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NapeufoAn

O ouvOuaouOC OUO N TTEPICAOTEPWYV KUMATWYV,
OTOV I0I0 XWPEO Kal XpOVvo.

Otav dUo N TTEPIOCOTEPA KUUATA TNC iDI1OC
guxvotnTa cuvouadlovTal, OnUIoupyEital n
utTEPBEDON (Superposition)

To oTiydiaio TTAGTOC TOU aBp0ICTIKOU OAUATOC
gival atrAd 10 aBpolopa (BeTIKO N apvNTIKO) OAWV
TWV ETTIMEPOUC OTIVHIAIWY TTAATWV.
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O&TIKNA KAl APVNTIKN napspﬁo)\n

)

OeTIKA Mepikwg BeTIKR
(o€ @daon) (eAa@pPG KTOG PAONG)
ApvnTiKAQ

Mn OUVEKTIKA OHHATA

(180° ekTOG QAONG) (06puUBOC)
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YWnAog apiOuoc Aadbwyv

E¢aoBcvnon
[TOAAQTTAEG OIAOPOWES
AvtavakAaon o€ eutTodia
[ToAAQTTAG povoTTaTia
[MTapeUBOAEC
2.UyXuaon Tou OEKTN

transmitter
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NMwg xeIpICOJaoTeE TO AGON

2.Ta0epaA VS. KivnTd
2100epd: AGON e€aitiag oup@opnong
AcuUpuaTa: TTEPICOOTEPA KAl JE OIAPOPETIKA AITIA

T1 (uTTOPOUNE VO / OEV TTPETTEI VA) KAVOUUE
Aucnon TNG 10XU0¢ NETAdOONG
[TeplooOTEPN KATAVAAWON EVEPYEIAC (KAKO VIO TN MTTATORIA)
Anpioupyei TTapePBOAEC o€ AANOUG DEKTEC
‘EAeyxoc kai d16p0waon Aabwv

[T10 1I0XUpOI KWAIKEC (ETTECEPYATiA, KATAVAAWON KAVAAIOU)
EtravaueTtadooeic (kartavalwan KavaAiou)
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Mepliopiopoi oTn HETAOOON

2100epa dikTua: OAoI 01 KOUBOI AKOUVE TIC

METAOOOEIC

Acupuata: Kpugdeva TEpUATIKA

@

*A Kol B akouve
B ka1 C akouve

*AANG, 0 A kal 0 C dgv akouve

Apa, ol A kal C pTropei va
dnuIoupynoouv TTapeuBoAn oto B
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Mepliopiopoi oTn HETAOOON

2100epa dikTua: OAoI 01 KOUBOI AKOUVE TIC
METAOOOEIC

Aouppara: EcaocBévnon ornpaTtog

&2

R~

[ —

stren

A’s signal

gth

@2 @22
C
—

*A Kal B akouUve
*B ka1 C akouve

*AANG, 0 A kal 0 C dsv akouve

Apa, ol A kai C ptropei va
dnuIoupyroouV TTapePBoAn oto B

space
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PuBuoi petadoong

500 Mbit/sec t

10 Mbit/sec

2 Mbit/sec
100 kbits/sec

10 kbits/sec

0 GHz

4G
802.119 @ 802.11a
802.11b O
3GO ' Bluetooth
‘ ZigBee
0 ZigBee
| | | | | |
1GHz 2GHz 3GHz 4GHz 5GHz 6GHz
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KaAuyn

10 km 4
1 km 4 3G 0 4G
100m+  go211bg O
10 m 4+ ZigBee ;ingéoeoth
1m | | : : : —

0 GHz 1GHz 2GHz 3GHz 4GHz 5GHz 6GHz
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loxU¢ peradoong

10 W A

1W A

100 mWH

10 m\W\A

- 3G 0
4G

i 802.11bg G02.11>

OBIUetqoth

1 mwW
0G

| | | | | | >
Hz 1GHz 2 GHz 3GHz 4 GHz 5GHz 6 GHz
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"evikEG apXEc via Tn di1adoon

BaoIKEG ATTAITAOEIG YIA ASIOTTIOTN
ETTIKOIVWVIia

KaTtavour TN¢ HEaNC NAEKTPOPAYVNTIKNG I0XUOC
O€ OUYKEKPIMEVN TTEPIOXN.

ETTapKknG 1I0XUC, OXI TTOPEPPOALC.

EvOla@Epel OXI HOVO N MECN IO0XUGC AAAG Kal N
OTATIOTIKI CUMTTEPIPOPA TNG IOXUOC, AOYyw TNG
KIivnNong Tou TEPUATIKOU.

EvOla@Epel TTiONG N TTOIOTNTA TOU ONMATOC,
WOTE va hNV ePgavifovTal opaApaTa.
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["evikKEG apXEC yia Tn d1adoon

ATTaITEiTal VO UTTAPXEI ETTAPKNG YVWaon Yia TN
OUMTTEPIPOPA TOU dIaUAOU (OlapopPwan,
KwOIKoTToinon).

MovTéAa yia TN HEAETH TWV PAdIOOIAUAWY

[TapauETPIKA OTATIOTIKA: QTTAQ OTN XPHON TOUC,
OAANQ OXETIKA YOVOPIKA.

NTETEPUIVIOTIKA: EI0IKA VIO KAOE TTEPIBAAAOVY,
TTAPEXOUV KaAUTEPN akKpiBElaQ.
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CevikKEC apxEG yia Tn d1adoon

KaBwg 10 KIVNTO TEPUATIKO KIVEITAI O€ Pia

TTEQIOYN, OI U

XQVIOHOI 010000NG ETTIOPOUV KABE

OTIYUN OTO Ad

uBavopevo onua katd

OlIAPOPETIKOUC TPOTTOUC.

AKOUN Kal av TO KIVNTO TEPMATIKO DlAVUEI MIKPEC
ATTOOTACEIC, N AQUBAVOPEVN OTIVHIAIA I0XUC
UETABAAAETAI aTTOTOMA KAl EUPaviovTal

Bpaxuxpovec dIaAgiYElC.
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["eviKEG apXEG yia Tn d1adoon

H 01a000nN TWV NAEKTPOHAYVNTIKWY KUUATWY O€
TTEPIBAAAOVTA KIVNTWV ETTIKOIVWVIWV
XOpaKTNPEIZETAI ATTO TPIA ETTINEPOUC PAIVOUEVA:

ArtwAciec dradpounc (path loss) - eéacbévnon

2kiaon (shadowing) — mepiBAacn/diabAacn

AiaAgiweic roAAamAwyv diadpouwyv (multipath
fading) — avakAaon/okédaaon
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MapdayovTeg TTOU TTNPEAOUV TNV
o1ad0o0on Twv H/M KupaTtwyv

hills

w W WYy

rain %

Py
*rees
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walls
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Mia atrd Ti¢ d100popEG gival HETABAAAOMEVN
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Small Scale
Power/ l Fading
dBm /
| Large Scale
Fading

- Distance
=p2

d A atroteAseouarta peyaAng KAIMOKAC - ATTWAEIEC O1adPOPNG

d

U C armroteAeoparta PHIKPNS KAIMOKAC — TAXEIEC OIOKUMOAVOEIC TOU
TTAaTtoug Tou onpatog (small scale fading)
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TPEIX KAIMAKEX
METABOAQN

>TAGMHX 2HMATOX .
.T.Ot‘.f"l _S_ignal I Path Loss |

uh Loss |<8)
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A1ddoon oTnv TPAaén

Eva H/M onqua o
MTTOPEI 0

| Na amroppo@n®Osi

Na avakAao gl N E;q KOMQOEi

\
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Kepaia

Kepaia ival gia diaragn, TTou XpNOoIMOTTOIEITAl YIa VO
EKTTEUTTEI I VA DEXETAI NAEKTPOPAYVNTIKI) OKTIVOBOAIQ.
AKPIBECTEPA N KEPAIQ PETATPETTEI TNV NAEKTPOPAYVNTIKI
EVEPYEIQ TTOU OOEUEI OE PIA YPAUMN METAPOPAGS 1 EVa
KUMOTOONYO O€ NAEKTPOPAYVNTIKO KUUA OTO XWEO KAl
QVTIOTPOYA.
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Eidon Kepaiwyv

AitroAa kai TrapaAAay€g auTwy. [NpokeITal yia TNV JeyaAuTepn
KaTnyopia, eupuTtara XpnaoluoTroiouphevn atmo 2 MHz €wg 4 GHz.

Karakopu@eg kepaieg Marconi. XpnaoiJoTrolouvTal atro Tig TTOAU
XOMNAEG OUXVOTNTEC psxpl Ta 5 GHz. Agv gival autovopeg aAAd
OUVEPYAQOVTal UE KATTOIO "€00POG", TTOU UTTOPEI va €ival TO QUOIKO
£00(POGC, UIa AywyIhN METAAAIKN €TTIQAVEIQ 1] METAAAIKOI QYWYOI.

Kepaieg Bpdxou (loop)

Al1d@opeg atreplodIKES KEPAiES, OTTWC pouPIKES, V, discone Kal
eNIKOEIOEIC.

Xoavoeldeig kepaieg (horn), ouvepyalovTal KAAUTEPA UE
KUMOTOONYOUG KAl XPNOIUOTIOIOUVTa 0€ ouxXvoTnTeS avw Tou 1 GHz.
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Eidn kKepalwyv (KATEVUOUVTIKOTNTA)

Ta €idn TWV KEPAIWV Eival TPIA :
0) KOTEUBUVTIKEG KEPAIES

B) TTaAVKATEUOUVTIKEG KEPAIES

Y) HUIKaTEUBUVTIKEG KEPAIES
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Eidn kKepalwyv (KATEVUOUVTIKOTNTA)

2TNV KATEUBUVTIK KEPAIO TO XAPAKTNPIOTIKO TTPOTUTIO EKTTOMTINAG
TNG €ival £vTova €VIOXUMEVO TTPOC MIa KaTeuBuvaon. Kepaiec autou
TOU TUTTOU gival Ta TTIATA KAl n Kepaia he TTAEypa (Grid).

¥ 11T

AN
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Eidon Kepaiwyv (KATEUBUVTIKOTNTO)

Mia TTavKaTEUBUVTIKN KEPQIa EKTTEUTTEI TTPOG OAEC TIGC KATEUOUVOEIC. TETOIA
KEPAiQ €ival N OPOIOKATEUOUVTIKNA KEPaAia (omni)
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Eidn kKepalwyv (KATEVUOUVTIKOTNTA)

H NUIKaTeuBUVTIKEC KEPAIES €ival pIa EVOIANEDN KATNYORIO TwV
TTPONYOUUEVWY. AUTNA N KATNYOPIA KEPAIWY EKTTEUTTEI UE YWVia 0pIlOVTIAC
KAAuwNG atro 50 £wg 180 poipeg. TETOIOU TUTTOU KEPAIEG EivVal OI TOMEAKEC
(sectored).
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DOAoHATA NEPIKWYV KOIVWV ONUATWYV

(DU.)V(] M4=75 km )
/\/\\ F(HZzZ)
300 3300
MouaoIKD
r] N4 =7.5km ExkTipwpEVO
~  MAKOG
F(kHz) Kepaiag
0 20
Ethernet
Na=75m |

F(MHZ)
10 20
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foe e 108 102 1o 1020 10
ho 108 104 109 10-4 10-8 10-16 10-20
~ — N | —— ™ g
DC RF Infrared| X-Rays Gamma
Rays
Visible
Light
I

H/M @daopua - Kepaigg

A
l/4-wavelength monopole i
4
ground plane U Y
. A
virtual 1/4-wavelength monopole ' I
reflected through ground plane ,
U V.

A=c/f 6mou ¢ = 300.000 km/sec
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[MapaTnPNOEIC YIA TIC KEPAIEG

[TpoPavwg, Ta TTPONYoUNEVA anuaTa OEV JTTOPOUV va
epapuocBouv kaTteubeiav o€ Kepaia — TO ATTAITOUPEVO UIKOG
gival TEpAaTIO.

[0 VO UTTEPVIKIOOUUE AUTOV TOV TTEPIOPIOHKO NTTOPOUME va
XPNOIMOTIOINCOUPE TO oNua TTANpogopiac m(t) yia va
SIAUOPPWOOUNE Eva PEPOV UYNAOTEPNG cuxvoTtnTag f. (RF),
£TO1 WOTE Ol ATTAITOUPEVEC DIOOTACEIG TIC KEpAiag (A/4) va eival
AOVYIKEC.

Tnv Asitoupyia aut TNV EKTEAET O OIAUMOPPWTNAG.
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H di1adikaoia Tng d1apopewong

AIAMOP®QZH = H petaoAr, ocUp@wva Jue To CAMO
TTANPOPOPIAG, TWV TTAPANETPWY EVOC PEPOVTOG KUHMATOG
(carrier wave) TTou €ival KatadAAnAo yia Tnv JeTadoon pEoa
ATTO TO OEOOUEVO KAVAAL.

ANMOAIAMOP®QZH cival n avtioTpo®n diadikaaoia yia
avAKTNON TOU CHHMATOG TTANPOPOPIaG.

To €idoc¢ NG dlapdpPwaonc kabopilel:
Tnv avtoxn oto B60puo Kal TNV TTAPANOPPWAT TOU KavaAlou.
Tnv ToTOTNTA AVATIAPAYWYNGS TOU APXIKOU GrMATOC TTANPOPOPIaC.
To eUPOC TOU ATTAITOUPEVOU YIQ TNV JETADOON PACTHATOG.
Tnv TTOAUTTAOKOTNTA TWV CUCTNMATWY EKTTOMTIAG KAl Afyng.

Aoupuateg ZeULeIg



T1 ETITUYXAVOUME HE TN OIONOPPWON

Tn yerddoon TTOAAWY CNUATWY OTOV idI0 XWEO
UE XpNON OIAPOPETIKWY PEPOVTWV.

Tnv eAATTWON TWV ATTAITNOEWY OTA
XOPAKTNPIOTIKA TWV CUCTNUATWY EKTTOUTTNC.

Tn xpnolyoTroinon TTEPIOXWY TOU PACUATOC UE
KaAUTEPEC OUVONKEC PETADOONC.
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Alauoppwaon 2NUaATog

Baseband: Metadoon adiauoppuwTou ONUATOC
 MeyaAo eUpoC OXETIKA XAMNAWY GUXVOTHTWYV
* MeydAn ecaocBEvion kai TTeplopIoUEV NETADOON
* KaAO PJOVo yiIa JIKPEG ATTOOTACEIG KAl XOUNAEG TAXUTNTEG

Alapop@won: n eAsyxouevn aAAayr evog TTapayovTa Tou
QPEPOVTOC ONUaTOC (carrier) ue Baon TV TTANPOYOpPIa TToU
EMOUPOUPE VA JHETAOWOOUNE

« EUpoC

e 2uxvoTtnTa

« ®don

Modem: 2uokeun dlapdpPwanc/atmmodiapopPuwaong
(modulator/demodulator)
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Alauoppwaon - ATTodIauOpPwon

Transmitter RF Signals Propogate Receiver

(( )) J)) ) ) § -
é )T Ll 5 é
l'

Audio ‘ Audio

Voice, Music), Voice, Music),
(Voice 5‘:{2 Modulator De-Modulator égt";e usic)
Test Tones l Test Tones
RF Generator RF -
Carrier 1T
QY W \
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Phase changes

)

a
b
(c)
(d)

FSK (frequency shift keying)
TEXVIKN VIO Yn@IaKA oAuaTa
dlapdépewon eaong (PM)
TEXVIKA VIO Yn@PIOKA oruarta
f . @pEpouoca ouyxvoTnTa

un SIQUNOPPWHEVO (YNPIAKO)
PSK (phase shift keying)

onua
OlAuOPPWaON ouXVOTNTAG

dlapoéppwaon eupouc (AM)
(FM)

Alapoppwon ZNMATOG

(Modulation)
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2
<
e
Qo Q@
QO
E E
T
nwm

0

Samples/sec (Baud Rate)

Karta tn didpkela evog Sample otéAveTal éva

“symbol”
Symbol

_—T1

1 bit (0/1) = voltage/no voltage

eENAXIOTO TUAMO TTANPOYOPIAG

2TNV atrAouoTepn TrepiTTTwon AM e :

1 symbol

[a va au¢rjoouue TNV TaxuTNTa JETAOOONG

o€
MTTOPOUUE VA PEILVOUUE TO sample

ETT ATTEIPOV.

MT1TOpOUUE OUWGS VA AUEAVOUNE TOV

apIBuod Twv mMOavwy symbols (emiredwyv
évraong petadoong, onAadr eUpoug

ONuaTog)

Tou AM

2.UvnBEOTEPOC OCUVOUAOHOGC TNG TEXVIKAG

X
WU
rle
2 W
O
I/
—— ~——
||\\

Phase changes
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Digital Data

Modulation

Frequency
Shift

Amplitude
Shift

Phase
Shift

Amplitude
and Phase
Shift

Eidn diapopowong
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Ynoeiakn Alapopewon

Alguopewan YneIokwyv onuaTtwy yvwaoTn Kal ws Shift Keying
1

Amplitude Shift Keying (ASK):
[MTOAU atTAR
[l aTTaITACEIG MIKPOU puBuou
EuaioBnTtn otnv TTapepoAn

Frequency Shift Keying (FSK):
Xpelaletal ueyaAUTEPO EUPOC PACUATOC
AVOEKTIKI) OoTNV TTOPEUPOAN

Phase Shift Keying (PSK):
[MoAUTTAOKN
Mo akpIn

18Q° | Q°
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Advanced Phase Shift Keying

BPSK (Binary Phase Shift Keying):
bit value 0: orjua
bit value 1: aveoTtpapuévo orjua (180°)
To amrAoucoTtepo PSK
XapnAr @aocuartikr atrodoon
AVOEKTIKO (OOPUPOPIKES)

QPSK (Quadrature Phase Shift
Keying):

2 bits o€ KGBe ocupBoAo

Mo TTePITTAOKO

KaAutepn gaouatiki ammdédoon

v

()
([@N()

10 Q 11

Y

00 01
A% naso 13500 2250 315
AL
\/ v VL
1 10 00 01
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Quadrature Amplitude Modulation

Quadrature Amplitude Modulation (QAM):
ouvOUAONOG DIANOPPWONG EUPOUG KAl PACNC
KwdikoTtroinon mTepiccoTepwyv bits per symbol
2" emritreda, n=2 idlo ye o QPSK

O pubpoc augavel 6oo augavel To N, aAAd
TTEPIOOOTEPA AABN o€ oxeon pe QPSK

. OQ‘. °§1° o 0001
100 (O~ oo Example: 16-QAM (4 bits = 1 symbol)

O
O O @) O

©)
0100

Aoupuateg ZeULeIg



[MTOAAQTTAEG OIOHNOPPWOEIG

QPSK (Quadrature Phase Shift Keying) = 4 phase shifts, 1
amplitude level, 2 bits/symbol

QAM-16 = 4 phase shifts, 4 amplitude levels, 4 bits/symbol
QAM-64 = 4 phase shifts, 16 amplitude levels, 6 bits/symbol

90 80 80
L L LR AR & N X
" oo esee osee
® L s sle e L L LR AR & N X

180 o o 180 L E R N BN R N B I

* | " B L E R N B R N B
N RILR coce|eses
L X R X BR R N B |

270 270 270

QPSK QAM-16 QAM-64
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[TOAAQTTAEC OIOMOPPWOEIG

N 32QAM M
8-QAM 160AM Q 64QAM
2 e oo o @ © © o, 6 © o o
o1 I ® o o o|® o o o
‘'@ D ¢ o | 0& o e & o | ¢ o o
k-3 @ ® ® ® & @ &
1 ® oo o @ &
'® @'’ i o|e e e o © o/ © o o
»1 ¢ oo o e & o0 o o ® ¢ ® o|® o o o
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011
® ® ® © o o'eo o @ o
4o 128 QAM ‘e 256 QAM
o000 0SSE oeenseees
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[N N N N N N
o900 0000 LA A R N BN N BN ENENENHERN ]
seccoe eccose I XX BEEXE XX RN
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XX EEXEXXX)
Yy e esoeee I . NN EE NN NINENENENZNN ) L
< ; ~ Cal
ceeoee eesese I XX EBEXEREEXX R
20000080 o00BRSORS
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20000008 S ocvEmRseRS
P9 00O OS oGRS
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NMMpocapuolOopeVN OIONOPPWON

QAM-64 (6 bitsbaud)
QAM-16 (4 bits/baud)
QPSK (2 bits/baud)
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