YPNCLOTOLEL GTOVS VITOAOYIGHOVS TOV.
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aoo 0 exp(l)

a0 1 exp(rid)

010 3 expljamd)

a11 2 exp(mid) =
expijemd)

100 7 expijfmd)

101 B explEamd) =
expijETTd)

110 4 expijm) = expljdmid)

111 ] expiaTd)

exp(l) aoo
exp(jrid) a0
explm/2) = 011
expijmid)

expijamd) 010
exp(m = expljdmid) | 110
explaTd) 111
explj3md) = 101
expljETTd)

expl]fmid) 100
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&
1 3{0)
]
[ 1 [
200 I 1(001)
]
1
1
]
- = m m m m = = = m= === = -
601100 T 0 (000}
1
[
]
1
™ 1 ™
7111 I 4100}
1
’
]

5001

To vré6Aowmo VT TOV TUHOTOS HEAETA KO TO TOGOGTA AGHOVS KOUUATIOV Kot GUUBOA®MY Kot
G €K ToVTOL dev ypnoomotet BERTool.

Emeon n avénon g a&log Eb/No younidovel tov apiBud Aabdv mapaydéviov, o pnkog
KaBe mpocopoimong mpénel va awénbel yuoo vo eEac@aiicovy OTL 01 GTOTICTIKEG TV AdB®OV
TOPOPEVOLV OTAOEPES.

Xpnowonoinomn g eVTOANg sim yo va tpéet o tpocopoioon Simulink oné MATLAB
To mapdBupo eviodng, o akOAoLOOG KddKAG Tapdyel Ta oTotyein Yo To cOUPOAO, KOAUTOAEG
10606100 AdBovg Kot T060GTo0 AdBoug koppatiov. Agv eEetdlet Eb/No tiun ot oepd 0 dB to
12 dB, ota frjpoata amo 2 dB.

M =8;
Tsym =0.2;
Tsample = 0.01;
BERVec =[];
SERVec =[1];

EbNoVec =[0:2:12];
TVec =[1000 1000 1000 15000 20000 100000 100000]*Tsym,;
forn = 1:length(EbNoVec);
Tmax = TVec(n) ;
EbNo = EbNoVec(n);
sim('commgraycode’) ;
SERVec(n,:) = graySER;
BERVec(n,:) = grayBER;
end;
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Metd and va punbeite yio to mApeg ovvoro Eb/No tiung, propeite va oyeddoete ta
OTOTEAEGLLOTA YPTCYLOTOIDVTOS VTEG TIC EVIOAEC:

semilogy( EbNoVec,SERVec(:,1), 'o', EbNoVec, BERVec(:,1), *');
legend ('Symbol error rate', 'Bit error rate' );

xlabel ('Eb/No (dB)'); ylabel( "Error Probability' );

title ('Symbol and Bit Error Probability' );

<} Figure 1 o | m] 4
File Edit Wiew Insert Tools Desktop ‘Window Help
o oyrmbol and Bit Error Probability
1':' T T T T T 3
2 Symbol error rate
*  Bit error rate
o
. o
1'% N i
i + “
2 - * ©
= 107 ¢ _
R *
] L
= - o]
o I
= 1|:|-3 3 * E
L ; ]
: P
" .
; T
1|:|'5 1 1 1 1 1
0 2 4 B a 10 12
Eb/Mo (dE)

5.2 @0OPYBOX ®PAXHX

[opoakdto topovoialetar o B6pvPog paong Ppayumv oe £va cvvheTo, onpa (ovov Baonc.

O ppaynods epapudlet o BopLPo pdong g e&ng:

1. Hopdayetl tov pdcbeto ykaovooiavd 80pvPo (AWGN) kot ta pidtpa

aVTo HE Eva Yyneloko eIATpo.

2. IIpocBétel Tov mpokvmTovta 06pLPo 61O TUNUA YOVING TNG EWCAYOYNS

oNpo oV pmopeite va Ogite TNV €POAPUOYN TOL PpayHoL Tov BopOBov @dong pe TOV GOGTO
KPOTO GTO PPAYHO. AVTO QOIVETOL GTO TOPUKATED KOKAMLLOL:
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¥

Ched
_ Input Signal Ed

In1
Out1

Froduct

DFZT
Maoise Source F——j —E | K S1

hMagnitude-Angle

Hoize Source Digital Filter
to Complex

Mmnopeite va dgite TV KATOAGKELT] TOL LVTOGLOTHLATOS TNYNS BopvPov e va goTidoeTol dHo
(QOPES OTOL AMOTEAEGLLOTOL TG OAANYNG TOV TOPAUETPOV TOV QPAYLOD TOL OlELKPVILETaL amd TIG
TAOKEG O100TTOPAG EVOG GTLLOTOS TTOV OLALOPPAOVETOL OO TO EVPOG TETPAYWOVICUOV 16-Gpv
dwpdpemon (QAM). O cuvvnbicpévog aotepiopds 16-apv QAM ywpig dwaotpéPrmon eivor
TOLPOVCLOCUEVOS GTNV TPMTY TAOKT O106TOPAG:

0.2

0.15

I:I1 * * * *

0.05

0.05

Cluadrature Armplitude
=

015

0z
0.2 015 0.1 -0.05 0 0.05 0.1 015 0.z

In-phase Amplitude

O oaxoiovBog apBudg mapovoldlel TAOKN OOTOPAG €VOG CNUATOS TOPAYMOYNS, 7OV
dwapopemvetor amd 16-apv QAM, amd 1o ppaypd BopvPov edong pe to eminedo BopHPov pdong
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(dBc/Hz) B¢ote -70 ko T cvyvotnta 1o offset (Hz) €0ece 100:

¥ 10
1
” - - -
0.5
2 i . . \
=
£
=T
x 0
=
&
=
T
& ks . ’ ¢
-0.5
R * - - 7’
-1 -0.5 a 0.5 1
In-phase Amplitude v 10°

Avt) 1 mokn TopdyeTol amd TO TPOTLIO TOL TEPLYPAPETAL OTO TOPUSEIYHOTO TAOK®OV
JoTOPAS pe TIC aKOAOLOES TOTOOETHGEIS TAPAUETPOV

ywo v opBoydvia {ovn Baong block:

1.Normalization Stapopowtdv QAM n puébodog £€0ece yio va vtoroyicet Kotd pHéEGo 6po
2.PowerAverage 1 duvaun (Watt) €0ece 1e-12
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[=]Block Parameters: Phase Noise 7 x|

—Phaze Moize [mazk]

Complex baseband model of receiver phaze noize.

The output of this block iz noize with a spectrum charactenzed by a 1/ glope. The
level of the spectrum iz specified by the noize power contained in a one hertz
bandwidth offzet from the carrier by a certain frequency.

—Parameters
Phaze noize level [dBe/Hz):
[120
Frequency offzet [Hz]:

{100

|ritial zeed:
{2137

ok Cancel Help Apply

Phase noise level (dBc/Hz) KApokwtdg dievkpivileton to eminedo BopvPov @pdong.
Frequency offset (Hz) Khpokmt dievkpviCeton n cuyvotnta mov avtiotoduiletar.

5.3 ATAMOPOQ2H GOPYBOY

Mo va mepiinebet o B0pvPoc oV Tpocopoimon, mpénel va emAélete to mapdbvpo eAEyyov
BopvPov omv ewcaywyn I[Miaico dwidyov @payudv Mpévav. Avtd 10 mapdbvpo eréyyov
emLEyeTal €€ OPIGLOV.

73

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



E Block Parameters: Inpuk Port x|

—|rput Part
Connection block. from Simulink to RF Blockset phyzsical blocks.

The AF Blockset physical blocks use a baseband-equivalent modeling technique.
The bandwidth rmodeled i 1/(Sample time). centered on the specified Center
frequency. The Center frequency comesponds to 0 Hz in the baseband-equivalent
madel, Finite impulze rezponze [FIR) filters are uged to model the frequency
dependent characteristics and look-up tables are used o model the nanlinear
behaviars of AF Blockset physical blocks between this block and the Output Port
block.

= Pﬂrﬂmatars D R . el e s T MO A s T R (R

Finite impulse response filker Iamh:i 128

Center frequency [Hz): |2‘e‘3
S ample time (5] |1e-7
: Select this check box to
e o take the noise data in
v Add noize the physical blocks into
i account. This check box
ol j67987 is selected by default.

T e

5.4 ®0OPYBOX XAPAEHX

Yvomparto ertkovoviov Tpotimtev RF Blockset. O 00pvPog o€ avtd o cuotipota

Exel éva TOAD HKpO €0pOg, XapaKTPLoTikd and le-6 ota Watt 1e-12. Avtifeta,

1 dVVAUN ONUATOV TPOETIAOYNG EVOS PparyLov dtapopemtdv Blockset emkowvmviov givan 1

watt o€ éva ovopootikd 1 op. Emopévoc, n onpatog npog 86pvPo avaroyia og éva cuotua RF,
N mpooopoimon eivor peydAn, va kataotiost to dvokoro va det to 00pvPo RF Blockset
npochitel 610 onua cag. o va emdeicete 10 BOpLPo o€ o TAokN, Oa TPEmEL Vo LEIOOCETE TO
onpa gVPOG o€ o Ty péoa ota peyen Cevydv tov BopvPov. Mapadeiypatog xapv, vrobéote
Ot éxete 10 0KOAOLOO TPOHTLTO AV TOHG TEPEYEL Pioe multitone Ty ONUATOV SOKIUNG.
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L=_]|1|.1isl: amplitude_ex
Fie Edit View Smulstion Format Tooks Help

D& BB et 2 p sfin [ - FEHBESE REES®

35 =101

Cearier frequency: 2. 1GHz
Thig badsband-aquivalent

be-banie fraquencies:
~HIMHz and H0MHz

—0-] - Inigut . | Output N
Multitene 3 B oo [FF|Fenesl ampitier Pod >

Sain

FFT

FE]

Basiba hd.Eqn.:ivlliM Inpul Fort anatal Amplidiar Dulpn_hd Dutpwt
Multfone Sigaal Frequanay [emain

5] —opel

Timu
Py Comples o
Realimag! Real Fan

Iagut - of Diurtput -
Fraquancy Damain Timie Gomain

&
Complaxin UL

Real-lmag Rwal Pad

o Inped -

Time Domain
Rieady [100% [ [ odeds e

Otov ppodpacte avtd 10 mpoétvmo, 1o Simulink @épver emdveo Sdpopa mapdbvpa mOL
TaPoLGLALOVY TNV E10AYMYN KOl TAPAY®OYT] Y10 TO GUOIKO vrrocvotnpa. H gicaymyn - mapdbopo
TEPLOYDOV GLYVOTNTOG TOPOVGIAGUEVOG GTO AKOAOVOO YN0l EMOEIKVIEL TO GO ELCOYWOYNG OTO
PACUO CNUATOV EICAYWOYNG TEPOYADV GLYVOTNTOC.

J noise_amplitude _ew/Input - Frequency Domain I (=] .|
File Axes Charwls ‘Window Help -
1]
=B
")
o
]
B
£
= .00
160
-6 01 005 L1} 005 | 016
Frequency (GHz)

To mpaypatikd pHEPOS TG ELGAYMYNG
- To TapdaBvpo YPOVIKOV TEPLOYDV EMOEIKVVEL TO TPAYUATIKO UEPOG TOV CVVOETOC-EKTIUNUEVOD
ONUOTOG EI0AYWOYNG GTO TPAYHLATIKO LEPOS YPOVIKADV TEPLOYDV TOV CTUATOG ELGAYMOYNG
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J noise amglitude_ew/Real Part of Input - Time Domain =10] x|
Fis  Axes Channels  Window Help b
bl
0.05
@
3 0
£
08
)1
1 |
(1] o1 02 03 0.4 06 06 0.7
Frame: 435 Time (jas)

210 TPOTLTO, TO PLGIKO LVocVoTNUA TPochEtel To BOpVPO 6TO oM ewaywyns. To mapdbupo
TEPLOYOV TOPoLSLalel BopuPmdOEg oI TAPAYOYIS GTO PAGHN CNUATOV TAPAYWOYNG TEPLOYDV
GLYVOTNTOG.

J noise_amglitude _ew/Dutput - Frequency Domain =101 =
Fily Axes Chanmels Window Help »
1]
20
E -4
@
-
"
2 w
-1 0y
=120
A4y
015 -1 -0.05 0 0.05 a1 015
Frequency [GHz)

To gVpog Tov oNpaTog glvar peydio Evavtt Tov bpovg Tov BopvPov, £Tol 0 BOpLPOG dev givan
0pOTOG GTO TPAYUOTIKO HEPOG TNG TOPAYMYNG - TOPAOVPO YPOVIKMOV TEPIOYDV TOV TOPOVGIALEL
TOV TPAYULATIKO LEPOG TOV GNUATOS TOPAYMYNG XPOVOS-Teploy®v. Emopuévag, mpémetl va peuncete
TO €0POG Amd TO GO EICAYMYNG Yo va. eMOEiEEL To B0pVPO TOV TPAYUATIKOO PEPOVS ONUATOV
TOPAYOYNG YPOVOS-TEPIOYDV TOV GNLOTOG TOPAY DY
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Fiy  Aces Channels  ‘Window Help

—
—

40

Amplitude

-

0.6

[ 01 02 03 04 05 06 07
Frame 435 Tirtvas ()

Meumvovpe 10 €0pog 0md TO G EIGAYOYNS UE TOV KOBOPIGUO TG TapapETpov képdovg ot 1g.
Avto givar 10odvvapo pe tn peimorn tov onuotog ewcaywyng ard 60 DB. Otav tpéyovpe 10
TPOTLTO TTAAL, Ol SVO OYUES CNUATOV OeV €ivol OO TPOPEPETOL GTNV Tapoywyn - Pdopa
ONUATOV TOPoy®YNG TapaBOP®V TEPLOYDOV GLYVOTNTOG Y10 T UEWWUEVT ELCAYWOYY.

} noise_amplitude_ex,/Output - Frequency | =10] |
File Axes Channel Window Help -
1]
-20
fu
= AD
i
=
= B0
= 100
-120
<140
015 01 005 0 005 01 Q15
Fraquency (GHz)

Epeig pmopovpe tdpa va dovpe to B6pvPfo RF Blockset mov mpocHéter oto onuo pog oto
TPAYUATIKO LEPOG TMV YPOVIKAOV TEPLOYDV TOV CNUATOG TOPOYM®YNG TOV Tapovctalel B6pvfo.
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5.5 AKYPQ2H ITPOXAPMOXMENOY ®OPYBOY

KaBopiletoar katotépm éva vmobeticd onpo X tAnpoeopidv mov emdéyetan oe 100Hz mhvo
amd 6 devtepOAETTAL.

time = (0:0.01:&)°";
X = 2in(40./(time+0.01)):
plot (time, X}

title('Information Signal x')
xlabel ("tCime")
ylabel ("x")

Institutional Repository - Library & Information Centre - University of Thessaly
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Information Signal x

0.8

0.6 H

0.4

0.2 H

=
2
T

o
F
T

=
o
I

=
oo
I

Avotoymg, to onua X mAnpogoplidv dev umopel va petpnfel yopig éva N2 onudtov
napéuPoons, To omoio mapdyetor amd dAlo Ty BopHfov nl pécw pag optopévng dyvmaotng Un
YPOUUKNG OO IKOGTOG.

H mhoxn mapovcidlel katotépm nnyn Bopvov nl.

nl = randn(=size(time) ) ;
plot (time, nl)
title('Noi=se Source nl'})
xlabel {("time")

ylabel ("nl')
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Moise Source nl
3 T T T T T

To N2 onpdrtov mapéppoons mov epeavifetor oto petpnuévo onupa vrotiBeton 0Tt TapnyO”
HEC® €VOG GyvaoTov un ypoppkoy equation:n2 (k) = 4*sin(nl(k))*nl(k1)/$1*(1+n1(k-1)"2)This
OV TO UM YPOLUIKO YOPOKTNPLOTIKO TOPOVGLALETAL MG EMPAVELN GTO TaPAOLPO.

domain = linspace (min(nl), max{nl), 20);
[xx, ¥¥] = meshgrid(domain, domain);
ZZ = 4%zin(xx) . *yv./ (1+yy."2):

surf (xx, vy, ==}

Xlabel ('nl (k) ")

vliabel ('nl (k-1) ")

zlabel ('n2 (k) ")

title (' 'Unknown Channel Characteristics That Generate Interference'}:;
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Unknown Channel Characteristics That Generate Interference

n2(k)

il (k-1) 4 (k)

H mmyn 6opHpov nl kot 10 n2 mopépufacns mopovctalovial amd Kowov. ZNUEWWSTE OTL TO N2
ovoyetiCeton pe nl péow g Wodtepa pn  YPOUUIKNG  Oad1KAGI0G  TOPOVGLUGUEVOG
TpoNyovpéEVMG givar dVoKOAO Vo @avel gdv avtd tor V0 onpata cvoyetilovior and Ko

amoyn.
nldd = nl; % nl delay 0
nldl = [0; nld0(1l:length (nld0)-1)1]- ¥ nl delay 1
nZ2 = 4%*zin(nld0) .*nldl./ (1+nldl."2); % interference

subplot (2,1,1)

plot (time, nl);

vliabel ('noi=se nl');
subplot (2,1, 2)

plot (time, n2);

vliabel {"interference n2'});

81

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



noise nl
_

]
o

O
—
S
W]
=

M
o

interference n2
_

'
S

=
—
[y
(]
=5

i
o

To petpnuévo onuo P givor t0 mocd TOL apykov onuatog X kot 10 N2 TANpopopidv
napéuPoong. Evrovtotg, dev E€povpe to N2. To pévo orjpota dwbéoipa o€ pog gival to onpa
BopvPov nl Kot TO PLETPNUEVO CHUA L, KOl O GTOYOG OGS EIVOL VO (VOKTIGOVIE TO OPYIKO GTLLOL

X. minpoopudv XV emidelln 1o mapdbupo ivor 1o petpnuévo onpa 1 mov cvvovdletl To X Kot
0 N2

m= X + n2; % measured =ignal
subplot (1,1,1)

plot (time, m)

title("'Measured Signal')

Xlabel ("time")

vliabel {("m")
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heasured Signal
3 1 1 1 1 1

3 1 1 1 1 1
0 1 2 3 4 5 B

tirme

5.6 AIIOTEAEEMATA ®OPYBOY ®AXHX XE 256 QAM

To koK ®UO TEPLEYEL TA TAPOKATM:

Mia nyn axépatwv apBpuov petaly 0 ko 255
Mua {dvn Baong 256-QAM  SopoppmTN’g
"Eva tpocbeto dompo ykaovosiovd kavait Bopvpfov (AWGN)
Mia Ty BopvBov edong
Mia {dvn Baong 256-QAM anodiopopemtng
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"Evav vroAoyiot| otatiotikig Adfovg

Mia eikova emideléng mov mapovctilel oTATIOTIKEG AGOOVS EVOD 1) TPOGOUOIWST) TPEYEL.

Mo TAOKT SOTOPAS OV TaPOVSLALEl AQUPAVOLEVO ONUA, GUUTEPIAOUBOVOLEVO
tov Bopvpov pdong.

®paypog Bopdpov @daong: O @payuds Bopvfov @dong petatomiCer ™ @don TOL
Aoppavopevoy onpatog amd €va Tuyaio mocd. Mmopeite va pvuicete tn dpopd TG TVYXOLNG
HETATOMIONG PAcNG KOVId oTn pubuion g TapapéTpov emmédwv opvfov edong 6N HacKo
0V Ppaypov Bopvpov pdong.

ATOTEAEGLOTO TOV KUKADLOTOG

To koKhopa mepAapPAavel aVTOVG TOVG OMTIKOVG TPOTOLS Yo Vo YiVEL KaTavonT M
amddoon ToL:

To mopaxdTe Saypoppe  TOPOLCLALEL TIC TPEXOVOES OTUTIOTIKEG AdOOLS Yo TO
ocvotnua. AVTéG 01 OTATIOTIKEG €lval TO0 T0606TO AdBovg, 0 apBudg Aabdv mov aviyvedovial,
KOl 0 GUVOAIKOG apOOG GUUPBOAMY GUYKPIVOEVOC.

Mwe mhokn dwomopds mov  mopovowlel  To  AopPavopevo oo, Kot
ocvumeplapPovorévov Tov Aompov YKaovostavoy Bopvfov kot Tov BopHPov @dong Kovid oe
KaOe aoctepiopd 10 onueio etvan po cvotdda Twv onueiov. Kovid ota onueia aotepiopov mov
gtvan paxpld omd pndév, n ocvotdda givar kovtd og éva 10Eo. H popen 10&mv eivon pia enidpaon
tov Bopvpov pdong.
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260AM AWGEMN and Phase Moise
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In-phase Amplitude

5.7ITPOZAPMOXTIKH AKYPQXH ®OPYBOY IIOY
XPHZIMOIIOIEI TO [TIPOX2APMOXTIKO ®IATPAPIZMA
RLS

Avt) n emiden emefnyel ™ dSvvardomra tov @idtpov RLS va eoaybodv or ypnoiueg
mnpoeopiec and éva BopuPmdeg onuo. To povAepdv TAnpoeopudv T0 ofua eivor Eva kduo
NUITOVOL TTOL AAAOIDOVETOL altd TOV TPOGHETO AoTPO YKOOVLGGLVG BOpLO.

To mpocappootikd cuotnua akdipwong Bopvfov vobétet ) ypriomn 6V0 pkpoeodvev. Eva
apYIKO HKPOQ®VO Taipvel T BopuPmon elcaywyn 10 oNpa, eved Eva devtepofadio pikpOPwvo
Aappavet To 60pvPo mov eivar AGVLVOETOG GTO PEPOV GO TANPOPOPLOV, 0AAY cuoyeTileTan 6TO
06pvPo mov TaipveTor omd TO aPYKO KPOP®VO.
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To @épov onpa TAnpogopudv eivan Eva kdpa nurtdvov 0,055 kdKAmv/dstypo

signal = sin(2*pi*0.055* (0:1000-1)");

ploc (0:185, =ignal (1:200) ) ;
grid; axis ([0 200 -2 2]):
title({'The information bearing signal'};
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O 06pvPog mov maipvetor amd To dgvtepofdOuio pIKPOPOVO Elvar M EGOYOYN Ylo. TO
npocaprootikd eidtpo RLS. O 86pvPoc mov adioidvel To npitovo, To KOpa givor pio YopnAng
déhevong QUTpapiopévn €k000T (CLOYETIGUEVOG) avtov Tov Bopvfov.
QUTpOpIopEVOL Bopvov Kol TOV GNUATOG TANPOPOPLDYV, TO GO Eival TOo emBuuntd oRpo Yo
TO TPOGOPUOCTIKO PIATPO.

nvar = 1.0; % Noise wvariance

noizse = randn (1000,1) *nvar; % White noise

plot (0:999, noise) ;

title("'Hoi=se picked up by the secondary microphone'):

grid;

axis ([0 1000 -4 4]):
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Moise picked up by the secondary microphone
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5.8 [TPOZAPMOXTIKOXZ AKYPQTHXE ®GOPYBOY ME TO
OIATPO LMS

AvT0 TO TPOTLTO EMOEIKVVEL TMOG VO YPNOHOTOMGEL TOV Kewdkomomt Simulink HDL ywa va
eréy&el, va mapayayet, kou vo ehéyEet HDL ywa éva mpotumo @idtpwv otabepdv onueiov LMS.
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5.9 GMSK- MSK

H enideitn nepilapfavel avtodg toug epaypoig:

O toyaiog Qpaypog aképoiwv aptumy, 0 0Toiog TaPEYEL LI TNYN OUOIOLOPPOL
dtvepnpévav Toxaiov aképotmv apliudv ot oepd [ 0, p-1 ], dmov to | eivar 0 0oTEPIGHOG
péyebog tov ofjporog GMSK 1 MSK
O unipolar ¢ SUTOAMKOS PPAYUOC LETOTPOTEMV
O gpaypog Covav Baong dapopewtdv GMSK
O gpaynds Lovav Baong dapopewtdv MSK
O ppayuog kovadv AWGN

Avo avtiypaga tov discrete-Time @paypov nediov dStoypoppdTOv LTIV
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Avo avtiypaga tov discrete-Time @paypov mediov Tpoyldg onuaTmv

Amoteléouata ko emoeiéels

H enideitn enenyel ™ drapopd petald twv dvo oyxedimv dapopewong. Ot discrete-Time
epaypoil TESIOV SYPUUUATOV HLOTIOV TOPOLGLALoVY dlorypappoTa patidv Tov onudtov GMSK
kot MSK mov aAloidvovtor omd 1o 06pvfo.
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Evye Diagram of Noisy GMSK Signal Eye Diagram of Noisy MSK Signal
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Ta dwypdppota patidv tapovstalovy v opotdmra petasd tov GMSK kot ta onpata MSK
noTe B€TETE TO UNKOG GPLYLHOD TOV Pparypov Lovav Baong dapopewtdv GMSK oe 1, Bétovtag
TO UNKOG GOPUYHOD o€ 3 1 5 emTpémovy GE GOG Yo VO SOVV TN OlPOPE TOL 10 HEPTKY|
Slpdpemon amavinons pmopel va €xel 6to Ndypappo patidv. O apBpog tov avénoenv Tmv
TOPELDY, TOV KOTAOEWKVOOLVV OTL T0 KLpotoewés CPM  efaptdtor amd TG TWES TOV
TPONYOVUEV®V GUUPOA®V KABMG ETIGTG KOt TOL TOPOVTOS GLUPOAOD.

Mmnopeite vo aALGEeTe TO PKOG oPLYHOD o€ 2 N} 4, aALd Tpénel va aAAAEETE TO OPOET
eaong pi4 yw pwe koAvtepn Amoyn Tov  Swpopeouévov onupatog. Ilpoxepévov va
AVTILETOMGOEL GOPDG 1) YKOOVGGLOVY LOPPT GPLYLOD, TPETEL VAL YPTCYLOTOU|GETE TOL TESTOL
OV EMTPENEL GE GOG Y10 VAL €L TN PACT] TOL GNOTOS, OTWS TEPLYPAPETOL TNV EMOEEN PAo™G
CPM.

5.10 ®IATPAPIEMENO QPSK - MSK

Avt 1 emidein ypnopomnotel Toug dapopovg epayprovg Blockset emkovovidv kot
eme€epyaciog GNUATOG Yo VoL SO PPAOGEL TN PIATpapiopévn dtopdpemon QPSK kot MSK.
H enideitn nepilapfaver avtods toug eporypovs:

[Inyéc opodpopea dtavepnpévev toyaiov aképaiov aptduav petad 0 ko p-1, dmov
T0 W etvon 10 péyefog aoTEPIGHOV TOV GYESIOV JAUOPPDOTG.
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Avo myég amartovvtar, eneldr] QPSK eivan pa tecodpov Kataotdoewv péBodog
dapdpemong, evdd MSK eivar pa dvadikn péBodog S1opdpewong.

O gpaypds Lovav Baong doupopewtdv QPSK

O gpayuds Lovav Bdong dopopeotov MSK

To avénuévo cvvnuitovo dwafiPalet to epaypd eiktpmv
O gpayuodg kovoridv AWGN

O discrete-Time @paypodg medion S10ypoUUATOV LOTIOV

Amoteléopoto Kot mOeiels

H enideitn nepirapfavel avtd ta ontikd Bondnpota yio va exeEnynoet ) dtopopd Leta&d

TOV dVO oYESIOV SOUOPPOONG:
O1 @paypol S ypapUATOV HOTIOV TOV TaPOVGIALOVV SOy POLLLLOTO LOTIOV
ouktpoapiopévev QPSK kar MSK kévouv onpa cuv 1o 86pufo:
1. Xe puiktpapiopévo QPSK, ot tipés kan tov in-phase kot TUNUATOV TETPAYOVIGHOD TOV
ONLLOTOG EMTPETOVTOL Y10 VO ALAEOVY GE OTOLOONTOTE
ot GVUPOA®V.
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Eve Diagram of Moisy QP 3K Signal

In-phase Amplitude
=

0 0.5 1 1.5 2
Time [s]
1.5
s 1
= e
e > >
%-0.5 /\
I T N
- -1.5
0 0.5 1 1.4 2
Time (g)

2. Evtovrtoig, yio MSK, 1o didotua coppormv givorl pod avtd yio QPSK, aAdd ta in-phase kot

TUNHOTO TETPAYOVICHOV 0AAGLOVV TIg TIEG péaal

evaAldocopal enoyés cuPBoAmY. Emopévag, o 100vikog xpovog detypatoinyiog yuo
QPSK givan 0,5, 1,5, 2,5..., ev®d 1 Wavikn mepiodog detypotoAnyiog

ywti MSK givan 0,5, 1,5, 2,5... yia 10 in-phase onjpo kot to 1.2 ..3... yio T0 onpa
TETPAYOVIGULOV.

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212

94



Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212

95



BIBAIOI'PA®IA

1. Hwei P. Hsu, Avaioyucéc kan Wnouokés Emcovovieg, Exdooelg TC0Aa, ®eccarovikn 2002

2. K.Kapobdunarov, Ewcaymyn om Otwpio @opOfov kot Egappoyéc, Exddcelg Baodéxm,
Abnva 1979

3. Andctorog Tpayavitmg, Pnooxég Emkowwmvieg, ®vormpo 2004
4. Taub / Schilling, Tnienucowvoviakd Xvotpata, Exkddceig TCoAa, Oeccarovikn 1998

5. Andy Bateman, ¥nowxés Emkowwmvieg, Zyediaon ovommudtov oty mpdén, Exdooeig
TCwla, Oeocarovikn 2000

6. Jack Smith, Modern Communication Circuits, Mc Graw Hill, 1986
7. B. Razavi, RF Microelectronics, Prentice Hall, 1998

8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001

9. W. Alan Davis, K. Agarwal, Radio — Frequency Circuit Design, John Wiley & Sons Inc,
2001

10. Taub / Schilling, Apyéc Tniemkowmviakdv Xvomudtov, Exdocelg TCoAo, ®ecoarovikn
2006

96

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212

97



Institution

17/10/204

ITANENIXTHMIO OEXXAAIAX
2XOAH OETIKQN ENNIXTHMQN
AIATMHMATIKO ITPOTPAMMA METAIITYXIAKQN
2IIOYAQN
«IIAHPO®OPIKH KAI YIIOAOTTXETIKH BIOIATPIKH»

" MEAETH EMNIAPAZHZ ©0OPYBOY XTA THAEMIKOINQNIAKA ZYZTHMATA

MEQPIN1O> K. KAPAMHTPOZ

AIIIAQMATIKH EPTAXIA
YmevOuvog
TEQPT'IOX XTAMOYAHX

Aapla, Mawog 2017

al Repository - Library & Information Centre - University of Thessaly
3 00:36:18 EEST - 167.114.118.212



Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



ITANEIIIXTHMIO OEXXAAIAX
2XOAH OETIKQN EINIIXTHMQN
AIATMHMATIKO METAIITYXIAKO ITIPOTPAMMA
ITAHPO®OPIKH KAI YIIOAOTIXTIKH BIOIATPIKH
KATEYOYNXH

«IIAHPO®OPIKH ME EPAPMOT'EX XTHN AXPAAEIA,
AIAXEIPIXH MET'AAOY OI'KOY AEAOMENQN KAI
ITPOXOMOIQXH»

" MEAETH EMIAPAZHZ OOPYBOY ZTA THAEMIKOINOQNIAKA ZYZTHMATA

MEQPIN1O> K. KAPAMHTPOZ

AINIAQMATIKH EPTAXIA

EmBAénwy
TEQPT'IOX X TAMOYAHX

Aapia, Mawog 2017

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



" MEAETH EMIAPAZHZ ©OPYBOY XTA THAEMIKOINQNIAKA ZYZTHMATA
MEQPI'IOz K. KAPAMHTPOZ

TpwueAn g Emtpomm:

TEQPTIOZ STAMOYAHS, ......(emBAéToov)

NEXTOPAX EYMOP®OIIOYAOZ, ........
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KEPANAIO

EIZAIQIMH

Ot emikovwvieg anuepa ennpealovv Badutata tnv (W pag:

Ta TNAEQPWVO  OTO XEPIO HOG, TO PAdIOPWVO Kal Ol TNAEOPATEIC OTO COAOVI pag, ol H/Y mou
guvdeovTal oTo Internet oTa ypa@eia Kal 0T OTHTIO YAC EMITPEMOLY TNV Tax0TOTN EMKOIVWVIO
ME KABE ywvia Tou TAAVATN.

Ol €MKOIVWVIEC OTMOTEAOLV TO QIOBNTAPIO Opyava yio TO TAOIO OTOUC WKEOVOUC, YIO TO
AEPOTIAGVO GTOV OEPC KO YO TO SI0CTNUOTACLO Kol TOUC 60pLUPOPOUC GTO SIACTNUA.

Ta KIvNTa TNAEQWVA ETITPETOLY TNV EMOPN) KOC EV KIVAOEL PE TO YPOPEIO Kal TO OTITL.
JUOTAPOTO  ETIKOIVWVIOG EMITPEMOVY TNV TANPOPOPNCN, TX TWV METEWPOAOYWV YA TIC
METEWPOAOYIKEC GUVBIKEC.

H emikovwvia ouviotatal oTnv JETAdoon TANPOQPOPIG OO £va GNUEI0 TOL XWPOXPOVOU GE Eva
GAAo. MepiAauPBavel TIC €ENE O1adIKATIES:

Mopaywyr onpotog mAnpogopiag (UVUpa)

-dwvr), HOUGIKT), EIKOVA, OEDOUEVO.

MapdoTtoon PnvOPaTog e To GUVOAO GUUBOAWY Kol 6dopéVn aKpipela

-HAEKTPIKA, OKOUOTIKA, OTITIKA

Kwd1komoinan twv cuPPBOAWY G€ HOPEr) KOTAAANAN yla JETAO00T OTO dEG0UEVO PUOIKO PEGOV
(KupaTopopPEC)

MEeTad0aon TWV KUPOTOUOPPWY GTOV EMIBUUNTO TIPOOPICHO.

ATIOKWAIKOTOINGT Kal avomopaywyr] TwWV apXIKOV GUUBOAWV.

AvOmopoywyrn TOU OPXIKOD HNVOPOTOC ME HIO AVOTIOQELKTN OAAG TpoKOBopIoUEVN KOl
EAEYXOUEVN ATWAELD TTOIOTNTOC,

Moapakdtw @aivovtal To ZTolXeia vAg TNAETIKOIVWVIOKOD GLOTIUOTOC:
Z1olxeia evog TNAEMIKOIVWVIOKOU GUOTHUATOC

©06puPoc + Mapaudpewaon
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patoc mAnpodopiag

Ekme propevo , ,
ofiua AapBavopevo ohpa
Eikova 1
O1 Baaikoi TOmot Emikoivawviac sivat:
Exmopmn

H Exnopnr| ( Evpuekmnour) — Broadcasting) mou mepAapBAvel évav 10Xup0o TOUTO, TOAAOUC Kal
@ONVolC OEKTEC, povodpoun pory mAnpogopiag (downlink) kKaBw¢ Kol pio mapaAAayr) : TO
Multicasting (ETIAeyUEVOL EKTEC)

Emikowvwvia onueiou - pe - onueio ( poin-to-point )
H GuyKeKpIPEVn EMIKOIVWVIO OMOTEAEITAL ATO Evav TOUTIO Kal €va dEKTN Kal anoe  au@idpopn pon
TIANPO@OpPIaC

H tnAemikovwvioKn S10d1Kaaia gival EK QUOEWC OTOTIKN S10d1KOaia.

O1 KUpI0I TNAETIKOIVWVIOKOI TTOPOI ival:

H lox0¢ ekmoumng OTou TO KAVAAL EXEL TTEPIOPIOHO 1oxV0¢ (Power limited channel)

OTWC T.X. TO A0PUPOPIKO KAVAAL.

To E0OpOC (@AOOHOTOC KOVOAIOU HETAO00NC TOU €ival €va KOVOAL PE TEPIOPICUEVO QATHO
(Bandwidth limited channel) 6mwg mx €ival To TNAEQWVIKO diKTULO.

A&ilel va ava@epBbei g o1 KOPIOL TNAETIKOIVWVIOKOI <<gxBpoi>> gival:
O 80pufog aTo KavaAl

H mopapop@waon Tou KavaAlod

TexvoAoyiKoi Teplopiopoi
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1.1 KANAAIA EMIKOINQNIAZ

To KavaAl tapexel v (0N Moumov-AEKTN
Ta TPOBAARMOTO IOV TOPOLCIALOVTal OTA KOVAAIN ETKOIVWVIOC €ival:

4

% Teploplopévo e0Pog PAouaTog

Anocofean, mapapop@wan TAATOUE Kal pacng

s Eloaywyn 6opuPou (OepuIkO¢ TPOOBETIKOC AEUKOC B0puPOC, KPOLaTIKOG Bopufag,
TIOPEUPBOAEC)

% ToAAamAR 310deuan (ACVUPUATO KAVAAL)

% XPOVIKEC HETOPROAEC

1.2 EIAH KANAAIQN EMNIKOINQNIAX

*,

5

*

1.2.1 KavdAilo KaBodnyoluevng Metddoang

‘Eva amd ta €i6n KavaAiwv EMKOIVwVIag gival Ta KavaAla Kabodnyoluevng HETAd0GNC, Ta OToia
AMOTEAOUVTOL OO TO TNAEPWVIKA KOVAAIO TIOU €ival GUVESTPAPUEVO (e0YN CUPHATWY QPWVIC
(xDSL), ta opoagovika Kawdia (CATV) Kat Ti¢ omTIKE ivee (2* 10513 Hz).

1.2.2 Kavahia EAe0Bepng Metddoong

‘Eva A0 €id0¢ KavaoAlwv €MIKOIVWVIOC €ival Ta KavaAlo €Ae0BepnC PETAdOONC Ta Omoia
anaptiovtal and ta KovdAlo padiopetddoong (radio, TV, WLAN), ta KOvAAIO KIVNTAC
emkowwviog (GSM, UMTS), Ta 30pu@opIKa KavaAla Kot To KOVAAID 00UPUOTWY OIKTOWV.
YTApXouv €MONG TO YPOMUIKA - MN YPOUMIKG KOVOALD, TO XPOVIKG OPETARANTA - XPOVIKA
HETOROAAOUEVO KAVOALD, TO KAVOAIO YE TIEPIOPIOHUO 10XVOC - |IE TEPIOPICUO PACUOTOC Kal TO
TNAEQPWVIKG KovAaAl. KabBwg emiong Kol To KavAAL ieplopiopévou vpoug : 300 Hz — 3100 Hz, ta
KOVOAID  pPE PeEYAAN omoofeon OTIC LPNAOTEPEC OUXVOTNTEG, TO KAVOAIO LAOTOINONG MHE
OLVECTPOPHEVO CeVYOC KOAWdiwV (Z0 = 90 — 110 Qu), Ta KOvAAlO TOL Eivol EVAAWTO OE
NAEKTPOPAYVNTIKEG TIAPEUPBOAEC KAl CUVOKPOAOEIC, TO KAVAAIO JE TNV TeXVOAoyia XDSL mou
XPNOILOTIOIOUY  aUTA T KOAWAIO KOl TO KAVAAIO TIOU €ival apuodia yia TIC CUVOETEIC point-to-
point.

1.2.3 OnTIKEG “lveg
O1 OTTIKEG iVEC, TTOU AVIAKOUV KOl OUTEC OTON KOVAAIO ETMIKOIVWVIOG, TOPEXOLV TN SLVATOTNTA VIO
TEPAOTIO €0pOg QAacpaTOC (MEXPL 2X10EL3 Hz), €xouv pIKPN andoPecn = EMIKOIVWVIEC PEYOAWV
QMOOTACEWY, AMOTEAOUVTOL OTO €VO LOAIVO KEVIPIKO TupAva TEPIBOANOUEVO amd €mMEVOUCN HE
JIOQOPETIKI) DINAEKTPIKI) OTOBEPG KOl EVa TTPOOTATEVTIKO EEWTEPIKO OTPWHA, EXOLV avalabnaia aTIC
NAEKTPOPAYVNTIKEC TOPEPPOAEC, €ival MIKPEC o€  EYEBOC Kol eAOPPIEC o€ Bapoc. Emiong eival
AVOEKTIKEG KO EVEMKTEC KO £X0UV AVEEAVTANTN TTPWTN UAN (ApPOC).
‘Eva aKOpO €i00¢ KOVOAIWVY ETIIKOIVWVIAC EiVal TO AGVUPHOTO KAVAAIO EKTIOUTIC PASIO-TNAEOTITIKWV
TPOYPOMMATWOV TWV OTOIWV TO EVPOC PACHATOC €ival AVOAOYO TOL CHUATOC KOl TNE SIOPOPYWaNC,
TV €ival Ta aKOAOLBO :

— 20 Khz AM (Alopdépewaon mAdTou()
— 10071200 Khz FM (Alopopewaon ouxvotntac)
— 4-6 Mhz TV

10
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DocuaTo HEPIKOV KOOV CT|LOTMV

/\J\\ Dwvn M4=T5 km
JS(Hz)
300 3300
Movokn
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Ethernet (10 Mbps)
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1.2.6 Alapopewaon

H Alopopewon (Modulation) €ival n peTafoAr, cUPEWVO PE TO ONUO TANPOPOPIAC TWV
TIOPOHETPWY VO PEPOVTOC KUPOTOC (carrier wave) Tou €ival KOTAAANAO yia Ty PETddoan
pECO amd To 0dopEVO  KaVOAL evw N Amodlopdpewaen (Demodulation) givar n akpiBwg
avtioTpoen dladikaaia

To €idog ¢ dlapopPwaong Kabopilel TNV avtoxn oto BOpuBo Kol TNV MAPAUOPPWAT TOU
KavOAIoU, TNV TIOTOTNTO OVOTOPOYWYNC TOU apXIKoD CGrUOTOC TANpo@opiac, To E0pPOC TOU
QMAITOOPEVOL YIO TNV MPETAd00N QACUATOG, Kal TV TOAUTAOKOTNTO TWV CUCTNUOTWV
EKTIOUTAG KO ARYNG.

= Tnv YETAO00N TOAAWVY GNUATWVY OTOV i010 XWPO HE XPrIaN OI0QPOPETIKWY PEPOVTIWV
= Tnv EAATTWAON TWV OTAITHOEWY OTA XAPAKTNPIOTIKA TwV CUCTNUATWY EKTTOUTIAG
= Tnv EKUETAAAELOT TIEPIOXWV TOU PACUATOC TTOU £X0LV KOAUTEPEC GUVONKEG PETAdOONC

Eikova 3
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1.2.7 Avodoyikn Kol Wnelokr Alapopewaon
AVOAOYIKK| dIOHOPPWON

AVOAOYIKNA dOUOPPWAN £XOUUE OTaV TO ofpa m(t) €ival avoAoylko Kol 0 amodIaUOPQWTC TPETEL
va avamnopayayel 1o m(t) 600 KOADTEPO UTOPEI.

//—— noisey AM signhal

‘«q/' 1 ﬂ K\ J1 M ﬂ ﬂ ‘\ LA _ AM I I«fuwi\mm.f‘a .
demodulator ‘ B W‘M

- ot

m(t) + noise

/— noisey FM signal
LT P o S

demodulator § Wr\ 4

Eikova 4

Eikova 5

Wnotakn d1ouopewaon
Onw¢ aivetal oto oxnua ¢ Eikdvag 9: To m(t) maipvel pia Tipr omo €va TEMEPATUEVO
00VOAO TIHWV. O amodIAPOPPWTHE TIPEMEL VA ATOPACICEL TOIA ATO TIC TIOAVEC TIMEC EXEL

METOO00EL, OV LTIAPXEL OVAYKN TIOTAC avanapaywyng Tov m(t).

[2. K.KopouunaAov, Elcaywyr) otn Gewpia ©oplBou kai E@appoyeg, EkdoOoel Boaadekn,
Abrva 1979]
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2

KEPANAIO

PYZIKH MNMPOEAEYZH TOY GOPYBOY

Mvwpiloupe 0TI OTAV 01 NAEKTPIKOI QOpEi¢ Ppiokovtal umod TNV emidpacn NAEKTPIKOL TEdiov,
aAAG{ouv TPOXIA KOl KIvnTIKA Kotaotacon. O dpouog mou Ba akoAouBrjgouv e€aptdtal and 1n
@OpA TOU NAEKTPIKOUL Tiediov Kat To PECO 0TO Omoio Bpiokovtal.

TO YAKPOOKOTIIKO PEVMO TIOL TIPOEPXETAL, YIO KABE TepinTwan, and Eva PeyaAo TANBOC TETOIWY
QOPEWV, TEPIEXEL BOPLBO PE OIOPOPETIKI TIPOEAELON KOl GUCTOCT, OVAAOYO PE TNV TIEPITTTWON.

2.1 OEPMIKOZ OOPYBOZ (GOPYBOZ JOHNSON)

O TUTOC OUTOG BopuPBou peAeTrBNKe amd tou¢ Johnson kot Nyquist T0 1928 pe agopun Toug
METOAAIKOUC aywyolC. Av u(t) n oTiydiaio tuxaia tdon ota akpa piag avtiotoong R Adyw
BePUIKAG Kivnang Twv NAEKTPOVIWY, N TUKVOTNTa TBavATNTOC p(U) OKOAOULBE OTOTIOTIKI) Gauss,

be u =0, 3nA.:
Pu)= (Lov2p ) *e ™™ /" (e€.2.1.1)

H ‘diakOpavan’ o2 = E[V?] 8a eival ion mpog T YEon TETPAaywyIKI TIN u? H u_z, Tou Ba
N oupBoAIlovpE Pe e, gival TaPaTATIKE Tou BoplBou aTa AKpa NG R.
ATO TI¢ pyaaieg Twv Johnson kot Nyquist, BpEBnke Ot:

0? = E[V?] = eﬁ = 4KTRB (g€.2.1.2)

Omou:

K = otabepd Boltzman = 1,38*10 Joule/ k

T = Bepuokpacia tng avtiotaong, o€ k.

B =10 €0pog Tn¢ {vng CLXVOTATWV YIa TO OTI0I0 EVOIOPEPOUNOTE, OE Hz.
€ = Hia 160d0vapn mmyn taong touv BopuBou.

H e, dev €xel vonua mapa pévo oav "’ PEON TETPAYWVIKI TIMA 7 TV JIOKUUMAVOEWY TOU

BopuBou. Ekgpadetal og volt * rms, 6TOL TO rmS €ival n cuvtopoypa@ia “’root mean square’’
Kal TopoTifeTal yio va O€i&el ToV TuXaio XapaKTHpa TOU PeYEBOUC.
ATO Tov U0~ BAEMOULPE OTI N 10X0UE TOL BopLPOL Eivat:

14

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



W=e2/R = 4kTB (€£.2.1.3)
(dnA. n e 2 1e00Tal apIBUNTIKG Pe TV 10X0 Tou BopiBou avd Povada avtioTaong).

Mapatnpolue 0TI yia oTabepr) Bepuokpaaia n 10X0¢ Tou BopLBoL Ba e€apTnBei

HOVO Omo To €0pog {wvng ouxvotrtwy B=Af, kai Ox1 and tn cuxvotnta TV omoia €ival
“’KEVTPAPIOUEVO’” aUTO TO 0POC. KATI avAAoyo GUUPBAIVEL KOl PE TNV EVEPYEID OTO AEUKO Q.
>¢€ OMmol0 ONuEIo TOL PACHOTOC TTAPOVKE TNV evépyela Tng (wvng Af, autr gival n idla. And v
1010TNTO aUTH, BYNKE TO Ovopa AeuKOC B0puPoC. O Bepuikdg Aoimov B0puog gival AEUKOC.

O Bepuikog Bopufog eival o eAdXI0TOC BOPUPBOC IOV PTIOPET VO TIEPIEXETAL GTO GO WIOE TINYNC.
O 60puPog aUTOC LTTAPXEL TAVTOTE, AAAG cuvnBwG dev Eival 0 POvVadIKAG TTov eMNPeAlEl To orua
TIOL AAUBAVOULE.

Mo mopaderypa, otoug dEKTEC, 0 BOPUPOC TwV EVEPYWV OTOIXEIWV TPOCTIOETOI OTO BEPUIKO

80pufo. ‘ETal av PETPHOOVPE TIEIPOPOATIKA TNV €, (XPNOIKOTOIWVTAG MIa KOTAAANAN S1dtagn) Kat
KOTOTIV SOKIUACOUME VO UTTIOAOYiCOLWE PE BAoN TOV TUTIO  Mia Bgpuokpaadia T TETOIN WOTE:

e2

T=—-" €. 2.14
4kRB (€8 )

Ba T Bpolue TeEAEiwC dIOPOPETIKN and tn Bepuokpacio mePIBAAAOVTOC. AUTO OIKaIOAOYEITal
yloti n e, Tmou YETProape, 8ev gival n e, Tou BeppikoL BopuPou povo .
Mo Bepuokpacia dwuatiov (T=290 k) N amAoucTEVETAL OTNV:

e,=1,26*10 "°VRB V*rms (€. 2.1.5)

Onw¢ Ba dolpe ae GAAouLC TOTOLC BopLPwv (m.X. oto BOpuPo schottky), n Tuxoia QUOIKN
d1adIKooio Tou TIPOKAAEL TO BOPLPBO EKONAWVETAL PE TNV UTIOPEN TuXaiov pebpaToC i(t). ZTnv
nepintwon auth Ba PIAGPE Yo JIa « 10030vVapn TNy pELUATOC-80pUPOL » PE «rms» TR i, .TO

i, Ba o peTpape ag A*rms.

“’looduvapo BopLuBoL’’ piog avtioTaong

Otav e€etdlovpe €va OIKTOWUO W TPO¢ To BOpuBO TOU, AVTIKABIOTOUPE TNV TPOYUOTIKN
(“’evBopuPn’’) avtiotaon R pe pia 1davikn ("abopuPn’) avtiotaon g idlog Tiun¢ R, o agipa
ME MIa KATOAANAN «Tinyr) Taong - 6opuPou» ion pe e, 1 MApOAANAC PE pIa KATOAANAN « TINyR
pevpaTog — BopOPRoL » i . 'EXOUVME €101, ONWE QAIVETOL OTO OXAMA, TO 100d0VapO BopOBROL TNG
avtiotaong R katd Thevenin kot katd Norton.
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Eikova 6

Otav €xoupe d00 N mMeploodTEPEC TNYEC BoplBov, mpémel va Buudpaote 0TI o1 BopuPoi Toug
UTOPOLV va TPoaTeBolV e TNV mpolndbean 0TI €ival oTatioTIKA aveEdptntol.(Omwg Ay, 6Tav
€XOUHE OU0 PUOIKA EEXWPEC AVTIOTATEIC).

Ma mapadetypa ato 10oduvapo BopuBou dVo avtiotaoewv R1, R2 o€ og1pd, 0 «BOpuPoc» e, NG
100d0vVaung mNyng tdong, Ba sivat:

el=e’ +e?, N e2=4k(RIT1+R2T2)Af (€€. 2.1.6)
Av o1 600 avtioTdoel¢ Bpiokovtal atny idla Beppokpaaia T, TOTE
e2=4kT (R1+ R2)Af = 4kTRAf , 6nouv R=RI1+R2 (g€ 2.1.7)

ONAadn TOTE POVOV UTOPOUME VO TAPOLKE MIO 100dUVOMN avtioTacn ion pe to dbpoloua:
R1+R2, o¢ Beppokpacio T=T1*T2. Av opw¢ T1=T2, 6a €xovpe : RT=R1T1+R2T2 ondte n
avOmapAacTaon ME MIo POVO avtiotaon R Bepuokpociac T pag odnyei oe ampocdlopioTo
MPOBANua. ‘ETol TO pOVO TOU PTOPOVUE VO TIOUUE yia TV «1oX0 BopOPou» ae éva cuoTnuUa
OCUOXETIOTWV TINYWV BopLPoL Eival OTI: « n OAIKN 10X0¢ BopLPou, Ba ival ion pe To aBpoloua
TWV 10X0WV BopLBoL TWV e PEPOLE TNYWV BOoPLBOL TOL CLUCTAKATOC ».

Mapatrpnon
MapoAo Tov oTa 1600UVONO KUKAWHOTO dNAWVOUNE TIC TNYEC BopUPOL OMWC TIC GUVNBICUEVEC

TNYEG, €ival @avePO OTI GTOUC UTIOAOYIOHOUE OEV TIPETEL VO TIPOCOETOVE T GUVNBICUEVD PEYEDN
JE Ta aVTIoTOIKO rms PEYEDN: A.X. TO TOPAKATW KUKAWUO :

Eikova 7

3V + 0,5V*rms dgv divouv 3,5V.
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KAgivovtag n péan 10x0¢ mou amodidetal oto Beppikd 86pupo civai:
Oepuikog BopuBoc: N peon = K*T*B (€. 2.1.8)

Omnou K eival n otabepa Boltzmann, T gival n andAutn 6epuokpacia ag Babuolc KEABIV kal B
T0 €0pOo¢ {wvn¢ 0TO OTOoIo yiveTal n YEtpnon.
O BepuIkOC B6pLPOC PTopEl TPOPAVAC VO PEIWBET P TNV YPOEN TNG TNYNE Tou BopuPou Kal auTH
N apxn €QOpUOLETal 0 PEPIKOUC POOIOOEKTEC, XPNOILOMOIOVTAC KPUOYEVIKA cuaThiuata Yougng
yla va BEATIO0LVY TNV gvalodnaia Tou dEKTN.

[ 2. K.Kapovumnaiou, Elcaywyy otn Oswpio ©opLBou Kot E@opuoyeg, EkdOoel BaadEkn,
AbBrva 1979]

2.2 O0PYBOX SHOT (1} SCHOTTKY )

Mapandvw avagepape 0Tt 0 00pLPOC BOANG EpPavIZETAl oaV ATOTEAECMN TNG TLXAIOC APIENG
QOPTICUEVWY OWUATIWV OTIC OVOOO0UC.
To pevpa - BopLPBou i, pag divetal amno ) oxéon :

i,=564*10"J1,*B , A*ms (. 2.2.1)

| 4= N TN TOU PELPOTOC TOAWONG 0 Amp.

B = Af =e0pog {wvng cuxvotiTwy o Hz.

e = @opTio NAeKTpoviou = 1.6*10 °Cb

iy, = N rmsTpr g tooduvapng mnyng pevpatog - Bopupou.

210 oXnUa  @aivetal n §Aptnan touv iy, omd 1o pevpa I, mou Slappeel pia diodo p-n 1 pia
diodo agpiov aToOV KOPO.

Eikova 8
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Onw¢ @aivetal kal amno tn oxéon €€.(2.2.1) o Bopufog Shot gival, Onw¢ Kot 0 BEPUIKOC, AEUKOC
BopuPoc Kal ag Eva dldypappa Ba TOPICTAVETAL e PIa 1I0080UVaUN TNy PEVHOTOC -60pUBov.

[2. K.Kapoupmaiov, Eloaywyr) otn Ocwpia ©oplBou kat E@apupoyeg, Ekdo6oel Boaodekn,
ABrva 1979]

2.3 O0PYBOZ FLICKER (15 ®©OPYBOZ 1/f)

Mpokeltal yia €vav TOMo BopluBOL TOL TOPOTNPEEITAlL TEIPOMOTIKA KUPIWE OTIC XOUNAEC
ouxvotnteg, (UIKpOTEPEC amo 100 Hz). ZTI¢ cuXVOTNTEC AUTEC EMIKPOTEL TV GAAWY BopLPwWV.
AuTO oupfaivel, yioti n 1ox0¢ Tou PETORAAAETON OUP@wWva PE To vouo 1/f, omou f eivan n
ouxvoTnTO.

O B0pufog autog dev EXEl OKOHPO EPUNVEUTEL IKAVOTIOINTIKA ME €O (UOIKO ULTIOdEIYUA.
JUYKEKPIYMEVO MIO TETOIO CUMTEPIPOPAE  TPOPAETETAN aMG  EMOAANAIO  pEydAoL  opiBuol
OI0OTIACEWY - EMOVACUVOEOEWY NAEKTPOVIWY — OTWV Kol TapeUBOAr Bepuikod BopuPou, o€
nulaywyo. O B8d6puPoc¢ 1/f mapatnpeital €miong Kol o€ avTIOTACEIC AvOPaKa, GE QVTIOTACEIC
AETTOU OTPWHOTOC (LBPIBIKEC) KOt OTIC AUXViEC KEVOD.

[eVIKOTEPO, O TUTMOC OUTOC TOUu BopUPOL TOPOTNPEITOI GE OAA TO QAYWYIUO UAIKA OV
EQOPUOCOVHE HIa TTNYN 10X00C, OAAG Eival TIIO €VTOVOC OTIC OIOTAEEIC NUIOYWYWV.

AkpIBéatepa, n 10x0¢ Tou BopuPou flicker akoAoubei vapo

% ME TUTIIKEG TIMEC YIa TO N oTnv TePLoxr): 0.9<=n<=1.35.

‘ETol akopa Kol 1 «oAigBnon amoAafrc» Twv evioxutwv dc (ouvexeg), pe tpavliotop N e
Auvie¢ Kevou, Bewpeital orjuepa 0TI gival n ekdrAwan tou BopuPou flicker ge TOAD XaUNAEQ
ouyvotnteg f.

Zav anotéAeaua, o 00pupog 1/f Balel Eva mOAD coPapod EUMOSI0 OTNV OKPIPEIa TwV PETPACEWY.
Av Bewpr)coupE TO PACHA TOL GNMOTOC TIOU WaC EVOIOPEPEL OTNV TIEPIOXT] TOU GUVEXOUG 1 TwV
TOAD XAUNAWV GUXVOTATWY, OMWC OTA ONUOTO OUTOMOTOL EAEYXOUL, €ival @ovepd OTI N
EMKPATNON Tou BopLPBou 1/f dev emITPEMEL KOMIA BEATILON TOU AOYOL «Onua TPOG BOpuPRO»
(SIN).

2TIC TIEPITIWOEIC AELUKOU BopUBoL Pmopolue va BEATIOGOUME TO AGyo S/N pE OAOKARPWAT) TOU
onuatog o€ QiAtpo (LPF — Low Pass Filter), evw o 80pupoc flicker, eneidn sival xpwuatiopévog
(6nAadr) e€aptatar amo to "), dev emdExeTal BeATinan.

Mo vo peTprioouphe Aoimov acBevr) oRuata TMOAD XOUNARG ouxvoTnTog, TPOCTABoLUE va Ta
UETAPEPOUHE UE DIAUOPPWAN a€ LPYNAEG CLXVOTNTEC OTIOV EMIKPATOOV 01 BGpuPol Johnson Kal
Shot, dnAadr) Aeukoi B0puBol. MeTd TNV evioxuan Tou orUaTo¢ LYNAWY CUXVOTATWY, TO dc anua
AopBavetal Eavd pe T Aeyduevn alyxpovn pwpaan.

YToAoylopog Tou 0AIkoL BopOPou flicker og pia meplox ouxvoTHTWY
‘Eotw €va d1a0TnUa 0UXVOTATWY PE Katwtepn f, kot avatepn f, .

AQ@oU n 10x0¢ Touv BopLPBou flicker eival avtioTpoga avaAoyn mpog tn cuxvotnta f, TOTE N 10X0¢
ToU BopLPou ato didotnua [f, , f,] Ba givar :
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fy l f
2 . Tdf n e =Kk, Inf—H (€. 2.3.1)

fi L

Avtiotoixa yia to 86pupo flicker piag 10060vopNg «mNyNE PEDUATOC» Ba EXOULE :

iz o fkLaf A iZok it (e£232)
fL If fL i f

fi L

[2. K.Kapovumaiou, Eloaywyry otn Oswpia GopuBouv kot E@apuoyéc, EkdooelC BaadEkn,
Abrva 1979]

2.4 ©O0OPYBOZz FLICKER MAZI ME AEYKO OGOPYBO

21NV mPAgn, ya oXETIKA XAUNAEC oUXVOTNTEC, 01 Lo BOpLPBOL CUVUTIAPXOULY. AC TTPOCTINBNCOULE
AOITOV va €EETACOVE ATO TIOIA CUXVOTNTO Kal TIEPX ETIKPATEL 0 AcUKOC BOpuPoC. H ouxvdtnta
auth Ba gival n ouvxvotnta ywviag f, (corner frequency), Onw¢ MAPIOTAVETOL OTO TOPOKAT®

oxnua.

Eikova 9

M0 TO PIKTO auTo BopuPo Ba 1oxLEl :

fy
Chrmnan= [ (L 1 +a2)d =K, In{E+aZ (1, — 1) =l (o4 £, — 1,)
fL L v L

(€&. 2.4.2)
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Opwg yia f=f . o1 600 B6puPol Ba TPETEL, TUPPWVA PE TO TAPOTIAVW aXAMa, va Exouv TV idia
TIun 1oxLo¢. Emopévag yia f=f _ :

=~

2

ef‘L :eieuk. 5n7\ ku fizav r] fc: 4, (SE 242)

c

=
<N

Apa TEAIKA :

e(zleuk.+fL) =a.[f.* |n1;c—H +f, -] (€€. 2.4.3)

L

AvtigTolxa, yia 16060vaun mnyn pevuotog 8optou, Ba 1oxVEL 0 TUTIOC :

i(2|eu|<.+ﬂ_) = ai2 [f* |n1;c—H +f, -f.] (€€. 2.4.4)

L

[2. K.Kapoupmaiov, Eloaywyr) otn Ocwpia ©oplBou kat E@apupoyeg, EkdO60eI Boaodekn,
Abrva 1979]

2.5 ONIKOE ©@OPYBOX KAl AOrOs SHMATOS MPOS
OOPYBO (SNR) ENIZXYTH

Onw¢ yvwpidovye, pECO 0€ €vav TPOYUOTIKO EVIOXUTA LTOPXOUV JIAQOPEC TnyEC BopuPou
OTATIOTIKA aveEAPTNTEC PETOEL TOuG. Ot TNYEC QUTEC UTTOPOUV VO €VOTIOINBOUV TEAIKA GE pia
tooduvopun Tnyn pevpatog - BopuPou KOl Og piO 100d0vVauN TNy PEVMOTOC -BopuPou
TOTIOBETNEVEG OTNV €i0000 €VAC 180VIKOUL (aB0pULOL) EVIOKUTH TIOL £XEL TNV id1a amoAafn (gain)
A, UE TOV TIPAYHPOTIKO EVIOYUT).
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Eikova 10

210 TMOPATAVE® OXAHO, TOPIOTAVETOL va KUKAWHO EVIOXUTH) JIEYEIPOPEVOL ano Tinyr) tdong E
KOl E0WTEPIKIC «eVBOPLPNG» avtioTaong R .
O d10¢ 0 evioxuTNC €ival «evBopupoc» pe amoAapn A, . To @iAtpo RC €&ddou (diEAevang

XAUNAWVY GUXVOTATWV) €XEL 0AV OTOXO TOV TEPIOPIOKO Tou VPOUC {wvng Tou BopLPoL €€0d0L.
210 TMAPAKAT®W OXN O BAETOUHE TO 160OUVORO TOU KUKAQMOTOC TOU TIO TAVQW KUKAWUATOC, OTOV
T0 BewpoLpE WC Po¢ To 66puLBo (1coduvapo BopLBou).

Eikova 11
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H mpoydoTiki avtiotaon avTikatooTdbnke omd pia 10o0d0vapn mnyn téong - Bopupou 4KTR ( Af
Kal pia “’o806puPn’’ avtiotaon R, o€ og1pd. O MPOYUOTIKOG EVIOXUTIC OVTIKOTAOTABNKE Mo
€Vav 130VIKO EVIOXUTH NG id1ag amoAapig A ,, 0TV €i0000 TOL OTIOIOV UTIAPXOULV 01 LIGOSUVOMES
TNyé¢ Téong - BopOPBou e, kat pevuatog - Bopupou i, .

Tig mnyég e, i, Ba TG Bewpolpe TNyeG AcukoL BopLPOV Kol OTATIOTIKA OOUCXETIOTEC. H
TEAeLTaIO aUTA 1B10TNTA, pOg ETITPETEL VO aBpoiloupe TIC avTioTolxeC 10XVC BopLBou.

Mapatripnon:
270 TIO TOVW 100d0vVaPo BopUPOL TOU TOPOTAVW OXAUOTOC OtV KpPiBnke omoapaitnto va
Bewpriocoupe Kal To BopuPo mou Bdalel to QiAtpo RC €€ddou. Autd yiarti, 6Twe Ba dovuE Kal o€

EMOYEVN TOPAYPO@o, 0 BApLPOG aUTOC €ivan OUEANTEDC, 181aITEPO OTOV N OMOAAPr) A, TOu
EVIOXUTH) EivVOl OPKETA PEYOAN.

OewPWVTaE avTi TOL PeVPATOC i, , TNV Mtwon i, R, mou Ba MPoKaAEi oty avtiotaon R, Kat
JE Bdaon Tov TUTIO Y10 ACUOXETIOTEC TINYEC BopUPOUL, EXOUME YIO TOV OAIKO BOpufo aTnv £€0do:

€,01.EZ0A. = [4kTRsB +e? +(i,R,)*]"**Ao  Volt*rms (e€.2.5.1)

Omou:
A , = amoAafr) TGong Tou eVIoXUTH, Kal
B = Af, €0po¢ {wvng oLXVOTHTWY TIOL EMIPBAAAETOL OO TO QiAtpo RC.

To onua atnv £€£060 Ba Exel MPOPaAVWE TAoN Es* A . =€POUPE OTI yIa VO XOPAKTNPICOUUE TNV
ToI0TNTA TOU ONuOTOC £€000L MIag Oldtagng, Bewpolpe To AOyo Tou oruatog €600V TPOC TO
BopuPo €€6dou. O Adyoc auTog Ba cuppoAiletan e S/N i} SNR (signal to noise ratio)

21NV TPOKEIPEVN TIEPITTWON:

Es

SNR)V,E=. =
(SNR) [4kTRsB +e? + (i,R,)°]"?

(€. 2.5.2)

Onouv (SNR)v,EZ=. gival 0 Adyo¢ orjuatog mpog B0puo yia tnv Taon €£060L TOU EVIOXUTH).

>10U¢ BacIKoLg TOTOUC Kal  PTOPOUKE VO KAVOUUE TIC TIO KATW TAPATNPHOELS:

1. Me mv avayvwon Tou E0WTEPIKOL BopUBOU TOU EVIOKUTH OTNV £i0080 TOv, TO A, OMOAEIPONKE
Kal givatl d0GKOAO va aX0AMAC0oUUE TNV eMidpaat] Tou aTov SNR.

2. Mmopoupe va Bpolue TNV 10000vOun TAon oAlkou BopuPou OTnV €i00d0 TOU EVIOXUTH,
diapwvtag v e, EZ0AO0  pe Ao .

n,ol.
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€, EIZ=[4kTRsB +e2 + (i,R,)?]"?, Volt*rms (g&.2.5.3)

AUTO TO TéYvaoua yivetal yioti dev gival duvatd va peTpricouue 10 Bopufo amevbeiag otnv
€i0000 TOU EVIOXUTH], GAAG PHOVO OTNV £€000 TOUL.
3. H oupPoAr ¢ eowTePIKAG avtiotaong Rs tn¢ mnyng - oruatog ato 80pufo Tou maipvoupe,

yivetan avepn amnod tn oxean . Ané v BAEMOUPE OTI yIO OOCUEVO
evioxuth (dnAadn doopéva Ao, i, , e, )0 (SNR)v yivetal péylotog 6tav Rs— 0.
4. T'a vo dIEPELVITOLKE TO POAO TOU Upoug {Wvng B Tou @iATpou  mavw oTOvV TPOTIUAE

VO YPAYOUUE TNV HE TN HOPYN):

= Es
SNR)V,E= = €. 254
(SNR) [4KTRsB +e2 +i2/B*R2]? * B!/ (€8 )
onovtoe,/B=a; kat i /B=af eival oTabepEC, oTnv MepimTwaon Aeukwv BoplPwv.

AT TNV mapandvw e€icwan @aivetal, OTl, av To oua Es gival TEPIOPIoUEVO aE Eva PIKPO £0POG
{WVNC GLUXVOTATWV, OEV EXOUIE KOVEVO CUPPEPOV VO TTAPOLIE PeyAAo ebpog {wvng B.

‘Etol yio omolodnmote TOmo BoplBou, PO CUUEEPEL VO TEEPIOPIcOUE OTO €maKpo TN {wvn B,
apkei va un Badoupe o€ Kivduvo To @Acua TG mAnpogopiac tng Es.

[3. AndatoAog Tpayavitng, Wnolokeg Emikovwvieg, dBivonwpo 2004]

2.6 O OOPYBOZ KBANTIZHZ

O 00puPo¢ aUTOC UTIOPEL Va XAPOKTNPIGOEL oav «TEXVNTOC» YIOTI TOV TPOCHETOUPE EEIC KATA TN
dlodikaaia Tn¢ KRAvTiong .

Onw¢ 6o @avei To KATw, OIOQEPEL OPKETA amd €vav cuvnBiouévo Tuxaio mPoabeTiko B0pupo,
TPWTa amd OAa ylati YmopolUE va ToV TIEPIOPICOUUE 000 BEAOLUE, OPKEL va QUENOOUUE TNV
TUKVOTNTO TWV OlOKPITWV BaBuidwv dnA. Vo PEIOCOLYE TNV AMOCTOON METOEL TwV OTOBUWY
KBavtiong.

Ouo16popen KBaAvTIoN

Mo va umoAoyicoupe TNV rms TiPA Tou BopLPou KPAvTIoNC Ba 6EXBOUUE APXIKA OTI Ol OTABUEC
1oamnéxouy PETagL Toug (opoldpopen KBAvtion). A¢ Bewpriooue 0TI To arpa X(t) Tov TPOKEITal
VO PETOO00EL £xEl pEaN TIPN PNGEV Kat €VPOC dIOKVPOVONG OO «AKpPN o€ dkpn» (peak to peak)
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ioo pe Amax Volt . Ac Bewpriooupe 0TI T0 KBavti(oupe ae M JIOKPITEC GTABUEC IOV OMEXOLV
METOEL TOUC KaTd g Volt. @a £xoupe TOTE:

g=Amax/M (€€. 2.6.1)

Onw¢ QaiveTol 0TO MAPAKATW OXAMA Ol EMTPENOUEVEC OTABUEC YETA TNV KBAVTION Ba ival o1
+q/2, £3q/2..... +(M-1q/2

Eikova 12

BAEmoupe amo TO MOPAMAVW OXAUaA OTI N KBAVTION €XEl AVOMOPEVKTA £va OQAAUA E agou To
TPOAYMOTIKO OTIYMIOTUTIO Xj  TOU GAUATOG OTPOYYUAEVETAL TNV TIPN

Xj+Ej o€ TpOno WOTE VO dWOEL EVa TIEPITTO TOAAOTIAGGIO TOU /2.

H tiun dpwg Tou o@aApato KBavtiong E eival mepiopiopévn ato diaotnua

- /2 < E< + /2. O1 d1a00xXIKEC TIMEC TOLU 0@AApOTOC E Ba odnyrjoouv, Kotd T ARYn Kol
ENAVOCVOTOON TOU ONUOTOC , O AMOKAICEIC amd TIC TPAYUATIKEC TIWEC. Ol OMOKAIGEIC AUTEC
guviotolv Tov B0pufo KBavtiong mou Olo@épel amd évav auvnBIoPEVO TIPOCBETIKO TuXaio
B0pupPo, Onwc eimape, BewPNTIKA TOUAAXIOTOV, UTTIOPOUE VO TOV TEPIOPITOLE OG0 BEAOLE.

Mo va uToAoyiooupE TN pEaN  TETPAYWVIKN TiUr) Tou BoplBou KBAvtiong, xpelalduacte TNV
MUKVOTNTa TIBavoTnTac Tou E. ©a dexbolpe 0TI n Tiur) Tou E €ival 1cokataveunuévn oto
dldoTtnua + g/2,- /2, dnA. deXOUACTE OTL:

P(E)=1qg vy -1/2q0<E<+1/2q
kat P(E)=0 TOVTOU OAAOU
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©a £XOUE TOTE

. +q/2
0,2= E = jl/qEZdE=q2/12 (€5.2.6.2)

—q/2

dnA. n rms Tiur Tou BopLPou Ba gival
MTopoUUE EMOPEVWE VA TNV PEIWTOUE, JEIWVOVTAC TO Bripa q TS KBAvTIoN.

Ag unoAoyiooupe Twpa o Adyo S/N Bewpwvtag pévo 1o 80pufo KBAvTIoNE, ONA. OPEAWVTOC TOV
Wnolakd BopuPo. H 10x0¢ S Tov oruaTtog, dNA. N PEON TETPAYWVIKN TIPA , d&V gival yvwaT)
Topa pévov av yvwpilouvpe TNV Katavoun mibavotntag p(x). M’ avtd Ba anAouoTELOOLUE TO
TPOPANUa Kot Ba eMIKEVIPWOOUUE 0TV 10XL ToL PEYIoTOL TAdTOoUC (peak value) , ondte Ba eivat:

S/IN=Amax?/E *=q*M?/(q?/12) =12 M?  (€£. 2.6.3)

HoedB  (S/N),=10,8 + 20 log M (5. 2.6.4)

Mapatnpolue 6Tt To S/N 010 YnElakd onua gival ave€apTnTo amod TNV 10X0 EKTOUTAG Kal amo
T0 €i00¢ d1IOPOPPWANG TOU PEPOVTOC, EVW OLEAVEL UE TO TETPAYWVO TOL TARBoLE M Twv aTaBUWY
KBavtiong.

[2. K.Kopoupmaiov, Eloaywyr) otn Ocwpia ©oplBouv kot E@apupoyeg, EkdO6oel Boodekn,
Abrjva 1979]

2.7 MAPEMBOAH KAI ©O0OPYBOXx
2.7.1 Tnyég mapepoAng

To peyaAlTEPO PEPOC TNE TAPEPPBOANG (interference) TOU AMAVTOTOL OTO CUCTHUATA YNOIOKNC
ETKOIVWOVIOG TIPOEPXETOL €ITE AMO GAAN CUCTHMOTO EMKOWVWOVIWV EiTE OO pnxoviuata. Mo
Tapadelyua, n ouvakpooon (cross talk) mou cuuPaivel oTIC ypAUUEC TNAEMIKOIVWVIOC €ival
@OIvOpEVo TapeUBOANG, Omwe eival emiong kat o B6puPog avagAegnc (ignition noise), mou
TIPOKAAEITOL OTN PNXOVI) E0WTEPIKAC KAUONE EVOG AUTOKIVITOU.
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2.7.3 Tnyég BopLPou

>¢€ avtifeon pe TNV mapePBoAr, 0 BOPLBOC TIPOEPXETAI KLUPIWC OO TO KAVAAL ETUKOIVWVIWV Kab
auto Kol ouvABwg €xel Tuxaia @UaOn, OMOTE €ival TOAD GUOKOAO VO AVTIUETWTIOTEL. YTAPXOLV
d1dpopol pnxaviopoi mou dnuioupyoly To B0PULBO Kal Ol TIO YVWOTEC HOPPEC TOU Eival O
Bepuikdg BopuPoc.

O BepuIkdg BOPLPOC TUXVA KUPIOPXED OTA CUCTAMATO EMIKOIVWVIOG KOl TPOEPXETAl OMO TN
BepUIKA Kivnan Twv NAEKTPoOviwy o€ évav aywyo. To OVOHO TIPOEPXETAL OMO TO YEYOVOC OTI N
EVEPYELD, KOL EMOUEVWC O BaBuog ¢ Kivnong, €ival avadoya tng OmoOAUTNG BepuoKpaaiag Tou
aywyol. To PeLMA, KOl EMOPEVWC N TAON TOU ONUIoVLPYEITAl OMO OUTAV TNV Kivnon £xel
KUMOTOMOP@A TIOU €ival EVIEAWG TLXAIOC GUONG Kal OF IKOVO XPOVIKO SIACTNUO £XEL EMITEdN
KOTAVOUI MEONG EVEPYELOC WC TIPOC TN oLXVOTNTO. AUTH N 1316TNTA TOL BoPUBOL TIOL TIEPIEXEL
OAEC TIC OLXVOTNTEC, 00YNOE TNV OVOOCTia AcLKOG (white), o€ avTioTolio JE TO AEUKO QwC
TIOU TEPIEXOLV OAO TO XPWHATA.

[3. Amoatohog Tpayavitng, Wnelokég Emikovwvieg, Bivonwpo 2004

2.8 EYPOZ ZQONHZ ©OPYBOY

OtwpeioTte 0TI 0NV €i0000 €vOC OEKTN eu@avileTal AeukOg BopuBoc. YToBEaTE emiong 0TI Eva
@iAtpo pe ovvaptnon petagopdg H(f) Kkevipikng ouvxvotntag f,, xpnotdomoleitat yio va
TEplopioel v 10XV Tou BopLPBou oL TEPVA 0To JEKTN. Twpa BewpeioTte Eva opBoywvio GIATPO.
To @iAtpo outd £xel emiong Kevipikr ouvxvotnta tnv f,. Eotw 6Tt 10 €0po¢ {wvng Tou
opBoywviov @iAtpou B, mPooapuOeTal KOTA TETOIOV TPOTO, OUTWE WOTE TO TPAYUATIKO QIATPO
Kal To 0pBoywvio QIATPo va petadidouv tnv idla 1ox0 BopuPou. Tote, 10 €0pog Lwvng B,
KaAeitan ebpog {wvng BopuBoL ToL TIPAYUOTIKOU @iATpou. TATE To €0pog Lwvng BopLPou eival To
€0pOoC {wvne evog e€ldavikeupevou (opBoywviov) @iIATpou mou mepva TnV id1a 1oxL BopuPou pe
TO TIPOYMATIKO QIATPO.

Oa dci&oupe auTAV TNV apxr Tou €0poug {wvng Tov BopLPOV BEWPWVTOG TNV TIEPITTWAN EVOC
Babumepatol RC @iAtpou. MNa 1o @iAtpo autd, n H(f) Aappdver tn péyiotn tng T H(F) =1
otnv f = 0. Onwg divetat amé mv - N, = I%hfc ,EX0VTOC 00V €i0000 AELKO BOPLPO PACUATIKAC
TILKVOTNTOC 10XVOG N/2, 0 BGpLPBOC oV £€000 TOL QIATPOUL gival

N,(RC)=mn/2(nf,) (€& 2.8.1)

Otav mapouatdletal évag tétolog Bopufoc, Eva opboywvio BaBumepaTo QIATPO PE H(f) =1
otn {wvn diEAeuang B, Ba dwael B0puPo atnv £€0d0 pe 1oL
N, (opBoywvio) = (n/2)2B, = nB,  (€§. 2.8.2)
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©étovtag N,(RC) =N, (opboywvio), Bpiokoupe 0TI To EVPOC {wvng Tou BopuBou Eival
B, = (M2)f, (€. 2.8.3)

'ET01, 10 €0po¢ {wvng Tou BopuBou tou RC @iAtpou eivar /2 ( = 1.57 ) @opéc to evpog {wvng T,
Twv 3dB.

[4. Taub / Schilling, TnAsmikovwviokd Zuotiuata, Ekd0oelc TUO0Aa, OcooaAovikn 1998]
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3

KEPANAIO

3.1 TNAPAXTAZH TOY OOPYBOY 2TO TIEAIO
2YXNOTHTQN

2e ¢va oLOTNUO EMIKOIVWVIWY, 0 B0pufBog OlEpXeTal ouxvd amd @iAtpa. Ta @IATpa ouTA
TEPIypA@ovTal guXVA HE TN Borbela Twv XOPAKTNPIOTIKWY TOUG OTO Tedio ouxvoTtrTwy. ETol
AoImdv, yio va KaBopiooupe TNV midpacn Twv QIATPpwY autwv oo 86pufo, Eival KOTAAANAO va
EXOUHE £VO XOPAKTNPIOPO Tou BoplBou aTo Medio ouxvotHTWY. ‘EXovtac auth tn poper oav
Baon, Ba eiyaote 1KAvoi va KOBOPIOCOUPE HiO QOOMATIKI) TUKVOTNTA 10XVOC Yia pia
KupoTtopop@n 60pUP0oL TIOL EXEL XAPAKTNPIOTIKA TOPOUOIN PE AUTA TNG QACUATIKIG TUKVOTNTOC
10X00C Pi0g VIETEPUIVIOTIKIC KUPOTOMOPENC. H avaAuor pag Ba gival, Katd KAmolov Tporo,

EVPETIKN).
AG EMAEEOVPE VO OUYKEKPIUEVO OEiyua ouvdptnong BopluBou Ki ag eMAEEOLME amd autd Eva
didotnua ddpkelag T ekTevOPeVo, €0Tw and t = - T/2 éw¢ t = T/2. 'Eva Té€T010 deiyua

ouvaptnong BopuBou n(t) mapoustdleTal 0To 0. AC TOPAYOUME Hiol TEPIOSIKY KUHOTOHOPQR
OTO EMAEYUEVO OIOCTNUO TO OToI0 emovaAauBavetal kaBe T sec. H meplodikn ouTh
KupoTopoper nr(t) pmopei va avaluBei oe oelpd Fourier Kal pio TETOl O€Ipd TOPIOTAVEL
kaBapd to N®(t) oTo SldoTnpa amd - T/2 ¢ T/2. H BePeAIOSNC SUXVOTNTO TNE AVATITUENC gival
Af = 1/T, kat uoBETovTag 0TI eV LTIAPXEL GUVEXNC CLVICTWON, EXOUVUE

nrO(t) = )3 (a cos 21k Aft + by sin 21k Aft) (€€ 3.1.1)

k=1

I3

TIKA
k=

K
O = 22 cxcos (2nk Aft + 6)

1

N EVOAAQ

0Tnv omoia ak, bk Kol ¢k €ival o1 oTaBEPOi CUVTEAEOTEC TWV QPOCUOTIKWY 0pwV Kal B gival n
ywvia eaonc. Puaoika,
Ck2: a k2 +b k2 (EE 3.1.2)

Kal

Bk = - tan ™ by/ak (€€. 3.1.3)
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H 10x0¢ mou ouvdéetal pe KGBe @aopotikod 6po sival Cl /2 = ((a + b ?) / 2. Epdoov
MOPOUCIAZETaL Vol SITAELPO PAGHO, KABE PACHATIKY YPappR 10X00C €xet Poc C’ / 4. O GEovac
oLXVOTHTWY €ival Babuovounuévog Katd diacTthpata Af Kal pio ypauur @OopPOTIKAG 10X00G
BpioKeTal 0TO KEVIPO KABE dlaaTrpoToc. Opiloupe TwPa TNV GOCHOTIKA TUKVOTNTO 1I0XVOE OTN
ouxvotnta KAf gav v noootnta

G (KAf) = G(-kAF) =¢ 2/ 4Af = o> + b ® | AN (€8, 3.1.4)

H ouvoAIKr) 10X0¢ Py TOU GUVOEETON PE TO S1A0TNUA CUXVOTATWV Af atn cuxvotnta KAf ivat :
Px=2Gn(k Af) Af (€. 3.1.5)

To éva pIoo ¢ 1oX00¢, Py /2 = Gp(kAf) Af cuvdEeTal Ye TN QOOUOTIKY YPAUUE OTN CLXVOTNTA
kAT, evo To GANO U106 pE T ypauur otn ouxvotnta - KAf. ‘Etot,

Gy (kAf)= Gu(-kAf) 1000T01 pe TNV 10X0 OTO BETIKO 1 ApPVNTIKO S100TNUA SIOIPEPEVN PE TO
peyebog Tou daatrjuotoc. Emopevag, n Gu(KAf) ival n (ap@imAgupn) YEGN @OCUATIKA TTUKVOTNTA
10X00G 0€ KABE €va d1aaTNa.

Mo Eva CUYKEKPIPEVO OEiypa cLVAPTNONC ToL BopPLPOV, KATOIOC PTOPEL VO AGPEI CUYKEKPIPEVEC
TIUEC TWV oTaBEPWVY ak Kot by tng €€. 3.1.1 [1) TOUC OUVTEAEOTEC Ck KOl TIC Ywvieg Bk TNC €E.
3.1.2]. Ala@opeTiKd deiypata ouvaptroewy Ba KATaAngouv o€ SI0QOPETIKOUE OCUVTEAEOTEC. AV
npoTeivoupe o1 HopPeC Twv €€.(3.1.1) R (3.1.2) va mopIoTAVOULY YEVIKA TNV Tuxaia dlepyaaia Tnv
OToi0 TPAYUATEVOPOOTE, TOV TEPIOOIKO BOPLPBO dnAadr), O XpeladeTal TapPa va BEWPrToLE OTI
ol ax’s, bk’s, ck’s Kal Bi’s Oev €ival GUYKEKPIUEVOL OpIBUOi OAAG 0T B0 TOUG EXOUME TUXOEC
HETOPRANTEC. TENOC, emITPEMOUPE T — oo (Af— 0), £T01 TOU TO MEPIOJIKA OEIYUOTA CUVAPTITEWY
BopuPou. Tate, Exoupe To BGpLPO N(t) va AapPAavel Tn popen

nt) = lim,_, =2, (a, cos 2pkAf +b, sin 2pkaft) (€. 3.1.6)

n
n(t) = lim,_, =°,c, cos(2pkAft +q,) (€& 3.1.7)

2uvexicoupe va dexopooTe TNV €€.(3.2.5) oav oplopd TNG QOOUOTIKIC TTUKVOTNTAC 10X00C TOU
BopUBoU N(t), pe e€aipean TO 4TI AVTIKABIOTOVLE TO i WE TO Ci° dNAGdK HE TV aVapEVOpEVN A
TNV and Kool PEon TIUr TOU TETPOYWVOL TNG Tuxaiog PETABANTAG ck . Emmpdodeta, KobBwg
Af— 0, o1 JIOKPITEC PACHATIKEG YPOUMEG €pXOVTAL OAOEVO KOl TIHO KOVTW, SIOUOP@OVOVTAC
TEAIKG Eva ouveXEC @aapa. ‘ETat Aoimov, atny €€.(3.1.5) avtikaBiotoupe tnv KA pe tnv ouvexn
petafBAnT ouxvotntag f. Emiong, and v €€.(3.1.3) €xoupe

c2=a’+b’ (e£.3.1.8)

Kol TEAIKA 1 €€.(3.1.5) yivetat

. cz aZ+b’
Gn(f) = |ImAf_)0ﬁ =lim, k4Af k (€. 3.1.9)
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ZNUEIRATE OTI N 10X0C¢ 0TO SIA0TNUA CUXVOTNTWV amo f; £wg T, gival

P(fi- f) :_IGn(f)df +jen(f)df zzjen(f)df (€€. 3.1.10)

-f2

EVW N OLVOAIKN 10X0¢ Pt givat

Py = T G, (f)df = ZTGn(f)df (e5. 3.1.11)

—-00 0

[4. Taub / Schilling, TnAemikovwviakd Zuotiuata, Ekdooelc TUo0Aa, Oeooalovikn 1998]

3.2 AlIOKPIZH 2TO ©0OPYBO ENOZ ®IATPOY ZTENHZ
ZONHZ

Av n mopdotacn Ttou BoplBou cav UTMEPBECN QOCUOTIKWYV CUVICTWOWV Eival €vAoyn,
QVOREVOUUE OTI OTIOTE OIEPXETOL BOpLPBOC Yeaa amd QIATpo aTevig {wvng, N €€000¢ Tou QIATPOU
va  potddel JOANOV PE NUITOVOEId Kupatouopen. Bpiokoupe OT1 mpdyuati outr €ival n
TePIMTWaN, d10TI MapatnPoUUE TwE N €€000¢ QIATpoL aTevng {wvng Pe €icodo BopuPou Exel TN
popen tou Xx.tn¢ Eikovag 22. H kupatopop@r) €€600U POIALEL PE NUITOVOEISH, EKTOC amd TO
QVOMEVOUEVO TAATOG TO OTI0I0 PETORAAAETAI TUXaiO. TO QACUATIKO EVPOC TNG TEPIBAAAOLOAC
€000V TOU QIATPOL CUUTEPIAOMBAVEL TO POCHOTIKO €VPOC aTo - B/2 €w¢ B/2, dmou B cival 10
€0po¢ {wvn¢ Tou QIATpou. H péan ouxvaTNTa TN KUPOTOUMOPENC Eival N KEVIPIKA cuxvoTnTa
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fot+ k Af kou pia otn dl0@opa cuxvotitwy fo - k Af . Emimpdodeta, ta mAGTN Kabepioag and Tig
000 PACHATIKEC CLVICTWOEC BopLBou Tov mapdyovTal amo TN Mign, £xouv PEIWBED KOTa évav
TOPAYOVTa 00 PE 2 OXETIKA PE TNV OPXIKI QOCHOTIKA ouvioTwoa BopuPou. ZUVETWC, Ol
d100TIOPEC (KOVOVIKOTOINUEVN 10XUC) TWV 6U0 VEWV CLUVICTWOWY BopUPOUL Eival HIKPOTEPEC KOTA
évav TapAyovta i00 e 4. ZUP@WVO PE autd Aoimdv, av n OpPXIKN cuvioTwoa BoplBou 0Tn
ouxvotnta KAf givat G, (KAf) tdte, and tnv €€.(3.3.1.1), 01 VEEC CUVICTWOEC EXOLV POCHOTIKEC
TIUKVOTNTEC,

Gn (k AF + o) = Gy (k Af - fo) = Gn (K AR/4 (€5, 3.3.1.2)

Oplokd, kabwg Af- 0, avtikabiotovpe tnv KA pe ™ ouvexn petofAnt f koi n €. (3.3.1.2)
yivetal

Gn(f + o) = Gu(f - f) = Gn(f)/4  (€€. 3.3.1.3)

AVOAUTIKG : dedopévng NG TOPAOTOONG TNC QOOMATIKNC TUKVOTNTAC 10XVo¢ Gn(f) piag
Kupatopopeng BopuPBou n(t)cos2nfot mpokuTTEl WC €A : Olopolue TN Gu(f) pe 4,
peTaTomi{oupe TN dlAIPEUEVN TTAPACTACT TPOC Ta aPIoTEPd Katd fo, Mpog Ta de€1d Kata fo Kal
TPOCHETOVE TIC OVO YETATOTIIOPEVEG TTIOPOCTACEIC.

OewpeioTe Twpa TNV akdAoudn mepintwaon : ‘Exouue 60pufo n(t) and tov omoio Eexwpiloupe S0
(POOUOTIKEC CUVIOTWOEC, Pia ot ouxvotnta KAf kat pio otn ouxvétnta 1Af. Kdavoupe pign pe
gio nuitovoedn atn ouxvotnta fo, pe v fova €xel emiAeyei 010 p€co tou dlaotiuatog and KAF
€w¢ 1Af, dnAadn eival

fo = (k +1) Af/2. H pi&n autr) 6a omo@épel TEGOEPIC PATUATIKEG OUVIOTWOEC, 6U0 CUVIOTWOEC
oTn d1a@Qopd GUXVOTATWVY Kal d00 aTo ABpoigpa cuxvoTrTwy. Ot 300 CLVICTWOEG aTN dlaPopd
oLXVOTHTWY Ba gival atny id1a cuxvoTNTa

pAf = fo - kKAf = 1Af - fy. Qotoc0, 6o deifoupe TP OTI AUTEC Ol CLVIOTWOEC 0T dlaPopPd
OLXVOTHTWV EiVOl 0OVOXETIOTEC. AVOTAPICTWVTOG TI POCUOTIKEC GUVIOTWAOEC 0NV KAT Kol atnv
1Af 6nw¢ o n, (t) =a, cos2pkAft +b, sin2pkAft kot n, (t) = a, cos 2plAft + b, sin 2plAft,
Bpiokoupe OTI 01 CLUVIOTWOEC ATN dIOPOPE CUXVOTHTWVY Eival

Np1(t) = aw/2 cos 2mp Aft —b/2 sin 2rp Aft (€. 3.3.1.4)

Kal

Np2(t) = a1/2 cos 2mp Aft + bi/2 sin 2np Aft (€. 3.3.1.5)

OOV Npy(t) €ivat n ouvioTwoa dlaPoPag Adyw tng PiENC Twv ouxvotHTwy fo Kat KAF evad np(t)

gival n ouvioTtwoa d1aQopdc Aoyw NG MiENE Twv ouxvotrtwy fokat 1Af .
Tote and 1 €€.(3.3.1.4) kot €€.(3.3.1.5)  PBpiokoupe oTL

E[npi (t)npz (t)] =0
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‘Eto1, n pi&n 6opLPoL pe Eva NUITOVOEISEG GO EXEL AV OTIOTEAEGUA TN PETOTOTICN GUXVOTNTOG
T0U apxikoy BopOPou Koatd f,. H dlomopd tou petatomiopévou BopuBou Bpioketal

npocBETOVTAC TN dlooTopd KABE veag ouvioTwoog. Mapatnpolpe AoIMOV OTIL N Apxr Tou
JIOTUTIWOAUE apEoWC PETA TNV €€.(3.3.1.3) ePapuoleTal OKOUO KI OV UTIAPXEL EMIKAALYN OTIC
TOPOOTACEIC TWV V0 YETATOTIOUEVWY QOCUOTIKWV TIUKVOTHTWY 10XV0C.

3.3.2 Mi&n Bopupou - BoplLRou

©a BewpriOoVUE TWPO TO OMOTEAECHUO TOU TOAAOTAOCIOCHOU OU0 QACUATIKWY CUVICTWOWV
BopuBou. MopatnpwvTac TI QOCHOTIKEC OCULVIOTWOEG Omo TNV e€iowon, Bpiokoupe OTI TO
YIVOUEVO TwV 600 CLVICTWOWY, Wia atn ouxvatnta KAF kat pia otn ouxvotnta 1Af, eival

n,(On, (t) = %ckc, cos[2p (k +)Aft +q, +q|]+%ckcI cos[2p (k —-)Aft+q, —q,]

(€. 3.3.2.1)

ATO TOV TOAATAQCIACUO TIPOKOTTOUV OU0 VEEC QACHATIKEC OLVIOTWOEC BopUuBou, pia oto
dbpotopa ouvxvotitwy (k + 1Af kat pia otn dlagopa cuxvotitwy (k -1)Af. Ot 6pol otnv
nopanavw e&iowaon givat ¢ popeng ¢ n, (t) = ¢, cos(2pkAft +q, ), EKTOC amod To 0TI 0
(1/2)c,c, avukablota tov ¢, , Kat o g, omv e&iowon  n,(t) =c, cos(2pkaft +q,)
avtikoBiotatal and tov g, +q,

otnv pia mepintwon Kot and Tov g, -q, otV GAAn. E@ocov o1 g, Kol q, €XOULV
OMOIOUOPPEC TTIUKVOTNTEC TIBAVOTNTAC, €ival S1010ONTIKG TPOPAVEC amd TNV apXr) TNC EAAXIOTNC
EKTTANENC OTL o1 Q, +Q, Kol (,-q, EXOUV EMiONC OMOIOPOPYES TIBAVOTNTEG (Mia o 0pdn
andédeign sivar duvatn). ‘ET0l, N KAVOVIKOTIOINKEVN 10XUE TIOL CUVEETAL PE KABEVAY OO TOUC
opoug ¢ €€.(3.3.2.1) pmopei va e€axBei OMWC Kal yia TNV @ACUATIKY GUVICTWOO TN¢ €&icwaonc

n, (t) = c, cos(2pkAft +q, ) . Xpno1UOmoIRVTOC v e€iowan
P, = 2G, (KAf)Af = 2G, (-KAf)Af =a2 =b? =a’/2+b}/2=c}/2
, EXOUUE

1.1

Pt =P ZE(ECkC')Z (€€. 3.3.2.2)

Agov ol ¢, KOl ¢, €gival avegapTnTEC TLXAIEC HETORANTEC,

Pea =P = %cfcﬁ =%Pk P (s£.3.3.2.3)
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3.5.1 Zuyxpovn Avixveuon:
3.5.1.1 Zvotiuata DSB:

Ze ouotiuata DSB, 1o petadidopevo anua X (t) €xeLtnv popen

X () = A X(t)cosw,t (g€ 3.5.1.1.1)

210 TTOPOKATW OXNUO @AIVETAL TO TUAUO OMOSIOPOPPWTH Tou cuaTipato¢ DSB. H gicodoc tou
OEKTN eival

Y, () = A X(t)cosw t+n,(t)

= [A X({)+n ()] cosw t-n (t)sinw t (g€ 3.5.1.1.2)

O

Eikova 19

Av oAanAacidoouvpe v Y, (t) €mi 2 cos w, t Kal xpnowyomnorjoovpe Babunepatd @iAtpo,

AapBdavoupe
Y, = AX@®)+n (1) = X, () + ny(t) (€€ 3.5.1.1.3)
Xo®) = A_X() kat ny(t) = n_(t) (€€. 3.5.1.1.4)

BA¢moupe 0TI To onua €€0dou Kal 0 BopuPBoc mpoaTiBevtal Kal 0TI EXEl amoppl@dei and tov
anodlapopewTr) N 0pBoywvIKn auvioTwoa BopuPou N (t) . Oa ival

S, = E[X2(1)] = E[A*X2(t)] = A? E[X*(®)] = A2S, (& 3.5.1.1.5)
N,= E[n2(@®] = E[n2(®)] = E[2(t)] = 2nB (€. 3.5.1.1.6)

Kot o SNR €€6dou eival
(SIN), = S,/N, = A2S,/2nB (g€ 3.5.1.1.7)

H 10x0¢ onfpotog 106d0v S, divetal amnod v
S, = E[X2(t)] = 1/2A%S, (c£.3.5.1.1.8)
‘Eto1 ano Ti¢ 300 TOPATAVL OXETELC EXOUME
(S/N),=S,/nB =y (g€ 3.5.1.1.9)
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H omoia deixvel 0TI o€ 0TI apopd aTo BOpuPo, To DSB pe 16avIKA alyXpovn avixveuaon £xel idla
anédoaon pe 10 c0oTNua Bactkig {wvnc.

O SNR a1nv €icodo Tou avixveuTr gival

(SIN), =S, /N, =S./2nB  (g€. 3.5.1.1.10)

Kl (SIN),/(SIN), = a, =2  (e€.3.5.1.1.11)

O Aoyog a, e€ival yvwotdg oov amoAaBry OVIXVEUTH) Kal GUXVA XPnolPOTOLEiTal oav PETPO
To10TNTAC Y1 TNV OmodIoUOpPWar).

3.5.1.2 Zvotiuota SSB

Mapopolot LTToAOYIoHOI yia cuaTruaTa SSB pe alyypovn avixvevaon divouv v idia anddoan wg
TPOg T0 BOpLPO OTIWC Yia To cuaTNUA Baalkrc {wvng 1 To cuaTtnua DSB.

3.5.1.3 Zuotnuata AM

210 ouvnOn cuotiuata AM, ta onuata AM anodiapop@rvovtal and gUyXpovo OVIXVEUTH 1
amnd avixveuTn mepIBAAAoLaaC. To SIaUoPPWHEVO arpa o€ cLGTNUA AM €xel TN Hopen

X () = A [1+pX(t)] cosw t (€€ 3.5.1.3.1)

Onou p givat 0 deikTNnC dlapdpewaong Tou orjuato¢ AM Kat
p<1 Kalt X(®) <1

Av 0 a0yXpOoVvOoC OVIXVELTHC TIEPIAAMBAVEL 1I00VIKG KaTAOTOAE dc, n €€0d0¢ Tou 06Kt Ba ival
Y, (1) = A uX@®) +n (1) = X, () + n, () (5. 3.5.1.3.2)

Omov

X, =A_pX({®) kot ny(t) =n () (€ .3.5.1.3.3)

Qote

H 10x0¢ Tou onpatog €106d0v S gival
S, = 12E[A2[1+uX(t)]?] (& 3.5.1.3.4)

Ene1dr) Bewpolpe 0Tt n X(t) €xel undevikn péan Ty,
S,= 1/2A?(1+u?S,) (£ 35.1.3.5)

Etol S,=AZpu?’S = (@2u*S 1+ pu®S.)S, (& 3.5.1.3.6)

Kat  (SIN), = S,/N, = p*> S, /1+u?>S (S,;mB) = (U>S,/1+u*S )y
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(5. 3.5.1.3.7)
Enedi p°> S, <1, éxoupe

(SIN), <y/2 (e£.3.5.1.3.8)

H omoia deixvel 0Tt 0 SNR €€6dou o€ cuatrpata AM gival TOLAdXIoTov 3dB PIKPOTEPOC am’ 0T
o¢ ovotiuata DSB kot SSB.

3.5.2  Avixveuon MepidArovoag kat Patvopevo Katw@Aiou

ZuvRBwe, €va ofua AM omodIaUOPPWVETaL PE avixvevan TEPIBAAAOLGOG. ATIO TO OXNMA n
€i0000¢ TOL avIXveLTH €ival

Yi() = X (0)+ ni(D)

={A [1+pX{®)] +n (B)}cosw t- n (sinw t (g€ 3.5.2.1)

MrmopoUpe va avaADooUPE TV ENidpaar Tou BopuBou av e&eTdooue Tov PactBEtn g Y, (t)
Y. (t) = Re[Y(t)e ™'] (£.3.5.2.2)

‘Omnou
Y() = A [1+pX(@)] +n (O)+n (t) (€€ 3.5.2.3)

210 TOPOKAT® OXNMA, @aivetal To S1dypappa @AcEwv. ATO aUTO To oxrua, PAEMoLPE otin Y,
(t) pmopei va ypo@Tei wg
Y, (t) = V(t) cos[w, ()+p(t)] (e€. 3.5.2.4)

‘Omov

V(t) = JHAL+mX(O]+n OF +n2(t)  (e5. 35.2.5)

1

o) = tan n () AL+ pX®]+n,(0) (€& 3.5.2.6)
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Yi(t) Yo(t)

AIEVKPIVIOTIG LPE ——

2000y ppE ¥ MeplopioTric

\ 4

\ 4

SN

Eikova 22

To TMAGTOG TNG PEPOLOAC TTAPAUEVEL OTABEPD, KATA GUVETELX
S;= EX!()] = %A’  (e£.3.65)

Kal

N, = nB; (€. 3.6.6)

‘Etot,

(SIN), = AZ/2nB, (€. 3.6.7)

Tov €ivatl ave€aptnTog amo tnv X(t).

O (S/N),; tng nopanavw oxEang ouxvd ovopdadetal Adyog @Epouaac Tpog B0pupo, CNR (Carrier-
to-Noise-Ratio).

Emnedn o n, (t) eivat atevig {wvng, ypagouue

n,(t) = u,(t)cosfw t+qe, (1)] (€€. 3.6.8)

Omnou nu, (t) éxet katavour| Rayleigh kot n @, (t) £t opOIOUOPEN KATOVOUT) 0TO SIACTNHA (
0,2m). Tote n Y, (t) ymopei va ypdaget
Y, (t) = V(t)cos [w, t+08(t)] (€€. 3.6.9)

omou

V() = {[A.cosp+u, () cosq,(B]° +[A sing+u, (B)sing, (B)]°}"
(c€. 3.6.10)

Kail B(t) = tan* A sinf +u, (Hsinf, () (€. 3.6.11)

A, cosT +u, (t)cosT, (t)

O meploploTr¢ Kotamviyel kKaBe mapaAiayn mAdtoug V(). ‘Etol, o€ diapopewaon ywviag, ot SNR
g&ayovtal povo amd e&étaon tng B(t). H ékppaon tng B(t) gival TOAD TOAOTIAOKN yla avaAuon
XWpI¢ KAmola anAonoinan. @ewpolpe OTI 0 AVIXVELTHC gival 100VIKOC . H €€060¢ TOU avIXVEUTA
eivat

Y, (@) = 6(t)yuPM  (g€. 3.6.12)

Kat
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Ao Ti¢ €€.(3.6.1.2), €€.(3.6.1.3) , €€(3.6.2) kan £€.(3.6.3) n £€€000¢ TOL AVIXVELTH Eival
Yo) =08 =k, X®+n ()/A, yaPM (g€ 3.6.1.8)

Y, (1) = do()/dt = k, X(@®) +n.(/ A, yiaFM (g£. 3.6.1.9)

3.6.2 Mepimtwon o€ Zuotruota PM

Ano v €£.(3.6.1.8)
S, = E[kf) X2()] = kf,E[Xz(t)] = kf,SX (€€.3.6.2.1)
N, = E[(VAZ)] = (UAZ)E[nZ(t)] = L/AZ(2nB) (e€. 3.6.2.2)

‘Etol,
(SIN), = kf) Aﬁ S,/2nB (€. 3.6.2.3)

Ao TI¢ €€.(3.4.6) Kal €€.(3.6.5) £xoupe
y=S.,/nB = A?/2nB (. 3.6.2.4)

Kat T0te n €€.(3.6.2.3) pmopei va ekppacTei oav
(SIN), = kiS,y (€. 3.6.2.5)

3.6.3 [Mepimtwon og Zuotnuata FM

ATIO TNV
S, = E[k; X* ()] = k2E[X*(1)] = k2S, (€€.3.6.3.1)

N, = E[(UA2)n? (0] = (UA?)E[[,(D]%] (& 3.63.2)

AV XPNOIPOTIOINGOUKE TNV S, (W) =W3S (W) , N TUKVOTNTO GACHATIKAG 1oX00g TG N, (t)
divetal amo TNV

S, () = w?Snn () = w® yiow<W(=2nB) kat 0 0moudnote aANoU.

Tote

N o= (UAZ) (1/2n) [w'hdw =(2/3)h/ A?(w’/2n) (€& 3.6.3.3)

Katd ouvenela,
(SIN), = 3AZ(2mk? S /2nw?®  (€&.3.6.3.4)
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To de0TtePO Pripa TNG dlEPYOTiog avixveuang GrUOTOC OMOTEAEITAL OTIO CUYKPION TNG OTATIOTIKIC
QOKIUNG Z ME MIa TIPR KOTW@AIOL A 0TO TUAUO 2 (KOKAwPa oUYKPIoNG KOTWEAioL) Tou
TOPOTAVE® OXAMATOG. To TEMKO Brpa oTo TuAua 2 gival n AN ¢ anégaacng.

z>A\ yio H,
Kal
zZ <A yio H,

Omou H, kot H, eivar ot dvo duvateg umobEoelg. H emAoyr tov H, 1ooduvapei pe v
amo@acn OTl €yIVE OMOCTOAN TOu onuatog H, , Kat n emAoyn tou H, 100duvapEl pe v
ano@acn 0Tl £YIVE ATMOCTOAN TOU ONuaTog S, (t) . H mapandvw oxéan Oeixvel 0TI eMAEyeTal N
undBeon H, av z > A, Kol n umobeon

H, emAéyetatavz < A. Avz = A, n anogoon Pmopei va ivar avbaipetn.

[7. B. Razavi, RF Microelectronics, Prentice Hall, 1998]
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A

KEPANAIO

4.1 METAAO2H PCM

2T0 MAPAKATW OXNUa TapouatddeTal éva ouoTnua PETddoang duadikol PCM. To afua Bacikng
{wvng m(t) kBavtigetal, SnUIOVPYWVTAG TO KBAVTIOUEVO arpa m (1), 6Ttov

m, () = m(t) +e) (€ 4.1.1)

O 06poc e(t) gival T0 onuo oEAAPOTOC IOV TIPOKUTTEL and Tn dadikagia Tou KPRavTiopoL. XTn
OLVEXELD, TO KBaVTIOPEVO anpa vgioTatal dstypotoAnyio. H dstypatoAnyio AauBavel xwpa He
puBuo Nyquist. To didatnua detypotoAnyiag ivan T, = 1/2f,, ,0mou f,, €ival n cuxvotnta otnv
omnoia To orjua m(t) eival mePIOPICPEVOL EVPOUC.

H delypotoAnyia emituyxavetal pe Tov TMOAAAMAQCIOOHG Tou onpatog  m, () pe pia
KUUOTOMOPQA TOL OMOTEAEITAl aMO Mio MEPIOdIKY] aKOAoLBior TOAUWY, o1 omoiol Xwpilovtal
peTa&D Toug amo To dlaoTnua SetypatoAnyiog T . Oa uoBEToLE 0TI Ot TOAYOI detydaTOANYiag
eival apkeTd oTeEVOi 0UTWG WOTE N delypatoAnwia va Pmopei va BewpnBei otiyuiaia. e auto T0
gnueio va umEVOLPICOLPE, OTI PE PIa TETOIO OTIYMIaia dElyPOTOANYIa, TO Grpa IOV €XEl UTIOOTEI
delypaToAnYia Umopei va EMAVOKATACKEVOOTEL EMAKPIBWG Pe TN OIEAELAT TNE OKoAouBiag Twv
TOAY®V PEOT OO €va XOMNAOTEPATO @iATpo pe ouxvotnta anokomr¢ f,,. Ma Adyoug twpa
HOBNUOTIKAC €UKOAIOC, Ba TapIoTOUPE KABe MOAUG TOU u@icTatal dslypoToAnyio cav €va
KPOUCTIKO TOAMO. 'EvOC TETOIOC KPOUCTIKOC TOAWOG €ival AmMEIPOCTA OTEVOC TOPOAO TOU
XApPOKTNPIideTal €XovTag €va TEMEPACUEVO EPPAOOV. To €PPadOV €vOC KPOUGTIKOU TAAUOU
KaAsitol €vtaon (strength) Kot évag KPouoTiKOC TOAPOC évtoong | ypdeeton 16(t). H
OEIYMOTOANTTIKI) 0KOAOUBIa KpoLaEWwY Eivat S(t) Kal, KOTG GUVETELD, OIVETAL OO

S(t) = | id(t—kn) T, = 12f, (5. 4.1.2)

k=—-00
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KBovTIopEVN KOl JIOUOP@WHEVN KOTO TAGTOC akoAouBia maApwv). H duadikr €€0d0¢ TOU
petatponéa A/D PETOIdETAl PEGW KAVOAIOU ETIKOIVWVIWV KOl @BAVEL 0TO d€iKTn UOALGUEVN,
OOV OTIOTEAECUO TNG TMPOOBEGNC AEUKOU Bepuikol BopuPou n(t). H petddoon umopei va gival
duean, OmMw¢ TOPOUCIAETal OTO TOPATAVW OXAUA, 1 TO OLAdIKO onuo €€000V UTOPED va
xpnotyomnoinBei yia va dlopopewaoel Eva @épov 0mw¢ oto PSK 1 oto FSK. Ze omoladnmote
TEPITTWAON, TO onua Tou AAUPBAVETOL OVIXVEVETAL aMO €O TIPOCOPUOCHEVO QIATPO yia va
€AOXIOTOTIOIOLVTOL TO GQAAUATA 0TOV KOBOPIoUO KABE duadIKoL Yn@iov Kot aTrn GUVEXELD TTEPVA
oe évav petatponéa D/A. H £€0dog Tou petatponéa D/A ovopaletar m . (t). TEAIKE, To onua
dIEpXETal amo €va Pabumepatd @iATpo otn Pacikfy {wvn. ZTnv £€€000 QUTOU TOU @IATPOU
Bpiokoupe éva anua m,(t) To omoio, EKTOC aNo pia duvatr) dlaPoPA OTO TTAATOG, EXEL OKPIBWC
TNV 010 KUPOTOPOPEN YE OUTH TOU OPXIKOL orjuatog ot Bacikr {wvn m(t). To orjua €ddov,
OLVOJEVETOI WOTOOO0 amd pia Kupotopopr) BoplBou, N omoia oPEIAETaAl OTOV KPAVTIONS KOt pia
TPO0BeTN Kupatopoper) BopuBou n . (t), Adyw tou Beppikov BoplLou.

[2. K.Kapouumahov, Eloaywyr) otn Ocwpia ©oplBouv kat E@apupoyeg, Ekd60eI Boaodekn,
ABrva 1979]

4.2 YTIONOI IZMOZ TOY OOPYBOY KBANTIZMOY

TNV evotnta autr), Ba umoAoyicoupe TNV 100 €600V Adyw Tou BopuPRoL KPavVTIoHOD OTO
oboTnua PCM tou axuatog Tng mPonyolueVng EVOTNTOGC.

H Kupatopop@r) Tou 0PAAMATOC KBAVTIOPOU TIOL £XEL UTIOOTEI dElyaToANYia, OTwG

divetan amo tnv e€iowon 4.1.3, eival

e.(t) = e Sd(t-kT,) (€€ 4.2.1)

k=-00

MpEMEL va ToVIoTED 0TI €AV 0 PUBOC detypatoAnyiag mIAeyel va gival o puBuog Nyquist yia 1o
ofua Pactkig {wvng m(t), o pubudg auToC Ba eival OVEMOPKAG Yyl Vo EMITPEYPEL TNV
EMAVAKATAOKELT) TOL OAUATOC OQYAAUATOC

e(t) and ta deiypata tou e (t). Eivar EOKOAO va YiVEl @OVEPO ATO TO TAPOKATW OXNHO OTI
Mpdypot €10t oupBaiver. Z1o oxnpa g Ekovag 34.a mapovataletal n oxéon PETagl N (t) Kal
m(t). Ot otdbuec KPavtiopol ameExouv Katd moodtnta S. Mapatnpolue amdé To OXAMA TN
Eikovag 34.3 o011 1o e(t) ekteAei évav TANPN KUKAO Kal TOPOUCIALEL Pia EQQVIKI) OOLVEXEID KABE
@opd mouv To M(t) KAVEL pia S10dpOUr) TOCOTNTOC S. ZUVETWC TO QPOCMOTIKO €0pog Tou e(t)
EKTEIVETON TTIOAD TIEPQ OO TNV OpLOKH auxvotnta {wvng f,, Tov m(t).

Ma va Bpolpe v 10x0 Tou BophBou KBavTiouoL oty €080 N, XPEIOCOPATTE TNV PACHATIKN
TIUKVOTNTO 10X00C TOU GPAAPOTOC KBOVTIOPOU TIOL €XEL LUTIOCTEL delypaToAnPia |, Tou diveTal
and mv e€iowan

A@oU J(t-KT ) =0, ektdg otav t = KT ., to e (t) umopei va ypa@Tei

e.(t) = I ie(kTs)d(t—kTs) (€. 4.2.2)

k=—-00
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H egiowon 4.2.3 eumiékel tov 6po e’ (KT,) avti Tou e*(t). Qatooo, €pOGOV N MUKVOTNTA
mbavatnTag Tou e(t) dev e€aptdtal amo Tov XPOvo, n dlacTopa Tou e(t) 1oouTal Ye TN dlooTopd
tou e(t = kTs). Etol

e2(t) = e*(kT,) = S2/12  (e£. 4.2.5)

ATO TI¢ €lowaoelg 4.2.3,4.2.4 kot 4.2.5 €xoupe

Ge () = 17 S?/T 12 (€& 4.2.6)

TeAIkd, amo v e&iowon 4.2.6 , 0 60puPog KBavtiopod N, eivat

fu
N, = [G, (fdf =(1*/T)(S?/12)2f = (17/T2)S?/12 (e 4.2.7)

_fM

agov 2f,, =1/T..

[8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001]

4.3 TO ATNOTEAEZMA TOY OGEPMIKOY GOPYBOY

To omotéAecpa TOU TPOOBETIKOD BopuPou  €ival vo  TPOKOAEL TOV  OVIXVEUTH TOU
TPOCAPUOCTHEVOL PIATPOL TOU OXAMATOC TN TPWTNG EVOTNTOC VA UTIOTITTEL OE €V TIEPICTOCIOKO
0@AAua, TNV TPooTdbela KaBopIouoL €av PETAdOONKE va duadiko 0 ) éva 6uadiko 1. Eav o
BepuIkag B0puPoc eivar Aeukog Kai Gaussian, n mOAVOTNTO VO TETOIOU OPAALOTOC EEOPTATAI
amo 1o Aoyo E ,/n, 6mou E, €ival n eVEPYELD TOU ONUATOC IOV PETASISETAL KOTA TN SIAPKELD EVOG

bit Kat n/2 gival n op@IMAELPN QOOPOTIKA TLKVOTNTA 10X0OC Tou BopuPou. H mBavoTnTa
o@AaAuaTog €€0pTATal EMIONE KOL OTIO TOV TUTIO TNC SIOPOPQWANC TOL XPNOIKOTOoLETal, dnAOdH
dueon petddoon, PSK, FSK, KAT.

Eival pgdAAOV avTIMPOOWTEVTIKO TO OTI Ta cuotiuata PCM Asitoupyolv pe mBOvVOTNTEC
O@AAMOTOC TIOU €ival TOOO MIKPEC WOTE VO UTOPOUKE VO ayVONOOUMPE TNV TIBavotnta va
OLUPBOLV TEPIOOOTEPO OTIO €va €0@OAUEVO bit oe pia omAr AEEn. Mo mapdadelyua, €av n
mBavoTTa 0@AAoTog eivar P,= 10~° kal pio Aé&n éxet 8 bit (N = 8), 6a avopévape, Katd
HECO 0po, OTI yla KGBe 12500 A£€elq mou peETadodnkav, pio Ba €xel o@dAua. Mpayuatt, n
TOAVOTNTA v gival Ec@aApéva 2 bit atny idia AEEN Twv 8 bit dtav P = 10° eival

P,={8},{2} P2(1-P,)® = 2810 ™.

A¢ umobégoupe OTI pia KWAIKN AEEN TOU XPNOIUOTOIEITAL YIO VO TIPOGOIOPIcEl i oTdbun

KBavtiopou, €xel N duadikd Yngia. EmmpocOeta uMOBETOUPE OTI N OUVAEON TWV KWOIKWV
A€WV PE TIC OTOBPEC €ival TNG TAENG TNC apIBUNTIKAG onuavTikOTnTag T Aé€ng. 'Etol,
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avtigTolxi¢ovpe v 00...... 00 omv mo apvnTik otddun, v 00........ 01 otV apéowg
LYPNAOTEPN OTABUN £0C N KWAIKN A€ 11........ 11 va avTioTolxietan aTnV o BETIKA aTadun.
‘Eva o@aAua mou cuppaivel 0To EAGXI0Ta ONUOVTIKO Yn@io TNG KwOIKAG AEENG, avTIOTOIXED O€
évav E0QOAUEVO KOBOPIOPO OTnV KPavTIoPEVN TIWN TOU ONPATOC TIOU €XEl UTIOOTEL
detypatoAnYia, Kotd tnv moodtnta S. ‘Eva 0@AAu0 0TO OPECWC LYNAGTEPO GNUOVTIKO Yn@io
OVTIOTOIXET 08 OPAAUO 2S, OTO AUETWG EMOPEVO 4S, KATL. AC OVOPACOUKE TO OQAAO Am . TOTE
UTIOBETOVTOC OTI Eva GQAAUN UTTOPEL va cuufei pe ion mBavotnta oe omoladmoTe bit NG AEEN,
N d100ToPd TOL GPAAUATOC Eival

(Am,)? = 1N [S?+ (2S) %+ (4S)? + (85) 2 +....+ (2V15)2] (e£. 4.3.1)

To GBpolopa TNG YEWUETPIKNC TPOOdoL aTnV e&icwan eivai
22N _1 ) 22N )

S°= S° (€. 4.3.2)
3N 3N

(Am,)* =

yioN > 2.

H mponyolpevn avdAuon degixvel 0TI TO OMOTEAECUO TWV CQOAUATWV AOYyw TOU BepUIKOD
BopuPou, pmopei va Anedei v’ oYn mpocBETovtag, otnv €icodo Tou petatponea A/D Tou
OXAMOTOC TNG TPWTNG EVOTNTAC, €VO OPAAUO TAONG Am . Kal aQaIPWVTAG TNV TNy AEUKOUL
BopLBou Kal To PIATPO mpocapuoynC. 'Exoupe LTIOBETEL OTI OO TNV €i0000 Tou PeTaTpoméEn A/D
€w¢ TNV £€0d0 Tou petatpoméa D/A 10 KEPDOC eival povadiaio. ZuveEnwg, otnv €i00d0 TOU
XapnAomepatol QIATpou Bacikng {ovng ep@avideTal To id10 0PAAUa Taong. To anoTéEAETHa NG
d1080)1N¢ OPaAUATWY Eival pio akoAouBia kpoLoewv, kabepia évtaong | Am,. Ot KpoUOEIg
QUTEC TTAPOLGIALOLY TUXAIO TTAGTOC KOl TUXAI0 XPOVO EUPAVIONC.

Mia kpoOaon o@aAuatoc Bepuikol BopuBou cupPaivel o KABe mepioTaon Omou pia AEEn eival
€0QOAMEVN. Me TV mBavotnTo €vO¢ €0@OAPEVOL bit, n péon amdotacn METAED Twv
€0QOApEVWY bit givar  1/P, bit. Me N bit avd Aé€n, n péon andotacn WETOED Twv
€0QOAPEVWY AE€ewv eival  1/N P, A£Eelq. Ot AEEEIC améxouv XPOVIKO Sl1dotnpa ioo pe TO
dlaotnua detypatoAnyiog T,. Q¢ €K TOUTOU, O MECOC XPOVOC PETOEL Twv AEEEWV TOL Eival
€0QOAMEVEC €ival T Kat divetal amo

T=T,/NP, (g£4323)

Xpnoiyomolwvtag Kat moAl v e&iowon G(f)=1/T,|P(f)|> , Bpiokoupe OTI N QOCHOTIK
TIUKVOTNTO 10XVOC TNG AKOAOLBIaE KPOUGEWY GYAAPOTOC AOYW TOL BepUIkoL BopLBou Eival,

G, () = 17 (Am)2 IT=NP, 2% (Am )2 /T, ~ (&439
Xpnodonolwvtoag Tnv e€icwan , EXOUUE
G (f) = 22NS%Pel?/3T, (€€, 4.3.5)
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TeAIKQ, N 10X0¢ €060V AdYW ToL oPAAUOTOC BEPUIKOD BopLPou eival

fM
Nn= [ Gn(f)df = 2NS?Pel’/3T%  (ez. 4.3.6)

-fM

a@pov Ts = 1/2fw.

[8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001]

4.4 N\NOIMoz HMATOZ TPOx~ ©0OPYBO 2THN E=0OAO
TOY PCM

O Adyo¢ onuatog mpog BopuBo atnv €000, CUPTEPIAAUBOVOUEVWY TOU KPaVTICUOU Kal TOU
Bepuikol BopuPou, Bpioketan ouvdualoviag TIC &lowoel; 4.2.7 , 4.3.6 kot S, =ml(t)=
(17 /TZ)(M?S?/12). To anotéAeopa gival

So/No = So/Ng+ Nin = (IF/T2)(M?SY12 1 (1T%)(S¥12)+ (12/T%)(Pe22NS?/3)
(€€. 4.4.1)

0TO OTI0{0 £XOUME XPNOILOTOIACTEL TO yeyovog Tt M = 2N
210 PSK () y1a duean petddoan) EXOUE,
(Pe)rsk = Yaerfc \JE, /h (€. 4.4.2)

omov E, eival n evépyela onpatog evog bit Kat n/2 givat n ap@imAgupn @OOUOTIKY TUKVOTNTA
10X00C¢ ToL BepuikoL BopLPou. Emiang, £xoupe 0TI yia cOPEWVN ARYn Tou FSK, ot

(Pe)rsk = Y2 erfc (J0.6E, /h  (€€. 4.4.3)

Mo va vroAoyicouvpe TNV Ep ,Tovidoupe 0TI €av €va deiypa AauPBavel katd dlaoTiuata dlapkeiog
Ts Kot n KWK AEN Twv N bit kotoAapBavel 0AOKANPO TO JIACTNHA PETOEL TV OEIYUATWVY,
TOTE éva bit £xel d1apkela To/N . EGv n 10X0¢ Tou AapBovougvou
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(So/No)psk rsk = 10 log (2'°) = 48 dB  (€€. 4.4.7)

Mapatnpeiote 0TI KAl To V0 cuoTtAuata PCM mopouatadouy €va KATWEAL, JE TO KATW@AL TOU
FSK va gspgaviletal o éva S/ nfy mou eival 2.2dB peyaAdtepo amd autoé Tou PSK. ( To
onueio katw@Aiou kabopiletal avBaipeTa oav TNV TN €keivn Tou Si/ nfy otV onoia o Adyoc
(So/Ng)  €xer méoel kata 1 dB and tnv Tiun mou avtioTtolxei o€ Eva peydio Si/ nfy ).

[9. W. Alan Davis, K. Agarwal, Radio — Frequency Circuit Design, John Wiley & Sons Inc,
2001]

4.5 00PYBOZ KBANTIZMOY 2TH AIAMOP®QZH
AENATA

Mo vo QTAcouPE 0€ pio eKTiPNoN ¢ 1oX0OC¢ Tov BopLPROL KPBOVTIOUOV aTN JIAPOPPWAT GEATA,
BEWPOLPE TNV KOTAOTOON TIOU TAPOUCIAZETOl OTO MAPAKATW oXAuo. Edw, o0To oxnua Tng
Eikovag 36.0 €xoupe £va NUITOVOEISEG arjpa £10030V M(t) Kot TNV KupJoatopdopery M (t) n omoia
QMOTEAEI TNV TPOCEYYION TOU dOPOPPWTH 6EATO yio To m(t). ZT0 oxnua tng Eikovag 36.03
TIOPOLCIALETAL I KUPATOPOPEN cQAAUaTOC A(t) Tou diveTal amo

A(t) = m(t)- m(t) (€€ 4.5.1)

AUTA N KupoTopopEr o@AAUATOC Eival n nyr) Tov BopuPou KPavTicuov.

Mapatnpolue 0TI, KABOooV amoPeVYETal N evioxuaon TN¢ KAiong, To o@aAua A(t) eival mdvtote
HIKPOTEPO amd To pEyeBoc Tou Priuatog S. (Z1o PCM, 10 0@AAUa gival TAVTOTE YIKPOTEPO OTO
S/2). ©a vnoBéaoupe 0TI To A(t) AauBavel OAeC TI¢ TIMEC PETAgD =S Kal +S e ion TBavo@Avela.
Mpayua mov onuaivel 0T, BEWPOVPE OTI N TUKVOTNTA TIBAVOTNTAC TOL A(t) €ival

f(A) = 1/2S -S<ALS (e€.4.5.2)

TOTE N KAVOVIKOTIOINKEVN 10XV TNE KLPOTOPoP®NC A(t) ivat

[A()]? = j A*f(A)DA = j A’2SdA = S%/3  (€8. 4.5.3)

-S -S

To evdIaQEPOV EYKEITAL GTNV EKTIUNGN TNE TOCOTNTOC, OMO aUTH TNV 100, oL Ba JIEABEL OO TO
@IATpo Bacikng {wvng. Mo To 0KOTO autd XPEIAdETal Vo YVwpIiouhe KATL yio TN QACUATIK
TIUKVOTNTO 10XVOC TOL A(t).

2T0 TOPOKATW OXNua N TMEPiI0dOC T TNG NUITOVOEIS0UC KUUOTOUOPPNE M(t) ExEl ETIAEYEi
00TWC WOTE Va gival va OAOKANPWHO TOAAOTIAGGI0 TNG d1GpKeLag BAPATOC T. (ZNUEIWOTE OTI O
puBuOC bit givan f, = 1 /1). Mapotnpoupe TOTE OTI TO A(t) €ival TEPIOJIKO, Pe BEPENWON TEPiIGO
T Kat €ival, UOIKA, TAOVCIO € OPMOVIKEC. YTIOBEOTE WOTOGO OTI N MEPI0SGOC T aAAALEL TTOAD
apudpd Katd tnv mocdtnta dT. TOTE N BepeMwdNg mepiodog Tou A(t) dev Ba givar T aAAd, avti
autr¢, Ba givat Tt/ 8T OV aVTIOTOIXEL 0€ BEPEAIWAN CUXVOTNTO KOVTIA OTO UNoEV Kabwe 8T- >
0. Kat moAL, 0mwg €ival Quatko, to A(t) Ba ival TA0DCI0 0 OPUOVIKEC. ZUVETWC, OTN YEVIKN
nepinTwaon, 1Biwg 0tav To m(t) €ival éva tuxaio orua, gival Aoyikd va vroBécoupe 0TI T0 A(t)
EXEL EVO PACHO TIOU EKTEIVETAL CLUVEXWC O€ Eva SIACTNUA CLXVOTITWV TIOU EEKIVA KOVTA 0o 0.
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EVTOC AOYIKQV 0piwv. Mo va IKOVOTOIEITOl QUTH N GUVBNKN, ATMAITOVKE N GUXVOTNTO OMOKOTINC
ToL @iATpou f va eivan ¢ Té€ng Tou f. = 1/1. AQoL 0 peTadidopevog pubuog bit f, =1/ 1, f. = f,
OTWC AVOUEVOTAV.

‘Exoupe Twpa TETUXEL va QAIVETOL AOYIKO, PE Eva HAANOV EVPETIKO EMIXEipNUA, OTI TO ACUA TOU
A(t) exteivetal JOANOV OLVEXWC OTIO TO WNdEV OVOHOOTIKA €w¢ v f. = fy . ©a dexbolpe
EMMPOCOETA 0TI 0€ OA0 aUTO TO JIACTNUA TO @ACHa €ival AeuKO. ‘Exel mpayuoTt BepeAwbei
TEIPAPOTIKA OTI TO @dopa Tou A(t) €ival TPOCEYYIOTIKA AEUKO OTO OIACTNUA GUXVOTHTWY TIOU
TOVIOTNKE.

MmopoUuE Twpa TEAIKA Vo uTtoAoyicouue To B0puBo KPRavTiopol mov Ba ep@aviaTei atnv £€0d0
eVOC QiATpou Paotkig lwvng pe ouxvotnta amokomng fu. E@ocov n 1ox0¢ tou Bopufou
KBavTIopol o éva SIdoTnua cuxvoTATwY f, eivan S%3 émwc divetal  amd tny efiowon 4.5.3,
N 10%0¢ Tov BopuPou €650V aTO dIATTNHN GUXVOTHTWV BacIki {wvng fv ival

Ng = S%3 fulf, = S*fu/3f, (€£. 4.5.4)

MTopoUE €MionNg va GNUEIWOOLKE OTI, KATA TN JIEAELAT, N AUQITAELPN PACUATIKY) TUKVOTNTA
1oXLOG ToL A(t) gival

Ga(f) = S¥3/2f, fo< f <f,  (e5 45.5)

[2. K.Kapoupmahov, Eloaywyr) otn Ocwpia ©oplBouv kat E@apupoyeg, Ekdo6oel Boaodekn,
Abrva 1979]

4.6 TO ATIOTEAEZMA TOY OGEPMIKOY OGOPYBOY
2TH AIAMOP®Q>H AEATA

Otav napoucidletal 0 BeppIkog B0puBog, T0 QIATPO TPOCOPUOYNG OTO JEKTN TOU OXNUOTOC
Ba KAvEl TIEPIOTOCIOKA GQAAUO KOTA TOV KABOPIGUO TN¢ MOAIKOTNTOG TNC KUMATOUOP®NC TOU
HETOOOONKE. OMOTEONTIOTE Kal va GUMBEL Eva TETOI0 GQAAUQ, N TTOAUOCEIPH KPOVTEWY

Po’ (t) mou AapPavetal 6o TAPOLCIACEL EVAV KPOUOTIKO TIAARO EGQAAPEVNC TIOAIKOTNTOC. TOTE, N
AapBovopevn TAAUOCEIPA KpoLaEwY Eival

Po'(t) = po(t) + pm(t) (€. 4.6.1)

0TO OT0I0 pn(t) €ival To oEAAUA TNV TOAUOCEIPE KPOUGEWY AOYw Tou BepuikoL BopLPou. Eav
n évtaon (EPPadOV) Twv EEXwPIOTWV KPOUOEWV Eival |, TOTE KABE KPOLOTIKOC TOAUOC OTO P
eival évtaong 21 kai AauBaver xwpa povo o€ KaBe a@aApa. O mapdyovtag 2 TPOKUTITEL OMO TO
YEYOVOC OTI £V GQAAUA OVAGTPEYEL TNV TIOAIKOTNTO TOU KPOUGTIKOU TIAALIOU.

To o@dAua tou Bepuikol BopLuPBou eu@avileTal oav éva PEVPA OTO TAAPOUC E TUXOIO XPOVO
eU@aviong kat pe évtaon +21. H péon xpovikh andotaon PETagd auTwv TwWV KPOUOEWY Eival
T/Pe , 610U P €ival n mbavoTnTa 0QAAUATOC O€ £va bit Kot T n Xpovikn d1dpKela evoc bit.
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H @aouatikr TUKVOTNTa 10X00C TWV KPoLaewv Bepuikol BopuBou gival

Gpn(f) = Pe/T (21)* = 41°Pe/T (€€. 4.6.2)

Twpa €xoupe NON XAPAKTINPIoEl Tou¢ OAOKANPWTEG (LTToBEcapE OTI TaUTI(ovTal OE TIOUTO KOl
déktn DM) pe 1o va €xouv TNV 1810TNTA OTOV N €i00060¢ €VAC €ival £vac KPOUOTIKOC TOAUOC
évtoong |, n €€0do¢ va eival €va Prpa mAdtoug S. O YeTaoxnUaTIoPO Fourier Tou KPOLGTIKOU
TOAWOU gival | Kot 0 petaoxnuatiopog Fourier evog Brpatog mAdToug S gival [XpnoiponolvTog
u(t) = pyovadiaio Prua]

S{Su(®)}=S/ jw 20

= Std(w) w=0

MmopoUUE va ayvoriooupe Tnv dc ouvIoTWOO OTO METOOXNMATIOUO €QOCOV TETOIEC dC
ouVIoTWOoEC O Ba petadobolv pEow TOu QIATPOU PaoIkAG {vng. ZUVEMWC HPMOPOUMPE va
TIOPOULE TN CLVAPTNCT PETAPOPAC TOU OAOKANPWTNA

Tou oivetal and

H\(f) = S/l l/jw wz0

Kal

|Hi(B) = (S/)? 1/w? wz0

ATO TI¢ €€I00TEIG Kal Bpiokoupe OTI N POCHOTIKI TUKVOTNTA 10X00C TOU BEPUIKOD
BopuPou atnv €icodo Tou (pi)\rgou Baotkng Lwvng givat Gp(f) ko divetan anod

Gu(f) = | Hi(F)P Gun(f) = 4S°Pe/ T00° wz0 (€. 4.6.3)

Twpa @aivetal 0Tl yio va Bpolpe 10 Bepuikod BOpuPo atnv €€0d0, Oev XpelddeTal Tapd va
oAokANpwooupe NV Gu(f) ae 6An N {wvn d1EAeuang tou @iAtpou Baacikng {wvng. Evepywvtac
€101, £XOUHE EMEKTEIVEL TO S1ACTNUO OAOKANPpwang amo -fy péow tng f = 0 o€ + fy, mTapoAo mov
avoyvwpicape 0Tt 1o QIATPO Bacikhg {ovng Oev EMTPEMEL TN dIEAELON TN dC CUVIOTWONC Kal
€XEL OLOIOOTIKA XOUNAR ouxvotnta anokomr¢ fi. QOTO00 OTIC GANEC YEVIKA TIEPIMTIWOEIS, N
QOOUOTIKI) TIUKVOTNTA 10XV0G Tou BopuPou kovtd otnv f = 0 dev eival LTEPUETPO PEYAAN
OUYKPIVOUEVN PE TNV TIUKVOTNTA 0€ OAO TO SIACTNMO TNG PaCIKNC {wvng. ZUVETWG, €av fi<< fy,
Onw¢ oupPaivel KaVoVIKA, n 0An dlodikacio pmopei PeBaing va dikaloAoynBei aov pia KOAR
npoaéyylian. Mapatnpolue wWaTdoo OTI aTNV Mapoloa TePImTwan, Gu(f) - 06tav w —» 0 Kal
TEEPIOCOTEPO ONUAVTIKO TO OTI TO OAOKANPpWUA TNG Gin(f) o€ dlaotnua cuPTEPIAAUBAVOLY TV W
=0, eivan ameipo.

A¢ AaBoupe go@® LT OYIV YOG TN XOUNAR cuxvotnta amokorr¢ f; Tou @iAtpou Bacikng {wvnc.
Xpnoomolwvtog TNV €icwan be w = 2nf kol epooov f, = 1/1, 0 BepuIkog B6puPog aTNV
€€000 eival
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-f fu
Nin = S%Pe/m’t ([ dfiff+ [ dfif
—fy f,

2S2P/m’T (U, — 1/fy)

2S°Po/m? F11 = 2S°Pfol/ T F1 (¢, 4.6.4)

eav fi<< fy. Mapatnpeiote 0TI, SIAPOPETIKA OO TNV KATACTOCN IOV GUVOVTICOPE 0 OAEC TIC
GAAEC TIPONYOUUEVEC TEPIMTWOEL], O BePUIKOC B0pLPOC €E€0O0L OTNV OEATO OIOPOPPWAN
€€0pTATAl OTO TNV OTIOKOTI OTIC XOUNAEG CUXVOTNTEC IAPA OO TO OPIO OTIC LYNAEC CUXVOTNTEC
ToU dl00TrUaTOC 0TN Baacikn {wvn.

[10. Taub / Schilling, Apxe¢ TnAEMIKOIVWVIOK®Y ZUGTNUATWY, EKd00EIC TUOAD, ©OETGOAOVIKN
2006]

4.7 \NOIoz 2HMATOZ INMPOz ©OPYBO 2THN E=0AO
KATA TH AIAMOP®Q>H AEATA

O SNR otnv €£080 AapBavetat ouvdualovtag Tig €l00ael; S, = S f.2 /2w2
kat N, =S8?/3=f, /f, =S*f, /3f, . To anotéAeopa eival

So/No = So/Ng+Ni = (2S°/m)(fo/fm)? | (S7Fml3fp)+(2S°Pefu/m?fy) (€8, 4.7.1)
TO OToi0 uTopEi va Eavaypa@Tei oav

So/No = So/Ng+Ni = 0.6(fo/fw)° / 1+24Po(F2/fufy)/4n* =
= 0.6(fy/fp)>/ 1+0.624Po(Fp/fufl)  (€5. 4.7.2)

Edv n petadoan eival apeon 1 péow PSK
Pe = Yerfc JE,/h (€& 4.7.3)

omnou Es, n evépyela oruotog o€ éva bit, GUVAEETAL PE TNV 10XV TOL AOPPBAVOUEVOL CAPATOC S;
e

Es=SiTo = Siffs  (e2.4.7.4)
>uvovadovtag TI¢ e€lowaelg 4.7.1, 4.7.3 kat 4.7.4, €X0UUE

So/No = 0.6(fu/fu)*/ 1+[0.3 (Fy/fufy)] erfc /S, /hf, (g€ 4.7.5)
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[10. Taub / Schilling, Apxe¢ TnAEMIKOIVWVIOK®Y ZUaTNUATWY, EKd00EIC TUOAD, ©O€GGOAOVIKN
2006]

4.8 2YIT'KPIZH TQN PCM KAI DM

MmopoUUE TwPO VO GUYKPIVOURE TOUG AOYoug orjuatog mpo¢ B6puPo otnv €€0do tou PCM
oLyKpivovtag TIg e€lowaelc 4.4.5 kat 4.7.5 . T va d100QaAicoupE TO amaIToOUEVO E0POC {wvng
TOU KOVOAIOD EMIKOIVWVIWV VO Eival To 010 Kal oTI¢ 600 TEPIMTWOELG, XPNOIUOTOIOVUE TN
ouvenkn mou divetal ano v egiowon f, = f',=2f, N, ot 2N = fp/fm. Tote n e€iowon
4.7.5 umopei va ypagei

So/No = 2™/ 142(™™) erfc /S, /hf, (e&. 4.8.1)

2T0 TOPOKATW OXNUO ouykpivovtal ot e€lowoelg 4.7.5 kat 4.8.1 yia N = 8 (f,(DM) = 48kb/s).
Mo va AdBoupe 10 KATW@AL OMOS00NC TOU CUCTAMOTOC JlAUOPPWONG OEATO, LTOBETOLUE
METAd00N PWVNC OTIOV

fu = 3000Hz kot f; = 300Hz. ‘Etol

fo/fw = 16
Kal
fM/f]_ = 10

M0 TNV MEPIMTWOn TNG HETAB0ONC PWVIAC, ¢ CLYKPIVOUUE TOUG AGYOU(
So/Np yia PCM kot DM. YnoBétoupe ot fyy = 3000Hz, f; = 300Hz Kat N = 8. 'Exoupe TOTE
ot f, = 2Nfy = 48*10°Hz. Xpnolponoivac autolg Toug opIBUolE Kal EVAUUOVHEVOL BT N

mlavaTnNTa €VOC 0PAAPOTOC a€ €va bit eival Pg, = (1/2) erfc \/S_, /hf,, omo 11 e§lowoelg 4.7.5
Kal 4.8.1 €xoupe To aMOTEAEGUA yia To DM mov €ival
(So/NoJom = 2457.6/ 1+768 erfc /S, /hf, = 2457.6/1+1536P; (5. 4.8.2)

Kat yia 1o PCM egival

(So/NoJeem = 65.536 / 1+131.072 erfc /S, /hf, = 65.536 / 1+262.144P,

(c£. 4.8.3)
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Otav n mbBavotnta o@AApoTo¢ o€ éva bit €ival mOAL pikprR, To cuotnua PCM é€xel €vav
uPnAotepo SNR €€6dou amo 1o cbotnua DM. Mpdyuati, 0 SNR €€6dou yia 1o gvotnua PCM
eival 48dB evw yia 10 cbotnua DM mepimou povo 33dB. Qat6c0o, 6A0 auTo TOU amaAITEITaAl YIO
éva o0OTNUO EMIKOIVWVIWVY gival 0 SNR €€odou va eival 30dB. Mpdyuati, €6v Xpnoiyomnoleital
OLMTIIEGUEVO KOl EMEKTOPEVO PCM, 0 SNR €€6dou Ba pelwbdei mepimou katd 12dB ota 36dB yia
10 obotnua PCM. ‘Etal, v n €€iowaon @avepwvel 0TI 0 SNR €€6dou eivatl uPnAdTEPOC yIa TO
PCM, atnv npdé&n pmopei va Bewpnbei 4TI ival cuykpiciyol.

TXETIKA HE TO KATOQAL, BAEMOUE BTI TO oUGTNHA PCM £Xel PAGOEL 0TO KOTOPAL 6TOV Pe ~ 107,
EVw T0 oLOTNUO DM @Bavel 0To KATWPAL OTOV

Pe ~ 10™. 2V mpa&n, Ppiokoupe 6TI To auTi Pag dev avixvedel KATOOA £wC OTOU N Pe val givail
mepimou 10* yio To PCM kat 102 yia 1o DM kot ADM. Mepikd ADM GUGTAUATO PTOpo0v
OTNV TPOYHOTIKOTNTA Va TOPAYoLv E0ANTITO AGY0 pE puBUOLC o@AApaTOC Poug 0.1.

210 TOPATAVW OXN U TAPoLaIdleTal pia obykpion Twv PCM kat DM yia N = 8 kai fy/f; = 10.

[10. Taub / Schilling, Apxé¢ TNAETIKOIVWVIOK®WY ZUCTNUOTWY, EKdOcEIC TUOAN, OEaGOAOVIKN
2006]
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‘Evav umoAoy1oTA oTaTIoTIKAE AdBouc

Mia €IKOva €MiGEIENE TTIOL TIAPOUVCIALEl OTATIOTIKEG AGBOLE EVW N TIPOCOMOIWAN TPEXEL.

Mia TAOKN d1a0TOPAC TIOU TOPOUCIALEL AAUBOVOUEVO GO, CUPTEPIAGUBOVOUEVOL
TOoL BopULPoL PacN.

®payudg BoplBov @dong: O @payudg BoplBou @acng petatomidel T @ACN TOU
AOpBavouEVoL CAPATOC amd va Tuxaio moco. Mmopeite va pubuicete Tn dia@opd NG Tuxaiog
METOTOMIONC GACNC KOVTA oTn puBUIOoN TNE MAPAUETPOL EMIMEdwV BopLPBOL @PACNC 0T PAOKA
TOL @payuoL BopLRoL daonc.

ATOTEAEGHOTO TOU KUKAWMOTOG

To KOKAWHO TEPIAAPBAVEL OUTOUE TOLE OMTIKOUG TPOTIOUC YA VO YIVEL KATOVONTH N
anodoatr Tou:

To MAPAKATW OIAYPOPHO  TIOPOLCIAZEL TIC TPEXOUOEC OTATIOTIKEC AGBOULC yia TO
olboTNUa. AUTEC Ol OTOTIOTIKEC Eival TO TOOOOTO AdBoLE, 0 apIBUOC AabBwv oL avixvelovTal,
Kal 0 GUVOAIKOC 0PIBUOC GUMBOAWY GUYKPIVOUEVOC.

Mio  TAOKr] OlOOTIOPAG TOU  Tapouctdlel 1o AouPBovOopevo  onua,  Kal
gupmnepIAauBavopEvou Tou dompou ykaouaaiavol BoplBou kat Tou BopuPBou @donc. Kovtd oe
KAOe 00TEPIOUO TO Oneio gival pia cuoTAda TwWv onueiwv. Kovtd ota onueio acTtepIopol mov
eival pakpid amo undév, n cuaTada eival Kovtd o€ €va 10€0. H pop@r) T0Ewv eival pia emidpaaon
ToL BopULPoL PAaN.
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EvxapioTiec

Mpwta am’ 0Aa, BEAW VO ELXOPIOTOW TOV EMIBAEMOVTA TNG OIMAWHOTIKAG €PYOaiag Hov,
Kabnyntr| K. Mewpylo ZTOPOVAN, yia tv TOAOTIUN Borela Kail Kafodrynor Tou Katd Tn
dldpKela TNC dOULAEIAC pov. Emiong, eipal evyvwpwv ota unmoloima PEAN TNG EEETOOTIKIC
EMTPOTNG TNC JMAWUATIKNC EPYOTIOC oL, YIa TNV TPOCEKTIKI) avAyvwan TN¢ EPYOaiog Hou Kal
yla TI¢ TMOAUTIPEC LTodeEigel Toug. MdAvw om’ OAd, €ipal €VYVOPWY OTOUC YOVEIC Hou,
Kwvatavtivo Kapauntpo kai BaoiAgia Tawvou Kal atov adeA@d pou lwavvn Kapauntpo yia
TNV 0AOYIUXN OYATIN KOl UTTOCTAPIEN TOUG OAC AUTA Ta XPOvIa. AQIEPWVW OUTH TNV EPY0Cia oTov
TOTEPA OV , OTNV UNTEPO HOU KOl GTOV AGEAPO LOU.
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KEPANAIO

EIZAIQIMH

Ot emiKovwvieg anuepa ennpealouv Badutata tnv {wn pac:

Ta TNAEQPWVO  OTO XEPIO HOG, TO PAdIOPWVO Kal Ol TNAEOPATEIC OTO COAOVI pag, ol H/Y mou
guvdeovTal oTo Internet oTa ypa@eia Kal 0T OTHTIO YAC EMITPEMOLY TNV Tax0TOTN EMKOIVWVIO
ME KABE ywvia Tou TAQVATH.

Ol €MIKOIVWVIEC OTMOTEAOLV TO QIOBNTAPIO Opyava yio T TAOIO OTOUG WKEOvoUE, yla Ta
AEPOTIAGVO GTOV OEPC KO YO TO SI0CTNUOTACLO Kol TOUC 60pLUPOPOUC GTO SIACTNUA.

Ta KIvNTa TNAEQWVA ETITPETOLY TNV EMOPN) KOC EV KIVAOEL PE TO YPOPEIO Kal TO OTITL.
JUOTAPOTO  EMIKOIVWVIOG EMITPEMOVY TNV TANPOPOPNCN, TX TWV MHETEWPOAOYWV VIO TIC
METEWPOAOYIKEC GUVBIKEC.

H emikovwvia ouviotatal oTnv JETAdoon TANPOQPOPIG OO £va GNUEI0 TOL XWPOXPOVOU GE Eva
GAAo. MepiAauPBavel TIC €ENE O1adIKATIES:

Mopaywyr orpotog MAnpo@opioag (Mrvupa)

-dwvr), HOUGIKT), EIKOVA, OEDOUEVO.

MapdoTtoon PnvOPaTog e To GUVOAO GUUBOAWY Kol 6dopéVn aKpipela

-HAEKTPIKA, OKOUOTIKA, OTITIKA

Kwd1komoinan twv cuPPBOAWY G€ HOPEr) KOTAAANAN yla JETAO00T OTO dEG0UEVO PUOIKO PEGOV
(KupaTopopPEC)

MEeTad0aon TWV KUPOTOUOPPWY GTOV EMIBUUNTO TIPOOPICHO.

ATIOKWAIKOTOINGT Kal avomopaywyr] TwWV apXIKOV GUUBOAWV.

AvOmopoywyrn TOU OPXIKOD HNVOPOTOC ME HIO AVOTIOQELKTN OAAG TpoKOBopIoUEVN KOl
EAEYXOUEVN ATWAELD TTOIOTNTOC,

Mapakdtw @aivovtal To ZTolXeia vag TNAETIKOIVWVIOKOD CUCTHUOTOC:
Z1olxeia evog TNAEMIKOIVWVIOKOU GUOTHUATOC

©06puPoc + Mapaudpewaon
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patoc mAnpodopiag

Ekme propevo , ,
ofiua AapBavopevo ohpa
Eikova 1
O1 Baaikoi TOmot Emikoivawviac sivat:
Exmopmn

H Exnopnr| ( Evpuekmnour) — Broadcasting) mou mepAapBAvel évav 10Xup0o TOUTO, TOAAOUC Kal
@ONVolC OEKTEC, povodpoun pory mAnpogopiag (downlink) kKaBw¢ Kol pio mapaAAayr) : TO
Multicasting (ETIAeyUEVOL EKTEC)

Emikowvwvia onueiou - pe - onueio ( poin-to-point )
H GuyKeKpIPEVn EMIKOIVWVIO OMOTEAEITAL ATO Evav TOUTIO Kal €va dEKTN Kal anoe  au@idpopn pon
TIANPO@OpPIaC

H tnAemikovwvioKn S10d1Kaaia gival EK QUOEWC OTOTIKN S10d1KOaia.

O1 KUpI0I TNAETIKOIVWVIOKOI TTOPOI ival:

H lox0¢ ekmoumng OTou TO KAVAAL EXEL TTEPIOPIOHO 1oxV0¢ (Power limited channel)

OTWC T.X. TO A0PUPOPIKO KAVAAL.

To E0OpOC (@AOOHOTOC KOVOAIOU HETAO00NC TOU €ival €va KOVOAL PE TEPIOPICUEVO QATHO
(Bandwidth limited channel) 6mwg mx €ival To TNAEQWVIKO diKTULO.

A&ilel va ava@epBbei g o1 KOPIOL TNAETIKOIVWVIOKOI <<gxBpoi>> gival:
O 80pufog aTo KavaAl

H mopapop@waon Tou KavaAlod

TexvoAoyiKoi Teplopiopoi
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1.1 KANAAIA EMIKOINQNIAZ

To KavaAl tapexel v (0N Moumov-AEKTN
Ta TPOBAARMOTO IOV TOPOLCIALOVTal OTA KOVAAIN ETKOIVWVIOC €ival:

4

% Teploplopévo e0Pog PAouaTog

Anocofean, mapapop@waon MTAATOUE Kal paong

s Eloaywyn 6opuPou (OepuIkO¢ TPOOBETIKOC AEUKOC B0puPOC, KPOLaTIKOG Bopufag,
TIOPEUPBOAEC)

% ToAAamAR 310deuan (ACVUPUATO KAVAAL)

% XPOVIKEC HETOPROAEC

1.2 EIAH KANAAIQN EMNIKOINQNIAX

*,

5

*

1.2.1 KavdAilo KaBodnyoluevng Metddoang

‘Eva amd ta €i6n KavaAiwy EMKOIVwvIag gival Ta KavaAla Kabodnyolpevng HETAG0ONC, Ta OToia
AMOTEAOUVTOL OO TO TNAEPWVIKA KOVAAIO TIOU €ival GUVESTPAPUEVO (e0YN CUPHATWY QPWVIC
(xDSL), ta opoagovika Kawdia (CATV) Kat Ti¢ omTIKE ivee (2* 10513 Hz).

1.2.2 Kavahia EAe0Bepng Metddoong

‘Eva A0 €id0¢ KavaoAlwv €MIKOIVWVIOC €ival Ta KavaAlo €Ae0BepnC PETAdOONC Ta Omoia
anaptiovtal and ta KovdAlo padiopetddoong (radio, TV, WLAN), ta KOvAAIO KIVNTAC
emKkowwviog (GSM, UMTS), Ta 60pu@OpIKA KAVOALX KOL TO KAOVAALO 00UPHATWV OIKTOWV.
YTApXouv €MONG TO YPOMUIKA - MN YPOUMIKG KOVOALD, TO XPOVIKG OPETARANTA - XPOVIKA
HETOROAAOUEVO KAVOALD, TO KAVOAIO YE TIEPIOPIOHUO 10XVOC - |IE TEPIOPICUO PACUOTOC Kal TO
TNAEQPWVIKG KovAaAl. KabBwg emiong Kol To KavAAL ieplopiopévou vpoug : 300 Hz — 3100 Hz, ta
KOVOAID  pPE PeEYAAN omoofeon OTIC LPNAOTEPEC OUXVOTNTEG, TO KAVOAIO LAOTOINONG MHE
OLVECTPOPHEVO CeVYOC KOAWdiwV (Z0 = 90 — 110 Qu), Ta KOvAAlO TOL Eivol EVAAWTO OE
NAEKTPOPAYVNTIKEG TIAPEUPBOAEC KAl CUVOKPOAOEIC, TO KAVAAIO YE TV TexvoAoyia XxDSL mou
XPNOILOTIOIOUY  aUTA T KOAWAIO KOl TO KAVAAIO TIOU €ival apuodia yia TIC CUVOETEIC point-to-
point.

1.2.3 OnTIKEG “lveg
O1 OTTIKEG iVEC, TTOU AVIAKOUV KOl OUTEC OTON KOVAAIO ETMIKOIVWVIOG, TOPEXOLV TN SLVATOTNTA VIO
TEPAOTIO €0pOg QacpaToC (MEXPL 2x10EL3 Hz), €xouv pIKp andoPecn = EMIKOIVWVIEC PEYOAWV
QMOOTACEWY, AMOTEAOUVTOL OTO €VO LOAIVO KEVIPIKO TupAva TEPIBOANOUEVO amd €mMEVOUCN HE
JIOQOPETIKI) DINAEKTPIKI) OTOBEPG KOl EVa TTPOOTATEVTIKO EEWTEPIKO OTPWHA, EXOLV avalabnaia aTIC
NAEKTPOPAYVNTIKEC TOPEPPOAEC, €ival MIKPEC o€  MEYEBOC Kol eAa@PIEC o€ Bapoc. Emiong eival
AVOEKTIKEG KO EVEMKTEC KO £X0UV AVEEAVTANTN TTPWTN UAN (ApPOC).
‘Eva aKOpO €i00¢ KOVOAIWVY ETIIKOIVWVIAC EiVal TO AGVUPHOTO KAVAAIO EKTIOUTIC PASIO-TNAEOTITIKWV
TPOYPOMMATWOV TWV OTOIWV TO EVPOC PACHATOC €ival AVOAOYO TOL CHUATOC KOl TNE SIOPOPYWONC,
TV €ival Ta aKOAOLBO :

— 20 Khz AM (Alopdépewaon mAdTou()
— 10071200 Khz FM (Alopopewaon ouxvotntac)
— 4-6 Mhz TV

10
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DocuaTo HEPIKOV KOOV CT|LOTMV

/\J\\ Dwvn M4=T5 km
JS(Hz)
300 3300
Movokn
P M4 =7.5 km
0 20
Ethernet (10 Mbps)
M4 =75m
£ (MHz)
o] 10 20
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1.2.6 Alapopewaon

H Alopopewon (Modulation) €ival n peTafoAr, cUPEWVO PE TO ONUO TANPOPOPIAC TWV
TIOPOHETPWY VO PEPOVTOC KUPOTOC (carrier wave) Tou €ival KOTAAANAO yia Ty PETddoan
pECO amd To 0dopEVO  KaVOAL evw N Amodlopdpewaen (Demodulation) givar n akpiBwg
avtioTpoen dladikaaia

To €idog ¢ dlapopPwaong Kabopilel TNV avtoxn oto BOpuBo Kol TNV MAPAUOPPWAT TOU
KavOAIoU, TNV TIOTOTNTO OVOTOPOYWYNC TOU apXIKoD CGrUOTOC TANpo@opiac, To E0pPOC TOU
QMAITOOPEVOL YIO TNV MPETAd00N QACUATOG, Kal TV TOAUTAOKOTNTO TWV CUCTNUOTWV
EKTIOUTAG KO ARYNG.

= Tnv YETAO00N TOAAWVY GNUATWVY OTOV i010 XWPO HE XPrIaN OI0QPOPETIKWY PEPOVTIWV
= Tnv EAATTWAON TWV OTAITHOEWY OTA XAPAKTNPIOTIKA TwV CUCTNUATWY EKTTOUTIAG
= Tnv EKUETAAAELDN TIEPIOXWV TOU PACUATOC TIOU £X0LV KOAUTEPEC CUVONKEG PETAdOONC

Eikova 3
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1.2.7 Avodoyikn Kol Wnelokr Alapopewaon
AVOAOYIKK| dIOHOPPWON

AVOAOYIKNA dOUOPPWAN £XOUUE OTaV TO ofpa m(t) €ival avoAoylko Kol 0 amodIaUOPQWTC TPETEL
va avamnopayayel 1o m(t) 600 KOADTEPO UTOPEI.

//—— noisey AM signhal

‘«q/' 1 ﬂ K\ J1 M ﬂ ﬂ ‘\ LA _ AM I I«fuwi\mm.f‘a .
demodulator ‘ B W‘M

- ot

m(t) + noise

/— noisey FM signal
LT P o S

demodulator § Wr\ 4

Eikova 4

Eikova 5

Wnotakn d1ouopewaon
Onw¢ aivetal oto oxnua ¢ Eikdvag 9: To m(t) maipvel pia Tipr omo €va TEMEPATUEVO
00VOAO TIHWV. O amodIAPOPPWTHE TIPEMEL VA ATOPACICEL TOIA ATO TIC TIOAVEC TIMEC EXEL

METOO00EL, OV LTIAPXEL OVAYKN TIOTAC avanapaywyng Tov m(t).

[2. K.KopouunaAov, Elcaywyr) otn Gewpia ©oplBou kai E@appoyeg, EkdoOoel Boaadekn,
Abrva 1979]

13

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



2

KEPANAIO

PYZIKH MNMPOEAEYZH TOY OGOPYBOY

Mvwpiloupe 0TI OTAV 01 NAEKTPIKOI QOpEi¢ Ppiokovtal umod TNV emidpacn NAEKTPIKOL TEdiov,
aAAGlouv TPOXIA Kal KIvNTIKA Kotdotaon. O dpouog mou 6o akoAouBrjcouv e€aptdTal amd 1n
@OpA TOU NAEKTPIKOUL Tiediov Kat To PECO 0TO Omoio Bpiokovtal.

TO YAKPOOKOTIIKO PEVMA TIOL TIPOEPXETAL, YO KABE TEPImTwan, and Eva PeyaAo TARBOC TETOIWY
QOPEWV, TEPIEXEL BOPLBO PE BIOPOPETIKI TIPOEAELCN KOl 0UCTOCT), AVAAOYO PE TNV TIEPITITWON.

2.1 OEPMIKOZ OOPYBOZ (GOPYBOZ JOHNSON)

O TUTOC OUTOG BopuPBou peAeTrBNKe amd tou¢ Johnson kot Nyquist T0 1928 pe agopun Toug
METOAAIKOUC aywyolC. Av u(t) n oTiydiaio tuxaia tdon ota akpa piag avtiotoong R Adyw
BePUIKAG Kivnang Twv NAEKTPOVIWY, N TUKVOTNTa TBavATNTOC p(U) OKOAOULBE OTOTIOTIKI) Gauss,

be u =0, 3nA.:
Pu)= (Lov2p ) *e ™™ /" (e€.2.1.1)

H ‘diakOpavan’ o2 = E[V?] 8a eival ion mpog T YEon TETPAaywyIKI TIN u? H u_z, Tou Ba
N oupBoAIlovpE Pe e, gival TaPaTATIKE Tou BoplBou aTa AKpa NG R.
ATO TI¢ pyaaieg Twv Johnson kot Nyquist, BpEBnke Ot:

02 = E[V2] = e? = 4KTRB (£€.2.1.2)

Ormou:

K = otabepd Boltzman = 1,38*10 Joule/ k

T = Bepuokpacia tng avtiotaong, o€ k.

B =10 €0pog Tn¢ {vng CLXVOTATWV YIa TO OTI0I0 EVOIOPEPOUNOTE, OE Hz.

€ = Hia 160d0vapn mmyn taong touv BopuBou.

H e, dev €xel vonua mapa pévo oav "’ PEON TETPAYWVIKI TIMA 7 TV JIOKUUMAVOEWY TOU
BopuBou. Ekgpadetal og volt * rms, 6TOL TO rmS €ival n cuvtopoypa@ia “’root mean square’’
Kal TopoTifeTal yio va O€i&el ToV TuXaio XapaKTHpa TOU PeYEBOUC.

ATO Tov TUTIO ~ BAEMOULPE OTI 1) 100G TOL BopLPOL Eivat:

14
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W=e2/R = 4kTB (€£.2.1.3)
(dnA. n e 2 1e00Tal apIBUNTIKG Pe TV 10X0 Tou BopiBou avd Povada avtioTaong).

Mapatnpolue 0TI yia atabepr) Bepuokpaaia n 10x0¢ Tou BopLPoL Ba e€aptnBei

HOVO Omo To €0pog {wvng ouxvotrtwy B=Af, kai Ox1 and tn cuxvotnta TV omoia €ival
“’KEVTPAPIOUEVO’” aUTO TO 0POC. KATI avAAoyo GUUPBAIVEL KOl PE TNV EVEPYEID OTO AEUKO Q.
>€ OMmoI0 ONUEIo TOL PACHOTOC TTAPOULKE TNV evépyela TN¢ {wvng Af, autr gival n idla. And tnv
1010TNTO aUTH, BYNKE TO Ovopa AeuKOC B0puPoC. O Bepuikdg Aoimov B0puog gival AEUKOC.

O Bepuikog Bopufog eival o eAdXI0TOC BOPUPBOC IOV PTIOPET VO TIEPIEXETAL GTO GO WIOE TINYNC.
O 60puPog aUTOC LTAPXEL MAVTOTE, OAAG GuVHBwC dev Eival 0 PovadIKAg Tov EMNPEALEl TO orua
TIOL AAUBAVOULE.

Mo mopaderypa, otoug dEKTEC, 0 BOPUPOC TwV EVEPYWV OTOIXEIWV TPOCTIOETOI OTO BEPUIKO

80puPo. ‘ETal av PYETPOOVPE TIEEIPOPOTIKA TNV €, (XPNOIKOToIWVTAS HIo KATAAANARN d1aTagn) Kat
KOTOTIV SOKIUACOUME VO UTTIOAOYiCOLWE PE BAoN TOV TUTIO  Mia Bgpuokpaadia T TETOIN WOTE:

e2

T=—-" €. 2.14
4kRB (€8 )

Ba T Bpolue TeEAEiwC dIOPOPETIKN and tn Bepuokpacio mePIBAAAOVTOC. AUTO OIKaIOAOYEITal
yloti n e, Tmou YETProape, 8ev gival n e, Tou BeppikoL BopuPou povo .
Mo Bepuokpacia dwuatiov (T=290 k) N amAoucTEVETAL OTNV:

e,=1,26*10 "°VRB V*rms (€. 2.1.5)

Onw¢ Ba dolpe ae GAAoug TUTOLC BopuPwv (m.X. oto BopuPo schottky), n Tuxoia QUOIKN
d1adIKooio Tou TIPOKAAEL TO BOPLPBO EKONAWVETAL PE TNV UTIOPEN TuXaiov pebpaToC i(t). ZTnv
nepintwon auth Ba PIAGPE Yo JIa « 10030vVapnN TNy pELUATOC-80pUPOL » PE «rms» TR i,.TOo

i, Ba o peTpape ag A*rms.

“’looduvapo BopLuBoL’’ piog avtioTaong

Otav e€etdlovpe €va OIKTOWUO W TPO¢ To BOpuBO TOU, AVTIKABIOTOUPE TNV TPOYUOTIKN
(“’evBopuPn’’) avtiotaon R pe pia 1davikn (“’abdpuPn’’) avtiotaon tng idlag Tiung R, o€ agipa
ME MIa KATOAANAN «Tinyr) Taong - 6opuPou» ion pe e, 1 MApOAANAC PE pIa KATOAANAN « TINyR
pevpaTog — BopOPRoL » i . 'EXOUVME €101, ONWE QAIVETOL OTO OXAMA, TO 100d0VapO BopOBROL TNG
avtiotoong R katd Thevenin kot katd Norton.
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Eikova 6

Otav €xoupe d00 N mMeploodTEPEC TNYEC BoplBov, mpémel va Buudpaote 0TI o1 BopuPoi Toug
PTOPOLV va TPoaTeBolV e TNV mpolndbean OTl €ival otatioTiKd aveEdptntol.(Omwg Ay, 6tav
EXOUHE OU0 PUOIKA EEXWPEC AVTIOTATEIC).

Ma mapadetypa ato 10oduvapo BopuBou dVo avtiotaoewv R1, R2 o€ og1pd, 0 «BOpuPoc» e, NG
100d0vVaung mNyng tdong, Ba sivat:

el=e’ +e?, N e2=4k(RIT1+R2T2)Af (€€. 2.1.6)
Av o1 600 avtioTdoel¢ Bpiokovtal atny idla Beppokpaaia T, TOTE
e2=4kT (R1+ R2)Af = 4kTRAf , 6nouv R=RI1+R2 (g€ 2.1.7)

ONAadn TOTE POVOV UTOPOUME VO TAPOLKE MIO 1000UVOPN avTiotoon ion pe 1o dbpoloua:
R1+R2, o¢ Beppokpacio T=T1*T2. Av opw¢ T1=T2, 6a €xovpe : RT=R1T1+R2T2 ondte n
avOmapAacTaon ME MIo POVO avtiotaon R Bepuokpociac T pag odnyei oe ampocdlopioTo
MPOBANua. ‘ETol TO pOVO TOU PTOPOVUE VO TIOUUE yia TV «1oX0 BopOPou» ae éva cuoTnuUa
OCUOXETIOTWV TINYWV BopLPoL gival OTI: « n OAIKN 10X0¢ BopLPBou, Ba ival ion pe To aBpoloua
TWV 10X0WV BopLBoL TWV e PEPOLE TNYWV BopUBOL TOL CLUCTAKATOC ».

Mapatrpnon
MapoAo Tov oTa 1600UVONO KUKAWHOTO dNAWVOUNE TIC TNYEC BopUPOL OMWC TIC GUVNBICUEVEC

TNYEG, €ival @avePO OTI GTOUE UTIOAOYIOHOUG OEV TIPETEL VO TTPOCOETOUPE TO GUVNBITUEVD PIEYEDN
JE Ta aVTIoTOIKO rms PeYEDN: A.X. TO TOPAKATW KUKAWUO :

Eikova 7

3V + 0,5V*rms dgv divouv 3,5V.
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KAgivovtag n péan 10x0¢ mou amodidetal oto Beppikd 86pupo civai:
Oepuikog BopuBoc: N peon = K*T*B (€. 2.1.8)

Omnou K eival n otabepd Boltzmann, T eival n andAutn Bepuokpacia o€ Babuoug KEABIV kai B
T0 €0pOo¢ {wvn¢ 0TO OTOoIo yiveTal n YEtpnon.
O BepuIKOg B0pLPOC PToPEL TPOPAVAC VO PEIWBET pe TNV POEN NG TNyAg Tou BopLBoL Kat auTth
N apxn €QOpUOLETal 0 PEPIKOUC POOIOOEKTEC, XPNOILOMOIOVTAC KPUOYEVIKA cuaThiuata Yougng
yla va BEATIO0LVY TNV evalodnaia Tou dEKTN.

[ 2. K.Kapovumnaiou, Elcaywyy otn Oswpio ©opLBou Kot E@opuoyeg, EkdOoel BaadEkn,
AbBrva 1979]

2.2 O0PYBOX SHOT (1} SCHOTTKY )

Mapandvw avagepape 0Tt 0 00pLPOC BOANG EpPavIZETAl oaV ATOTEAECMN TNG TLXAIOC APIENG
QOPTICUEVWY OWUATIWV OTIC OVOOO0UC.
To pevpa - BopLPBou i, pag divetal amno ) oxéon :

i,=564*10"J1,*B , A*ms (. 2.2.1)

| 4= N TN TOU PELPOTOC TOAWONG 0 Amp.

B = Af =e0pog {wvng cuxvotiTwy o Hz.

e = @opTio NAeKTpoviou = 1.6*10 °Cb

iy, = N rmsTpr g tooduvapng mnyng pevpatog - Bopupou.

210 oXnUa  @aivetal n §Aptnan touv iy, omd 1o pevpa I, mou Slappeel pia diodo p-n 1 pia
diodo agpiov aToOV KOPO.

Eikova 8
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Onw¢ @aivetal kal amno tn oxéon €€.(2.2.1) o Bopufog Shot gival, Onw¢ Kot 0 BEPUIKOC, AEUKOC
BopuPoc Kal ag Eva dldypappa Ba TOPICTAVETAL e PIa 1I0080UVaUN TNy PEVHOTOC -60pUBov.

[2. K.Kapoupmaiov, Eloaywyr) otn Ocwpia ©oplBou kat E@apupoyeg, Ekdo6oel Boaodekn,
ABrva 1979]

2.3 O0PYBOZ FLICKER (15 ®©OPYBOZ 1/f)

Mpokeltal yia €vav TOMo BopluBOL TOL TOPOTNPEEITAlL TEIPOMOTIKA KUPIWE OTIC XOUNAEC
ouxvotnteg, (UIKpOTEPEC amo 100 Hz). ZTI¢ cuXVOTNTEC AUTEC EMIKPOTEL TV GAAWY BopLPwWV.
AuTO oupfaivel, yioti n 1ox0¢ Tou PETORAAAETON OUP@wWva PE TOo vopo 1/f, omou f eivar n
ouxvoTnTO.

O B0pufog autog dev EXEl OKOHPO EPUNVEUTEL IKAVOTIOINTIKA ME €O (UOIKO ULTIOdEIYUA.
JUYKEKPIYMEVO MIO TETOIO CUMTEPIPOPAE  TPOPAETETAN aMG  EMOAANAIO  pEydAoL  opiBuol
OlOOTIACEWY - EMOVACUVOEOEWY NAEKTPOVIWY — OTWV Kol TapeUBOAr Bepuikod BopuPou, o€
nulaywyo. O B8d6puPoc¢ 1/f mapatnpeital €miong Kol o€ avTIOTACEIC AvOPaKa, GE QVTIOTACEIC
AETTOU OTPWHOTOC (LBPIBIKEC) KOt OTIC AUXViEC KEVOD.

[eVIKOTEPO, O TUTMOC OUTOC TOUu BopUPOL TOPOTNPEITOI GE OAA TO QAYWYIUO UAIKA OV
€QOPUOCTOVHE pla TNyN 10X00C, OAAG Eival TIIO EVTOVOC OTIC OIOTAEEIC NUIOYWYWV.

AkpIBéatepa, n 10x0¢ Tou BopuPou flicker akoAoubei vapo

% ME TUTIIKEG TIMEC YIa TO N oTnv TePLoxr): 0.9<=n<=1.35.

‘ETol akopa Kol n «oAigBnon amoAafrc» Twv evioxutwv dc (ouvexeg), ue tpavlioTtop N e
Auvie¢ Kevou, Bewpeital orjuepa 0TI gival n ekdrAwan tou BopuPou flicker ge TOAD XaUNAEQ
ouyvotnteg f.

Zav anotéAeaua, o 00pupog 1/f Balel Eva mOAD coPapod EUMOSI0 OTNV OKPIPEIa TwV PETPACEWY.
Av Bewpr)coupE TO PACHA TOUL GNMOTOC TIOU Wag EVOIOPEPEL OTNV TIEPIOXT] TOU GUVEXOUG 1 TwV
TOAD XAUNAWV GUXVOTATWY, OMWC OTA ONUOTO OUTOMOTOL EAEYXOUL, €ival @ovepd OTI N
EMKPATNON Tou BopLPBou 1/f dev emITPEMEL KOMIA BEATILON TOU AOYOL «Onua TPOG BOpuPRO»
(SIN).

2TIC TIEPITIWOEIC AELUKOU BopUBoL Pmopolue va BEATIOGOUME TO AGyo S/N pE OAOKARPWAT) TOU
onuatog o€ QiAtpo (LPF — Low Pass Filter), evw o 80pupoc flicker, eneidn sival xpwuatiopévog
(6nAadr) e€aptatar amo to "), dev emdExeTal BeATinan.

Mo vo PETPoOLPE AOITOV acBevr) ofuOTa TOAD XOUNANC ouXvOTNTaC, TPOoTIOBOLE va Ta
UETAPEPOUHE UE DIAUOPPWAN a€ LPYNAEG CLXVOTNTEC OTIOV EMIKPATOOV 01 BGpuPol Johnson Kal
Shot, dnAadr) Aeukoi B0puBol. MeTd TNV €vioxuan Tou orUaTO¢ LYNAWY CUXVOTATWY, TO dc anua
AopBavetal Eavd pe T Aeyduevn alyxpovn pwpaan.

YToAoylopog Tou 0AIkoL BopOPou flicker og pia meplox ouxvoTHTWY
‘Eotw €va d1a0TnUa 0UXVOTATWY PE Katwtepn f, kot avatepn f, .

AQ@oU n 10x0¢ Touv BopLPBou flicker eival avtioTpoga avaAoyn mpog tn cuxvotnta f, TOTE N 10X0¢
ToU BopLPou ato didotnua [f, , f,] Ba givar :
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fy l f
2 . Tdf n e =Kk, Inf—H (€. 2.3.1)

fi L

Avtiotoixa yia to 86pupo flicker piag 10060vopNg «mNyNE PEDUATOC» Ba EXOULE :

iz o fkLaf A iZok it (e£232)
fL If fL i f

fi L

[2. K.Kapovumaiou, Eloaywyry otn Oswpia GopuBouv kot E@apuoyéc, EkdooelC BaadEkn,
Abrva 1979]

2.4 ©O0OPYBOZz FLICKER MAZI ME AEYKO OGOPYBO

21NV mPAgn, ya oXETIKA XAUNAEC oUXVOTNTEC, 01 Lo BOpLPBOL CUVUTIAPXOULY. AC TTPOCTINBNCOULE
AOITOV va €EETACOVE ATO TIOIA CUXVOTNTO Kal TIEPX ETIKPATEL 0 AcUKOC BOpuPoC. H ouxvdtnta
authy Ba gival n ouvxvotnta ywviag f, (corner frequency), Onw¢ MAPIOTAVETOL OTO TOPOKAT®

oxnua.

Eikova 9

M0 TO PIKTO auTo BopuPo Ba 1oxLEl :

fy
Chrmnan= [ (L 1 +a2)d =K, In{E+aZ (1, — 1) =l (o4 £, — 1,)
fL L v L

(€&. 2.4.2)
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Opwg yia f=f . o1 600 B6puPol Ba TPETEL, TUPPWVA PE TO TAPOTIAVW aXAMa, va Exouv TV idia
TIun 1oxLo¢. Emopévag yia f=f _ :

=~

2

ef‘L :eieuk. 5n7\ ku fizav r] fc: 4, (SE 242)

c

=
<N

Apa TEAIKA :

e(zleuk.+fL) =a.[f.* |n1;c—H +f, -] (€€. 2.4.3)

L

AvtigTolxa, yia 16060vaun mnyn pevuotog 8optou, Ba 1oxVEL 0 TUTIOC :

i(2|eu|<.+ﬂ_) = ai2 [f* |n1;c—H +f, -f.] (€€. 2.4.4)

L

[2. K.Kapoupmaiov, Eloaywyr) otn Ocwpia ©oplBou kat E@apupoyeg, EkdO60eI Boaodekn,
Abrva 1979]

2.5 ONIKOE ©@OPYBOX KAl AOrOs SHMATOS MPOS
OOPYBO (SNR) ENIZXYTH

Onw¢ yvwpidovye, pECO 0€ €vav TPOYUOTIKO EVIOXUTA LTOPXOUV JIAQOPEC TnyEC BopuPou
OTATIOTIKA aveEAPTNTEC PETOEL TOuG. Ot TNYEC QUTEC UTTOPOUV VO €VOTIOINBOUV TEAIKA GE pia
tooduvopun Tnyn pevpatog - BopuPou KOl Og piO 100d0vVauN TNy PEVMOTOC -BopuPou
TOTIOBETNEVEG OTNV €i0000 €VAC 180VIKOUL (aB0pULOL) EVIOKUTH TIOL £XEL TNV id1a amoAafn (gain)
A, UE TOV TIPAYHPOTIKO EVIOYUT).
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Eikova 10

210 TMOPATAVE® OXAHO, TOPIOTAVETOL va KUKAWHO EVIOXUTH) JIEYEIPOPEVOL ano Tinyr) tdong E
KOl E0WTEPIKIC «eVBOPLPNG» avtioTaong R .
O d10¢ 0 evioxuTNC €ival «evBopupoc» pe amoAapn A, . To @iAtpo RC €&ddou (diEAevang

XAUNAWVY GUXVOTATWV) €XEL 0AV OTOXO TOV TEPIOPIOKO Tou VPOUC {wvng Tou BopLPoL €€0d0L.
210 TMAPAKAT®W OXN O BAETOUHE TO 160OUVORO TOU KUKAQMOTOC TOU TIO TAVQW KUKAWUATOC, OTOV
T0 BewpoLpE WC Po¢ To 66puLBo (1coduvapo BopLBou).

Eikova 11
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H mpoydoTiki avtiotaon avTikatooTdbnke omd pia 10o0d0vapn mnyn téong - Bopupou 4KTR ( Af
Kal pia “’o806puPn’’ avtiotaon R, o€ og1pd. O MPOYUOTIKOG EVIOXUTIC OVTIKOTAOTABNKE Mo
€Vav 130VIKO EVIOXUTH NG id1ag amoAapig A ,, 0TV €i0000 TOL OTIOIOV UTIAPXOULV 01 LIGOSUVOMES
TNyé¢ Téong - BopOPBou e, kat pevuatog - Bopupou i, .

Tig mnyég e, i, Ba TG Bewpolpe TNyeG AcukoL BopLPOV Kol OTATIOTIKA OOUCXETIOTEC. H
TEAeLTaIO aUTA 1B10TNTA, pOg ETITPETEL VO aBpoiloupe TIC avTioTolxeC 10XVC BopLBou.

Mapatripnon:
270 TIO TOVW 100d0vVaPo BopUPOL TOU TOPOTAVW OXAUOTOC OtV KpPiBnke omoapaitnto va
Bewpriocoupe Kal To BopuPo mou Bdalel to QiAtpo RC €€ddou. Autd yiarti, 6Twe Ba dovuE Kal o€

EMOYEVN TOPAYPO@o, 0 BApLPOG aUTOC €ivan OUEANTEDC, 181aITEPO OTOV N OMOAAPr) A, TOu
EVIOXUTH] EIVOL OPKETA PEYOAN.

OewPWVTaE avTi TOL PeVPATOC i, , TNV Mtwon i, R, mou Ba MPoKaAEi oty avtiotaon R, Kat
JE Bdaon Tov TUTIO Y10 ACUOXETIOTEC TINYEC BopLPOUL, EXOUHE YIa TOV OAIKO BOpufo aTnv £€€0do0:

€,01.EZ0A. = [4kTRsB +e? +(i,R,)*]"**Ao  Volt*rms (e€.2.5.1)

Omou:
A , = amoAafr) TGong Tou eVIoXUTH, Kal
B = Af, €0po¢ {wvng oLXVOTHTWY TIOL EMIPBAAAETOL OO TO QiAtpo RC.

To onua atnv £€£060 Ba Exel MPOPaAVWE TAoN Es* A . =€POUPE OTI yIa VO XOPAKTNPICOUUE TNV
ToI0TNTa TOU oruoToC €€060L HIag Oldtagnc, Bewpolpe To AOyo Tou oruatog €600V TPOC TO
BopuPo €€6dou. O Adyoc auTog Ba cuppoAiletan e S/N i} SNR (signal to noise ratio)

21NV TPOKEIPEVN TIEPITTWON:

Es

SNR)V,E=. =
(SNR) [4kTRsB +e? + (i,R,)°]"?

(€. 2.5.2)

Onou (SNR)v,EZ=. gival 0 Adyo¢ orjuatog mpog B0puPo yia Tnv Taon €060V TOU EVIOXUTH).

>10U¢ BacIKoLg TOTOUC Kal  PTOPOUKE VO KAVOUUE TIC TIO KATW TAPATNPHOELS:

1. Me mv avayvwon Tou E0WTEPIKOL BopUBOU TOU EVIOKUTH OTNV £i0080 TOv, TO A, OMOAEIPONKE
Kal givatl d0GKOAO va aX0AMAC0oUUE TNV eMidpaat] Tou aTov SNR.

2. Mmopoupe va Bpolue TNV 10000vOun TAon oAlkou BopuPou OTnV €i00d0 TOU EVIOXUTH,
diapwvtag v e, EZ0AO0  pe Ao .

n,ol.
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€, EIZ=[4kTRsB +e2 + (i,R,)?]"?, Volt*rms (g&.2.5.3)

AUTO TO TéYvaoua yivetal yioti dev gival duvatd va peTpricouue 10 Bopufo amevbeiag otnv
€i0000 TOU EVIOXUTH], GAAG PHOVO OTNV £€000 TOUL.
3. H oupPoAr ¢ eowTePIKAG avtiotaong Rs tn¢ mnyng - oruatog ato 80pufo Tou maipvoupe,

yivetan avepn amnod tn oxean . Ané v BAEMOUPE OTI yIO OOCUEVO
evioxuth (dnAadn doopéva Ao, i, , e, )0 (SNR)v yivetal péylotog 6tav Rs— 0.
4. T'a vo dIEPELVITOLKE TO POAO TOU Upoug {Wvng B Tou @iATpou  mavw oTOvV TPOTIUAE

VO YPAYOUUE TNV HE TN HOPYN):

= Es
SNR)V,E= = €. 254
(SNR) [4KTRsB +e2 +i2/B*R2]? * B!/ (€8 )
onovtoe,/B=a; kat i /B=af eival oTabepEC, oTnv MepimTwaon Aeukwv BoplPwv.

AT TNV mapandvw e€icwan @aivetal, OTl, av To oua Es gival TEPIOPIoUEVO aE Eva PIKPO £0POG
{WVNC GLUXVOTATWV, OEV EXOUIE KOVEVO CUPPEPOV VO TTAPOLIE PeyAAo ebpog {wvng B.

‘Etol yio omolodnmote TOmo BoplBou, PO CUUEEPEL VO TEEPIOPIcOUE OTO €maKpo TN {wvn B,
apkei va un Badoupe o€ Kivduvo To @Acua TG mAnpogopiac tng Es.

[3. AndatoAog Tpayavitng, Wnolokeg Emikovwvieg, dBivonwpo 2004]

2.6 O OOPYBOZ KBANTIZHZ

O 00puPo¢ aUTOC UTIOPEL Va XAPOKTNPIGOEL oav «TEXVNTOC» YIOTI TOV TPOCHETOUPE EEIC KATA TN
dlodikaaia Tn¢ KRAvTiong .

Onw¢ 6o @avei To KATw, OIOQEPEL OPKETA amd €vav cuvnBiouévo Tuxaio mPoabeTiko B0pupo,
TPWTa amd OAa ylati YmopolUE va ToV TIEPIOPICOUUE 000 BEAOLUE, OPKEL va QUENOOUUE TNV
TUKVOTNTO TWV OlOKPITWV BaBuidwv dnA. Vo PEIOCOLYE TNV AMOCTOON METOEL TwV OTOBUWY
KBavtiong.

Ouo16popen KBaAvTIoN

Mo va umoAoyicoupe TNV rms TiPA Tou BopLPou KPAvTIoNC Ba 6EXBOUUE APXIKA OTI Ol OTABUEC
1oamnéxouy PETagL Toug (opoldpopen KBAvtion). A¢ Bewpriooue 0TI To arpa X(t) Tov TPOKEITal
VO PETOO00EL £xEl pEaN TIPN PNGEV Kat €VPOC dIOKVPOVONG OO «AKpPN o€ dkpn» (peak to peak)
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ioo pe Amax Volt . Ac Bewpriooupe 0TI T0 KBavti(oupe ae M JIOKPITEC GTABUEC IOV OMEXOLV
METOEL TOUC KaTd g Volt. @a £xoupe TOTE:

g=Amax/M (€€. 2.6.1)

Onw¢ QaiveTal 0To MAPAKATW OXAKA Ol EMTPENOUEVEC OTABUEC YETA TNV KPAVTION Ba ival ol
+q/2, £3q/2..... +(M-1q/2

Eikova 12

BAEMoupEe OmO TO MOPOMAVW OXAUA OTI N KBAVTION €XEl OVOMOPEVKTA £va 0QOAUA E a@ou 1o
TPOAYMOTIKO OTIYMIOTUTIO Xj  TOU GAUATOG OTPOYYUAEVETAL TNV TIPN

Xj+Ej o€ TpOno WOTE VO dWOEL EVa TIEPITTO TOAAOTIAGGIO TOU /2.

H i dpwg Tou o@aAiuatog KBavtiong E ival mepiopiopévn ato diaotnua

- /2 < E< + /2. O1 d1a00xXIKEC TIMEC TOLU 0@AApOTOC E Ba odnyrjoouv, Kotd T ARYn Kol
ENAVOCVOTOON TOU ONUOTOC , O AMOKAICEIC amd TIC TPAYUATIKEC TIWEC. Ol OMOKAIGEIC AUTEC
ouviotolv Tov B0pufo KBAvTiIong Tou Ol0PEPEL amd €vav GuVNBIOPEVO TPOCHETIKG TuXaiO
B0pupPo, Onwc eimape, BewPNTIKA TOUAAXIOTOV, UTTIOPOUE VO TOV TEPIOPITOLE OG0 BEAOLE.

Mo va uToAoyiooupE TN pEaN  TETPAYWVIKN TiUr) Tou BoplBou KBAvtiong, xpelalduacte TNV
TUKVOTNTa TIBavoTnTac Tou E. ©a dexBolpe OTI N Ty Tou E eival 1cokataveunuévn oTo
dldoTtnua + g/2,- /2, dnA. deXOUACTE OTL:

P(E)=1qg vy -1/2q0<E<+1/2q
kat P(E)=0 TOVTOU OAAOU
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©a £XOUE TOTE

. +q/2
0,2= E = jl/qEZdE=q2/12 (€5.2.6.2)

—q/2

dnA. n rms Tiur Tou BopLPou Ba gival
MTopoUUE EMOPEVWE VA TNV PEIWTOUE, JEIWVOVTAC TO Bripa q TS KBAvTIoN.

Ag unoAoyiooupe Twpa o Adyo S/N Bewpwvtag pévo 1o 80pufo KBAvTIoNE, ONA. OPEAWVTOC TOV
Wnolakd BopuPo. H 10x0¢ S Tov oruaTtog, dNA. N PEON TETPAYWVIKN TIPA , d&V gival yvwaT)
Topa pévov av yvwpilouvpe TNV Katavoun mibavotntag p(x). M’ avtd Ba amAouOTEVCOUUE TO
TPOPANUa Kot 6o EMKEVIPWOOUUE 0TV 10XV TOL PEYIoTOL TAdTOUC (peak value) , ondte Ba eivat:

S/IN=Amax?/E *=q*M?/(q?/12) =12 M?  (€£. 2.6.3)

HoedB  (S/N),=10,8 + 20 log M (5. 2.6.4)

Mapatnpolue 6Tt To S/N 010 YnElakd onua gival ave€apTnTo amod TNV 10X0 EKTOUTAG Kal amo
T0 €i00¢ d1IOPOPPWANG TOU PEPOVTOC, EVW OLEAVEL UE TO TETPAYWVO TOL TARBoLE M Twv aTaBUWY
KBavtiong.

[2. K.Kopoupmaiov, Eloaywyr) otn Ocwpia ©oplBouv kot E@apupoyeg, EkdO6oel Boodekn,
AbBrjva 1979]

2.7 MAPEMBOAH KAI ©O0OPYBOXx
2.7.1 Tnyég mapepoAng

To peyaAlTEPO PEPOC TNE TAPEPPBOANG (interference) TOU AMAVTOTOL OTO CUCTHUATA YNOIOKNC
ETKOIVWOVIOG TIPOEPXETOL EITE AMO GAAA CUCTAMOTO EMKOWVWVIWV E(TE OMO pnxoviuata. a
Tapadelyua, n ouvakpooon (cross talk) mou cupPaivel oTIC YPAUUEC TNAEMIKOIVWVIOC €ival
@OIvOpEVo TapeUBOANG, Omwe eival emiong kat o B6puPog avagAegnc (ignition noise), mou
TIPOKAAEITOL OTN PNXOVI) E0WTEPIKAC KAUONE EVOG AUTOKIVITOU.
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2.7.3 Tnyég BopLPou

>¢€ avtifeon pe TNV mapePBoAr, 0 BOPLBOC TIPOEPXETAI KLUPIWC OO TO KAVAAL ETUKOIVWVIWV Kab
auto Kol ouvABwg €xel Tuxaia @UaOn, OMOTE €ival TOAD GUOKOAO VO AVTIUETWTIOTEL. YTAPXOLV
d1dpopol pnxaviopoi mou dnuioupyoly To B0PULBO Kal Ol TIO YVWOTEC HOPPEC TOU Eival O
Bepuikdg BopuPoc.

O BepuIkdg BOPLPOC TUXVA KUPIOPXED OTA CUCTAMATO EMIKOIVWVIOG KOl TPOEPXETAl OMO TN
BepUIKA Kivnan Twv NAEKTPoOviwy o€ évav aywyo. To OVOHO TIPOEPXETAL OMO TO YEYOVOC OTI N
EVEPYELD, KOL EMOUEVWC O BaBuog ¢ Kivnong, €ival avadoya tng OmoOAUTNG BepuoKpaaiag Tou
aywyol. To PeLMA, KOl EMOPEVWC N TAON TOU ONUIoVLPYEITAl OMO OUTAV TNV Kivnon £xel
KUMOTOMOP@A TIOU €ival EVIEAWG TLXAIOC GUONG Kal OF IKOVO XPOVIKO SIACTNUO £XEL EMITEdN
KOTAVOUI MEONG EVEPYELOC WC TIPOC TN oLXVOTNTO. AUTH N 1316TNTA TOL BoPUBOL TIOL TIEPIEXEL
OAEC TIC OLXVOTNTEC, 00YNOE TNV OVOOCTia AcLKOG (white), o€ avTioTolio JE TO AEUKO QwC
TIOU TEPIEXOLV OAO TO XPWHATA.

[3. Amoatohog Tpayavitng, Wnelokég Emikovwvieg, Bivonwpo 2004

2.8 EYPOZ ZQONHZ ©OPYBOY

OtwpeioTte 0TI 0NV €i0000 €vOC OEKTN eu@avileTal AeukOg BopuBoc. YToBEaTE emiong 0TI Eva
@iAtpo pe ovvaptnon petagopdg H(f) Kkevipikng ouvxvotntag f,, xpnotdomoleitat yio va
TEplopioel v 10XV Tou BopLPBou oL TEPVA 0To JEKTN. Twpa BewpeioTte Eva opBoywvio GIATPO.
To @iAtpo outd £xel emiong Kevipikr ouvxvotnta tnv f,. Eotw 6Tt 10 €0po¢ {wvng Tou
opBoywviov @iAtpou B, mPooapuOeTal KOTA TETOIOV TPOTO, OUTWE WOTE TO TPAYUATIKO QIATPO
Kal To 0pBoywvio QIATPo va petadidouv tnv idla 1ox0 BopuPou. Tote, 10 €0pog Lwvng B,
KaAeitan ebpog {wvng BopuBoL ToL TIPAYUOTIKOU @iATpou. TATE To €0pog Lwvng BopLPou eival To
€0pOoC {wvne evog e€ldavikeupevou (opBoywviov) @iIATpou mou mepva TnV id1a 1oxL BopuPou pe
TO TIPOYMATIKO QIATPO.

@a dci&oupe auTAv TNV apxr tou gupoug {wvn¢ Tou BopLPOL BEWPWVTOE TNV TEPITTWAN EVOC
Babumepatol RC @iAtpou. MNa 1o @iAtpo autd, n H(f) Aappdver tn péyiotn tng T H(F) =1
otnv f = 0. Onwg divetat amé mv - N, = I%hfc ,EX0VTOC 00V €i0000 AELKO BOPULBO PATUOTIKIC
TILKVOTNTOC 10XVOG N/2, 0 BGpLPBOC oV £€000 TOL QIATPOUL gival

N,(RC)=mn/2(nf,) (€& 2.8.1)

Otav mapouatadetal évag TEtolog 80pufog, Eva opboywvio Babunepatd QIATPO pE H(f) =1
otn {wvn diEAeuaong B, Ba dwael B0puPo atnv £€0d0 pe 1oL
N, (opBoywvio) = (n/2)2B, = nB,  (€§. 2.8.2)
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©étovtag N,(RC) =N, (opboywvio), Bpiokoupe 0TI To EVPOC {wvng Tou BopuBou Eival
B, = (M2)f, (€. 2.8.3)

'ET01, 10 €0po¢ {wvng Tou BopuBou tou RC @iAtpou eivar /2 ( = 1.57 ) @opéc to evpog {wvng T,
Twv 3dB.

[4. Taub / Schilling, TnAsmikovwviokd Zuotiuata, Ekd0oelc TUO0Aa, OcooaAovikn 1998]
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3

KEPANAIO

3.1 TNAPAXTAZH TOY OOPYBOY 2TO TIEAIO
2YXNOTHTQN

e €va oLOTNUO EMIKOIVWVIWY, 0 BOpuBog OIEPXETOl ouxva amd @iAtpa. Ta @IATpa autd
TEPIypA@ovTal guXVA HE TN Borbela Twv XOPAKTNPIOTIKWY TOUG OTO Tedio ouxvoTtrTwy. ETol
AoImdv, yio va KaBopiooupe TNV midpacn Twv QIATPpwY autwv oo 86pufo, Eival KOTAAANAO va
EXOUHE £VO XOPAKTNPIOPO Tou BoplBou 0To Medio cuxVOTHTWY. ‘Exovtac autr tn Pop@r oav
Baon, Ba eiyaote 1KAvoi va KOBOPIOCOUPE HiO QOOMATIKI) TUKVOTNTA 10XVOC Yia pia
KupoTtopop@n 60pUP0oL TIOL EXEL XAPAKTNPIOTIKA TOPOUOIN PE AUTA TNG QACUATIKIG TUKVOTNTOC
10X00C Pi0g VIETEPUIVIOTIKIC KUPOTOMOPENC. H avaiuon pag Ba eival, Katd KAmolov Tporo,

EVPETIKN).
AG EMAEEOVPE VO OUYKEKPIUEVO OEiyua ouvdptnong BopluBou Ki ag eMAEEOLME amd autd Eva
didotnua ddpkelag T ekTevOPeVo, €0Tw and t = - T/2 éw¢ t = T/2. 'Eva Té€T010 deiyua

ouvaptnong BopuBou n(t) mapouctdleTal oTo o). AC TOPAYOUME Wit TEPIOSIKY KUHOTOHOPQN
OTO EMAEYUEVO OIOCTNUO TO OToI0 emovaAauBavetal kaBe T sec. H meplodikn ouTh
KupoTopoper nr(t) pmopei va avaluBei oe oelpd Fourier Kal pio TETOl O€Ipd TOPIOTAVEL
kaBapd to N®(t) oTo SldoTnpa amd - T/2 ¢ T/2. H BePeAIOSNC SUXVOTNTO TNE AVATITUENC gival
Af = 1/T, kat uoBETovTag 0TI eV LTIAPXEL GUVEXNC CLVICTWON, EXOUVUE

nrO(t) = )3 (a cos 21k Aft + by sin 21k Aft) (€€ 3.1.1)

k=1

I3

TIKA
k=

K
O = 22 cxcos (2nk Aft + 6)

1

N EVOAAQ

0Tnv omoia ak, bk Kol ¢k €ival o1 oTaBEPOi CUVTEAEOTEC TWV QPOCUOTIKWY 0pwV Kal B gival n
ywvia eaonc. Puaoika,
Ck2: a k2 +b k2 (EE 3.1.2)

Kal

Bk = - tan ™ by/ak (€€. 3.1.3)
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H 10x0¢ mou ouvdéetal pe KGBe @aopotikod 6po sival Cl /2 = ((a + b ?) / 2. Epdoov
MOPOUCIAZETaL Vol SITAELPO PAGHO, KABE PACHATIKY YPappR 10X00C €xet Poc C’ / 4. O GEovac
oLXVOTHTWY €ival Babuovounuévog Katd diacTtipata Af Kal pio ypauur @OoPOTIKAG 10X00G
BpioKeTal 0TO KEVIPO KABE dlaaTrpoToc. Opiloupe TwPa TNV GOCHOTIKA TUKVOTNTO 1I0XVOE OTN
ouxvotnta KAf gav v noootnta

G (KAf) = G(-kAF) =¢ 2/ 4Af = o> + b ® | AN (€8, 3.1.4)

H ouvoAIKr) 10X0¢ Py TTOU GUVOEETON PE TO S1A0TNUA CUXVOTATWV Af atn cuxvotnta KAf ivat :
Px=2Gn(k Af) Af (€. 3.1.5)

To éva pIoo ¢ 1oX00¢, Py /2 = Gp(kAf) Af cuvdEeTal Ye TN QOOUOTIKY YPAUUE OTN CLXVOTNTA
kAT, evo To GANO U106 pE T ypauur otn ouxvotnta - KAf. ‘Etot,

Gy (kAf)= Gu(-kAf) 1000T01 pe TNV 10X0 OTO BETIKO 1 ApPVNTIKO S100TNUA SIOIPEPEVN PE TO
peyebog Tou daatrjuotoc. Emopevag, n Gu(KAf) ival n (ap@imAgupn) YEGN @OCUATIKA TTUKVOTNTA
10X00G 0€ KABE €va d100TNUA.

Mo Eva CUYKEKPIPEVO OEiy0 cLVAPTNONC TOL BopLBOL, KATOIOC PTIOPET VO AABEL CUYKEKPIUEVEC
TIUEC TWV oTaBEPWVY ak Kot by tng €€. 3.1.1 [1) TOUC OUVTEAEOTEC Ck KOl TIC Ywvieg Bk TNC €E.
3.1.2]. Ala@opeTiKd deiypata ouvaptroewy Ba KATaAngouv o€ SI0QOPETIKOUE OCUVTEAEOTEC. AV
npoTeivoupe o1 HopPeC Twv €€.(3.1.1) R (3.1.2) va mopIoTAVOULY YEVIKA TNV Tuxaia dlepyaaia Tnv
OToi0 TPAYUATEVOPOOTE, TOV TEPIOOIKO BOPLPBO dnAadr), O XpeladeTal TapPa va BEWPrToLE OTI
ol ax’s, bk’s, ck’s Kal Bi’s Oev €ival GUYKEKPIUEVOL OpIBUOi OAAG 0T B0 TOUG EXOUME TUXOEC
HETOPRANTEC. TENOC, emITPEMOUPE T — oo (Af— 0), £T01 TOU TO MEPIOJIKA OEIYUOTA CUVAPTITEWY
BopuPou. Tate, Exoupe To BGpLPO N(t) va AapPAavel Tn popen

nt) = lim,_, =2, (a, cos 2pkAf +b, sin 2pkaft) (€. 3.1.6)

n
n(t) = lim,_, =°,c, cos(2pkAft +q,) (€& 3.1.7)

2uvexicoupe va dexopooTe TNV €€.(3.2.5) oav oplopd TNG QOOUOTIKIC TTUKVOTNTAC 10X00C TOU
BopUBoU N(t), pe e€aipean TO 4TI AVTIKABIOTOVLE TO i WE TO Ci° dNAGdK HE TV aVapEVOpEVN A
TNV and Kool PEon TIUr TOU TETPOYWVOL TNG Tuxaiog PETABANTAG ck . Emmpdodeta, KobBwg
Af— 0, o1 JIOKPITEC PACHATIKEG YPOUMEG €pXOVTAL OAOEVO KOl TIHO KOVTW, SIOUOP@OVOVTAC
TEAIKG Eva ouveXEC @aapa. ‘ETat Aoimov, atny €€.(3.1.5) avtikaBiotoupe tnv KA pe tnv ouvexn
petafBAnT ouxvotntag f. Emiong, and v €€.(3.1.3) €xoupe

c2=a’+b’ (e£.3.1.8)

Kol TEAIKA 1 €€.(3.1.5) yivetat

. cz aZ+b’
Gn(f) = |ImAf_)0ﬁ =lim, k4Af k (€. 3.1.9)
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ZNUEIRATE OTI N 10X0C¢ 0TO SIA0TNUA CUXVOTNTWV amo f; £wg T, gival

P(fi- f) :_IGn(f)df +jen(f)df zzjen(f)df (€€. 3.1.10)

-f2

EVW N OLVOAIKN 10X0¢ Pt givat

Py = T G, (f)df = ZTGn(f)df (e5. 3.1.11)

—-00 0

[4. Taub / Schilling, TnAemikovwviakd Zuotiuata, Ekdooelc TUo0Aa, Oeooalovikn 1998]

3.2 AlIOKPIZH 2TO ©0OPYBO ENOZ ®IATPOY ZTENHZ
ZONHZ

Av n mopdotacn Ttou BoplBou cav UTMEPBECN QOCUOTIKWYV CUVICTWOWV Eival €vAoyn,
QVOREVOUUE OTI OTIOTE OIEPXETOL BOpLPBOC Yeaa amd QIATpo aTevig {wvng, N €€000¢ Tou QIATPOU
va  potddel JOANOV PE NUITOVOEId Kupatouopen. Bpiokoupe OT1 mpdyuati outr €ival n
TePIMTWaN, d10TI MapatnPoUUE TwE N €€000¢ QIATpoL aTevng {wvng Pe €icodo BopuPou Exel TN
popen tou Xx.tn¢ Eikovag 22. H kupatopop@r) €€600U POIALEL PE NUITOVOEISH, EKTOC amd TO
QVOMEVOUEVO TAATOG TO OTI0I0 PETORAAAETAI TUXaiO. TO QACUATIKO EVPOC TNG TEPIBAAAOLOAC
€000V TOU QIATPOL CUUTEPIAOMBAVEL TO POCHOTIKO €VPOC aTo - B/2 €w¢ B/2, dmou B cival 10
€0po¢ {wvn¢ Tou QIATpou. H péan ouxvaTNTa TN KUPOTOUMOPENC Eival N KEVIPIKA cuxvoTnTa
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fot+ k Af kou pia otn dl0@opa cuxvotitwy fo - k Af . Emimpdodeta, ta mAGTN Kabepioag and Tig
000 PACHATIKEC CLVICTWOEC BopLBou Tov mapdyovTal amo TN Mign, £xouv PEIWBED KOTa évav
TOPAYOVTa 00 PE 2 OXETIKA PE TNV OPXIKI QOCHOTIKA ouvioTwoa BopuPou. ZUVETWC, Ol
d100TIOPEC (KOVOVIKOTOINUEVN 10XUC) TWV 6U0 VEWV CLUVICTWOWY BopUPOUL Eival HIKPOTEPEC KOTA
évav TapAyovta i00 e 4. ZUP@WVO PE autd Aoimdv, av n OpPXIKN cuvioTwoa BoplBou 0Tn
ouxvotnta KAf givat G, (KAf) tdte, and tnv €€.(3.3.1.1), 01 VEEC CUVICTWOEC EXOLV POCHOTIKEC
TIUKVOTNTEC,

Gn (k AF + o) = Gy (k Af - fo) = Gn (K AR/4 (€5, 3.3.1.2)

Oplokd, kabwg Af- 0, avtikabiotovpe tnv KA pe ™ ouvexn petofAnt f koi n €. (3.3.1.2)
yivetal

Gn(f + o) = Gu(f - f) = Gn(f)/4  (€€. 3.3.1.3)

AVOAUTIKG : dedopévng NG TOPAOTOONG TNC QOOMATIKNC TUKVOTNTAC 10XVo¢ Gn(f) piag
Kupatopopeng BopuPBou n(t)cos2nfot mpokuTTEl WC €A : Olopolue TN Gu(f) pe 4,
peTaTomi{oupe TN dlAIPEUEVN TTAPACTACT TPOC Ta aPIoTEPd Katd fo, Mpog Ta de€1d Kata fo Kal
TPOCHETOVE TIC OVO YETATOTIIOPEVEG TTOPOCTATEIC.

OewpeioTe Twpa TNV akdAoudn mepintwaon : ‘Exouue 60pufo n(t) and tov omoio Eexwpiloupe S0
(POOUOTIKEC CUVIOTWOEC, Pia ot ouxvotnta KAf kat pio otn ouxvétnta 1Af. Kdavoupe pign pe
gio nuitovoedn atn ouxvotnta fo, pe v fova €xel emiAeyei 010 p€co tou dlaotiuatog and KAF
€w¢ 1Af, dnAadn eival

fo = (k +1) Af/2. H pi&n autr) 6a omo@épel TEGOEPIC PATUATIKEG OUVIOTWOEC, 6U0 CUVIOTWOEC
oTn d1a@Qopd GUXVOTATWVY Kal d00 aTo ABpoigpa cuxvoTrTwy. Ot 300 CLVICTWOEG aTN dlaPopd
oLXVOTHTWY Ba gival atny id1a cuxvoTNTa

pAf = fo - kKAf = 1Af - fy. Qotoc0, 6o deifoupe TP OTI AUTEC Ol CLVIOTWOEC 0T dlaPopPd
OLXVOTHTWV EiVOl 0OVOXETIOTEC. AVOTAPICTWVTOG TI POCUOTIKEC GUVIOTWAOEC 0NV KAT Kol atnv
1Af 6nw¢ o n, (t) =a, cos2pkAft +b, sin2pkAft kot n, (t) = a, cos 2plAft + b, sin 2plAft,
Bpiokoupe OTI 01 CLUVIOTWOEC ATN dIOPOPE CUXVOTHTWVY Eival

Np1(t) = aw/2 cos 2mp Aft —b/2 sin 2rp Aft (€. 3.3.1.4)

Kal

Np2(t) = a1/2 cos 2mp Aft + bi/2 sin 2np Aft (€. 3.3.1.5)

OOV Npy(t) €ivat n ouvioTwoa dlaPoPag Adyw tng PiENC Twv ouxvotHTwy fo Kat KAF evad np(t)

gival n ouvioTtwoa d1aQopdc Aoyw NG MiENE Twv ouxvotrtwy fokat 1Af .
Tote and 1 €€.(3.3.1.4) kot €€.(3.3.1.5)  PBpiokoupe oTL

E[npi (t)npz (t)] =0
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‘Eto1, n pi&n 6opLPoL pe Eva NUITOVOEISEG GO EXEL AV OTIOTEAEGUA TN PETOTOTICN GUXVOTNTOG
T0U apxikoy BopOPou Koatd f,. H dlomopd tou petatomiopévou BopuBou Bpioketal

npocBETOVTAC TN dlooTopd KABE veag ouvioTwoog. Mapatnpolpe Aoimdv OTL N apxr Tou
JIOTUTIWOAUE apEoWC PETA TNV €€.(3.3.1.3) ePapuoleTal OKOUO KI OV UTIAPXEL EMIKAALYN OTIC
TOPOOTACEIC TWV V0 YETATOTIOUEVWY QOCUOTIKWV TIUKVOTHTWY 10XV0C.

3.3.2 Mi&n Bopupou - BoplLRou

©a BewpriOoVUE TWPO TO OMOTEAECHUO TOU TOAAOTAOGCIOOMOU 6U0 QACUOTIKWY CUVICTWOWV
BopuBou. MopatnpwvTac TI QOCHOTIKEC OCULVIOTWOEG Omo TNV e€iowon, Bpiokoupe OTI TO
YIVOUEVO TwV 600 CLVICTWOWY, Wia atn ouxvatnta KAF kat pia otn ouxvotnta 1Af, eival

n,(On, (t) = %ckc, cos[2p (k +)Aft +q, +q|]+%ckcI cos[2p (k —-)Aft+q, —q,]

(8. 3.3.2.1)

ATO TOV TOAATAQCIACUO TIPOKOTTOUV OU0 VEEC QACHATIKEC OLVIOTWOEC BopUuBou, pia oto
dbpotopa ouvxvotitwy (k + 1Af kat pia otn dlagopa cuxvotitwy (k -1)Af. Ot 6pol otnv
nopanavw e&iowaon givat ¢ Hopeng g n, (t) = ¢, cos(2pkAft +q, ), EKTOC ano 1o 0TI 0
(1/2)c,c, avukablota tov ¢, , Kat o g, omv e&iowon  n,(t) =c, cos(2pkaft +q,)
avtikoBiotatal and tov g, +q,

otnv pia mepintwon Kot and Tov g, -q, otV GAAn. E@ocov o1 g, kAl q, €XOULV
OMOIOUOPPEC TTIUKVOTNTEC TIBAVOTNTAC, €ival S1010ONTIKG TPOPAVEC amd TNV apXr) TNC EAAXIOTNC
EKTTANENC OTL o1 Q, +Q, Kol (,-q, EXOUV EMiONC OMOIOPOPYES TIBAVOTNTEG (Mia o 0pdn
andédeign sivar duvatn). ‘ET0l, N KAVOVIKOTIOINKEVN 10XUE TIOL CUVEETAL PE KABEVAY OO TOUC
opoug ¢ €€.(3.3.2.1) pmopei va e€ayxBei OMWC Kal yia TNV @ACUATIKY GUVICTWOO TN¢ €icwaonc

n, (t) = c, cos(2pkAft +q, ) . Xpno1UOmoIRVTOC v e€iowan
P, = 2G, (KAf)Af = 2G, (-KAf)Af =a2 =b? =a’/2+b}/2=c}/2
, EXOUUE

1.1

Pt =P ZE(ECkC')Z (€€. 3.3.2.2)

Agov ol ¢, KOl ¢, €gival avegapTnTEC TLXAIEC HETORANTEC,

Pea =P = %cfcﬁ =%Pk P (s£.3.3.2.3)
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3.5.1 Zuyxpovn Avixveuon:
3.5.1.1 Zvotiuata DSB:

Ze ouotiuata DSB, 1o petadidopevo anua X (t) €xeLtnv popen

X () = A X(t)cosw,t (g€ 3.5.1.1.1)

210 TTOPOKATW OXNUO @AIVETAL TO TUAUO OMOSIOPOPPWTH Tou cuaTipato¢ DSB. H gicodoc tou
OEKTN eival

Y, () = A X(t)cosw t+n,(t)

= [A X({)+n ()] cosw t-n (t)sinw t (g€ 3.5.1.1.2)

O

Eikova 19

Av oAanAacidoouvpe v Y, (t) €mi 2 cos w, t Kal xpnowyomnorjoovpe Babunepatd @iAtpo,

AapBdavoupe
Y, = AX@®)+n (1) = X, () + ny(t) (€€ 3.5.1.1.3)
Xo®) = A_X() kat ny(t) = n_(t) (€€. 3.5.1.1.4)

BA¢moupe 0TI To onua €€0dou Kal 0 BopuPBoc mpoaTiBevtal Kal 0TI EXEl amoppl@dei and tov
anodlapopewTr) N 0pBoywvIKn auvioTwoa BopuPou N (t) . Oa ival

S, = E[X2(1)] = E[A*X2(t)] = A? E[X*(®)] = A2S, (& 3.5.1.1.5)
N,= E[n2(@®] = E[n2(®)] = E[2(t)] = 2nB (€. 3.5.1.1.6)

Kot o SNR €€6dou eival
(SIN), = S,/N, = A2S,/2nB (g€ 3.5.1.1.7)

H 10x0¢ onfpotog 106d0v S, divetal amnod v
S, = E[X2(t)] = 1/2A%S, (c£.3.5.1.1.8)
‘Eto1 ano Ti¢ 300 TOPATAVL OXETELC EXOUME
(S/N),=S,/nB =y (g€ 3.5.1.1.9)
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H omoia deixvel 0TI o€ 0TI apopd aTo BOpuPo, To DSB pe 16avIKA alyXpovn avixveuaon £xel idla
anédoaon pe 10 c0oTNua Bactkig {wvnc.

O SNR a1nv €icodo Tou avixveuTr gival

(SIN), =S, /N, =S./2nB  (g€. 3.5.1.1.10)

Kl (SIN),/(SIN), = a, =2  (e€.3.5.1.1.11)

O Aoyog a, e€ival yvwotdg oov amoAaBry OVIXVEUTH) Kal GUXVA XPnolPOTOLEiTal oav PETPO
To10TNTAC Y1 TNV OmodIoUOpPWar).

3.5.1.2 Zvotiuota SSB

Mapopolot LTToAOYIoHOI yia cuaTruaTa SSB pe alyypovn avixvevaon divouv v idia anddoan wg
TPOg T0 BOpLPO OTIWC Yia To cuaTNUA Baalkrc {wvng 1 To cuaTtnua DSB.

3.5.1.3 Zuotnuata AM

210 ouvnOn cuotiuata AM, ta onuata AM anodiapop@rvovtal and gUyXpovo OVIXVEUTH 1
amnd avixveuTn mepIBAAAoLaaC. To SIaUoPPWHEVO arpa o€ cLGTNUA AM €xel TN Hopen

X () = A [1+pX(t)] cosw t (€€ 3.5.1.3.1)

Onou p givat 0 deikTNnC dlapdpewaong Tou orjuato¢ AM Kat
p<1 Kalt X(®) <1

Av 0 a0yXpOoVvOoC OVIXVELTHC TIEPIAAMBAVEL 1I00VIKG KaTAOTOAE dc, n €€0d0¢ Tou 06Kt Ba ival
Y, (1) = A uX@®) +n (1) = X, () + n, () (5. 3.5.1.3.2)

Omov

X, =A_pX({®) kot ny(t) =n () (€ .3.5.1.3.3)

Qote

H 10x0¢ Tou onpatog €106d0v S gival
S, = 12E[A2[1+uX(t)]?] (& 3.5.1.3.4)

Ene1dr) Bewpolpe 0Tt n X(t) €xel undevikn péan Ty,
S,= 1/2A?(1+u?S,) (£ 35.1.3.5)

Etol S,=AZpu?’S = (@2u*S 1+ pu®S.)S, (& 3.5.1.3.6)

Kat  (SIN), = S,/N, = p*> S, /1+u?>S (S,;mB) = (U>S,/1+u*S )y
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(5. 3.5.1.3.7)
Enedi p°> S, <1, éxoupe

(SIN), <y/2 (e£.3.5.1.3.8)

H omoia deixvel 0Tt 0 SNR €€6dou o€ cuatrpata AM gival TOLAdXIoTov 3dB PIKPOTEPOC am’ 0T
o¢ ovotiuata DSB kot SSB.

3.5.2  Avixveuon MepidArovoag kat Patvopevo Katw@Aiou

ZuvRBwe, €va ofua AM omodIaUOPPWVETaL PE avixvevan TEPIBAAAOLGOG. ATIO TO OXNMA n
€i0000¢ TOL avIXveLTH €ival

Yi() = X (0)+ ni(D)

={A [1+pX{®)] +n (B)}cosw t- n (sinw t (g€ 3.5.2.1)

MrmopoUpe va avaADooUPE TV ENidpaar Tou BopuBou av e&eTdooue Tov PactBEtn g Y, (t)
Y. (t) = Re[Y(t)e ™'] (£.3.5.2.2)

‘Omnou
Y() = A [1+pX(@)] +n (O)+n (t) (€€ 3.5.2.3)

210 TOPOKAT® OXNMA, @aivetal To S1dypappa @AcEwv. ATO aUTO To oxrua, PAEMoLPE otin Y,
(t) pmopei va ypo@Tei wg
Y, (t) = V(t) cos[w, ()+p(t)] (e€. 3.5.2.4)

‘Omov

V(t) = JHAL+mX(O]+n OF +n2(t)  (e5. 35.2.5)

1

o) = tan n () AL+ pX®]+n,(0) (€& 3.5.2.6)
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Yi(t) Yo(t)

AIEVKPIVIOTIG LPE ——

2000y ppE ¥ MeplopioTric

\ 4

\ 4

SN

Eikova 22

To TMAGTOG TNG PEPOLOAC TTAPAUEVEL OTABEPD, KATA GUVETELX
S;= EX!()] = %A’  (e£.3.65)

Kal

N, = nB; (€. 3.6.6)

‘Etot,

(SIN), = AZ/2nB, (€. 3.6.7)

Tov €ivatl ave€aptnTog amo tnv X(t).

O (S/N),; tng nopanavw oxEang ouxvd ovopdadetal Adyog @Epouaac Tpog B0pupo, CNR (Carrier-
to-Noise-Ratio).

Emnedn o n, (t) eivat atevig {wvng, ypagouue

n,(t) = u,(t)cosfw t+qe, (1)] (€€. 3.6.8)

Omnou nu, (t) éxet katavour| Rayleigh kot n @, (t) £t opOIOUOPEN KATOVOUT) 0TO SIACTNHA (
0,2m). Tote n Y, (t) ymopei va ypdaget
Y, (t) = V(t)cos [w, t+08(t)] (€€. 3.6.9)

omou

V() = {[A.cosp+u, () cosq,(B]° +[A sing+u, (B)sing, (B)]°}"
(c€. 3.6.10)

Kail B(t) = tan* A sinf +u, (Hsinf, () (€. 3.6.11)

A, cosT +u, (t)cosT, (t)

O meploploTr¢ Kotamviyel kKaBe mapaAiayn mAdtoug V(). ‘Etol, o€ diapopewaon ywviag, ot SNR
g&ayovtal povo amd e&étaon tng B(t). H ékppaon tng B(t) gival TOAD TOAOTIAOKN yla avaAuon
XWpI¢ KAmola anAonoinan. @ewpolpe OTI 0 AVIXVELTHC gival 100VIKOC . H €€060¢ TOU avIXVEUTA
eivat

Y, (@) = 6(t)yuPM  (g€. 3.6.12)

Kat
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Ao Ti¢ €€.(3.6.1.2), €€.(3.6.1.3) , €€(3.6.2) kan £€.(3.6.3) n £€€000¢ TOL AVIXVELTH Eival
Yo) =08 =k, X®+n ()/A, yaPM (g€ 3.6.1.8)

Y, (1) = do()/dt = k, X(@®) +n.(/ A, yiaFM (g£. 3.6.1.9)

3.6.2 Mepimtwon o€ Zuotruota PM

Ano v €£.(3.6.1.8)
S, = E[kf) X2()] = kf,E[Xz(t)] = kf,SX (€€.3.6.2.1)
N, = E[(VAZ)] = (UAZ)E[nZ(t)] = L/AZ(2nB) (e€. 3.6.2.2)

‘Etol,
(SIN), = kf) Aﬁ S,/2nB (€. 3.6.2.3)

Ao TI¢ €€.(3.4.6) Kal €€.(3.6.5) £xoupe
y=S.,/nB = A?/2nB (. 3.6.2.4)

Kat T0te n €€.(3.6.2.3) pmopei va ekppacTei oav
(SIN), = kiS,y (€. 3.6.2.5)

3.6.3 [Mepimtwon og Zuotnuata FM

ATIO TNV
S, = E[k; X* ()] = k2E[X*(1)] = k2S, (€€.3.6.3.1)

N, = E[(UA2)n? (0] = (UA?)E[[,(D]%] (& 3.63.2)

AV XPNOIPOTIOINGOUKE TNV S, (W) =W3S (W) , N TUKVOTNTO GACHATIKAG 1oX00g TG N, (t)
divetal amo TNV

S, () = w?Snn () = w® yiow<W(=2nB) kat 0 0moudnote aANoU.

Tote

N o= (UAZ) (1/2n) [w'hdw =(2/3)h/ A?(w’/2n) (€& 3.6.3.3)

Katd ouvenela,
(SIN), = 3AZ(2mk? S /2nw?®  (€&.3.6.3.4)
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To de0TtePO Pripa TNG dlEPYOTiog avixveuang GrUOTOC OMOTEAEITAL OTIO CUYKPION TNG OTATIOTIKIC
QOKIUNG Z ME MIa TIPR KOTW@AIOL A 0TO TUAUO 2 (KOKAwPa oUYKPIoNG KOTWEAioL) Tou
TOPOTAVE® OXAMATOG. To TEMKO Brpa oTo TuAua 2 gival n AN ¢ anégaacng.

z>A\ yio H,
Kal
zZ <A yio H,

Omou H, kot H, eivar ot dvo duvateg umobEoelg. H emAoyr tov H, 1ooduvapei pe v
amo@acn OTl €yIVE OMOCTOAN TOu onuatog H, , Kat n emAoyn tou H, 100duvapEl pe v
ano@acn 0Tl £YIVE ATMOCTOAN TOU ONuaTog S, (t) . H mapandvw oxéan Oeixvel 0TI eMAEyeTal N
undBeon H, av z > A, Kol n umobeon

H, emAéyetatavz < A. Avz = A, n anogoon Pmopei va ivar avbaipetn.

[7. B. Razavi, RF Microelectronics, Prentice Hall, 1998]
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A

KEPANAIO

4.1 METAAO2H PCM

2T0 MAPAKATW OXNUa TapouatddeTal éva ouoTnua PETddoang duadikol PCM. To afua Bacikng
{wvng m(t) kBavtigetal, SnUIOVPYWVTAG TO KBAVTIOUEVO arpa m (1), 6Ttov

m, () = m(t) +e) (€ 4.1.1)

O 06poc e(t) gival T0 onuo oEAAPOTOC IOV TIPOKUTTEL and Tn dadikagia Tou KPRavTiopoL. XTn
OLVEXELD, TO KBaVTIOPEVO anpa vgioTatal dstypotoAnyio. H dstypatoAnyio AauBavel xwpa He
puBuo Nyquist. To didatnua detypotoAnyiag ivan T, = 1/2f,, ,0mou f,, €ival n cuxvotnta otnv
omnoia To orjua m(t) eival mePIOPICPEVOL EVPOUC.

H delypotoAnyia emituyxavetal pe Tov TMOAAAMAQCIOOHG Tou onpatog  m, () pe pia
KUUOTOMOPQA TOL OMOTEAEITAl aMO Mio MEPIOdIKY] aKOAoLBior TOAUWY, o1 omoiol Xwpilovtal
peTa&D Toug amo To dlaoTnua SetypatoAnyiog T . Oa uoBEToLE 0TI Ot TOAYOI detydaTOANYiag
eival apkeTd oTeEVOi 0UTWG WOTE N delypatoAnwia va Pmopei va BewpnBei otiyuiaia. e auto T0
gnueio va umEVOLPICOLPE, OTI PE PIa TETOIO OTIYMIaia dElyPOTOANYIa, TO Grpa IOV €XEl UTIOOTEI
delypaToAnYia Umopei va EMAVOKATACKEVOOTEL EMAKPIBWG Pe TN OIEAELAT TNE OKoAouBiag Twv
TOAY®V PEOT OO €va XOMNAOTEPATO @iATpo pe ouxvotnta anokomr¢ f,,. Ma Adyoug twpa
HOBNUOTIKAC €UKOAIOC, Ba TapIoTOUPE KABe MOAUG TOU u@icTatal dslypoToAnyio cav €va
KPOUCTIKO TOAMO. 'EvOC TETOIOC KPOUCTIKOC TOAWOG €ival AmMEIPOCTA OTEVOC TOPOAO TOU
XApPOKTNPIideTal €XovTag €va TEMEPACUEVO EPPAOOV. To €PPadOV €vOC KPOUGTIKOU TAAUOU
KaAsitol €vtaon (strength) Kot évag KPouoTiKOC TOAPOC évtoong | ypdeeton 16(t). H
OEIYMOTOANTTIKI) 0KOAOUBIa KpoLaEWwY Eivat S(t) Kal, KOTG GUVETELD, OIVETAL OO

S(t) = | id(t—kn) T, = 12f, (5. 4.1.2)

k=—-00
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KBovTIopEVN KOl JIOUOP@WHEVN KOTO TAGTOC akoAouBia maApwv). H duadikr €€0d0¢ TOU
petatponéa A/D PETOIdETAl PEGW KAVOAIOU ETIKOIVWVIWV KOl @BAVEL 0TO d€iKTn UOALGUEVN,
OOV OTIOTEAECUO TNG TMPOOBEGNC AEUKOU Bepuikol BopuPou n(t). H petddoon umopei va gival
duean, OmMw¢ TOPOUCIAETal OTO TOPATAVW OXAUA, 1 TO OLAdIKO onuo €€000V UTOPED va
xpnotyomnoinBei yia va dlopopewaoel Eva @épov 0mw¢ oto PSK 1 oto FSK. Ze omoladnmote
TEPITTWAON, TO onua Tou AAUPBAVETOL OVIXVEVETAL aMO €O TIPOCOPUOCHEVO QIATPO yia va
€AOXIOTOTIOIOLVTOL TO GQAAUATA 0TOV KOBOPIoUO KABE duadIKoL Yn@iov Kot aTrn GUVEXELD TTEPVA
oe évav petatponéa D/A. H £€0dog Tou petatponéa D/A ovopaletar m . (t). TEAIKE, To onua
dIEpXETal amo €va Pabumepatd @iATpo otn Pacikfy {wvn. ZTnv £€€000 QUTOU TOU @IATPOU
Bpiokoupe éva anua m,(t) To omoio, EKTOC aNo pia duvatr) dlaPoPA OTO TTAATOG, EXEL OKPIBWC
TNV 010 KUPOTOPOPEN YE OUTH TOU OPXIKOL orjuatog ot Bacikr {wvn m(t). To orjua €ddov,
OLVOJEVETOI WOTOOO0 amd pia Kupotopopr) BoplBou, N omoia oPEIAETaAl OTOV KPAVTIONS KOt pia
TPO0BeTN Kupatopoper) BopuBou n . (t), Adyw tou Beppikov BoplLou.

[2. K.Kapouumahov, Eloaywyr) otn Ocwpia ©oplBouv kat E@apupoyeg, Ekd60eI Boaodekn,
ABrva 1979]

4.2 YTIONOI IZMOZ TOY OOPYBOY KBANTIZMOY

TNV evotnta autr), Ba umoAoyicoupe TNV 100 €600V Adyw Tou BopuPRoL KPavVTIoHOD OTO
oboTnua PCM tou axuatog Tng mPonyolueVng EVOTNTOGC.

H Kupatopop@r) Tou 0PAAMATOC KBAVTIOPOU TIOL £XEL UTIOOTEI dElyaToANYia, OTwG

divetan amo tnv e€iowon 4.1.3, eival

e.(t) = e Sd(t-kT,) (€€ 4.2.1)

k=-00

MpEMEL va ToVIoTED 0TI €AV 0 PUBOC detypatoAnyiag mIAeyel va gival o puBuog Nyquist yia 1o
ofua Pactkig {wvng m(t), o pubudg auToC Ba eival OVEMOPKAG Yyl Vo EMITPEYPEL TNV
EMAVAKATAOKELT) TOL OAUATOC OQYAAUATOC

e(t) and ta deiypata tou e (t). Eivar EOKOAO va YiVEl @OVEPO ATO TO TAPOKATW OXNHO OTI
Mpdypot €10t oupBaiver. Z1o oxnpa g Ekovag 34.a mapovataletal n oxéon PETagl N (t) Kal
m(t). Ot otdbuec KPavtiopol ameExouv Katd moodtnta S. Mapatnpolue amdé To OXAMA TN
Eikovag 34.3 o011 1o e(t) ekteAei évav TANPN KUKAO Kal TOPOUCIALEL Pia EQQVIKI) OOLVEXEID KABE
@opd mouv To M(t) KAVEL pia S10dpOUr) TOCOTNTOC S. ZUVETWC TO QPOCMOTIKO €0pog Tou e(t)
EKTEIVETON TTIOAD TIEPQ OO TNV OpLOKH auxvotnta {wvng f,, Tov m(t).

Ma va Bpolpe v 10x0 Tou BophBou KBavTiouoL oty €080 N, XPEIOCOPATTE TNV PACHATIKN
TIUKVOTNTO 10X00C TOU GPAAPOTOC KBOVTIOPOU TIOL €XEL LUTIOCTEL delypaToAnPia |, Tou diveTal
and mv e€iowan

A@oU J(t-KT ) =0, ektdg otav t = KT ., to e (t) umopei va ypa@Tei

e.(t) = I ie(kTs)d(t—kTs) (€. 4.2.2)

k=—-00
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H egiowon 4.2.3 eumiékel tov 6po e’ (KT,) avti Tou e*(t). Qatooo, €pOGOV N MUKVOTNTA
mbavatnTag Tou e(t) dev e€aptdtal amo Tov XPOvo, n dlacTopa Tou e(t) 1oouTal Ye TN dlooTopd
tou e(t = kTs). Etol

e2(t) = e*(kT,) = S2/12  (e£. 4.2.5)

ATO TI¢ €lowaoelg 4.2.3,4.2.4 kot 4.2.5 €xoupe

Ge () = 17 S?/T 12 (€& 4.2.6)

TeAIkd, amo v e&iowon 4.2.6 , 0 60puPog KBavtiopod N, eivat

fu
N, = [G, (fdf =(1*/T)(S?/12)2f = (17/T2)S?/12 (e 4.2.7)

_fM

agov 2f,, =1/T..

[8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001]

4.3 TO ATNOTEAEZMA TOY OGEPMIKOY GOPYBOY

To omotéAecpa TOU TPOOBETIKOD BopuPou  €ival vo  TPOKOAEL TOV  OVIXVEUTH TOU
TPOCAPUOCTHEVOL PIATPOL TOU OXAMATOC TN TPWTNG EVOTNTOC VA UTIOTITTEL OE €V TIEPICTOCIOKO
0@AAua, TNV TPooTdbela KaBopIouoL €av PETAdOONKE va duadiko 0 ) éva 6uadiko 1. Eav o
BepuIkag B0puPoc eivar Aeukog Kai Gaussian, n mOAVOTNTO VO TETOIOU OPAALOTOC EEOPTATAI
amo 1o Aoyo E ,/n, 6mou E, €ival n eVEPYELD TOU ONUATOC IOV PETASISETAL KOTA TN SIAPKELD EVOG

bit Kat n/2 gival n op@IMAELPN QOOPOTIKA TLKVOTNTA 10X0OC Tou BopuPou. H mBavoTnTa
o@AaAuaTog €€0pTATal EMIONE KOL OTIO TOV TUTIO TNC SIOPOPQWANC TOL XPNOIKOTOoLETal, dnAOdH
dueon petddoon, PSK, FSK, KAT.

Eival pgdAAOV avTIMPOOWTEVTIKO TO OTI Ta cuotiuata PCM Asitoupyolv pe mBOvVOTNTEC
O@AAMOTOC TIOU €ival TOOO MIKPEC WOTE VO UTOPOUKE VO ayVONOOUMPE TNV TIBavotnta va
OLUPBOLV TEPIOOOTEPO OTIO €va €0@OAUEVO bit oe pia omAr AEEn. Mo mapdadelyua, €av n
mBavoTTa 0@AAoTog eivar P,= 10~° kal pio Aé&n éxet 8 bit (N = 8), 6a avopévape, Katd
HECO 0po, OTI yla KGBe 12500 A£€elq mou peETadodnkav, pio Ba €xel o@dAua. Mpayuatt, n
TOAVOTNTA v gival Ec@aApéva 2 bit atny idia AEEN Twv 8 bit dtav P = 10° eival

P,={8},{2} P2(1-P,)® = 2810 ™.

A¢ umobégoupe OTI pia KWAIKN AEEN TOU XPNOIUOTOIEITAL YIO VO TIPOGOIOPIcEl i oTdbun

KBavtiopou, €xel N duadikd Yngia. EmmpocOeta uMOBETOUPE OTI N OUVAEON TWV KWOIKWV
A€WV PE TIC OTOBPEC €ival TNG TAENG TNC apIBUNTIKAG onuavTikOTnTag T Aé€ng. 'Etol,
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avtigTolxi¢ovpe v 00...... 00 omv mo apvnTik otddun, v 00........ 01 otV apéowg
LYPNAOTEPN OTABUN £0C N KWAIKN A€ 11........ 11 va avTioTolxietan aTnV o BETIKA aTadun.
‘Eva o@aAua mou cuppaivel 0To EAGXI0Ta ONUOVTIKO Yn@io TNG KwOIKAG AEENG, avTIOTOIXED O€
évav E0QOAUEVO KOBOPIOPO OTnV KPavTIoPEVN TIWN TOU ONPATOC TIOU €XEl UTIOOTEL
detypatoAnYia, Kotd tnv moodtnta S. ‘Eva 0@AAu0 0TO OPECWC LYNAGTEPO GNUOVTIKO Yn@io
OVTIOTOIXET 08 OPAAUO 2S, OTO AUETWG EMOPEVO 4S, KATL. AC OVOPACOUKE TO OQAAO Am . TOTE
UTIOBETOVTOC OTI Eva GQAAUN UTTOPEL va cuufei pe ion mBavotnta oe omoladmoTe bit NG AEEN,
N d100ToPd TOL GPAAUATOC Eival

(Am,)? = 1N [S?+ (2S) %+ (4S)? + (85) 2 +....+ (2V15)2] (e£. 4.3.1)

To GBpolopa TNG YEWUETPIKNC TPOOdoL aTnV e&icwan eivai
22N _1 ) 22N )

S°= S° (€. 4.3.2)
3N 3N

(Am,)* =

yioN > 2.

H mponyolpevn avdAuon degixvel 0TI TO OMOTEAECUO TWV CQOAUATWV AOYyw TOU BepUIKOD
BopuPou, pmopei va Anedei v’ oYn mpocBETovtag, otnv €icodo Tou petatponea A/D Tou
OXAMOTOC TNG TPWTNG EVOTNTAC, €VO OPAAUO TAONG Am . Kal aQaIPWVTAG TNV TNy AEUKOUL
BopLBou Kal To PIATPO mpocapuoynC. 'Exoupe LTIOBETEL OTI OO TNV €i0000 Tou PeTaTpoméEn A/D
€w¢ TNV £€0d0 Tou petatpoméa D/A 10 KEPDOC eival povadiaio. ZuveEnwg, otnv €i00d0 TOU
XapnAomepatol QIATpou Bacikng {ovng ep@avideTal To id10 0PAAUa Taong. To anoTéEAETHa NG
d1080)1N¢ OPaAUATWY Eival pio akoAouBia kpoLoewv, kabepia évtaong | Am,. Ot KpoUOEIg
QUTEC TTAPOLGIALOLY TUXAIO TTAGTOC KOl TUXAI0 XPOVO EUPAVIONC.

Mia kpoOaon o@aAuatoc Bepuikol BopuBou cupPaivel o KABe mepioTaon Omou pia AEEn eival
€0QOAMEVN. Me TV mBavotnTo €vO¢ €0@OAPEVOL bit, n péon amdotacn METAED Twv
€0QOApEVWY bit givar  1/P, bit. Me N bit avd Aé€n, n péon andotacn WETOED Twv
€0QOAPEVWY AE€ewv eival  1/N P, A£Eelq. Ot AEEEIC améxouv XPOVIKO Sl1dotnpa ioo pe TO
dlaotnua detypatoAnyiog T,. Q¢ €K TOUTOU, O MECOC XPOVOC PETOEL Twv AEEEWV TOL Eival
€0QOAMEVEC €ival T Kat divetal amo

T=T,/NP, (g£4323)

Xpnoiyomolwvtag Kat moAl v e&iowon G(f)=1/T,|P(f)|> , Bpiokoupe OTI N QOCHOTIK
TIUKVOTNTO 10XVOC TNG AKOAOLBIaE KPOUGEWY GYAAPOTOC AOYW TOL BepUIkoL BopLBou Eival,

G, () = 17 (Am)2 IT=NP, 2% (Am )2 /T, ~ (&439
Xpnodonolwvtoag Tnv e€icwan , EXOUUE
G (f) = 22NS%Pel?/3T, (€€, 4.3.5)
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TeAIKQ, N 10X0¢ €060V AdYW ToL oPAAUOTOC BEPUIKOD BopLPou eival

fM
Nn= [ Gn(f)df = 2NS?Pel’/3T%  (ez. 4.3.6)

-fM

a@pov Ts = 1/2fw.

[8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001]

4.4 N\NOIMoz HMATOZ TPOx~ ©0OPYBO 2THN E=0OAO
TOY PCM

O Adyo¢ onuatog mpog BopuBo atnv €000, CUPTEPIAAUBOVOUEVWY TOU KPaVTICUOU Kal TOU
Bepuikol BopuPou, Bpioketan ouvdualoviag TIC &lowoel; 4.2.7 , 4.3.6 kot S, =ml(t)=
(17 /TZ)(M?S?/12). To anotéAeopa gival

So/No = So/Ng+ Nin = (IF/T2)(M?SY12 1 (1T%)(S¥12)+ (12/T%)(Pe22NS?/3)
(€€. 4.4.1)

0TO OTI0{0 £XOUME XPNOILOTOIACTEL TO yeyovog Tt M = 2N
210 PSK () y1a duean petddoan) EXOUE,
(Pe)rsk = Yaerfc \JE, /h (€. 4.4.2)

omov E, eival n evépyela onpatog evog bit Kat n/2 givat n ap@imAgupn @OOUOTIKY TUKVOTNTA
10X00C¢ ToL BepuikoL BopLPou. Emiang, £xoupe 0TI yia cOPEWVN ARYn Tou FSK, ot

(Pe)rsk = Y2 erfc (J0.6E, /h  (€€. 4.4.3)

Mo va vroAoyicouvpe TNV Ep ,Tovidoupe 0TI €av €va deiypa AauPBavel katd dlaoTiuata dlapkeiog
Ts Kot n KWK AEN Twv N bit kotoAapBavel 0AOKANPO TO JIACTNHA PETOEL TV OEIYUATWVY,
TOTE éva bit £xel d1apkela To/N . EGv n 10X0¢ Tou AapBovougvou
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(So/No)psk rsk = 10 log (2'°) = 48 dB  (€€. 4.4.7)

Mapatnpeiote 0TI KAl To V0 cuoTtAuata PCM mopouatadouy €va KATWEAL, JE TO KATW@AL TOU
FSK va gspgaviletal o éva S/ nfy mou eival 2.2dB peyaAdtepo amd autoé Tou PSK. ( To
onueio katw@Aiou kabopiletal avBaipeTa oav TNV TN €keivn Tou Si/ nfy otV onoia o Adyoc
(So/Ng)  €xer méoel kata 1 dB and tnv Tiun mou avtioTtolxei o€ Eva peydio Si/ nfy ).

[9. W. Alan Davis, K. Agarwal, Radio — Frequency Circuit Design, John Wiley & Sons Inc,
2001]

4.5 00PYBOZ KBANTIZMOY 2TH AIAMOP®QZH
AENATA

Mo vo QTAcouPE 0€ pio eKTiPNoN ¢ 1oX0OC¢ Tov BopLPROL KPBOVTIOUOV aTN JIAPOPPWAT GEATA,
BEWPOLPE TNV KOTAOTOON TIOU TAPOUCIAZETOl OTO MAPAKATW oXAuo. Edw, o0To oxnua Tng
Eikovag 36.0 €xoupe £va NUITOVOEISEG arjpa £10030V M(t) Kot TNV KupJoatopdopery M (t) n omoia
QMOTEAEI TNV TPOCEYYION TOU dOPOPPWTH 6EATO yio To m(t). ZT0 oxnua tng Eikovag 36.03
TIOPOLCIALETAL I KUPATOPOPEN cQAAUaTOC A(t) Tou diveTal amo

A(t) = m(t)- m(t) (€€ 4.5.1)

AUTA N KupoTopopEr o@AAUATOC Eival n nyr) Tov BopuPou KPavTicuov.

Mapatnpolue 0TI, KABOooV amoPeVYETal N evioxuaon TN¢ KAiong, To o@aAua A(t) eival mdvtote
HIKPOTEPO amd To pEyeBoc Tou Priuatog S. (Z1o PCM, 10 0@AAUa gival TAVTOTE YIKPOTEPO OTO
S/2). ©a vnoBéaoupe 0TI To A(t) AauBavel OAeC TI¢ TIMEC PETAgD =S Kal +S e ion TBavo@Avela.
Mpayua mov onuaivel 0T, BEWPOVPE OTI N TUKVOTNTA TIBAVOTNTAC TOL A(t) €ival

f(A) = 1/2S -S<ALS (e€.4.5.2)

TOTE N KAVOVIKOTIOINKEVN 10XV TNE KLPOTOPoP®NC A(t) ivat

[A()]? = j A*f(A)DA = j A’2SdA = S%/3  (€8. 4.5.3)

-S -S

To evdIaQEPOV EYKEITAL GTNV EKTIUNGN TNE TOCOTNTOC, OMO aUTH TNV 100, oL Ba JIEABEL OO TO
@IATpo Bacikng {wvng. Mo To 0KOTO autd XPEIAdETal Vo YVwpIiouhe KATL yio TN QACUATIK
TIUKVOTNTO 10XVOC TOL A(t).

2T0 TOPOKATW OXNua N TMEPiI0dOC T TNG NUITOVOEIS0UC KUUOTOUOPPNE M(t) ExEl ETIAEYEi
00TWC WOTE Va gival va OAOKANPWHO TOAAOTIAGGI0 TNG d1GpKeLag BAPATOC T. (ZNUEIWOTE OTI O
puBuOC bit givan f, = 1 /1). Mapotnpoupe TOTE OTI TO A(t) €ival TEPIOJIKO, Pe BEPENWON TEPiIGO
T Kat €ival, UOIKA, TAOVCIO € OPMOVIKEC. YTIOBEOTE WOTOGO OTI N MEPI0SGOC T aAAALEL TTOAD
apudpd Katd tnv mocdtnta dT. TOTE N BepeMwdNg mepiodog Tou A(t) dev Ba givar T aAAd, avti
autr¢, Ba givat Tt/ 8T OV aVTIOTOIXEL 0€ BEPEAIWAN CUXVOTNTO KOVTIA OTO UNoEV Kabwe 8T- >
0. Kat moAL, 0mwg €ival Quatko, to A(t) Ba ival TA0DCI0 0 OPUOVIKEC. ZUVETWC, OTN YEVIKN
nepinTwaon, 1Biwg 0tav To m(t) €ival éva tuxaio orua, gival Aoyikd va vroBécoupe 0TI T0 A(t)
EXEL EVO PACHO TIOU EKTEIVETAL CLUVEXWC O€ Eva SIACTNUA CLXVOTITWV TIOU EEKIVA KOVTA 0o 0.
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EVTOC AOYIKQV 0piwv. Mo va IKOVOTOIEITOl QUTH N GUVBNKN, ATMAITOVKE N GUXVOTNTO OMOKOTINC
ToL @iATpou f va eivan ¢ Té€ng Tou f. = 1/1. AQoL 0 peTadidopevog pubuog bit f, =1/ 1, f. = f,
OTWC AVOUEVOTAV.

‘Exoupe Twpa TETUXEL va QAIVETOL AOYIKO, PE Eva HAANOV EVPETIKO EMIXEipNUA, OTI TO ACUA TOU
A(t) exteivetal JOANOV OLVEXWC OTIO TO WNdEV OVOHOOTIKA €w¢ v f. = fy . ©a dexbolpe
EMMPOCOETA 0TI 0€ OA0 aUTO TO JIACTNUA TO @ACHa €ival AeuKO. ‘Exel mpayuoTt BepeAwbei
TEIPAPOTIKA OTI TO @dopa Tou A(t) €ival TPOCEYYIOTIKA AEUKO OTO OIACTNUA GUXVOTHTWY TIOU
TOVIOTNKE.

MmopoUuE Twpa TEAIKA Vo uTtoAoyicouue To B0puBo KPRavTiopol mov Ba ep@aviaTei atnv £€0d0
eVOC QiATpou Paotkig lwvng pe ouxvotnta amokomng fu. E@ocov n 1ox0¢ tou Bopufou
KBavTIopol o éva SIdoTnua cuxvoTATwY f, eivan S%3 émwc divetal  amd tny efiowon 4.5.3,
N 10%0¢ Tov BopuPou €650V aTO dIATTNHN GUXVOTHTWV BacIki {wvng fv ival

Ng = S%3 fulf, = S*fu/3f, (€£. 4.5.4)

MTopoUE €MionNg va GNUEIWOOLKE OTI, KATA TN JIEAELAT, N AUQITAELPN PACUATIKY) TUKVOTNTA
1oXLOG ToL A(t) gival

Ga(f) = S¥3/2f, fo< f <f,  (e5 45.5)

[2. K.Kapoupmahov, Eloaywyr) otn Ocwpia ©oplBouv kat E@apupoyeg, Ekdo6oel Boaodekn,
Abrva 1979]

4.6 TO ATIOTEAEZMA TOY OGEPMIKOY OGOPYBOY
2TH AIAMOP®Q>H AEATA

Otav napoucidletal 0 BeppIkog B0puBog, T0 QIATPO TPOCOPUOYNG OTO JEKTN TOU OXNUOTOC
Ba KAvEl TIEPIOTOCIOKA GQAAUO KOTA TOV KABOPIGUO TN¢ MOAIKOTNTOG TNC KUMATOUOP®NC TOU
HETOOOONKE. OMOTEONTIOTE Kal va GUMBEL Eva TETOI0 GQAAUQ, N TTOAUOCEIPH KPOVTEWY

Po’ (t) mou AapPavetal 6o TAPOLCIACEL EVAV KPOUOTIKO TIAARO EGQAAPEVNC TIOAIKOTNTOC. TOTE, N
AapBovopevn TAAUOCEIPA KpoLaEwY Eival

Po'(t) = po(t) + pm(t) (€. 4.6.1)

0TO OT0I0 pn(t) €ival To oEAAUA TNV TOAUOCEIPE KPOUGEWY AOYw Tou BepuikoL BopLPou. Eav
n évtaon (EPPadOV) Twv EEXwPIOTWV KPOUOEWV Eival |, TOTE KABE KPOLOTIKOC TOAUOC OTO P
eival évtaong 21 kai AauBaver xwpa povo o€ KaBe a@aApa. O mapdyovtag 2 TPOKUTITEL OMO TO
YEYOVOC OTI £V GQAAUA OVAGTPEYEL TNV TIOAIKOTNTO TOU KPOUGTIKOU TIAALIOU.

To o@dAua tou Bepuikol BopLuPBou eu@avileTal oav éva PEVPA OTO TAAPOUC E TUXOIO XPOVO
eU@aviong kat pe évtaon +21. H péon xpovikh andotaon PETagd auTwv TwWV KPOUOEWY Eival
T/Pe , 610U P €ival n mbavoTnTa 0QAAUATOC O€ £va bit Kot T n Xpovikn d1dpKela evoc bit.
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H @aouatikr TUKVOTNTa 10X00C TWV KPoLaewv Bepuikol BopuBou gival

Gpn(f) = Pe/T (21)* = 41°Pe/T (€€. 4.6.2)

Twpa €xoupe NON XAPAKTINPIoEl Tou¢ OAOKANPWTEG (LTToBEcapE OTI TaUTI(ovTal OE TIOUTO KOl
déktn DM) pe 1o va €xouv TNV 1810TNTA OTOV N €i00060¢ €VAC €ival £vac KPOUOTIKOC TOAUOC
évtoong |, n €€0do¢ va eival €va Prpa mAdtoug S. O YeTaoxnUaTIoPO Fourier Tou KPOLGTIKOU
TOAWOU gival | Kot 0 petaoxnuatiopog Fourier evog Brpatog mAdToug S gival [XpnoiponolvTog
u(t) = pyovadiaio Prua]

S{Su(®)}=S/ jw 20

= Std(w) w=0

MmopoUUE va ayvoriooupe Tnv dc ouvIoTWOO OTO METOOXNMATIOUO €QOCOV TETOIEC dC
ouVIoTWOoEC O Ba petadobolv pEow TOu QIATPOU PaoIkAG {vng. ZUVEMWC HPMOPOUMPE va
TIOPOULE TN CLVAPTNCT PETAPOPAC TOU OAOKANPWTNA

Tou oivetal and

H\(f) = S/l l/jw wz0

Kal

|Hi(B) = (S/)? 1/w? wz0

ATO TI¢ €€I00TEIG Kal Bpiokoupe OTI N POCHOTIKI TUKVOTNTA 10X00C TOU BEPUIKOD
BopuPou atnv €icodo Tou (pi)\rgou Baotkng Lwvng givat Gp(f) ko divetan anod

Gu(f) = | Hi(F)P Gun(f) = 4S°Pe/ T00° wz0 (€. 4.6.3)

Twpa @aivetal 0Tl yio va Bpolpe 10 Bepuikod BOpuPo atnv €€0d0, Oev XpelddeTal Tapd va
oAokANpwooupe NV Gu(f) ae 6An N {wvn d1EAeuang tou @iAtpou Baacikng {wvng. Evepywvtac
€101, £XOUHE EMEKTEIVEL TO S1ACTNUO OAOKANPpwang amo -fy péow tng f = 0 o€ + fy, mTapoAo mov
avoyvwpicape 0Tt 1o QIATPO Bacikhg {ovng Oev EMTPEMEL TN dIEAELON TN dC CUVIOTWONC Kal
€XEL OLOIOOTIKA XOUNAR ouxvotnta anokomr¢ fi. QOTO00 OTIC GANEC YEVIKA TIEPIMTIWOEIS, N
QOOUOTIKI) TIUKVOTNTA 10XV0G Tou BopuPou kovtd otnv f = 0 dev eival LTEPUETPO PEYAAN
OUYKPIVOUEVN PE TNV TIUKVOTNTA 0€ OAO TO SIACTNMO TNG PaCIKNC {wvng. ZUVETWG, €av fi<< fy,
Onw¢ oupPaivel KaVoVIKA, n 0An dlodikacio pmopei PeBaing va dikaloAoynBei aov pia KOAR
npoaéyylian. Mapatnpolue wWaTdoo OTI aTNV Mapoloa TePImTwan, Gu(f) - 06tav w —» 0 Kal
TEEPIOCOTEPO ONUAVTIKO TO OTI TO OAOKANPpWUA TNG Gin(f) o€ dlaotnua cuPTEPIAAUBAVOLY TV W
=0, eivan ameipo.

A¢ AaBoupe go@® LT OYIV YOG TN XOUNAR cuxvotnta amokorr¢ f; Tou @iAtpou Bacikng {wvnc.
Xpnoomolwvtog TNV €icwan be w = 2nf kol epooov f, = 1/1, 0 BepuIkog B6puPog aTNV
€€000 eival
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-f fu
Nin = S%Pe/m’t ([ dfiff+ [ dfif
—fy f,

2S2P/m’T (U, — 1/fy)

2S°Po/m? F11 = 2S°Pfol/ T F1 (¢, 4.6.4)

eav fi<< fy. Mapatnpeiote 0TI, SIAPOPETIKA OO TNV KATACTOCN IOV GUVOVTICOPE 0 OAEC TIC
GAAEC TIPONYOUUEVEC TEPIMTWOEL], O BePUIKOC B0pLPOC €E€0O0L OTNV OEATO OIOPOPPWAN
€€0pTATAl OTO TNV OTIOKOTI OTIC XOUNAEG CUXVOTNTEC IAPA OO TO OPIO OTIC LYNAEC CUXVOTNTEC
ToU dl00TrUaTOC 0TN Baacikn {wvn.

[10. Taub / Schilling, Apxe¢ TnAEMIKOIVWVIOK®Y ZUGTNUATWY, EKd00EIC TUOAD, ©OETGOAOVIKN
2006]

4.7 \NOIoz 2HMATOZ INMPOz ©OPYBO 2THN E=0AO
KATA TH AIAMOP®Q>H AEATA

O SNR otnv €£080 AapBavetat ouvdualovtag Tig €l00ael; S, = S f.2 /2w2
kat N, =S8?/3=f, /f, =S*f, /3f, . To anotéAeopa eival

So/No = So/Ng+Ni = (2S°/m)(fo/fm)? | (S7Fml3fp)+(2S°Pefu/m?fy) (€8, 4.7.1)
TO OToi0 uTopEi va Eavaypa@Tei oav

So/No = So/Ng+Ni = 0.6(fo/fw)° / 1+24Po(F2/fufy)/4n* =
= 0.6(fy/fp)>/ 1+0.624Po(Fp/fufl)  (€5. 4.7.2)

Edv n petadoan eival apeon 1 péow PSK
Pe = Yerfc JE,/h (€& 4.7.3)

omnou Es, n evépyela oruotog o€ éva bit, GUVAEETAL PE TNV 10XV TOL AOPPBAVOUEVOL CAPATOC S;
e

Es=SiTo = Siffs  (e2.4.7.4)
>uvovadovtag TI¢ e€lowaelg 4.7.1, 4.7.3 kat 4.7.4, €X0UUE

So/No = 0.6(fu/fu)*/ 1+[0.3 (Fy/fufy)] erfc /S, /hf, (g€ 4.7.5)
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[10. Taub / Schilling, Apxe¢ TnAEMIKOIVWVIOK®Y ZUaTNUATWY, EKd00EIC TUOAD, ©O€GGOAOVIKN
2006]

4.8 2YIT'KPIZH TQN PCM KAI DM

MmopoUUE TwPO VO GUYKPIVOURE TOUG AOYoug orjuatog mpo¢ B6puPo otnv €€0do tou PCM
oLyKpivovtag TIg e€lowaelc 4.4.5 kat 4.7.5 . T va d100QaAicoupE TO amaIToOUEVO E0POC {wvng
TOU KOVOAIOD EMIKOIVWVIWV VO Eival To 010 Kal oTI¢ 600 TEPIMTWOELG, XPNOIUOTOIOVUE TN
ouvenkn mou divetal ano v egiowon f, = f',=2f, N, ot 2N = fp/fm. Tote n e€iowon
4.7.5 umopei va ypagei

So/No = 2™/ 142(™™) erfc /S, /hf, (e&. 4.8.1)

2T0 TOPOKATW OXNUO ouykpivovtal ot e€lowoelg 4.7.5 kat 4.8.1 yia N = 8 (f,(DM) = 48kb/s).
Mo va AdBoupe 10 KATW@AL OMOS00NC TOU CUCTAMOTOC JlAUOPPWONG OEATO, LTOBETOLUE
METAd00N PWVNC OTIOV

fu = 3000Hz kot f; = 300Hz. ‘Etol

fo/fw = 16
Kal
fM/f]_ = 10

M0 TNV MEPIMTWOn TNG HETAB0ONC PWVIAC, ¢ CLYKPIVOUUE TOUG AGYOU(
So/Np yia PCM kot DM. YnoBétoupe ot fyy = 3000Hz, f; = 300Hz Kat N = 8. 'Exoupe TOTE
ot f, = 2Nfy = 48*10°Hz. Xpnolponoivac autolg Toug opIBUolE Kal EVAUUOVHEVOL BT N

mlavaTnNTa €VOC 0PAAPOTOC a€ €va bit eival Pg, = (1/2) erfc \/S_, /hf,, omo 11 e§lowoelg 4.7.5
Kal 4.8.1 €xoupe To aMOTEAEGUA yia To DM mov €ival
(So/NoJom = 2457.6/ 1+768 erfc /S, /hf, = 2457.6/1+1536P; (5. 4.8.2)

Kat yia 1o PCM egival

(So/NoJeem = 65.536 / 1+131.072 erfc /S, /hf, = 65.536 / 1+262.144P,

(c£. 4.8.3)
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Otav n mbBavotnta o@AApoTo¢ o€ éva bit €ival mOAL pikprR, To cuotnua PCM é€xel €vav
uPnAotepo SNR €€6dou amo 1o cbotnua DM. Mpdyuati, 0 SNR €€6dou yia 1o gvotnua PCM
eival 48dB evw yia 10 cbotnua DM mepimou povo 33dB. Qat6c0o, 6A0 auTo TOU amaAITEITaAl YIO
éva o0OTNUO EMIKOIVWVIWVY gival 0 SNR €€odou va eival 30dB. Mpdyuati, €6v Xpnoiyomnoleital
OLMTIIEGUEVO KOl EMEKTOPEVO PCM, 0 SNR €€6dou Ba pelwbdei mepimou katd 12dB ota 36dB yia
10 obotnua PCM. ‘Etal, v n €€iowaon @avepwvel 0TI 0 SNR €€6dou eivatl uPnAdTEPOC yIa TO
PCM, atnv npdé&n pmopei va Bewpnbei 4TI ival cuykpiciyol.

TXETIKA HE TO KATOQAL, BAEMOUE BTI TO oUGTNHA PCM £Xel PAGOEL 0TO KOTOPAL 6TOV Pe ~ 107,
EVw T0 oLOTNUO DM @Bavel 0To KATWPAL OTOV

Pe ~ 10™. 2V mpa&n, Ppiokoupe 6TI To auTi Pag dev avixvedel KATOOA £wC OTOU N Pe val givail
mepimou 10* yio To PCM kat 102 yia 1o DM kot ADM. Mepikd ADM GUGTAUATO PTOpo0v
OTNV TPOYHOTIKOTNTA Va TOPAYoLv E0ANTITO AGY0 pE puBUOLC o@AApaTOC Poug 0.1.

210 TOPATAVW OXN U TAPoLaIdleTal pia obykpion Twv PCM kat DM yia N = 8 kai fy/f; = 10.

[10. Taub / Schilling, Apxé¢ TNAETIKOIVWVIOK®WY ZUCTNUOTWY, EKdOcEIC TUOAN, OEaGOAOVIKN
2006]
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‘Evav umoAoy1oTA oTaTIoTIKAE AdBouc

Mia €IKOva €MiGEIENE TTIOL TIAPOUVCIALEl OTATIOTIKEG AGBOLE EVW N TIPOCOMOIWAN TPEXEL.

Mia TAOKN d1a0TOPAC TIOU TOPOUCIALEL AAUBOVOUEVO GO, CUPTEPIAGUBOVOUEVOL
TOoL BopULPoL PacN.

®payudg BoplBov @dong: O @payudg BoplBou @acng petatomidel T @ACN TOU
AOpBavouEVoL CAPATOC amd va Tuxaio moco. Mmopeite va pubuicete Tn dia@opd NG Tuxaiog
METOTOMIONC GACNC KOVTA oTn puBUIOoN TNE MAPAUETPOL EMIMEdwV BopLPBOL @PACNC 0T PAOKA
TOL @payuoL BopLRoL daonc.

ATOTEAEGHOTO TOU KUKAWMOTOG

To KOKAWHO TEPIAAPBAVEL OUTOUE TOLE OMTIKOUG TPOTIOUC YA VO YIVEL KATOVONTH N
anodoatr Tou:

To MAPAKATW OIAYPOPHO  TIOPOLCIAZEL TIC TPEXOUOEC OTATIOTIKEC AGBOULC yia TO
olboTNUa. AUTEC Ol OTOTIOTIKEC Eival TO TOOOOTO AdBoLE, 0 apIBUOC AabBwv oL avixvelovTal,
Kal 0 GUVOAIKOC 0PIBUOC GUMBOAWY GUYKPIVOUEVOC.

Mio  TAOKr] OlOOTIOPAG TOU  Tapouctdlel 1o AouPBovOopevo  onua,  Kal
gupmnepIAauBavopEvou Tou dompou ykaouaaiavol BoplBou kat Tou BopuPBou @donc. Kovtd oe
KAOe 00TEPIOUO TO Oneio gival pia cuoTAda TwWv onueiwv. Kovtd ota onueio acTtepIopol mov
eival pakpid amo undév, n cuaTada eival Kovtd o€ €va 10€0. H pop@r) T0Ewv eival pia emidpaaon
ToL BopULPoL PAaN.
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EvxapioTiec

Mpwta am’ 0Aa, BEAW VO ELXOPIOTOW TOV EMIBAEMOVTA TNG OIMAWHOTIKAG €PYOaiag Hov,
Kabnyntr| K. Mewpylo ZTOPOVAN, yia tv TOAOTIUN Borela Kail Kafodrynor Tou Katd Tn
dldpKela TNC dOULAEIAC pov. Emiong, eipal evyvwpwv ota unmoloima PEAN TNG EEETOOTIKIC
EMTPOTNG TNC JMAWUATIKNC EPYOTIOC oL, YIa TNV TPOCEKTIKI) avAyvwan TN¢ EPYOaiog Hou Kal
yla TI¢ TMOAUTIPEC LTodeEigel Toug. MdAvw om’ OAd, €ipal €VYVOPWY OTOUC YOVEIC Hou,
Kwvatavtivo Kapauntpo kai BaoiAgia Tawvou Kal atov adeA@d pou lwavvn Kapauntpo yia
TNV 0AOYIUXN OYATIN KOl UTTOCTAPIEN TOUG OAC AUTA Ta XPOvIa. AQIEPWVW OUTH TNV EPY0Cia oTov
TOTEPA OV , OTNV UNTEPO HOU KOl GTOV AGEAPO LOU.
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KEPANAIO

EIZAIQIMH

Ot emiKovwvieg anuepa ennpealouv Badutata tnv {wn pac:

Ta TNAEQPWVO  OTO XEPIO HOG, TO PAdIOPWVO Kal Ol TNAEOPATEIC OTO COAOVI pag, ol H/Y mou
guvdeovTal oTo Internet oTa ypa@eia Kal 0T OTHTIO YAC EMITPEMOLY TNV Tax0TOTN EMKOIVWVIO
ME KABE ywvia Tou TAQVATH.

Ol €MIKOIVWVIEC OTMOTEAOLV TO QIOBNTAPIO Opyava yio T TAOIO OTOUG WKEOvoUE, yla Ta
AEPOTIAGVO GTOV OEPC KO YO TO SI0CTNUOTACLO Kol TOUC 60pLUPOPOUC GTO SIACTNUA.

Ta KIvNTa TNAEQWVA ETITPETOLY TNV EMOPN) KOC EV KIVAOEL PE TO YPOPEIO Kal TO OTITL.
JUOTAPOTO  EMIKOIVWVIOG EMITPEMOVY TNV TANPOPOPNCN, TX TWV MHETEWPOAOYWV VIO TIC
METEWPOAOYIKEC GUVBIKEC.

H emikovwvia ouviotatal oTnv JETAdoon TANPOQPOPIG OO £va GNUEI0 TOL XWPOXPOVOU GE Eva
GAAo. MepiAauPBavel TIC €ENE O1adIKATIES:

Mopaywyr orpotog MAnpo@opioag (Mrvupa)

-dwvr), HOUGIKT), EIKOVA, OEDOUEVO.

MapdoTtoon PnvOPaTog e To GUVOAO GUUBOAWY Kol 6dopéVn aKpipela

-HAEKTPIKA, OKOUOTIKA, OTITIKA

Kwd1komoinan twv cuPPBOAWY G€ HOPEr) KOTAAANAN yla JETAO00T OTO dEG0UEVO PUOIKO PEGOV
(KupaTopopPEC)

MEeTad0aon TWV KUPOTOUOPPWY GTOV EMIBUUNTO TIPOOPICHO.

ATIOKWAIKOTOINGT Kal avomopaywyr] TwWV apXIKOV GUUBOAWV.

AvOmopoywyrn TOU OPXIKOD HNVOPOTOC ME HIO AVOTIOQELKTN OAAG TpoKOBopIoUEVN KOl
EAEYXOUEVN ATWAELD TTOIOTNTOC,

Mapakdtw @aivovtal To ZTolXeia vag TNAETIKOIVWVIOKOD CUCTHUOTOC:
Z1olxeia evog TNAEMIKOIVWVIOKOU GUOTHUATOC

©06puPoc + Mapaudpewaon
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patoc mAnpodopiag

Ekme propevo , ,
ofiua AapBavopevo ohpa
Eikova 1
O1 Baaikoi TOmot Emikoivawviac sivat:
Exmopmn

H Exnopnr| ( Evpuekmnour) — Broadcasting) mou mepAapBAvel évav 10Xup0o TOUTO, TOAAOUC Kal
@ONVolC OEKTEC, povodpoun pory mAnpogopiag (downlink) kKaBw¢ Kol pio mapaAAayr) : TO
Multicasting (ETIAeyUEVOL EKTEC)

Emikowvwvia onueiou - pe - onueio ( poin-to-point )
H GuyKeKpIPEVn EMIKOIVWVIO OMOTEAEITAL ATO Evav TOUTIO Kal €va dEKTN Kal anoe  au@idpopn pon
TIANPO@OpPIaC

H tnAemikovwvioKn S10d1Kaaia gival EK QUOEWC OTOTIKN S10d1KOaia.

O1 KUpI0I TNAETIKOIVWVIOKOI TTOPOI ival:

H lox0¢ ekmoumng OTou TO KAVAAL EXEL TTEPIOPIOHO 1oxV0¢ (Power limited channel)

OTWC T.X. TO A0PUPOPIKO KAVAAL.

To E0OpOC (@AOOHOTOC KOVOAIOU HETAO00NC TOU €ival €va KOVOAL PE TEPIOPICUEVO QATHO
(Bandwidth limited channel) 6mwg mx €ival To TNAEQWVIKO diKTULO.

A&ilel va ava@epBbei g o1 KOPIOL TNAETIKOIVWVIOKOI <<gxBpoi>> gival:
O 80pufog aTo KavaAl

H mopapop@waon Tou KavaAlod

TexvoAoyiKoi Teplopiopoi
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1.1 KANAAIA EMIKOINQNIAZ

To KavaAl tapexel v (0N Moumov-AEKTN
Ta TPOBAARMOTO IOV TOPOLCIALOVTal OTA KOVAAIN ETKOIVWVIOC €ival:

4

% Teploplopévo e0Pog PAouaTog

Anocofean, mapapop@waon MTAATOUE Kal paong

s Eloaywyn 6opuPou (OepuIkO¢ TPOOBETIKOC AEUKOC B0puPOC, KPOLaTIKOG Bopufag,
TIOPEUPBOAEC)

% ToAAamAR 310deuan (ACVUPUATO KAVAAL)

% XPOVIKEC HETOPROAEC

1.2 EIAH KANAAIQN EMNIKOINQNIAX

*,

5

*

1.2.1 KavdAilo KaBodnyoluevng Metddoang

‘Eva amd ta €i6n KavaAiwy EMKOIVwvIag gival Ta KavaAla Kabodnyolpevng HETAG0ONC, Ta OToia
AMOTEAOUVTOL OO TO TNAEPWVIKA KOVAAIO TIOU €ival GUVESTPAPUEVO (e0YN CUPHATWY QPWVIC
(xDSL), ta opoagovika Kawdia (CATV) Kat Ti¢ omTIKE ivee (2* 10513 Hz).

1.2.2 Kavahia EAe0Bepng Metddoong

‘Eva A0 €id0¢ KavaoAlwv €MIKOIVWVIOC €ival Ta KavaAlo €Ae0BepnC PETAdOONC Ta Omoia
anaptiovtal and ta KovdAlo padiopetddoong (radio, TV, WLAN), ta KOvAAIO KIVNTAC
emKkowwviog (GSM, UMTS), Ta 60pu@OpIKA KAVOALX KOL TO KAOVAALO 00UPHATWV OIKTOWV.
YTApXouv €MONG TO YPOMUIKA - MN YPOUMIKG KOVOALD, TO XPOVIKG OPETARANTA - XPOVIKA
HETOROAAOUEVO KAVOALD, TO KAVOAIO YE TIEPIOPIOHUO 10XVOC - |IE TEPIOPICUO PACUOTOC Kal TO
TNAEQPWVIKG KovAaAl. KabBwg emiong Kol To KavAAL ieplopiopévou vpoug : 300 Hz — 3100 Hz, ta
KOVOAID  pPE PeEYAAN omoofeon OTIC LPNAOTEPEC OUXVOTNTEG, TO KAVOAIO LAOTOINONG MHE
OLVECTPOPHEVO CeVYOC KOAWdiwV (Z0 = 90 — 110 Qu), Ta KOvAAlO TOL Eivol EVAAWTO OE
NAEKTPOPAYVNTIKEG TIAPEUPBOAEC KAl CUVOKPOAOEIC, TO KAVAAIO YE TV TexvoAoyia XxDSL mou
XPNOILOTIOIOUY  aUTA T KOAWAIO KOl TO KAVAAIO TIOU €ival apuodia yia TIC CUVOETEIC point-to-
point.

1.2.3 OnTIKEG “lveg
O1 OTTIKEG iVEC, TTOU AVIAKOUV KOl OUTEC OTON KOVAAIO ETMIKOIVWVIOG, TOPEXOLV TN SLVATOTNTA VIO
TEPAOTIO €0pOg QacpaToC (MEXPL 2x10EL3 Hz), €xouv pIKp andoPecn = EMIKOIVWVIEC PEYOAWV
QMOOTACEWY, AMOTEAOUVTOL OTO €VO LOAIVO KEVIPIKO TupAva TEPIBOANOUEVO amd €mMEVOUCN HE
JIOQOPETIKI) DINAEKTPIKI) OTOBEPG KOl EVa TTPOOTATEVTIKO EEWTEPIKO OTPWHA, EXOLV avalabnaia aTIC
NAEKTPOPAYVNTIKEC TOPEPPOAEC, €ival MIKPEC o€  MEYEBOC Kol eAa@PIEC o€ Bapoc. Emiong eival
AVOEKTIKEG KO EVEMKTEC KO £X0UV AVEEAVTANTN TTPWTN UAN (ApPOC).
‘Eva aKOpO €i00¢ KOVOAIWVY ETIIKOIVWVIAC EiVal TO AGVUPHOTO KAVAAIO EKTIOUTIC PASIO-TNAEOTITIKWV
TPOYPOMMATWOV TWV OTOIWV TO EVPOC PACHATOC €ival AVOAOYO TOL CHUATOC KOl TNE SIOPOPYWONC,
TV €ival Ta aKOAOLBO :

— 20 Khz AM (Alopdépewaon mAdTou()
— 10071200 Khz FM (Alopopewaon ouxvotntac)
— 4-6 Mhz TV

10
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DocuaTo HEPIKOV KOOV CT|LOTMV

/\J\\ Dwvn M4=T5 km
JS(Hz)
300 3300
Movokn
P M4 =7.5 km
0 20
Ethernet (10 Mbps)
M4 =75m
£ (MHz)
o] 10 20
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1.2.6 Alapopewaon

H Alopopewon (Modulation) €ival n peTafoAr, cUPEWVO PE TO ONUO TANPOPOPIAC TWV
TIOPOHETPWY VO PEPOVTOC KUPOTOC (carrier wave) Tou €ival KOTAAANAO yia Ty PETddoan
pECO amd To 0dopEVO  KaVOAL evw N Amodlopdpewaen (Demodulation) givar n akpiBwg
avtioTpoen dladikaaia

To €idog ¢ dlapopPwaong Kabopilel TNV avtoxn oto BOpuBo Kol TNV MAPAUOPPWAT TOU
KavOAIoU, TNV TIOTOTNTO OVOTOPOYWYNC TOU apXIKoD CGrUOTOC TANpo@opiac, To E0pPOC TOU
QMAITOOPEVOL YIO TNV MPETAd00N QACUATOG, Kal TV TOAUTAOKOTNTO TWV CUCTNUOTWV
EKTIOUTAG KO ARYNG.

= Tnv YETAO00N TOAAWVY GNUATWVY OTOV i010 XWPO HE XPrIaN OI0QPOPETIKWY PEPOVTIWV
= Tnv EAATTWAON TWV OTAITHOEWY OTA XAPAKTNPIOTIKA TwV CUCTNUATWY EKTTOUTIAG
= Tnv EKUETAAAELDN TIEPIOXWV TOU PACUATOC TIOU £X0LV KOAUTEPEC CUVONKEG PETAdOONC

Eikova 3
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1.2.7 Avodoyikn Kol Wnelokr Alapopewaon
AVOAOYIKK| dIOHOPPWON

AVOAOYIKNA dOUOPPWAN £XOUUE OTaV TO ofpa m(t) €ival avoAoylko Kol 0 amodIaUOPQWTC TPETEL
va avamnopayayel 1o m(t) 600 KOADTEPO UTOPEI.

//—— noisey AM signhal

‘«q/' 1 ﬂ K\ J1 M ﬂ ﬂ ‘\ LA _ AM I I«fuwi\mm.f‘a .
demodulator ‘ B W‘M

- ot

m(t) + noise

/— noisey FM signal
LT P o S

demodulator § Wr\ 4

Eikova 4

Eikova 5

Wnotakn d1ouopewaon
Onw¢ aivetal oto oxnua ¢ Eikdvag 9: To m(t) maipvel pia Tipr omo €va TEMEPATUEVO
00VOAO TIHWV. O amodIAPOPPWTHE TIPEMEL VA ATOPACICEL TOIA ATO TIC TIOAVEC TIMEC EXEL

METOO00EL, OV LTIAPXEL OVAYKN TIOTAC avanapaywyng Tov m(t).

[2. K.KopouunaAov, Elcaywyr) otn Gewpia ©oplBou kai E@appoyeg, EkdoOoel Boaadekn,
Abrva 1979]
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2

KEPANAIO

PYZIKH MNMPOEAEYZH TOY OGOPYBOY

Mvwpiloupe 0TI OTAV 01 NAEKTPIKOI QOpEi¢ Ppiokovtal umod TNV emidpacn NAEKTPIKOL TEdiov,
aAAGlouv TPOXIA Kal KIvNTIKA Kotdotaon. O dpouog mou 6o akoAouBrjcouv e€aptdTal amd 1n
@OpA TOU NAEKTPIKOUL Tiediov Kat To PECO 0TO Omoio Bpiokovtal.

TO YAKPOOKOTIIKO PEVMA TIOL TIPOEPXETAL, YO KABE TEPImTwan, and Eva PeyaAo TARBOC TETOIWY
QOPEWV, TEPIEXEL BOPLBO PE BIOPOPETIKI TIPOEAELCN KOl 0UCTOCT), AVAAOYO PE TNV TIEPITITWON.

2.1 OEPMIKOZ OOPYBOZ (GOPYBOZ JOHNSON)

O TUTOC OUTOG BopuPBou peAeTrBNKe amd tou¢ Johnson kot Nyquist T0 1928 pe agopun Toug
METOAAIKOUC aywyolC. Av u(t) n oTiydiaio tuxaia tdon ota akpa piag avtiotoong R Adyw
BePUIKAG Kivnang Twv NAEKTPOVIWY, N TUKVOTNTa TBavATNTOC p(U) OKOAOULBE OTOTIOTIKI) Gauss,

be u =0, 3nA.:
Pu)= (Lov2p ) *e ™™ /" (e€.2.1.1)

H ‘diakOpavan’ o2 = E[V?] 8a eival ion mpog T YEon TETPAaywyIKI TIN u? H u_z, Tou Ba
N oupBoAIlovpE Pe e, gival TaPaTATIKE Tou BoplBou aTa AKpa NG R.
ATO TI¢ pyaaieg Twv Johnson kot Nyquist, BpEBnke Ot:

02 = E[V2] = e? = 4KTRB (£€.2.1.2)

Ormou:

K = otabepd Boltzman = 1,38*10 Joule/ k

T = Bepuokpacia tng avtiotaong, o€ k.

B =10 €0pog Tn¢ {vng CLXVOTATWV YIa TO OTI0I0 EVOIOPEPOUNOTE, OE Hz.

€ = Hia 160d0vapn mmyn taong touv BopuBou.

H e, dev €xel vonua mapa pévo oav "’ PEON TETPAYWVIKI TIMA 7 TV JIOKUUMAVOEWY TOU
BopuBou. Ekgpadetal og volt * rms, 6TOL TO rmS €ival n cuvtopoypa@ia “’root mean square’’
Kal TopoTifeTal yio va O€i&el ToV TuXaio XapaKTHpa TOU PeYEBOUC.

ATO Tov TUTIO ~ BAEMOULPE OTI 1) 100G TOL BopLPOL Eivat:

14
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W=e2/R = 4kTB (€£.2.1.3)
(dnA. n e 2 1e00Tal apIBUNTIKG Pe TV 10X0 Tou BopiBou avd Povada avtioTaong).

Mapatnpolue 0TI yia atabepr) Bepuokpaaia n 10x0¢ Tou BopLPoL Ba e€aptnBei

HOVO Omo To €0pog {wvng ouxvotrtwy B=Af, kai Ox1 and tn cuxvotnta TV omoia €ival
“’KEVTPAPIOUEVO’” aUTO TO 0POC. KATI avAAoyo GUUPBAIVEL KOl PE TNV EVEPYEID OTO AEUKO Q.
>€ OMmoI0 ONUEIo TOL PACHOTOC TTAPOULKE TNV evépyela TN¢ {wvng Af, autr gival n idla. And tnv
1010TNTO aUTH, BYNKE TO Ovopa AeuKOC B0puPoC. O Bepuikdg Aoimov B0puog gival AEUKOC.

O Bepuikog Bopufog eival o eAdXI0TOC BOPUPBOC IOV PTIOPET VO TIEPIEXETAL GTO GO WIOE TINYNC.
O 60puPog aUTOC LTAPXEL MAVTOTE, OAAG GuVHBwC dev Eival 0 PovadIKAg Tov EMNPEALEl TO orua
TIOL AAUBAVOULE.

Mo mopaderypa, otoug dEKTEC, 0 BOPUPOC TwV EVEPYWV OTOIXEIWV TPOCTIOETOI OTO BEPUIKO

80puPo. ‘ETal av PYETPOOVPE TIEEIPOPOTIKA TNV €, (XPNOIKOToIWVTAS HIo KATAAANARN d1aTagn) Kat
KOTOTIV SOKIUACOUME VO UTTIOAOYiCOLWE PE BAoN TOV TUTIO  Mia Bgpuokpaadia T TETOIN WOTE:

e2

T=—-" €. 2.14
4kRB (€8 )

Ba T Bpolue TeEAEiwC dIOPOPETIKN and tn Bepuokpacio mePIBAAAOVTOC. AUTO OIKaIOAOYEITal
yloti n e, Tmou YETProape, 8ev gival n e, Tou BeppikoL BopuPou povo .
Mo Bepuokpacia dwuatiov (T=290 k) N amAoucTEVETAL OTNV:

e,=1,26*10 "°VRB V*rms (€. 2.1.5)

Onw¢ Ba dolpe ae GAAoug TUTOLC BopuPwv (m.X. oto BopuPo schottky), n Tuxoia QUOIKN
d1adIKooio Tou TIPOKAAEL TO BOPLPBO EKONAWVETAL PE TNV UTIOPEN TuXaiov pebpaToC i(t). ZTnv
nepintwon auth Ba PIAGPE Yo JIa « 10030vVapnN TNy pELUATOC-80pUPOL » PE «rms» TR i,.TOo

i, Ba o peTpape ag A*rms.

“’looduvapo BopLuBoL’’ piog avtioTaong

Otav e€etdlovpe €va OIKTOWUO W TPO¢ To BOpuBO TOU, AVTIKABIOTOUPE TNV TPOYUOTIKN
(“’evBopuPn’’) avtiotaon R pe pia 1davikn (“’abdpuPn’’) avtiotaon tng idlag Tiung R, o€ agipa
ME MIa KATOAANAN «Tinyr) Taong - 6opuPou» ion pe e, 1 MApOAANAC PE pIa KATOAANAN « TINyR
pevpaTog — BopOPRoL » i . 'EXOUVME €101, ONWE QAIVETOL OTO OXAMA, TO 100d0VapO BopOBROL TNG
avtiotoong R katd Thevenin kot katd Norton.
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Eikova 6

Otav €xoupe d00 N mMeploodTEPEC TNYEC BoplBov, mpémel va Buudpaote 0TI o1 BopuPoi Toug
PTOPOLV va TPoaTeBolV e TNV mpolndbean OTl €ival otatioTiKd aveEdptntol.(Omwg Ay, 6tav
EXOUHE OU0 PUOIKA EEXWPEC AVTIOTATEIC).

Ma mapadetypa ato 10oduvapo BopuBou dVo avtiotaoewv R1, R2 o€ og1pd, 0 «BOpuPoc» e, NG
100d0vVaung mNyng tdong, Ba sivat:

el=e’ +e?, N e2=4k(RIT1+R2T2)Af (€€. 2.1.6)
Av o1 600 avtioTdoel¢ Bpiokovtal atny idla Beppokpaaia T, TOTE
e2=4kT (R1+ R2)Af = 4kTRAf , 6nouv R=RI1+R2 (g€ 2.1.7)

ONAadn TOTE POVOV UTOPOUME VO TAPOLKE MIO 1000UVOPN avTiotoon ion pe 1o dbpoloua:
R1+R2, o¢ Beppokpacio T=T1*T2. Av opw¢ T1=T2, 6a €xovpe : RT=R1T1+R2T2 ondte n
avOmapAacTaon ME MIo POVO avtiotaon R Bepuokpociac T pag odnyei oe ampocdlopioTo
MPOBANua. ‘ETol TO pOVO TOU PTOPOVUE VO TIOUUE yia TV «1oX0 BopOPou» ae éva cuoTnuUa
OCUOXETIOTWV TINYWV BopLPoL gival OTI: « n OAIKN 10X0¢ BopLPBou, Ba ival ion pe To aBpoloua
TWV 10X0WV BopLBoL TWV e PEPOLE TNYWV BopUBOL TOL CLUCTAKATOC ».

Mapatrpnon
MapoAo Tov oTa 1600UVONO KUKAWHOTO dNAWVOUNE TIC TNYEC BopUPOL OMWC TIC GUVNBICUEVEC

TNYEG, €ival @avePO OTI GTOUE UTIOAOYIOHOUG OEV TIPETEL VO TTPOCOETOUPE TO GUVNBITUEVD PIEYEDN
JE Ta aVTIoTOIKO rms PeYEDN: A.X. TO TOPAKATW KUKAWUO :

Eikova 7

3V + 0,5V*rms dgv divouv 3,5V.
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KAgivovtag n péan 10x0¢ mou amodidetal oto Beppikd 86pupo civai:
Oepuikog BopuBoc: N peon = K*T*B (€. 2.1.8)

Omnou K eival n otabepd Boltzmann, T eival n andAutn Bepuokpacia o€ Babuoug KEABIV kai B
T0 €0pOo¢ {wvn¢ 0TO OTOoIo yiveTal n YEtpnon.
O BepuIKOg B0pLPOC PToPEL TPOPAVAC VO PEIWBET pe TNV POEN NG TNyAg Tou BopLBoL Kat auTth
N apxn €QOpUOLETal 0 PEPIKOUC POOIOOEKTEC, XPNOILOMOIOVTAC KPUOYEVIKA cuaThiuata Yougng
yla va BEATIO0LVY TNV evalodnaia Tou dEKTN.

[ 2. K.Kapovumnaiou, Elcaywyy otn Oswpio ©opLBou Kot E@opuoyeg, EkdOoel BaadEkn,
AbBrva 1979]

2.2 O0PYBOX SHOT (1} SCHOTTKY )

Mapandvw avagepape 0Tt 0 00pLPOC BOANG EpPavIZETAl oaV ATOTEAECMN TNG TLXAIOC APIENG
QOPTICUEVWY OWUATIWV OTIC OVOOO0UC.
To pevpa - BopLPBou i, pag divetal amno ) oxéon :

i,=564*10"J1,*B , A*ms (. 2.2.1)

| 4= N TN TOU PELPOTOC TOAWONG 0 Amp.

B = Af =e0pog {wvng cuxvotiTwy o Hz.

e = @opTio NAeKTpoviou = 1.6*10 °Cb

iy, = N rmsTpr g tooduvapng mnyng pevpatog - Bopupou.

210 oXnUa  @aivetal n §Aptnan touv iy, omd 1o pevpa I, mou Slappeel pia diodo p-n 1 pia
diodo agpiov aToOV KOPO.

Eikova 8
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Onw¢ @aivetal kal amno tn oxéon €€.(2.2.1) o Bopufog Shot gival, Onw¢ Kot 0 BEPUIKOC, AEUKOC
BopuPoc Kal ag Eva dldypappa Ba TOPICTAVETAL e PIa 1I0080UVaUN TNy PEVHOTOC -60pUBov.

[2. K.Kapoupmaiov, Eloaywyr) otn Ocwpia ©oplBou kat E@apupoyeg, Ekdo6oel Boaodekn,
ABrva 1979]

2.3 O0PYBOZ FLICKER (15 ®©OPYBOZ 1/f)

Mpokeltal yia €vav TOMo BopluBOL TOL TOPOTNPEEITAlL TEIPOMOTIKA KUPIWE OTIC XOUNAEC
ouxvotnteg, (UIKpOTEPEC amo 100 Hz). ZTI¢ cuXVOTNTEC AUTEC EMIKPOTEL TV GAAWY BopLPwWV.
AuTO oupfaivel, yioti n 1ox0¢ Tou PETORAAAETON OUP@wWva PE TOo vopo 1/f, omou f eivar n
ouxvoTnTO.

O B0pufog autog dev EXEl OKOHPO EPUNVEUTEL IKAVOTIOINTIKA ME €O (UOIKO ULTIOdEIYUA.
JUYKEKPIYMEVO MIO TETOIO CUMTEPIPOPAE  TPOPAETETAN aMG  EMOAANAIO  pEydAoL  opiBuol
OlOOTIACEWY - EMOVACUVOEOEWY NAEKTPOVIWY — OTWV Kol TapeUBOAr Bepuikod BopuPou, o€
nulaywyo. O B8d6puPoc¢ 1/f mapatnpeital €miong Kol o€ avTIOTACEIC AvOPaKa, GE QVTIOTACEIC
AETTOU OTPWHOTOC (LBPIBIKEC) KOt OTIC AUXViEC KEVOD.

[eVIKOTEPO, O TUTMOC OUTOC TOUu BopUPOL TOPOTNPEITOI GE OAA TO QAYWYIUO UAIKA OV
€QOPUOCTOVHE pla TNyN 10X00C, OAAG Eival TIIO EVTOVOC OTIC OIOTAEEIC NUIOYWYWV.

AkpIBéatepa, n 10x0¢ Tou BopuPou flicker akoAoubei vapo

% ME TUTIIKEG TIMEC YIa TO N oTnv TePLoxr): 0.9<=n<=1.35.

‘ETol akopa Kol n «oAigBnon amoAafrc» Twv evioxutwv dc (ouvexeg), ue tpavlioTtop N e
Auvie¢ Kevou, Bewpeital orjuepa 0TI gival n ekdrAwan tou BopuPou flicker ge TOAD XaUNAEQ
ouyvotnteg f.

Zav anotéAeaua, o 00pupog 1/f Balel Eva mOAD coPapod EUMOSI0 OTNV OKPIPEIa TwV PETPACEWY.
Av Bewpr)coupE TO PACHA TOUL GNMOTOC TIOU Wag EVOIOPEPEL OTNV TIEPIOXT] TOU GUVEXOUG 1 TwV
TOAD XAUNAWV GUXVOTATWY, OMWC OTA ONUOTO OUTOMOTOL EAEYXOUL, €ival @ovepd OTI N
EMKPATNON Tou BopLPBou 1/f dev emITPEMEL KOMIA BEATILON TOU AOYOL «Onua TPOG BOpuPRO»
(SIN).

2TIC TIEPITIWOEIC AELUKOU BopUBoL Pmopolue va BEATIOGOUME TO AGyo S/N pE OAOKARPWAT) TOU
onuatog o€ QiAtpo (LPF — Low Pass Filter), evw o 80pupoc flicker, eneidn sival xpwuatiopévog
(6nAadr) e€aptatar amo to "), dev emdExeTal BeATinan.

Mo vo PETPoOLPE AOITOV acBevr) ofuOTa TOAD XOUNANC ouXvOTNTaC, TPOoTIOBOLE va Ta
UETAPEPOUHE UE DIAUOPPWAN a€ LPYNAEG CLXVOTNTEC OTIOV EMIKPATOOV 01 BGpuPol Johnson Kal
Shot, dnAadr) Aeukoi B0puBol. MeTd TNV €vioxuan Tou orUaTO¢ LYNAWY CUXVOTATWY, TO dc anua
AopBavetal Eavd pe T Aeyduevn alyxpovn pwpaan.

YToAoylopog Tou 0AIkoL BopOPou flicker og pia meplox ouxvoTHTWY
‘Eotw €va d1a0TnUa 0UXVOTATWY PE Katwtepn f, kot avatepn f, .

AQ@oU n 10x0¢ Touv BopLPBou flicker eival avtioTpoga avaAoyn mpog tn cuxvotnta f, TOTE N 10X0¢
ToU BopLPou ato didotnua [f, , f,] Ba givar :
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fy l f
2 . Tdf n e =Kk, Inf—H (€. 2.3.1)

fi L

Avtiotoixa yia to 86pupo flicker piag 10060vopNg «mNyNE PEDUATOC» Ba EXOULE :

iz o fkLaf A iZok it (e£232)
fL If fL i f

fi L

[2. K.Kapovumaiou, Eloaywyry otn Oswpia GopuBouv kot E@apuoyéc, EkdooelC BaadEkn,
Abrva 1979]

2.4 ©O0OPYBOZz FLICKER MAZI ME AEYKO OGOPYBO

21NV mPAgn, ya oXETIKA XAUNAEC oUXVOTNTEC, 01 Lo BOpLPBOL CUVUTIAPXOULY. AC TTPOCTINBNCOULE
AOITOV va €EETACOVE ATO TIOIA CUXVOTNTO Kal TIEPX ETIKPATEL 0 AcUKOC BOpuPoC. H ouxvdtnta
authy Ba gival n ouvxvotnta ywviag f, (corner frequency), Onw¢ MAPIOTAVETOL OTO TOPOKAT®

oxnua.

Eikova 9

M0 TO PIKTO auTo BopuPo Ba 1oxLEl :

fy
Chrmnan= [ (L 1 +a2)d =K, In{E+aZ (1, — 1) =l (o4 £, — 1,)
fL L v L

(€&. 2.4.2)
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Opwg yia f=f . o1 600 B6puPol Ba TPETEL, TUPPWVA PE TO TAPOTIAVW aXAMa, va Exouv TV idia
TIun 1oxLo¢. Emopévag yia f=f _ :

=~

2

ef‘L :eieuk. 5n7\ ku fizav r] fc: 4, (SE 242)

c

=
<N

Apa TEAIKA :

e(zleuk.+fL) =a.[f.* |n1;c—H +f, -] (€€. 2.4.3)

L

AvtigTolxa, yia 16060vaun mnyn pevuotog 8optou, Ba 1oxVEL 0 TUTIOC :

i(2|eu|<.+ﬂ_) = ai2 [f* |n1;c—H +f, -f.] (€€. 2.4.4)

L

[2. K.Kapoupmaiov, Eloaywyr) otn Ocwpia ©oplBou kat E@apupoyeg, EkdO60eI Boaodekn,
Abrva 1979]

2.5 ONIKOE ©@OPYBOX KAl AOrOs SHMATOS MPOS
OOPYBO (SNR) ENIZXYTH

Onw¢ yvwpidovye, pECO 0€ €vav TPOYUOTIKO EVIOXUTA LTOPXOUV JIAQOPEC TnyEC BopuPou
OTATIOTIKA aveEAPTNTEC PETOEL TOuG. Ot TNYEC QUTEC UTTOPOUV VO €VOTIOINBOUV TEAIKA GE pia
tooduvopun Tnyn pevpatog - BopuPou KOl Og piO 100d0vVauN TNy PEVMOTOC -BopuPou
TOTIOBETNEVEG OTNV €i0000 €VAC 180VIKOUL (aB0pULOL) EVIOKUTH TIOL £XEL TNV id1a amoAafn (gain)
A, UE TOV TIPAYHPOTIKO EVIOYUT).
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Eikova 10

210 TMOPATAVE® OXAHO, TOPIOTAVETOL va KUKAWHO EVIOXUTH) JIEYEIPOPEVOL ano Tinyr) tdong E
KOl E0WTEPIKIC «eVBOPLPNG» avtioTaong R .
O d10¢ 0 evioxuTNC €ival «evBopupoc» pe amoAapn A, . To @iAtpo RC €&ddou (diEAevang

XAUNAWVY GUXVOTATWV) €XEL 0AV OTOXO TOV TEPIOPIOKO Tou VPOUC {wvng Tou BopLPoL €€0d0L.
210 TMAPAKAT®W OXN O BAETOUHE TO 160OUVORO TOU KUKAQMOTOC TOU TIO TAVQW KUKAWUATOC, OTOV
T0 BewpoLpE WC Po¢ To 66puLBo (1coduvapo BopLBou).

Eikova 11
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H mpoydoTiki avtiotaon avTikatooTdbnke omd pia 10o0d0vapn mnyn téong - Bopupou 4KTR ( Af
Kal pia “’o806puPn’’ avtiotaon R, o€ og1pd. O MPOYUOTIKOG EVIOXUTIC OVTIKOTAOTABNKE Mo
€Vav 130VIKO EVIOXUTH NG id1ag amoAapig A ,, 0TV €i0000 TOL OTIOIOV UTIAPXOULV 01 LIGOSUVOMES
TNyé¢ Téong - BopOPBou e, kat pevuatog - Bopupou i, .

Tig mnyég e, i, Ba TG Bewpolpe TNyeG AcukoL BopLPOV Kol OTATIOTIKA OOUCXETIOTEC. H
TEAeLTaIO aUTA 1B10TNTA, pOg ETITPETEL VO aBpoiloupe TIC avTioTolxeC 10XVC BopLBou.

Mapatripnon:
270 TIO TOVW 100d0vVaPo BopUPOL TOU TOPOTAVW OXAUOTOC OtV KpPiBnke omoapaitnto va
Bewpriocoupe Kal To BopuPo mou Bdalel to QiAtpo RC €€ddou. Autd yiarti, 6Twe Ba dovuE Kal o€

EMOYEVN TOPAYPO@o, 0 BApLPOG aUTOC €ivan OUEANTEDC, 181aITEPO OTOV N OMOAAPr) A, TOu
EVIOXUTH] EIVOL OPKETA PEYOAN.

OewPWVTaE avTi TOL PeVPATOC i, , TNV Mtwon i, R, mou Ba MPoKaAEi oty avtiotaon R, Kat
JE Bdaon Tov TUTIO Y10 ACUOXETIOTEC TINYEC BopLPOUL, EXOUHE YIa TOV OAIKO BOpufo aTnv £€€0do0:

€,01.EZ0A. = [4kTRsB +e? +(i,R,)*]"**Ao  Volt*rms (e€.2.5.1)

Omou:
A , = amoAafr) TGong Tou eVIoXUTH, Kal
B = Af, €0po¢ {wvng oLXVOTHTWY TIOL EMIPBAAAETOL OO TO QiAtpo RC.

To onua atnv £€£060 Ba Exel MPOPaAVWE TAoN Es* A . =€POUPE OTI yIa VO XOPAKTNPICOUUE TNV
ToI0TNTa TOU oruoToC €€060L HIag Oldtagnc, Bewpolpe To AOyo Tou oruatog €600V TPOC TO
BopuPo €€6dou. O Adyoc auTog Ba cuppoAiletan e S/N i} SNR (signal to noise ratio)

21NV TPOKEIPEVN TIEPITTWON:

Es

SNR)V,E=. =
(SNR) [4kTRsB +e? + (i,R,)°]"?

(€. 2.5.2)

Onou (SNR)v,EZ=. gival 0 Adyo¢ orjuatog mpog B0puPo yia Tnv Taon €060V TOU EVIOXUTH).

>10U¢ BacIKoLg TOTOUC Kal  PTOPOUKE VO KAVOUUE TIC TIO KATW TAPATNPHOELS:

1. Me mv avayvwon Tou E0WTEPIKOL BopUBOU TOU EVIOKUTH OTNV £i0080 TOv, TO A, OMOAEIPONKE
Kal givatl d0GKOAO va aX0AMAC0oUUE TNV eMidpaat] Tou aTov SNR.

2. Mmopoupe va Bpolue TNV 10000vOun TAon oAlkou BopuPou OTnV €i00d0 TOU EVIOXUTH,
diapwvtag v e, EZ0AO0  pe Ao .

n,ol.
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€, EIZ=[4kTRsB +e2 + (i,R,)?]"?, Volt*rms (g&.2.5.3)

AUTO TO TéYvaoua yivetal yioti dev gival duvatd va peTpricouue 10 Bopufo amevbeiag otnv
€i0000 TOU EVIOXUTH], GAAG PHOVO OTNV £€000 TOUL.
3. H oupPoAr ¢ eowTePIKAG avtiotaong Rs tn¢ mnyng - oruatog ato 80pufo Tou maipvoupe,

yivetan avepn amnod tn oxean . Ané v BAEMOUPE OTI yIO OOCUEVO
evioxuth (dnAadn doopéva Ao, i, , e, )0 (SNR)v yivetal péylotog 6tav Rs— 0.
4. T'a vo dIEPELVITOLKE TO POAO TOU Upoug {Wvng B Tou @iATpou  mavw oTOvV TPOTIUAE

VO YPAYOUUE TNV HE TN HOPYN):

= Es
SNR)V,E= = €. 254
(SNR) [4KTRsB +e2 +i2/B*R2]? * B!/ (€8 )
onovtoe,/B=a; kat i /B=af eival oTabepEC, oTnv MepimTwaon Aeukwv BoplPwv.

AT TNV mapandvw e€icwan @aivetal, OTl, av To oua Es gival TEPIOPIoUEVO aE Eva PIKPO £0POG
{WVNC GLUXVOTATWV, OEV EXOUIE KOVEVO CUPPEPOV VO TTAPOLIE PeyAAo ebpog {wvng B.

‘Etol yio omolodnmote TOmo BoplBou, PO CUUEEPEL VO TEEPIOPIcOUE OTO €maKpo TN {wvn B,
apkei va un Badoupe o€ Kivduvo To @Acua TG mAnpogopiac tng Es.

[3. AndatoAog Tpayavitng, Wnolokeg Emikovwvieg, dBivonwpo 2004]

2.6 O OOPYBOZ KBANTIZHZ

O 00puPo¢ aUTOC UTIOPEL Va XAPOKTNPIGOEL oav «TEXVNTOC» YIOTI TOV TPOCHETOUPE EEIC KATA TN
dlodikaaia Tn¢ KRAvTiong .

Onw¢ 6o @avei To KATw, OIOQEPEL OPKETA amd €vav cuvnBiouévo Tuxaio mPoabeTiko B0pupo,
TPWTa amd OAa ylati YmopolUE va ToV TIEPIOPICOUUE 000 BEAOLUE, OPKEL va QUENOOUUE TNV
TUKVOTNTO TWV OlOKPITWV BaBuidwv dnA. Vo PEIOCOLYE TNV AMOCTOON METOEL TwV OTOBUWY
KBavtiong.

Ouo16popen KBaAvTIoN

Mo va umoAoyicoupe TNV rms TiPA Tou BopLPou KPAvTIoNC Ba 6EXBOUUE APXIKA OTI Ol OTABUEC
1oamnéxouy PETagL Toug (opoldpopen KBAvtion). A¢ Bewpriooue 0TI To arpa X(t) Tov TPOKEITal
VO PETOO00EL £xEl pEaN TIPN PNGEV Kat €VPOC dIOKVPOVONG OO «AKpPN o€ dkpn» (peak to peak)
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ioo pe Amax Volt . Ac Bewpriooupe 0TI T0 KBavti(oupe ae M JIOKPITEC GTABUEC IOV OMEXOLV
METOEL TOUC KaTd g Volt. @a £xoupe TOTE:

g=Amax/M (€€. 2.6.1)

Onw¢ QaiveTal 0To MAPAKATW OXAKA Ol EMTPENOUEVEC OTABUEC YETA TNV KPAVTION Ba ival ol
+q/2, £3q/2..... +(M-1q/2

Eikova 12

BAEMoupEe OmO TO MOPOMAVW OXAUA OTI N KBAVTION €XEl OVOMOPEVKTA £va 0QOAUA E a@ou 1o
TPOAYMOTIKO OTIYMIOTUTIO Xj  TOU GAUATOG OTPOYYUAEVETAL TNV TIPN

Xj+Ej o€ TpOno WOTE VO dWOEL EVa TIEPITTO TOAAOTIAGGIO TOU /2.

H i dpwg Tou o@aAiuatog KBavtiong E ival mepiopiopévn ato diaotnua

- /2 < E< + /2. O1 d1a00xXIKEC TIMEC TOLU 0@AApOTOC E Ba odnyrjoouv, Kotd T ARYn Kol
ENAVOCVOTOON TOU ONUOTOC , O AMOKAICEIC amd TIC TPAYUATIKEC TIWEC. Ol OMOKAIGEIC AUTEC
ouviotolv Tov B0pufo KBAvTiIong Tou Ol0PEPEL amd €vav GuVNBIOPEVO TPOCHETIKG TuXaiO
B0pupPo, Onwc eimape, BewPNTIKA TOUAAXIOTOV, UTTIOPOUE VO TOV TEPIOPITOLE OG0 BEAOLE.

Mo va uToAoyiooupE TN pEaN  TETPAYWVIKN TiUr) Tou BoplBou KBAvtiong, xpelalduacte TNV
TUKVOTNTa TIBavoTnTac Tou E. ©a dexBolpe OTI N Ty Tou E eival 1cokataveunuévn oTo
dldoTtnua + g/2,- /2, dnA. deXOUACTE OTL:

P(E)=1qg vy -1/2q0<E<+1/2q
kat P(E)=0 TOVTOU OAAOU
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©a £XOUE TOTE

. +q/2
0,2= E = jl/qEZdE=q2/12 (€5.2.6.2)

—q/2

dnA. n rms Tiur Tou BopLPou Ba gival
MTopoUUE EMOPEVWE VA TNV PEIWTOUE, JEIWVOVTAC TO Bripa q TS KBAvTIoN.

Ag unoAoyiooupe Twpa o Adyo S/N Bewpwvtag pévo 1o 80pufo KBAvTIoNE, ONA. OPEAWVTOC TOV
Wnolakd BopuPo. H 10x0¢ S Tov oruaTtog, dNA. N PEON TETPAYWVIKN TIPA , d&V gival yvwaT)
Topa pévov av yvwpilouvpe TNV Katavoun mibavotntag p(x). M’ avtd Ba amAouOTEVCOUUE TO
TPOPANUa Kot 6o EMKEVIPWOOUUE 0TV 10XV TOL PEYIoTOL TAdTOUC (peak value) , ondte Ba eivat:

S/IN=Amax?/E *=q*M?/(q?/12) =12 M?  (€£. 2.6.3)

HoedB  (S/N),=10,8 + 20 log M (5. 2.6.4)

Mapatnpolue 6Tt To S/N 010 YnElakd onua gival ave€apTnTo amod TNV 10X0 EKTOUTAG Kal amo
T0 €i00¢ d1IOPOPPWANG TOU PEPOVTOC, EVW OLEAVEL UE TO TETPAYWVO TOL TARBoLE M Twv aTaBUWY
KBavtiong.

[2. K.Kopoupmaiov, Eloaywyr) otn Ocwpia ©oplBouv kot E@apupoyeg, EkdO6oel Boodekn,
AbBrjva 1979]

2.7 MAPEMBOAH KAI ©O0OPYBOXx
2.7.1 Tnyég mapepoAng

To peyaAlTEPO PEPOC TNE TAPEPPBOANG (interference) TOU AMAVTOTOL OTO CUCTHUATA YNOIOKNC
ETKOIVWOVIOG TIPOEPXETOL EITE AMO GAAA CUCTAMOTO EMKOWVWVIWV E(TE OMO pnxoviuata. a
Tapadelyua, n ouvakpooon (cross talk) mou cupPaivel oTIC YPAUUEC TNAEMIKOIVWVIOC €ival
@OIvOpEVo TapeUBOANG, Omwe eival emiong kat o B6puPog avagAegnc (ignition noise), mou
TIPOKAAEITOL OTN PNXOVI) E0WTEPIKAC KAUONE EVOG AUTOKIVITOU.
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2.7.3 Tnyég BopLPou

>¢€ avtifeon pe TNV mapePBoAr, 0 BOPLBOC TIPOEPXETAI KLUPIWC OO TO KAVAAL ETUKOIVWVIWV Kab
auto Kol ouvABwg €xel Tuxaia @UaOn, OMOTE €ival TOAD GUOKOAO VO AVTIUETWTIOTEL. YTAPXOLV
d1dpopol pnxaviopoi mou dnuioupyoly To B0PULBO Kal Ol TIO YVWOTEC HOPPEC TOU Eival O
Bepuikdg BopuPoc.

O BepuIkdg BOPLPOC TUXVA KUPIOPXED OTA CUCTAMATO EMIKOIVWVIOG KOl TPOEPXETAl OMO TN
BepUIKA Kivnan Twv NAEKTPoOviwy o€ évav aywyo. To OVOHO TIPOEPXETAL OMO TO YEYOVOC OTI N
EVEPYELD, KOL EMOUEVWC O BaBuog ¢ Kivnong, €ival avadoya tng OmoOAUTNG BepuoKpaaiag Tou
aywyol. To PeLMA, KOl EMOPEVWC N TAON TOU ONUIoVLPYEITAl OMO OUTAV TNV Kivnon £xel
KUMOTOMOP@A TIOU €ival EVIEAWG TLXAIOC GUONG Kal OF IKOVO XPOVIKO SIACTNUO £XEL EMITEdN
KOTAVOUI MEONG EVEPYELOC WC TIPOC TN oLXVOTNTO. AUTH N 1316TNTA TOL BoPUBOL TIOL TIEPIEXEL
OAEC TIC OLXVOTNTEC, 00YNOE TNV OVOOCTia AcLKOG (white), o€ avTioTolio JE TO AEUKO QwC
TIOU TEPIEXOLV OAO TO XPWHATA.

[3. Amoatohog Tpayavitng, Wnelokég Emikovwvieg, Bivonwpo 2004

2.8 EYPOZ ZQONHZ ©OPYBOY

OtwpeioTte 0TI 0NV €i0000 €vOC OEKTN eu@avileTal AeukOg BopuBoc. YToBEaTE emiong 0TI Eva
@iAtpo pe ovvaptnon petagopdg H(f) Kkevipikng ouvxvotntag f,, xpnotdomoleitat yio va
TEplopioel v 10XV Tou BopLPBou oL TEPVA 0To JEKTN. Twpa BewpeioTte Eva opBoywvio GIATPO.
To @iAtpo outd £xel emiong Kevipikr ouvxvotnta tnv f,. Eotw 6Tt 10 €0po¢ {wvng Tou
opBoywviov @iAtpou B, mPooapuOeTal KOTA TETOIOV TPOTO, OUTWE WOTE TO TPAYUATIKO QIATPO
Kal To 0pBoywvio QIATPo va petadidouv tnv idla 1ox0 BopuPou. Tote, 10 €0pog Lwvng B,
KaAeitan ebpog {wvng BopuBoL ToL TIPAYUOTIKOU @iATpou. TATE To €0pog Lwvng BopLPou eival To
€0pOoC {wvne evog e€ldavikeupevou (opBoywviov) @iIATpou mou mepva TnV id1a 1oxL BopuPou pe
TO TIPOYMATIKO QIATPO.

@a dci&oupe auTAv TNV apxr tou gupoug {wvn¢ Tou BopLPOL BEWPWVTOE TNV TEPITTWAN EVOC
Babumepatol RC @iAtpou. MNa 1o @iAtpo autd, n H(f) Aappdver tn péyiotn tng T H(F) =1
otnv f = 0. Onwg divetat amé mv - N, = I%hfc ,EX0VTOC 00V €i0000 AELKO BOPULBO PATUOTIKIC
TILKVOTNTOC 10XVOG N/2, 0 BGpLPBOC oV £€000 TOL QIATPOUL gival

N,(RC)=mn/2(nf,) (€& 2.8.1)

Otav mapouatadetal évag TEtolog 80pufog, Eva opboywvio Babunepatd QIATPO pE H(f) =1
otn {wvn diEAeuaong B, Ba dwael B0puPo atnv £€0d0 pe 1oL
N, (opBoywvio) = (n/2)2B, = nB,  (€§. 2.8.2)
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©étovtag N,(RC) =N, (opboywvio), Bpiokoupe 0TI To EVPOC {wvng Tou BopuBou Eival
B, = (M2)f, (€. 2.8.3)

'ET01, 10 €0po¢ {wvng Tou BopuBou tou RC @iAtpou eivar /2 ( = 1.57 ) @opéc to evpog {wvng T,
Twv 3dB.

[4. Taub / Schilling, TnAsmikovwviokd Zuotiuata, Ekd0oelc TUO0Aa, OcooaAovikn 1998]
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3

KEPANAIO

3.1 TNAPAXTAZH TOY OOPYBOY 2TO TIEAIO
2YXNOTHTQN

e €va oLOTNUO EMIKOIVWVIWY, 0 BOpuBog OIEPXETOl ouxva amd @iAtpa. Ta @IATpa autd
TEPIypA@ovTal guXVA HE TN Borbela Twv XOPAKTNPIOTIKWY TOUG OTO Tedio ouxvoTtrTwy. ETol
AoImdv, yio va KaBopiooupe TNV midpacn Twv QIATPpwY autwv oo 86pufo, Eival KOTAAANAO va
EXOUHE £VO XOPAKTNPIOPO Tou BoplBou 0To Medio cuxVOTHTWY. ‘Exovtac autr tn Pop@r oav
Baon, Ba eiyaote 1KAvoi va KOBOPIOCOUPE HiO QOOMATIKI) TUKVOTNTA 10XVOC Yia pia
KupoTtopop@n 60pUP0oL TIOL EXEL XAPAKTNPIOTIKA TOPOUOIN PE AUTA TNG QACUATIKIG TUKVOTNTOC
10X00C Pi0g VIETEPUIVIOTIKIC KUPOTOMOPENC. H avaiuon pag Ba eival, Katd KAmolov Tporo,

EVPETIKN).
AG EMAEEOVPE VO OUYKEKPIUEVO OEiyua ouvdptnong BopluBou Ki ag eMAEEOLME amd autd Eva
didotnua ddpkelag T ekTevOPeVo, €0Tw and t = - T/2 éw¢ t = T/2. 'Eva Té€T010 deiyua

ouvaptnong BopuBou n(t) mapouctdleTal oTo o). AC TOPAYOUME Wit TEPIOSIKY KUHOTOHOPQN
OTO EMAEYUEVO OIOCTNUO TO OToI0 emovaAauBavetal kaBe T sec. H meplodikn ouTh
KupoTopoper nr(t) pmopei va avaluBei oe oelpd Fourier Kal pio TETOl O€Ipd TOPIOTAVEL
kaBapd to N®(t) oTo SldoTnpa amd - T/2 ¢ T/2. H BePeAIOSNC SUXVOTNTO TNE AVATITUENC gival
Af = 1/T, kat uoBETovTag 0TI eV LTIAPXEL GUVEXNC CLVICTWON, EXOUVUE

nrO(t) = )3 (a cos 21k Aft + by sin 21k Aft) (€€ 3.1.1)

k=1

I3

TIKA
k=

K
O = 22 cxcos (2nk Aft + 6)

1

N EVOAAQ

0Tnv omoia ak, bk Kol ¢k €ival o1 oTaBEPOi CUVTEAEOTEC TWV QPOCUOTIKWY 0pwV Kal B gival n
ywvia eaonc. Puaoika,
Ck2: a k2 +b k2 (EE 3.1.2)

Kal

Bk = - tan ™ by/ak (€€. 3.1.3)
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H 10x0¢ mou ouvdéetal pe KGBe @aopotikod 6po sival Cl /2 = ((a + b ?) / 2. Epdoov
MOPOUCIAZETaL Vol SITAELPO PAGHO, KABE PACHATIKY YPappR 10X00C €xet Poc C’ / 4. O GEovac
oLXVOTHTWY €ival Babuovounuévog Katd diacTtipata Af Kal pio ypauur @OoPOTIKAG 10X00G
BpioKeTal 0TO KEVIPO KABE dlaaTrpoToc. Opiloupe TwPa TNV GOCHOTIKA TUKVOTNTO 1I0XVOE OTN
ouxvotnta KAf gav v noootnta

G (KAf) = G(-kAF) =¢ 2/ 4Af = o> + b ® | AN (€8, 3.1.4)

H ouvoAIKr) 10X0¢ Py TTOU GUVOEETON PE TO S1A0TNUA CUXVOTATWV Af atn cuxvotnta KAf ivat :
Px=2Gn(k Af) Af (€. 3.1.5)

To éva pIoo ¢ 1oX00¢, Py /2 = Gp(kAf) Af cuvdEeTal Ye TN QOOUOTIKY YPAUUE OTN CLXVOTNTA
kAT, evo To GANO U106 pE T ypauur otn ouxvotnta - KAf. ‘Etot,

Gy (kAf)= Gu(-kAf) 1000T01 pe TNV 10X0 OTO BETIKO 1 ApPVNTIKO S100TNUA SIOIPEPEVN PE TO
peyebog Tou daatrjuotoc. Emopevag, n Gu(KAf) ival n (ap@imAgupn) YEGN @OCUATIKA TTUKVOTNTA
10X00G 0€ KABE €va d100TNUA.

Mo Eva CUYKEKPIPEVO OEiy0 cLVAPTNONC TOL BopLBOL, KATOIOC PTIOPET VO AABEL CUYKEKPIUEVEC
TIUEC TWV oTaBEPWVY ak Kot by tng €€. 3.1.1 [1) TOUC OUVTEAEOTEC Ck KOl TIC Ywvieg Bk TNC €E.
3.1.2]. Ala@opeTiKd deiypata ouvaptroewy Ba KATaAngouv o€ SI0QOPETIKOUE OCUVTEAEOTEC. AV
npoTeivoupe o1 HopPeC Twv €€.(3.1.1) R (3.1.2) va mopIoTAVOULY YEVIKA TNV Tuxaia dlepyaaia Tnv
OToi0 TPAYUATEVOPOOTE, TOV TEPIOOIKO BOPLPBO dnAadr), O XpeladeTal TapPa va BEWPrToLE OTI
ol ax’s, bk’s, ck’s Kal Bi’s Oev €ival GUYKEKPIUEVOL OpIBUOi OAAG 0T B0 TOUG EXOUME TUXOEC
HETOPRANTEC. TENOC, emITPEMOUPE T — oo (Af— 0), £T01 TOU TO MEPIOJIKA OEIYUOTA CUVAPTITEWY
BopuPou. Tate, Exoupe To BGpLPO N(t) va AapPAavel Tn popen

nt) = lim,_, =2, (a, cos 2pkAf +b, sin 2pkaft) (€. 3.1.6)

n
n(t) = lim,_, =°,c, cos(2pkAft +q,) (€& 3.1.7)

2uvexicoupe va dexopooTe TNV €€.(3.2.5) oav oplopd TNG QOOUOTIKIC TTUKVOTNTAC 10X00C TOU
BopUBoU N(t), pe e€aipean TO 4TI AVTIKABIOTOVLE TO i WE TO Ci° dNAGdK HE TV aVapEVOpEVN A
TNV and Kool PEon TIUr TOU TETPOYWVOL TNG Tuxaiog PETABANTAG ck . Emmpdodeta, KobBwg
Af— 0, o1 JIOKPITEC PACHATIKEG YPOUMEG €pXOVTAL OAOEVO KOl TIHO KOVTW, SIOUOP@OVOVTAC
TEAIKG Eva ouveXEC @aapa. ‘ETat Aoimov, atny €€.(3.1.5) avtikaBiotoupe tnv KA pe tnv ouvexn
petafBAnT ouxvotntag f. Emiong, and v €€.(3.1.3) €xoupe

c2=a’+b’ (e£.3.1.8)

Kol TEAIKA 1 €€.(3.1.5) yivetat

. cz aZ+b’
Gn(f) = |ImAf_)0ﬁ =lim, k4Af k (€. 3.1.9)
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ZNUEIRATE OTI N 10X0C¢ 0TO SIA0TNUA CUXVOTNTWV amo f; £wg T, gival

P(fi- f) :_IGn(f)df +jen(f)df zzjen(f)df (€€. 3.1.10)

-f2

EVW N OLVOAIKN 10X0¢ Pt givat

Py = T G, (f)df = ZTGn(f)df (e5. 3.1.11)

—-00 0

[4. Taub / Schilling, TnAemikovwviakd Zuotiuata, Ekdooelc TUo0Aa, Oeooalovikn 1998]

3.2 AlIOKPIZH 2TO ©0OPYBO ENOZ ®IATPOY ZTENHZ
ZONHZ

Av n mopdotacn Ttou BoplBou cav UTMEPBECN QOCUOTIKWYV CUVICTWOWV Eival €vAoyn,
QVOREVOUUE OTI OTIOTE OIEPXETOL BOpLPBOC Yeaa amd QIATpo aTevig {wvng, N €€000¢ Tou QIATPOU
va  potddel JOANOV PE NUITOVOEId Kupatouopen. Bpiokoupe OT1 mpdyuati outr €ival n
TePIMTWaN, d10TI MapatnPoUUE TwE N €€000¢ QIATpoL aTevng {wvng Pe €icodo BopuPou Exel TN
popen tou Xx.tn¢ Eikovag 22. H kupatopop@r) €€600U POIALEL PE NUITOVOEISH, EKTOC amd TO
QVOMEVOUEVO TAATOG TO OTI0I0 PETORAAAETAI TUXaiO. TO QACUATIKO EVPOC TNG TEPIBAAAOLOAC
€000V TOU QIATPOL CUUTEPIAOMBAVEL TO POCHOTIKO €VPOC aTo - B/2 €w¢ B/2, dmou B cival 10
€0po¢ {wvn¢ Tou QIATpou. H péan ouxvaTNTa TN KUPOTOUMOPENC Eival N KEVIPIKA cuxvoTnTa
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n, (t) = a, cos2pkAft + b, sin 2pkAft
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fot+ k Af kou pia otn dl0@opa cuxvotitwy fo - k Af . Emimpdodeta, ta mAGTN Kabepioag and Tig
000 PACHATIKEC CLVICTWOEC BopLBou Tov mapdyovTal amo TN Mign, £xouv PEIWBED KOTa évav
TOPAYOVTa 00 PE 2 OXETIKA PE TNV OPXIKI QOCHOTIKA ouvioTwoa BopuPou. ZUVETWC, Ol
d100TIOPEC (KOVOVIKOTOINUEVN 10XUC) TWV 6U0 VEWV CLUVICTWOWY BopUPOUL Eival HIKPOTEPEC KOTA
évav TapAyovta i00 e 4. ZUP@WVO PE autd Aoimdv, av n OpPXIKN cuvioTwoa BoplBou 0Tn
ouxvotnta KAf givat G, (KAf) tdte, and tnv €€.(3.3.1.1), 01 VEEC CUVICTWOEC EXOLV POCHOTIKEC
TIUKVOTNTEC,

Gn (k AF + o) = Gy (k Af - fo) = Gn (K AR/4 (€5, 3.3.1.2)

Oplokd, kabwg Af- 0, avtikabiotovpe tnv KA pe ™ ouvexn petofAnt f koi n €. (3.3.1.2)
yivetal

Gn(f + o) = Gu(f - f) = Gn(f)/4  (€€. 3.3.1.3)

AVOAUTIKG : dedopévng NG TOPAOTOONG TNC QOOMATIKNC TUKVOTNTAC 10XVo¢ Gn(f) piag
Kupatopopeng BopuPBou n(t)cos2nfot mpokuTTEl WC €A : Olopolue TN Gu(f) pe 4,
peTaTomi{oupe TN dlAIPEUEVN TTAPACTACT TPOC Ta aPIoTEPd Katd fo, Mpog Ta de€1d Kata fo Kal
TPOCHETOVE TIC OVO YETATOTIIOPEVEG TTOPOCTATEIC.

OewpeioTe Twpa TNV akdAoudn mepintwaon : ‘Exouue 60pufo n(t) and tov omoio Eexwpiloupe S0
(POOUOTIKEC CUVIOTWOEC, Pia ot ouxvotnta KAf kat pio otn ouxvétnta 1Af. Kdavoupe pign pe
gio nuitovoedn atn ouxvotnta fo, pe v fova €xel emiAeyei 010 p€co tou dlaotiuatog and KAF
€w¢ 1Af, dnAadn eival

fo = (k +1) Af/2. H pi&n autr) 6a omo@épel TEGOEPIC PATUATIKEG OUVIOTWOEC, 6U0 CUVIOTWOEC
oTn d1a@Qopd GUXVOTATWVY Kal d00 aTo ABpoigpa cuxvoTrTwy. Ot 300 CLVICTWOEG aTN dlaPopd
oLXVOTHTWY Ba gival atny id1a cuxvoTNTa

pAf = fo - kKAf = 1Af - fy. Qotoc0, 6o deifoupe TP OTI AUTEC Ol CLVIOTWOEC 0T dlaPopPd
OLXVOTHTWV EiVOl 0OVOXETIOTEC. AVOTAPICTWVTOG TI POCUOTIKEC GUVIOTWAOEC 0NV KAT Kol atnv
1Af 6nw¢ o n, (t) =a, cos2pkAft +b, sin2pkAft kot n, (t) = a, cos 2plAft + b, sin 2plAft,
Bpiokoupe OTI 01 CLUVIOTWOEC ATN dIOPOPE CUXVOTHTWVY Eival

Np1(t) = aw/2 cos 2mp Aft —b/2 sin 2rp Aft (€. 3.3.1.4)

Kal

Np2(t) = a1/2 cos 2mp Aft + bi/2 sin 2np Aft (€. 3.3.1.5)

OOV Npy(t) €ivat n ouvioTwoa dlaPoPag Adyw tng PiENC Twv ouxvotHTwy fo Kat KAF evad np(t)

gival n ouvioTtwoa d1aQopdc Aoyw NG MiENE Twv ouxvotrtwy fokat 1Af .
Tote and 1 €€.(3.3.1.4) kot €€.(3.3.1.5)  PBpiokoupe oTL

E[npi (t)npz (t)] =0
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‘Eto1, n pi&n 6opLPoL pe Eva NUITOVOEISEG GO EXEL AV OTIOTEAEGUA TN PETOTOTICN GUXVOTNTOG
T0U apxikoy BopOPou Koatd f,. H dlomopd tou petatomiopévou BopuBou Bpioketal

npocBETOVTAC TN dlooTopd KABE veag ouvioTwoog. Mapatnpolpe Aoimdv OTL N apxr Tou
JIOTUTIWOAUE apEoWC PETA TNV €€.(3.3.1.3) ePapuoleTal OKOUO KI OV UTIAPXEL EMIKAALYN OTIC
TOPOOTACEIC TWV V0 YETATOTIOUEVWY QOCUOTIKWV TIUKVOTHTWY 10XV0C.

3.3.2 Mi&n Bopupou - BoplLRou

©a BewpriOoVUE TWPO TO OMOTEAECHUO TOU TOAAOTAOGCIOOMOU 6U0 QACUOTIKWY CUVICTWOWV
BopuBou. MopatnpwvTac TI QOCHOTIKEC OCULVIOTWOEG Omo TNV e€iowon, Bpiokoupe OTI TO
YIVOUEVO TwV 600 CLVICTWOWY, Wia atn ouxvatnta KAF kat pia otn ouxvotnta 1Af, eival

n,(On, (t) = %ckc, cos[2p (k +)Aft +q, +q|]+%ckcI cos[2p (k —-)Aft+q, —q,]

(8. 3.3.2.1)

ATO TOV TOAATAQCIACUO TIPOKOTTOUV OU0 VEEC QACHATIKEC OLVIOTWOEC BopUuBou, pia oto
dbpotopa ouvxvotitwy (k + 1Af kat pia otn dlagopa cuxvotitwy (k -1)Af. Ot 6pol otnv
nopanavw e&iowaon givat ¢ Hopeng g n, (t) = ¢, cos(2pkAft +q, ), EKTOC ano 1o 0TI 0
(1/2)c,c, avukablota tov ¢, , Kat o g, omv e&iowon  n,(t) =c, cos(2pkaft +q,)
avtikoBiotatal and tov g, +q,

otnv pia mepintwon Kot and Tov g, -q, otV GAAn. E@ocov o1 g, kAl q, €XOULV
OMOIOUOPPEC TTIUKVOTNTEC TIBAVOTNTAC, €ival S1010ONTIKG TPOPAVEC amd TNV apXr) TNC EAAXIOTNC
EKTTANENC OTL o1 Q, +Q, Kol (,-q, EXOUV EMiONC OMOIOPOPYES TIBAVOTNTEG (Mia o 0pdn
andédeign sivar duvatn). ‘ET0l, N KAVOVIKOTIOINKEVN 10XUE TIOL CUVEETAL PE KABEVAY OO TOUC
opoug ¢ €€.(3.3.2.1) pmopei va e€ayxBei OMWC Kal yia TNV @ACUATIKY GUVICTWOO TN¢ €icwaonc

n, (t) = c, cos(2pkAft +q, ) . Xpno1UOmoIRVTOC v e€iowan
P, = 2G, (KAf)Af = 2G, (-KAf)Af =a2 =b? =a’/2+b}/2=c}/2
, EXOUUE

1.1

Pt =P ZE(ECkC')Z (€€. 3.3.2.2)

Agov ol ¢, KOl ¢, €gival avegapTnTEC TLXAIEC HETORANTEC,

Pea =P = %cfcﬁ =%Pk P (s£.3.3.2.3)
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3.5.1 Zuyxpovn Avixveuon:
3.5.1.1 Zvotiuata DSB:

Ze ouotiuata DSB, 1o petadidopevo anua X (t) €xeLtnv popen

X () = A X(t)cosw,t (g€ 3.5.1.1.1)

210 TTOPOKATW OXNUO @AIVETAL TO TUAUO OMOSIOPOPPWTH Tou cuaTipato¢ DSB. H gicodoc tou
OEKTN eival

Y, () = A X(t)cosw t+n,(t)

= [A X({)+n ()] cosw t-n (t)sinw t (g€ 3.5.1.1.2)

O

Eikova 19

Av oAanAacidoouvpe v Y, (t) €mi 2 cos w, t Kal xpnowyomnorjoovpe Babunepatd @iAtpo,

AapBdavoupe
Y, = AX@®)+n (1) = X, () + ny(t) (€€ 3.5.1.1.3)
Xo®) = A_X() kat ny(t) = n_(t) (€€. 3.5.1.1.4)

BA¢moupe 0TI To onua €€0dou Kal 0 BopuPBoc mpoaTiBevtal Kal 0TI EXEl amoppl@dei and tov
anodlapopewTr) N 0pBoywvIKn auvioTwoa BopuPou N (t) . Oa ival

S, = E[X2(1)] = E[A*X2(t)] = A? E[X*(®)] = A2S, (& 3.5.1.1.5)
N,= E[n2(@®] = E[n2(®)] = E[2(t)] = 2nB (€. 3.5.1.1.6)

Kot o SNR €€6dou eival
(SIN), = S,/N, = A2S,/2nB (g€ 3.5.1.1.7)

H 10x0¢ onfpotog 106d0v S, divetal amnod v
S, = E[X2(t)] = 1/2A%S, (c£.3.5.1.1.8)
‘Eto1 ano Ti¢ 300 TOPATAVL OXETELC EXOUME
(S/N),=S,/nB =y (g€ 3.5.1.1.9)
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H omoia deixvel 0TI o€ 0TI apopd aTo BOpuPo, To DSB pe 16avIKA alyXpovn avixveuaon £xel idla
anédoaon pe 10 c0oTNua Bactkig {wvnc.

O SNR a1nv €icodo Tou avixveuTr gival

(SIN), =S, /N, =S./2nB  (g€. 3.5.1.1.10)

Kl (SIN),/(SIN), = a, =2  (e€.3.5.1.1.11)

O Aoyog a, e€ival yvwotdg oov amoAaBry OVIXVEUTH) Kal GUXVA XPnolPOTOLEiTal oav PETPO
To10TNTAC Y1 TNV OmodIoUOpPWar).

3.5.1.2 Zvotiuota SSB

Mapopolot LTToAOYIoHOI yia cuaTruaTa SSB pe alyypovn avixvevaon divouv v idia anddoan wg
TPOg T0 BOpLPO OTIWC Yia To cuaTNUA Baalkrc {wvng 1 To cuaTtnua DSB.

3.5.1.3 Zuotnuata AM

210 ouvnOn cuotiuata AM, ta onuata AM anodiapop@rvovtal and gUyXpovo OVIXVEUTH 1
amnd avixveuTn mepIBAAAoLaaC. To SIaUoPPWHEVO arpa o€ cLGTNUA AM €xel TN Hopen

X () = A [1+pX(t)] cosw t (€€ 3.5.1.3.1)

Onou p givat 0 deikTNnC dlapdpewaong Tou orjuato¢ AM Kat
p<1 Kalt X(®) <1

Av 0 a0yXpOoVvOoC OVIXVELTHC TIEPIAAMBAVEL 1I00VIKG KaTAOTOAE dc, n €€0d0¢ Tou 06Kt Ba ival
Y, (1) = A uX@®) +n (1) = X, () + n, () (5. 3.5.1.3.2)

Omov

X, =A_pX({®) kot ny(t) =n () (€ .3.5.1.3.3)

Qote

H 10x0¢ Tou onpatog €106d0v S gival
S, = 12E[A2[1+uX(t)]?] (& 3.5.1.3.4)

Ene1dr) Bewpolpe 0Tt n X(t) €xel undevikn péan Ty,
S,= 1/2A?(1+u?S,) (£ 35.1.3.5)

Etol S,=AZpu?’S = (@2u*S 1+ pu®S.)S, (& 3.5.1.3.6)

Kat  (SIN), = S,/N, = p*> S, /1+u?>S (S,;mB) = (U>S,/1+u*S )y
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(5. 3.5.1.3.7)
Enedi p°> S, <1, éxoupe

(SIN), <y/2 (e£.3.5.1.3.8)

H omoia deixvel 0Tt 0 SNR €€6dou o€ cuatrpata AM gival TOLAdXIoTov 3dB PIKPOTEPOC am’ 0T
o¢ ovotiuata DSB kot SSB.

3.5.2  Avixveuon MepidArovoag kat Patvopevo Katw@Aiou

ZuvRBwe, €va ofua AM omodIaUOPPWVETaL PE avixvevan TEPIBAAAOLGOG. ATIO TO OXNMA n
€i0000¢ TOL avIXveLTH €ival

Yi() = X (0)+ ni(D)

={A [1+pX{®)] +n (B)}cosw t- n (sinw t (g€ 3.5.2.1)

MrmopoUpe va avaADooUPE TV ENidpaar Tou BopuBou av e&eTdooue Tov PactBEtn g Y, (t)
Y. (t) = Re[Y(t)e ™'] (£.3.5.2.2)

‘Omnou
Y() = A [1+pX(@)] +n (O)+n (t) (€€ 3.5.2.3)

210 TOPOKAT® OXNMA, @aivetal To S1dypappa @AcEwv. ATO aUTO To oxrua, PAEMoLPE otin Y,
(t) pmopei va ypo@Tei wg
Y, (t) = V(t) cos[w, ()+p(t)] (e€. 3.5.2.4)

‘Omov

V(t) = JHAL+mX(O]+n OF +n2(t)  (e5. 35.2.5)

1

o) = tan n () AL+ pX®]+n,(0) (€& 3.5.2.6)
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Yi(t) Yo(t)

AIEVKPIVIOTIG LPE ——

2000y ppE ¥ MeplopioTric

\ 4

\ 4

SN

Eikova 22

To TMAGTOG TNG PEPOLOAC TTAPAUEVEL OTABEPD, KATA GUVETELX
S;= EX!()] = %A’  (e£.3.65)

Kal

N, = nB; (€. 3.6.6)

‘Etot,

(SIN), = AZ/2nB, (€. 3.6.7)

Tov €ivatl ave€aptnTog amo tnv X(t).

O (S/N),; tng nopanavw oxEang ouxvd ovopdadetal Adyog @Epouaac Tpog B0pupo, CNR (Carrier-
to-Noise-Ratio).

Emnedn o n, (t) eivat atevig {wvng, ypagouue

n,(t) = u,(t)cosfw t+qe, (1)] (€€. 3.6.8)

Omnou nu, (t) éxet katavour| Rayleigh kot n @, (t) £t opOIOUOPEN KATOVOUT) 0TO SIACTNHA (
0,2m). Tote n Y, (t) ymopei va ypdaget
Y, (t) = V(t)cos [w, t+08(t)] (€€. 3.6.9)

omou

V() = {[A.cosp+u, () cosq,(B]° +[A sing+u, (B)sing, (B)]°}"
(c€. 3.6.10)

Kail B(t) = tan* A sinf +u, (Hsinf, () (€. 3.6.11)

A, cosT +u, (t)cosT, (t)

O meploploTr¢ Kotamviyel kKaBe mapaAiayn mAdtoug V(). ‘Etol, o€ diapopewaon ywviag, ot SNR
g&ayovtal povo amd e&étaon tng B(t). H ékppaon tng B(t) gival TOAD TOAOTIAOKN yla avaAuon
XWpI¢ KAmola anAonoinan. @ewpolpe OTI 0 AVIXVELTHC gival 100VIKOC . H €€060¢ TOU avIXVEUTA
eivat

Y, (@) = 6(t)yuPM  (g€. 3.6.12)

Kat
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Ao Ti¢ €€.(3.6.1.2), €€.(3.6.1.3) , €€(3.6.2) kan £€.(3.6.3) n £€€000¢ TOL AVIXVELTH Eival
Yo) =08 =k, X®+n ()/A, yaPM (g€ 3.6.1.8)

Y, (1) = do()/dt = k, X(@®) +n.(/ A, yiaFM (g£. 3.6.1.9)

3.6.2 Mepimtwon o€ Zuotruota PM

Ano v €£.(3.6.1.8)
S, = E[kf) X2()] = kf,E[Xz(t)] = kf,SX (€€.3.6.2.1)
N, = E[(VAZ)] = (UAZ)E[nZ(t)] = L/AZ(2nB) (e€. 3.6.2.2)

‘Etol,
(SIN), = kf) Aﬁ S,/2nB (€. 3.6.2.3)

Ao TI¢ €€.(3.4.6) Kal €€.(3.6.5) £xoupe
y=S.,/nB = A?/2nB (. 3.6.2.4)

Kat T0te n €€.(3.6.2.3) pmopei va ekppacTei oav
(SIN), = kiS,y (€. 3.6.2.5)

3.6.3 [Mepimtwon og Zuotnuata FM

ATIO TNV
S, = E[k; X* ()] = k2E[X*(1)] = k2S, (€€.3.6.3.1)

N, = E[(UA2)n? (0] = (UA?)E[[,(D]%] (& 3.63.2)

AV XPNOIPOTIOINGOUKE TNV S, (W) =W3S (W) , N TUKVOTNTO GACHATIKAG 1oX00g TG N, (t)
divetal amo TNV

S, () = w?Snn () = w® yiow<W(=2nB) kat 0 0moudnote aANoU.

Tote

N o= (UAZ) (1/2n) [w'hdw =(2/3)h/ A?(w’/2n) (€& 3.6.3.3)

Katd ouvenela,
(SIN), = 3AZ(2mk? S /2nw?®  (€&.3.6.3.4)
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To de0TtePO Pripa TNG dlEPYOTiog avixveuang GrUOTOC OMOTEAEITAL OTIO CUYKPION TNG OTATIOTIKIC
QOKIUNG Z ME MIa TIPR KOTW@AIOL A 0TO TUAUO 2 (KOKAwPa oUYKPIoNG KOTWEAioL) Tou
TOPOTAVE® OXAMATOG. To TEMKO Brpa oTo TuAua 2 gival n AN ¢ anégaacng.

z>A\ yio H,
Kal
zZ <A yio H,

Omou H, kot H, eivar ot dvo duvateg umobEoelg. H emAoyr tov H, 1ooduvapei pe v
amo@acn OTl €yIVE OMOCTOAN TOu onuatog H, , Kat n emAoyn tou H, 100duvapEl pe v
ano@acn 0Tl £YIVE ATMOCTOAN TOU ONuaTog S, (t) . H mapandvw oxéan Oeixvel 0TI eMAEyeTal N
undBeon H, av z > A, Kol n umobeon

H, emAéyetatavz < A. Avz = A, n anogoon Pmopei va ivar avbaipetn.

[7. B. Razavi, RF Microelectronics, Prentice Hall, 1998]
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A

KEPANAIO

4.1 METAAO2H PCM

2T0 MAPAKATW OXNUa TapouatddeTal éva ouoTnua PETddoang duadikol PCM. To afua Bacikng
{wvng m(t) kBavtigetal, SnUIOVPYWVTAG TO KBAVTIOUEVO arpa m (1), 6Ttov

m, () = m(t) +e) (€ 4.1.1)

O 06poc e(t) gival T0 onuo oEAAPOTOC IOV TIPOKUTTEL and Tn dadikagia Tou KPRavTiopoL. XTn
OLVEXELD, TO KBaVTIOPEVO anpa vgioTatal dstypotoAnyio. H dstypatoAnyio AauBavel xwpa He
puBuo Nyquist. To didatnua detypotoAnyiag ivan T, = 1/2f,, ,0mou f,, €ival n cuxvotnta otnv
omnoia To orjua m(t) eival mePIOPICPEVOL EVPOUC.

H delypotoAnyia emituyxavetal pe Tov TMOAAAMAQCIOOHG Tou onpatog  m, () pe pia
KUUOTOMOPQA TOL OMOTEAEITAl aMO Mio MEPIOdIKY] aKOAoLBior TOAUWY, o1 omoiol Xwpilovtal
peTa&D Toug amo To dlaoTnua SetypatoAnyiog T . Oa uoBEToLE 0TI Ot TOAYOI detydaTOANYiag
eival apkeTd oTeEVOi 0UTWG WOTE N delypatoAnwia va Pmopei va BewpnBei otiyuiaia. e auto T0
gnueio va umEVOLPICOLPE, OTI PE PIa TETOIO OTIYMIaia dElyPOTOANYIa, TO Grpa IOV €XEl UTIOOTEI
delypaToAnYia Umopei va EMAVOKATACKEVOOTEL EMAKPIBWG Pe TN OIEAELAT TNE OKoAouBiag Twv
TOAY®V PEOT OO €va XOMNAOTEPATO @iATpo pe ouxvotnta anokomr¢ f,,. Ma Adyoug twpa
HOBNUOTIKAC €UKOAIOC, Ba TapIoTOUPE KABe MOAUG TOU u@icTatal dslypoToAnyio cav €va
KPOUCTIKO TOAMO. 'EvOC TETOIOC KPOUCTIKOC TOAWOG €ival AmMEIPOCTA OTEVOC TOPOAO TOU
XApPOKTNPIideTal €XovTag €va TEMEPACUEVO EPPAOOV. To €PPadOV €vOC KPOUGTIKOU TAAUOU
KaAsitol €vtaon (strength) Kot évag KPouoTiKOC TOAPOC évtoong | ypdeeton 16(t). H
OEIYMOTOANTTIKI) 0KOAOUBIa KpoLaEWwY Eivat S(t) Kal, KOTG GUVETELD, OIVETAL OO

S(t) = | id(t—kn) T, = 12f, (5. 4.1.2)

k=—-00
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KBovTIopEVN KOl JIOUOP@WHEVN KOTO TAGTOC akoAouBia maApwv). H duadikr €€0d0¢ TOU
petatponéa A/D PETOIdETAl PEGW KAVOAIOU ETIKOIVWVIWV KOl @BAVEL 0TO d€iKTn UOALGUEVN,
OOV OTIOTEAECUO TNG TMPOOBEGNC AEUKOU Bepuikol BopuPou n(t). H petddoon umopei va gival
duean, OmMw¢ TOPOUCIAETal OTO TOPATAVW OXAUA, 1 TO OLAdIKO onuo €€000V UTOPED va
xpnotyomnoinBei yia va dlopopewaoel Eva @épov 0mw¢ oto PSK 1 oto FSK. Ze omoladnmote
TEPITTWAON, TO onua Tou AAUPBAVETOL OVIXVEVETAL aMO €O TIPOCOPUOCHEVO QIATPO yia va
€AOXIOTOTIOIOLVTOL TO GQAAUATA 0TOV KOBOPIoUO KABE duadIKoL Yn@iov Kot aTrn GUVEXELD TTEPVA
oe évav petatponéa D/A. H £€0dog Tou petatponéa D/A ovopaletar m . (t). TEAIKE, To onua
dIEpXETal amo €va Pabumepatd @iATpo otn Pacikfy {wvn. ZTnv £€€000 QUTOU TOU @IATPOU
Bpiokoupe éva anua m,(t) To omoio, EKTOC aNo pia duvatr) dlaPoPA OTO TTAATOG, EXEL OKPIBWC
TNV 010 KUPOTOPOPEN YE OUTH TOU OPXIKOL orjuatog ot Bacikr {wvn m(t). To orjua €ddov,
OLVOJEVETOI WOTOOO0 amd pia Kupotopopr) BoplBou, N omoia oPEIAETaAl OTOV KPAVTIONS KOt pia
TPO0BeTN Kupatopoper) BopuBou n . (t), Adyw tou Beppikov BoplLou.

[2. K.Kapouumahov, Eloaywyr) otn Ocwpia ©oplBouv kat E@apupoyeg, Ekd60eI Boaodekn,
ABrva 1979]

4.2 YTIONOI IZMOZ TOY OOPYBOY KBANTIZMOY

TNV evotnta autr), Ba umoAoyicoupe TNV 100 €600V Adyw Tou BopuPRoL KPavVTIoHOD OTO
oboTnua PCM tou axuatog Tng mPonyolueVng EVOTNTOGC.

H Kupatopop@r) Tou 0PAAMATOC KBAVTIOPOU TIOL £XEL UTIOOTEI dElyaToANYia, OTwG

divetan amo tnv e€iowon 4.1.3, eival

e.(t) = e Sd(t-kT,) (€€ 4.2.1)

k=-00

MpEMEL va ToVIoTED 0TI €AV 0 PUBOC detypatoAnyiag mIAeyel va gival o puBuog Nyquist yia 1o
ofua Pactkig {wvng m(t), o pubudg auToC Ba eival OVEMOPKAG Yyl Vo EMITPEYPEL TNV
EMAVAKATAOKELT) TOL OAUATOC OQYAAUATOC

e(t) and ta deiypata tou e (t). Eivar EOKOAO va YiVEl @OVEPO ATO TO TAPOKATW OXNHO OTI
Mpdypot €10t oupBaiver. Z1o oxnpa g Ekovag 34.a mapovataletal n oxéon PETagl N (t) Kal
m(t). Ot otdbuec KPavtiopol ameExouv Katd moodtnta S. Mapatnpolue amdé To OXAMA TN
Eikovag 34.3 o011 1o e(t) ekteAei évav TANPN KUKAO Kal TOPOUCIALEL Pia EQQVIKI) OOLVEXEID KABE
@opd mouv To M(t) KAVEL pia S10dpOUr) TOCOTNTOC S. ZUVETWC TO QPOCMOTIKO €0pog Tou e(t)
EKTEIVETON TTIOAD TIEPQ OO TNV OpLOKH auxvotnta {wvng f,, Tov m(t).

Ma va Bpolpe v 10x0 Tou BophBou KBavTiouoL oty €080 N, XPEIOCOPATTE TNV PACHATIKN
TIUKVOTNTO 10X00C TOU GPAAPOTOC KBOVTIOPOU TIOL €XEL LUTIOCTEL delypaToAnPia |, Tou diveTal
and mv e€iowan

A@oU J(t-KT ) =0, ektdg otav t = KT ., to e (t) umopei va ypa@Tei

e.(t) = I ie(kTs)d(t—kTs) (€. 4.2.2)

k=—-00
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H egiowon 4.2.3 eumiékel tov 6po e’ (KT,) avti Tou e*(t). Qatooo, €pOGOV N MUKVOTNTA
mbavatnTag Tou e(t) dev e€aptdtal amo Tov XPOvo, n dlacTopa Tou e(t) 1oouTal Ye TN dlooTopd
tou e(t = kTs). Etol

e2(t) = e*(kT,) = S2/12  (e£. 4.2.5)

ATO TI¢ €lowaoelg 4.2.3,4.2.4 kot 4.2.5 €xoupe

Ge () = 17 S?/T 12 (€& 4.2.6)

TeAIkd, amo v e&iowon 4.2.6 , 0 60puPog KBavtiopod N, eivat

fu
N, = [G, (fdf =(1*/T)(S?/12)2f = (17/T2)S?/12 (e 4.2.7)

_fM

agov 2f,, =1/T..

[8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001]

4.3 TO ATNOTEAEZMA TOY OGEPMIKOY GOPYBOY

To omotéAecpa TOU TPOOBETIKOD BopuPou  €ival vo  TPOKOAEL TOV  OVIXVEUTH TOU
TPOCAPUOCTHEVOL PIATPOL TOU OXAMATOC TN TPWTNG EVOTNTOC VA UTIOTITTEL OE €V TIEPICTOCIOKO
0@AAua, TNV TPooTdbela KaBopIouoL €av PETAdOONKE va duadiko 0 ) éva 6uadiko 1. Eav o
BepuIkag B0puPoc eivar Aeukog Kai Gaussian, n mOAVOTNTO VO TETOIOU OPAALOTOC EEOPTATAI
amo 1o Aoyo E ,/n, 6mou E, €ival n eVEPYELD TOU ONUATOC IOV PETASISETAL KOTA TN SIAPKELD EVOG

bit Kat n/2 gival n op@IMAELPN QOOPOTIKA TLKVOTNTA 10X0OC Tou BopuPou. H mBavoTnTa
o@AaAuaTog €€0pTATal EMIONE KOL OTIO TOV TUTIO TNC SIOPOPQWANC TOL XPNOIKOTOoLETal, dnAOdH
dueon petddoon, PSK, FSK, KAT.

Eival pgdAAOV avTIMPOOWTEVTIKO TO OTI Ta cuotiuata PCM Asitoupyolv pe mBOvVOTNTEC
O@AAMOTOC TIOU €ival TOOO MIKPEC WOTE VO UTOPOUKE VO ayVONOOUMPE TNV TIBavotnta va
OLUPBOLV TEPIOOOTEPO OTIO €va €0@OAUEVO bit oe pia omAr AEEn. Mo mapdadelyua, €av n
mBavoTTa 0@AAoTog eivar P,= 10~° kal pio Aé&n éxet 8 bit (N = 8), 6a avopévape, Katd
HECO 0po, OTI yla KGBe 12500 A£€elq mou peETadodnkav, pio Ba €xel o@dAua. Mpayuatt, n
TOAVOTNTA v gival Ec@aApéva 2 bit atny idia AEEN Twv 8 bit dtav P = 10° eival

P,={8},{2} P2(1-P,)® = 2810 ™.

A¢ umobégoupe OTI pia KWAIKN AEEN TOU XPNOIUOTOIEITAL YIO VO TIPOGOIOPIcEl i oTdbun

KBavtiopou, €xel N duadikd Yngia. EmmpocOeta uMOBETOUPE OTI N OUVAEON TWV KWOIKWV
A€WV PE TIC OTOBPEC €ival TNG TAENG TNC apIBUNTIKAG onuavTikOTnTag T Aé€ng. 'Etol,
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avtigTolxi¢ovpe v 00...... 00 omv mo apvnTik otddun, v 00........ 01 otV apéowg
LYPNAOTEPN OTABUN £0C N KWAIKN A€ 11........ 11 va avTioTolxietan aTnV o BETIKA aTadun.
‘Eva o@aAua mou cuppaivel 0To EAGXI0Ta ONUOVTIKO Yn@io TNG KwOIKAG AEENG, avTIOTOIXED O€
évav E0QOAUEVO KOBOPIOPO OTnV KPavTIoPEVN TIWN TOU ONPATOC TIOU €XEl UTIOOTEL
detypatoAnYia, Kotd tnv moodtnta S. ‘Eva 0@AAu0 0TO OPECWC LYNAGTEPO GNUOVTIKO Yn@io
OVTIOTOIXET 08 OPAAUO 2S, OTO AUETWG EMOPEVO 4S, KATL. AC OVOPACOUKE TO OQAAO Am . TOTE
UTIOBETOVTOC OTI Eva GQAAUN UTTOPEL va cuufei pe ion mBavotnta oe omoladmoTe bit NG AEEN,
N d100ToPd TOL GPAAUATOC Eival

(Am,)? = 1N [S?+ (2S) %+ (4S)? + (85) 2 +....+ (2V15)2] (e£. 4.3.1)

To GBpolopa TNG YEWUETPIKNC TPOOdoL aTnV e&icwan eivai
22N _1 ) 22N )

S°= S° (€. 4.3.2)
3N 3N

(Am,)* =

yioN > 2.

H mponyolpevn avdAuon degixvel 0TI TO OMOTEAECUO TWV CQOAUATWV AOYyw TOU BepUIKOD
BopuPou, pmopei va Anedei v’ oYn mpocBETovtag, otnv €icodo Tou petatponea A/D Tou
OXAMOTOC TNG TPWTNG EVOTNTAC, €VO OPAAUO TAONG Am . Kal aQaIPWVTAG TNV TNy AEUKOUL
BopLBou Kal To PIATPO mpocapuoynC. 'Exoupe LTIOBETEL OTI OO TNV €i0000 Tou PeTaTpoméEn A/D
€w¢ TNV £€0d0 Tou petatpoméa D/A 10 KEPDOC eival povadiaio. ZuveEnwg, otnv €i00d0 TOU
XapnAomepatol QIATpou Bacikng {ovng ep@avideTal To id10 0PAAUa Taong. To anoTéEAETHa NG
d1080)1N¢ OPaAUATWY Eival pio akoAouBia kpoLoewv, kabepia évtaong | Am,. Ot KpoUOEIg
QUTEC TTAPOLGIALOLY TUXAIO TTAGTOC KOl TUXAI0 XPOVO EUPAVIONC.

Mia kpoOaon o@aAuatoc Bepuikol BopuBou cupPaivel o KABe mepioTaon Omou pia AEEn eival
€0QOAMEVN. Me TV mBavotnTo €vO¢ €0@OAPEVOL bit, n péon amdotacn METAED Twv
€0QOApEVWY bit givar  1/P, bit. Me N bit avd Aé€n, n péon andotacn WETOED Twv
€0QOAPEVWY AE€ewv eival  1/N P, A£Eelq. Ot AEEEIC améxouv XPOVIKO Sl1dotnpa ioo pe TO
dlaotnua detypatoAnyiog T,. Q¢ €K TOUTOU, O MECOC XPOVOC PETOEL Twv AEEEWV TOL Eival
€0QOAMEVEC €ival T Kat divetal amo

T=T,/NP, (g£4323)

Xpnoiyomolwvtag Kat moAl v e&iowon G(f)=1/T,|P(f)|> , Bpiokoupe OTI N QOCHOTIK
TIUKVOTNTO 10XVOC TNG AKOAOLBIaE KPOUGEWY GYAAPOTOC AOYW TOL BepUIkoL BopLBou Eival,

G, () = 17 (Am)2 IT=NP, 2% (Am )2 /T, ~ (&439
Xpnodonolwvtoag Tnv e€icwan , EXOUUE
G (f) = 22NS%Pel?/3T, (€€, 4.3.5)

55

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 00:36:18 EEST - 167.114.118.212



TeAIKQ, N 10X0¢ €060V AdYW ToL oPAAUOTOC BEPUIKOD BopLPou eival

fM
Nn= [ Gn(f)df = 2NS?Pel’/3T%  (ez. 4.3.6)

-fM

a@pov Ts = 1/2fw.

[8. J. Everand, Fundamentals of RF Circuit Design with Low Noise Oscillators, John Wiley &
Sons Ltd, 2001]

4.4 N\NOIMoz HMATOZ TPOx~ ©0OPYBO 2THN E=0OAO
TOY PCM

O Adyo¢ onuatog mpog BopuBo atnv €000, CUPTEPIAAUBOVOUEVWY TOU KPaVTICUOU Kal TOU
Bepuikol BopuPou, Bpioketan ouvdualoviag TIC &lowoel; 4.2.7 , 4.3.6 kot S, =ml(t)=
(17 /TZ)(M?S?/12). To anotéAeopa gival

So/No = So/Ng+ Nin = (IF/T2)(M?SY12 1 (1T%)(S¥12)+ (12/T%)(Pe22NS?/3)
(€€. 4.4.1)

0TO OTI0{0 £XOUME XPNOILOTOIACTEL TO yeyovog Tt M = 2N
210 PSK () y1a duean petddoan) EXOUE,
(Pe)rsk = Yaerfc \JE, /h (€. 4.4.2)

omov E, eival n evépyela onpatog evog bit Kat n/2 givat n ap@imAgupn @OOUOTIKY TUKVOTNTA
10X00C¢ ToL BepuikoL BopLPou. Emiang, £xoupe 0TI yia cOPEWVN ARYn Tou FSK, ot

(Pe)rsk = Y2 erfc (J0.6E, /h  (€€. 4.4.3)

Mo va vroAoyicouvpe TNV Ep ,Tovidoupe 0TI €av €va deiypa AauPBavel katd dlaoTiuata dlapkeiog
Ts Kot n KWK AEN Twv N bit kotoAapBavel 0AOKANPO TO JIACTNHA PETOEL TV OEIYUATWVY,
TOTE éva bit £xel d1apkela To/N . EGv n 10X0¢ Tou AapBovougvou
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(So/No)psk rsk = 10 log (2'°) = 48 dB  (€€. 4.4.7)

Mapatnpeiote 0TI KAl To V0 cuoTtAuata PCM mopouatadouy €va KATWEAL, JE TO KATW@AL TOU
FSK va gspgaviletal o éva S/ nfy mou eival 2.2dB peyaAdtepo amd autoé Tou PSK. ( To
onueio katw@Aiou kabopiletal avBaipeTa oav TNV TN €keivn Tou Si/ nfy otV onoia o Adyoc
(So/Ng)  €xer méoel kata 1 dB and tnv Tiun mou avtioTtolxei o€ Eva peydio Si/ nfy ).

[9. W. Alan Davis, K. Agarwal, Radio — Frequency Circuit Design, John Wiley & Sons Inc,
2001]

4.5 00PYBOZ KBANTIZMOY 2TH AIAMOP®QZH
AENATA

Mo vo QTAcouPE 0€ pio eKTiPNoN ¢ 1oX0OC¢ Tov BopLPROL KPBOVTIOUOV aTN JIAPOPPWAT GEATA,
BEWPOLPE TNV KOTAOTOON TIOU TAPOUCIAZETOl OTO MAPAKATW oXAuo. Edw, o0To oxnua Tng
Eikovag 36.0 €xoupe £va NUITOVOEISEG arjpa £10030V M(t) Kot TNV KupJoatopdopery M (t) n omoia
QMOTEAEI TNV TPOCEYYION TOU dOPOPPWTH 6EATO yio To m(t). ZT0 oxnua tng Eikovag 36.03
TIOPOLCIALETAL I KUPATOPOPEN cQAAUaTOC A(t) Tou diveTal amo

A(t) = m(t)- m(t) (€€ 4.5.1)

AUTA N KupoTopopEr o@AAUATOC Eival n nyr) Tov BopuPou KPavTicuov.

Mapatnpolue 0TI, KABOooV amoPeVYETal N evioxuaon TN¢ KAiong, To o@aAua A(t) eival mdvtote
HIKPOTEPO amd To pEyeBoc Tou Priuatog S. (Z1o PCM, 10 0@AAUa gival TAVTOTE YIKPOTEPO OTO
S/2). ©a vnoBéaoupe 0TI To A(t) AauBavel OAeC TI¢ TIMEC PETAgD =S Kal +S e ion TBavo@Avela.
Mpayua mov onuaivel 0T, BEWPOVPE OTI N TUKVOTNTA TIBAVOTNTAC TOL A(t) €ival

f(A) = 1/2S -S<ALS (e€.4.5.2)

TOTE N KAVOVIKOTIOINKEVN 10XV TNE KLPOTOPoP®NC A(t) ivat

[A()]? = j A*f(A)DA = j A’2SdA = S%/3  (€8. 4.5.3)

-S -S

To evdIaQEPOV EYKEITAL GTNV EKTIUNGN TNE TOCOTNTOC, OMO aUTH TNV 100, oL Ba JIEABEL OO TO
@IATpo Bacikng {wvng. Mo To 0KOTO autd XPEIAdETal Vo YVwpIiouhe KATL yio TN QACUATIK
TIUKVOTNTO 10XVOC TOL A(t).

2T0 TOPOKATW OXNua N TMEPiI0dOC T TNG NUITOVOEIS0UC KUUOTOUOPPNE M(t) ExEl ETIAEYEi
00TWC WOTE Va gival va OAOKANPWHO TOAAOTIAGGI0 TNG d1GpKeLag BAPATOC T. (ZNUEIWOTE OTI O
puBuOC bit givan f, = 1 /1). Mapotnpoupe TOTE OTI TO A(t) €ival TEPIOJIKO, Pe BEPENWON TEPiIGO
T Kat €ival, UOIKA, TAOVCIO € OPMOVIKEC. YTIOBEOTE WOTOGO OTI N MEPI0SGOC T aAAALEL TTOAD
apudpd Katd tnv mocdtnta dT. TOTE N BepeMwdNg mepiodog Tou A(t) dev Ba givar T aAAd, avti
autr¢, Ba givat Tt/ 8T OV aVTIOTOIXEL 0€ BEPEAIWAN CUXVOTNTO KOVTIA OTO UNoEV Kabwe 8T- >
0. Kat moAL, 0mwg €ival Quatko, to A(t) Ba ival TA0DCI0 0 OPUOVIKEC. ZUVETWC, OTN YEVIKN
nepinTwaon, 1Biwg 0tav To m(t) €ival éva tuxaio orua, gival Aoyikd va vroBécoupe 0TI T0 A(t)
EXEL EVO PACHO TIOU EKTEIVETAL CLUVEXWC O€ Eva SIACTNUA CLXVOTITWV TIOU EEKIVA KOVTA 0o 0.
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EVTOC AOYIKQV 0piwv. Mo va IKOVOTOIEITOl QUTH N GUVBNKN, ATMAITOVKE N GUXVOTNTO OMOKOTINC
ToL @iATpou f va eivan ¢ Té€ng Tou f. = 1/1. AQoL 0 peTadidopevog pubuog bit f, =1/ 1, f. = f,
OTWC AVOUEVOTAV.

‘Exoupe Twpa TETUXEL va QAIVETOL AOYIKO, PE Eva HAANOV EVPETIKO EMIXEipNUA, OTI TO ACUA TOU
A(t) exteivetal JOANOV OLVEXWC OTIO TO WNdEV OVOHOOTIKA €w¢ v f. = fy . ©a dexbolpe
EMMPOCOETA 0TI 0€ OA0 aUTO TO JIACTNUA TO @ACHa €ival AeuKO. ‘Exel mpayuoTt BepeAwbei
TEIPAPOTIKA OTI TO @dopa Tou A(t) €ival TPOCEYYIOTIKA AEUKO OTO OIACTNUA GUXVOTHTWY TIOU
TOVIOTNKE.

MmopoUuE Twpa TEAIKA Vo uTtoAoyicouue To B0puBo KPRavTiopol mov Ba ep@aviaTei atnv £€0d0
eVOC QiATpou Paotkig lwvng pe ouxvotnta amokomng fu. E@ocov n 1ox0¢ tou Bopufou
KBavTIopol o éva SIdoTnua cuxvoTATwY f, eivan S%3 émwc divetal  amd tny efiowon 4.5.3,
N 10%0¢ Tov BopuPou €650V aTO dIATTNHN GUXVOTHTWV BacIki {wvng fv ival

Ng = S%3 fulf, = S*fu/3f, (€£. 4.5.4)

MTopoUE €MionNg va GNUEIWOOLKE OTI, KATA TN JIEAELAT, N AUQITAELPN PACUATIKY) TUKVOTNTA
1oXLOG ToL A(t) gival

Ga(f) = S¥3/2f, fo< f <f,  (e5 45.5)

[2. K.Kapoupmahov, Eloaywyr) otn Ocwpia ©oplBouv kat E@apupoyeg, Ekdo6oel Boaodekn,
Abrva 1979]

4.6 TO ATIOTEAEZMA TOY OGEPMIKOY OGOPYBOY
2TH AIAMOP®Q>H AEATA

Otav napoucidletal 0 BeppIkog B0puBog, T0 QIATPO TPOCOPUOYNG OTO JEKTN TOU OXNUOTOC
Ba KAvEl TIEPIOTOCIOKA GQAAUO KOTA TOV KABOPIGUO TN¢ MOAIKOTNTOG TNC KUMATOUOP®NC TOU
HETOOOONKE. OMOTEONTIOTE Kal va GUMBEL Eva TETOI0 GQAAUQ, N TTOAUOCEIPH KPOVTEWY

Po’ (t) mou AapPavetal 6o TAPOLCIACEL EVAV KPOUOTIKO TIAARO EGQAAPEVNC TIOAIKOTNTOC. TOTE, N
AapBovopevn TAAUOCEIPA KpoLaEwY Eival

Po'(t) = po(t) + pm(t) (€. 4.6.1)

0TO OT0I0 pn(t) €ival To oEAAUA TNV TOAUOCEIPE KPOUGEWY AOYw Tou BepuikoL BopLPou. Eav
n évtaon (EPPadOV) Twv EEXwPIOTWV KPOUOEWV Eival |, TOTE KABE KPOLOTIKOC TOAUOC OTO P
eival évtaong 21 kai AauBaver xwpa povo o€ KaBe a@aApa. O mapdyovtag 2 TPOKUTITEL OMO TO
YEYOVOC OTI £V GQAAUA OVAGTPEYEL TNV TIOAIKOTNTO TOU KPOUGTIKOU TIAALIOU.

To o@dAua tou Bepuikol BopLuPBou eu@avileTal oav éva PEVPA OTO TAAPOUC E TUXOIO XPOVO
eU@aviong kat pe évtaon +21. H péon xpovikh andotaon PETagd auTwv TwWV KPOUOEWY Eival
T/Pe , 610U P €ival n mbavoTnTa 0QAAUATOC O€ £va bit Kot T n Xpovikn d1dpKela evoc bit.
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H @aouatikr TUKVOTNTa 10X00C TWV KPoLaewv Bepuikol BopuBou gival

Gpn(f) = Pe/T (21)* = 41°Pe/T (€€. 4.6.2)

Twpa €xoupe NON XAPAKTINPIoEl Tou¢ OAOKANPWTEG (LTToBEcapE OTI TaUTI(ovTal OE TIOUTO KOl
déktn DM) pe 1o va €xouv TNV 1810TNTA OTOV N €i00060¢ €VAC €ival £vac KPOUOTIKOC TOAUOC
évtoong |, n €€0do¢ va eival €va Prpa mAdtoug S. O YeTaoxnUaTIoPO Fourier Tou KPOLGTIKOU
TOAWOU gival | Kot 0 petaoxnuatiopog Fourier evog Brpatog mAdToug S gival [XpnoiponolvTog
u(t) = pyovadiaio Prua]

S{Su(®)}=S/ jw 20

= Std(w) w=0

MmopoUUE va ayvoriooupe Tnv dc ouvIoTWOO OTO METOOXNMATIOUO €QOCOV TETOIEC dC
ouVIoTWOoEC O Ba petadobolv pEow TOu QIATPOU PaoIkAG {vng. ZUVEMWC HPMOPOUMPE va
TIOPOULE TN CLVAPTNCT PETAPOPAC TOU OAOKANPWTNA

Tou oivetal and

H\(f) = S/l l/jw wz0

Kal

|Hi(B) = (S/)? 1/w? wz0

ATO TI¢ €€I00TEIG Kal Bpiokoupe OTI N POCHOTIKI TUKVOTNTA 10X00C TOU BEPUIKOD
BopuPou atnv €icodo Tou (pi)\rgou Baotkng Lwvng givat Gp(f) ko divetan anod

Gu(f) = | Hi(F)P Gun(f) = 4S°Pe/ T00° wz0 (€. 4.6.3)

Twpa @aivetal 0Tl yio va Bpolpe 10 Bepuikod BOpuPo atnv €€0d0, Oev XpelddeTal Tapd va
oAokANpwooupe NV Gu(f) ae 6An N {wvn d1EAeuang tou @iAtpou Baacikng {wvng. Evepywvtac
€101, £XOUHE EMEKTEIVEL TO S1ACTNUO OAOKANPpwang amo -fy péow tng f = 0 o€ + fy, mTapoAo mov
avoyvwpicape 0Tt 1o QIATPO Bacikhg {ovng Oev EMTPEMEL TN dIEAELON TN dC CUVIOTWONC Kal
€XEL OLOIOOTIKA XOUNAR ouxvotnta anokomr¢ fi. QOTO00 OTIC GANEC YEVIKA TIEPIMTIWOEIS, N
QOOUOTIKI) TIUKVOTNTA 10XV0G Tou BopuPou kovtd otnv f = 0 dev eival LTEPUETPO PEYAAN
OUYKPIVOUEVN PE TNV TIUKVOTNTA 0€ OAO TO SIACTNMO TNG PaCIKNC {wvng. ZUVETWG, €av fi<< fy,
Onw¢ oupPaivel KaVoVIKA, n 0An dlodikacio pmopei PeBaing va dikaloAoynBei aov pia KOAR
npoaéyylian. Mapatnpolue wWaTdoo OTI aTNV Mapoloa TePImTwan, Gu(f) - 06tav w —» 0 Kal
TEEPIOCOTEPO ONUAVTIKO TO OTI TO OAOKANPpWUA TNG Gin(f) o€ dlaotnua cuPTEPIAAUBAVOLY TV W
=0, eivan ameipo.

A¢ AaBoupe go@® LT OYIV YOG TN XOUNAR cuxvotnta amokorr¢ f; Tou @iAtpou Bacikng {wvnc.
Xpnoomolwvtog TNV €icwan be w = 2nf kol epooov f, = 1/1, 0 BepuIkog B6puPog aTNV
€€000 eival
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-f fu
Nin = S%Pe/m’t ([ dfiff+ [ dfif
—fy f,

2S2P/m’T (U, — 1/fy)

2S°Po/m? F11 = 2S°Pfol/ T F1 (¢, 4.6.4)

eav fi<< fy. Mapatnpeiote 0TI, SIAPOPETIKA OO TNV KATACTOCN IOV GUVOVTICOPE 0 OAEC TIC
GAAEC TIPONYOUUEVEC TEPIMTWOEL], O BePUIKOC B0pLPOC €E€0O0L OTNV OEATO OIOPOPPWAN
€€0pTATAl OTO TNV OTIOKOTI OTIC XOUNAEG CUXVOTNTEC IAPA OO TO OPIO OTIC LYNAEC CUXVOTNTEC
ToU dl00TrUaTOC 0TN Baacikn {wvn.

[10. Taub / Schilling, Apxe¢ TnAEMIKOIVWVIOK®Y ZUGTNUATWY, EKd00EIC TUOAD, ©OETGOAOVIKN
2006]

4.7 \NOIoz 2HMATOZ INMPOz ©OPYBO 2THN E=0AO
KATA TH AIAMOP®Q>H AEATA

O SNR otnv €£080 AapBavetat ouvdualovtag Tig €l00ael; S, = S f.2 /2w2
kat N, =S8?/3=f, /f, =S*f, /3f, . To anotéAeopa eival

So/No = So/Ng+Ni = (2S°/m)(fo/fm)? | (S7Fml3fp)+(2S°Pefu/m?fy) (€8, 4.7.1)
TO OToi0 uTopEi va Eavaypa@Tei oav

So/No = So/Ng+Ni = 0.6(fo/fw)° / 1+24Po(F2/fufy)/4n* =
= 0.6(fy/fp)>/ 1+0.624Po(Fp/fufl)  (€5. 4.7.2)

Edv n petadoan eival apeon 1 péow PSK
Pe = Yerfc JE,/h (€& 4.7.3)

omnou Es, n evépyela oruotog o€ éva bit, GUVAEETAL PE TNV 10XV TOL AOPPBAVOUEVOL CAPATOC S;
e

Es=SiTo = Siffs  (e2.4.7.4)
>uvovadovtag TI¢ e€lowaelg 4.7.1, 4.7.3 kat 4.7.4, €X0UUE

So/No = 0.6(fu/fu)*/ 1+[0.3 (Fy/fufy)] erfc /S, /hf, (g€ 4.7.5)
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[10. Taub / Schilling, Apxe¢ TnAEMIKOIVWVIOK®Y ZUaTNUATWY, EKd00EIC TUOAD, ©O€GGOAOVIKN
2006]

4.8 2YIT'KPIZH TQN PCM KAI DM

MmopoUUE TwPO VO GUYKPIVOURE TOUG AOYoug orjuatog mpo¢ B6puPo otnv €€0do tou PCM
oLyKpivovtag TIg e€lowaelc 4.4.5 kat 4.7.5 . T va d100QaAicoupE TO amaIToOUEVO E0POC {wvng
TOU KOVOAIOD EMIKOIVWVIWV VO Eival To 010 Kal oTI¢ 600 TEPIMTWOELG, XPNOIUOTOIOVUE TN
ouvenkn mou divetal ano v egiowon f, = f',=2f, N, ot 2N = fp/fm. Tote n e€iowon
4.7.5 umopei va ypagei

So/No = 2™/ 142(™™) erfc /S, /hf, (e&. 4.8.1)

2T0 TOPOKATW OXNUO ouykpivovtal ot e€lowoelg 4.7.5 kat 4.8.1 yia N = 8 (f,(DM) = 48kb/s).
Mo va AdBoupe 10 KATW@AL OMOS00NC TOU CUCTAMOTOC JlAUOPPWONG OEATO, LTOBETOLUE
METAd00N PWVNC OTIOV

fu = 3000Hz kot f; = 300Hz. ‘Etol

fo/fw = 16
Kal
fM/f]_ = 10

M0 TNV MEPIMTWOn TNG HETAB0ONC PWVIAC, ¢ CLYKPIVOUUE TOUG AGYOU(
So/Np yia PCM kot DM. YnoBétoupe ot fyy = 3000Hz, f; = 300Hz Kat N = 8. 'Exoupe TOTE
ot f, = 2Nfy = 48*10°Hz. Xpnolponoivac autolg Toug opIBUolE Kal EVAUUOVHEVOL BT N

mlavaTnNTa €VOC 0PAAPOTOC a€ €va bit eival Pg, = (1/2) erfc \/S_, /hf,, omo 11 e§lowoelg 4.7.5
Kal 4.8.1 €xoupe To aMOTEAEGUA yia To DM mov €ival
(So/NoJom = 2457.6/ 1+768 erfc /S, /hf, = 2457.6/1+1536P; (5. 4.8.2)

Kat yia 1o PCM egival

(So/NoJeem = 65.536 / 1+131.072 erfc /S, /hf, = 65.536 / 1+262.144P,

(c£. 4.8.3)
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Otav n mbBavotnta o@AApoTo¢ o€ éva bit €ival mOAL pikprR, To cuotnua PCM é€xel €vav
uPnAotepo SNR €€6dou amo 1o cbotnua DM. Mpdyuati, 0 SNR €€6dou yia 1o gvotnua PCM
eival 48dB evw yia 10 cbotnua DM mepimou povo 33dB. Qat6c0o, 6A0 auTo TOU amaAITEITaAl YIO
éva o0OTNUO EMIKOIVWVIWVY gival 0 SNR €€odou va eival 30dB. Mpdyuati, €6v Xpnoiyomnoleital
OLMTIIEGUEVO KOl EMEKTOPEVO PCM, 0 SNR €€6dou Ba pelwbdei mepimou katd 12dB ota 36dB yia
10 obotnua PCM. ‘Etal, v n €€iowaon @avepwvel 0TI 0 SNR €€6dou eivatl uPnAdTEPOC yIa TO
PCM, atnv npdé&n pmopei va Bewpnbei 4TI ival cuykpiciyol.

TXETIKA HE TO KATOQAL, BAEMOUE BTI TO oUGTNHA PCM £Xel PAGOEL 0TO KOTOPAL 6TOV Pe ~ 107,
EVw T0 oLOTNUO DM @Bavel 0To KATWPAL OTOV

Pe ~ 10™. 2V mpa&n, Ppiokoupe 6TI To auTi Pag dev avixvedel KATOOA £wC OTOU N Pe val givail
mepimou 10* yio To PCM kat 102 yia 1o DM kot ADM. Mepikd ADM GUGTAUATO PTOpo0v
OTNV TPOYHOTIKOTNTA Va TOPAYoLv E0ANTITO AGY0 pE puBUOLC o@AApaTOC Poug 0.1.

210 TOPATAVW OXN U TAPoLaIdleTal pia obykpion Twv PCM kat DM yia N = 8 kai fy/f; = 10.

[10. Taub / Schilling, Apxé¢ TNAETIKOIVWVIOK®WY ZUCTNUOTWY, EKdOcEIC TUOAN, OEaGOAOVIKN
2006]
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‘Evav umoAoy1oTA oTaTIoTIKAE AdBouc

Mia €IKOva €MiGEIENE TTIOL TIAPOUVCIALEl OTATIOTIKEG AGBOLE EVW N TIPOCOMOIWAN TPEXEL.

Mia TAOKN d1a0TOPAC TIOU TOPOUCIALEL AAUBOVOUEVO GO, CUPTEPIAGUBOVOUEVOL
TOoL BopULPoL PacN.

®payudg BoplBov @dong: O @payudg BoplBou @acng petatomidel T @ACN TOU
AOpBavouEVoL CAPATOC amd va Tuxaio moco. Mmopeite va pubuicete Tn dia@opd NG Tuxaiog
METOTOMIONC GACNC KOVTA oTn puBUIOoN TNE MAPAUETPOL EMIMEdwV BopLPBOL @PACNC 0T PAOKA
TOL @payuoL BopLRoL daonc.

ATOTEAEGHOTO TOU KUKAWMOTOG

To KOKAWHO TEPIAAPBAVEL OUTOUE TOLE OMTIKOUG TPOTIOUC YA VO YIVEL KATOVONTH N
anodoatr Tou:

To MAPAKATW OIAYPOPHO  TIOPOLCIAZEL TIC TPEXOUOEC OTATIOTIKEC AGBOULC yia TO
olboTNUa. AUTEC Ol OTOTIOTIKEC Eival TO TOOOOTO AdBoLE, 0 apIBUOC AabBwv oL avixvelovTal,
Kal 0 GUVOAIKOC 0PIBUOC GUMBOAWY GUYKPIVOUEVOC.

Mio  TAOKr] OlOOTIOPAG TOU  Tapouctdlel 1o AouPBovOopevo  onua,  Kal
gupmnepIAauBavopEvou Tou dompou ykaouaaiavol BoplBou kat Tou BopuPBou @donc. Kovtd oe
KAOe 00TEPIOUO TO Oneio gival pia cuoTAda TwWv onueiwv. Kovtd ota onueio acTtepIopol mov
eival pakpid amo undév, n cuaTada eival Kovtd o€ €va 10€0. H pop@r) T0Ewv eival pia emidpaaon
ToL BopULPoL PAaN.
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