ATKTYA ETIIKOINSOINICIN

Puoikd oTpwua

AikTua ETTIKOIVWVIWYV



> Eloaywyn ota ouoThuata petddoong
> MeTddoon onpdTtwy (avaAoyikn, ynpiakn)
> TTeploplopoi ath petddoon

> BaoikéG 1010TNTEC TWV CUOTNHATWY YNPIAKAC
pHeTadoonc

» Metdadoon otn paociki (wvn
> Yneiakn diapdppwon
» 1010TNTEC TWV HEOWYV KAl TWV CUOTRHATWY

YNP1akAc HeTtadoong
» 2UYXPOVIOHOC oThv Yyneilakh petadoon

AIKTUQ ETTIKOIVWVIWV



pueradoonc




eTadoonc

TTopmocg

—_— AiauAoc emikoivwvidc —

;

EAc0Bepoc xwpocg
KaAwdio f dimAaywyoc
OTTIKA iva

AIKTUQ ETTIKOIVWVIWV



NHATWYV

(a) Avahoyikh petdadoon: OAeG o1 AetTopépeieg TTPETEl va
avamapdyovTtal akpipw 6

Exkmouth

Ekmouth

/V\U/w\

AAyn

[\ e
Vv

(B) Ynepiakn petddoon: povo Siakekpipéveg oTABHEG TIPETTEN

va avamdpdyovrai

AAyn

AIKTUQ ETTIKOIVWVIWV



NHATWYV

MeTadoon oc HeEYAAEC ATOOTAOCEIC
TuAua petdadoong

/

- EmavaARmTNG
\
Illlllﬂlllllln-._>

ETavaAiTITNG pe

TTnyh

AIKTUQ ETTIKOIVWVIWV



NHATWYV

AvVaAoYIKOC EmavAAATTNC

EvioxuTic ECi00ppomnTiig

AHa pe e€aocBévnon Kai
TTapapoppwaon
+

©6pupoc

AvakTwevo ohua
+

uttéAoiTo BopUPou

EmavaAqTtTNG

AIKTUQ ETTIKOIVWVIWV



NHATWYV

Ynpiako¢ emavaAnmTng

[Evone | [Koduna anégaons
E€icopporr. , vevvnine
oAHATOC
AvdkTnon
Xpoviopou

AIKTUQ ETTIKOIVWVIWV



TTOMTTOZ

/

apépewan

adoon

d uéma

AIAYAOZ

ETTIKOINSCINIAZ

;

EAc0Bepoc xwpocg
KaAwdio f dimAaywyoc
OTTIKA iva

bits
AEKTHZ =,
0111
ATtodi1apoppwaon

AIKTUQ ETTIKOIVWVIWV



ovral Ta ongara

> Ta oApata odgvouv HEow TwWV HEoWwV peTadoong
WC¢ hAEKTpoHayvnTIkA KupaTa

> MTopei va odnyouvTal amo OImAaywyo, kaAwdio,
OTITIKA iva, K va petadidovral oTov eAeUBepo
XWpo w¢ padiokUpATa A OTTIKA KUHATA.

> YTdpxouv 01a9popéC HeTalU TnE d1dadoong Twv
H/M KupdTwy 010 KEVO Kal g€ SINAEKTPIKO UAIKO:

> CSlnA. < CKSVOU

> MEpoc TNC evépyeldc amoppopdTtdl Ao TO
OINAEKTPIKO

AIKTUQ ETTIKOIVWVIWV



oTh geradoon

Téogoepa paoikd paivopeva mepiopiouv
Tov pUBUO HeTAdOONC KAl ThV ATTOCTACN
HeTadoonc

> E€aoBévnon (Attenuation)
> TTapapopypwon (Distortion)
> Alaomopd (Dispersion)

> @o6pupoc¢ (Noise)

AIKTUQ ETTIKOIVWVIWV



oTh geradoon

E€aoOévnon
Meiwaon Tn¢ 1o0xVo¢ Tou oHUATOC HE ThY AdTTOoTACN
> ATTWAEIa evépyeldg KATA Th

+Toxuc 01adoon o€ YPAUUEC
HETAdOONG KAl O€ iVEC

»>AvdkAdon, okédaaon,
TepiOAaon KAT.

Anéo'rac}n » 2 UUPOAR TTOAAWY KUPATWY
oThv Kepaia

»ECaoOévnon avdAoyn Tng
oUXVOTNTAC OTIC YPAUHEC
HETAdOONG KA! OTIC iVEG

AIKTUQ ETTIKOIVWVIWV



oTh geradoon

TTapapoppwon
TTAdToG

T > AiapopeTikh e€acBévnon kai
: 5 kauaTépnon via kdBe auxvoTnTa
> T0 TEAIKO oApa diapépel aTo To

apXIKd HeTadoBiv

>ATtaiteital e€10oppomnon

AIKTUQ ETTIKOIVWVIWV



oTh geradoon

dpaywyn TETPAYWVIKNG KUHATOHOPYNC

5 Hz

. 1.5 | | | |
15 Hz O T Y Y o Yt Y
25 Hz bl o b e e
<+ _1.5 | | | |
35 Hz 0 1.0

cos2n*bt - (1/3)cos2n™*15t +
(1/5)cos2n*25t - (1/7)cos2n™*35t)

AIKTUQ ETTIKOIVWVIWV



oTh geradoon

Ewidpaon Tnc mapapoppwonc @aonc

O diauAoc emikoivwviag cioayel kaBuotépnon waonc 180°
oTIC appovikéc Twv 15 kai 35 Hz (Adyw diagopeTikWyY
TaxuTATWyY d1adoonc) we mpo¢ eKkeivee Twv 5 kai 25 Hz.

cos2n*5t + (1/3)cos2n*15t + (1/5)cos2n™*25t +
(1/7)cos2n™*35%1)

5 Hz
+ 1.5
15 Hz
4=
25 Hz
+ "1.50 I v I | | '} I 10

35 Hz

AIKTUQ ETTIKOIVWVIWV



oTh geradoon

Aiaomopa
TTAdTo¢

d

» O1 KPOUOTIKEC HETAOOOEIC ATTAWVOUV KaTd Th didadoaon.

> H diaomopd mepiopilel Th XpnoipgoToioUHeEVN ATTOOTAON
diadoonc oc pia péyiotn TIPA ou e€apTdTal amo Tov
pUBUO peTddoong

AIKTUQ ETTIKOIVWVIWV



oTh geradoon

ATIpOPAeTTTN HeTAPOAR Tou
ohuaTocg mou pOdvel aTov

Il W/W =

V‘““Ml Wy
V(volt) aV
Ims -
b;b,...b,
V=b,2-1+b,2-2+ +b 2" RxcB,1/noise

n bits os 2 ms

AIKTUQ ETTIKOIVWVIWV



NIEC TWV CUOTHHATWY
aooonc

d yétpa -

> Mac evdiapépel o puBbpoc petadoonc
> XwpnTIkOTNTA: T600 Yphyopda Kai alomioTd

> H xwpnTikoTNTa £TthpedleTal amo:
»> TNV 1I0XU TOU EKTTEUTTIOHEVOU OAHATOC
» Tnv amooraon Tou mpéTtel va diavuoel To oRld

> Th oTdOun BopuPou TToU TIPETTEN vad AVTIHETWTTIOE]
0 0EKTNC

> 10 eUpo¢ CwvnC Tou HEoOU HETADOONC

AIKTUQ ETTIKOIVWVIWV



NIEC TWV CUOTHHATWY
aooonc

EUpoc Cwvnc diavAov

(a) BaBumrepaToc diauAog

(A AN ] 1
_\ > f >
0 74 0 W f

(B) MéyiaTog puBuoc peTadoong aApwy: 2 W tahpoi/sec

AiauAoc /\ A
\/

»
>

f

f-

(y) MTropoUpe va au§hooupe Tov puBuod peTddoonc bit petadodovrag
TtaApoUG He TTOAAEG oTABUEG:

R = 2 W maApoi/sec x m bit/maApé

AIKTUQ ETTIKOIVWVIWV



NIEC TWV OUCTNHATWY
aooonc

M-31kn onuarodoTnon

> Eva amé M duvartd oUupoAa petadidetar kaBe T
sec, m.X. 4-01kn onpatodoTnon (kaBe oUpPoAo
UTopei va tapaoThoel 2 bit).

volts 4 Av T = lusec, T0Te TO OoNpa
Tou 1 MBaud peragépei
2 Mbps.

AIKTUQ ETTIKOIVWVIWV



NIEC TWV OUCTNHATWY
aooonc

M-901kn onpuarodoTnon

» ATtaiToupevo gUpoc (wvng
> 2uvdpTnon Tou puBuou cupPpoAwv (ouup./sec)
» 2.UvdpThon ToU OXAKATOC Tou cuuPoAou

» Ooo mio améTopa aAAdlel To onpa, T600
HeyaAUTEPO eUpo¢ Wvng amaiTeiTal yia Tn
1ETAOOON TOV.

> Na onpata ota@epnc 1oxvoc
> KaBwc¢ To M audvel, Ta onparta Anaiddouv...

> ... Kdl Ta AdOn avixveuonc otov 0EKTN
auldvouv

AIKTUQ ETTIKOIVWVIWV



NIEC TWV CUOTHHATWY
aooonc

M-301kn onparodoTnon

©opupocg

4 oTdBuec onpaToc 8 oTdBuec onparoc

AIKTUQ ETTIKOIVWVIWV



aooonc

Bopupoc

ot

Bopupog

onpa
YynAog
SNR g
t
onpa
XapnAog | o
SNR g
t
Méon 10x0¢ onpatog
SNR =

Méaon 10xU¢ BopUpou

Aoyoc onparoc mpo¢ Oopupo (SNR)

ohua + 66pupocg

h

NIEC TWV CUOTHHATWY

/A

i

J

\

\J

\

ohua + B6pupoc

v

\...)..\J/
Vv

AIKTUQ ETTIKOIVWVIWV

Y

SNR (dB) = 10 log,, SNR

»
|

t



NIEC TWV OUCTNHATWY
aooonc

XwpnTikoTnta diavAov

> O pcyiotoc puBuoc bit mou ymopei va
peTadoOci aciomora yéow evoc diavAou

> H xwpnTtikoTnTa Shannon civau:
C = W*log,(1 + SNR) bps
> W = eUpoc {wvnc diavAovu (Hz)
»> SNR = Adyo¢ onparto¢ mpo¢ Bopupo atov diauAo
> T11) Avahoyiké modem (30 dB SNR)
C = 3500 *Log,(1 + 1000) = 34.885 bps

> T12) AiauAoc TV 6 MHz (42 dB SNR)
C = 6.000.000 *Log,(1 + 15.849) = 83.71 Mbps

AIKTUQ ETTIKOIVWVIWV




NIEC TWV OUCTNHATWY
aooonc

AvakepaAaiwon

> To eupoc wvnc kaBopilel Tov puBbUod cupPpOAwvV
(oUppoAa/sec)

> AUo oUupoAa: duadikh onpaTtodoTnon

> Me 000¢év eUpoc Cwvng, n M-01kh ohpaTodoTnon
EMITPETTEI AU NUEVoUC puBpoUc bit

> Ta ouupoAa mAnoialouv peTall Toug, 6Tav n 1oxXUC
TTapapével otaBepn

> Ta AdBn avixveuonc atov 0EKTN vivovTal TiBavoTepda
> EUpoc Cwvnc, puBuoc bit, SNR, kai BER
oxeTiCovTal

AIKTUQ ETTIKOIVWVIWV



¢ 01alAov emikoIvwviag

To medio ouxvoTnTAC

Acos 2rft A,cos (2rft + p(f))
[\ [\ , .| Aiauvhoc |— N N .
U U ; U U ¢
A(f) = Zo—
ACF) |
1
0

f o(1)

AIKTUQ ETTIKOIVWVIWV



¢ 01alAov emikoIvwviag

Enidpaon Tou 31alAou GTN HOPWYA ToU GRPATO
£€odov

10000001 Aidpkeia maAudv: 0.125 ms

1ms

(t) =-0.5+ (i){si n(%) cos(271000t) + sin(%) cos(272000t) +
T
. 37
+ Sl n(T) cos(2723000t) + }

AIKTUQ ETTIKOIVWVIWV



eEodou

AiavAoc pe A(f)=1,
o(f)=0 kai Cwvn
ouxvoTATwy O éwg W

¢ 01alAov emikoIvwviag

Enidpaon Tou 31aUAOU oTN HOPYR TOU GAPATOC

157 1 appovikn

1 ....................
0.5+

\\ //_
NeNg £ & & g~ -
0.5+ o S ) © S @
-1.5+

AIKTUQ ETTIKOIVWVIWV



¢ 01alAov emikoIvwviag

2.T0 1tedio XpoOvou
T XP b

H —— Aiauho¢ |— /\
Ll > > F

J >
0 ' / Ta
To avoiypa (81dpkeia) TnG KPOUGTIKAC ATTOKPIONG

gival pia €vdeifn Tou o00 YpHyopda
HTTopoUV va petadoBouUv TtaApoi oTov diauAo

> 2TV Yneiakni petadoon Hac evolawépel va HEYIOTOTIOIN-
ooupE Tov puBpod peTddoong maApwy (va eAaxioToToIn-
ooupe To didoTnpa T peTall diadoxIKWV TTAAPWY)

> To eAdxioTo didoTnua kaBopileTal amod Tov Paduod
apeUPoAnc peTall Twy TaApwy otnv £€€odo Tou diavAou.

AIKTUQ ETTIKOIVWVIWV



¢ 01alAov emikoIvwviag

270 edio Xpovou

> 2.€10aviko diauAo, OnA., A(f)=1 kai o(f)=2nfty, n
KpouaTIkA amékpion givar h(t) = s(+-t4) mou civar pia
kaBuaTepnuévn ekdoxN Tou TTaApoU sinc

s(t) = sin(2mWe)/ 2mwve

AN 0 VAN
f ~—— N_ N —— 1 f
-YI,,,:GI,,,:5]',,,,:AT,,,,:SI,,,:MID_Q,D ,,,,,, IR A 2T 3. 4T __ 5T 6T 7T

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o 1 T

» 2T =1/W

» Ooo aulavel To gUpo¢ {wvne W, n didpkeia Tou TaApou
HIKpaivel, oTtoTE ol TaApoi pmopei va petadoBouv
TAnoi1éoTepa peTall Toucg, dNAadn, pe HeyaAuTepo puBbuo.

AIKTUQ ETTIKOIVWVIWV



Aaupavépevo
ofua f

BiAtpo | "V
Ayng

®iATpo
EKTTOUTTIAG

AIKTUQ ETTIKOIVWVIWV



aoikn¢c wvng

r(t)=> A p(t—KT)
K
OTav o 0éKTNC Aapupdvel deiypa Tou onpatoc yiat =0

r(0)=Ap(0)+ > Ap(t—KT)

k=0

O 0EKTNC TTPETTEI va avTIPeTWTTioE! Th O1acUUPoAIKA
napepPoAn (intersymbol interference)

AIKTUQ ETTIKOIVWVIWV



(a) 3 xwpioToi TaApoi
via 1o 110

(B) To ouvioTdpevo
ohpa yia 1o 110

4
.
[
LV N

SRR A 2GR
>~ -7 t
2T I -2 0 1 2 -~ 3 ar
\ /
\\ /
\ !
\ /l
1 N L/
Z —
1 /\
/o \ t
-PT -IT ( T 3T 4T

e e < n e LOIVWVIWV



oikn¢ {wvng

TTaAuodc umepupywpévou ouvnuITOVoU

B R E
no
— inm

TAALOC SINC

o, 15 20
YPOVOG (SEc)

0 {]—aI)W W (1+a )W : f
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Kwoikec qupuﬁ(g |

Unipolar
NRZ

Polar NRZ

NRZ-inverted
(differential

encoding)

Bipolar
encoding

Manchester
encoding

Differential
Manchester
encoding

ol 0 1 00
| — 1
— — —— @
— ————
-
— 3
i R e R e e B e A
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NRZ

oikn¢ {wvng

1 - :
w .
S o084 . Bipolar
E( \
U 0.6 T rf
S ;
'I_.' / ~
o 04 + /
> . Manchester
x ;

1 N

£ 02+ -

0 4= e Sy T T

@ o ¥ © ®© - o T © o @

_02__ (-] (] (-] (-] -— -— -— -—
T
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oppwan

2 Aua 2-D t B,
0 ()

v A,
() ()

4 “o1dOuec”/ maAuo
2 bit / taApo
2W bits/sec

+ B,
2hua 2-D o oo o
o oo o
o oo o > Ay
o oo o

16 "oTdOpec”/ maApod
4 bit / maAud
4W bits/sec
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HEOWYV KAl TWV
nPIaknNg HeTadoong

HAekTpopayvnTiko @paoua

2uxvornta (Hz)
102 104 10 10® 10'® 1072 10" 107 1078 1020 1022 1Q#

— = w
&5 T = 2 5 = o
2 0iQ Tio = = ®
D Tio ; — o D =, v
TR[=% 2 ol o O o —=! @ =
@ @ ! @ = e ol -
[ = O © = 5 ¥ £
o~ om = = L ~ ©
c = Q
. R

10 104 102 10 102 104 106 108 1010 1Q-121Q-14
MnAko¢ kupatoc (m)
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HEOWYV KAl TWV
nPIaknNg HeTadoong

Evoupuarec puoikéc Cebeic

» ATIAR di1oUppaTn YPAuKA
> Emnpedaleral améo HM mtapepPoAéc

> Kakn €miAoyA yia ThAETIKOIVWVIAKA
OUOTAUATA

> Tapddeiypa: ypaupéC HeTapopdc
> KaAwdia dimAaywywyv
> Ouoalovikd kaAwdia
> KaAwdid oTrTIKWY VWV

AIKTUQ ETTIKOIVWVIWV



HEOWY Kal TWV
neiakng peradoong

AirAaywyoc Biua

Xwp1oTd HOVWHEVOI e:Aleong

aywyoi, ouveoTpappévor W f -_—

padli. 2uxvd opadoToin-
pHévol oe kaAwodia

> ®Onvo péoo

> EukoAOXpnoTo

> MikpOC puBuoc petddoong
> MIKpO HAKOCG

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

AirAaywyoc - Egappoyéc

> To ouvnBOéoTepo PEoo peTddoong
»> ThAepwVIKO 0iKTUO

» 2.UVOPOUNTIKOC PPOXOC
» Méoa e KTipid

» pappéc mpog 1o PBX
> Tia Tomkd diktua (LAN)

> 10Mbps - 100Mbps - 1000Mbps
(10/100/1000BaseT)

AIKTUQ ETTIKOIVWVIWV



> |1
> |1

AirAaywyoc - XapakTnpioTika HeTadoonc \

eploplo
eploplo

> T

eploplo

HEOWYV KAl TWV
nPIaknNg HeTadoong

> AvaAoyikn peTadoon

> Evioxutéc kaBe Bkm éwg 6km
> Ynepiakn petadoon

> AvaAoyikd R Yyneiaka onparda

> EmavaAnmTec kaOe 2km n 3km

1Evn adooTaon
1évo eupoc Cwvne (IMHZ2)

1Evog puBpog dedopévwy (100Mbps)

> EuaioOnoia oc mapepPoAéc kar Oopupo

AIKTUQ ETTIKOIVWVIWV



HEOWY KaAl TWV
nplakng peTadoons (il

ABwpakioTol kai Owpakiopévol 5'"A“vao

> ABwpdkioToc dimAaywyocg (UTP)
> 2.uvhBiopévo ThAspwVvikO KaAwdio
> O pOnvoTepoC
> EUKoAOC oTnv eykaTdortaon
> BEuaioBnToc¢ og paivopeva emaywyng
> OQwpakiopévoc dimAaywyoc (STP)
> MeTaAAikn Bwpdkion Ttou Trepiopilel TiIC TTapeUPOAEC
> TTio akpiPpo¢
> TTio duaxpnoTocg

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

Karnyopie¢ UTP
» Cat 3

> HéExp! kar 16Mbps

> ThAepwviko KaAwdio oTa ypaeeia

» BApa eAikwong amo 7.5 cm éwce 10 cm
> Cat b

> uéxp! kar 100 Mbps

» 2UVABWC TTpoeYKATEOTNHEVO O€ VEA KTipld
YpapEiwyv

» BApa eAikwaong 0.6 cm éwg 0.85 cm

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
neiakng peradoong

KaAwdia dimAaywywv

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

Ouoaloviko kaAwdio

i

CXIEXXNXRNN

RAARXAKAXAA)
(RN
KevTpikog ”n“”“”
AYWwyocg
AIHAEKTPIKO Mavduac
UAIKO ,
EEwTepikn
emévouaon
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HEOWYV KAl TWV
nPIaknNg HeTadoong

Ouoaloviko kaAwdio-Xpnoeicg

> TToAAaTAEC XPNOEIC

> AiavopuR TNAEOTITIKWY TIpoYPdHHATWY
> Cable TV
> YmepaoTikh TnAspwyvia

> MTtopei va petagpéperl 10.000 ThAspwvikEC KAROEIC
TauToxpova

> AVTIKaBioTaral amod TIC OTTIKEC iVEC

» ZeUCeIC HIKPWY ATTOOTACEWY HETACU
UTTOAOYIOTIKWY CUCTNHATWY

> Tomkd dikTua (LAN)

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

Ouoaoviko kaAwdio - XapakTnpioTiKa
peradoong

> AvaAoyiki peTddoaon
> BEvioxuTéc KdBe Aiva XIAIOHETPA
> MIKpOTEPEC ATTOOTATEIC YId UYNAGTEPN ouXVvOTNTA
> Méxpr BOOMHz
> Yneiakn petddoon
> EmavaAnmrec kdBe 1km
> MIKpOTEPEC aTTOOTATEIC YId UYNAGTEPOUC pUBHOUC

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

Ouoafoviko kaAwdio - XapakTnpioTika
HeTadoong
35 T

0.7/2.9 mm;

w
o
l
1

25 + i 12/44mm

20 T

E€aoBévnon (dB/km)

57 / 26/95 mm

10 T

0.01
(MHZz)
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HEOWYV KAl TWV
NYIakng peradoonc

OnTIKA iva

(a) TewpeTpia

L

TTUpHvaAg

pavouag

(p) Aiddoon oTnv oTITIKA iva
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HEOWYV KAl TWV
nPIaknNg HeTadoong

OnTIKN iva

100

50

SIS

—

ATtwAgiec (dB/km)
o
(@)

o
[EY

0.05[

0.01

Zwvn Zwvn  Zwvn
0.85 1.3 155 u

\\
\\
h =

ATroppopnon £mepUBpwy

2kédaon Rayleig =
N B .,(; o
Multimode Single mode
| | | L/ | ,
0.8 10 1.2 1.4 1.6 1.8
A (um)
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HEOWYV KAl TWV
neiakng peradoong

OrnTiKA iva
(a) TToAUTpOTIN iva

I

(a) MovoTpoTh iva

AvakAwpevn déopn

/

>  Apeon 0éopn

[
»
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HEOWYV KAl TWV
nPIaknNg HeTadoong

2.UoThHa omTIKAC HETAdOONC

OTTIKA iva (— -

__HAekTpiké
onpa

OTTIKA
TINYA

> TUTIKA, h dkoAouBia ThC yn@iaknc TtAnpowopidac
UETATPETETAI 0 dkoAouBia oTTIKWY TTaApwy on/off oe
KATT010 HAKOC KUNATOC.

> H AeiToupyia on/off pmopei va civar e€aipeTikd
Yypnyopn, omoTe cival e@IKTOI e€aipeTIKA uynAoi puBpoi
pHeTadoong

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
neiakng peradoong

2. UOTANATA OTMTIKNG HETA®OONC

To gUpo¢ Tn¢ omTIkAG {Wwvng ekppaleTal cuvhBwC ae nanometers.

( A (A )
B=fl—f2=U— v :01_%20 ilAﬂ zquxl
A A+AL A 1424 Al1,.84 A
\ ﬂ'l/ \ /11)

>To AA # 100 nm
>TTepioxn 1300 nm: e€adBévnon < 0.5 dB/km ka1 B # 12 THz
>TTepioxh 1550 nm: e€aaBévnon < 0.2 dB/km ka1 B # 15 THz

>H WDM civai pia amoteAeopaTiki péOodocC eKpeTAAAEUONC TOU
d1aBéaipou eUpouc {wvng OTIC OTITIKECG IVEC
> Coarse WDM (CWDM): 4 - 8 pAkn kupartog
> Dense WDM (DWDM): Ta oUyxpova cuathpata DWDM moAuttAékouv
80 - 160 pAkn kUparog, ou To kaBéva pmopei va petagpéper 10 Gbps
Kal o HepikéG epimTwaoelg 40 Gbps

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
neiakng peradoong

2. UoTAHATA OTTIKNG HETAdOONC
(a) BEva oApa avd oTTIKA iva pe évav avaysvvnth avd prpa
— R * R "R *" R * R * R R »"RT—

A 4

() DWDM oUvBeTo ofpa avd oTTIKA iva pe évav avayevvnth avd prua

—Jr —Jr E R
—{ R —1{ R R —{ R—>
—h_R —b—R e I _R —I'_R—b»
—I R —1 R R —{ R

(y) DWDM oUvBeTo onpa pe oTtTIKOUC EVIOXUTEC
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R| Regenerator @Optical DWDM
amplifier multiplexer
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HEOWYV KAl TWV
nPIaknNg HeTadoong

OrnTikn iva - TTAeovekTnpara

> MeyaAUTepn XwpnTiKOTNTA
> PuBuoi yetddoong ekatovrdadwv Gbps

> MikpoTepo HEyeBoc Kal Pdapocg

> MiIkpoTEPN £€aoBévnon

> HAekTpopayvnTikh amopovwon

> MeyaAUTepn atéoTaon emavaAnTTwy
> Nekddec km

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

OrnTikn iva - Opio diaomwopdc

> TTaAgoi pwToc 01ad1006EVOI OE OTITIKNA ivd
amAwvouv oe didpkela (XpwpaTikh 01a0TTopd)

> To XapnAoTepo TUAHA evépyelac BéAsl D sec/km
TTEPIOCOTEPO ATIO TO UYNAO

> INa ynkog L = DxL sec

> Av T n didpkeida Tou maApoU = T+DxL petd L km

» 10101010... pye diapéppwaon OOK

> ATtooTtaon aApwyv T-DxL

> a DxL < T/2, 6mou T=1/R = RxL <1/2D

> D: puBuoéc diaomopdcg, e€apTdTal amod Thv OTTIKA iva

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

Eidn onTikWyY vy

> KMpakwTou deiktn d1dOAaong (step-index)
> RxL < 10 Mbps x km

> BaBuiaiou d¢iktn 81dBAaong (graded-index,
GRIN)
> RxL <1 Gbps x km

> MovéTpomeg (single-mode)
> RxL <200 Gbps x km
> Aiduetpoc diatopnc d < 8um
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HEOWYV KAl TWV
nPIaknNg HeTadoong

AoUpparn peradoon

» Mn odnyoupeva péoa
> EKTTOUTIA Kal AQYN HéOow Kepaiag
> KaTeuBuvTikn peTdadoon
> EoTiaopévn déaun
> TTpooeKTIKA euBUypdppion
> MovotAcupn petadoon

» IooTpoTikA HeTddoon
> Mmopei va AnpOBei amd moAAEC Kepaieg

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

AoUpparn peradoon - 2ZUXVOTNTEC
» 30MHz éwc¢ 1G6Hz

> MovottAgupn petddoon
» AoUpHATN EKTTOUTIA
> 26Hz éwc 40GHz

> MikpokUpara
> YYnAn kaTeubuvTtikoTNTd
> 2.NUEiov TTPOC onyeio
> Nopupopikéc CeV€eic
> 3 x 101 ¢we 2 x 1014
> YmépuBpn akTivopoAia
> TOTIKA Xphon

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

Eniyeiec pikpokupaTikéC Cev€eic

> TTapaPoAikéc Kepaieg
> EoTiaopévec déopeg
> OTITIKA €TTAPR

> ThAETIKOIVWVIEC HeydAwy
AdTTo0TAGEWY

> YYnAoTEPEC ouxvoTNTEC divouv
UYnAOTEPOUC pUBHOUC peTAdooNC
> 2-40 GHz

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
neiakng peradoong

Eniyeiec pikpokupatTikée CeU€eic
> E€aoOévnon

» ATTWAEIEC avdAoyeC HE TO TETPAYWVO TG
amootaonc, emavaAnmrec kaBe 10-100km

> AuEnuévn e€aacBévnon pe Th Ppoxh
> TTapeuPoAéc
» Katavouh pdaoparoc

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
neiakng peradoong

Aopuyopikéc Teleic
> Man’@ocn TTPo¢ 00PUPOPOUC EUPIOKOUEVOUC OFE
Tpox!d

> AlagopeTikéC ouxvoTnTEC avodou/kaBddou

» XPAROEIC

» ThAgopaon

> TNAETTIKOIVWVIEC HEYAAWY ATTOOTACEW
> 1I0IWTIKA OIKTUWGON £TAIPIWY

> 2-40 GHz ka1 > 40GHz sat-sat
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HEOWYV KAl TWV
NPIAKNC HETAOOOL

Aopuyopikéc Ceu€eic

> XdpadKTNpI1oTIKA peTadoong

> ouvhBwce 2-30 GHz
> < 2 GHz peydAn mtapepupoAn
> >10 GHz aTtpooypaipikh amoppdpnon

» 2UvhOn (euyn
> 4/6 band (5.925-6.425 dvodocg, 3.7-4.2 kdBodo¢) [C-band]
> 12/14 band (14-14.5 dvodoc, 11.7-12.2 kaBodoc) [Ku-band]

> 2.€ UPNAOTEPEC OUXVOTNTEC ATTAITOUVTAI I0XUPOTEPT
onpara

> KaBuatépnon 240-300ms, aioOnTn oTIC ETIKOIVWVIEG
> Emiveia tapepPoAn

AIKTUQ ETTIKOIVWVIWV



HEOWYV KAl TWV
nPIaknNg HeTadoong

>»Ioxuc 1W
»Avodog 19.2 kbps
>KaBodog péxpr 512 kbps
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HEOWYV KAl TWV
neiakng peradoong

Iridium

»>66 dopuyopol

>"Yyoc 750 km

»ATtooTtaon 32° yewyp. TA.
>48 déopec/dopupopo (max)
»>1628 kKupEAeg
>ETmavaxpnoipgomoinon
OUXVOTATWY KABOe 2 KUYEAEC
>174 apy. AiauAoi/kKupéAn
>Zwvn L, 1.6 GHz
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HEOWYV KAl TWV
nPIaknNg HeTadoong

KuyeAwTra ovoTthpara
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HEOWYV KAl TWV
nPIaknNg HeTadoong

Infrared Data Adapter (IrDA)

> YTépuBpn akTivopoAia

> OTTIKA emtapn (A avakAaon)

> Aev diamepvd Toixoug

> T.X. ThAekovTpoA TV, IRD port

> YTdpxouv mpoTUTIA Yia TaxuTtnTteg 2.4 kbps,
115.2 kbps, 1.152 Mbps, 4 Mbps

> A=0.86 ym, via amoéotaon 1 m

AIKTUQ ETTIKOIVWVIWV



T, - - - - T '
> AT(GIT&liTC(I LUNXaviopocg via va ouvxzpoviZovml 0
TTOUTIOC Kdl 0 OEKTNG
> AUo AUoeIC
» Aouyxpovn Hetddoon

» 2.0yXpovh petddoon

AIKTUQ ETTIKOIVWVIWV



Aouyxpovn geradoon

> Ta dedopéva HeTadidovTal e XAPAKTAPEC, EvaAC
XApaKTAPAC kKABe popd
> b we 8 bit

> O xXpoviopoc xpeldleTal va didthpeital Hovo
Héoa o€ KABe xapakThpd

> ETtavacuyxpoviopoc pe kdBe xapakThpd

AIKTUQ ETTIKOIVWVIWV



Aouyxpovn peradoon

YV V V VY

2 € 0TaOepn pon, h améaTaon HeTall XapadKTAPWY givai
oHol10Hopyn (UAKOG Tou aToixeiou stop)

2.ThV KATdoTadon npepiacg, o 0EKTNG WYAXVEL yid
puetdpaon amo 1 o O

ToTe deiyuatoAapuPdvel Ta emopeva okTw O1ACTAKATA
(Hhkog xapakThpa)

2. Th oUVEXEId YAXVEL Yid Thv eTtodevn peTdpaon amod 1
mtpoc¢ O yia Tov emopevo XapakThpd

ATIAR

®Onvn

TTAcovaopoc 2 A 3 bit avd xapakthpa (~20%)
KaAr yia dedopéva pe peydAa keva (keyboard)
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Aouyxpovn HeTadoon

Bit dedopévwy

‘Hpepn Start

. Stop
Ypapun bit

bit

R, S, S, S, S, S S

i ! i |
3T/2ﬁTf T T T T T T

2 TIYHEC deiypaToAnyiac
Twv bit oTov déKTN
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AcoUyxpovn petadoon pe RS-232-C

TXD (Transmit Data) .
RXD (Receive Dat

oio [ ) =40
DSR (Data Set Read
I'simon

CD (Carrier Detect)

.
DR (D 0 ~
ald o

A ~Edl
RI (Remote Call Indication)

(ZuvdéovTal 4-9 ypaupéc)
Jo oo 0o 000600000 ¢]
140.0.0..00002/5%

Data

Circuit
Terminating
Equipment
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2. Uyxpovn peradoon

» Avdykn kaBopiopoU TnC dpxNAC Kai Tou TEAOUC
TNC opaddac

> Xphon evOEiKTN dpXNAC Kal TEAOUC

> TTio amodoTikA (HIKpOTEPOC TTAEOVATHOC) ATTO
Thv acuyxpovn

AIKTUQ ETTIKOIVWVIWV



2. Uyxpovn HeTadoon

» 2.Th ouyxpovh pyetadoon petadidovrdl Tio
Hakpl€C akoAouBicc amo bits mmou ovopdlovTai
TTAKETA.

> O 0EKTNG ouyxpovileTadl XpNOILHOTIOIWVTAC EITE
poAOI HeydAnc akpipeiac €iTe kKWOIKA
AauTOOUYXPOVIOHOU.

> H kwdikomoinon Manchester sivai évacg
TPOTTOC HETAOOONC TTOU OIEUKOAUVEI TOV
OUYXPOVIOUO.

» EowTepikd Ta gnvopaTa pmopoUv va TepIEXouV
XAPAKTAPEC N va Trepiéxouv bits Twyv omoiwv n
ohpacia mpoodiopileTal amd Th O£on Touc.
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Kwdikowoinon Manchester
AVTi va oTeiloupe

+ Tdaon
1 l -
0]
0 Xpovog
Téon oTeAvoupe
. I I I I I B
Oi
1Xpovoc_;

KepdiCoupe oe ouyxpoviopo. Ti xdvoupe;

AIKTUQ ETTIKOIVWVIWV



MeTadoon pe xapaktnpec R pe bit

>nuaia  AievBuvon EAeyxoc Acdopéva CRC  Znpaia
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TTapayépiopa He XapaKTAPEC

AIKTUQ ETTIKOIVWVIWV

DLE STX A DLE B DLE ETX
DLE STX A DLE DLE B DLE ETX
T~ Xapaktipac DLE
TIOU TIAapeMBAAAETAL
DLE STX A DLE B DLE ETX




TMapayépiopa pe bit

> 2.Thv geTadoon pe kaBopiopévn onpacia Tne ©€ong Twv
bits emeidh n akoAouBia bits Tn¢ onuaiac 01111110
utopei va oupPei katd TUxn, o oxnuartiopoc 011111
avTikaBioTraTtal tpokaraPoAikd pe Tov oxnpatiopé 0111110
TPIV TV ATTOOTOAR TOU TTAKETOU.

> H diadikaagia auth Aéyetai bit stuffing.

> Kard tn Alyn Tou TakéTou To TPooOeTo PNOEVIKO OTOV
oxnhuatiopd 0111110 amopakpuveTal tpoTou amodoOcei n
TTANPOYOPid TOU TTAKETOU OTOV TTAPAAARTITN.
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TMapayepiopya pe bit

2 npaia apxng

2 nHaia TéAoug

01111110

Koppéc¢ Tou mAaigiou

01111110

011011111111111111110010

011011111011111011111010010

T

Bit tou mapepuBaAAovtal

0110111111111111111110010
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