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Mepidnym

ZKoTOG TNG mapoloag SUMAWUATIKAG epyoociag elval n UeEAETN KalL n avdaluon twv
olyXpovwv Texvoloylwy mpocBaong kat Stadilktiou mou pnopolv va Bpouv edpapuoyn ot
éva E€umvo HAektpikd Aiktuo (Smart Grid) kabBwg kAl n  TMpooopolwon TNG
TNAETUKOLVWVLAKN G KIvnong evog TURHATog autol Tou SLkTtUou.

To «E€umvo Ailktuo» Yyevikd avodEpeTal OtV TPOOTABEld EKOUYXPOVIOUOU TOU
UTLAPXOVTOC NAekTpLKOU SIKTUOU KOl TN HETATPOTN) TOU OE €va HOVTEPVO, SLOAELTOUPYLKO
Siktuo ToU Ba EVOWUATWVEL TEXVOAOYLEC TTANPOGOPLWV KAl ETUKOWVWVLWY OTNV UTOSoUN
Slavoung evépyelag. Kuplo yvwplopa tng Aettoupyiag tou amotelel n apdidpoun por téco
NG eVEPYELAG 000 Kol TwV MAnpodoplwv. Ta €EuTva XapAKTNPLOTLKA TOU, TIOU eviomilovtol
o€ OAa TA OTASLO —OIO TNV MOpAywyn, Th UeTadopd Kot Tn Slavour €wg TNV KATAVAAWOoN
Kol TNV gumopia evépyelac— Ba kataotrioouv To Siktuo TLo amodotikd, eUpwato, PIALKO
mpoG To TeEPLPAAOV KoL €UKOAA OLOXELPIOHO, €VW TOUTOXpOVA OLEUKOAUVETOL N
mapakoAoUBOnaon Kot o €Aeyxog o OAa TOL CUCTOTLKA OTOLXELO TOU SIKTUOU.

310 TPWTo Kepalalo yivetal pla swoaywyn ota E¢umva Aiktua kol plo poomdBeia
opLopoU touc. Avadépovtal oL KUPLEG TIPOKANCELG TTOU aVTIUETWT{EL TO onUEPLVO bikTuo, Ol
omoieg TEIOUV TIPOC TOV EKOUYXPOVIOUO TOU Kol avaAUovtal To XOPOKTNPLOTIKA Tou
KaAeitol va €xel to peAloviikd Siktuo. To 8eltepo Kedolalo adopd TIG TEXVOAOYIES
ETIKOLVWVLWY TIOU UTTOPOUV va XpnotpomoltnBouv oto E€umvo Aiktuo. MNeplypddovral ot
TPoUTIOOE0ELG TIOU TIPETEL VAL TTANPOUVTAL OO TAL CUCTAOTA ETLKOVWVLWYV Kal eéeTalovral
oL texvoloylec, acUPUATEG KoL EVOUPUATEC, TIOU UMOPOoUV va ebapUocToUV o eDAPUOYEC
‘E€umvou AwktUou. 310 Tpito KepAAalo yiveTal ektevéotepn avadopad otnv texvoloyia PLC, n
ormoia eivat avaduopevn kat kepSilel ouvexwg to evdlodépov. To TETapPTo KeDAAALO
avadpEpeTal oTny enkowvwvia petafd ocuokevwv (Machine to Machine Communication), mou
pmopel eniong va xpnouomnotnBel oe €va E€umvo Aiktuo. To méumnto kedpdAhalo adlepwveTol
oto Awadiktuo twv Mpayudtwyv (Internet of Things), pia veogudbavilopevn oAAG TOANG
UTLOOYOUEVN TeXVoAoyia. 2To £kTo Keddlalo yivetal, os mepBarlov Matlab, mpocopoiwon
NG TNAETUKOWWVLAKNAG Kivnong mou efumnpeteital amo €vav €tumvo Spopoloynth.
Mapouolalovtal Ta AMoTEAECUOTA Yo SLAPOPETIKA OEVAPLO TIPOCOUOLWOoNG, OTou aAAleL
To oxnua petadoong, Kat afloloysital n cuvoAikr) emidoon Tou cuotnuatog. To Teheutaio
keddAalo amoteAel tov emidoyo TNG SUTAWMOTIKNAG epyacia, ekdpaloviag Ta YeEVIKA
OUUTTEPACHLATA TIOU TIPOKUTITOUV KAl TtpoTelvovTag Bépata PeANOVTIKNG EPEUVALG.

NE€erg kKAeldLa:  ‘E€umvo Aiktuo, Texvoloyieg MpooBaong, Emikowvwvieg Mpappwv loxvog
(PLC), Eupulwvikotnta oe Mpappég loxbog (BPL), Emkowvwvieg 2uokevwv (M2M), Aladiktuo
Twv Mpayudtwy, loT.






Abstract

The aim of this diploma thesis is the study and analysis of modern access and internet
technologies that can be applied in a Smart Grid, as well as the simulation of the
telecommunication traffic in a part of such network.

Smart grid generally refers to the modernization of the existing aging power grid, turning
it into a modern, interoperable network that integrates information and communication
technologies in the energy distribution infrastructure. Bidirectional flow of both energy and
information is its main feature. The smart characteristics, evident at all stages —from
production, transmission and distribution to consumption as well as pricing of energy— will
render the network more efficient, robust, environmental-friendly and manageable, while
facilitating the monitoring and control of all components of the grid.

The first chapter is an introduction to Smart Grid and its definition. The main challenges
today’s grid is facing, which are pressing towards its modernization, are mentioned and its
required features are analyzed. The second chapter covers the communication technologies
that can be used in a Smart Grid. It describes the conditions that must be met by the
communication systems and examines the wired and wireline technologies that can be
applied in smart grid applications. The third chapter is an extensive reference to PLC, an
emerging technology that gains more and more attention. The fourth chapter deals with
Machine to Machine communication (M2M), which can also be used in Smart Grids. Chapter
five is dedicated to Internet of Things (loT), a slowly emerging but promising technology. In
chapter six we perform, in Matlab environment, simulation of communication traffic flow
served by a smart router. Results for different simulation scenarios, where the transmission
scheme varies, are presented and the overall system performance is evaluated. The last
chapter is the conclusion of this project, expressing the general results and proposing future
research subjects.

Key words: Smart Grid, Access Technologies, Power Line Communications (PLC), Broadband
over Power Lines (BPL), Machine to Machine Communications (M2M), Internet of Things
(loT).






Evyaplotieg

Oa nBela va suyaplotiow Bepuad tov KUpLo ABavacto Mavayomouho, Aéktopa E.M.IM., yia
Vv avdaBeon autng tng SUTAWHOTIKNAG epyaociag. Akoun, Ba nBela va ekppdow TNV
dlaitepn euyvwpoolvn Hou otov Kuplo XapdAapmo MNnta, Atddktopa E.M.M., yla To xpovo
ToU, TO evlladEpov Tou Kal TNV MoAUTIUN BorBela kal kabodrynon Tou Katd tn SLapKeLa
€KTIOVNONG TNG epyaociag. TéAog, Ba nbela va suxoaploTiow LELAITEPA TNV OLKOYEVELA LOU
yla TNV evBdppuvon, Tn CUUMAPACTACh Kol T otneLEr Toug KaTA Tn SLapKela OAwWV auTwv
TWV XPOVWV.
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Kepdalaio 1:
Ewocaywyn ota Eévmva Aiktva - Smart Grid

Ta kUpla otolela €vOC OUOTAMOTOC NAEKTPLIKNG €VEPYELAG €lval n mopaywyn, n
petadoon, n Swavoun kot ta ¢optia. H evépysla mMOpAyeTal OMO HEYAAOUC KEVIPLKOUG
otabuolg mapaywyng kat tpododoteital oe éva Slacuvdedepévo Siktuo petadopdg
vPnAnG Taong. H petadepopevn MAVW amnod HEYAAEC ATTOOTAOCELG LoXUG petaBLBaletal, HEow
HLOG OELPAC UETAOXNUATIOTWY SLAVOUNG, OTO TEALKA KUKAWMOTO yla Tn OlOVOur oToug
KOTAVOAWTEG.

To Oiktuo petadopds NAEKTPLKNG eVEPYELOG £XEL TIPOOSEUTIKA avamtuxBel mavw amo
EVOV aLWVA, Ao TO ApXLKO OXESL0 TwV Torkwy DC SikTUwV XaUnARGg Tdong, ota TPLhOoIKA
AC biktua uPnAng t@ong Kot TEALKA oTa HOVTEpva oykwdn Sloouvdedepéva diktua pe
Sladopa enimeda taong Kot TOAAAMAQ, TOAUTTAOKA NAEKTPLIKA CUCTATLKA OTOLXELQL.

Ta onUeEPWVA CUCTAMOTA NAEKTPLKNG EVEPYELOC, TIOU HaC £EUTINPETOUV ylol SEKAETIEC,
otnpilovtal Katd BAon OTO OPUKTA KOUOLUA, CUMTIEPIAOUBAVOUEVOU TOU TIETPEAOU, TOU
avOpaka Kol Tou GpUOLKOU aePlou WG TINYEC EVEPYELOG. AUTA TA OPUKTA KaUGoLHa gival pn
OVOVEWOLUO KOl Ta amoBéuatd toug otn yn katavaAlwvovtal taxltato. H avaduopevn
EVEPYELOKN Kpilon KaAeL TNV MaykOoULa poco)n va otpadel otnv avelpeon EVAANAKTIKWVY
TINYWV €VEPYELAG TIOU WIMOPOUV va oTnpifouv pLo HOKPOTPOBeoun avamtuén tng
Blopnxaviag. Ol eVOANOKTIKEG TINYEC EVEPYELOCG TIOU €XOUV TIpoodloplotel mepthapupfavouv
TNV AlOAKN, TNV NALOKH, TNV TIAALPPOLAKK], TN YEWOEPULKN, TNV USPONAEKTPLKN EVEPYELA KOl
™ Blopala, ol omoieg ovopalovrtal emiong mpAotvn evépyela ylati dev ameleuBepwvouv
Sloeiblo tou avBpaka (CO,) otnv atpoodatlpa katd tn Stadikacio mapaywyng NAEKTPLKAG
evépyelaG. Ol QVOVEWOLUEG TINYEG EVEPYELOC ATIOTEAOUV ONMOVIIKA CUUITANPWHATA KOl
OVTLKOTOOTATEG TWV OPUKTWVY KAUGIHWY AOYyw TNG SLAPKELOG EKUETANNEUONG TOUG KOl TN
dAKOTNTA TTPOC TO TIEPLBAAOV.

Metaoyquatotic Metaoynuatotng “
avupweng Taang umofPaguod Taong ) - Ouwcuazxol
N » = ¢ : e
: ‘_a'. "_ £ ypnoreg
* <4 . ) ‘:l
MUPNVLLO ZPYOCTATIO w : r
- z h
. y ~VYY
"____A 3 "N Epnogooi
LJ. * .‘T_ 3 }‘ ypaarteg

o~

Bounyaviot
xorjotes

Napaywyn Aixtuo Metadopac ¢ Aiktuo Mavopnic

Ewova 1.1 ‘Eva napddetypa tov napadootakol NAEKTPLKOU SKTUOU
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H auv€avopevn ntnon yla nAektplkn evépyela, pali pe tnv moAumAokn ¢duon tou Siktuou
NAEKTPLKAG €VEPYELAG, €XOUV TIPOKAAEOEL cofapd mpoBAnuata oto Ndn KATAMOVNUEVO
Siktuo, omwg Slakomég pevpartog, Bubioslc TAong Kal umepdOPTIOELG, TO OTMOI UELWVOUV
ONUOVTLKA TNV TIOLOTNTA PEULATOC KAL TNV afloTiLoTia.

To undpyov Siktuo, Aoundv, Bpiloketal umd peydAn mieon amd T diddopeg MPOKANOELG
KOl OlVAYKEC TIOU TIPOKUTITOUV Ao To MePLBAANOV, TOUC KOTAVOAWTEG, TV ayopd aAAG Kal
and Bfpata TNg umdpyxouoag UTOOOMNG. AUTEC OL TIPOKANOELS KoL OvVAyKeG elval
TLEPLOCOTEPO ONUAVTLKEG Kal EMelYOUOEC amo MotE Kol Ba 06nyroouv to SiKTUo o€ eMEKTAON
OoAAQ KL O€ EVIOXUOHN TWV AELTOUPYLWY TOU TIPOG £EUMVATEPA XAPAKTNPLOTIKA, LE TN BonBela
TWV TaXUTATO QVONMTUCOOUEVWY TeXVOAoylwy. Mo va EEmepAooupe TETO TipoPARUATa,
TPOoERaAE pLa VEQ €vvola, EVOG NAEKTPLKOU SIKTUOU EMOUEVNG YEVLAG, Eva €Eumtvo Siktuo. H
otpodr oTNV aVATMTUEN TwV SIKTUWV PeTAPOPAG WOTE va glval TiLo EEumva €XEL CUVOTITIKA
oplotel wg “E€umvo Aiktuo”(Smart Grid), evw &A\eg ovopaocieg amotehouv ta IntelliGrid,
GridWise, FutureGrid, kArt.

Ta avapevopeva odpéAn amod £va ocUyxpovo nAekTplko Siktuo elval TOAAA KaBw¢ €va
£€unvo biktuo:

e BeATlwwvel TNV aLOTLOTIO KOL TNV TTOLOTNTA TNE EVEPYELAG

e  BeAtwotomolel tnv aflomoinon Twv EYKOTOOTACEWY KAl QTTOTPETEL TNV KATOUOKEUN
ededpkwv (yla poptia atyung) otabuwv mopaywyng NAEKTPLKNG EVEPYELAG

e  EvioyUel T XwpNTIKOTNTA KAl TNV amoSOTIKOTNTA TWV UTTAPXOVIWV NAEKTPLKWV
SkTO WV

e BeAtwwvel TNV avOektikOTNTA TIPOG BAAPEC/ SLAKOTIES

e EMITPEMEL TNV TTPOANTITLKI] CUVTHPNON KOl TNV QUTO-OIMOKATAOTOON OE TEPIMTWON
SL0TOPAXWV TOU CUCTHUOTOG

e ALEUKOAUVEL TNV gUPELla AVATITUEN TWV AVAVEWOCLLWY TINYWV EVEPYELAG
e  XpPNOLUOTIOLEL KATAVEUNUEVEC TINYEG EVEPYELAG
e  AUTOMQTOTOLEL TN oUVTHPNON KOl TN AeLtoupyia

e  Mewwvel TG ekmounég Slogeldilou Tou AvOpaKa eMITPEMOVTAG TN XPON NAEKTPLKWV
OXNMATWY KOL VEWV TINYWV EVEPYELAG

e Melwvel TNV KOTAVOAwWON TETPEAAiOU, HELWVOVIAG TNV OVAYKN YL OVETAPK
TLAPAYWYr KATA TLG TEPLOSOUG XPONG ALLXNG

e [apouolalel sukatpieg yia tn BeAtiwon tng aodpdalelag Tou SiKTuou

e Alvel Tn duvatotnta petapaong o plug-in NAEKTPIKA OXAUATA KAl VEWV EMAOYWV
armoBAKeLONG TNG EVEPYELQG

e Aufavel TIg eEMAOYEC TWV KATAVOAWTWY

e Alvel Tn duvatdtnta yla véa TPOIOVTA, UTNPECLEG KOL AYOPEG KOL ETUTPEMEL TNV
npooBaocn Twv KOTAVOAWTWY CE AUTA
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O 06po¢ E€umtvo Aiktuo bev €xel akplpn €vvola. H xpold tou pmopel va amodoBel amo
SLaPOPETIKEG OTITIKEG YWVIEG KOl N EPUNVELX TOU ATIO TOUG ELSLKOUG TwV Sladopwv mediwv
Tubavotata Ba Stadépel. Aladopetikol oplopol Tou EEumvou Siktiou mephappfdavouyv:

e H Eupwnaikn MAatpoppa Texvohoyiag ( European Technology Platform) 1o opilel
wg:

‘Eva ‘E€umvo Alktuo eival éva nAektplkod Siktuo mou pmopel £Eumva vol EVOTIOLNOEL TIG
6pAoelg OAWV TWV CUVOESEUEVWY OE QUTO XPNOTWV —TTAPAYyWYOoUC, KOTOVOAWTECG KOl 0LUTOUG
TIOU KAVOUV Kal Tto Suo— e OKOTO TNV amodoTiky Slavoun PLWOLUWY, OLKOVOULKWY Kol
aopalwv NAEKTPLKWV TTPOUNBeLwV.

e JUudwva pe to Tunua Evépyelag twy HMA:

Eva E€umvo Aiktuo xpnolwpomolel tnv Yndlakn texvoloyia yla va BeATWOEL TNV
aflomiotia, TNV aoddaAsla Kot TV OMOSOTIKOTNTA (TOCO TNV OLKOVOULK 00O Kal Tnv
EVEPYELOKI) TOU CUOTAUATOC NAEKTPLKAG EVEPYELAG —aTO TN UEYAAN Topaywyr], HECW TWV
OUCTNUATWY HETAPOPAC, £WE TOUC KOTOVOAWTEG— Kol €vav auéavouevo aplOpd pEowv
armoBAKeELONG KOL KATAVEUNUEVNG TIAPAYWYNG.

e e GAAn avadopd to EEunvo Aiktuo opiletat:

‘Eva E€umvo AIKTUO XpNOLUOTIOLEL ALoBONTNPEC, EVOWUATWUEVN enetepyaoia Kal PndLakég
ETIKOLWVWVIEG yLA VA KATAOTNOEL TO NAEKTPLKO SikTUO Mapatnerowo (Lkavo va UToAoyLoTEL
Kol va amelkoviotel), eAéyElpo  (Stoxelplowo  kat  wavo  va  PehtiotomnolnOei),
OUTOMOTOTOLNUEVO (LKAVO VO TIPOCOPUOOTEL Kal vo  auto-Bepameutei), mMARPWC
Slaouvbedepévo (MANPWG SLAAELTOUPYIKO UE TA UTTAPXOVTO CUCTAUATO KOL LE TNV LKAVOTNTA
VO EVOWHATWOEL £val SLadOopETIKO GUVOAO TINYWV eVEPYELAC).

ErutA£ov oplopol avadépovtal os éva EEunvo Aiktuo mou:

= JUVEMAYETAL TN UETATPOTN O€ £val LKAVO yla PLETASoon MAnpodopLwv Kal AKpwe
Slaouvedepévo SIKTUO HETAEY TWV KATAVOAWTWY KOL TWV TOPOXWV NAEKTPLKNG
EVEPYELAG, TTOU TIEPLKAELEL TNV TApaywyr, TN petodopd Kat T Stavoun.

=  Anuwoupysl v TMAQTPOpHA yla TNV OVATTUEN €EUTIVWV TEXVOAOYLWV TIOU
BeAtiwvouv tn dlaxeiplon poptiou kal tnv amnokplon Intnonc.

=  Oa KAVEL TO CUCTNAHOTA HETAPOPAC EVEPYELAG TWV XWPWV TLO amodotikd, Ba
evBappUlVEL TN XPAON AVAVEWOLUWY TINYWV EVEPYELAC Kal Ba TOpEXEL OTOUC
KOTAVOAWTEG KAAUTEPO €AEYXO TNG XPNONG KOL TOU KOOTOUG TNG NAEKTPLKAG
EVEPYELOC.

=  Elval plo akplpn poviepvomnoinon Tou NAeKTpKoU SIKTUOU Tou TepAaUBAVEL TNV
UTIOOTAPLEN TIPAYHATIKOU-Xpovou, apdidpoung PndLlakng emkowvwviog Hetagl
TWV ETUXEIPAOEWY NAEKTPLOMOU Kol TwV OAO KOL TILO GUVELSNTOTIOLNUEVWY
EVEPYELOKA KATAVOAWTWV.

= Eivat pa culoyn 18ewv/oxebiwv yla tnv mopoxr EVEPYELOG EMOUEVNG YEVLAG,
mou mep\apBAvel VEa oTolyela TTapoxng Loxvog, mopokoholOnon Kot EAeyyo os
OMO TO SIKTUO EVEPYELAG KOL TIEPLOCOTEPEC KOL TILO EVNUEPWUEVEC ETUAOYEG YL
TOUG KATOVOAWTEG.
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= Eival éva olyxpovo, BeATIwWHEVO, AVOEKTIKO KOl 0ELOTILOTO NAEKTPIKO SIKTUO TToU
otnpilel v meplpariovtikn Slaxeiplon, sival aoPaAEG, OLKOVOULKA OmoSOTIKO
Kal elvat £vag KUPLOG LOXAGG YLOl TNV OLKOVOLLKN oTaBepOTnTA KAl QVATTTUEN.

= Eilvat éva olyxpovo nAektplkd ouotnua. Xpnowlomolel  ooBnThpsg,
TapakoAoUOnaon, EMKOWWVIEG, QUTOUOTIOMO KAl UTTOAOYLOTIKA GUOTHMOTA yla
va BeAtiwoel tnv gueli€la, TNV aodalela, TNV aflomioTia KoL TNV amodotikotnta
TOU NAEKTPLKOU CUCTAMATOG.

= Elval plo urtodopr mou Sivel Eéudaon otov evepyo avti oTov mabnTiko EAeyxo.

Juvoyilovtag Kamoloug oplopolg, Ba Aéyape OtL o 6pog E€umvo Aiktuo avadépetal oe
€va TeAElWG EKOUYXPOVIOUEVO OUOTNUA NAEKTPLKNAG EVEPYELAC TO omolo mapakoAoubel,
npootateVel Kal BeATiotomnolel T Asttoupyla Twv SLAcUVEESEUEVWVY GE QUTO OTOLXELWV Ao
AKpO o€ AKpo. MPOKELTAL yLA L UTTOSOH TIOU OTOXO £XEL TNV vioxuon TNG amoSoTIkOTNTOG
KoL TNG O€LOTLOTIOG HMEOW QUTOUATOU EALYXOU, UETATPOTMEWV LUYPNAAG LoxUoG, cUyXpPovNg
SOUNG  ETKOWVWVLWY, TEXVOAOYLWV aLoONTAPWV/UETPNTWY KAl GCUYXPOVWY TEXVIKWV
Slaxeiplong evépyelag Baolopévwy otn BeAtiotomnoinon tne Intnong, T dlabsoipdtnTag tng
EVEPYELOL KOL TOU SIKTUOU K.d. To cuoTnua TEPAABAVEL KEVIPIKEG KOl KOTOVEUNUEVES
NAEKTPLKEG YEWNTPLEC HEOw Tou SIkTUOU UYPNANG TAoNG Kol cUOTNHA SLAVOUAG XAUNAARC
TAONG Ot BlOPNXOVIKOUC XPHAOTEG 1 CUOTAUATA OUTOUOTIOMOU OIKLOKWY KInplwv, ot
EYKATAOTAOELG AMOOAKEUONG EVEPYELAG KOL OE TEALKOUC KaTAVaAWTEG. To €€umvo Siktuo Ba
xapaktnpiletal and audidpoun pony NAEKTPIKAG evépyelag Kol TAnpodoplwv yla Th
Snuioupylo. €VOC OQUTOUOTOTIOLNMEVOU, EUPEWC KOTOVEUNUEVOU SLKTUOU  SLavoung
EVEPYELOG. EVOWHATWVEL 0TO S(KTUO TA TTAEOVEKTAUATA TWV KATAVEUNUEVWY UTTIOAOYLOTIKWY
OUGCTNUATWY KOL TWV ETILKOLVWVLWY, VLA TN HETOPOPA O€ TPOAYUATIKO XpOVo MANPOodOpLWV e
oKOTO TNV €€Ll0OpPOTINCN TN TAPOXNC Kal TNE {NTNong peVATOC

Mivakag 1-1 IUvropn olyKkpLon HETAEU TOU UTIAPXOVTOG KAl TOU £§UTTVOU SikTUOoU

Ynapxov Aiktuo ‘E§umnvo Aiktuo

HAgKTpOUNXAVOAOYLIKO Wndrakd

Movodpoun enkowwvia Audidpopn emkowwvia

Kevtpikni mapaywyn Kataveunuévn mapoaywyn

Alyol aweOntrpeg AwoBnTrpeg mavtou

Xelpokivntn mapakoAoubnon AuTto-tapakoAouBnaon

Xelpokivntn anokatdotoon/enavadopd | Auto-Oepamneia

BAGBEG KOl SLAKOTIEG PEVATOG MpocapuootikdTNTa KAl vholdonoinon
MepLOPLOUEVOG ENEYXOG Eig BaBog éleyyog

ALlyeg eTUAOYEC TWV MEAATWV MoAAEG ETUAOYEC TWV TEAATWV

1.1 TIpoKANOELC KAL AVAYKEG

Jtnv ovadopd [1] oL MPOOKAAOELG TTOU €XEL VO QVTLUETWIIOEL KAl Ol QVAYKEG TOU
peAovTIKoU €€umvou Siktlou petadopds cuvoilovtal o TEGOEPLG KATNYOPLEG.

a) MeptBaAdovrikéc mpokAnoeig. H mapadootakn mapaywyr NAEKTPLKAC EVEPYELAG, OVTAG
n peyaAltepn Snuoupynuévn amd tov avbpwro mnyn ekmounng CO,, mpémel va aAAGEEL
wote va apPAuvBel n kKApatikn aAlayn. MapdAAnAa, €xel TpoPAedOel avemapKeLd OPUKTWV
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Kavolpwy otig enopeveg Oekaetieq. Duolkeg kataotpodeg, Onwg BUeANeG, oslopol Kot
TUbWVEG UmopolV eUKoAO va KataotpéPouv to SikTuo petadopdc. TEAOG, o SLabBEoLpog Kot
KOTAAANAOG XWPOG yLa TN LEANOVTLKNA EMEKTACN TOU SIKTUOU £XEL LELWBEL SpapaTikd.

B) Avaykeg ayopdg/katavadwtwy. Xpelaletal vo  avomtuxBolv  oAOKANPWUEVEG
TeEXVOAOYLEC AslTOUpYLOG TOU CUOTAHATOC AN KOlL TIOALTLKEG YLO TNV QYOPA EVEPYELAC, WOTE
va otnpiouv tn Sladavela kal Tnv eAeuBepla TNG AVIAYWVLOTIKAG ayopdc. H kavoroinon
TWV MEAATWVY Ao TV KOTAVOAwon NAEKTPLIKAC evépyelag Ba mpemel va BeAtuwbel pe tnv
napoyxn udniol Adyou TOLOTNTOG/TIMAC KAl MeE TN SuvatdtnTa TWV KATOVOAWTWY va
oAAnAemiSpouv pe To Siktuo.

V) MpokAnceic Ymobdoung. H umdapyxouca umoSopn UeTaPopds NAEKTPLKAG EVEPYELAG
TepLEXEL oTolxela Tou yepvolv ypnyopa. Me tnv mieon twv aufavOopevwy OMALTHOEWY
doprtiou, n cupudopnon tou SikTUOU yivetal 6Ao Kal Xelpotepn. Ta ypriyopa epyaleia online
avaAuong, n eupeiag {wvng mapakoAouBnaon, oL LETPAOELG KoLl 0 EAEYXOC, KAL N ypriyopn Kal
oKpLBN¢ mpootacia Kplvovtal wg amapaitnta otolyeia yla va BeAtwdel n aflomiotia Twv
SIKTOWV.

8) Kaivotouec Teyxyvoloyieg. AmO tn pio TAEUPdA, OL KOLVOTOUEG TEXVOAOYIEG,
OUUTEPINAUPBOVOUEVWY VEWV UALKWY, TIPONYHEVWV NAEKTPOVIKWY LoXVOG KOl TEXVOAOYLWV
ETUKOWVWVLWY, OEV ElvVOL AKOUO WPELLEC 1 EUTTOPIKA SLABECIUEG yla TNV EMOVACTACH TWV
SikTOWV petadopdg. Amod tTnv AAAn, oto urtapyov Siktuo umdpxetl EAewdn cuppatotnTag yla
va 6exBel tnv edappoyn spear-point TEXVOAOYLWY OTA TIPOKTLKA SikTua.
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1.2 IMAioL0 KOL XXPAKTNPLOTIKA TWV EEUTIVWV SIKTUWV HETAQPOPAC

Jtnv kéva 1.3 mapouotalovral ta PBaclKA XOPOKTNPLOTIKA TTOU KOAELTAL va €XEL €val
€€unvo biktuo, ta omoia avaAvovral mopakdtw. Onwg daivetal, dtacuvdéovral e pia
OTEVH OXEON OUTIOU-ATIOTEAECUATOC TO €Val LE TO AANO Kal amoTeAoUV MPOKANCELS TTou Ba
npeneL va AndBolv coPapd untdPn Katd to oxeSLaopo evog eEumvou SIKTUou.

Bfvomuoria
Bedrioromoinen [Relebdty) o ..
[Optimization) [Stabifity}
Burpibe Mzrprrponra
[Security) [Memsurabdity |
e OMArt e
[ASTerRp .y [Controliabaity]
Grid
B 5 Eu=lafia
[Sustainabaity) [Rexibainy}
Buvtnprapétiza Khpsinsoar)
[Mmirvtmins by} [Scalability}

Puoyn MoB=gyotnrae
[Resifiency} | [Aveilsbifity)

Ewkova 1.3 To XopaKTnPLOTIKA Ko oL anattioelg evog E§unvou Siktbou

Aglomuiotia kat Evotaela (Reliability and Stability)

Me tov 0po aétomtotia ovadEPOUOOTE OTNV LKAVOTNTA EVOG CUCTILATOG N KAl OTOLXElwv
aUToU va eKTEAOUV TLG ATALTOUEVEG AsLlToupyieg utd Sedopéveg cuvBNKeC yLa KABOPLOPEVO
XPOVIKO Sltaotnua. H aflomiotio €xel éva XOPAKTNPLOTIKO QVOEKTIKOTNTAG. € YEVIKEG
VPOUMEG, €PUNVEVEL TN AELTOUPYLKA Uyela Kol Tto Pabud petapAntotntag OAou Tou
ouotAuarog. EmumAéov, mapouotdlel Tnv kataotaon vPnAng ocuvoyng, emavainuotntag
kal depeyyudtntag nmou to €€unvo Siktuo Ba dlatnprioel cUUPWVA HE OTIOTEAECUOTIKES
LETPNOELC KAl €KTIUAOELS. Me tnv aflomiotia amattoUpe ot PAABEC TOU CUOTHUOTOG Va
oupBaivouv Pe HKpn TUOAVOTNTA, EVW OE MEPLMTWON TOU KATL TAEL oTpafd, n enintwon
TOU OTO OUVOALKO oUOoTnUa va €elvol €AAXLOTN KoL TO OUOAELTOUPYLKO oTolkelo va
avtkataotadel ) emblopbwbei 6oo to duvatov cuvtopotepa. H aflomiotio e€aptdrtol ano
NV enitevén GAAWV KaBOPLOTIKWY TAPAYOVIWY, TOU TEPLYPAPOVIAL OTLG TOPAKATW
UTLOEVOTNTEG.

H evotadeia evog cuotiuatog kabopilel to eninedo aflomiotiog mou to xapaktnpilel. To
€€umvo SIKTUO TIPEMEL val eyyudTaL oTaBepdTNTA TNE TAONG KL TOU PEUHATOC, va Teplopilel
™ {ATNON apng Kot tn HetafAntotnta tou ¢optiou, e TNV eDAPUOYH KOATOVEUNUEVNG
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nAektpomnapaywyng (Distributed Generation - DG) kol anmoBnKeuon EVEPYELOG O UEYOAEG
EKTAOELG, KoL VoL amoKAeieL Sladopa avemBUUNTA TEPLOTATIKA.

Metpnopuotnta Kot EAsy§ipotnta (Measurability and Controllability)

H Siakomn umnpecwwyv Kot ot PAAPEG elval MEPLOTOTIKA COBAPA Kol UTAPXEL UEYAAN
muBavotnta va cuppouv. Eival onpavtikod va sival petpnotua kal eAéyéiua e tpomo wote
Va UITOPOoUV Va TIPAYHOTONoLNB0oUV OKOTILUEG EKTLUNOELS Kal aflodoynoels. To é€umvo Siktuo
elval oe Béon va evromilel kal va S10pBwVeL AEITOUPYLKEG SLATAPAXEC UECW SUVOULKWV
LETPOEWV Kol TapakoAouBnon mpaypotikol xpovou. MapdAAnAa, Ba mpénel va umapxeL
Kamolo¢ Pabuog mapatnpnolpotnTog Kal SladAvelOg HE OTOXO TNV QATMOTEAECHOTIKN
avaluon, Slaxeiplon, kabwg kal tnv TPOPAePn kat avtibpaon ot PeTABAANOUEVEC
KOTAOTAOELS Tou Siktuou. O mAoUtog TANnpodoplwv Twv SeSOUEVWY, TIOU OUGLAOTIKA
kKaBlotd to &iktuo €EuTvo TPEMEL €miong va €lval HETPAOLUOG, TAPATNPNOLUOG Kol
Slaxelpiolpoc.

Eueli€ia ko KAtpakwon (Flexibility and Scalability)

To 8iktuo Klveital amo Lo KEVTIPLK Sopr o TOANQTIAQ OTOKEVIPWHEVA HLKPOSIKTLUA
(Microgrids - MGs). H kAiuakwon tou £€umvou SIKTUOU €lval GNUAVTIKO v OpLOTEL KaAd.
Méow tng vnoldomoinong (islanding), ta pikpodiktua mpoonabolv va EVOWHATWOoUY TV
Kotavepunuévn mapaywyn (DG) kat tnv amoBnkeuon evEPYELAG YLO VA GUVELODEPOUV
EVEPYELO OTLG ETLYEIPNOELS KOWNG WHEAELAG O TTEPLOSOUC {TNoNG atXUng. H Aettoupyla tng
vnoldag elodyel pLa évvola eVvog YLyavtiou £EUTIVou SIKTUOU Ttou amoteAsital and moAanmAd
pUikpa £€umva Siktua. KaBe tomikd Siktuo Umopel va AELTOUpPYEL AUTOVOUO WG TIPOG TN
Awayxeiplon tng Zntnong (Demand Side Management - DSM), To HOVTEAO TOLOTNTOC KOl
aflomiotiag, tn Staxeiplon mpoBAnUaTwy Kal tn Slaxeiplon aodpalelag.

H eveAiia emutpémnel oto €Eumvo Siktuo va Tapéxel TIOANATIAEG EVAANAKTIKEG SLAOPOES
yla TN pon TNG EVEPYELAG KAl TwWV SeSOUEVWY, EVW EMIONG TTOPEXEL EMAOYEC Yl val ivat
£DIKTOG 0 £Aeyx0C KaL N Aettoupyio Omote xpeldletol. Oa Aéyape OTL MOPOUGCLATEL TEGOEPLS
TITUXEG: A) ETEKTACLUOTNTO YLot MEAAOVTIKN avamTtuén pe tn Sleloducon KAVOTOHWV Kot
SLaPOPETIKWY TEXVOAOYLWV TTAPAYWYNG, B) TPOCAPUOCTIKOTNTA OTLG TIOLKIAEG YEWYPADLKEC
TomoBeoisg Kal Ta KAWMOTA, Y) TIOAAATIAEG OTPATNYIKEG EAEYXOU ylA TO GUVIOVIOUO TWV
OTTOKEVTPWHEVWY CUCTNUATWY €AEYXOU OVAUECO OTOUC UTIOOTABUOUC Kol T KEVIPA
eAéyyou, &) ampookomtn cupPatotnta e Ta Siddopa OTUA AsLToupylog TNG ayopds Kot
plug-and-play wavotnta va ¢ulofevioel otadlakr avaBaduion, Pe cuoTaTikd UAKOU Kot
AoyLopkoU, Tng texvoloylag.

H gueliéla pmopel akopun va sdappootel oe éva oclvolo mpotumwv (standards) mou
AewtoupyoUv oto Siktuo, cupmephappavopévwy twv ANSI, IEC, PLC, wireless M-Bus kot
ZigBee, oUTw¢ wote va elval Stabéopa kat avaBabuiola og 6Ao Tov KOGHO.

AwaBsopdtnrTa (Availability)

H Stadeoiuotnta tng eVEPYELAG KAL TWV ETILKOWVWVLWV gival ouvowdng yla t™ IAthon
EVEPYELAG KOl TTANPOGOPLWY aTd TOUG KATAVOAWTEG Kot Baciletal otn Stabsouotnta twv
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6ebopévwv mou avtaAldaccovrtal oto Siktuo. O PBabudg SabBsowotntag mMOpwv TOU
amaltteital, el61KA Otav mpoKeLtal yla Bépata mou oxetilovral pe tnv kaduotépnon (latency)
N tnv aopdleta, sival uPnAog. Na mapASelypa, oTa CUCTHUOTA TPOOTACLAC KAl EAEyXOU
™G YPOUMNG N kaBuotépnon xpelaletal va €ival Tng TAENG Twv XWALOOTWV TOU
Sdeutepoléntou, alld pla eniBeon apvnong unnpeoiag (Denial of Service - DoS) umnopel va
erudelvwoel tnv enidoon Tou SIKTUOU KAVOVTAC TOUG servers 1 TIG UTtNPECIEG TTPOoWPLVA N
Sl1a0éolpes. O mAcovaouog (redundancy) Ba pmopolos va eival éva PETPO emiluong Tou
npoBAnuaroc. Qotdoo, N AMOTEAECHOTIKOTNTA Tou Ba e€aptnBel and to nweg Ba oxedlaotel
To olothua ywo va anodelyel TApAAMnAa To emakolouBo KOOTOC TNG UEYAANG
moAumAokotntag Siktuou, KaBwg Kat arod to B€pa TNG KALLAKWONG.

AvBektikotnta (Resiliency)

O BaBbuog tng aviektikotntag Kabopilel OGO TPAYUATIKA OafLOTLOTO €lval To £Eumvo
Siktuo otav cupBaivouv Siladopa mepLoTATIKA. Mevikd, To Siktuo Ba mpémel va eival os
B€on va mapEXeL NAEKTPLKN EVEPYELX OTOUG TEAATEG He a.odpANeLa KOl aflOTILoTIa TTaPA TOUG
OTIOLOUCONTIOTE €0WTEPLKOUG N e€wTeplkolg KvdUvouc. ESlka amd tn okomd Tng
aopAAELlag, N OVOEKTIKOTNTO QVATIAPLOTA TNV LKAVOTNTA OVAKTNONG KAl QIOKATACTACNG
LETA amo TI¢ onoleadnmote SlatapaxEg ) SUCAELTOUPYLEC, HEOw pLag eVpwaTng Stadikaciog
ypnyopng amoékplong. H kavotnta autr Tng auto-Oepameiag kablotd to SiKTuo LKavo va
enavanpoodlopiletal SUVOUIKA WOTE va OVOKAUPEL amd emMIOE0EL, SLOKOTEC PEVUUATOG,
duoIKEG KatooTpodEG, KAKOPOUAEG Spactnplotnteg kot PBAABEC TWV KOTAOKEUAOTLKWV
oTtolXeiwv Tou. Ta eUAAWTA NAEKTPLKA OTOLXELD €lval TILBOVOTATO Ol YPAUUEG HETADOPAS KAl
ol otaBuoli, ol peYAAeC HOVASEC MOpAYWYNG EVEPYELOG, KABWC Kal oL upnvikol otaBbuol pe
Slappor. ZxESla £KTAKING OVAYKNG OTALTOUVIAL YloL TNV OVTILETWION TWV TIOPATIAVW
SUGUEVWV TIEPLUTTTWOEWV.

Avvatotnta cuvtipnong (Maintainability)

H ouvtnpnoudtnta avtavakAd ouclaoTiKA T UHokpoBLoTnTo Kol tThv oflomiotia evog
OUOTAMATOC. ZUVNBwWG SeiyveL TNV LKOVOTNTA TOU VA EKTEAEL ATIOTEAECUATIKA KOl ATOSOTIKA
ML OElpA OpAoewyV yla gpyacieg ouvtnpnonc. Ol dladkaoieg mou yivovtal l6IKA KATd TN
ouvtipnon mepAopuPfdavouv TNV emBewpnon, TNV AVIIUETWILON TPOPRANUATWY KAl ThV
avtikatdotaon. To €fumvo Oiktuo Ba mpémel va oxeblootel pe TETOO TPOMO TMOU va
SLEUKOAUVEL TN ouvtpnon, £T0L WOoTe Ta dLddopa oToLKELA EVEPYELAG KAL ETILKOWWVLWV (TLX.
EYKOTOOTACELS, €EOMALOMOG, CUOTAUATA, UTIOcUOTAHATA, aoddAsia Ttou SlKTUOU Kol
Slaxeiplon) va emidlopBwvovtal ypriyopa Kal Le TPOTO OLKOVOULKA armodoTiko. Mapopoiwg,
n vdnAn amodotikdtnTa epyatowpag, KabBwG Kol Twv epyaleiwv Kal Tou efomAlopol
amoteAel onUOVTIKO TTapdyovTa yla To cUCTNA CUVTAPNONG Tou SIKTUoU.

Buwowpotnta (Sustainability)

H avodoc tg avnouyiag yia to meptBallov alld Kal ot kivbuvol amo t {ATtnon oypUng
kaBlotoUv Kpiown amaitnon ywa tn Asttoupyia tou £Eumvou SiktUou petodopds Tn
Biwoudtnta, n omoia MAPOUCLATETAL WG EMAPKELA, ATOSOTIKOTNTA KAl GLALKOTNTA P0G TO
nieptBarlov. H av€non tng INtnong yla NAEKTPLIKA evépyela Ba mpémel va LkavomolnBel pe
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™V £dapuoyrn MPOOCITWY EVOANAKTIKWY EVEPYELAKWVY TIOPWV, TV avfnon £€olkovounong
EVEPYELAG HEOW TNG TexvVoAoyiag otn Aettoupyia TOU CUOTAUOTOG TTOPOXNAG KAl LETPLACUO
™G oupdopnong diktuou. OL KOLVOTOWEG TeEXVoAoyieg ou Ba xpnouomnotnBolv Ba TpEmel
va TIPOKAAOUV ALlyOTEPN LOAUVOH 1 EKTTIOUIEC KOl va elval ameapTnUEVEG amo Tov avpoka,
Aappavovrtog umtoPn TG mePLBAAMOVILKES Kol KALLOTIKEG OAAAYEC.

AwaAettoupyikotnta (Interoperability)

H amodoTtikoTnTa Kol AmoTeEAEGUATIKOTNTO TG CUVOALKNC emidoong Tou cuotriuatog Ba
e€aptnBel katd KUpLO AOYO amd TN SLHAELTOUPYIKOTNTA TIOU TOPOUGCLAleL n umodoun. Ta
KOTAOKEUQOTLKA oTtolxeio Tou €€umvou Siktlou mpolmoBEtouv Ty UMapEn evog cuvoAlou
KOWVWV Kol SLOAEITOUPYIKWY TIPOTUTIWY YLa T S1oioUVEEDN TOCO TNG EVEPYELOG OGO KOL TWV
ETUKOWVWVLWY. AUT n SuvatotnTa amalteltal KOTtd TNV EVOWHATWON Kol oUYKALoN
S10pOpwWV  TEXVOAOYLWY KOl TIPWTOKOAWY EMIKOWVWVLWY, TIPOKEIMEVOU Vol Yivovral
KOTOvoNtd TO v OTO0 AAAO Kal va TtapEXouv abLAAeuttn PeTadopd €eVEPYELAG KO
Sebopévwy. AdE€la aAAnAemibpacn kal evomoinon UeTay twv molkNopopdwyv pepwv Ba
emPBpdaduve to XpOVo amokplong kKat Ba umoBabuile T AslToupyiot TOU OUVOALKOU
oUOTNUATOC KABWC KoL TNV armodoTikoTnTa.

Acddlela (Security)

H évvola NG aopdAsiac ameuBUveTol OTI SUCAELTOUPYIEC TOU OCUGCTHUOTOC TIOU
odellovtal o avBpwmva aitla, ONMwWC EOKEUMEVEG ETOLOELG KAl U £EOUCLOSOTNUEVES
tponononoel. Mia aodalic kat oiyoupn ouvdeolpudtnTa UETAy TPounBeutwv Kot
KOTOVOAWTWY TIOPEXEL TIPOOTOCIA YLa TIC KPLOLUEG eDAPUOYEG Kol Ta deSopéva alAa Kot
QLUVECG eVAVTLO OE TAPAPLACELS TNG aoPAAELaG. Alddopa UTIAPYXOVTO HETPA KoL EPYAEia
aodaleiag amoteAoUV OTOLXELWSELG AMALTAOELG yLa TO £EUTIVO SIKTUO, OTIWG TA CUCTHUATA
Firewall, ta cuotiuata avixveuong kat anotponic eloBoAwv (IDS/IPS), Ta EKOVIKE LOLWTIKA
Siktua (virtual private network - VPN), ta elkovikd tomika diktua (virtual local area network-
VLAN) Kat 0 éAeyyxog mpocBaong.

BeAtiotonoinon (Optimization)

H BeAtiotomoinon tng Aettoupylag kot Twv otolyelwv evepyntikol Tou €EuTVoU SIKTUOU
elval emutaktiky avaykn. Mrmopel va emteuxBel pe t Ponbela Twv TPONYUEVWV
TEXVOAOYLWV Kal Twv £EUTIVWV NAekTplkwY cucokeuwv (Intelligent electronic devices - IEDs),
KaBw¢ kot pe egudun Slaxeiplon Kol QUTOUATIONO, €ELOOPPOTWVTOG TAUTOXPOVA Lo
niowkthopopdio petafAntwyv kal tradeoffs. To €€umvo Siktuo kaAeital va BeAtiotomotnBsi
oUpdwva pe 6poug a) alomiotiag TNG MaPoxXng NAEKTPLKAG eVEPYELAG, B) aAmoSoTIKOTNTOC
LLETATPOTING KOL XPAONG TNG EVEPYELAG, V) TIOLOTNTAC TIOPOYWYAC KoL SLaVOUAC evépyelag, 6)
SlaBeopdtnTag ya tn petodopd evépyelag Kol SeSopévwy, €) AMOTEAECUATIKOTNTOC Kol
okp(Belag Twv SeS80UEVWV KOL TWV ETILKOLVWVLWY, OT) XPOVIKNG amokpLong kat Staxeiplong
odaApdtwy, {) OLKOVOULKO KEPSOG. Ev Tw petafl, n peiwon tou kdotoug Kedpalaiou, n
ToAUTIAOKOTNTO TOU SIKTUOU KAl N Xpron Twv MopwV ival amodpaoLoTikn onpaciog yla to
€€unvo 6iktuo mou Ba avamtuxBel otnv mpagn.
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EkTOC amnod 6oa amelkovilovral Kol avaAlBbnkav mapandvw, we EMMAEOV BLOTNTEG EVOG
peAovTikoU €€umvou Siktuou Ba UmopoUcaE VA CNUELWOOULE Kal To £ENC:

Wndronoinon (Digitalization)

To €€unvo biktuo Ba xpnotomolel pa povadikn, Ynolakn mAatdpopua ylo ypriyopn Kot
aflomiotn avixveuorn, HETPNON, EMIKOWVWViA, UTIOAOYLOUO, €AeyX0, TIPOOTOCIA, ATIELKOVLON
Kal ouvtnpnon oAOKAnpou Tou ouoThUato¢ UeTadopdg. Mpokewtal ylo BepeAlwdeg
XOPAKTNPLOTIKO TIou Ba SLEUKOAUVEL TNV UAoToinon AAAwWV €Eumvwv AEltoupylwv. Auth n
mAathopua xapaktnpiletal amd ALK TPOC TO XPAOTN QIELKOVION Yl EVNUEPWON
guailodONTWV Kataotaoswv al\a Kal ano uPnAr avoxn npog avBpwrmoyevn Aaon.

Eudvuia (Intelligence)

Eudueic texvoloyieg kal avBpwrivn texvoyvwoio Ba evowpatwbolv oto £Eunvo SikTuo
petadopdg. AuToO-emiyvwon TNG Katdotaong Aswtoupylo¢ Tou ouothpotog Ba  eival
SlaBéoun pe tn PBonbela online avaiuong oto medio Tou xpovou, OMWG avAAUCN TNC
otaBepdtnTag Tdong/ywviag kal tng aocdalelag. Oa umapxel, eniong, auto-Oepansia yla va
EVIOXUOEL TNV aodAAsld TOU OSIKTUOU HETAPOPAC HECW OCUVTOVIOHEVWV OXNUATWV
TpooTaciog Kot EAEy)OU.

Npooappoyn (Customization)

O oxedlaouog tou £umvou Siktuou petadopdg Ba ival, yia tnv eukoAia Twv popLwv
EKUETANMEUONC, TIPOCUPHUOCUEVOG OTOV TIEAATN, XWPIC Vo XAVEL TIC AELTOUPYIEG TOU Kal TN
Slalettoupykotnta tou. Emiong, Ba efumnpetel Toug MEAATEG TAPEXOVTOC TIEPLOCOTEPES
ETUAOYEG KOTAVAAWONG EVEPYELOC Yo Evav unAdtepo Adyo motdtntog/Tung. To £umvo
Siktuo Ba ameAeuBEPWOEL TEPALTEPW TNV AyOPA EVEPYELAG LE TNV aufnon Tng dtadavelag
kat tn BeAtiwon Tou avtaywviooU yLa TouG CUMUETEXOVTEG OTNV OYOpPd.
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Kepdalaio 2:
Texvoloyisg emikowvwviwv kat 'Eévmvo Aiktvo

‘Eva emikolvwvLoko cuotnua eival to Bactkd otolyeio yia pia urtodoun €Eumvou Siktuou.
Ma va MEeTUXOUUE autn tnv £€Eumvn cupneplpopd tou, Ba xpnolpomolnbolv MPOoNYUEVES
TeEXVOAOYIeC Kal edpappoyEéC amd TIC omoieg Ba mopdyetal €vag MOAU UeYAAOG aplBuog
S6ebopévwy, Ta omola pe TN oglpd Toug Ba SlatiBevral yio mepattépw avaiuaon, EAeyxo Kal
efumtnpétnon twv Sladopwy AEITOUPYLWV. JUVENTWG, £LVOL KPIOWIO YLl TIG ETLXELPNOELG
Kowng woéAelag va mpoodlopioouv TLG AMOLTAOELG YLA TIG ETILKOWVWVIEG KAl va Bpouv Tnv
KOAUTEPN emikovwviakn doun mou Ba xewpiletal Ta mapayoueva dedopéva kal Ba mopEXeL
a€Lomioteg, aopaAEiG KOL OLKOVOULKA amOSOTIKEG UTtNPECieg oe OAOKANPO TO cUOTNUA.

Tnv emkowwviakr Sopn €vog €EUTvou nAekTplkoU SIKTUOU ouvBEtouv otnv oucia
Téooeplg Topeic Siktvwong: o mupnvac (core) i arwg kopuog (backbone), o touéac
ueoaiwv pliwv (middle-mile) n backhaul, o touca¢ tedevtaiwv udiwv (last-mile) n
npooPaon/dlavopur] (access/distribution) kaBwg kat ta ormitia kat Ta ktripta (Premises Area
Network). To oxnuo Seixvel ta TUMKA emineda emkowwviwy ylo ta €€umva Siktua. Ot
Té00oEPLG TOElg, TTou Slacuvdéovtal o €vag e Tov dAlov, unootnpilovtal ano Sladopeg
TEXVOAOYIEG KOL OCUYKEVIPWVOUV OUCLACTIKA TNV ETUKOLWVWVLAKN UTOdoWr Tou €Eumvou
Swktvou.

Tonog Mixtiou: Premises Area Network (PAN)

KéAugn: Krrjpla mehardyy, Blopnyavikol topelg, xaravepnuévol evepyelaxol mopot
Edappoyd: Autopatiopds ommuav/kmnpiwy

Texvooyleg: WiFi, ZigBee, HomePlug, 6LoWPAN, WirelessHART, ISA100.11a, k.T.A,

Tomog Awtiou: Last mile - Neighborhood Area Network (NAN), Field Area Network (FAN),
Advanced Metering Infrastructure (AMI)
Kahupn/Edapuoyi: H dxpn Tou SixTioU EVEPYELaE TIPOG TOUG SUYKEVTPWTEG BESOPEVWY
TOU ELUnvou SIKTUoy
Texvohoyleg: WiFi, WIMAX, GPRS, 3G, LTE, Fiber, BPL/PLC, Mesh RF, k.t.A

Tonog Awtiou: Backhaul

KaAun/Edappoyd: Iuykevtpuréc Efunvou Sixtdou mpog autopanopud uroataBpol/
Sravopris, ouothqpuara eAdyyou, Evpulumkr cuvdeopdtnra

Texvoloyteg: WiMAX, 3G, LTE, Fiber, mm-Wave, BPL, x.T.A.

== |
~ Timog Atdou: Core/Metro

{ " KdAun/Edappoyd: YrootaBpoi mpox tig £5pec twv EMyEpnoewy Kown g wheAewas,
ﬁ% | 18uwtd Siktva

. Texvohoyleg: SONET/SDH/DWDM, IP/MPLS, Ethernet, Aopudopikés emkowwvize, K.TA,
-

Ewova 2.1 Ta oTpwpaTo EMKOWWVLWY EVOG EEUTvou Aktuou

To &iktuo mupnva otnpilel ™ ouvdeon HeTAlU TwV MOAUAPIOUWY UTIOOTABUWY Kal TWV
e6pwWV TWV emyelpioswy Kowng wdéAetag. To diktuo WAN amattel uPnAn xwpntikotnta
kal SwaBeouotnta elpoug Twvng yla va dlaxelplotel ta “Bouvd” dedopévwv Tmou
petadEpovral ano aAoug Topelg, kabBwe Kal amnd Toug moAamAoUg pecolafntéc. To Siktuo
KopUoU glval cuvBwE XTIOUEVO OE OTTTIKEG LVEG.

27



O topéag peocaiwv pAiwv ouvdéel Toug ouykevtpwteg dedopévwy oto AMI (Advanced
Metering Infrastructure) pe TOV QUTOUOTIONO UTTOOTAOUWY/SLAVOUNG KOL TA KEVIPA EAEYXOU
TIOU oXeTLlovTal HE TN AELTOUPYLA TWV ETIXELPNOEWV KOWNG WdEAELOC. AUTOC O TOPENC OXL
LOVO XPELATETAL VO TIOPEXEL EUPUIWVLIKA HECQA, AAAG ATALTEL N EYKATAOTAGCN TOU SIKTUOU TOU
va eivat 600 to duvatov o eUKOAN Kol arnoSoTIK OKOVOULKA. ETmAgoy, ol SladpopEg Kot
oL ouvbéoelg Péow Twv omolwv Ba péouv ta Sebopéva TMPEMEL va elvol UEALIKTEG Kol
adldAeuntes. To O ONMOVTIKO €lval n ouvoAlkn amédoon va eivatl poBAEPLUn yla TtV
agloniotn petadpopd Sedopuevwy TPV TNV L0060 0TOV KOPUO.

O topéag teheutaiwy HAlwv KoAUTTel T eploxeg tTwv FAN/NAN kot AMI kal eivat
umevBuvog T0o0 yla Tt culAoyr SeSoUEVWY aTO TOUG €EUTIVOUG LETPNTEC OCO KOl yLo TN
HETAdOPA TOUG OTOUG OUYKEVIPWTEC. YTAPXEL TOLKIAIO aoUpUATWY Kol EVOUPUATWY
TEXVOAOYLWV TOU €ival SlaBgotpeg yla va ebappootolv OToV TOUEX AUTO, oL omoleg Ba
TPETEL OUWC VA TTAPEXOUV EUPUIWVLKI TOXUTNTA KOl aodAAELA.

To Siktuo Twv KTtnplwv Kepdilel peyoAlTeEPN TTPOCOXA OVTOG O TEAEUTALOC TOUEAG TOU
€€umvou Siktuou. OL Texvoloyieg emikowwviwy Tou umootnpilouv Home Area Networks
(HAN) kaBwg Kot Tov OXETIOUEVO QUTOUATIOMO KTnpiwv Ba Baclotolv katd KUpLlo Adyo ota
npotuma |IEEE 802.15.4, IEEE 802.11 kat PLC. H Slaxeiplon tng evEpyeLlag Tou omitiov ou Ba
oupPaivel ota HAN Ba puBuilel apketa otolyeia, onmweg Bepuootatsg, HVAC (B€puavaon,
e€aeplopO KOl KALUATIOUO), €EUTIVEC OUOKEUEG, €AeyX0 GWTLOUOU, OLKLOKO OUTOUOTIOUO,
PHEV/EV ( Plug-in Hybrid Electric Vehicle/ Electric Vehicle) kat DG. H cuAloyr kot petodopd
Sebopuévwy amo autdv Tov TOUEQ TIPEMEL va xapoaKktnpilovtal and otabepotnta, akpifeia
Kol aodAAeLa.

2.1 [IpoimoB£0ELC YIX TO GUGTHA ETKOLV®VLOV

Ta Kat@AANAa emikowvwviaka Siktua yla epapuoyEg Slaxeiplong eveépyelag xpelaletal va
TapEXOUV LOLALTEPOL XAPOAKTNPLOTIKA KOl UTINPEGCLEC, TIOU elval oteva cuvdedepéva e TIG
amaltioelg tng epappoyng kat ta Staxwpilouv ano aAla Siktua.

1. H vgnAn aéomiotia kot StadsoluotnTa lvol TUTILKEG OMALTAOELS OXeOOV yla KAOe
olOoTNUA emkowvwviag. Asdopévou OtL Ba Slacuvdéstal €vag pLeyaAog aplBUOC CUCKELWY
kat Ba xpnowuomololvtal SladopeTikEC Texvoloyieg emkowwviag, n Sloodpdlion tng
aflomiotiag evog TETolou etepoyevolg Kal peydlou Siktiou Sev elval TETPLUUEVN UTLOBEON.
AKOuUn, oL KouPoL mpémel  va elval MpoomeAdool UTIO omoleadnmote ouvoOnkeg. Evw
ouvNBwg autd bev eival mMpoPAnuo o éva evoupuoto Siktuo, UmMopel vo amoteAéoel
npOKANoN yla aoUppateg | powerline umtodopeg, ylati o KavAaALo eMKOWVwViaG UMopel va
oAAdgouv katd tn Sldpkela TNG Asttoupylag. Ztnv e8IKA MEPIMTWON TWV CUCTNUATWY LECW
VYPOUUWY NAEKTPLKAC Loxuog (powerline systems), plo tétola adAayn prmopel va sloaxOei
kata tn Slaxeiplon tou Siktuou Slavoung to omoio sloopponel To doptio Katavalwong
evEpyelaG oto SIKTUO NAEKTPLKAC evépyelag, LOlwg oto eminedo péong taong. OL Spaoelg
HETaywyng ekvolv péow Sladopwv SCADA cuoTNUATWY Kal ouoThpAtwy eléyxou (A
OKOMA KoL XELPOKIVNTA) XPNOLUOTIOLWVTAC CUYKEKPLUEVA TIPWTOKOAAQ EmKOWVWVIAC, Ta
omoia dev pmopolVv va tpomomnolnBouv. Q¢ ek ToUTOU, 8EV UTAPXEL GECOG TPOTOG va
evnuepwBel to olotnua Slaxelplong TNG EMLKOWVWVIOC OXETIKA HE TG dAAOYEC ToTtoAoyiag.
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AOyw autoU, To (6lo To cloTnua emikovwviag Ba mpémnel va oxedlaotel £T0L wote va gival
geUpwato.

2. H auvtéuatn biayeipion twv mAcovacuwv (redundancies) oxetiletal otevd pe TNV
nponyouuevn mpolndBeon. Kabwe peplkeg edbapUoyEG eival xpovo-kplolueg (time-critical),
Ol TIPAYHOTLKOU XpOVOU LOLOTNTEG TOU SIKTUOU TIPETEL va SlatnpnBolv akoua Kal KoTd TIG
oAAayEg tomoloylag. Onwg npoavadEpdnke, ol aAlayeg autég 6 Ba mpémel va BewpnBolv
WG EKTOKTEG KOTAOTAOELG TToU odeilovtal oe cuvBrnkeg opaipatoc, aAlad epdavilovral katd
TNV Kavovikn Aeltoupylia.

3. YYnAn kaAvyn kat anootaoceic. Npodavwe, oL KOUPoL mou Ba cuvdéovtal HECw TOU
SIKTUOU ETIKOLVWVLWY £lval Slavepnpévol os Lo eupeia meploxr). To cUCTNUA EMLKOWVWVIOG
TPETIEL VA €lvall, AOUTOV, EUPEWC SLABECLUO KAl LKAVO VA TIOPEXEL LEYAAN KAAUUN.

4. Meyaldoc aptduog twv kouBwv emntkotvwvioag. Av uTIOBECOUNE OTL Elval cUVOESENEVO(G
HOVO €VOG METPNTNC EVEPYELNG OVA KATAVOAWTH, €voC MPWTELVWV OTABUOG pTopel va
edodldoel £wg Kal SeKASEG XIAMASEC KOUPWY, LOLWG OE MEPLOXEG UE HEYOAN OUYKEVIPWON
TIOAUKOTOWKLWY. Mapotl to TMoKETA evtoAwv Kot Sedopévwv eival ouvnBwg HIKpd, O
OUVOALKOC OyKoG SeSopEVWVY TIPOC LETAS00N 0To SIKTUO Elval oUCLAOTIKOG Kal N emLBapuvon
NG emikovwviog (communication overheads) umopei va yivel {tnua.

5. KataAAnAn kaduotépnon emikotvwviag (delay) kot amokpion tou ouotruarog. H
Slaxeiplon tng mowotntag umnpeoiag (Quality of Service - QoS) xpeldletal va ppovtiost yla
Sl1adopeg katnyopieg Sebopévwy, Omwe OSedopéva peTprioswv, eAéyxou, n dedouéva
ouvayepuoU. To cUOTNUA ETILKOWVWVIAG TIPETIEL VA UTTOOTNPLEL TNV OMALTOUMEVN TTOLOTNTA
uTinpeoiag yLa kabe edpappoyn. 16laitepn onpacia anattovv ta Kpiowoa Sedopéva, Ta onola
npénet va mapadoBolv aueoa. Etol, (owc xpelaotel va npofAedBel yla tn petadoon éva
KaVAAL yla ypriyopa yeyovota, Omwc TAnpodopieg ylo tnv Katdotacn tou SKtuou N
ouvayepUol oo ToUC HETPNTEC OTO onUEeilo EAEyyou.

6. Aopalela emikowvwviag. Ta Sedouéva mou oxetilovtal Pe Tn OLOVOUN EVEPYELAG
Bewpouvtal kpiowa, WLlartépwg otav oxetilovtal pe BEpata THoAdynong  eAéyxou tou
NAEKTPLKOU SikTUoU. Ma to Adyo auto, n achoAng emkowwvia gival onuavtikn. Epguveg
METAEL TwV emXelpnoswv Kowng woehelag €dstav OtL n akepalotnTa (OxL KaKOBOUAN
Tpomnomnoinon) kat n avBeviikdtnta (6nAadn n mpoéAeuon Kal Ta Sikolwpata TPOcBacng
glvatl eyyunuéva) eival ot o onpavtikol otoyxol yla tnv acdarsia Twv SIKTUWV SLOVOUNG,
£VWw To B€pa Tou amoppntou Sev Bewpeital mpwtelov {ATNUA.

7. EukoAia eykatactaong kat ouvtnpnonc. MNa kaBe katavepnuévo ouoTnua
ETUKOWVWVIAG, TTPEMEL va £XeL yivel mpoPAsdn yla pnxaviopolg mou SleukoAUvouy OxL Hovo
™V apxlki sykatdotacn, oAl 6lwg tn ouvtipnon t™¢ UToSOUNAC Katd TN SLapKeLla TNG
Aewtoupylog. XapaKTnpLOTIKA OTWE O EVIOTILOUOC OPAALATOG KOL N AVAAUOT TNG KOTAOTACNG
odAApoTog, n  eUKOAN evnUEPWON TWV EMIXEPAOEWY KAl TOU AOYLOMKOU Kal
QTTOAKPUOUEVN pUBLILON TWV TTAPAPETPWY Elval oucLwdn.
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2.2 TlpokAnoelg

H peyoAUtepn mpokAnon yla thv Texvoloyla Twv EMIKOWWVIWV E€lvol vo TOPEXEL
gupwota, aogdpaln kal SloAeltoupyLka Siktua.

e AlaAettoupyikotnta: To E€umvo Aiktuo Ba cuvlEel éva PeydAo 0plOUO OTOXELWY o
oavopola Siktua petadopdg Kot SLAVOUAC, TINYEC TAPAYWYNG Kal KATAVOAWTEG. MNepaltépw,
1o E€umvo Ailktuo Ba amoteAeital armd ETEPOYEVELG APXLITEKTOVIKEG SLKTUOU, TEXVOAOYIEG Kol
npotuma. Ma mapddelypa, Ukpng epBéletag aclpuata (.. Bluetooth, UWB, Wi-Fi, ZigBee)
kot evoupuata Siktua (m.x. PLC, Ethernet) unopouv va xpnotpomnotnBolv yla tn dtacuvdeon
OUCKEUWV O€ TOTIKO eminedo (M.X. yla MOPOXN EMIKOWWVLWY YL OLKLOKO QUTOUATLOUO,
€€umvn UETPNON, OUTOUATIONO UTIOCTOBOUWVY f ylO CUCTAUATA €AEYXOU TNC TOPAYWYNC
LoxVUoG), evw ol KuPpehwtég (m.x. GPRS), oL 4G texvoloyieg (m.x. 802.16m kal LTE) i ot
evoUpuaTeG eUpUIWVIKEG (.. XDSL, HFC, FTTH) umopouv va xpnotpomnotnBolv yla Siktuwon
gupelag meploync. H emiteuén tng SLAAELTOUPYIKOTNTOC TWV CUCTNUATWY ETMLKOLVWVLWVY KOl
TWV QPXLTEKTOVIKWVY TIoU umtootnpilouv ta E¢unva Aiktua amattel cupdwvia wg mpog tn
Xpnon, Ha eppnvela twv Slemadwyv Kol TwV UNVUUATWY TIoOU WImopel va yedpupwoel
OPHUOVLKA TO SLOPOPETIKA TIPOTUTIOL KALL TLG TEXVOAOVYIEG.

e Acdalela Kal EUMLOTEUTIKOTNTA: TO EEumvo Aiktuo ol Asttoupyiec tou SiktUou
EVOWUOTWVOUV TeXvoloyle¢ mAnpodopwwv kat emkowwviwy (ICT — Information and
Communications Technologies) yla va S1eUKOAUVETAL N ATOTEAECUATIKI TTApakoAouOnaon, o
€Aeyxog Kal n Slaxelplon Twv cuoTNUATWY, TAvw amo apdidpoueg eVl emikovwviag
(. ot £€umveg peTpnoelg, otn Olaxelplon evépyelag Kinpiwv Kol os £hOpPUOYEC
e€loopponnonc doptiou). O kivduvol acddalelag ota EEumva Aiktua v mpogpyovtal amAd
and UOLKA TPWTA onueia, OMwWE otnv TEeEpPIMTwon Twv MapaAdOoLOKWY SIKTUWVY, OAAG
oUVOEOVTaL KAl HE T CUOTAKATA EMLKOWVWVLWV. Noapouctdletal n Suvatotnta os eloPoAeig
VO XELPLOTOUV UTINPECLEC O€ OTUTIA KOl ETIXELPNOEL OQUTOKTWVTAG, Yl TAPASELYUA, TOV
ENeyX0 TWV £EUTMVWV LETPNTWV Kal Slatapaccoviag TN e¢looppdnnon Tou ¢poptiou e TNV
Eadvikn abénon N peiwon tng INTnong evépyelag. Q¢ ek TOUTOU, T SIKTUA ETLKOWVWVLWV
€vog E€umvou ALKTUOU amaLTOUV OUGCLOOTLKA TIPOANTITIKA PETpa aoddlelag. Eva akdua
ONUOVTIKO onpelo eival To B€pa tou amoppntou, Wiwg avadopkd pe Ta dedopéva tng
XPNong evépyelag Tou Kabe katavalwth, autd SnAadn mou cuAAEyovTal amod TouG EEUTIVOUG
METPNTEG. Av Kol Ta SeS0UEVA TTIOU TIPOEPXOVTAL QMO TOUC aLoONTPEG KAL TOUC METPNTEG Ba
propovloav va wpeAoouV Kot MOAU TG Asltoupyleg Tou SIKTUOU yla TN BeATLWHEVN
amodoTIKOTNTA TNG KATAVAAWONG EVEPYELOG, €lval amapaitntn n  Umapén  Kavwv
MNXAVIOUWVY TIPOCTACLOC auTwy, yla tn Sltaodaiion tng WLWTIKAG Lwng KoL TOUTOXpOoVA TNG
EUTTOPLKAC aflag TWV OXETIKWY UE TNV EVEPYELX SESOUEVWV.

2.3 ApXLTEKTOVIKT TOU AlkTVO0U ETIKOWVWOVI®DV

H umodopun emikowvwviag oto €€umvo SikTuo TIPETEL va uTtooTNPIlEL TIC OVAUEVOUEVEG
AELTOUPYLKEG SUVATOTNTEG KOL VO LKOVOTIOLEL TIG amaltioelg enidoong. Kabwg n umodoun
QUTH OUVOEEL €va TEPACTIO OPLOUO NAEKTPLKWY CUCKELWV Kal Slaxelpiletal tnv mepilmAokn
ETIIKOWVWVIA TOUG, £lval opyavwpévn Ot [la Lepapxlkr) umodour pe Slacuvdedepéva
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EMUEPOUC UTTOSiKTUO, TO KaBEva amod ta omnola sival uTtelBUVO yLa EEXWPLOTH YEWYPADIKN
nieploxn. Mevika, ta SikTua EMIKOWVWVLWY UIOpoUV va TaglvounBouv oe TPELG KATNYOPLEG:
Siktuae WAN (Wide Area Networks), diktua FAN (Field Area Networks) kat Siktua HAN
(Home Area Networks).

Ta diktua WAN oxnuatilouv tn poxoKOKOALL TTOU CUVOEEL TA KATAVEUNMEVA, PLIKPOTEPQL
Siktua Mou gEuMNPETOUV Ta cUOTAHATA NAEKTPLKNG EVEPYELAC o€ Sladopeg BEaelg. Otav ta
KEVTpOL EAEYXOU Bpilokovtal HakpLd Ao Toug UTTOOTAOUOUC 1] TOUG TEALKOUG KATOVOAWTEC, Ol
METPNOEL] TIPOYHUATIKOU XpOvou Tou AauPdvovtal omd TIG NAEKTPLKEG OUOKEUEG
HeTadEpovTal ota KEvTpa €Aéyxou HEow Twv Siktuwv WAN kat, Kotd tnv avtiotpodn
katevBuvon, Ta WAN avalapBavouv tn Hetadopd eVIOAWV Ao Ta KEVTPA EAEYXOU TTPOC TLG
OUOKEUEC.

Ma BEAtiotn emiyvwon Twv cuvBnkwv og pla eupeia meployn, ot popeic RTO (Regional
Transmission Operator) xpetalovtal MTOAAEG TTANPODOPLEG OYETIKA HE TNV KOTAOTOOH TOU
NAEKTPLIKOU SIKTUOU. H emiyvwon autr EMITUYXAVETOL PE TN XPHON OTOUC UMooTaBuoug
YPAYOPWV, XPOVIKA 0PPayLoUEVWVY KL TIPAYHATIKOU XpOvou TTANPodopLwy yla To cUOTNUA,
TIOU TIPOEPXOVTOL amo £€eLOIKEUPEVOUG NAEKTPIKOUG aloBntripec (dnAadn T povAadeg
PMUs). Ot cuokeuég PMU kataypadouv mAnpodopieg yia 1o SLAVUOUO TOU PEULATOC KOt
NG TAoNG HE ouxvotnTa SelypudTwy w¢ 60 Hz. OL mAnpodopieg, KatomLy, xpnoLponolouvtal
and ta cvothpata Sloxeiplong evépyelog (EMS) ota kévipa eAéyxou yla thv mopoxn
BeATlwHEVNG €KTIMNONG, TapakoAouBnong, eAéyxou Kal TPOOTACIAC TNG KATAOTAONG
Aettoupyliac.

Ta diktua WAN, emiong, ocuvteAolv otnv emikolvwvia LeTafl Twv IEDS Kal Twv KEVIpWY
gléyyxou. OL €EUTveC NAEKTPLKEC OUOKEULEG eykabioTtavtal KOTA HMAKOG TWV YPOUUWVY
HeTadOopAC Kol OToug umootabuolg ylo vo kotaypddouv T mAnpodopieg amd ta
ovotiuata SCADA kal vo evepyoUv PBAcel Twv eVIOAWV €AEyXOU KAl TPOOTACLAG TIOU
oTéAvVouV Ta KEvtpa ehéyxou. EmumAéov, yla va umootnplxBel ota kévipa eléyxou n Andn
Twv VPNANg taxvtntag dedopévwy amod ta otolxela PMU, amatteital éva diktuo udnlou
gupou¢g Lwvng.

Emi tou mapovtog, oL untooTabpol EMKOWVWVOUV E Ta KEVIPA EAEYXOU XPNOLLLOTIOLWVTAG
point-to-point TNAePWVIKEG ) ULKPOKUMOTIKEG {eV€els. ETol, UTIO TV amoucia evog SiktUou
uPnAng taxvtntag, ta Pndloka dedopéva amd Tig povadec PMU meplopilovral eviog twv
UTOOTABUWY KAl 6ev UIMOPOUV va XPNOLLOTIOINOOUV QIOTEAECUATIKA Omd TA KEVIPA
g\éyxou, yeyovocg mMou UTTOYPOUULIEL TNV avdykn evog unAol ebpouc Lwvng Siktvou WAN
oto olotnua Tou £Eumvou SikTuou.

Ta &iktua FAN ocuviotoUv Tn povada EemiKowwviag ylo T ocuoTtApata SLavoung
NAEKTPIKAG  evépyelag. OL  nAektpikol auoBntipeg ota TpodoSOTIKA KAl  TOUG
METAOXNUATLOTEG TNG SLAVOUNG, OL EEUTIVEG NAEKTPLKEG cUOKEUEC (IEDS) Lkaveg va ekteAolv
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EVIOAEG eAéyyou amd ta ouvotnuata DMS (Distribution Management System), ot
Katavepnuévol evepyelakol mopol (Distributed Energy Resources — DER) ota cuotiuata
Slavoung, ot otadbpol poptiong plug-in NAekTpKWVY oxNUAatwv (PEVs) kal oL €€umvol LeTpNnTEC
OTIC EYKATOOTAOEL TWV TEAATWV amMOTEAOUV TIG KUPLEG TiNYEG TAnpodoplwv TPOog
napakoAoUBnaon kat éAeyxo and Ta cuothuata DMS ota kévipa eAéyxou. Ot epappoyEC Tou
OUCTAUATOC EVEPYELOC OTOV TOHEA TNG Slavoung xpnowdormolouv 6iktua FAN ylo va
polpdadovtal Kat va avtaAAdcouv mAnpodopleg.

OL edappoyEG QUTEG UmopoUV va KatnyoplomolnBouv eite pe BAon tov TOUEQ, OMOTE
elval autég mou oxetilovral pE TIG YPAUUEG HETAPOPAC, TOUG aloONTPEG, TOUG PUBULOTEC
TAoNG K.T.A, €ite He BAon TOUG KATAVOAWTEG, OMOTE OXETI{OVTIAL YEVIKA HE TOUG TEAIKOUG
KOTOVOAWTEG, OMwC OTitio, KtApla, Blopnxavikoug xpriotec K.T.A. OuL duo Katnyopleg
edapUoywY TIOU AELTOUPYOUV OTOV TOUEX TNG SLAVOUNG €XOUV SLAdOPETIKEG KPLOLUEC
anattnoels. MNa mapdadelyua, ot £hAPUOYEG PACLOUEVEC OTOUG KOTOVOAWTEG (O QUTEG
nepthappavovtat tTa AMI, DR, LMS k.d.) amattolv 1o 6iktuo emikowvwviag HeTafl TNng
eTUXelpnoNg Kowng wPEAELOG KOl TOU KOTOVOAWTH Vo €lval £MEKTACLUO, KATL Tou Ba
ETETPENE TNV MPOCONKN TIEPLOCOTEPWY £PAPUOYWY KOl KATAVOAWTWY OTO HEANOV, EVW N
gvalobnoila wg mpo¢ To Xpovo Oev elval peyaho B€po yla auUtEC. AmO TV GAAn, ol
Baclopéveg otov Topéa edappoyeg (mephappavovtol sdpopuoysc SCADA kot OMS,
napakoAouBbnon kal €Aeyxo twv DER, Kk.A.) €ival mo evaicbntng puoswg 60ov adopd To
XpoOvo. Q¢ €K TOUTOU, OL ETUXELPNOELC KOWNAG WEAELQG UmopoUv va emAé€ouv va
uloBetnioouv eite adlepwpéva Siktua emikowvwviag os kabe katnyopia edpappoywv, site
éva eviaio kal Kowoxpnoto Siktuo yla TI¢ duo Katnyopieg. Eva kowoxpnoto Siktuo Ba
€A\QXLOTOTOLOEL TO KOOTOC QVATITUENG, VW Ta EExwpPLoTA SIKTUA £XOUV TO TTAEOVEKTNUA TNG
SuvaToTNTAC EMLKOLVWVIOG OE TIPAYUATIKO XPOVO Kal TNC MPOcOeTng aodAAsLag.

Ta olkLloka SIKTUO ATTALTOUVTAL OTOV TOPEQ TOU KOTAVOAWTH, YLa TNV TtapakoAolBnon Kat
TOV €AeyX0 TWV £EUNMVWV CUOKEUWY OTO XWPO TWV TMEAATWV Kal yla tThv edbappoyn VEWV
Aettoupylwv onwce DR kat AMIL.

Ta mpwta HAN epdaviotnkav mpog ta téAn tng dekaetiag tou ‘90 kal dpxloav va
e€amlwvovtal amno TI¢ apxeg tou 2000 pe tnv avamtuén tou Awadiktiou. MALov, pe tnv
gepdavion kat avantuén tou £Eunvou Siktvou, Ta de facto mpotuna (Ethernet kat 802.11 Wi-
Fi) Siktuwong HAN Ba mpénel va avapévouy Kot VEEG adifelg aToV TOUEA QUTO, E TLG KUPLEG
Sladopec Toug va otpédovtal yUpw amo Toug pubuols SeSopévwy Kal TNV KATovAaAwon
evépyelaG. To Aladiktuo Kol ol teXxvoAoyleg yUpw amd autd avamtuxdnkoav PE OToOXo TN
HeTadopd PEYAAOU OYKOU OeSOPEVWV PEOW €VOG SIKTUOU ot Slakomtopeva, Ba Aéyape,
StaotApata. Ou avdaykec evog €€umvou Oiktlou, OpwG, elval apketd SladopeTIKE,
QTTALTWVTAG OXETIKA XaUnAd eUpog Lwvng aAAd TAKTIKA Kol aSLGAELTTn emikowwvia. Evidg
OTUTIOU, Yyl TIAPASEYUA, OUOKEUEG OMwG Beppootateg, cuotnuata HVAC, cuothuoata
OLKLOKOU QUTOMATLOHOU 1 SLOXEIPLONG OLKLOKAC EVEPYELOC, METPNTEG VEPOU KOL HETPNTEC
NAEKTPIKOU pevpatog Bo Slacuvdéovtal kol Ba  €MKOWWVOUV, ETUTPEMOVIAC OTOUG
LLOKTATEG va avTAapBdvovtal kal va Staxelpilovtal KOAUTEPA TNV KOTAVAAWGCH EVEPYELAG.
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OL OUOKEUEG QUTEG €XOUV WLKPOTEPEC amaltnoel evpoug Iwvng, aAlAd mpoimoBEtouv
TOKTLK KaL ouvexn pon 6eSopEVwV.

Mevikd, umapxel MANBwpA TPOTUTIWVY Kal MPWTOKOAWV Tou avtaywvilovtal yla thv
Kuplapxia otnv ayopd tTwv £Eunvwy SIKTUWV. Me T00eg TIOAAEG GUOKEUEG TTOU XpELAlETOL VO
ouvdeBolv oto bikTuo, enadietol 6To CUUPEPOV TWV KOTOVAAWTWY KOL TWV KATAOKEUOOTWY
va kaBopioel ta mo afldloya amod autd Kol va eMAEEEL OTOLA UTIEPTEPOUV WG TIPOG TN
SLaAELTOUPYKOTNTA, TNV KALpAKO OlKovouiag Kot Tnv euKkoAia uloBetnong.

Me TOOEC GUOKEUEC TIOU OVOMEVETAL VA evowpatwBolv ota £€unva diktua, slAoya
TBeTAL TO EPWTNUA TTWE TIPOKELTAL va cuvdeBoUv. Dailvetal va UTIapXouV Suo SLadOpPETIKES
ok€PeLc yla TN apxttektoviki HAN Kol Tov TpOTo mou oXeTIileTal He TNV ETUXEIPNON KOWAC
woElelag. H mpwtn elval mwe n emiyeipnon, mou mapadoolakd EAEYXEL TO LEYOAUTEPO HUEPOC
NG NAEKTPLKAG UTIOSOUNAG, av OXL OAOKANPN, Ba lval og Béon va eAEyXeL OAEG TG CUOKEUEG
eviog omutol ya va Staxelpiletal kaAutepa to Siktuo. H Seltepn mpoPAEmel mwe n
emelpnon Ba £xel mpocBaon o pio MUAN eviog omitiol oAAG O KATAVOAWTAC EAEYXEL TL
oupBaivel péoa oTO OTtiTL 1] To avaBETel og Tpitouc. Autr n emloyn €ival mo BoAtkn ylati
Talplalel TOOO OTOUG KATOVAAWTEG, Tou Ba viwBouv AdPola va pmopel n eniyeipnon va
XELPLETAL TIG OUOKEVUEG HEOA OTO (6L0 TOUG TO OTIiTL, 60O KAl OTOUG TAPOXOUG KAl TOUG
KATOOKEUAOTEG, TTOU aoX0AoUVTaL UE TN SLHAELTOUPYLKOTNTA.

Ta mpotuma yla ta diktua HAN pmopouv va Staxwplotolv o€ Tpeig Katnyopleg, auta mou
xpeltalovtal véa KaAwdilo, autd mou dev amaltolv véa KoAwdila Kal Ta aclpaTa, Pe KAbe
Katnyopla va €xel mAeovekTpata aAAA Kal adUVOLES. TNV evaUpuathn SIKTUWON TO TAEoV
S106edoévo, KOl XWPLG avTaywviopo, TPOTumo sival to Ethernet. Itnv mepimtwon mou
BENoupEe va XpNOLUOTIOLCOUE TNV Untdpyxouoda KoAwSiwaon avti va eYKATAoTHOOUNE €va
véo SiKTUO, oL ETIAOYEC TTOU UTIAPXOUV oXeSOV o€ KABE omiTL €lval ol TNAEPWVIKEG YPAUUES
KOl Ol YPOUMEG NAEKTPLKOU PEVHATOC. YTIAPYXOUV TIPOTUTIA KOl TEXVOAOYLEG Kal yla TG duo
TMEPUTTWOELG, OAAA Sedopévou OTL €vag amd Toug KUPLOUG OTOXOUG Tou EEuTvou SIKTUou
elval va mapakoAouBel kat va eAaxLotomolel TN Xprion NAEKTPLKNG EVEPYELAG, N XPNON TwWV
YPOUMWY pevpaToC £xel To poPadiopa. Evag emmAéov Adyog mou cuppaivel auto sival n
TeplOPpLopEVn KOAUYPN TwV TNAEOWVIKWYV YPOUUWY OTNV KATAOKEUN Tou omutol. To
HomePlug ival to 1o SLabeS0UEVO IPOTUTIO YLA EMLKOWWVIO HECW NAEKTPLKWV YPOUUWY,
To0 HomePNA xpnoiuomnolel TG TNAEDWVIKEG YPAUHEG 1 OpoafoviKA KoAwdia, evw to G.hn
glvat éva ITU mpotumo yia Siktdwon HEoW YPAUUWY PEVUATOS, TNAEDWVIKWY YPOUUWY N
OMOOEOVIKWY KAAWSIwY, pe pubuoug dedopuévwy €wg 1Gbps. Amo tnv AAAn pepld, peydalo
evllodépov Kkepbilel ouvexwg n aoclppatn OUVOECNH TWV CUCKEUWYV, Ml TACNH TOoU
QVOPEVETAL VO ouvexlotel. Avo amd TIg e£féxouoceC OOUPUATEG TEXVOAOYieC ToU
avtaywvilovtal oto Ywpo Twv EEunvwy SIKTUwV eival ta mpotuna IEEE 802.11n (WiFi) kal to
802.15.4 (mou xpnoluomnolel To ZigBee).

2.4 TeXVOAOYIEC EMKOLVOVIOV YIX EQaPROYEG EEUTTVOV AtkTO WV

OL amattnoeLg VOg TNAETILKOWVWVLOKOU SIKTUOU HEPIKEG POPEG UMmOopEL va. eival SUoKoAo
Vo oplotolv €L0IKA o€ ebappoyEg ou Twpa avadvovtal onwe ta §unva Siktua eveépyeLag.
OL 6U0 mLo onuoavTKol mopayovteg tou xpelaletal va AndBouv unddn sival n anddoon tou
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kavaAloU (throughput), mou cuyva avadépetal Kat wg Taxutnta f €0pog Iwvng Kot n
kaBuotépnon kavaAwol (latency). Av oL otoxoL Tou TiBevtal ylo auToUg TOUG TTAPAYOVTEG
Sev emuteuxBolv, to cuothua Sev €xel kapla mBavotnta emtuyiog. Mopdyovieg mou
€novral aA\d eival emiong onpavtikol, eival n alomotia kat n acpaiela. H andédoon tou
KavaAlol kabBopilel moon mAnpodopia sivatl Suvatd va otadel and éva onpeio og éva GAAo
oc 6eSopéVo XpOVo. e avOAOYLKA cuoThpoTa n anodoon sivatl avaloyn tou e0poug Lwvng
kot ouvnBwg Sivetal oe Hertz, evw ota Pndlakd cuothpato cuvnbwg umoloyiletal oe bits
ava Aentto (bps).

MoAA£g texvoloyieg SiktUou pmopolv va xpnolpomnolnBouyv oe éva €€umvo SIKTUO OTOUG
TOMELG TNG peTadOPAC, TNG SLOVOUNG KAl 0TO TEALKO €MINMedo TwV KATAVAAWTWY, GAAG Kapia
ano auteg dev Talplalel anoluta o OAeg TIC epapuoyéG. Kamola texvoloyia r akoua
KoAUTepa €va UTOOUVOAO TeXvoAoylwv Ba talpldlel meploootepo ot €PapPUOYEC
OUVYKEKPLUEVOU TOUEQ ) O EPOPUOYEC TTOU €XOUV TIOPOUOLEG ETILKOLVWVLIAKEG OVAYKEC.

Texvoloyieg EIKOIVVIV

Aclppareg Texvooyieg EvoUppareg Texvohoyieg

Aolpyara WIMAX  Kuyehwréc ZigBee Wireless Aopugopikég Emkovuwvia Mikpokupdrwy  MBWA f

LAN EmKovwyieg Mesh Emkowvwvieg Ko EAUBEpou yibpou — Bluetooth
Networks OTTTIKI] ETMKOIVWWVia (FSO)

pLc  Emikovwvieg DSL
BPL Ommikwv
Iveov

Ewkéva 2.2 Katnyoplomoinon twv urtoPdpiwv Texvoloylwv EMKOWVWVLKOV

H uloBétnon twv Slddopwyv TeEXVOAOYLWY yLal TIG ETUKOWWVIEG TwV EEUTIVWV SIKTUWVY Ba
e€aptnBel TeEAkd amd to Slaitepa XaAPAKTNPLOTIKA Tou SIKTUOU Kol TIC KOBOPLOUEVEC
anmaltioels. MIKpEG eMIXEPNOEL Kowng wohEAelag, yla mapddsypa, pmopel va
EKUETAAAEUBOUV TA MAEOVEKTILOTA TIOU TIPOCPEPOUV TA UTIAPXOVTA KUPEAWTA SikTua Kot
VO CUVEPYAOTOUV HE GAAOUG WOTE VA HELWOOUV TO KEDAAOLOUXLKO KOl AELTOUPYLKO KOOTOC.
AVTIOETWG, oL peydAeg emixelpnoels Ba eival og B€on va ¢TLagouv To KO Toug SIKTUO yLa va
armodUyouVv TNV Kowrn xprnon eupoug {wvng, e OTOXO VO £XOUV UEYOAUTEPA KEPSN ATO TO
enevbupévo keddhato. EmutA£oy, ol yewypadlKEG AVAYKEC, OL OTOXOL TOU £pyou OAAQ Kol oL
edapuoyEG Kal oL uTtnpeoieg mou Ba dlatiBevtal oToug KATaVAAWTEG Ba EMNPEACOUV TIG
ETUAOYEG TWV TEXVOAOYLWV Ttou Ba edappoctolv.
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Mevikd, TA ONUATO OTL( OCUPUATEG ETIKOWWVIEG udloTavtal onpavtikn e€acBévnon
AOyw petadoong kot avtlpetwrilouv mapeUPoAég amo To meptBaliov. Kotd ouvemela, ta
ooUpuota Siktua ouvBwG TMOPEXOUV CUVOECELG HLKPWY OTMOCTACEWV WUE OCUYKPLTLKA
XxapnAoug puBuoug SeSopévwy.

H edapuoyr acupuatwy TEXVOAOYLWY TIPOCHEPEL OPKETA TTAEOVEKTHLOTA OE OXECHN UE TIG
EVOUPUOTEG, OTWG MLKPO KOOTOG E€YKATAOTAONG, KLVNTIKOTNTA, KAAULYN OIOUAKPUOUEVWV
TLEPLOXWYV, YPHyopn eykatdotaoh K.d. Qotooo, yla kabe texvoloyla UTIAPXOUV OPLOUEVEG
TLPOKANOELG TIoU TIPETEL va SleuBeTnBoUV TPLY TV Xpron TnG oto TeplBaAiov Twv EEUTVwV
SIKTUWV. KAmoleg KOWEC avnouxleg yla TG aoclpuateg texvoloyieg eivat: 1) OL acUpuaTeg
TEXVOAOYLEC TTOU AELTOUPYOUV O€ [N adEL0SOTNUEVO PACHO CUXVOTATWYV (VAL TILO EVAAWTEG
oe patvopeva BopuBou kal mapepPoAng, 2) OL acUpUaTEG TEXVOAOYLEC Le adeloSotnUEVO
daopa avtipetwnilouv Alyotepeg mapepBoAEg, alAd eival ouykpLTIKA pla Samavnpr Avon,
3) n aodpAAela yla TO 0CUPHOTO LECA ETKOWVWVLOG Elval, ek PUOEWC, LLKPOTEPN.

AcUpUATEG TEXVOAOYIEG TTOU HtopoUV va xpnolomnonBouv atig Stadopes epapUoyEG Twy
£€Eumvwy SIKTUWV IapoucLalovTol TTAPAKATW.

24.1.1 AcVppata Tomukd Aiktva (Wireless LAN)

Ta aocUppata tomika Siktua (LAN), Baolwopéva oto mpotumo IEEE 802.11, mapéxouv
gvpwotn, uVPnARc TaxlTNTag emkoWwvio onuelou-mpog-cnueio (point-to-point) Kka
onuelov-mpog-moAAamAd onueia (point-to-multipoint), o puBuoug twv 1 kat 2Mbps. 2to
MPOTUTIO  aUTO ULoBeTnBNKe TeXVOloyia OmMAWUEVOU GACUATOC TIOU EMITPEMEL Vol
xpnolpormoleital n idla Lwvn cuxvotTWV amod oAAOUG XproTeg e eAAXLOTN TapeUBOAN o
aAAoucg xpnoteq. To mpotumo IEEE 802.11b, yvwoto emniong kat wg Wi-Fi, mpoodEpel péyloto
pubuo bedopévwyv ota 11Mbps kat Aettoupyel otn lwvn ouxvotntwv 2.4GHz pe
Slapdpdwon DSSS. EmumAéov, mpdodata Siabéoipeg texvoloyieg Paociopéveg oto |EEE
802.11a kat 802.11g pmopoUV va emtixouv pubpoug péxplt 54 Mbps. To IEEE 802.11a
Aewtoupyel ota 5.4GHz pe OFDM Suapdpdwon kat to IEEE 802.11g, yvwotd w¢ EVIOXUUEVO
WI-Fi, Aewtoupyel ota 2,4GHz pe DSSS Swapopdwon. To IEEE 802.11n, Baoclopévo os
texvoloyia MIMO (Multiple Input Multiple Output) mpoopiletal va auv€noet Toug puBuoug
petadopag, dravovrag ta 600Mbps, evw to IEEE 802.11i, yvwotd wg WPA-2, evioyUeL TV
aodalela ota acUppata LANS XpnoLllomolwvTag mponyUéva mpotuna Kpurmtoypadnong
(AES).

H edpappoyn aclppatwv LAN mAeovektel oe oxéon pe ta evouppata ylati eivat ebkoAo
va gykoatactaboulv, Alyotepo akpLBd Kol apéXouv KVNTLKOTNTA TwV CUCKEUWV. Mmopouv
va xpnotlpomnotnBouv oe Sladdopeg edbappoyEG, OMWE OTOV AUTOUATIONO KoL TNV Mpootaoia
UTIOOTAOUWY SLAVOUNG KOL OTNV  OTELKOVLON KOL TOV EAEYXO TWV KOATOVEUNUEVWVY
EVEPYELOKWY TIOPWV (DERS), el8IKA OE TIEPUTTWOELG AMOUAKPUCHEVWY, HLKPWY UTIOOTAOUWY
kot DERs, 0mou oL amaltioelg ylo. pubpolg petddoong Kal acUpUoTeG TapeUPOAEG lval
OUYKPLTIKA XOUNAOTEPEC.
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2.4.1.2 WiMAX

H texvohoyia WiMAX (Worldwide inter-operability for Microwave Access) eival pépog tng
oelpag mpotunwy 802.16 yia diktua WMAN (Wireless Metropolitan Area Network). KUplog
otoxo¢ tou WIMAX elval va €mtuxel OLOAELTOUPYLKOTNTA OE TIAYKOOWULO E€Timedo yla
HLKPOKU LOTIKN TipocBacon. To 2001, dtav ekd6Onke to mpwto oxéSlo tou IEEE 802.16, opile
TO gupL daopa Twv 10-66GHz yla TIg emIKOVWVIEG. KatomLly, dnpooteltnke Eva UTtooUVOAO
ToU paopatog yla SlaAeltoupylkoTnTa. ITIG oToOepEC emkowvwvieg aplepwBnkav ot {wveg
3.5 kal 5.8GHz, evw OTI¢ KWVNTEG eMLKOWVWVieC avatebnkav ol {wveg 2.3, 2.5 kat 3.5GHz. Ta
ddopara twv 2.3, 2.5, 3.5GHz eivar adslodotnuéva, evw Twv 5.8GHz eival pn
adelodotnuévo. To WIMAX mapéxel puBuoug Sedopévwv péxpt 70Mbps kal amootach
KaAudng wg 48km. Qotéoo, n ka@Auyn kat n taxutnta tou OSlKTUou elval peyédn
ovTLOTPOGWE avaloya To €va Tpog to GAAo. Ta adslobotnuéva bAacpaTa ETITPEMTOUV
petadoon uPnAotepng LoxUOC Kal O UEYAAUTEPEG QTTOOTACELS, KATL TIOU Ta KOOLOTA T
KOTAAANAQ YLOL ETUKOLWVWVIEG LEYAAWY OMOOTACEWV.

MepLKEG o TIC ehAPUOYES TWV EEUTTVWYV SIKTUWY OTtou Bal pmopouoe va xpnotpomnolnBel
to WIMAX elvat: 1) AcUppata Avtopata uotiuata Avayvwong Metpntwv (WAMRS), 2)
TwwoAoynon oe mpayuatikd xpovo (Real-time Pricing), 3) Avixveuon Kol armokatdotaon
Slakomng Asttoupyliag.

JTa TIAEOVEKTAMATA TNG ONUEPLWVNG Ttexvoloyiag WIMAX ocupneplhappavovtol To
ULKPOTEPO KOOTOC QVATTUENCG KoL AElToupylog, N opaAn emikowwvia, ot uPniol puBuol
petadoong (wg ta 75Mbps), To emapkég eUpog Lwvng KoL N EMEKTACLUOTNTA.

Eva and ta apvntikd tou WIMAX eival otL to eUpog {wvng Slapolpaletal Ue TOUC
XPNoTeC. AuTO e€nyeltal amo To yeyovog OTL oL cuxvoTNTES MAvw arnd 10GHz Sev pmopouv va
61060000V péow eumodiwyv. EToL, €L6LKA YLO OOTLKEG TIEPLOXEG, OL XOUNAOTEPEG CUXVOTNTES
elval mo ypnowleg, ouwg €xouv ndn adelodotnBel. Apa, o Mo TOAVOE TPOMOG va
XPNOLUOTIOIO0OUV OL TIAPOXOL TwV £EumMvwy SIKTUWV auThH TV texvoloyia eival va Tt
pobwoouv and GAlov. Emiong, to WiIMAX mapouotdlel oOUMUETPlO TWV TOXUTATWY OTLG
{eV€elc avodou kol kabBodou, svw to trade off petafl amdotaong kot pubuol petadoong
amoteAel pla akopun aduvapuio.

24.1.3 Kupedwtég Emkowvwvieg (Cellular network Communication)

To umdpxov SIKTUO KUPEAWTWY ETUKOWVWVIWY £lval pla KaAn emoyr) TOco yla thv
ETUKOWWVIA LETOED TWV EEUTIVWV ETPNTWV KOL TWV ETLXELPHOEWV KOWNG WhEAELAS, 0G0 Kal
METAED QMOMUAKPUOMEVWY  KOUPBwv. Xpnollomowwvtag Tnv Umapyouca umodoun
ETUKOLVWVLWY, Ol ETUXEIPNOEL amodelyouv ONUAVIIKO KOOTOG Kal Xpovo mou Ba
araltouvtay yla tn Snpoupyia pag veag Kol omoKAELOTIKAG UTIOSOUNG.

O 3G (3" Generation) / 4G (4™ Generation) texvoloyieg Aettoupyolv oto dpdopa 824-
894MHz/1900MHz, mou eivat ot adslodotnpéveg {wveg cuxvotitwy. Ot pubuol petadopdc
Sedopévwv autng tng texvoloyiag éxouv BeAtiwBdel televtaia, al\a n amdotacn kAAuyng
e€aptaral anod tn dabeoudtnTa tNg KUPeAWTNG umnpeciog. H tomoloyia tou Siktuou
amnoteAeltal and KuPEAeG, oL omoleg KOAUTTOUV [La eUpEla TIEPLOXN KAl EEUTINPETOUVTOL N
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koBepia and TouAddaxLotov éva acUpUATO TIOUMO XOUNARC LOXUOC, YVWOoTO wg otabud facnc.
KaBe kupEAn xpnowuorolel Stadopetikd cUVOAO CUXVOTNTWY OO TLG YELTOVLKEG TNG, WOTE
va anodelyetal n mMapepBoAr Kal vo TIApEXETOL YyYUnUéEVo eUpog Lwvng EVIOC TwV oplwv
ne.

Ocov adopd TA TAEOVEKTAUOTO, TO ONUAVIIKOTEPO Eeival OtTL ta kKuPeAlwtd Siktua
umapyxouv Nén. Etol, onwg £xel avadepbel, ol mapoyol e Ba emiBapuvbolv pe KOOTOC
KOTAOKEUNG. Emiong, mapExetal emapkeg eUpog {WVNG Yol OPKETEG Ao TG ePAPLOYES, EVW
pe tTnv mpoodotn avamntuén otig 3G / 4G texvoloyisg, o pubuodg Ssdopévwy Kal n moLoTnTa
umnnpeoiag (QoS) BeAtiwvovtal ToAU ypriyopa.

ATO TNV AA\N, LEPLIKEC KPLOLUES EPOPUOYEG TV £EUTIVWYV SIKTUWV XpeLalovtal adLAAeLTTn
SlaBeopodtnTa enkovwviwy. Qotdoo, To KuPeAwto diktuo Ba xpnotluornoteital mapdAAnia
KOlL aTTO TNV ayopd TWV KOTAVAAWTWY, YEYOVOC TIOU UTIOPEL va 0dnynaosL oe cuudopnon tou
SIKtuou f peiwon Tng emidoong 0g KATOOTAOELC EKTAKTNG AVAYKNG. AKOUN, oL KUPEAWTEC
ETUKOWVWVIEG €lval TOavov akatdAAnAeg yia edappoyEG Tou oxetilovral Ue TOANG
Sedopéva Kat amaltouy oAl peydio eUpog Lwvng.

24.14 ZigBee

To ZigBee sival pia afLOmLoTn, AMOTEAECUATLKN WG TTPOG TO KOOTOC, O.CUPLOTN TEXVOAOoyla
ETUKOLVWVLWY, OXETIKA XOUNAR o Katavalwon woxvog, pubpoug petadoong Sedouévwy,
KOOTOG e£dopUoyng Kol ToAumAokotnta. Eival daviky texvoloyla yia £EuTvo PpwTLOUO,
TapakoAouBbnon NG eVEPYELAG, OLKLOAKO QUTOMOTIONO KATt. To ZigBee kal to ZigBee Smart
Energy Profile (SEP) £€xouv avayvwplotel w¢ Tta MO KATAAANAO POTUTOL yia €POPUOYES
£€umvou SIKTUOU OTOV OLKLOKO TOPEA. AgtToupyel otn un adsodotnuévn {wvn Twv 868MHz
otnv Eupwnn, 915MHz otnv Bopeta Apepikn kot 2.4GHz maykoopiwc. 2tn {wvn twv 2.4GHz,
TIOU AEITOUPYOUV TILO GUXVA OL TIOUTOSEKTEC, €xel 16 KavaAla eUpoug 5MHz To kabéva Kal
xpnotporolet tnv OQPSK texvikn Stapopdpwong. Emléyetal autd To oxApa, TIoU £ival Lo
naparayn tng kKAaoolkng QPSK, emeldr) amattel Ayotepn Lox0 OUYKPLTIKA HE TAPOUOLL
oxédla Slapdpdwong, evw EMITUYXAVEL TV Bla 1 kaAutepn amodoon (throughput). To
ZigBee mpoodEpel pubpolg dedopévwy 20-250Kbps kat kdAudn 10-100m.

Oewpeital mMoAU KaAn emloyn yla UETpnoelg (metering) kol Slaxelplon evépyelog Kot
elval daviko yla epapuoyég EEuTvv SIKTUWVY XApN oTNV amAoTnTa, TNV KIVNTIKOTNTA TIoU
TIAPEXEL, TNV EUPWOTIO, TIC XOUNAEG amaltioelg eVpouc {wvng, TN AslToupyio Tou o N
adelodotnuévo paoua Kot Tnv eUKOAla epapuoyng Tou.

YRdpYouv, OLWG, KATIOLOL TIEPLOPLOLOL OoTN Xprion Tou ZigBee og TPOKTIKEG £DAPUOYES,
OTIWG OL ULKPEG LKAVOTNTEG enetepyaoiag, TO UKPO UEYEDOG UVALNG, OL HLKPEG QTIALTAOELG
KaBuotépnong kol oL TapeUPOAEC amd GAAEC CUOKEUEG Tou potpalovtal to 6o péco
petadoonc.

2.4.1.5 AcVppataAiktva lIAéypatog (Wireless Mesh Networks - WMN)

‘Eva Siktuo mAéypatog (mesh network) gival éva euéhikto Siktuo amotehoUpevo and pa
opada KOUPwv, OTOU VEOL KOUPOL umopolv va evtoxBouv otnv opdda Kol Kabe KOUPog
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puropel va 6pdosl w¢ avefaptntog Spopoioyntig. Ta WMN cuyxva amotelolvral omo
nieAateg mMAgypatog (mesh clients), SpopoAoyntég mAgypatog (mesh routers) kat muAeg. O
neAdteg elval ouxva dopntol UMOAOYLOTEG, KlvnTd TtnAépwva Kol AANEG ACUPUOTEG
OUOKEUVEC, EVW oL dpopoloyntég MAEYUATOG ipowBoUV Kivnon amo Kal tpog TG TUAEC, oL
omoleg pmopouv, aAld dev eival amapaitnto, va eivat cuvbebepéveg oto Stadiktvo. H
nieploxn KaAuPng twv padlokdpBwy, ou Aettoupyel wg éva eviaio SikTuo, KaAs(Tal PEPLKEC
dopég obvvedo mMAéypartoc. Ta Siktua autd sival aflomota Kol mpoodEPOUV TTAEOVAOUO.
AuToU Tou eidouc ta Siktua £xouv, emiong, TNV LBLOTNTA TNG AUTO-Oepameilog, Mou eMITPETEL
OTO CNLOTO ETUKOWVWVLWV Vo Bplokouv evaAlaKTLK Sladpopn HECW TwV EVEPYWV KOUPWV,
o€ nepintwon nou onoloabnmnote KOUPog eykatalsipel to diktuo.

Ta acUppata Siktua MAEYHATOG KoL Ta SikTtua XaunAng toxvog Kal xapnAol pubuou (low-
power and low-rate, LPLR) mailouv onuavtikd poAo OTNV EMIKOLWVWVLOKN UTIOSOUN TWwV
€€unvwy diktuwv. Ta WMN, apxlkd oxeSlaopéva ylo mkowvwvia o enimedo kowotntog N
YELTOVLAC, Bewpouvtal pia amnd ti¢ mpoPAsMOUEVEG IPOOEYYIOELS yla va uTtootnpiouv ta
£€unva Siktua. Baoilovtal kupiwg oto mpotumo IEEE 802.11 yia va mop£Xouv afLomLoTh Kot
OLKOVOLKA OmmodoTIK SIKTUWON TAEYUATOG, UE €UKOAN €ykKatAotacon Kol shopuoyn Kal
arnoteAolV pla mpoottr enévéuon. Mmopolv va Staxelpilovtal amoSotika epapUOYEG TWV
£€unvwy SIKTU WYV, Tautoxpova pe AAAEG xpnoslg ou dev adopolv €€umva diktua. Amo thv
GAAN, Ta LPLR &iktua edpapuolouy, yevikad, to mipotumo IEEE 802.15.4 kot amoteAovuvtal oo
TOAUAPLOUEC CUOKEUEG, OL OTtoleG elval BaCLOUEVEG OE aLoBNTAPEG.

24.1.6 Aopu@POPIKEG EMKOLVWVIEG

Ot 80pudopLKEG EMIKOWVWVIEG €lval pia KaAr AUGCN yla TOV QTTOUOKPUOUEVO EAEYXO Kal
Vv mapokololBnaon, adol mMapéxouv MayKOoULla KAAUYN Kol yprnyopn eykotdotaon. €
oplopévo.  oevdplo. Omou 8ev  uTtdpxel umodoprn  emkowwviag, dlaitepa  oe
QTTOLAKPUOUEVOUG UTIOOTABOMOUG Kal Ttapaywyr], ol 0pudOpPLKEG ETUKOWVWVIEG glval pia
OLKOVOULKA amodotiki AUon. TEtolou €i6oug emikowwvia pmopel elkola va eykatactadel
KOl QITOLTEL HOVO TNV amOKTNoN Tou amnapaitntou e€omAlopol 50pudopLKNG EMKOLVWVIOC.
ESWw ag onuelwBel OTL OPLOUEVEG ETUXELPNOELG KOWNAG WPEAELAG €Xouv 6N €yKATAOTAOEL
TETOLOV £EOTALOMO YLa TNV TTAPAKOAOUONGCN TWV aypOTIKWY UTIOCTABWV.

EmutAéov, pLot QTTOKAELOTIKA ETIIYELO QPXLTEKTOVLKNA €lval gUAAWTn Ot KOTAOTPOodEC N
BAABec Tou cuoTAUATOC eMLKOWVWViaG. Katd cuvémela, mpokeévou va s€aodpoaliotel n
aodalic Asttoupyla kal n mapddoon TnG Kplowng kivnong 6e60UEVWV OE TEPLTTWOELG
Kataotpodwv ) BAABWV TOU EMIYELOU CUOTAKATOC ETILKOVWVLWY, oL §opuddpol pPmopolv va
XPNoLomolnBouy weg ehpedpLkd cUOTNLA YLOL TA UTIAPXOVTA SIKTU O ETUKOLVWVLWV.

Qotooo, Oa Tmpémel vo onUELWOOUV Kal TA PELOVEKTAUOTA TwV S0pudoplkwy
ETUKOWVWVIWY, KaBwG umdpxouv Sduo onuavtikég aduvapuieg. Mpwtov, €va Sopudoplko
olOTNUA EMIKOWVWVIAC £XEL onuavTikd uPnAdtepn kabuotépnon amd ouTr evOg emiyelou
ouoTAUAToC. AuTto Kablotd kamola pwtokoAa 1.x. TCP, Ta omola giyav apykd oxediootel
yla emiyela emukowwvia, akatdAAnAa yla TG dopudoplkeG eMmKOWwWVIEG. AegUTepov, Ta
XOPAKTNPLOTIKA £vOg Sopudopikol kavaAlol molkiMouv avdhoya e Tnv emidpacn tng
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e€aoBévnong Kal TIC KALPIKEG ouvlOnKeg. Autn n OLOTNTA UMOPEL va PELWOEL OE HEYOAO
BaBuo tnv eniéoon oAOKANPOU TOU GUOTHHATOG EMIIKOWVWVLIAG.

2.4.1.7 AlegmOavig AcVppateg TexvoAloyleg

i) Mobile Broadband Wireless Access (MBWA)

To mpotuno 802.20 yia MBWA moapéxet unAo eUpog {wvng, UEYAAN KLvNTLKOTNTA Kol
xaunAn kabBuotépnon (latency) otig adslodotnuéveg IWVEC CUXVOTHTWV KATW OO TO
3.5GHz, xpnolomolwvtag to BeTIkA xapaktnplotikd twv I[EEE 802.11 WLANSs kau IEEE 802.16
WMANSs. Eival emtiong yvwotd wg MobileFi. Mpood£pel o mpayuaTiko Xpovo UEYLOTO pubuo
oebopévwy amnd 1Mbps éwg 20Mbps. Auto to mPOTUTo BEATIOTOMOLETOL Yla VO TIAPEXEL
TANPN KWVNTIKOTNTA HEXPL KOL TaxUTNTA OXNUATWY Twv 250km/h.

To |IEEE 8002.20 umopsi va xpnoipomnolnBet oe edapuoyeg €Eumvwv SIKTUwWY, OMWG
gupLIWVIKN emiKowwvia yla plug-in NAeKTPLKA OXNUOTA, YLOL ATELKOVLON ] 0T CUCTHUOTA
SCADA. Kabwg, opwg, eivatl pla véa avaduduevn texvohoyia, 8ev umapxouv dApeoca
S100£01ueG UTTOSOUEG ETILKOLVWVLAG YLOL QUTH Kal, £TTL TOU TAPOVTOC, N XPron tng UMopel va
elval pla Samavnpn enthoyn.

ii) Wndrakn Texvoloyia Mwpokupdtwy (Digital Microwave Technology)

H texvoloyia autr) Asttoupyel otnv adstodotnuévn {wvn cuxvotnTwy twv 2-40GHz Kal
napéxel pubpolg petadopag dedopévwv €wg 155Mbps. H pLKpokupatik texvoloyia
npoodépetl KAAUYPN TIOAU peydAwY amootdoswv, weg 60km. Agxetal Sebopéva amd th BUpa
Ethernet  ATM kat ta petadépel otnv GAAn oav pikpokUpata. Mmopel va xpnotpononBet
ota €fumva Siktua yla va umootnpifel emikowvwvia onpeiov mpog onueio, aA\d eival
eTuppenng os Suo eldn e€aoBévnong onuatog, mapeUPoréc Aoyw moAAamAwY Sladpopwv
(multipath  interference) katL Aoyw atpoodalplkwyv Kotakpnuvicewv. TEAog, n
Kpumtoypadnaon, ylo Adyoug aodaleiag, unopel va enidépet mpoobetn kabuotépnaon kabwg
XpeLaletal LeyaAUTEPOU HEYEBOUG LnVULATAL.

iii) EAeUBepou xwpou omtikn enikowvwvia (Free-space optical communication)

H omtikn emikowvwvia eAeUBepou YWPOU elval pLa TEXVOAOYLO OTTTIKAC ETLKOWVWVIAG, N
omoilo Umopel va XpnoLUomolioel To ¢w¢ mou HeTadiSeTal otov eAelBepo XWpPo yla T
petadoon Sedopévwv amd onueio os onueio. Mapéxet vPniolg puBuoLG petadoong pe
XOUNAG pubud odoApdtwv bit. EmumpooBeta, eival moAlv acdaAng Aoyw tng uPnAng
KOATEUOUVTIKOTNTOC KOl TNG OTEVOTNTAG TWV akTwwv. Mépa amd TNV mopoxn HeYAAwv
QITOOTACEWY ONIEIOU-TIPOC-CNUELD ETILKOLVWVIOC OE ATOUOKPUOHEVEG 1) OYPOTLKEC TIEPLOXEG,
Ol 0.0UPUATEC OTTIKEC TEXVOAOYiEG apEXOLV emiong AUoELg onpeiou-Tipog-onueio yla xpron
0€ TIUKVOKOTOLKNLEVEG ALOTLKEC TIEPLOXEC, OTIOU OL AVOELG LKPOKUMATWY SEV ELVOL TIPAKTLKEC
artd tn okomd TN mopeUPoAnc. Qotdoo, n OMTIKA EMIKOWVWVIA EAeUOEPOU XWPOU, OTIWGE Kall
n texvoloyia HIKpokupdtwy, sival texvoloyieg omtikng enadng (line-of-sight, LOS). Qg ek
TOUTOU, TA XOPAKTNPLOTIKA KAl N TOLOTNTA TNG EMLKOWWVIG emnpedletal o peyaho Babuo
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oo ta eunodia (m.y. anod Krinpla kat Adpouc) kat amno neptBarlioviikolg mepPLOPLoUoUG (L.
Bpoxn).

iv) Bluetooth

To Bluetooth oupmeplhappavetal oto mpotuno |EEE 802.15.1 yia ta aclppota
npoowrika Siktua (wireless personal area network- WPAN). Eival mpotumo xapnAng oxvog
KOl HLKpoU eUpoug daopatog. Asttoupyel otn un adsodotnuévn ISM {wvn twv 2.4-
2.4835GHz kal mapéxel pubud petadopag 721Kbps. Ol cuokevég pe puBuwon Bluetooth
arotelouvtal amno tv mAnpn doun 7 emuédwv katd OSI. Auth n texvoloyia pmopei va
SleUKOAUVEL TOOO TV EMIKOWVWViA onueiou pog onpeio, 600 Kol onpeiou Tpog TOAAATAG
onueia. Avaloya pe tn pUBULON TTAPAUETPWY TNG EMIKOWVWVIACS, TTpoodEépel KAAUYN PeTafy
1m-100m. Mmopel va xpnotpomnotnBel yia Tomikeg, online epapUoyEG AMEIKOVIONG WG LEPOG
TWV CUCTNUATWY QUTOMATIOUOU TWV UTTOCTABWV.

OL OUCKEUEC aUTEC emnpedlovTol TTOAU amo TPLYUPW ETKOWVWVLOKEG {eVEELG KOl UMOpEL
va mapepBalouv pe ta, Baocwopéva oto IEEE 802.11, acuppata LAN Siktua. levikd, to
Bluetooth nmpoodépel aoBevr) aopAAela cCUYKPLTIKA e AN TTpOTUTIA.

Nivakag 2-1 AcUppuateg Texvoloyieg Emkowvwviwy yia ta 'E§univa Aiktua

AcUppatn PuBuog KaAvyn Bavé , , ,

Texvoloyia Aedopévwv (mpooeyylotika) MBavég Edappoyes oe Efunva Aiktua

AcUppata LAN 1-54Mbps 100m MNpootaoia Kot AUTORATIONOE TNG SLAVOUAG

WiMAX 70Mbps 48km WMAR (Wireless Automatic Meter Reading)
SCADA kat mapakoAol8 anopa €

Kubehwtéc 60-240Kbps | 10-50km ot PAKOAOLENON GIOMAKPUGHEVNG

LAVOAG

ZigBee 20-250Kbps 10-100m AueoOG EAeyX0G HOPTIOU OLKLAKWY CUCKEUWVY

MobileFi 20Mbps Vehicular Std. ET[I.KOLVU)VI.‘(X yla PEVS Kol QmOpaKpuoUEVN
napakoAolBnon

Digital Microwave 155Mbps 60km Transfer trip (point-to-point)

Bluetooth 721Kbps 1-100m Torukég epapuoyeg online mapakohouBnong

Ol evoUpUaTEG TEXVOAOYLEG, OTWG OL OTTIKEG (veg kat To BPL (Broadband over Power
lines), pmopel va mpotiunBolv amod TG emXEPNOELG Kowng wdélelog otav eivol Adn
Sla0éolpeg ot €EUMNPETOUUEVEG TIEPLOXEC KOl OTAV UTTOpOUV VO LKAVOTIOLGOUV TLC
amaltioelg emidoong.  BéPBala, pmopolv va XpnowlormolnBolv yla TNV KATAOKEUN
ETUKOWVWVLIAKWY SIKTUWV Kal odlepwpévo KaAwdla mou eivol SLapopeTikd amod TIg
NAEKTPLKEG YPAUUEC. AUTA Ta eldlka adlepwpéva Siktua amattolv enmAéov enévéuon yla
TNV EYKOTAOTAON TWV KAAWSiwY , 0AAA UrtopolV va mpood£pouv PeyaAUTEPN XWPNTIKOTNTA
KOl LLKPOTEPN KABUOTEPNON YL TNV ETULKOLWVWVIAL.

Avaloya He TO MECO petadoong ToOu Xpnoldomoleital, Tta evolppara  Slktua
neptapBdvouv ta SONET/SDH, Ethernet, DSL kot opoafovikou koAwdiou Siktua
npoéopaonc.
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To DSL kal ta opoafovika kaAwdla pmopolv va xpnoldomnownbouv yla npdéoPfacn oto
Awadiktuo. H mpog to mapov Stabéoiun texvoloyia emitpémnel tn Yetadpopd SeSo0UEVWY HECW
DSL kot opoaovikwyv KaAwdiwy e pubuod wg 10Mbps.

OL teXxvoAOYlEC OTTIKWY VWV KOL OTITIKWY SIKTUWV, OTIWE N EMOUEVNG YEVLAG IUyXPovn
ontikn Alktowon kat Z0yxpovn Wnduakn lepapyio (SONET/SDH), eival Lkaveég va mapExouv
Sladopetikol ¢ pubuoug Sedopévwy ota enimeda MPOCPAONC, CUYKEVTPWONG KoL TIUPAVA, Ol
omoiol kKupaivovtal petafv 155Mbps kat 160Gbps. NMpoodEépouv MAATPOPUEG TTIOU TTOPEXOUV
TIOAAQTAEG UTINpECieg, oL omoleg unootnpilouv edapuoyeég IP kat Ethernet. Q¢ amotéAeopa
NG anmAotntag tou Ethernet kot TG amoSoOTIKOTNTAG TOU OXETLKA E TO KOOTOG, N UL0BETNON
tou IP pue MPLS (MultiProtocol Label Switching) yia tnv emiteuén petadopdag mavw amnod
SONET/SDH ota umndpyxovta Siktua petaywyng maketwy (yvwotd wg carrier Ethernet) Ba
evioxVoEL TNV aflomiotia, tnv moldTnTa unnpeciag Kot tnv aodAlela yla TIG KPLOLUES
edapuoyég twv €fumvwy Siktlwv. To Ethernet elval ofuepa oe Béon va mpoodéEpel
taxVtnteg evog Gbps oto Gigabit Ethernet (GbE) kat 10 Gbps oto 10GbE. Ta avaduopeva
40GbE/100GbE pe dadBovn xwpntuikdétnta Ba eival smwdeAn ywa th ouVOALKA Kivnon
Sebopévwy oto £€unvo Siktuo.

Opoiwg, ta Ethernet kot Gigabit maBntikd omtika diktua (EPON/GPON) xpnotponololv
OTTIKEG-NAEKTPLKEG TIPOOEYYIOEL YlLO TNV TOPOXH EMAPKOUG XWPNTIKOTNTOC yla TNV
napddoon peyoAwv Sedopévwy, kabwe kat uvPnAng tayxvtntag petadoon ota Siktua
npooPaong. Exkpetalevovtal tv moAumAstia Slaipeong pnkoug kupatog (Wavelength
Division Multiplexing - WDM). H xprion StadopeTikwv HnKwv KOUOTOG, TOOO ylo. TNV Kivhon
avodou (upstream) 6co kot kaBodou (downstream), emutpémel peydAn evehio otn
SpOUOAOYNON KOl LETOYWYI) OTITIKWY CNUATWV.

2421 Powerline Communication (PLC)

O OKOTIOC TNG TEXVIKAG QUTAG NTAV VO XPNOLUOTIOLNOEL TLG NAEKTPLKEG YPAUUES LETADOPAS
WG ETMLKOLVWVLOKO MECO WOTE VO TIAPEXEL £Vl SIKTUO EMLKOVWVLWV OTIWCE To Atadiktuo, aAAd
TAUTOXPOVO. VO UTIOOTNPLlEL TIC KAQOGLKEC UTNPECiEG TOU oxetilovtal Pe T Slavoun
EVEPYELAG, TL.X. EAeyxo dopTiou KoL AMOUAKPUOUEVN avAyvwon HETpNTwVY. H texvoloyia PLC,
otnv omola Ba avadepBolue eKktevéotepa OTO €EMOUEVO KeDAAOLO, OUCLACTIKA
niepthappavel to Siktuo petadopdg péong taong (MT) kabwg kol to SiKTuo SLAVOUAS
XoUNANg taong (XT). OL texvoloyisg mou xpnotpomotovvtal oto PLC sival Kuplwg otevou
gupou¢ Lwvng (narrowband -NB) mou Aettoupyolv o€ XapnAég ouxvotnteg (Lepikd kHz) ka
gupLIWVIKEC (broadband - BB) mou Aettoupyouv og uPnA£g ouxvotnteg (ekatovtddeg MHz).
Ta onpota dedopévwy petadibovral pe uPnAn taxvtnta (2-3Mbps) péow tou PLC. 3e éva
TuTkd PLC Siktuo, oL €Eumvol UETPNTEG OUVOEOVTAL OTO CUYKEVIPWTN SeSOUEVWV HEOW
NAEKTPLKWV YPOUUWY HETaPOPAC Kal Ta Sedopéva pPeTadEpovtal oTo KEVIPO SeSopEVWVY e
TeEXVOAOYLlEC KUPEAWTWY SIKTUWV. MNa TapAdeLypo, omoladnmoTe NAEKTPLKY] GUCKEUH, OTWG
€vag €EUTIVOG LETPNTNG e BAON TOUTIOGEKTN, UMopEL va ouvdeBel otn ypapun LeTtadopag
Kol va xpnotpomotnBet ya vo petodépel ta Sedopéva TwV PETPHOEWY OE MO KEVTPLKA
tonoBeoia. Ta mpwtdkoAa mpdoPaocng PEoou Tou xpnotpomnotlovuvtal otnv PLC urmodoun
Bacilovtal otig TomoAoyleg master-slave actépa, SakTuAiou e OKUTAAN, aptnpiog pe TDM
kat tnv Aloha ; CSMA-CD texvikn.

To PLC umopei va BewpnOsi pia urtooxopevn texvoloyia yia tig epappuoyEg Twy EuTVwV
SIKTUWV e€attiog Tou yeyovoTog OTL N UTIAPXOUCA UTTOSOUN LELWVEL TO KOOTOC EYKATAOTOONG
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HLOG €MLKOWVWVLIOKAG umodoung. Ou mpoomdBeleg mpotumomnoinong ota PLC Siktua, n
armodoTIKOTNTA WE TIPOC TO KOOTOG, N TMOpoUcia TOUg MAvIoU Kal n eUpEwg Slabéoiun
umodopn Twv PLC eival ot Adyol mou To kavouv Suvato kot dnuodAég. BEPBala, To otolyeio
NG aopAAELAG lval KPLoLHo. H eUmIOTEUTIKOTNTA, 0 EAEYXOG TAUTOTNTAG-AUBEVTIKOTNTAG, N
OKepaLOTNTA, N Tmapéupoon tou xpnotn eival peplkd oamd Ta Kplowa BEpata otig
ETUKOWWVIEG TWV EEUTIVWV SIKTUWV.

H xpnon oe owkiakd Siktua (HAN) eival n peyoaAtepn edappoyn yia tnv PLC texvoloyia.
Akoun, umopetl va ¢avel KATAAMNAn o€ OOTIKEG TIEPLOXEG YL £DOPUOYEG OTIWG EEUTIVEG
LETPNOELC, TapakoAoUBOnaon kot €Aeyxog, pLag kat n PLC umtodopur KAAUTITEL OGN TLG TIEPLOXEC
Tou €lval 0To EUPOG TNG ETMLKPATELAG UTINPECLWY TWV ETALPLWV KOLWVAG woheAELag.

MapoAa oautd, to PLC avtpetwnilet mpoPAnpata  efacBévnong, BopuBou  Kal
napapdpdwong, mou cuvaviwvtal ot RF emkowwvieg 6tav UAOTMOLOUVTOL HECW TWV
KoOAwSIlwv nNAekTpKNG evépyelag. MLag Kol oL NAEKTPLKEG YPOUUEG Sev elxav apylKa
oxeblaotel yla petadoon Sedopévwy, TIPEMEL VO OVTLUETWILOTEL £vag aplBuog onUaVTIKWY
Bepdtwy Kal mpokAnoewv oto PLC.

e AladOpPETIKA avTioTaon Kol KATAoTAoN KaVaALoU

e Mn-Aeukog B6puBoc otn puon

e EfaogBévnon eCaptwpevn amo T ouxvOTNTA MOV OXETIeTaL HE TN B€on Twv e£0dwv
(outlets), Tig yewypadikd Stodopetikég dopég KaAwdiwong Kal tov aplBuo/tumo
TWV oLVOESEUEVWV NAEKTPLKWY GUOKEU WV

e AMNayn ¢daong (amd povodaoikn os TpldACIK Kal vice versa) HETAED ECWTEPLKWV
Kol EEWTEPLKWV OPXLTEKTOVIKWV.

lEViKA, oL NAEKTPLKEG YPAUUEG peTadopd¢ wg HEoOo MeTadoong esival avrti€oo kat
BopuBwdec meplBaMov Tou Kdavel SUOKOAN TN poviehomoinon Ttou KavoAwl. To
XOPAKTNPLOTIKO Tou XapnAou elpouc Twvng (20Kbps yia Siktua oe emimebo yeLTOVLAG
(Neighborhood area networks) meplopilel tnv PLC texvoloyia wg mpog TG epapUOyEG TTOU
xpetalovtal peyalltepo evpog. EmumAéov, n tomoloyia tou Siktlou, o aplBuog Kat TUMmog
TWV OUVOESEPEVWV CUOKEUWY OTIC NAEKTPLKEG YPAUUEG, N amootach KoAwdiwong petou
TopumoU Kal S€KTN, OAa emnPealouv SUCHEVWE TNV TTOLOTNTA TOU CHLATOC TIOU PeTadidetatl
TMAvw amo TG ypappéc. H evatoBbnoia tou PLC ot Slatapaxég kot n e€dptnon amod tnv
TIOLOTNTO TOU CAUATOG £(VaL TO LELOVEKTHOTA TTOU TO KaBLoToUV akatdAnAo yia petadopd
dedopévwy. Qotooo, €xouv mpotabei UPPLOIKEC AUOeLg ot omoieg n PLC texvoAoyia
ouvbualetal pe dMeg, SnAadr GPRS 1 GSM, yLa tnv mapoxr) MANPOUG CUVSECLUOTNTAC.

24.2.2 Digital Subscriber Lines (DSL)

Mpokettat yla pa texvoAoyia uPpnAng taxvtntag petadopag Pndlakwv SeSopévwy mou
xpnotporoletl ta kaAwdia Tou tnAedwvikol Siktvou. H Nén umdpxouoa umodoun twv DSL
YPOLMWY LELWVEL TO KOOTOC gyKataotaonc. Etol, MOAEG emixelproelg emAéyouy to DSL yla
Ta €pya Twv €EuTvwV SIKTUWVY Ttoug. Qotdoo, n anodoon (throughput) tng DSL clvdeong
g€aptdtal and to mMOCo HaKPLd eival o cuvdpountng anod to ThAEPWVIKO KEVIPO TIOU TOV
g€unnpetel Kal KATL TETOLo SUOKOAEVUEL TOV XOPOKTNPLOWO TNG emiboong tng DSL texvoloyiag.
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H eupela StaBeoipuotnta, to XapunAo kd6otog Kal n uPnAou elpou petadoon SeSopévwy
armoteAoUV TOUG TILO ONMAVTIKOUG Adyoug mou B€touv to DSL ot mpwteg BEoelg Twv
uroPrdLwv TEXVOAOYLWV yla TOUG TOPOXOUG NAEKTPLOPOU otnv edappoyrn NG LWBEOC TwvV
£EuTVWV SIKTUWV.

Ao TNV aAAn, n aflomiotio kat o mBavog xpdvog pn-Asttoupyiag tng DSL texvoloyiag
TuOavov va pnv sival anodektol yla kploweg ebpappoyEc. H e€dptnon amo tnv anootaoh Kot
n éMewpn mnpotumomnoinong umopel va TpokoAécouv emutAéov  mpofAnuota. Ta
ETUKOLVWVLAKA cuoThpata mou Bacifovtal oe DSL amattouv tnv €yKATACTACN KOL TOKTLKN
ouvtApnon KaAwdiwv Kol cuvenwg v UMopolV va pOpUOOTOUV O OYPOTIKEG TIEPLOXES
e€altiag TOU KOOTOUC eyKATAOTAONG KABOPLOPEVNG UTIOSOUNG Yla TIEPLOXEC XAMNANG
TIUKVOTNTAG.

43



Nivakag 2-2 Zuykpttikag Nivakag TexvoAloywwv E§untvou AwktUou

Microwave 5.8, 6, 11, 18, 23,
60-80 GHz WiMAX (802.16 d/e/m) Mesh (802.11 1 802.16) QLTE

NEPITPADH

YPnAng xwpntikdtntag point-to-
point acUppatn petadopd ya T
turpata backhaul ) backbone twv

A/KWV cuoTnudTwy

NPOTYNA
FCC Part 101, Part 15

XPHZH 2TO EZYMNNO AIKTYO

Backhaul kat backbone petadopd

yla S1apopeg ebaployEG OMwE
SCADA, AMI, AUTOHOTIOMOG

Alavoung kot Alokplon Zntnong

KYPIA MAEONEKTHMATA
Meyaho eupog Stabéoipuwy
XWPNTIKOTATWY, CUXVOTHTWY,
puBuicewv. MRpwg Katavontd

HoVTEAQ eyKATAOTAONG. MeydAn

aoddaiela

AAYNAMIEZ

Movo point-to-point cuvdéaoelg.
Supddpnon cUXVOTHTWY o€
TCUKVOKQTOLKNEVEG TIEPLOXEG.
EvSeikvutat kupiwg yia uPnAig
XWPNTKOTNTAC, TARPWG
apdidpopeg epappoyeg

Wireless metropolitan area
network (MAN),
niepthapBavovrag ASN Kot
CSN

IEEE 802.16d-2004, 802.16e-
2005, 802.16m

AMI Backhaul, SCADA
Backhaul, Antdkplon Zhtnong,
Mobile Workforce,
Erutripnon péow Bivteo

Augnpévn aglomuotia Kot
aopaletla. AAO, EMEKTACLLO
Siktuo. Meydhn epBéela.
Mo ypriyopeg taxUTnTeg and
10 3G. MowkAia e§omAlopol
(CPE) kat oxediwv
muAng/otaduol Baonc.

YynAn katavalwon
evépyelag. EudAwta we pog
v aopaleia. Trade-off
HETAEL UPNAOTEPWY PUBUWY
petddoong Kot peyoAUtepwv
AMOOTACEWY. ACUUUETPES
TaxUTNTEG Avw Kol KATW
{evéne. To elpog Lwvng
Slapolpaletal petafl twv
XPNOTWV. AVTAyWVLIOUOG e
Ta peAovtika 4G mpotuna
vyl UPNARG XWPNTIKOTNTAS
Siktua.
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To acUpparto Siktuo
TIAEYHLATOG EEWTEPLKOV XWPOU
(WMN) eival éva diktuo
€TKOWWVIAG Ttou amaptiletat
o pasSLoKOUBoUG
OpYQVWHEVOUG OE Lo
tonoAoyia MAéypatog

IEEE 802.11, 802.16,
Aeltoupywvtag BAceL Twv
Kavovwv FCC Part 15

Last-mile cUv6eon pdoPaong
0TOUG KOUBOUG OTUTLWV KAl
ktnpiwv, AMI backhaul,
QUTOMOTIOMOG SLAVOUNG,
anokpion {Atnong,
QUITOMAKPUCUEVN
napakoAovBnon

TUvdeon UN-omTikiG enadng.
Suvbéaelg MIMO. EUkoAn
emnéxtaon. O oxeSLaopog
TIAEYLLATOG ETULTPETEL
KaAUTepn KAAuyn yUpw amno
eunodia ) og mepintwon
BAABNG kOUBOUL. EUKOAN,
YPNyopn, OLKOVORLKG
ootk gykataotaocn.
Aoddlela kat
KpuTttoypdadnon dedopévwv

Auvénpévn kabuotépnon Aoyw
TwV TOA AWV SLadpopwy.
Auénpévn moAumhokotnta
Twv MPpWTokOAAwv (MAC,
Spopoloynong, Saxeipiong,
aopdalelag). H apyltektovikni
TIAEYUOTOC UEAVEL TO KOOTOG
KaL TNV OAUTTAOKOTNTA TOU
SIKTUOU pe KABe emumpoobeto
KOUBo

BeAtuwoelg otnv 3G UMTS
KNt Siktvwon,
BeAtiwpéveg umnpeoieg
TIOAUpETWY

3GPP Release 9

AMI Backhaul, SCADA
Backhaul, Armtokpion ZAtnong,
Mobile Workforce, Emutipnon
uHéow Bivteo

XaunAn kaBuotépnon, uPnin
xwpnukotnta. MARpwg
EVOWUATWHEVO Ue To 3GGP,
OUMBATO LE TPONYOUUEVEG
3GGP ek060eLg. MARpNG
KLVNTKOTNTA Yo BEATIWHEVEG
UTNPEGLEG TOAUECWV.
XapnAn katavdAwon oxvog

Mn S1aB€0L0 O APKETES
ayopég/ akoua os dpdon
aflohdynong oe AAeG. YYnAo
KOOTOG €§oTALoOU. Acadrg
akopa Slapopornoinon Twv
nipopnBeutwv. EAewin
neipag oto oxeSlaouo LTE
Siktuwv. Npdopaoh twv
ETALPLWV KOWNG WdEAELC
oto paopa.



3G Cellular WLAN (802.11b/g/n)  Wzigbee (802.15.4)

MEPITPA®H

To 3G nmep\appavel eupeiag {wvng
acUpuatn ouvdeon, thAedwvou,
BteokARoEWV KaL acUppATn
petadopd dedopévwy, OAa oe Eva
KvNTO mepBaov

MPOTYMNA
UM, SDMA2000, EV-DO, EDGE

XPHZH 2TO EZYINNO AIKTYO
AMI Backhaul, Aiktua
Emukowvwviwv, Mobile Workforce

KYPIA MAEONEKTHMATA
Eupéwg avarmtuypévn, otabepn Kot
WPLN TEXVOAoyia.
MNpotumnomnotnpévn. XaunAd k6oTog
£yKaTAOTOONG, AELTOUPYLAG KaL
CUVTNPNONG XPNOLLOTIOLWVTOG TNV
unapyouoa urodour Siktvou.
MeyaAUtepn kGAuyn. Meydin
emloyr mpopnBeutwv

AAYNAMIEZ

Avaykn upywv/otabuwyv Bdong.
Mn kdAudn oplopévwv
QTTOMAKPUCUEVWY TEPLOXWV. H
texvoloyia eival o pdaon peta-
Baong mpog to LTE. Mn KatdAAnAn
vl epappoyEg TOAWY
Sedopgvwv/ uhnlol evpoug. Ta
Snuoota kuPehwtd Siktua Sev
elvat otaBepd/aocdain yla
Kplolueg edpapuoyEg

JuothuoTa ylo T petadopd
Sedopévwy og Evav aywyo
TOU XpnoLyomnoLeital emiong
yla LeTadopd NAEKTPLKAG
EVEPYELOG

ALGdOPO AVTAYWVIOTIKA:
G.hn/G.9960. IEEE 1901

AuTOpATIONOG UTtooTaBuoU,
AMI Backhaul,
ATOLLAKPUOUEVN
mapakoAouBnon,
AUTOUATIONOG SLAVOuUAG

XpnoomoLel Ta uTtdpyovTa
Siktua Twv aywywv
peTadopdg NAEKTPLKAG
€VEPYELOG, T OTola
dTAVOULV WG T ACTIKA
KEVTPQ, KTHPLA, ETILXELPNOELG
K.T.A.

O g€eldikeupévog e€omAL-
ouoG mapapével unAov
K&oTOUG. Aviikouv og
€TaUplEG MOV pmopel va
TPOTLLAOOUV OTITLKEG (VEG
KLKpOKUpOTA KOL VOL
nouAfioouv/ pobwaoouv Thv
mheovalouoa xwpntkoTnTa.
Ta npdtuna oe dpdon npo-
oxebiou. HAektpopayvntkn
napeuBoAn

45

AcUppata Tormkd Siktua
(WLAN) sowTteptkol xwpou,
owtaka Siktua (HAN)

|IEEE 802.11b/g/n. To IEEE
Working group mapéxet
UTOOTHPLEN KO EVNLEPWOELG

Owiakr Stktiwaon, OKLOKOG
QUTOMOTIONOG

XapnAou kdaotoug chip sets -
OLKOVOULKEG CUOKEUEG
KatavaAwtwy. Eupéwg
Sladedopévn xprion Kat
TeEXVoyvwaoia - xapnAou
KOOTOUG EYKATAOTOON.
Evotadn kat wpLua mpotuna

H puikpn KAAUYPn KoL oL ULKPES
QAMOOTAOELS TiEPLOpilouy TNV
eupeia xpnon. Npokumntouv
Bépata aopalelag Ue Ta
moAarmAd diktua mou
Aettoupyouv o€ (81eg
tonoBeoieg

XapnAoU kdotoug, xapnAng
LoxV0oG¢, acUPUATO TPATUTIO
TIAEYHLATOG YLOL ACUPHOTOL
owtaka Siktua (WHANS) ry
Siktua PAN

IEEE 802.15.4. H ZigBee
Alliance Siatnpel To mpdtuno

OwLakd Siktuo yla tn
Slaxeiplon kot
mapakoAovBnaon tng
evépyelag. Eumvol PeTpnTEC,.
‘E§UTVOG GWTLONAG, CUOKEUES
KaL NAEKTPOVIKOG EEOMALOOG

XapnAo k6otog. XaunAn
KaTavaAwon Loxvog. Auto-
opyavwon Siktvou
TAEypaToC - aodaAng,
alomotn Siktbwon.
XapnAot puBpot Sedopévwy -
1o Siktuo pnopel va
umootnpifel peyalo apOuod
XPNOTWV

OLmpodiaypadEg yla tnv
€EuTvn eVEPYELX ElVOL KOO
und avamnruén. O
KOTOLOKEVQLOTNG TIPETIEL VAL
OCUMUETAOXEL 0T ZigBee
Alliance



Microwave 5.8, 6, 11, 18, 23, 60-
80 GHz WiMAX (802.16 d/e/m) Mesh (802.11 ; 802.16) LTE

Point-to-point acUppotn petadopd Eupuwvikn KNt 1 OLKLOKH GUV- Anpodhrg texvoloyia yia last AIKTUO EMOUEVNG YEVLAS YLOL
v dwvry, Sedopéva, Bivieo k.TA. yia  Seoudtnta oe 0OANOKANPEG TIOAELG mile, eupulwvikn pooBaon oe KWNTEG TNAETUKOLVWVIES
Suadopeg ?? Aktiou 1 XWPEC (evaMakTikd tou GSM, SNUOTIKEG KO QYPOTIKEG IEPLOXES.  Tapéxoviag udng
nep\apPdvovtag RAN (Radio access CDMA). Otkovo LKA amodoTikh Ta diktua mMAéypartog poodépouv anodotkdtNTa pAcpaTog, oAy
network), WAN, backhaul, backbone  efumnpémon apatokatoknpuévwy  BeAtwpé-vn aflomiotia kat xapnAn kabuotépnon,
K.TA nieploxwv. Triple play Stavopr - EMEKTACLUOTNTA. MTopouv va Behtiwpévn eunetpiaxpfotn
gupulwViko internet, VoIP kau UMEePTEBOUV 1) VOL VTIKOTAGTOOUV
IPTV uminpeoieg Tacopper-DSL kat FTTH
5,L6,U6,7,8,10,11, 13, 15, 18, 23, 2.3,2.5,3.5 GHz abel080tnuéveg 900 MHz, 2.4 GHz, 5.8 GHz (un 700 MHz, AWS 1700/2100 MHz,
26,32,38 GHz. {wveg. XpnaotyomnolovtaL emiong abelodotnpéva) IMT 2500 MHZ, GSM 900 MHz,
E-band 70-80 GHz. 10450 MHz, 700 MHz UMTS 1900/2100 MHz, GSM
Unlicensed: 2.4,5.8 GHz 1800 MHz, PCS 1900 MHz,

Cellular 850 MHz

5,10, 20, 30, 40, 50, 80 MHz Tumukn avdBeon elpoug {wvng 20 MHzywa 802.11a/g 1.4,3,5,10, 15 kot 20 MHz, eme-

(ANSI/FCC) Kavaov eivatta 20 f 25 MHz 20/40 MHzywa 802.1n KTdoo eVpog Lwvng Gépovtog,
(H.N.A) A ta 28 MHz (Eupwrn) unootnpilet kaw FDD ko TDD

IKANOTHTEEKAAYWHE

E§aptdrat amnd t cuxvotnTa KaL 1o 3-4 pikio. MeyohUtepeg H kd\un ota onpeio mpdoBaong Aktiva 2-3 phiwv (aotkn

£8a¢og ala urnopolv va QMOOTACEL UIOPOUV VL eivaw Opota pe 1 802.11b/g/n. H niepLoxn) Aktival 5-7 phiwv

eruteuyBouv Levéelg onueiou-npog- KoAUHOOUV pe XaunAdTEPOUG andotaon HETaEL TwV PadLOKOUBWY  (aypOTIKA TEPLOXH)

onpeio éwg 40 pilia puBpolg Sedopévwv ToKIAEL avdloya pe Th cuxvoTnTaL

KaL tig Zev€elg omtikng emadng (0-15
uiAta) ko pun omikig emadric (0-3

uiAia)
MEMIETOIPYOMOIAEAOMENON
Xwpnukotta/Pubpanodoon (avd Tumikd 4-16 Mbps OLpuBpoi dedopévwy efoptwvrat SISO péytatol puBpoi tng Tagng
KaVAAL, avd tOAwon): TUTIKA PEXPL amné v andotaon g Levéne. Twv 100 Mbps (DL), 50Mbps (UL).
310/360 Mbps TDM/Ethernet Bé\uotot pubpoi Sedouévwv 2x2 MIMO: 172.8 (DL), 57,6 Mbps
Mavw and 1Gbps xpnoonotwvrog 6nwe oto 802.11 b/g/n (54, 48, (UL).
KABetn MOAwon K.TA. 36,24,18,12,9,6,4.5,3,2.25, 4x4 MIMO: 326.4 Mbps (DL) 86.4

1.5 Mbps). Méxpt 300Mbps yLa (uL)

€EWTEPLKOUG XWPOUG

XopnAo - MEtpLo. MikpOTEpO KOOTOG METpL0 - Ot KEGOAALOUXLKEG Métpto - Qpuun texvoloyia: Xapn- YPnAO - pwLpo oTdd1o éykplong
0€ GUYKPLON LIE TLG OTTTLKEC (VEG UE Samdveg eivat oxetikd VPNAEG, T AEC WG PETPLEG KEDANALOUYIKES 0TNV TLWOAGYNON YL TOV
ueyaltepn eukolia eykatdotaong. Aettoupykd €§oda eivat xapunAd. Samdveg, avdloya pe T xwpntko-  eéomiopd. Odopa damavnpo
OLtipég Twv chip ouveyifouv va TNTA KOL TO TIPONYLEVA XAPOKTN L
nédprouvv 0TIK& QoS Kat SpopoAdynong. To

KOOTOG EYKATAOTAONG E§APTATOL
ard tov aptBpd KOUBWV Kot TUAWV.

OLEMIXELPHTELG KOWNG wbENELOG ‘Qptun. Ndvw arnd 500 H texvoloyia mAéyparog eivar pa EruSeigeLg tng texvoloyiog
£XOUV EYKATAOTAOEL SiKTUQ £YKOTAOTAOELG TTAYKOOMIWG. EXEL WPLUN Texvohoyia pe peydin TayKOopiwg artd 10 2010. Ou
ULKPOKUUATWY £56W Kat SEKOETIEG npotaBei to véo 802.16m TIOLKIALOL TIPOUNBEUTWV Ko ulorouioelg eivat eni tou

Aoyw g udnAng aflomiotiag Toug TPOTUTIO - UEXPL KL 4 HOpEC ouokeuwv. H8n xpnoponoteitat TP OVTOG 0€ SOKLUAOTIKN dAon.
KOL TS amattfoel uPnAng eniboong YPNYOPOTEPES TOXUTNTES eupéwg ya epappoyeg Eumvou YAomotoeig peydAng KAipoKag
Siktvou AKTUoU peMovtika (2-3 xpovia)
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3G Cellular PLC WLAN (802.11blg/n) Zighee (802.15.4)

Kwnt tAepwvia, duvordmra ZUOTA OO YLOL TN PETadOpa AcUpporn Siktuwaon yia LAN kot ZUYKEKPLLEVEG EGOPHOYES
ouvdeang tablet yla kKAoeic dpwvric SEOOLEVWY PETW QYWYWY WAN. EUp£wG XPNOLWOMOLOUUEV  PASLOGUXVOTHTWY OV OMALTOUV
kot Bivteo, tpooBaon oto Internet nAektpikol pevpatog yio WAN yla aoUpparta LAN eowteptkol Xaunoug puBpoug dedopévwy,
kat Mobile TV edappoyEe. Anpodihn oy Xwpou. Ta §iktua ewreptkol peyahn SLapketa {wng pwrotapiog

Eupwrn Omou o oxedLaopOG TwV Xwpou ebappolouv apyiTeKToVIKy  kat acdhakn Sitbwan. ...
NAEKTPLKWY SIKTOWV UMOOTNPIZEL  TUMOU AEYMOTOG YLOLTILO ENALOTLKY
OLKLOKT IpOGBao o\

GSM: 380 MHz-1.9 GHz Ta RF kOpoma ta€ibebouv oe Mn adelobotnpéva: 2.4 kat5 GHz ~ ISM: 868MHz, 915MHz, 2.4GHz
CDMA/EV-DO: 800 MHz wg 1.9 GHz ouxvotnteg wv 1.7-80 MHz. O DSSS, OFDM (unlicensed).

TEPLOGOTEPOL TIAPOXOL BaoilovTal Kwékomoinan DSSS

010 ddopa 1-30MHz yia BPL

petddoaon

GSM: 200 kHz Wide band: 1200 (Hz). 20MHzy10802.11 a/g.

CDMA: 1.23 MHz (1.25MHz yia EV- Medium band: 600 (Hz) 20/40 MHz 12 802.1n

DOi

3-5 pilia (Aodwdng €ktaon) Anootdoelc mavw twv 15 km € E0WTEPLKO XWPO: WG 100 m MéxpL 50 pétpa
pEXPL30-45 pikwa (enimedo E6adog) ropolVv va entteuyBouv mavw 2e eWTEPLKO YWPO: WE 250 M

ano éva §iktuo péang taonc.

cdma2000/EVDO rev B: péxpt O puBpoi dedopévwy motkilouv 802.11b: uéxpt 11 Mbps 20 wg 250kbps, avaloya pe ™
14.7Mbps HSPA+: éwc 28Mbps (DL),  eupéws. XapnAng ouyotnrag 802.11a/g/h/j : uéxpL54 Mbps {Wvn oUXVOTHTWY
22Mbps (UL) dbépovta (100-200kHz): Aiyeg 802.11n:>100 Mbps

ekarovtadeg bits/sec. Meyahute-

poLpuBot bedopévwv

onuaivouv pikpoTepn epBEReLa

Meétpto - YYnAo. Ot 3G unoAotioelg YN\, elbika yia edappoyES XaunAd - AvarttiooeTat Kot XaunAo - Avarttiybnke wg

Ba emBapuvBolv pe auéavopeveg, 0TV ALEPLKN OTIOU 0 OXEBLA0UOG  XPNOULOMOELTaL EVPEWS OTNV XaunAou KAaToug, XaunAng

enavahapBavopeves damaves ava Tou SIKThou Elval aveEmapKAG yLa ayopd LoXU0G TtpOLOV yLat EDAPHOYES

MByte BPL guykpUtikd pe Ty Evpwrn. KpOU £UPOUG Lwyv

MoAU wpLn texvohoyia aha Ba Mo SnodAig texvoloyia oty To WiFi giva pwa wpyn, Apketd véatexvoloyia. O

avtikataotadel oTadlokd ano Eupwrn arno ot ot B.Aueptk. amoSedeypéVa SLOAELTOUPYLKN Tpodlaypades enkupwBnkav

peMovtika mpotuna onwe to LTEota  Exouv emutuywe xpnotpomounfet Texvohoyia. AaBéatun peydin 2004, ouveyOpEeVeS

EMOEVA XPOVLAL yla OeKaetieg 1000 povodpopa ol popnBeutwv katdopwy  mpoSlaypadeg akopa oe e¢ENEN
000 Kot audidpopa suotipata TWwoAdynang
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Kepdalatio 3:
Emikowvwvia uéow ypauung psvuatog - Power Line
Communication (PLC)

H emikowwvia péow ypappng pevpatog eivat éva cuotnua yla tn petadopd Sedopcvwv
HEOW EVOG aywyoUl TTOU XPNOLUOTIOLEITAL EMIONG YLO TN HeTAdOPA NAEKTPLKOU peUATOG. Eva
gupl ¢paopa texvoloylwv PLC xpeltaletal yla SladopeTkEC ebapUOYEC, TTOU Kupaivovtal
ard QUTOUOTLONO oTuTIoU PEXPL TPpOoPach oTo Aladiktuo. To NAEKTPLKO pelpa LeETadEPETAL
O£ UEYAAEC QUMOCTACELG XPNOLUOTOLWVTOG YPAUUEG HeTadopds uPNnNAnG taong, SlavépeTtal
HECW TNG MECNC TAONG KOL XPNOLUOTIOLEITOL OTA KTAPLO OE XAUNAn Tdon. OL MEPLOCOTEPES
texvoloyieg PLC meplopilovtal os éva clUvolo kaAwdiwv (6mw¢ kaAwdiwon oe €va povo
KTAPLo), 0AAG OpLopEVEG pmopolV va SLEABouv petafl SUo emumédwy, yla mapadslypa vo
Slaoyioouv 1o Oiktuo Slavopng oMA kal TV KInplakn kKoAwdiwon. uvnbwg ot
LETAOXNUATLOTEG eumodilouv TN pet@doon TOU ONUOTOG, TO Omolo amaltel MOANATAEG
TEXVOAOYIEC WOTE VAL OXNUATLOTOUV TIOAU peyaha Siktua. Aladopol pubuoi dedopévwy Kal
OUXVOTNTEG XPNOLULOTIOLOUVTAL O SLOPOPETIKEC TTEPLUTTWOELC.

Ta ouotiuata PLC Asttoupyolv elodyoviag oto clUotnua koAwdiwong éva onua
Slapopdwpévou dépovtog. Aladopetikol tumol PLC xpnotpomololv SlodopeTikég {wveg
OUXVOTNTWVY, OVAAoya HE TA XOPOKTNPLOTIKA UETAS00NG OUATOC TOU XPNOLUOTIOLOUEVOU
KoAwbiou pebpatog. MLag Kal To GUCTHHOTA SLOVOUNG EVEPYELOG TTPOOPLIOTAV APXLKA YLo TN
petadoon AC pebatog otig ocuxvotTnTeg Twv 50 i 60HZ, Ta KUKAWHATO NAEKTPLIKWY KAAWSIwV
€XOUV TIEPLOPLOUEVN LKAVOTNTA Vo PeTadEpouv UPNAOGTEPEG oUXVOTNTEC. To MPOBANUA TNG
petadoong elval £vog mepPLOPLOTLKOC TapAyovTag yla KaBe Tumo enikowvwviag PLC.

OL puBuol dedopévwy KoL Ta OPLO. ATIOOTACEWV TIOIKIAAOUV gUPEWG ylo T Sadopa
npotuna PLC. Ta xapnAng ouxvotntag o¢épovta (mepimou 100-200kHz) oTic ypOMMES
petadopdg uPnAng taong HUmopolv va MPetadépouv €va i SUO avOAOYIKA KUKAWHOTA
dwvnc/tnAspetpiag 1 KukAwpata eAéyxou, He £va pubuod Sebopévwv Twv Alywv
ekatovtadwy bits ava SeutepdAento. QoTOCO, AUTA TA KUKAWHATO UIOPEL va KaAUTITouv
andéotacn TMOAWV XAOPETpWY. YnAotepol pubpol SeSopévwv CUVEMAYOVTAL, YEVIKA,
HLKpOTEPN epPéAelar —€éva Tomko Siktuo (LAN) mou Aettoupyel pe puBpolg ekOTOUUUpiwy
bits/sec umopel va kaAUPeL povo évav 6podo evog ktnpiou ypadeiwv, aAd elaylotomnolei
NV avaykn ylo eykotaotacn el8ikng kaAwsdiwaong Siktuou.

Ol ETUKOLWVWVIEG HECW YPAUUWY PEVUATOG elval TAALA LBEQ, TTOU XPOVOAOYELTAL OO TLG
apxEG Tou 1900, 6tav umoBARBNKaV OL TPWTEG EUPECLTEXVIEG € AUTOV TOV TOHEA. ATtO TOTE,
OL ETXELPNOELG KOWNC WPEAELAG AVA TOV KOO0 XPNOLUOTOLOUV aUTH TV Texvoloyla yla Tnv
€€ aMOOTACEWC HETPNON KOL TOV £AEyX0 TOU ¢OPTiOU, XPNOLUOTIOLWVTIAG OPXLKA AUCELG
pHovoU dEpovtog otevol eupoug {wvng (single carrier narrowband) mou Asttoupyoloav oTLg
xounAéc Twveg ouyvothtwv (Audio/Low Frequency bands) kat metUyowov puduouc
Sedopévwy Tou Kupaivovtav ano Alya bps oe Aiya kbps. KaBwg n texvohoyia wpipale kot o
Xwpog edpappoyng Steupuvlnke, apxloav va spdavilovial otnv ayopd ta eupulwvikd PLC
ouotAuara, Asttoupywvtag otn {wvn uPnAwv cuyvotitwy (High Frequency band) 2-30 MHz
Kall Tetuyxaivovtag puBuolg péxpl kat 200Mbps. Ta tedeutaia xpovia, to evdladépov Tng
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Blopnxaviag €xet eniong peyaAwoel yupw amod to Aeyopevo «uPnlol puBbuol dedopévwv»
NB-PLC (high data rate NB-PLC), ou eival Baolopévo os oxrjuata moAlamAol ¢p£povTog Kat
Aettoupyel otn {wvn petafL 3-500 kHz.

H texvohoyia PLC xpnolpomoleital miong yla tThv mapoxn eupulwvikng npooBoong oto
Slabiktuo og otklakoU g xproteg, eupulwVikAS ouvdeouotntag LAN evtog omutiov/ypadeiou
JOXNUATWY KoL TNV Tapoxn KAvOTATwY &loiknong Kol €AéyXou ylad QUTOUATIOMO Kol
OTTOOKPUOUEVEC UETPNOELS. To PBaclkd kivntpo yia tn xprion PLC eival ot to Siktuo
NAEKTPLKAG €VEPYELOC TTAPEXEL HLla uTodopn n omola eivol TOAU TILO eKTETAMEVR KO
SLELoSUTIKA amo OTL omoladAMoTE eVoUpUAT 1 acUppatn evOAAAKTIK AUon, €TOL WOTE
oxedov kdBe ouokeun TOU TPododoteital amd Ypouurn peUHATOC Umopel va mapéxel
ETUNPOOOETEG UTINPETLEC.

Mapd tnv undoxeon tou PLC va amoteAéoel KOTAAUTN pLag MANBwpag epopUoywv Tou
TAPOVTOC Kal Tou PHEANOVTOC, eV £XEL aKOUA TIETUXEL T HeydAn Sielobuon otnv ayopd mou
EUTIMTEL OTIG SUVATOTNTEG Tou. QOTO0O, €vag VEOG ETLTOKTLKOG Adyog yla tn xpnon PLC
npoBaAAel mAéov: n mpdodatn wONon yla ToV EKCUYXPOVIOUO TOU SLKTUOU NAEKTPLKAG
EVEPYELOG HEOW HLag TTANpodopLlakng 080U adlepwpévn otn dlaxeiplon tng petadopag Kot
Slavounc evépyelag, to Asyopevo E€umvo Aiktuo. Eival kowwg amodektd otL to Eumvo
Aiktuo Ba umootnpiletal and £va e€TtepoyevéG oUVOAO TEXVOAOYLWV SIKTUOU, KaBwg Oev
UTtapxeL povadikr AUon Tou va TolpLlalel og OAa Ta OEVAPLAL.

H texvoloyia PLC pmopel va xwpLotel otig €€¢ KATnyopieg:

Ynép-Etevig Zwvng - Ultra Narrow Band (UNB): Texvoloyieg mou Aeltoupyolv o€ TOAU
xapnAoUg puBpoig dedopévwy (~100 bps) otn ULF Lwvn cuxvotitwvy (0.3-3 kHz) 4 oto mavw
pnEpog tnG SLF Zwvng (30-300 Hz). Eva OoTOPKO TapASElypo pLloG povodpoung levéng
ETKOWVWVIAG TTou urootnpilel epappoyEg eAéyxou doptiou eival n texvohoyia RCS (Ripple
Carrier Signaling), n omola Asttoupyet ota 125 — 2.000 kHz kot eival og Béon va petadépel
opketd bps ypnowomowwvtag omArp ASK (Amplitude Shift Keying) Siwapodpdowon. Mo
npoodata napadeiyparta eivol ta cuotiuata Turtle AMR (Automated Meter Reading) mou
petadépouv Sebopéva oe efalpetikd xounAn taxvtnta (~0.001 bps) kol Ta cuoTApATA
TWACS (Two-Way Automatic Communications System) mou pmopoUV va HetadEpouv
Sebopéva pe €va péyloto pubud petadoong twv bits avda kOkAo cuyvotntag Siktuou,
dnAadn 100 bps otnv Eupwmn kat 120 bps otn Bopeta Apepikr). H UNB-PLC texvoloyieg
gxouv TOAU peydlo daopa Asttoupyiag (150km kat mapamavw). Moapdtt o puBudg
S6ebopévwv ava ouvdeon eival xapnAdg, T ocuoTApATa TOU €Xouv  avortuyBel
xpnolgomooty  Sladopeg  popdéc  mapoAAnAomoinong Kol ATMOTEAECHATIKAG
SlevBuvolodotnong mou mpoodEpouv KAAEG SuvatoOTNTEG KALUAKWONG. Mopd To yeyovoc otL
auTéG ot UNB AUoelg eival povomwALlakeg, elval oAU wpLpeg texvoloyieg, Bplokovtal otov
Topéa 6w Kal TOUAdyLotov duo Sekaetieq Kal €xouv xpnoldomolnBel and eKATOVIASES
UTINPECLEG KOG WPEAELAG.

Ztevng Zwvng - Narrowband (NB): Texvoloyieg mou Asttoupyoulv otig the VLF/LF/MF
{wveg (3-500 kHz), oL omoieg mephappavouy tig eupwrnaikég CENELEC (Comité Européen de
Normalisation Electrotechnique) {wvec (3-148.5 kHz), tnv FCC (Federal Communications
Commission) Twvn (10-490 kHz) twv H.M.A., tnv wanwviki ARIB (Association of Radio
Industries and Businesses) {wvn (10-450 kHz), kot tnv kwelikn Lwvn (3-500 kHz).

AlaKplvoULLE TLG €ENG TIEPLITTWOELG:
=  XaunAoU PuBuol Acbopévwv - Low Data Rate (LDR): TexvoAoyieg povou
dépoviog Tou Tmpoodépouv  pubuolg Sedopévwyv  Alywv  kbps. Tumika
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napadeiypara LDR NB-PLC texvoloywwv €ival CUOKEUEC TIOU avTamokpivovtal
oTLC 0KOAoUBOeg cuotaoelg: ISO/IEC 14908-3 (LonWorks), ISO/IEC 14543-3-5 (KNX)
, CEA-600.31 (CEBus), IEC 61334-3-1, IEC 61334-5 (FSK kat Spread-FSK) k.T.A.

=  YPnAoU PuBuol Aebopévwv - High Data Rate (HDR): Texvoloyieg moAAamAol
dépovtog (multicarrier technologies) pe puBuoucg Sebopévwv  €Upoug Ao
Oekadec kbps péxpt kat 500 kbps. Tumkd mnoapadeiypata HDR NB-PLC
TEXVOAOYLWV €lVaL AUTEC OL CUCKEUEC TIOU EUTLMTOUY 0TO NMedlo edpappoyng Twv
ev efelitel oxeblwv mpotunmwv: ITU-T G.hnem, IEEE 1901.2. EmutAéov
napadeiyparta, mou &e Bacilovral og opyaviopoUg avantuéng npotunwv (SDO -
Standards developing organization) givat ta PRIME kot G3-PLC.

Eupeiag Lwvng - Broadband (BB-PLC  BPL): Texvoloyisg mou AsttoupyoUv ot HF/VHF
Twveg (1.8-250 MHz) kat €xouv puBuoug dedopevwy puotkol otpwpatog (PHY rate) amod
HePKA Mbps péxpL apKeTEG ekatovtadeg Mbps. Tumikd mapadeiypata BB-PLC texvoloylwv

elval ol cUOKeUEG TToU eivatl oUUPWVEG He TIC ouoTaoelg TIA-1113 (HomePlug 1.0), IEEE 1901
kat ITU-T G.hn (G.9960/G.9961). ErnutAéov mapadsiypata sival ta HomePlug AV/Extended,
HomePlug Green PHY, HD-PLC, UPA Powermax kal Gigle MediaXtreme.

Avaloya HE To WG Xpnotpomoleital, n texvohoyia BPL xwpiletal os access BPL, otav n
petadoon dedouévwy yivetal péow Tou nAektplkol Siktlou, Kal oe in-home BPL, otav
XpnoLpornoleital ylo petadoon Se6opEvwy evtog evog Ktnpiou (omity, ypadeio).

3.1 Hkataotaocn tn¢ PLC mpotumomnoinomng

Mta oAoKANPWHEVN KOl eVNUEPWHEVN avaAuon twv PLC mpotUnwv pmnopel va Bpebetl
otnv avadopd [22]. 3tn cuvéxela eoTlaloupe oTLC TiLo ipocdateg e€eAielg mpotumonoinong
Tou onuelwOnkav tooo oto NB 600 Kkat oto BB-PLC.

‘Eva amno ta npwta LDR NB-PLC mpotuna mou emikupwOnkav givat to mpotuno ANSI/EIA
709.1, yvwoto emiong kal w¢ LonWorks. Ek80Onke amod tnv pn kepSOOKOTIK opydvwon
ANSI (American National Standards Institute) to 1999 kat €ywve €va SleBvég mpotumo to 2008
(ISO/IEC 14908-1). Autd TO emtd oTpwpatwyv OSl TMPpwTOKoAAO TapExel €vo oUVOAO
UTINPECLWV TIOU ETUTPETOUV OTO TIPOYPAUUO EPAPUOYNG HLOG CUOKEUNG VAL OTEAVEL KOL VO
Aappavel pnvupata and AAAeC ocuokeuéG oto SikTuo Ywplg va xpeldletal va E€pel tnv
tomoAoyia Tou Siktuou A TIC Aettoupyieg Twv AMwY cuokevwv. Ot LonWorks TIOUTOSEKTEG
elval oxedlaopévol va Aettoupyolv og pia anod dU0 TEPLOXEG CUXVOTHTWY avaloya e TNV
TeAkny edpapuoyr). Otav pubulotouv yla xpnon oe ePapUoyEC NAEKTPIKWV  SIKTUWVY
xpnotporoteitat n {wvn CENELEC A, eV OLKLOKEG/EUTOPLKES/PBLOUNXAVIKEG €PAPUOYES
xpnotpornotouy tn Lwvn C. Ediktol puBpoi dedopévwv gival tng ta&ng twv Aiywv kbps.
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OL mio OSadedopéveg texvoloyie¢ PLC mou edapuolovral onuepa PBoaoilovtal oe
Slapopdwon FSK i Spread-FSK, onwg opilovtal ota npotuna IEC 61334-5-2 kot IEC 61334-
5-1 avtictoixa.

Yrapyxel, BEPBaia, onuepa €va auvfavouevo evlladépov oe Avoelg HDR NB-PLC mou
AettoupyoUv ot CENELEC/FCC/ARIB Twveg Kal eival Kaveg va mapéxouv uPpnAdtepoug
puBuolg &edopévwy amod TIc LDR NB-PLC emhoyég. Mo mapdadelypa, n mpoodatn
npwtoPoulia PRIME (Powerline Related Intelligent Metering Evolution) €xelL kepbioel tnv
urmootnplEn tng Blopnxaviag otnv Eupwmn kot €xel kabopioel pia HDR NB-PLC Auon,
Baclopévn otn Slapopdwon OFDM, mou Aettoupyei otn Twvn CENELEC-A kot mapéxel
puBuolg Sedopévwy €wg 125 kbps. Mo mapopola mpwtoBoulia, n G3-PLC, emiong
epdaviotnke mpoodata. Eival pia mpodiaypadn yia tig HDR NB-PLC edpappoyeg, Baaoiletal
otnv OFDM &Slapdpodwon, umootnpilel to IPv6 TpwTOKoAAO ALaSIKTUOU Kol UIOPEL va
Aewtoupynoet otn {wvn 10 — 490 kHz.

JAUepa umapxouv Ouo TpoomABele¢ yla TNV Tpotumomnoinon twv HDR NB-PLC
TEXVOAOYLWV TIOU uTtootnpilovtal and Opyavicpoug Avarmtuéng Mpotunwy (SDO), oL omoieg
Eekivnoav otig apxeg tou 2010: n ITU-T G.hnem kat n IEEE 1901.2. O otoxog Twv G.hnem kait
1901.2 mpotUnwv eivalt va kaBopioouv pia HDR NB-PLC texvoloylo mOAU xapnAng
TOAUTTAOKOTNTAG N omolo va Tapéxel BeAtiotomolnuévn Slaxeiplon evépyelog, Tou
ektelvetal oe edoapuoyeG olklakwv Siktuwv (Home Area Networks) €wg edoapuoyEg
nponyuévwy umodopwv pEtpnong (AMI) i oe edapuoyég  YBpOIkwv OYNUATWY e
HAektpiky Evépyela amo E€wtepikny Mnyn (Plug-in Hybrid Electric Vehicles — PHEV), kat
Aettoupyel MAvw amd YpOUUEC TOOO eVAANACOOUEVOU OCO KOl GUVEXOUG peupotog. Ta
npdtuna Ba umootnpilouv EmKOWWVIA HEOW TOU peTaoxnpatot) MT/XT, mavw amod Tig
VPOAUUEG HECNC TAONG KOL TIAVW OO TIC ECWTEPIKEC KOl EEWTEPIKEG YPAUMES XAUNANG TAONG,
urnootnpilovtag puBuolg debopévwv péxpL 500 kbps, avaAdywg TIC ATALTACEL, TWV
edappoywy. Ita mAaiola tou mediov epapUOyNE AUTWY TWV MPOTUTIWV UTTAPYXEL EMIONG N
oxedlaon punxaviopwv cuvumapéng Petall twv texvoloytwv HDR NB-PLC kol PETAU Twv
HDR kat twv udlotdpevwy LDR NB-PLC TpOTUMOTMOLNUEVWV TEXVOAOYLWV.

To nmpwto BB-PLC ANSI mpdtumo oto KOoo Tipog €ykplon eival to TIA-1113. Baoiletal oe
peyaio Babuo otig mpodlaypadég tou HomePlug 1.0 tou opilel puBbuod dedopévwy duaikol
otpwpotog 14 Mbps Baotopévo oe OFDM Slapopdwon. Ta dpépovta Stopopdwvovtal eite
pe BPSK eite pe QPSK avdloya tnv molotnta Twv KAVOALWY Kal tn Aeltoupylkotnta. To
otpwpo MAC ywa to HomePlug 1.0 otnpiletat oto cvotnua CSMA/CA mou Slabétel
TiPpocOpUOlOUEVO UNXavIopo Stayeiplong mapablpou os cuvbuaoud pe Téooepa eminmeda
npotepatotntag. Mpoidvta pe PBdaon tg mpodiaypacdéc TIA-1113/HomePlug 1.0 €xouv
TLOPOUCLACEL ETILTUXLA OTLG OLKLOKEG KOLL BLONYOVIKEG OYOPES .

H opada epyaociag yla to mpotuno IEEE 1901 cuotdBnke to 2005 yla va EVOTIOLROEL TLG
TEXVOAOYIEC YpOUUWY peVUATOG (PL), e OTOXO TNV AVATTUEN EVOG TPOTUTIOU VLA CUOKEUEG
mou umootnpifouv emkowwviae uPnAng Taxvtntag (>100 Mbps) XPNOLLOTOLWVTOG
OUXVOTNTEG KATW Twv 100 MHz kal adopolv TO00 £PapUOYEC OLKLOKWY SIKTUWV 000 Kal
edapuoyég mpooPaocng. To mpdtumo eykpiBnke to 2010 kot opilel Vo BB-PLC texvoloyieg,
pia Baolopévn o FFT-OFDM kot pia o Wavelet-OFDM. ‘Eva Baciko otolyeio Tou mpotunou
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elval n mapoucia &vOC UTOXPEWTLKOU pnxaviopol ocuvumopéng, Tmou ovoualetal
TPWTOKOAAO ISP (Inter-System Protocol), o omoiog emtpenel otTig, BACIOUEVEG OTO TIPOTUTIO
1901, PLC cuokeuég va potpalovral Sikala to péco, avetaptnta amno T StadopEg Toug oTo
duokd otpwpa. EMUTALOV, ETUTPETEL OTI( CUOKEUECG QUTEG VOL CUVUTIAPXOUV L€ CGUOKEUEC
nou Bacilovtal oto mpotumno ITU-T G.hn. To mpwtokoA\o ISP sival éva véo otolxeio mou
elval povadiko oto meplBAAAOV YpOUUWY PEVUATOG.

Ol OUOKeUEG TIOU cuppopdwvovTal He TOo TPOTUTO TPEMEL va elval oe Bon va
urnootnpilouv puBuo6 Sedopévwv Touhdylotov 100 Mbps kal va mepthapBavouv to ISP otnv
edapuoyn Toug. YOXPEWTLKA XOPAKTNPLOTIKA EMLTPEMOUV OTLC CUCKEUEC TIoU akoAouBolv
to IEEE 1901 va metuyouv pubuolg Sebopévwv ~200 Mbps, evw n Xpron MPOALPETIKOU
gupoug Twvng mou ektelvetal mavw omd Ta 30 MHz erutpénel tnv emitevén KAmwg
peyoAUTepwY pubuwv. Qotdoo, ol BeAtlwoelg oto pubud Adyw TG xprnong uPnAotepwv
OUXVOTNTWV €lval OUXVA OPLOKEC Kol Xapoktnpilovtal amo uikpn euPélela, AOyw TNng
peyoAUTepnG e€aoBEvnNong Tou HECOU KOl TNV TTAPOUCia TNAEOTITIKWY KAVOALWY TTAVW oo
Tt 80 MHz.

H ITU-T €ekivnoe to mpoypappo G.hn to 2006 pe 0TOXO TNV QAVATTUEN ULOG TTOYKOOULOG
mPOTAONG yla £vav evViaio TIOUMOSEKTN owKlakoU &lktuou, o omoio¢ Ba eival kavog va
Aettoupyel maAvw amo oAa ta £idn owiakng (in-home) kaAwdiwong, Onwe ThAePWVIKEG
VPOLUEC, YPOUUEG peUHATOC, Opoafoviko KaAwSLo kal kaAwdlo katnyopiog 5 (CAT 5) kol pe
mapeXOUeEVOUC puBuoUG péxpL 1Gbps. To duoko otpwua tou G.hn grmikupwBnke amd tnv
ITU-T tov Oktwpplo tou 2009 w¢ ovotaon G.9960, evw to oTtpwpa dedopévwy tov lovvio
Tou 2010 w¢ ovotacn G.9961. H texvoloyia ameuBbuvetal o olKLaKA KTiplo Kol SnUOoLouG
XWPOUC, OMWG UIKPA ypadeia Kal OWKIOTIKEG povadeg | Eevodoxeia kat dev kahvumtel PLC
edapuoyég mpodoPaong Onwe Kavel To IEEE 1901. H cuppopdwon mpog tg ITU-T cuotaoslg
G.9960/G.9961 Sev anattei urtoothplen ya cuvumopén Kat £€ToL n umtootrpLEn tou ISP givatl
T(POQULPETLKN YO TOUG GUPBATOUC e To G.hn MOoUmoSEKTEG.

3.2 PLC kat’E€umvo Aiktvo

H avtumoapdBeon yla To molog £ival o mpaypoTikog pohog tou PLC oto E€umvo Aiktuo
glval akopa avolytr. Evw oplopévol cuviotoUv OTL amoteAel KATAAANAN emiAoyn] yia TTOANEG
edapuoyég, Aot ekppalouv avnouxieg kot e€eTAlOUV TIC ACUPHOTEG ETILKOWVWVIEC WC TILO
olyoupn evaAlaktikn. Xwpi¢ apdiBolia, to EEunvo Aiktuo Ba aflomotrost moMamAd £i6n
TEXVOAOYLWYV, OTO OMTIKEG (VEG £WC OLOUPUATEG KOl EVOUPUOTEG EMIKOWWViEG. Q¢ Tpog To
PLC, oL OKeMTIKIOTEG Loyupilovtal OTL €xel acodEC KABEOTWC TPOTUTONMOINONG Kal OTL
npoodépel pubuoUG dedopévwy Tou eival TOAU pikpol, evw GAAoL otL ta PLC povtep eivat
oKOpa TIOAU oKplBA kot OtL mapouctdlouv B€pata NAEKTPOUAYVNTIKAG cupBatdtnrtac.
Qotooo, oL mpocdateg e€elifelg oto Topéa Twv PLC emukowwviwy Eekabapilouv apketd
QUTEG TIG avnouyiec. Metagl twv evolppatwy emiloywy, to PLC gival n povn texvoloyia
TIOU €XEL KOOTOC QVOATTUENG CUYKPIOIMO HE QUTO TwV ooUPUATWY AUCEWV, HMLAC KAl Ol
YPOUMEC elval 6N ekel.

Ta OepeAwdn odéAn mou npoodépel to PLC otav uloBeteital o ebpapuoyeg EEumvwy

AKTUWV 1 KAl TILO YEVIKA 0t £DOPUOYEC ETAPLWY KOLWVAC WPEANELOC Elval, CUVOTTIKA, TO
MOPOKATW:
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1. Ot edapUOYEC TWV EMIXEPAOEWV KOWNG wdEAelag oxedov mAvia amaltouv
mAgovaoud (redundancy) otov TOHEQ TNG MPOOTACIOG KOl TOU EAEyXOU Kal QuTh n
ovAaykKn yla TIAEovaopo TipoUmoBétel mAeovalovia KavaAla emikowvwviag. H
texvoloyla PLC emITpEMEL TNV EKUETAAEUON TNG UTIAPXOUCAS KAAWSLAKAG UTIOSOMNG
HELWVOVTAG £TOL ONUOVTIKA TO KOOTOG OVATTUENG TETOLWY KOVAALWV.

2. H xprion tou PLC emITpEMEL VA CUYXWVEUTOUV, KOTA KATTOLO TPOTO, Ol Tapadoctakd
EexwploTéC Aeltoupyleg tng aviyveuong kol tng emkowwviag, kabwg €vag PLC
TIOUTOSEKTNG UTtopel va oxedlaotel wote va evaAAAoosTal PeETaly TNG Asttoupyiag
WG oLoONTAPA Kal WG LOVTIE.

3. OL ypappec petadopdg LoxUOG CUXVA QVIUTPOOWIIEUOUV TNV TLo Auecn Sladpopn
HETAfL TwV EAEYKTWV Kol TwV €EUTIVWV NAEKTPOVIKWVY cuakeuwyv (IEDs), oe clykplon
pe Ta SiKTuo PETAYWYNG TOKETWV. EMOMEVWG, N eMKOwwvid HECW YPAUUWY
PEVUOTOG TIPOOPEPEL ONUAVTLIKA TIAEOVEKTAUOTA OTAV TIPOKELTAL ylot £DAPUOYES
OMW¢ N TNAEmpootacia, Omou eival amodacloTikng onuaociag va staodaliletal
XOUNAN Kal oploBetnuévn kabBuatépnon.

4. OLypapueg petadopd mapExouv pia 060 €MIKOWVWVING TIOU £ival UTIO TOV AUECO Kal
TANRPN £Aeyxo TNC eTalplag Kowng wdEAelag, BEUA apKETA CNUOVTIKO OTav N £Talpia
AelToupyel o€ pla YWwpo LE amopPUBULOUEVN OYOPA TNAETILKOLVWVLWV.

5. Ymapxet pla peyaAn molkihia texvoloywwv PLC mou pmopoUv va Bpouv B€on otig
neploootepeg edappoyec E€umvwv Aktowv. Etol, to PLC pmopel mpaypatt va
TIOPEXEL HLla EUPELR KAAON TEXVOAOYLWV LKAVWV va £happooTouv w¢ AUon ylo Thv
gTKOWVWVia, amnod to eninedo tng petadopdg toxvog pexpl ta diktua HAN.

Yrdpyouv moAa napadeiypata onou prnopet va xpnolpomnotndei to PLC o edbappoyég
Kowng wdEAeLOC. 2Tn ouvéXela avadEpovTal ol KUpLeg ebapUoyEC Tou ota E¢umva Alktua
og O\a ta emineda TAONG — AMO TIC YPAUHUES UYPNANG TAONG UEXPL KOL OE eMimMedo €VTOG
ormutiou.

3.2.1.1 PLC yw dixtva YPnAng Taong

Mapd To yeyovog OTL N UEYOAUTEPN UETATPOTH Ao TO ONUEPWO SiKTUO OTO aupLavo
‘E€umvo Aiktuo avapévetal va AdPel ywpa Kupiwg otnv mAsupd tn¢ Slavoung, to diktuo
petadopag Ba nmpémnel eniong va untoPAnBel oe mpoodeutikég alayég, oL onoleg Ba elval,
KOTA TN YVWHN OPLOREVWY, TILO apyEG amd aUTEG TG Slavoung kot Ba cupBolv pe évav
£€eAIKTIKO puBUO. H SlaBeoipotnta evog aflomiotou SIKTUOU EMIKOWVWVIAE OTO EMiMedo TG
peTadopdg elval e€aLPETIKAC onUaciog yla TNy uroothplen dtadopwv epapuoywy, OTIWG
EKTIUNON TNG Katdotaong Tou diktuou (PMU mavw and WAMS), avauetadoon npootaciog
(protective relaying), eméktaon twv cuvotnudtwyv SCADA ot amopakpuouévous otaduoug,
ETIOTTELO ATIOUOKPUOUEVWY OTOBUWY Kal EAEYXOC TOU CUCTHLOTOC EVEPYELAG. YTApXOUV
eykateotnuéveg PLC texvoloyieg mou Asttoupyouv otig AC kat DC ypappég upnAng taong
£w¢ kat 1.100 kV kot otn {wvn 40-500 kHz, mou smutpénouv puBuolg Alywv ekatovtadwv
kbps kat dtadpapatilouv onuavtiko polo ota Siktua YT Adyw tng uPnAng aglomiotiog Toug,
TO OXETIKA XAUNAG KOOTOG KoL ETITEVEN LEYAAWY OITOCTACEWV.

Ol mpwrteg PLC ouvdéoelg oe ypappég YT eykataotadnkav yupw oto 1920 pe okomod tnv
napoxn umnpeolwv tnAedwviag kat Baoilotav otn dtapdpdwon SSB. IAuepa, n xprion PLC
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Ot ypappéc udnAng taong eival koAd edpatwpévn kal YAadeg Tevelg €xouv
gykatootabel o meplocodTepeg and 120 YWPEG UE CUVOALKO UNKOG KATIOLWY EKOTOMUUPLWY
XALOUETPWV.

EKTOG amod tnv mapoyr cuvdeolpotntog oto eminedo tng petadopdg, n texvoloyia PLC
TAVW omo YpapUeG YT pmopel eniong va xpnolpomolnBel yla amopakpuopévn avixveuon
oboApdtwy. Mo mapadewypa, £€xouv onuewwbel mpoodata emituy MEWPAPATA YlO TNV
aviyveuon OMOCUEVWY HOVWTIWY, BPaxUKUKAWUOTO HOVWTIWV Kal Bpaldon kKoaAwdiwv. e
aAAo mopadelypa, n texvoloyia autn daiveral xpAolun otov MPoadloplopo TNG oAAQYNS
TOU PEoou UYPoug armo to £6adog Twv evagplwy aywywv YT.

Mpoc¢ to mapov, eivatl Suvato va ekdpaoTel HOVO CUYKPATNHEVN aloloSotla OXETIKA e TN
xpnon tou BB-PLC otnv mAeupd tng petadopds, Kabwg eival avayKaleg MepaITEPwW SOKLUEG
KOl ETILKUPWON yla va To GEPOUV OE EUMOPLKO OTASLO.

3.2.1.2 PLC ywx 8ixtva Méong Taong

M onuavtikn amnaitnon ywa to peAlovtikd Efumvo Aiktuo eival n duvatotnta
petadopag SedopEVWY OXETIKA E TNV KATAOTACN TOU SIKTUOU PEaNG Taong, SnAadn TpEmel
va petadepbolv petofl twv umootabuwv evidog tou Siktuou TAnpodopiec yla tnv
KOTAOTOON TOU £EOMALGHOU KOl TG GUVONKEG TNG pong Loxvog. Mapadoaotakd, ot urtootaduol
péong taong Oev eival eboblaopévol e SUVATOTNTEG EMIKOWWVIAC, OMOTE N XPHoN NG
UTLAPXOUCOC UTTOSOUNG YPOUUWY UeTadopdc amotelel pla eAKuoTiki AUon oto Béua tng
EYKATAOTACNC VEWV (eVEEWV EMIKOLWVWVIOC.

Mepkég Asltoupyiec autopatiopol UTooTtaOuwVY MPoUTMoBETOUV oL EEUNMVEG OUOKEUEG
(IEDs) va emkolvwvolv pe plo 1 meploodtepeg e€wteptkég IEDs. MNa mopadelypa, otnv
TEPIMTWON EVTOMIOUOU KAl AMOUOVWOoNG opoAUATWY KoL AmoKOTAoTAonS TG unthpeaoiag, ot
IEDs Tou UOOTABUOU TIPETEL VA ETILKOLVWVIOOUV LE EEWTEPIKEG CUOKEUEG, OTIWG SLOKOTITEG,
reclosers, fj sectionalizers. Y& éva akopa moapadeypa, n duvatdtnta dispatch tng tdong oto
oloTnUa Sltavopng amattel emikowvwvia Petaty Twv IEDs tou unmootaduol Kol aUTwWV Mou
tpododotolv TN OSlavoun kat efumnpetolvtal amd Ttov umootabud. OAeg autég ot
ETUKOWVWVIEG xpeldlovtol ouvdeolpotnTta XapnAng taxlTnTag, Tmou &elvol &vidg Twv
Sduvatotntwv Tou PLC.

‘Eva peydlo pépoc tou s€omAlopol MT €xel eykotaotabel 6w kat mavw amnod 40 xpovia.
H aviyveuon PBAaBwv, kabBw¢ kal n mapakoAouBbnon yia tn SlacdoAlotel peyalutepn
Slapkela {wNG oe KPLolMeG KAAWSLOKEC CUVOEOELC OVASELKVUETAL OE QVAYKALOTNTA, QO
armoin AELTOUPYLKN, OLKOVOULKA oAAG Kal aodalelag. Ol TMEPLOOOTEPEG TEXVIKEC TOU
XPNOLUoToloUvVTaL onpepa MepAapBdavouv emi TOMou €Aeyxo. QOTOCO, AELTOUPYIKA, T
online Slayvwotikd epyaleia sival mpotipdtepa kot cuvtopa Ba yivouv n kUplo taon. Xtnv
avadopd [24] peletatal n ocuvdeon PLC onpdtwv €wcg 95 kHz (Twvn CENELEC A) yia tn
petagdopd online Stayvwotikwv Sedopévwy, Omou ol ocuyypadeic tovilouv emiong to
TIAEOVEKTN LA TNEG EVOWHATWONG SLayVWOTIKWVY gpyaleiwv mou e€umnpeTolyv Tov S1TTtd oKomo
NG avixveuong KaL TG emKowwviac.
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Ta cuotnuata DG evééxetal va odnynoouy, akouola, otn Snuwoupyia vnotdwv (islands)
QTTOUOVWHEVWY a6 To urtoAouo Siktuo. Elval onpavtikd Tétola yeyovota va aviyvelovratl
vpnyopa. H xprion LDR NB-PLC (Zwvn CENELEC A) yia tnv elcod0 evo¢ oipatog oto cuoTnua
MT £€xeL avaAuBel kat doklpaotetl otnv [25] kal paivetal va sivat Alyotepo akplPr) os oxeon
HE aAAeg peBodouc mou Baoilovral og TNAEPWVLKA CHUATOL.

TENOG, EMUTAEOV TOU QMOUOKPUOHUEVOU €A€yxou yla Thv MPOAnYn Tou GolvopEVOU TNG
vnotdag, €xouv oulntnBel kot avoAuBel ki AAAeg edappoyeég mou oxetilovial pe Thv
napakoAouBOnon otnv mMAeupd MT, OMwWG UETPAOELS BepUokpaoiag TWV HETACKNUATIOTWY
AadLoU, HeTproELg TAonG oto Ssutepeliov TWV petooxnpatiotwv YT/MT, pedétn odboApdtwy,
HETPNON TTOLOTNTAC LOXVOG, K.4.

3.2.1.3 PLC ywx Siktva Xapning Taong

OL meploootepec edpoppoyeg PLC ota E€umva Aiktua otn xapnAn tdon eival otig
neputtwoel AMR/AMI, smukowwvia oxrjpuortoc-rtpoc-6iktuo, DSM kot evepyslakr Staxsiplon
ormutoL.

I.  AMR (Automatic Meter Reading) kaw AMI (Advanced Metering Infrastructure)

Ot cuokeuég UNB-PLC ftav oL pwTteg mou xpnotpornow|dnkav yia edpappoyec AMR/AMI.
Mapd To yeyovog otL ta cuotnpata UNB-PLC xapaktnpilovtal and moAl xaunAolg pubuoug
petadoong dedouévwy, Ta onpata Stadidovtal eUKOAX LECW UETOOXNUATIOTWY MT Kat XT.
EmumAéov, n texvohoyia UNB-PLC Sev amalttel kdmowou eidoug PL mpooappoyng, onwg Ba
£kavav aMecg PLC texvoloyisg mou Aettoupyolv os peyoAUTEPEG CUXVOTNTEG AOYW Tou low
pass palvopévou armod ToUG MTUKVWTEC S10pBwWONC TOU CUVTEAEDTH LOXVUOC KL TIC OVTLOTAOELG
TWV PETAOXNUATIOTWY Slavopng. Tig teAeutaieg Vo Sekaetiec ta cuotruata UNB-PLC
€XOUV BLWOEL ONUOVTLKN EMLTUYXiO OTNV ayopa.

EvSladépov yia AMI edapuoyEg kepdilouv, emiong, ot texvoloyisg NB-PLC, to omoio
ninyalel ano tnv npocdatn dnpoupyia duo oxedilwv adlepwpévwy oTnV MPOTUTIONoinon
Twv NB-PLC mopmodektwv (IEEE 1901.2 kat ITU-T G.hnem). H wavétnta tg HDR NB-PLC
TEXVOAOYLOC, OUWC, VA TTAPEXEL oNUAVTIKA uPnAdtepoug pubuolc petadopdc o oxEon e
Vv UNB-PLC épxetal He TO TIUNMO TOU HELWHEVOU €UPOUG Kal, HEPIKEC OPEC, TNG
otaBepomnoinong Tou HETACKNUATLOTH.

Mpénel va tovicoupe, BEPata, OtL dev mMpoodEpouv OAeg oL texvoloyieg PLC tnv iSla
aflomiotia Kol LKavoTNTA Va TIPOCTIEPVOUV TO UETACYXNUATLOTH SLAVOUAG KAl CUXVA aUTh N
KavoTnTa e€aptdTal amno Tov (610 To HETAOXNUATLOTH.

1. Ertikowvwvia oxpatog-npog-diktuo (Vehicle-to-Grid Communication, V2G)

‘Eva oxnua PHEV doprtilel Tnv pnatapia tou ouvdedpevo pe evav e€onAlopd edpodlacpol
NAEKTPLKWV oxnuatwv (EVSE - Electric Vehicle Supply Equipment), o omolog pe tn oslpd Tou
glval ouvbedepévog ota KaAwdLa TwWV KTNPlwv f ta KaAwdla dtavounc (os aspodpodpta,
XWPOUG TApPKLVYK, K.T.A.). Mowila oevapla ebpapuoywv umopouv va dnutoupynBolv yla thv
ETKOWVWVIa HeTOEY Twy PHEV Kol Twv £TALPLWY KOWAC WPEAELAG, TL.Y. VLo TOV EAEYXO TOU
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TomikoU ¢optiou alyung mou avamodeukta Ba Snuloupyrnoouv Ta oxnuata auvtda. H
SlaBeopodtnTa pLag {evéng emkolvwviog HeTafl TOU AUTOKLVATOU Kat Tou EVSE (Kot akopa
Kal and tov e€omhlopd EVSE mpog to petpntr, to Awadiktuo, to HAN, TIG OUOKEUEC, TNV
etalpia, k.T.A.) Oa gival kataAVTNC yla TV onotadnmote ebapuoyn.

To MPWTO XAPAKTNPLOTIKO TIAEOVEKTNUA Tou PLC yla tnv €mkowvwvia oxAUatog-mpog-
Siktuo elval To yeyovoc nwg propel va eykataotabel pia Eekdbapn uoikr cuvdeon petal
TOU OXNUATOC KL eVOC oUYKEKPLUEVOU EVSE, katL mou Sev eival Suvatov va emiteuyBel pe pla
ooUppoatn AUon, akopo KL av eival pikpng euPéietag. Mia duoiky olvdeon mpoodEpel
TAcovekTAAOTA, £I6IKA o Bépata aocdalelag Kol miotonoinong. Mapott to PLC kavaht
napeunodiletal (ow¢ omd OPUOVIKEG TIOU UTIAPXOUV AOYw Tou petatpoméa (inverter),
UTTAPXOUV CHUEPO OPKETEC TPEXOUOEC SOKLUEG TOOO TAvw otlg BPL 600 kat otig NB-PLC
AOoelg. Ao anoyn k6oTouc, eukoAia avaBabuLong kot maykoopiwy kavoviopwy, ot NB-PLC
AUOELG TTAEOVEKTOUV OE oXéon Me To BPL kat, SeSopévou OTL elval emiong ApLOTEG ETUAOYEG
YL LETPNTEC KL CUOKEUEG, N XPron Toug dailveTal apKeTA SEAEQOTIK).

.  Awxeipion ZAtnong (Demand Side Management)

Mtua aro Tig kupleg DSM edapuoyEg eival n anokpion {Atnong (Demand Response — DR),
mou AapPavel ouvexwg OAo Kal peyaAutepo evdladépov. H DR Aettoupyio avadépetal
OTOUG HNYavilopouc Staxeipong tng INTNong QmoKpLVOUEVN OTIG CuvBnKeg mMpoodopdc,
6e60UEVOU OTL N MAPAYWYN EVEPYELOC SEV UTTOPEL VO TIPOYPAPUATIOTEL VOUOTEAELOKA, TL.X.
nALoKA Kot atoAlkn evépyela. Etal, n amdkplon {Atnong ivol éva HEco yla VoL ETPLAOTEL N
{ntnon awung, OAAG KOl va OITOKTHOOUV Ol KOTOVOAWTEG KOAUTEpPN Eemiyvwon Ttng
KaTavaAwong evépyeLag.

E€attiog tng peyaAutepng e€aoBévnong mou udiotavtal ta PLC opata otnv mMAEUPA TG
XOUNANG Tdong, ol AUoelg BPL Sev gival mavta 1davikég yia epappoyEg DR otav edapuoletol
Aueocog €Aeyxog tou doptiou, KaBwE N andotacn PETAEU TwV CUCKEUWV KAl TOU onueiou
Omou elodyetal to ofpa (otov €€umvo UETPNTH, OTO petacynuatiot) MT/XT) umopel oe
OPLOPEVECG TIEPUTTWOELS VA €lval TIOAU peyaAn. Amd tnv &AAn, otav n amokpion {ntnong
vlomoleital pe €UUECO €AeyXo, MECW MLOG TUANG, TLX. O €va ouotnua Slaxeiplong
evépyelag omutov/ktnpiou (HEMS/BEMS), ot BPL AUOCELC eival TeXVIKG e€mMapKelg kal Oa
Tapeixav to MPOoHeTo MAEOVEKTNUA TNG Hetodopdc pe aodpalela Sdedopévwy amo Tig
edapuoyég tou EEunvou Awktuou oto HAN Ko vice versa. Av KoL TEXVIKA EMAPKELS, Umopel va
npokUPouv evdolaopol wG TMPOG TO KOOTOG Toug Kal oL BPL texvoloyieg va kplBoulv
umepBoALkEg yia TV uhomoinon DR. Xdpn otig moAU HikpOTepeg omwAeLleg SLASPOUAC OTIG
XOUNAOTEPEG ouxvoTnTEC, oL AUoeLg NB-PLC daivovtal kaAn 6éa yia Tig DR edapuoyEG, TOoO
yla apeco 600 Kat ylo EUUECO EAeyxo Tou dopTiou.

IV.  Evepyelakn Awaxeipion Zrutiov (Home Energy Management - HEM)

H 8éa tng Staocuvdeong edappoywv EEumvou Alktuou pe evepyelokn Slaxeiplon omitiou
kepdileL ouvexwe to evbladEpov Kal eivol £vtovn n menoibnon nw¢ 6a cupBariel otnv
oAAayr Tou TPOMOU LE TOV OO0 OL KATAVOAWTES SloxeLpilovTal TNV KATOVAAWGON EVEPYELAC.
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Avetdptnta anod omoladnmote cUYKALON OTLG ETUAOYEG SIKTUWONG yLa To EEumvo Alktuo,
ToLKIAeg AUoeLg BPL Ba ouveyioouv va eykabiotavtal amno Toug KATavaAwTeS. Ard auth TV
amoyin, n anopdvwon Twv Smart Grid edappoywv oe pia prdvra (CENELEC/FCC/ARIB) kat o
SloXwpLlopog Toug amo TG Tapadoolakeég edappoyEC mpooBoong oto Internet Kal
Puxaywylag mou Asttoupyolv pe BB-PLC (aAAd emtiong pe tn Suvatotnta oUVOESTC TOUG e
oaodalela pEow Twv cuotnuatwy Slaxeiplong (HEMS)) daivetal pia kaAn oxedlaotikn Avon,
TIOU €€LOOPPOTIEL ATIOTEAECUATIKA TIC SLAPOPEG AMALTOELG OUTWV TWV TIOAU SladopeTIKWY

edpapuoywv.

A&ilel, akoun, vo onuelwBel Twg orpepa UTIAPXEL £va aufavouevo evdladEpov TPog TIG
uBpLdikég AC/DC untodopég kaAwdiwong. EVtog Tou omutiovy, n avamntuén pag DC umodoung
Ba emipépel peyaha odéAn yla TNV mapaywyn evépyelag (dwtoBoAtaikd, KuEAeg
Kavoipou) kat tnv anobnkeuon (emavadoptilopevn unatapia). Toco n NB-PLC 6co Kal n
BPL texvohoyieg enwddelovvtal and tn Aettoupyia mavw and DC ypappég yati To Kavail
elval xpovikad apetdapAnto (time-invariant) kot e€adaviletal o kukAootatikog B0puBog Twv
ouokevwyv, pe efaipeon tov KpouoTikd Bo6puBo mou dnuloupyeltal amd toug AC/DC
LETATPOTE(C.
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Kepdaiaio 4:
Emikowvwvia uetaé cvokevwv (Machine to Machine
Communication - M2M)

H M2M enkowvwvia xpnoliomnolel texvoloyieg yla va enttpgel 1000 o€ acupuata 660
Kol o€ evouppaTa cuothpata va cuvdebolv e CUOKEUEG TNG OLag tkavotntag. Emitpenet
OE OUOKEUEC, OMWG UTIOAOYLOTEG, aLOBNTPEC, EVOWHATWUEVO CUOTAMOTA, KLVNTA, va
ETUKOLVWVOUV LETAEY TOUC KAl VO TTApVOUV ammodAoEelg e eAdXLOTn avBpwrivn apepBaon.
OL ouokeugg, 6nAadn, dtabetouv mMALov TNV euduia va amodacilouv autovopa BAcEL Twv
Sebopévwy TIou BUAAEYOULV oL (8Leg 1) AAAEG ouoKeuEG. H texvoloyla autn xpnoLUoToLel pa
ouokeun (6Mw¢ évav alobntpa 1 £va PETpNTh) ylao va KotaypAapel eva ysyovog (Omwe n
Bepuokpacia, To emninedo anobeudtwv KAM.) To onmoio avoapuetadidetal pEow evog SIKTUOU
(acUppuato, evolpuato r UBPLOIKO) os pLo epapuoyn (Mpoypaupo Aoylopikou), n omoia
HETAPPAlEL TO KATOYEYPAUUEVO YEYOVOC Ot ypriowun mAnpogopia (yia mopddelyua,
avTikeipeva mou xpetalovral avedodloouod).

Baowkég epappoyEC ival:

e JUvdeon HUNXOVWV/OUOKEUWV HME OANEGC HNXOVEC, TULX. QIIOUOKPUOHEVA
neplBailovra mapaywyns

e  JUVOECON UNXOVWV HE TA KEVTPA UTINPECLWY, TL.Y. QUTOKIVNTO TTOU EVNEPWVOUV
Ta KEVTPO EUMNPETNONG yla BEpaTA cuVTHPNONG

e JUvOEON KEVIPWV UTINPECLWV HE T HNXAVEC, TL.X. OQUTOUATOL TIWANTEC TOU
avad£pouv TNV KATAOTOON Twv OomoBespdtwv o €va KEVIPIKO oloThUa
kataypadng

e YUvbdeon oXNUATWV UE PnXavee, TL.X. Slaxeiplon kat tomoBecio otoAou

H emkowvwvia PeTafy OUOKEULWV elval pla véa LOEA, TIPOEPXOMEVN ATO TNV ApPXLKN
TEXVOAOYLA TNG TNAEUETPLOC, TTOU XPNOLULOTOLEITAL VLA QUTOMOTN HETASO00N KAl LETPNON TWV
Oe60UEVWV OO ATIOUOKPUOUEVEG TINYEG, UE EVOUPUOTO, acUPHATO | dAAo tpomo. H Wéa
NG TNAEUETPLOC —OITOUAKPUOUEVEG CUOKEUEG KAl aloBnTAPEG Tou cUANEYOULV Kal OTEAVOUV
debopéva og Eva KeVIPLKO onpelo yla avaluon, ite and avBpwroug eite and UTOAOYLOTEG—
olyoupa 6ev ivat katwvoupla. H M2M texvoloyia avaBabuilel avth tnv 16éa epapuolovrog
olyxpovn texvoloyia Siktuwong. Xpnoluormotel, SnAadn, mapopoleg texvoloyieg alld mio
olyXpoveG ekdoxEG touG. H kUpla Sladopd petafl tnAspetpiog kat M2M €ykeltal oTLg
ETUXELPNUOTLKEC KOL ETILXELPNOLOKEG TUXEC, Ttou Ba emttpéPouv otnv M2M va s€amAwBel pe
TIOAAOUG TPOTIOUG.

Tpelg oAU Sladedopéveg Texvoloyieg —ta aclppata diktva alcdntipwy, To Aladiktuo
KOl Ol TTPOCWTTLKOL UTIOAOYLOTEG— EVWVOVTAL YLa VO SNLLOUPYHOOUY TNV EMIKOWVWVIA PETOEYD
OUGCKEUWV, 1 yla cuvtopio M2M. H 160 urtdoyetal va mpowBrosL tn xpron Tng tTNAEUETplog
and emixelpnoelg, kuBepvioelg aAld kat WlwTteg. Ot M2M emikowvwvieg, yla mopadeilyua,
UTopoUV val  xpnolpomolnBolv yl TNV TIO QMOTEAECUATIKA TtapakoAouBnon g
KOTAOTAONG ONUAVTIKwV Snuooiwv umodopwyv, OmMw¢ Yyebupwv 1 EYKOTACTACEWV
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enefepyaciog Tou vepou, Pe UkpOTEPN avBpwrivn mapéuPacn. Mmopel va BonBnoet Tig
ETUXELPNOELC Va SloTnpouv amobépata ) va SleUKOAUVEL TOUG emLOTHHOVEG va Sle€dyouv
€peuva. KabBwg otnpiletal oe kowr texvoloyla, Ba umopoloe emiong va Ponbrnoel évav
OLKLOKO XPHOTN OKOMO KoL O QIMAEG EPYAOIEG, OTWG va dlatnprnoet To aviko ykalov i va
dtiageL Tn Alota pe ta Pwvia amAd e TO TATNRLA EVOG KOU UTTLOU.

TnAegpetpia evaviiov M2M €MIKOWVWVLWV

JTNV emKoWWVio UETAEU OUOKEUWV, €VaC OTOUOKPUOUEVOG aloBnthpag CUAAEYEL
Sebopéva Kal Tt OTEAVEL aoUppata oe £va SIKTuo, amo Omou Katomwv dpopoloyouvtal,
oUXVA LEOw TOoU AladikTUou, o€ €vav eEUTTNPETNTI OTWG EVaV TIPOOWTILKO UTIOAOYLOTH. ATt
QUTO TO onueio, Ta dedopéva availovtal kot aflomolovvtal, oUWV E TO AOYLOULKO o€
Loxv.

H texvoloyia tng tnAeuetpiag, He TOAAOU TPOMOUG, ATOV O TPOSPOUOG TWV TILO
TPONYUEVWY M2M cuoTNUATWY ETKOWWVLWY. TOOO N TNAEUETpiat 60O Kal Ol EMIKOWWVIEG
M2M petadibouv edopéva péow evog alobntrpa. H onuavtikotepn dtadopd petafd twv
Vo eival otL avti yla éva tuyaio padloonua, ot M2M EMLKOWVWVIEG XPNOLLOTIOLOUV
umtapyovta Siktua, OMwE T aoUPPATO SIKTUN TTOU XPNOLUOTIOLOUVTOL OO TO KOLWVO, yLa Vol
petadidouv ta debopéva.

OL aoBntpeg OTIC TOAALOTEPEG EMIKOWWVIEG TNAEUETPIAG, WOTO0O, NTAV AKPWG
e€eldlkeupévol Kal ouxva xpelalotav LOXUPEG TINYEC EVEPYELOC ylo TN METAdoon Twv
S6ebopévwy. Emiong, n oulhoyn twv Sedopévwy UIMOPEL va ATAV OVOLIOLOYEVAG €AV £VAG
QTOUOKPUOUEVOC aloBntrpag Bplokotav o «vekpd onueio» kat, acpalweg, n avdAuon twv
Sedopévwv uhomololvTay amo O,TL orueEpa BEWPOUUE AMAPXALWUEVOUC UTTOAOYLOTEC.

Ol oUyxpoveg M2M emikowvwvieg anoteAolv Tepdotia BeATiwon o0 AUTA TA CUCTAMATA.
H mpdodog tng texvoloyiag alobntripwv mpoodépel auvénuévn eualobnoia kat akpiPela.
Emiong, oL UTIOAOYLOTEC KOl TO AOYLOUIKO TOU €KTEAOUV TIC avoAUoelg Asttoupyolv o€
TaxUtePo PuBUO. QOTO00, N EKPNKTLIKN alEnon Twv SnUooiwv aoUpUATWY SIKTUWV glval
mubavotata o peyaAltepog AOyog mou ol M2M emikowvwvieg €xouv emektabel mpog oAU
TEPLOOOTEPOUG TOUELG.

Nwg Aettoupyei n texvoloyia M2M

To va S0UAEPEL Eva CUOTNO ETUKOLVWVIAG HETOED CUCKEUWV €lval pia BARa-TipoG-frAua
Swadkaocia. Ta KkKuUpla otolxela Tmou  epmAékovral  elval  awoBntipeg,  éva
acupuato/svolpuato Siktuo kal gvag urtoAoyLothc, mibavwg ouvdedepévog oto Aladiktuo.

Mpwta amo Oha, mpemnel va tomobetnBolv oL alobntipeg os otpaATNYIKAG onuaciag
onueia. And toug alobntipeg amootéAlovtal Sedopéva MPaYUATIKOU Xpovou oto SiKTuo,
TOU ouXvA cuvdéetal oto SLadiktuo Kol TEAKA, €lte pNXaVIKOL €(TE QUTOUATOMOLNUEVA
ouvotAuata Oa mapakoAouvBolv tnv eloepXOUeVN auth por S£60UEVWY XPNOLUOTIOLWVTOC
UTLOAOYLOTEG LIE €EELOLKEUMEVO AOYLOULKO.
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Nivakag 4-1 KupLa otoLyeia tng enkowwvioag M2M Kat ot TTPOKArOELG TOUG

- OL punxavég S60UAEVOUV YLa TOUG aVOPWITOUG EVPWOTA KAl XWPLG TPLREG

Yrnpeota - Npotunn Slemaodn yla Ty evioxuon TG KALVOTOULOG 0TO 0LKOoUOTN AL

- OL amavtroeLg uTtoAoyilovtal TpLV armod TG EPWTNOELS
- BEATLOTN KaTavoun TwV CUOKELWYV Kat cloud euduia

YTtOAOYLOMOG

- Mn&evikn mpoomaBbeLa yia tn cUVEECN EYAAOU apLlOOU KaL TTUKVOTNTOG
Erukolvwvia oT0BEPWV KOl KLVOULEVWV CUCKEUWV LE UPNAR evepyELakn amodoon
- NMA\NpnG acdaAeLla Kal amoppnTo Twv SeSouévwy

- XapnAng toxvog yLa va pn xpeLaetot aAAayr) pumatopiog
-“ZeroTouch" avamtuén kot SLaxelplon CUCKELWV

AwoOntrpeg

Onwc daivetol Kal oTov MOpOnavw Tivoka, n texvohoyia M2M pmopel va xwplotel oe
téooepa KupLa emnineda. OL aleBntripeg cuAAéyouv Ta SeSopéva, ol HovAdeg eMKovwviag
peTadidouv Tig mMAnpodopleg mou £xouv CUYKEVTPWOEL, OL UTTOAOYLOTLKEG LOVASEG avaAUouv
TIG Anpodopleg KaL T OTPWHATA UTtNPESLWY avaAappdavouv Spaon.

‘Eva M2M 6iktuo emkowvwviwy amoteleital and éva cuvolo M2M koupwv kat M2M
TUAwv. Onwg daivetal kat otnv ewkova 4.1(a), évag M2M kopPBog StaBétel moAamAoUG
aloOntrpeg yla TN cuAAoyn Stadopetikwy TUNwyY deSopévwy (m.x. Beppokpacia, vypacia)
Kal évav Toumodéktn yla tn petadoon twv Sedopévwyv oe Pl M2M TOAN péow
ETUKOLVWVLOKWY TIPWTOKOAAwvY, T.X. WiFi, ZigBee, UMTS, LTE, WIMAX. Méoa amo éva
ouotnua npocdloplopol Bong (rm.x. GPS) évag koppog M2M unopet va AdBet mAnpodopieg
yla tn 8€on tou. Mo M2M mUAn, n onola ocuviBwg eival epodlacpévn e PoVIUN Tapoxn
PEVOTOG, £XEL LOXUPN LKAVOTNTA UTIOAOYLOUOU Kal Petddoong. Baoiko kabrikov tng M2M
TUANG gival va ekteAel UTOAOYLOPOUG Ml TWV CUAAEYUEVWVY SESOUEVWV.
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H o moAAd untooyopevn M2M edoapuoyn ivat n mpaypatikol xpovou mapakoAoudnon.
e autoU Tou eiboug TIC edapuoyEG, n TEPLOXN TapakoAouBnong evog M2M Siktiou
emkowvwviag Statpeital oe diadopeg mepLoxEG avixveuong (Sensing Regions — SRs). e kaBe
TEPLOXN WMOPEL va umdpyouv &vag N MepLocOTeEpPOL TUTIOL SESO0UEVWY TIOU TIPOKELTOL VOl
OUAAEXBOUV KoL OL TLUEG VL0 VA CUYKEKPLUEVO TUTIO Ao StadopeTikou¢ M2M kopBouc eivat
16le¢ MAvw KATW oL (6leC Ot HlO OUYKEKPLUEVN XPoViKn Tepiodo. H ewova 4.1(B)
napouclalel éva mapddslypa evo¢ M2M SiktUou pe Téooeplg SRs. ITO OUYKEKPLUEVO
napAdelypa, untdpyouv pio M2M mOAn kat évte M2M koppol otnv neploxn SR1.

KaBe M2M koppog pmnopel va €xet Stadopeg Lkavotnteg aviyveuoncg kabwg kabe kOpPBog
propel va Slabétel dtadopeTikol TUTIOU aLoONTAPEC WOoTe va GUANEYeL SladopeTikd €idn
Sebopévwy. Ymdapyxouv SuUO KOTAOTACELS Asltoupyiag ylwa €va M2M kouBo: evepyn
Aewtoupyla (active mode) kat Aettoupyla adpavelag (sleep mode). H mepiodog mou o koupog
Bploketal oe evepyn Katdotaon (katdctaon adpdvelag) KoAeital evepyr meplodog
(neplobog adpavelag). Katd tnv evepyr mepiodo o KOUPOC cuMAEyel Ta Sedopéva amod Toug
aLoOnTrpeg Tou Kal énelta ta petadidel, pali pe minpodoplieg xpovou kat Tonobeoiag, otnv
mOAN. Metd tn petadoon o KOUBoG petafaivel og katdotaon adpAveLaG, 0TV omola PEVEL
YLOL KATTOLO XPOVIKO SLACTNA, WOTE VA EAAXLOTOTOLEL TNV KATAVAAWGCH EVEPYELOC.

MeAOVTLKA, £EVOC TEPACTLOC apLBUOC alobnTripwy TTPOKeLTaL Vo eykotootabel. To KOoTog
eEUMNPETNONC TETOLWV ALOONTAPWV ATOTEAEL oNUOVTIKNA avhouxla. Q¢ ek TOUTOU, amoTeAel
TPOKANCN MLt TEXVOAoyla aloBnTApwv Tou amaltel gAdylotn i akopa Kot UnSEevikA
MPOOTABELN Yyl TNV AVATTTUEN Kal cuvtpnon tng. EmutAéov, £va onUAvIIKO KOOTOC TNG
UTINPECiac aoBNTHpPwWY ivat n avtikataoctaon prataplwy. Eival cuxva oxedov aduvarto va
ovtikataotabolv ol pmatopieg alobntipwv amd T oTWyunR mou outol tomoBetnBouv.
JUVETIWG, OKOpa pia mpokAnon eival o oxedlOOPOC aloBntripewv XapnAng oxvog n
oXeO6LAOUOC TETOLOG WOTE VA NV amaLteital aAayn pnatapiog katd tn didpkela {whg Tou
alebntnpa.

Adotou oL alweBntipe¢ ouAAéCouv Ta Oebopéva, TO emMoOpevo PAMa sival va
KOLVOTIOLGOUV TIG TIANnpodopieg mou cuykévipwoayv. MoAlol amd toug awoBbntrpsg Oa
ouvbéovtal aclpUaTa HECW CUOTNUATWY OTwe Bluetooth, WiFi, B 3G/4G kuelwtad Siktua.
H ouvbeon tou aufavopevou aplBuol cuokeuwy eival peydAn mpokAnon. OL eplocdTepoOL
otaBuol Baong £xouv oxedlacTtel va apéXouv Eva OPLOUEVO ETIMESO MOLOTNTAS UTINPECLOG
HEXPL €va OUYKEKPLUEVO aplBud xpnotwv. Otav umdpxouv Tmapa TOANOL XPrOTEG
Tautdxpova, kamolotl anod autolg s Ba AdPouv unnpecia. Asdopévou OTL 0 aplBudg Twv
ouvokevuwv Boa eival tagelg peyéBouc peyaAltepog amd tov 0plBud Twv ovBpwmivwv
XPNOTWV, TO TPOPANUA auto Ba yivel akopa mio coBapo.

m) Xpriown

UTnpEoLO

Minpodopizsc
AwoBnnpsc
AsSopsva

Ewkova 4.2 AlaSlKaoio LETATPOTING TWV KATEPYAOTWY MPWIWV Sedopévwv oe TAnpodopieg, yvwon Ko
TeAKA Xpriowun unthpeoia. (Mupapida tng yvwong)
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OL ouvOeSeUEVEC CUOKEVEC (aLoBNTAPEG) UMOPOUV VA TTAPAYOUV WKEAVOUG SESOUEVWV.
Jopdwva pe tn Cisco, 0 aplBUOG TWV aVIIKELHEVWY 0To SLadikTtuo UTtepERn Tov aplBuod twv
avBpwnwv to 2008 1 To 2009, Pl TAon Tou emITaXUVEL KABe xpovo. Etal, oto pEAAoOV n
TIOoOTNTA TWV Se50UEVWY TIOU TTAPAyovTaL ard CUCKEVEC Ba gival katd oAU peyaAUtepn
OO QUTH TIOU TOPAYETAL and toug avBpwroug. Qotdoo, xpelaldopoote enineda suduiag
yla va petatpéPoupe autd ta dedopéva os codla (Ewkdva 4.2). Ie autn tn véa €moxn
TANpodopLkng, n availuon twv SeSopévwy Kal To mMAaiold tng Ba Sladpapatioovv £va
ONUOVTLKO poAo.

TeAlkd, HETA TNV KATAVONON TwV MAdLloiwv, oL pnxoveg eite Ba mpémel va AdaBouv
KataAMnAn 6pdon, elte va MOPAKLVAOOUV TOUG avBpwIouC yla KatdAAnAn dpdon. 16avika,
Ba MPEMEL 0L CUOKEUEG vaL SOUAEUOUV yLa TOUG avBpwrtouc.

EdapHoyEG TwV eMmiKowwviwv M2M

Elvat ebkoAo va KaTaAdBeL KAVELG YLATL OL EMLKOWVWVIEG LNXAVIG-UE-LLNXOVA €XOUV TOOEG
TMOAMEG edapuoyeG. Me KaAUTeEpoug aloBntnpeg, oolppoto Siktuo Kol auEnpévn
UTIOAOYLOTIKN KavOoTNTa, N avamtuén plag M2M smikolvwviag €xel vonua yla moAAoUg
TOMELG.

O gnuyelpnoelg kowng woeleiag, yla mopadelyua, xpnoluonoolv M2M EMKOWVWVIESG

TOOO0 0T CUAAOYN EVEPYELOKWY TIPOIOVTWY, OTIWE TO TETPEAALO KOl TO PUGCLKO aéPLo, OGO Kal
otnv TWoAdynon tTwv meAatwyv. O €Aeyyoc TnG KukAodopiag sival akopa €va SUVAULKO

nieptBaArlov rou pmopel va emwdeAnBel amo ti¢ enkowvwvieg M2M. I éva TUTILKO cUOTNUA,
alodnTApeg mapakoAouBouv PeTaBANTEG OMWG €lval n €évtaon TG Kivnong kat n taxutnta
KOL OTEAVOUV QUTEC TIG TIANPOdOpPIEG O UTIOAOYLOTEG TIOU XPNOLUOTIOOUV KATAAANAO
AOYLOULKO, TO OTolo EAEYXEL OUOKEUEC eAéyxou TtNnG KukAodopiag, OnMwe ta dwto Kol
HETABANTEC EVNUEPWTIKEC TILVAKISEG. Xpnoluomowwvtag ta SeSopuéva el0060U, TO AOYLOULKO
XelplleTal TIG OUOKEUEG €Aéyxou TNG Kivnong woTe va HEYLOTOMOLETAL N pon TNG
kukAodopiag, H tnAsiatpikn mpoodépel aAAn pia xprion. Mapadelypoatog xapLv, oplopévol
aoBeveig pe kapSlokd mpoBAnpata ¢opouv €L8LKEG CUCKEUECG TtapakoAolBnon, oL omoleg
oUM\éyouv Anpodopleg yla tov TPomo mou Asttoupyel n kapdid. Ta dedopéva otéAvovtal
oc £UPUTEUUEVEG OUOKEUEG TToU SnUoupyolv €va ook yla va Slopbwaoouv éva aotadrn
puBUO. OL EMYELPNOELS EMIONG UMTOPOUV VA XPNOLUOTIOLO0UV TIG €TKOWVWVieC M2M yla
TapakoAoUOnon Twv anobedTwy Kal yia achaAeLa.

Nivakag 4.2 Epappoyég twv M2M ETKOWVWVLIWY

Katnyopia Napadsiypata

AocddaAela JuoTAhuaTa cuvayeppou, NapakohouBnon cupdopnong kat kivnong, EAeyxog
npooBaocng, Avtiypada achaleiag ya tnv npooyeiwon, Aoddaieia
0dnyou/autoKvritou

Metadopég BeAtiotonoinon tng kukAodopiag, Alaxeiplon tng tdéng,

SxeSlaopnog/Yrohoylopog Stadpopnc, EAsyxog tng Ospuokpaociag, Alayxeipion
otolou, MAnpodopieg kivhong, MAorynon

latpikr) ppovtida Aloxeiplon acBevelwv, Mpoowrikh doknon, TNAeSLdyvwon, MpoypaupaTtioptog
pavteBou, Alatpodikég cuBOUAEG, on-line Latpikog dpakeAog, MapakololBnon
{WTIKWV ONUATWY, YITooTHPLEN TwV NALKLWHUEVWY | TWV AVArnpwy,

lewpyia Apbeuon, Aocoloyia Autaopdtwy
JUOKeVEG KatavaAwtwv Wndrakn kapepa, Ynoduakr kopvila
MetproeLg Evépyelag, Metpntég otabusuong, Nepou, Aspiou/Beviivng, EAeyxog tou
NAEKTPLKOU SIKTUOU, BLOUNXOVIKEG LETPAOELS
OLKOVOULKEG YIINPEDiE Mnyavrupata autdpatng nwAnong, Enueia MwAnong, Mnxaviuata TUXepwv
ToUXVIS LWV
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H M2M é€pyetatl va Ponbrosl Kal va KOTOOTNOEL kavh tn pon &edopévwy pHeTAU
HNXOVWYV KAl INXOVWV Kal, TEAKA, METAED pnyavwy Kol avBpwrwv. Aveédptnta amnd tov
TUTIO TNG CUOKEUNG 1 Twv Sedopévwy, ol Anpodopieg ouvnBwe péouv pe Ttov (Slo yevikO
TPOTO -0 HLO. CUCKEUH, LEOW €VOC SIKTUOU KOL OTN CUVEXELX LEOW WLAG TUANG o€ éva
oUoTNUO OTIOU UMOPOUV VA EMAVEEETATTOUV 1) VA EKTEAECTOUV.

Méoa o€ auTO TO BackO MAALoLO, UTIAPXOUV TIOANEG SLapOPETIKEG ETILAOYEG VA yivouv
OTIWC TWCE N CUOKEUN gival ouvSedepévn, TL TUTIOC EMLKOLVWVLOG XPNOLUOTIOLELTAL, KOL TTWG TA
b6ebopéva  xpnoltomolouvtal. Qotdoo, aKOMO KL av MMOPEL va eival mepimAlokn n
Sladkaoia, amo tn oty Tou pla etalpio E€pel TL B€Ael va kavel pe to Sedopéva, ol
ETIAOYEG yLO TNV gyKaTAOTOON TNG EPappoync ival cuvnBwg AUeoEC.

Otav mpoKeLtal ylo To AEMTOTEPA ONMELD TNG EMKOWVWVIOG UETOEUD CUOKELWV, KABE
gykatraotacn eivat povadikn. Qotoco, UTApYouv TEooepa Baokd otadia —oulhoyn,
petadoon kal afloAdynon twv Sedopévwy Kal amodkplon otig Stabéotpeg minpodopiec— mou
elval kowva oe oxedov kabe edpappoyr) M2M.
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Kepdalaio 5:
Awadixtvo twv lMpayuatwyv (Internet of Things - IoT)

ATO TI¢ MOANEG veoepdavilopeveg Texvoloyleg, To Aladiktuo twv Mpayudtwy (Internet of
Things - 10T) €lval armo TIG TILO UTIOGYOUEVEC KOL EPXETOL VO TIPOOPEPEL ONLLOVTLKEG EUKALPIEG
oAAQ KoL TipoKANOEelc. MMpOKelTal ylo Hla  PEAAOVTLKA KOTAOTAOHN, KATA TNV omoia
KaBnUepwaA avTikeipeva, OMwe KvnTd TnAEdwva, autoKivnTa, OLKLAKEG CUCKEVUEG, pouxa,
OKOUN Kol Ttpodla, 6Oa ouvdéovtal acuppata oto Swadiktuo péow  EEuTvwv
ULKPOKUKAWUATWY Kal Ba propouv va cuAAEyouv Kal va avtaAldocouy SeSopéva.

To «Aladiktuo Twv Mpaypdtwv» TePLypAdEL €va Opapa OTIOU Ta OVTLKE(PEva yivovtal
MEPOG TOU ALaSIKTUOU: OTMOU KABE QVTIKELUEVO €lval LOVOCHUAVIA TIPOOSLOPLOUEVO KO
npooBaciuo oto Siktuo, n B€on Kal N KOTAOTOOH Tou £lval yvwotr), OMou UNNPECLEC Kal
guduia £xouv npootebel og autd To Sleupupévo Aladiktuo, cuvdualovtag tov PndLakd Kat
duokd kéopo, emnpedloviac TEALKA TO EMAYYEAUATIKO, TIPOOWTILKO KOl KOWWVLKO HOC
nieptBailov.

MpLv TNV avaAUTLKOTEPN MAPOUCLACH TOU, KPLVETAL OKOTILHO va ekoBaploTel Mwg evw
oplopévol eloWVouV TN VEA aUTH TexvoAoyla HE TNV EMKOWWVIO PNXOVAC HE pNnxavn

(M2M), pLo tétola tauTion Sev eival cwotn).

H emwkovwvio petafl cuokeuwv opileTal we oL TEXVOAOYLEG TTOU ETUTPETIOUV OE HNXOVEG,
TUTILKA (LLkpoUG) UTIOAOYLOTLKOUC aoBnTnpeg mou ekteAolv ldIkd kabnkovta (suduia) va
ETILKOWVWVOUV i va avapetadibouv mAnpodopieg mouv amaltovvtal, cuvnBwG HECW AMAWY
MPWTOKOA WY, oAAd To Tpoodata mavw omd Tto MpwtdkoAAo Awadiktou (IP) péow
aoUppatng N evolPUATNG EMKOWVWVIOG, 0KOUA Kal péow Ymnpeoiag ZUvtopou Mnvipoatog
(SMS).

Ouwg to Aladiktuo twv Mpayudtwy gival moAU meplocdtepa amno tnv M2M texvoloyia.
Adopad tnv oAAnAemiSpaon pe T avTKE(PHEVA YUPW HOC, OKOMN KAl LE OTATIKA pN-£EuTva
QVTIKEHEVA, KAL TNV aUENON TETOLWY AANAETILOPACEWY O TTAQLCLO TTOU TTOPEXOVTAL OO T
vewypaodikn O£on, to Xpovo Kat outw kaBe€ng. Akoua kat pn-supueic/un-cuvdedeuéveg
OUCKEUEC UmopolV va evtaxBolv oto loT péow TLY. €vOG €Eumvou TthAedwvou Tou
Aewtoupyel wg MUAN yla to Atadiktuo. ExeL va KAVEL, yla Tapdadelypa, Le tTnv aAAnAenidpaon
péow barcode (ypappikot kwdika) pe to BpAio mou StaPfaloupe, péow NFC (Near Field
Communication — Emikowwvia kovtivol mediou) pe pla adioa, i pe pla dtadnuwon os

ednuepida péow PLKpoUL KwSLKA.

Eto,, n M2M texvoloyia &ev ocuviotd to Awadiktuo twv Mpaypdtwv, oMa sivot

UTTOOUVOAO TOU.
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Je ula €kBeon Ttou 2005 n Aebvg Evwon TnAemikowwviwv (International
Telecommunications Union - ITU) mpotewve ot «To Aladiktuo twv Mpaypdtwy Ba cuvdéoel
TO QVTIKE(PUEVO TOU KOOHOU TOOO0 pe aoBntnplakd 6co kat €Eumvo tpomoy». Tuvdualovtag
S1adopeg texvoloyikEg e€elitelg, n ITU meplypadel téooepl SLAoTACELG 0TO ALadiKTUO TWV
MNpaypdtwyv: mPoodlopltouds Twv oTolyeiwv (TomoBétnon eTikeTwv - “tagging things”),
alodntipec kat aovpuata Siktua aodntnpwv (aicdnon twv mpaypdtwy - “feeling things”),
evowuatwuéva ovotiuata (“thinking things”) kat vavoteyvoAoyia (‘shrinking things”).

O 0pLOUOC TWV «TIPAYUATWY» OTO Opapa Tou |oT eival oAU upUG Kat TepPAOUPAVEL ULa
oA ia puoikwy otolyeiwv. Autd Mep\apBAVOUV IPOCWTTKA AVTIKELLEVA TTOU KOUPBAAAUE,
onwg €€umva TNAédwva N Pnodlakég pwtoypadlkeg unxavee. Eniong meplapBdavel otolyeia
ToU TepIBAAOVTOC pog (elte mpOKeLTAL Yl TO OTiTL, TO QUTOKIVNTO 1 TNV gpyacia Uag),
KaBw¢ Kal mpaypata mou sival epodlacpéva pe etikéteg (RFID 1 dAAeg) mou Sltacuvdéovtal
HMECW CUOKEUNG-TIUANG (TL.X. €va £Eumvo ThAédwvo). Me Bdon tnv mapanavw Bewpnon Twv
TPAYUATWVY», £€VaG TEPACTIOC aAPLOPOC CUOKEUWV Kal TPAYUATwvV Ba cuvdéetal oto
Awabdiktuo, mapéxovtag to koabéva Sedopéva kal TAnpodopleg Kol OploMEVA, AKOUO Kol
UTINPEOCILEC.

To Opapa autd eVIOYXUVEL T CUVSECLUOTNTA A0 TO «KABe-oTyun, o€ KABe-B£on» yla
«KAOe-évav» oTo «KAOE-OTIYMN], 0 KABe-0€0n» yLa «KABE-TLY.

Iuvbean kéBe ouyun

EQWTEQIKOS XWPOS

EEWTEpKOG XWPOog
Juvbeon o kaBe BEan

AvO, ey

pLwmog TIpog avvep
AvBpwitog pog Tpdypa
Mpaypa mpog mpdyug

Ewova 5.1 Mua véa Siaotaon

To Awbiktuo twv Mpaypdtwv Sladépel, emiong, amd ta Siktua aledntipwv n To
Aladiktuo, oA\ glval «UALKA avTIKELUEVA TTOU oUVEEoVTOL OTO SLASIKTUO», TIOU ONUALVEL:
MPWTOV, 0 TUpAvag Kot To Bepého tou loT eival akopa to Aladiktuo —Baociletal oto
AladikTuo WE pLa Slevpuvon Kal eméktoon Tou Siktuou— Kal deltepov, yivetal Slevpuvaon
TWV MEAATWVY TOU OE OMOLOSATIOTE MPAYUATO, WOTE va emiteuxBei avtallayn mAnpodoplwyv
Kol gmikowvwvia. Q¢ ek tolTou, v Kol SgV UTAPXEL AUOTNPOG OPLOUOC, UMOPOUUE va
opiooupe to Aadiktuo Twv MNpaypdtwv w¢ to SIKTUO TIOU XPNOLUOTIOLEL CUGCKEUEC
padloocuyvikng avayvwplonc (RFID - radio frequency identification), umépuBpoucg
aloOntApeg, ouOTAUOTA TIAYKOOULOU €eVTOTILOHOU B£ong, oapwtég AfwWlep Kal AAAeC
aloOntrpleg dlatatelg minpodoplwy, cUUGWVA LE TO CUUPWVNUEVO TIPWTOKOAAO, 0 KABE
otolxelo ouvdedepévo oto Awadiktuo yla avtoAAayry TANPOodOPLWVY KOl EMKOWVWVLA,
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TIPOKELPEVOU va emIteuyBouv £Eumveg AelToupyleg avayvwplong, &eviomiopol Béong,
mapakoAouBnong kat dlaxeiplong.

To Awadiktuo Twv Mpayudtwy EXEL TPLO ONUOVTIKA XAPAKTNPLOTIKAL:

1. OAokAnpwuévn aiodnon xpnowiomowwvtag RFID texvohoyia, awobntipeg kat Suo
Slaotdoswv KwdIKA ylo T oUAAoyr] TANpodoplwv oo AVIIKEILEVO OMOUSHTIOTE Kol
OTOLOSATIOTE OTLYUN).

2. Aéomiotn uetadoaon. AKpLBNG KAl o€ TPAYLOTLKO Xpovo mapoxr mAnpodoplwv anod ta
avTikelpeva, epmAékovrag dladopa ThAEmKoWVwVLIOKA Siktua kal to Aladiktuo.

3. Eéuntvn eneéepyaoia xpnolonouwviag €EUTVvoug Tpomouc onwe to cloud computing
Kat n acadng avayvwplon (fuzzy identification) yia va avaAlosl kol va enefepyaotel
TEPAOTIEG TOOOTNTEG SedoUEVWY Kol TIANpodopLwy, UE oKomd TNV edapuoyn suduolg
e\éyxou ota avTiKeipeva.

5.1 Kupieg Texvoloyieg yix To Awadiktvo Twv payudtwv

To ALaSIKTUO TWV MPAYUATWY ELVaL L0 TEXVOAOYLKA EMAVACTACH TTOU QVTLITPOCWIEVEL TO
HEANOV TNG TTANPOPOPLKAG KOL TWV ETILKOWVWVLWV KL N avamtuér) Tou Xpelaletal urootnpLén
amd KATOLEG KALVOTOUEG TexVoAoyleg. Mmopel va emiteuxBel péow thg aAAnAemidpaong Kat
teAelomoinong tng Texvoloyiag avixveuong CHUOTOG, TWV EMLKOVWVLWY UKPNAG EUPEAELAG,
TN Yet@doon o UEYANEG AMOOTACELG, TNV £Eumvn avaAuon kot tn Staxeiplon. Ot peilovog
onuaociag texvohoyieg mou Ba kuplapyxrnoouv otig loT edapuoyEg ival Ta acUppata Siktua
aodntipwv (WSN), n tautomoinon péow padloocuxvotitwyv (RFID) kalL ol KNTEG
gTukowwvieg pall pe ta vmapyxovro LAN/WAN Siktua, Omwc rmapouctdlel Kal n stkova 5.2.
Jtnv £kBeon tng ITU, avadépovtal TECOEPL KABOPLOTIKNG onuaciog £PpapUOCUEVEC
texvoloyie¢: n RFID, oL texvoloyieg oawoOntipwv, oL €£EUMVeEC TEXVOAOYIEC Kal N
vavoTteyxvoloyla.

Aovppara Alktua
AuoBrtrpwy (WSN)

‘ Tautonolnon
— TEIV?J‘??EE'; Pas mﬁ;ghga]tﬁthm

kTua
WAN/LAN ‘

3G/4G Kwnréc
Emxowiwvies

Ewova 5.2 KOpieg Texvoloyieg oto loT
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H tautonoinon péow padloocuyvothtwy Bewpeital and Toug Paoctkoug PoxAoUg TNG
avantuéng tou Atadiktiou Twv Mpayudtwy. Ta avtikeipeva Ba npémnel va mpoodlopilovratl
£€T0L WOTE va pmopouv va cuvdeBolv. H RFID texvoloyia, mou xpnolpomnolel padlokupota
ylaL ToV TPOCSLOPLOKO TWV OTOLXELWY, UMOPEL va TTapEXEL aUTH TN AsLToupyla.

To RFID cUotnua kahvumtet dtadopeg {wveg cuxvotnTwy amnd ta 124 kHz wg ta 5.8 GHz,
omnw¢ 124 kHz, 135 kHz, 13.56 MHz, 470 MHz, 900 MHz, 2.4 GHz kat 5.8 GHz. AladopeTikeg
OUXVOTNTEG UITOPOUV VA XPNOLUOTIOLNB0UV O& TTOLKIAEG TtEpUTTWOELS Edappoywv. To XaunAng
ouxvotntag cvuotnua RFID €xel loxupn Sduvatotnta Sieioduong kal Ymopel va Slamepaoel
oXeO0V KABE AVTIKEILEVO, EKTOG ATIO LETAANOD, XWPLG VO EMNPEATEL TN AELTOUPYLA AVAYVWONG
kat ypadng. Avtibeta, n kavotnta Sieiobuong tou RFID cuotpatog uPnAng cuxvotntag
elval pikpn, aA\d to eUpog petddoong ival PeyoAUTEPO ATIO TO AVIIOTOLYO TOU CUGTHATOC

XapnAng cuxvotntag.

H texvoloyia amoteleital anod eTKETEC/avapeTadoTeg, £va TPOYPOUUA AVAYVWONG Kal
£€Va UTIOAOYLOTIKO cUoTnUa UTtooTnPLEnG. H TIKETA €XEL £va Povadlko avoayvwpLloTiko (ID)
Kal pia kepaia yia va petadidet/AapBavel padlokupata ano Tov avayvwotn mou Bploketot
oe kovtvn anootoon. O avayvwotng StafBalel mAnpodopieg mou €Aafe amod TG ETIKETEC
OoTOV oUOTNUA UTIOOTAPLENG ylo €MIKUPWON Kal To cUOTNUA UTIOOTAPLENG eKTEAEl TIC
edapuoyég cupdpwva pe to Sedopéva mou €hafe amd tov avayvwotn. Ot RFID etikéteg
UTopel va elval evepynTKEG 1 MaBONTIKES. OL evepYNTIKEG ETIKETEG €xouv onboard moapoxn
LoxU0G KoL £XouV peyaAn epBéAela avayvwong pe pubuo padloddpou (beacon rate), Tumika,
ard 1 wg 15 deutepolenta. Ao TNV AAAN, oL TABNTIKEG ETIKETEG elval GTNVEG KAl PLKPEG UE
HULKPO €Upo¢ avayvwong. Mia mabntikn etikéta dev €xel tpododocia amd povn Kot
armoppod@ evépyelo. amd TO nAekTpopoyvnTko medio mou Snuoupyel n kepaia NG
OUCKEUNC avayvwong. Emiong, umdpyouv nNUL-TABNTIKEG KAl NUL-EVEPYNTIKEG ETLKETEG.
Mepkég dopég n texvohoyia RFID £xel emonuavOel wg avtikatdotaon tou bar code, aAld
to RFID olUotnua pmopel va KAvel TOAU TEPLOCOTEPA amo autod. EmutAfov tou
TPOoSLoPLoHOU OToLXEiWY, UMOoPEL va TTapaKoAoUBel Ta oTolxela 08 IPAYHUATIKO XPOVO yLa
VA TIAPEL ONUAVTIKEG TANPOdOPLES YL TNV TOTOBECIA KAl TNV KATACTOCN TOUG.

Me Alya Aoyla, évag amd toug Kplolwoug mapdyovteg tng loT umodoung elval o
MPOCGOLOPLOUOG TPLOEKOTOUMUPLWY QVTIKEIWEVWY Kol N RFID TOPEXEL MO ONUAVTIKA
TEXVOAOYIKI UTIOOTNPLEN Yl TNV amaitnon auth. IUVENMWG, ML wplun texvoloyia RFID
TLAPEXEL LA LoXUPN oTNPLEN yia to Atadiktuo Twy MNpayudtwv.

Ta diktua aleBntipwv amoteAouvtal amo €va PeYGAo aplOpd UIKPOOKOTIKWY KOUBWV
aeOnTpwv He SuvatdTNTA AVIXVEUONG TWV OVTLIKELLEVWY KOl TOu TEPLBAAAOVTOC OTO
dUOLKO KOOWO KOl ETMKOWVWVIOG 0TOV PNPLAKO KOO0 TWV CUCTNUATWY UTIOAOYLOTWY YLa TN
AN TeKunplwpévwy anopacswyv. OL alobntrpes unmopouyv va BewpnBolyv ta «aodntipla
Opyavo» TOU UAIKOU KOOHOU KOl TOPEXOUV TIG AKOTEPYAOTEC TAnpodopieg ywa tnv
enefepyaoia, tn peradoon, Tnv avaluon kat Tnv avatpododotnon minpodoplwv. OL KopBotL
oUMéyouv Kal mpowBouv ta 6ebopéva oto otabud PBdong ywa TNV amo Kowou
TapaKoAoUONoN TwV GUOLKWV OVTLKELLEVWY N TWV TMEPLBAAAOVTIKWY CUVONKWY, OTWE N
Bepuokpaocia, n nieon kat n kivnon. Ita Acuppata Aiktua AweBntipwv (WSN) undapyouy,
ouvnBwg, évag 1 meplocotepol otabpol Baong kat apketol kOUPoL aedntipwv. O otabuog
Baong Aettoupyel wG n afLOMLOTN KEVIPLIKA apxn Kal, EMiONG, XPNOLUEVEL WG EMEEEPYAOTNG
Sebopévwy ou cuvdEel To SIKTUO aLEBNTAPWY LE TOV EWTEPLKO KOGHO.
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OL €€umveg texvoloyieg eival ol péBodolL TOU XpnOoLUOTOLOUVTOL yla va eTteuyBel
OUYKEKPLUEVOC OKOTIOC, XPNOLLOTIOLWVTOC YVWOoN €K TWV TPOTEPWY. Ta AVTIKEIPEVO TIOU
kaBlotavral €umva PeTd TNV gUdUTELON EEUTIVIWV TEXVOAOYLWV UITOPOUV VA ETILKOLVWVOUV
LLE TOUG XPNOTEC EVEPYA N MOBONTIKA. To EPLEXOUEVO KL N KATELOUVGN TWV CNUAVTIKOTEPWY
epeLVWV TepAapPavouv Beswpla TEXVNTAC vVOnUOOoUVNG, TPONYHUEVEG TEXVOAOYIEC Kol
ouvotnuata aMnAenidpacng avBpwrou-punxavig, €Eumva cuoTAUATA Kol TeXvoAloyia
eAéyyou, eudun eneepyacia onpatog.

H vavotexvoloyia xpnolpomoleital yia TN PeATiwon Twv TPOIOVTWY ot TOAEG
Blopnxavieg kot KAGSouc, PETALU TWV OMOLWV N LOTPLKN, N EVEPYELX Kal oL peTadopés. H
Xpnon vavotexvoloylog onuaivel OtL Ta avtikelpeva mou aAAnAemidpouv Kal cuvSEovtal To
£val LE TO AANO propel va sival ta PLkpoTepa.

Mpdodarta, n vavotexvoloyio €xeL xpnowomolnBel ywa tv avamtuén evaicbntwy
VAWV uPnAnc entidoong kat véwv pebodwyv mapaywyng aodntripwy, Onwc n texvoloyia
HLKPONAEKTPOVIKOUNXAVIKWY cuothudtwv (MEMS — MicroElectroMechanical Systems) mou
ETIEKTEIVEL ONUAVTIKA TO Tedlo epapuoyng Twv ooONTAPWY OTA CUOTAUATA NAEKTPLKAG
EVEPYELOG KOl TipowOel TNV avamtuén tng Blopnxaviag aodntipwy.

5.2 H Apyttektovikn Tov Aladiktuov Twv lpayudtwv

To Awabiktvo twv MNpayudtwv pmopel va SlalpeBel oe tpla emineda: to otpwua
avtiAnyng (perception layer), to otpwpa diktvou (network layer) kat to otpwpa ebapUoyng
(application layZtpAer).

To otpwpa oavtilnyng amoteleitol and SUO-8LACTACEWV KWOLKO ETIKETAG Kol
avayvwotn Kwdlkol, RFID eTkéta Kol ovayvwotn, Kapepo, GPS, oAa ta £i6n twv
aleOntipwy, diktuo alebntipwy, M2M tepuatikd, mMUAN aledntipa (gateway) k.a. H kUpLa
Aewtoupyla tou otpwuatog avtiAnyng sival n avtiAnyn Kal TAUTOMOINON TWV OVTLKELUEVWY
Kall n ouAAoyr TAnpodopLwv.

To otpwpa diktuou amotelel £va cuykAivov Siktuo to omoio oxnuatiletat and ola ta
€ldn dIKTUWV eTIKOWVWVLWY KoL TO Sladiktuo. EXeL YIVEL EUPEWC ATIOGEKTO OTL QLUTO TO TUAHA
elvatl to Mo wpLo koppdtt. EEaAAou, ta kévtpa dlaxeiplong kal mAnpodoplwyv tou loT eivat
TUAHOTA TOU oTpwHatog Siktuou. To otpwpa Siktuou, SnAadn, OXL LOVO £XEL TNV LKAVOTNTA
™G Aettoupylag Siktuou, aAAd Ba TpEmel va BEATLWVEL TNV KAVOTNTA TNG A£lToupyiag
mAnpodoplwyv. Napexel kal enefepydletal mMAnpodopieg and ta oTpwoTa aviiAnyng, cav
va €lvol To VEUPLKO KEVTIPO Kol 0 eykédahog TnG Sopng, oAokAnpwvovtag tn petadopd
mAnpodoplwyv Kal Sedopévwy PETAly TOU OTPWHATOC AvTIANYNG Kal TOU OTPWUOTOG
edappoyns. To otpwpa Siktou sival n umtodoun wWote va yivel to loT kabolikr) untnpeaoia.

To otpwpa edpoappoyng amoteAeitol Kupiwg amd €idn cuotnuAtwy edappoywy, UE
KUPLEG AeLTOUPYIEG TN GUYKALON, TN HETATPOTTH, TNV avaluon Kal thv avtalayr) Sedopévwy,
KaBWE Kal tn OXETIKA TMAOTPOPUA UTTOOTAPLENG yla Toug XPNoTteC. MapadAAnAa, To oTpwua
auTo poodépel emiong Siemadn ebpapUoync Tou SLASIKTUOU TwV TPOYUATWY KAl UTINPECLEC
£DAPUOYAG VLA TIC CUOKEUEG KOl TAL TEPUATLIKA TWV XpNotwv. To otpwpa edbappoyng sival n
texvoloylo Tou Awadiktiou twv Mpayudtwv o€ cuvbuaopd HE TNV TEXVOYVWolo TG
Bopnxaviag yla va emniteuxBet plo eupeia oepd suduwv Aoswv epapuoywv. Méow Tou
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OTpWHATOG autoU, To Awadiktuo twv [Mpaypdtwv UTOpel va EMITUXEL, TEALKA, TNV
EVOWHATWON TNG texvoAoyilag mAnpodoplwv e tn Blopnxavio. Oa €xel peydAn emidpaon
OTNV OLKOVOLKN KOl KOWWVLIKH QVATITUEN. TO KEVIPLKO OTOLXELO TOU OTPWUATOG EPOAPUOYAS

elval n avralhayn mAnpodoplwv Kat n achaAela Twv mAnpodopLwv.

Mpémnel va onUelwBel, wotdoo, MWC, ML TOU TMOPOVTOC, SEV UMAPXEL KATIOLO EUPEWG
oS eKT APXITEKTOVIKA ToU AlaSIKTUoU Twv Mpayudtwy. H 1o avIUpooweuTk doun
elvat autn tng EPC Global mou unootnpiletal ané Eupwnn kat H.MN.A kal to tanwviké UID

(Ubiquitous ID) IoT cuotnpua.
5.3 OuLyevikég e@appoyeg tov IoT

MapotL n epappoyr tou loT eival akopa o TPWLLO oTtAdlo, £XEL ONUELWOEL ETILTUXLA OF

OpPLOUEVOUC TOMELC. Mpog To Tapdy, N epapoyn TOU EMLKEVIPWVETOL KUPILWG otV
UALKOTEXVLKN UTIOSOUN, O OTPATIWTIKA BEpata, otnv mopoakoAouOnon Kat tn Stayxeiplon,

otV LaTpLkn dpovtida K.d.
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prevention, remote device /
/ pollution. security

canopy. soil, irrigation,
fire protection.
meter reading. monitor, reconnaissance.
conservation caution

ene
Ewova 5.3 Zevapla epappoyng tov loT

JUpdpWvA LE TA 16La T XOPAKTNPLOTIKA TOU, Ba TPETEL va TTAPEXOVTOL OL AKOAOUBEG
KaTnyopleg umnpeoLwv:
1. Ymnpeoia AIKKTUWONC: avoyvwpeLon/Tautonoinon, entkowwvia Kot TomobEtnon

ayadwv.
2. MNAnpodoplakn Yrnpeoia: cuAloyr, amoBrkeuon kat avalitnon mAnpodopLwy.
3. Ymnpeoio Asttoupyiag: amopakpuopévn puBbuLon mapapueTpwy, mapoakoloubnon,

Aewtoupyia kat €Aeyxoc.
4. Ymnpeola Aopalelag: Stoxeiplon xpnotwy, éleyyog npocBaonc, ekdAAwon

ouvayepuou, avixveuon eloBoAng, mpoAnyn entBécewv.
5. Ymnpeoia Alaxeipiong: Stayvwon BAaBwv, BeAtiotonoinon anodoong, avaBaduioslg

TOU CUOTHMATOC, UTtNPECieG Slaxeiplong Tng TLpoAdynong.
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O yeviKO¢ TUTIOG UTINPECLWY Tou loT mou avadépbnkav pumopouv va enektabouv BAoel
TWV QIMALTHCEWY TNG EKAOTOTE £PapUOYNE ToU oTouC S1Adopou TOUELG. ITNV eKova 5-3
daivovral ta peAoviikd mAaiota xpriong tou loT.

54 Ote@appoyég tov loT oto 'E§unvo diktuvo

Ta ouotApaTa NAEKTPLKAG EVEPYELAG TIEPAOBAVOUV TPl ONUOVTIKA UTIOGUOTAUATA, TNV
mapaywyrn NAEKTPIKNG EVEPYELOG, TN Olavoun &VEPYELAC Kol TNV Xpnolgomoinon tng.
MNpéodarta, to ALaSIKTUO TWV MPAYUATWY EXEL EUPEWV QVAYVWPLOTEL WG LA UTTOOXOMEVN
TEXVOAOyla TTOU UTTOpEL va evioXUOEL OAQ QUTA TOL UTTOGUCTAHOTA, YEYOVOC TTIOU TO Kablotd
BaoLKA CUVLOTWOO TWV EMOWEVNG YEVLAG CUCTNUATWY NAEKTPLKNG EVEPYELOC, TWV EEUTIVWV
SIKTOWV.

Ta kUpla oevapla epappoyng tou loT ota €€unva diktua elval:

e JTOV TOHEQ TNG MOPAYWYNS EVEPYELAG , TO loT pmopel va xpnowuomnolnBel yo tnv
mapakoAouBbnon TG HovASAG, TWV KATOVEUNUEVWV OTABUWY NAEKTPOTAPAYWYNC, TNG
TEPLOXNC TWV OTAOUWVY TTapaywyng, TwV PUTIWV KOl TWV EKTTOUTIWY OEPLWY, TNG EVEPYELOKNAG
KOTOVAAWONG, TOU UALKOU Tou avOpaka, TNG QLOAKNG HOvVAdOG mapaywyng, Twv
dwtoBoATaikwy oTabBuwy Tapaywyns, TS mapaywyns NAEKTPLKAG eVEpyeLog amo Blopala,
NG anobnkevong evépyelag, TN StaclvOeong NAEKTPLKAG EVEPYELOC KTA.

e To loT emiong xpnoLUOTIOLEITAL EUPEWC Yylot TNV TtApaKOAoUBNoN TWV YPOUHWY
HETadOPAC, yla TNV TPOOTACIO Twv TUPYywv, ylo £Eumvoug umootaBuoulg, ylo Tnv
outopartonoinon tng SLavoung, ywo TNV mapakoAouBnon tng katdotaong SLavoung, yla Tn
Slaxeiplon tng Asttoupylag Kot Tou e€OTALOUOU.

e To loT xpnoluomoleital Kuplwg yla Toug £EUMVOUG HETPNTEG KOL TN HETPNON
KOTAVOAWONG EVEPYELAC, TN OUYKALON TOU TOAU-SIKTUOU, yla Ta NAEKTPLKA OXNMOTA KOl TN
dopTION TOUG, yla TNV mopakoAoUBNon Kot Slaxelplon Tng EVEPYELOKAG amodoong, yla tn
Slaxeipion {ntnong (DSM), k.4

| Utility Management Systemn |

| Intelligent Communication System |

3G; GSM .GPRS Optical _ Opical
Communications Communications
l Intelligent T.ines I |'F|cclr|cl1\ Titihzation I Digital Substation
l Callecror I | Aclaprer |

Cius Meter, Clectricity
Meters 1 Uplown Meter. Watermeter
Pre: T -
Sensors Petrokeum Pressure transmitters.s
level transmitters

Telemetry Sreel Todlusrry Taorque Sendor, Speexd
Sensor. Pavloadsensor

bl

Ewéva 5.4 H doun tou loT edbappoopévn oto E§unvo Aiktuo
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Kepdalato 6:
A&loAdynon tn¢ emi600N¢ TNAEMIKOIVWVIXKOV
SdtkTvov Smart Grid

6.1 ApYLTEKTOVIKY] SIKTUOL TTPOGONOLWGTG

3TO KOPMATL autd TNG epyaociag, Ofhoupe va TIPOCOUOLWOOUME HEPOC TNG
TNAETUKOWVWVLAKNAG Kivnong evog Oiktuou Smart Grid kat tn Swoxelplon tng amod évav
SpopoAoyntr). ZKOMOC Hag gival va LEAETHOOUE TNV OIOSOTIKOTNTA TOU CUCTHLOTOG KOl VAl
eTUAEEoUE TEALKA TOV KOAUTEPO TPOTO £EUMNPETNONG TNG Kivnong Kal To BEATIOTO oxnua
petadoong, pe Bdaon TG avaykeg mou mapouctdlel éva Eumvo Aiktuo. To clotnua mou
e€etalou e Kal mou GAlVETAL OXNUATIKA 0TV €lkOva 6-1 elval TTANPWE TMOPAUETPOTIOLNULEVO
og OAa ta otadla, WOoTe va UTIAPXEL duvatotnta allaywv o€ TOAAG onueia Kol HEYAAN
gvueli€ia oTig emAOYEG Mpooopoiwaong. 2e kKABe mepinmtwon BEPala, €xouue wg amaitnon to
oUOTNUA Hag va TTaPEXEL Kal va Staodalilel Tnv amapaitntn molotnta untnpeoiag (QoS).

Mpoypaypatiotric
EKTTIOUTING
TIAKETWV

Meiypa kivnong
TIAKETWY

e

Metadoon

B ——
BPL Cevén

TnAemKkowwvIakig Kivhong
Katdatunon
Kat
SOoTtnua AVapovig

Turpa Ztatiotikng MoAumnieéiag

Mnyég kivnong

Ewkova 6.1 APXLTEKTOVIKN TOU THHHOTOG TTPOCOUOIWOoNG

Q¢ mny£g kivnong e€etaloupe TPELG MEPUTTWOELS edapUoywv — web browsing, VolP kat
P2P — TIg omoleg EvePYOTIOLOUV OL XPrOTEG, OL OTIOLOL ELOEPXOVTAL OTO CUCTNUO O TUXALES
XPOVIKEG OTIYUEC INTWVTAG OLAPOPETIKEC UTINPECIEC  Kal OLopOPETIKN) TOLOTNTA KOl
e€épyovtal HETA amo Tuxaio Xpoviko Olaotnua. e SeUTEPO OTASLO, OL KANCELS TWV
UTINPECLWVY TIOU YLVOVTOL MO TOUG XPNOTEG TTOAUTTIAEKOVTAL OTOTLOTIKA KOl TIOUPAYETAL TO
pilypa kivnong (traffic mix), To omoio otn ocuvéxelwa odnyeital OTO TUAMO TAPAYWYNG
TAKETWY. 2TO onueio autd, yla KaBe oclvodo SnULoUpPyoUVTAL TA QVTIOTOLYO TTAKETA, Ao
Eexwplotn dladikaoia avaloya e tov TUMO edapuoyng mou adopolv. Adou yivel Kal n
moAuTAg€ia Twv MaKETWY, 0dnyouvTal 0To GUCTNUA OVAOVIE OTIOU KOl TIPAUEVOUV HEXPL
va eEunnpetnBolv Kkal va petadoBbouv, adou mponyoupévwe katatunbouv oe blocks, mavw
ard pia {evén BPL.
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6.2 ThnAemKOLVWVLAKT Kivion

‘Eval TNAETLKOWVWVLOKO CUOTNUA, avAAoya HE TO OXESLAOMO TOU, UMOPEL va urtooTnpiéel
L0l TIOLKIALQL UTINPECLWV TIPOG TOUG XPNOTES, OMwe web browsing, VolP, petadoon Bivteo kat
petadopa apyxeiwv. ESw emAEEaple va TPOOOUOLWOOULE, TOGO O€ eninedo cuvodou 600 Kat
o€ eninedo MAKETWY, TNV TNAEMLKOVWVLOKN Kivnon mou mapayetal, onwe avodpépbnke non,
ano epappoyeg web browsing, VolP kot P2P.

H npocopoiwaon tng kivnong oe eninedo cuvodou BacileTal oTa MAPAKATW UEYEDN:

e  To cuvoAwka mpoodepopevo poptio L oto clotnua.

e To mooooTd CUUUETOXNG P;i TNC KABE umnpeoiag i oto cuvoAikd doprio.
e To péoo bitrate R; Tou xpriotn mou AapBAveL Thv umnpeoia i.

e  Tn Héon SLAPKELA TNG CUVOSOU I; TNC KABE unnpeoiag.

To npoodepodpuevo doptio L Tou cuotipartog untohoyiletol BAoEL TNC ox€ong :
L = njoaq - Capacity

omou Capacity eilval n XwpNTKOTNTA TOU OCUCTAUOTOG KAl N, O TOPAYOVTOC
Kavovikomolnuévou nipoodepopevou doptiou (normalized offered load).

H Siapkela tng KaBe cuvodou akolouBei ekBeTIkr Katavour He Héon Tun Wi O puBuog
adLeng tng unnpeoiog i umoAoyiletal cUpPWVA LE TN OXEON

L*p;
Rix pi

EVW 0 Xpovog petalu Svo Swabdoyikwv adifewv tng umnpeoiag i akohouBel ekOetTikN
KOTQVOUI UE HECH TN :
1

tinterarrival - 2
l

JUpdwva pe tv avadopd [48], o edappoyn pnopel va povtehomotnBet pe £vav omod Toug
600 Tpodmouc:

e Ta peyéBn Méoo PCO (Packet Call Object) uéyeBog (bytes), Méoo PCO Overhead
(bytes), Inter-arrival time (sec) kot Session time (sec) mpoodlopilovtal kat
XPNOLLOTIOLOUVTAL VLA TOV UTTOAOYLOUO TwV peyeBwv Méoo péyebog ouvodou (bytes)
kaL Méoog PuBuog (bits/sec), omou:

AvSizePacketCallObject + PacketOverhead) * 8

AverageRate = ; :
InterarrivalTime
. . AverageRate * MeanSessionTime
AvSessionSize = 3
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e Ta pey£Bn Méoo PCO péyeBog (bytes), Méoo PCO Overhead (bytes), kKAnoslg
TAKETWY 0vA oUVOS0 Kal xpovog cuvodou (sec) mpoadlopilovral Kat
XPNOLLOTIOLOUVTAL YLO TOV UTIOAOYLOUO Twv Méoo MéyeBog Zuvodou (bytes) kal
Méaooc PuBuocg (bits/sec), omou:

AvSessionSize = (AvSizePacketCallObject + PacketOverhead) *

PacketCallsPerSession
AvSessionSize*8

AverageRate = - -
MeanSessionTime

6.3 YAomoinon oto Matlab

Exovtag umoyn Ta TOpATAVW OTOLWXElD, Nn Tipooouoiwon ot eninedo ouvodou
vAormolnBnke oe meplBaAlov Matlab. H ywpntikotnta Tou cuotrpatog BewprBnke 10Mbps
KOl O TLAPAYOVTAG Nipaq=0.8. TUVETWG TO PoodePOLEVO PopTio eival:

L=0.8*10Mbps = L = 8Mbps.

O aplBuog Twy unnpeolwy mou e€etaloupe sival N=12 kat, onwg £xeL Nén avodepOei,
QUTEG elval TUou web browsing, VolP kat P2P.

Quoika, yla tic mbavotnTteg epdaviong tng KABe umtnpeoiog Ba TMPEMEL va LOXUEL OTL :

0<pi<1,yakdBei€ [0, 12] kat XN, p; =1

Jtov akolouBo Tivaka Tapoucldalovial Ol UTINPECIEC Kal Ta Paolkd HeyEOn Ttou
HOVTEAOU TIPOCOWOLWONG, TO OTolo TPEXOULE yia t=80sec.

MNivakag 6-1 XapaKTneLoTIKA Kivnong tnywv

Tomog Ri

Ynnpeoia Yninpeotag pi (%) (kbps) Wi (sec)
2D Web Browser 32kbps 1 0,06 32 150
2D Web Browser 64kbps 2 0,11 64 150
2D Web Browser 128kbps 3 0,12 128 150
3D Web Browser 64kbps 4 0,07 64 150
3D Web Browser 128kbps 5 0,1 128 150
VolP (Toll Quality) 64kbps 6 0,03 64 130
VolIP (MP3 Quality) 128kbps 7 0,055 128 130
VoIP (Home Theater Quality) 256kbps 8 0,1 256 130
P2P File Sharing (small) 64kbps 9 0,1 64 220
P2P File Sharing (small) 128kbps 10 0,085 128 150
P2P File Sharing (large) 64kbps 11 0,095 64 280
P2P File Sharing (large) 128kbps 12 0,075 128 120
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Session type
o™
T

0 Y

0 10 20 30

Time (sec)

Ewkova 6.2 Adielg KAOEWV GTOV TPOGOHOLWTH

KdaBe kArjon umnpeoiag xapaktnpiletal and 1o XpOvo yévvnaong, Tn SLApKELa, ToV TUTIO
UTINPECLOC OTOV OTIOLO QVHKEL, TNV TPOTEPALOTNTA TNC UTINPECLAC, avaAoya LLE TO av gival
smart grid nj public urtnpeoia, kat to session ID tn¢.

Nivakag 6-2 Mivakag KAnoswv

Xpovog adiing Awapkela Tomoc unnpeoiac I'Iporspau'?tnta Session ID
(sec) (sec) Ynnpeoiag
8,873 8,4579 1 0 4
8,895 6,7634 7 1 5
9,243 251,6925 9 0 6
10,935 232,4718 8 0 7
11,556 2,8282 11 0 8
12,496 319,0246 2 1 9
13,173 65,6475 2 1 10
17,113 1,3233 8 0 11
17,239 95,1344 4 0 12
18,098 120,3195 3 0 13
19,802 108,5863 4 0 14
20,283 529,8686 9 0 15
21,192 67,1032 2 1 16

6.3.1 MMapaywyn TakéTwv Kot Segmentation

Ma kaBe kKAnon unnpeciag mou £xeL mpokUPeL oTo cuoTNUA, akoAouBel n Stadikacia Tng
TAPAYWYNE TWV TTOKETWY, e BAcN Tov TUMO KAl TA XAPAKTNPLOTLKA TNG KABe umnpeoioc. Ta
TOKETA. OTN CUVEXELO TIOAUTTAEKOVTAL OTATLOTIKA, BACEL TOU XpOvou AdLeng, Le Ta TAKETA
TWV UTIOAOLTIWV KANoewv. KaBe makéto mpoaodlopiletal amo 1o xpdvo adleng kot To HEyebog
TOU, TOV TUTO NG umnpeoiag kat to ID tng kAnong mou adopd, kabwg Kal amd Tnv
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TPOTEPALOTNTA TIOU £XEL yla petadoon. To makeéta twv smart grid unnpeciwv €xouv
npotepalotnTa 1 kat eivat Ta mpwta unmoPrdla ylo LETAS00N 08 GUYKEKPLUEVN TiEpLTTWON
oxnuartog petadoong, n omnoia e¢eTAleTOL TAPOKATW.

Mivakag 6-3 Ztoleia Tou mivako mMaKETWY

Xpovoq'acbtﬁnq MéyebBog . Tonog MNpotepadTnTa
TLOLKETOU , Session ID , A
(sec) takEtou (Bytes) Ynnpeoiag TLOLKETOU
91,0218 1880 7 8 0
91,0222 750 62 5 0
91,0239 200 38 6 0
91,0253 1500 62 5 0
91,0256 200 57 6 0
91,0295 1500 62 5 0
91,0310 933 62 5 0
91,0317 200 31 6 0
91,0317 200 41 6 0
91,0332 750 62 5 0
91,0413 945 62 5 0
91,0438 1500 62 5 0
91,0454 200 52 6 0
91,0478 458 36 7 1
91,0501 200 31 6 0
91,0528 200 57 6 0
91,0529 1880 54 8 0
91,0534 200 41 6 0
91,0548 1500 62 5 0

Mpwv TN peTAd00N TOUC, Ta TMAKETA avilotolyilovral pe Tn Stadikoaoia tou Segmentation
oe blocks 6ebopévou peyéBoug. To péyebog tou block emidéyetal i kaBopiletal pe Baon t
oxéon:

TTI (sec) * Capacity (bps)
8

BlockSize (Bytes) =

omou TTI eival To Xpoviké Sldotnua petddoong kot Capacity n xwpntikotnta Tou
OUCTAUATOG LETAS00NG.

OuOoLaoTIKA, VLo KABE TTOKETO TIOU TIPOKELTAL VA AOoTAAEl cUyKpiveTal To HéEyeBOG Tou
pe éva mpotumo UeyeBog, to BlockSize. e mepimtwon mou To MAKETO elval PUKPOTEPO ATIO
oUTO To péyeboc, amootéAAeTal TeEAKA £va TIAKETO pe péyeBog (oo pe to BlockSize, mou
TIEPLEXEL OUWCE XPNOLN TTANpodopia ion Ue TO apXLko HEYEOOG TOU TTAKETOU. ITNV MEPLMTWON
TIOU TO TIAKETO €lval PeyaAUTepPo, TeHa)IleETAL OE EMUEPOUC TIOKETA TIOU TO KOBOEva €xel
péyebog oo pe to BlockSize. H xpnowun mAnpodopia cUVOAIKA armd To EMUEPOUG TTAKETA
glval KoL TTaAL lon pe To apXKo HéyeBog ToU MOKETOU.
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Nivakag 6-4 Makéta petd tn Stadikacio touv Segmentation

Xpévoq’dcbtﬁnq Méye00og . Tonog MpotepadTnTa
no(t:::;) v TtakETou (Bytes) Session ID Ynnpeoiag TLOKETOU
91,0218 500 7 8 0
91,0218 500 7 8 0
91,0218 500 7 8 0
91,0218 500 7 8 0
91,0222 500 62 5 0
91,0222 500 62 5 0
91,0239 500 38 6 0
91,0253 500 62 5 0
91,0253 500 62 5 0
91,0253 500 62 5 0
91,0256 500 57 6 0
91,0295 500 62 5 0
91,0295 500 62 5 0
91,0295 500 62 5 0
91,0310 500 62 5 0
91,0310 500 62 5 0
91,0317 500 31 6 0
91,0317 500 41 6 0
91,0332 500 62 5 0
91,0332 500 62 5 0

Onwcg odaivetal otov mivoka 6-4, to opXlKA TOKETA £xouv katatunbei oe Blocks
OUYKeKpLUEVOU HeyEBoug (BlockSize = 500 bytes). Ta blocks mou mpoépyovtat amnoé to idlo
OPXLKO TIAKETO Yapaktnpilovtal anod idlo xpovo yevvnong, evw (BLEG TLUEG £XOUV ETIONG KalL
ta nedia Session ID, TUMog Yninpeoiag kal MpotepatdtnTa MAKETOU.

Ta mokéta mou SnULOUPYOUVTAL ELCEPXOVTOL OE OUPEC OQVAUOVNAG amo Omou Kal Ba
petadobolv, adol katatunBouv oe blocks, clpdwva pe Ta SlLadOPETIKA oXAUATA
METAd0o0oNG. Ta TAKETO ELOEPYOVTAL OTLG OUPEC AVOLLOVAG TN OTLYUN TNG YEVVNONG TOUG aAd
e€eépyovtal amd auteg Paoel tou TTI. Xe kaBe TTI e€umnpeteital cuykekpLuévog aplBuog (N)
amnd blocks, avaAoya pe To 0eVAPLO TPOCOUOLIWONG.

‘EXOULE TLG EENG TTEPUTTWOELG OXNUATWY HeTAS00NG:

1. Ymdpxel povo pia oupd avapovng kot KaBe makéto efumnpeteital LOOTIUA,
avaloya e To Xpovo epdaviong tou (FIFO).

2. Ymdpxouv OladOpPETIKEC OUPEC avapovicg, Hia yw kdBs tumo edappoyng.
YPnAotepn mpotepaldTnTa yia HeTddoaon £xouv Ta akéta twv VolP epappoywy,
HETA Twv web edappoywy kat Téhog twv P2P.
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3. Ymdpxel pio oupd avOROVAE Yo Ta TTAKETO OAWV Twv smart grid edbappoywv Kat
TPeLG SLadOPETIKEG OUPEG yla TG public edpappoyég, pla ylo kaBe tuTo.
YUnAotepn mpotepaldotnTa £XOUV TA TOKETA TWV smart grid sdappoywv Kal
akoAouBouv ot public epappoyég Omwe otnv mepinmtwon 2.

4. Mo kaBévav amnod toug 3 TUMoUC epapUOoywWV UTIAPXOUV SUO OUPEG AVALOVHG, Hia
yla T smart grid uminpeoieg kat pia yia tig public. Ta makéta eunnpetouvtal Kal
TAAL HE OElpa MpoTepalOTnTaG. NMpwTta yla petadoon eival autd Twv smart grid
edbapuoywy, Ue MPOTEPALOTNTA TIOU KaBopileTal MAAL OMwWG otnv Meplmtwon 2.
Av OAeC oL OUPEG aVOUOVAG Yla TG smart grid epappoyEg elval Adeleg o KAMOLO
TTI, e€umnpetolvral ol public unnpeoieg pe oelpd 6nwg oto 2.

Web

Scheduler I l l l = Scheduler
M0 Illl>®

FIFO
P2pP | | I | 3

Smart Grid Smart Grid

,.
3
o

[11]

Web

3
l I I ] Smarn Gnd Scheduler
VolP Scheduler VolP
[TT] 2 ® Public
p2p 4
l | I ] Smart Grid
P2P
Public
Y 5.

Ewkova 6.3 IXNUATIKE avomopaotoon Twv TPOnwV petddoong: a) Zuotnua FIFO, B) MoAAanA£g oupEg
QVaHOVAG, pia yia kGO TOmo epappoyng, v) MoAAanA£g oupég avapovrig yia tig public edappoyEg ko
§exwploti oupad ya smart grid makéta, §) AutAéG oupEG avapovrg yla Kabe epappoyn.

6.4 Xevapua llpocopoiwong

Onwg avadépbnke vwplitepa, To cUOTNUA ELVaL TIOPAUETPOTIOLNUEVO CE OAa TA OTASLA
TOu. Juvemwg, Oa umopoUoOpE KATA TNV TMPOCOMOLWon va HPETOPAANOUUE OPKETEG
SLaPOPETIKEG TTAPAPETPOUG (TT.Y. XPOVOG Tpooopolwong, péon Slapkela KANoswv, pubuol
adieng, Segmentation Size, aplBuog blocks (N) mou e€unnpetolvtal ava TTI). Mpokelpévou,
wotoco, va eival sukolotepn n afloAdynon kat olykplon Twv omotedeopdtwv Ba
€EETACOULE TILO OUYKEKPLUEVEC TEPUMTWOELS. ETol, BewpoUpe OTL £xoupe To (6lo Hiypa
KIvnong/moKETwY 0 OAEG TIG TIEPUTTWOELG Kal lo segmentation size (500 bytes), aA\d
OAAAZOUE TOL OXNMOTA AVOLOVAG-HETAS00NC KAl TIG TapaETpouc Toug (TTI kat N).
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6.4.1 Iepimtwon1
Xpnoluomoleitat o mpwtog tumog Scheduler kat ot €€ ¢ TUUEG MOPAUETPWV:
A.

e TTI=0.01sec
e N (Number of Blocks) =1

JUpudwva PE TN OXEOn TOU TUAHATOC 6.2.1, n XWPNTLKOTNTA TOU oUuOoTAUATOG elval
Capacity=400 Kbps.

2500 : . .

T T
2000 - -
= 1500 |
g
5
§ 1000 .
<
500 T -
0
0 2 4 6 8 10 12
Totrog uTTnpediog
Ewkova 6.4 Xpovog e§unnpétnong makETwy ava tino unnpeoiag, Nepintwon 1a
CDF of Delay
1
[ . ........................... .......................... .......................... o .
OB b ........................... ................. A ......................... ......................... i
07l TR AT SSSSINY 5 N i
[ =7 . .......................... ..... e .......................... ......................... .
DA A -
[N
0.4 et ........................... .......................... ......................... i
O3k AT ........................... ......................... ......................... a
02k L ........................... ........................... ......................... —Web m
: : : WaolP
o1k Lo T e U F2P .
: : : Srnart Grid
0E - | | | |
0 500 1000 1500 2000 2500

Delay (sec)

Ewova 6.5 KaBuotépnon petdadoong nakétwy, Nepintwon 1a.

80



B.

e TTI=0.01sec
e N (Number of Blocks) = 4
e Capacity = 1.6 Mbps

350 T T T T T T
300 - B
250 B

= ]
[a5) =
(= =
T T
1 1

Hpdvoe EEUTTpETNONG (S8c)

=
=
T
1

5:- |

0 2 4 [ il
Tirmog Ympeding

Ewkova 6.6 Xpovog euntnpétnong makETwy ava timno unnpeoiag, Nepintwon 1.

CDF of Delay

1
] B e S S e e /A S
7| — — — S !

D2k, i b b b b ) e N
i i i i i valp
0.1 e ................ ............ .............. ....... — PP H
' ' ' ' ' ' Smart Grid
ik '
0 a0 100 150 200 240 300 380 400

Delay (sec)

Ewova 6.7 KaBuotépnon petadoong nakétwv, Mepintwon 1B.
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r.

e TTI=0.01sec
e N (Number of Blocks) =8
e Capacity = 3.2 Mbps
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6.5 Xvunepaocpata lIpocopolwoewyv

ATO TO QTMOTEALOUOTA TWV TIPOOOMOLWOEWV PAEMOUUE, OpPXLKA, OTL OTNV TPWTN
nepintwon oxNnuatog petadoong n kKabuotépnon mapouctalel mapopola cupnepldopd ylo
Tou¢ Sladopetikoug TUTIoUC edoppoywy. Av kat ot VolP edpappoyég Stadoponotovvtat Alyo,
epdavilovtag KAMWG HeyaAUTEPEC TIMEG KABUOTEPNONG, Kol oL TPEL £hOpPUOYEC £XOUV
OUVOALKA TtapoOpoLa €KOva. H elkdva auth paAlota emavalapBavetal, oxedov avaiioiwtn,
HeTafl) TWV UTIOTIEPUTTWOEWY, OmoU aA\dlel o aptBuog N twv blocks mou eunnpetolvral
Tautoxpova, He KUpla Stadopd OTL UELWVOVTIAL CNUOVTLKA Ol TOPATNPOUUEVEG TUUEG
kaBuotépnong.

AMalovtog oxrpa petadoong (mepimtwon 2) aAAG{ouv apKETA Kal TA AMOTEAEOUATA, TA
omoia 6ev mapouoldlouv opoldTnTeg pe TipLv. OL VoIP edopoyEC £Xouv TTAEOV TN ULKPOTEPN
KaBuotépnaon, yeyovog avapevouevo, KoBwe Katd TNy e€umnpétnon £Xouv TPOTEPALOTNTA.
Anevavtiag, T6o0 oL web 600 kot ol P2P edappoyeg €xouv emiPapuvBel Kol CUVOALKA
epdavilouvv pewwpévn anddoaon. H eldxlotn kabuotépnon mou mapouoldlouv sival oAU
auénuévn, Ot OXEon He TNV avtioton mPWTn Teplmtwon, KATL Tou Tapatnpeital
EVIOVOTEPA OTNV Tepimtwon Twv P2P edappoywv, w¢ OomoTEAECHA TNG XAMNAOTEPNG
npotepalotNTag mou  toug eixe SoBsl. Aladopéc mapoatnpouvtal Kol AVOHECA OTLG
UTIOTEPLITTWOELG, WBilwe oTig meputtwoelg VolP 6mou avédavovtag to N odnyolpaote ot
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oxebov undevikn kabuotépnon. MNa OAeg T¢ edappoyég, PBEPaia, avénon tou N
OUVETIAYETAL, OTIWG KOLL TIPLV, XOLNAOTEPN CUVOALKN KaBuoTEpnaoN.

210 Tpito oxnua petadoong, MAAL MOpATNPOUUE SLOPOPEG OTIC YPADIKEG TTAPACTACELS
NG KaBUOTEPNONG, OE OXEDN LE TLG TIPONYOUUEVEG TEPUTTWOELG. OL 51adOpPOoTOLOELS QUTEG
odeilovral otn SL0POPETIKN LETOXELPLON TTOU £XOUV TO TIAKETA TWV UTINPECLWYV aTtO TO KAOE
olotnua petadoong. MNa mapddeypa, n dtadopd mou evtomiletal oTiG KABUOTEPNOELG TWV
web kot P2P eboppoywv og cUYKpLON UE TNV MEPLTTWON 2, TOPOTL N TPOTEPALOTNTA UETAEY
Twv public epappoywv elval dla pe mpy, odeilletal ota makéta Twv smart grid
TMEPUTTWOEWV KAl TNG uPnAOTEPNG TMPOTEPALOTNTOC TIoU £Xouv. Ta TAKETA OUTA
g€unnpetolvtal TO GUVTOUOTEPO SuVATOV Omd TN OTyUN €0680u TOU¢ OTo GUOTNUO,
OUVETIWCE QVTIHETWITI{oUV XaunAn koBuotépnaon, KATL TIOU OMOTUTIWVETOL OTLG OVTIOTOLYEC
KaUmUAeC. H onuavtikotepn Sladopd adopd ta makéta twv smart grid epappoywv, mou
amotunwvovtal pe yohallo ota oxnuota. Evw otig mepumtwoelg 1 kat 2 n kabuotépnaon mou
uodlotavral eival tuxaio kot apketd uPnAr, TAéov eAayLoTomoleital.

JTO TETOPTO oxnua petadoong, Sivovral ol ypadIKEG TOPACTACEL TWV KABUOTEPHOEWV
™G KABe epapUoyng, TOCO0 GUVOALKA (Ue UTIAE, TIPAOCLVO KOl KOKKLVO) OTWE TIPLY, OGO Kol
OUVKEKPLUEVA yla Ta smart grid makéta ¢ kabepioag (He pwpP, Kitplvo kot pavpo). Me
valallo mapouoidletal, favd, n OouvoAlkrp kaBuotépnon Twv smart grid TaKETwy,
avefdptnta amo tnv edoppoyn mou adopolv. MapatnpoUpe OTL oL KABUGCTEPNOELG
oupBadilouy e TIC TPOTEPALOTNTEG IOV £X0UV 800l Katd tnv e€unnpétnon.

89



90



Kepdalaio 7:
Jvumepaocuata AtmAwuatiklc Epyaciag

7.1 XUvoyn CUUTEPATUATOV

Ta E¢unval Aiktua kepSilouv ocuvexwg to evdladEpov kal avaudifola Ba amoteAécouv
B£pa TTOAAWV LEAAOVTIKWVY PEAETWY. XTNV TTApoloa SUTAWUATIKY Epyooia aoXoANBnKaE Ye
TLG TEXVOAOYLECG ETMLKOWVWVLWV TIOU UITOPOUV va XpnolponolnBolv oe auTd Kal eKTEAECOE
TIPOCOUOLWOELS TNG TNAETUKOWWVLAKAG Kivnong mou OLépxetal amd evav Spopoloynth
‘E€umvou AlktUou. ATO Ta AMOTEAECUATO TIPOKUTITEL, APXLKA, WG alEnon TNG XWPNTKOTNTAG
TOU OUOTHMOTOC OUVETAYETAL OUVOALKA XapnAdtepn kobuotépnon. EmumAov, yivetot
davepod OtL yla TI¢ Kplolpeg epapUOYEG TOU amaltouv XaunAn kabuotépnaon anatteital va
oxnua petadoong to onolo Ba tig e€unnpetel pe mpotepalotnta. QOTO00, N MPOTEPALOTNTA
aut €xel w¢ avtiktumo auvénon g kabuotépnong mou udlotavrtal oL uTOAOLTEC
epapuoyég, Olaitepa QUTEC TIOU €XOUV TN MIKPOTEPn Boputnta. Xpelaletal, AoLUTov,
TIPOOEKTIKOG OXESLAOUOC Kol KOTAMNAN emAoy] Twv OXNUATWY HETAdooNC Kal Twv
TOPOUETPWY TOUC, WOoTe ot KABe mepimtwon va sfaodaliletal amodektr moldTnTO
UTINPEGLOC YLa TIG OAEC epapLOYEG.

7.2 MeAAOVTIKY) €pEVVA

Ta amoteAéopata tng epyaciag autng Ba pmopoloav va xpnotpormownBolv kot va
eMektaBolv amod PeMOVTIKEG UeAETeC. ApXlkd, Ba pmopovcav va poviehomolnBolv Kat
TiPooopoLlwBoUV TMepPLOGOTEPEG UTINPEDIEG, OMwG petadoon Bivteo kal IPTV, i umnpeoieg
Sladopetikwy pubuwv dedopévwy. Emiong, n mpooopoiwon pmopel va ulomoiwnBel pe
Sladopetikd Aoyloplkd TakETo. EvOelktikd, to mpoypdppata Opnet, Omnet kat NS2
amoteAoUV TIOAU KOAEG €MAOYEG yla Tpocoopoiwan kot afloAdynon tng emidoong evog
Siktuou. EvoMhaktikd, Ba pmopoloe kavel¢ va Poaolotel oTov avilkewevootpodn
TLPOYPOUUATIONO, ETUAEYOVTAC, Yia Ttapddetlypa, C++.

OL véeg texvoloyiec emikowwviwy, onwg M2M, loT kat WSN, w¢ avaduoueveg,
QVOULEVETAL VO TIPOCEAKUGOUV OAO KOl TIEPLOGOTEPO TO VOLADEPOV Kal va XpnaotponotnBolv
oe peyalo ¢aopa epoppoywv. MNepaltépw BEPATO, CUVENTWG, UMOPOUV VA OTIOTEAEGOUV N
MEAETN TWV TPWTOKOAWY TIOU XPNOLLOTIOLOUVTAL O QUTEG KOl N EKTiUNon tng enidoong
TOUG WG TPOG TNV €EUTINPETNON TN TRAETIKOLWVWVLAKAG Kivnong.
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