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INIEPIAHYH

211 oOyypoveg Kowmvieg elval cap®g adlapeofnmntn 1 adidkonn wpdodoc g
TEYVOAOYIOG, TOV MG ATOTEAEGHA XL parydaies eEEAIEELS KO KOVOTOUIEC € OAOVG TOVG TOUEIG
¢ (Mg pog. Ot véeg autéc Teyvoroyieg aglomolohv TANP®G TIG ATEPLOPLOTEG OLVOTOTNTEG TOV
npoc@épel 10 Awndiktvo. Edd mpokdmter o Opog Internet of  Things (Awdiktvo TtV
[Ipayudtmv) mov apopd cLGKELEG 01 omoieg cuVOELoVTUL 6TO A0diKTLO, GALE KOt e AAAEC
OLOKEVEG, Y10, VO EKTEAOVV TTOIKIAEC AelTovpYyiec.

2TV TTUYOKY VTY], OPYIKE YIVETOL oL EL0Y®YN Yo TNV TOPOLGIoGT Tov BEpaToc.
Metd yiveton Aemtopepng avapopd tav Bacik®dv evvoldv mov apopov to [oT kot ot cuvéyeia
TAPOVGLALOVTOL OVOAVTIKA TOL YOLPAKTNPIGTIKA TOV GUCKEVAOV Kol KUPIMG 0 TPOTOS Agttovpyiog
TOVG GYETIKA LLE TT] GLALOYT OEOOUEVMV.

‘Enerta, mpoteivetan éva mBavd cevaplo Asrtovpyiog He €0TIOGN OTNV EMKOWVOVIN
HEGM GLVEPYNGING TOV GLOKEVMOV MOGTE Vo emTEVYOel KaAvTEPN amdd0oon 610 cvoTua. To
TPOTEWVOUEVO GEVAPLo Tpocopoldvetal oto CupCarbon 6mov mapovoidloviar o TpodTOg
Aertovpyiog TOL Kot To ATOTEAEGLLOTOL.

Y10 1éA0g mapovoidlovion To  ovumepdopota  pe  Pdon  Tig  dokipég  mOL

TPOLYLLOTOTOUCOLE KO GE CUYKPLON HE KAOGIKES pnefddoovg.



ABSTRACT

In modern societies the constant advances in technology are undisputed and have as a
result, rapid developments and innovations in all aspects of our lives. Those new technologies
make the most of the possibilities that the Internet provides. This is how the term Internet of
Things occurs and describes devices who connect to the Internet but also with other devices in
order to perform a variety of functions.

In this thesis, at first we make an introduction in order to present our topic. Afterwards,
we mention in detail, all the main concepts about IoT and then we present extensively the
characteristics of the devices and how they function for the data collection process in particular.

Subsequently, we propose a scenario with focus on communication through
collaboration between devices in order to achieve better efficiency in the system. The proposed
scenario is simulated in CupCarbon where its function and and its results are presented.

In the end, we present our deductions based on the tests we performed and we compare

them with conventional methods.



1. Ewoayoyn

1.1 Iopovoioon O<patog

Ot dvvatotnteg mov pag mpooeépel to 10T to €youvv avoadeiel g o amd Tig
ONUOVTIKOTEPES TEYVOLOYIEG OTIC ovLYypoves kKowwviec. 'Eva ocvotnua 10T upmopel va
EPAPLOOTEL G€ dLAPOPOVG TOUEIS Kol Vo eELTNPETNOEL Eva TANO0C SLUPOPETIKAOV OVOYKAOV LE
TIG AEITOVPYIEG TOV EKTEAOVVTOL LEGO GE AVTO VO TOIKIAAOLY OVAAOYOL LLE TO TEGTIO EPAPLOYNG
touc. BéPaia, o ke mepintmon Pacikdc otdyog elvarl | PEATIOTN €MIO0CT TOL GLGTHUOTOG
Y0l TNV QVTHETMTIGT TOL TPOPANLLOTOG TOV LG ATOCYOAEL 1] TNV €MITEVEN KATO10V GTOYOV.
[Tapd to adwopeiofta oéAn tov 10T Kot Tapd TIG OLTOMKEG HOG ATOLTHGELS, VITAPYOLV
cOP®OG TPOPANUATA KOl OVGKOAMES GTOL GLGTAUATO OVTE TOL XPNLOLV CVTILETOTIONG Kot
yevwouv pa avdykn yu dwopkelg peréteg kor pebddovg pe okomd T Pertictomoinon tmv
Aertovpy®v 0mov avTd ivor EQIKTO.

"Eva kowvd yapoktnplotikod o 0o ta cuotiuota 10T gival  cuAloyn dedopévav amd
T1G GVOKEVEG TOV GUUUETEXOVV GE OVTO LE TN PN oM KATAAANA®V aicOnTtpov. TNV Tapodca
TTUYLOKT) OKOTOG pag elvat ) LeAETN TV (TUATOV TOV TPOKVTTOLV KATA T S10d1KaGio avTn,
KaBDC Kot 1 Topovsiaon Hog tepintmong Asttovpyiog pe Pertinoelg otnv amddoor| tg. [To
OLYKEKPIUEVQA, EMAEYOVUE VO EGTIACOVE GTO YOPUKTNPLOTIKO TNG cuvepyasiog HeTabd Twv
dpopmv cuokevdv 610 10T kol 6ToV TPOTO TOV UTOPOVIE VO TO EKUETOAAEVTOVUE Y10 VL
TETOYOVUE KOAVTEPO amoTeAéopaTa. TeAkodg o1dX0C eivorl 1| GVAAOYN dedopévmv pe peioon
OTNV KOTAVAAMOT EVEPYEWNG TOL GLOTNUOTOS KOOMC KoL 1 GLYKEVIP®OY €0GTOY®V KO

YPNOUL®V TANPOPOPLOV.

1.2 Aopn TToyLeKg

Metd v mapovca gioaywyn, oto Kepdrowo 2 0o mapovcidcovpe apyikd Tovg
optopovg mov meprypdpovv to 10T cdppwva pe ™ Prproypapio. Eniong Oa avagepBovue otnv
a&lomoinomn tov 10T amd d1bpopovg popeig g Kowvwviog Kot Bo aoyoAnBovue pe TIG OLGKOAIES
OV TPOKVTTOVV PEGH GE OVTO.

210 Kepdiaio 3 neptrapfdvovior avaivtikd 6Aa to yapoktnpiotikd tov 10T and v
apyrtektoviky émg v emwkowovia. Ilapovoidlovpe ta ddpopa €10n SKTOWV TOL
ypnoponotovvtotl oto 10T, kabdg ko TAnpoeopieg yio Cloud computing kou Fog computing.

To Kepdhato 4 acyoieitor pe T 01001K0GI0 TNG GVAAOYNG TOV dEdOUEVOV. XE VT TO
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KePOlowo PAEmovpe Stapopeg HeEBOIOVE GLALOYNG O€dOUEVOV OAAG KOl To. KOGTI TOL
TPOKVTTTOVV.

21 ovvéyela oto Kepdhato 5 Oa epevvicovpe ) cuALOYY| dedopévav amd T oo
¢ ovvepyaoioc. EEnyodue to 0@éAN aLTAG TG CLVEPYOTIKNG TPOKTIKNG KOl OVOADOLLE
SLAPOPEG TEPUTTMOOELS EPAPUOYNG TNG.

Y10 Kepdhowo 6 meprypdeovpe por OKIG poc €Poppoyn mov BéAovue va
TPOCOUOIMCGOVE YIOL TN HEAETN TNG OULVEPYOTIKNG GLAAOYNG OEOOUEVOV KOl TMOV
amoteleopudtov e Ilapovoidlovpe AETTOUEPDOG TO YOPOKTNPIGTIKA KoL TOV TPOTO
Aertovpyiag Tov cevapiov pHog, dAAL Kol To gpyareio pe to omoio Oa yivel n mpocopoimon.
Ylomowobpe v €pappoyn pog aAdd Kot £va amAd GEVAPLO Kot GUAAEYOVUE TO KOTOAANAL
OmOTEAECLLOTAL.

Téhog, 1o Kepdhato 7 yivetar cOykpion Tov dedopévev Tov tposékuyay 6to Kepdiato
6. Mg Baon avtd ta dedopéva aELOAOYOVUE TNV EQOPLOYN LOG KOl STVOVLLE TIC TEAEVTOLES LLOG

OKEYELG TAV® 6TO BEpa.



2. To Awdiktvo Tov payparov(loT)

2.1 Opwopog loT

O 6pocg Internet of Things (I0T) yevvnOnké npdt eopd to 1999 amd tov Bpetavd Kevin
Ashton o omoiog TO TEPEYPOYE ©OG OVTIKEIUEVO TOL ETKOWVMOVOLV HETOED  TOVG
ypnoonowwvrog etikétec RFID (Radio-Frequency Identification)[1]. And th cOAAZYN TOVL TO
10T cuveyilel adidkoma v ovOTTOGGETAL EYPL KOl CTIUEPD LE TAYYUDOELS TAYVTNTES, UE TIC
EKTIUNOELS VO LLAOVV Y10l SIGEKOTOUDPLOL SIOCVVIEOUEVEG GUGKEVES VAL TOV KOGHO[2]. Av Kol
etvar duokoAo va Tpocdlopicovpe pe axpifeia Ola ta yapoktnplotikd Tov 10T, évag Kovadg
AOOEKTOG OPICUOG UTOPEL VoL TO TEPLYPAYEL OC EVa OIKTLO QUVOIKMOV OVTIIKEWUEVOV  TOL
draBéTouy KukA®UaTO, 0GONTNPES KOl AOYIGHIKO TO 0ol Hropovv vo aEI0TOMGOvV Yol TV
KOTaypopn TANpoeopltdv and to TePPAALOV Kot TO SOUOPACUO TOVS HEGM GUVOESNG LE TO
Awdiktvo[3]. Ot cvuokevéc avtég yopaktnpilovtal g «EEVTVES) AOY® TG dVVATOTNTOS TOL
&youv va AapPdvouv kot vo €KTEAODV EVTOAEG €V EMIONG UTOPOLV Vo eAEyyovtal €€
OTOCTACEMG KOl VoL AE1TOVp YoV aveEaptnta yopig apeon avOpomvn enipreyn. apadelypata
ocvokev®V Tov cuviBwg cvppetéyovy 6to 10T givar LVTOAOYIGTES, KvnTd, TOUTAET Kot
TNAEOPAGELS, TOV OTOTEAOVV KOl TIG TTLO TPOPOVIG TEPMTMCELS EEVTVOV GLGKEVAV, AL LE
TN YEVIKOTEPT £VVOL0L OTOLOONTTOTE GUOKEVT TOV UTOPEL Vo GLVOEETAL O €va OTKTVLO KoL VoL

LETaPEPEL TANPOPOPies cuykaTaiéyetar wg EEvmvn cvokevn (Techopedia).

2.2 ledia eappoyng
Transport & o s
( Pe Utilities Smart cities Smart bundlng\
Logistics
o %
iz 8 i

Fleet management, Smart metering, Parking sensors, Smoke detector,
Goods tracking Smart grid management| Waste management, etc. Home automation
Consumers Industrial Environment Agriculture

3 o

O

Process monitoring & Climate/agriculture
Wearables control, Food monitoring/alerts, monitoring,
KK|ds/sen|or tracker Maintance monitoring | Environmental monitoring | | jyestock lrackmgj

Ewova 1: Iedio epapuoyng loT



To 10T pmopet va evtayBei oe ToALOVS TOUElS TNG KOWOVING OAAG Kol YEVIKOTEPO TNG
KaONUEPVOTNTAC HOGC TPOCOEPOVTING AELTOVPYIEG KOl VLANPECIEG TOL OLELKOAHVOLV Kot
BeAtidvouv ) {on pog. Ag dobpe HEPIKES amd TIC ONUOVTIKOTEPEG TEPIMTMCELS EQPUPLOYNG

TETOL®V OOUMV.

2.2.1 "E&umvn woin

Ot mohelg, av Kol VPOV avEKOOEY GTOV avOpOTIVO TOMTIGHO, £YOVV OTACEL GE
eminedo avdmtuéng mov Eemepvovv O,TL loyve To TEAEvTaio Ypdvie. ZOHEOVO HE TN
Biproypaeia[4] extipdror 01t péxpt to 2030 ndve and to 60% tov TAnBvcspod g I'ng Ha
Kotowkel og mOAE. Avtiy M paydaio avénon tov TANBuopov odnyel oe avdykn Yo vEeg
HeBOO0VG AMOTEAEGLATIKNG SLOYEIPIONG TOV VINPEGLOV Kol TOV JEPYOUCIOV HEGO GTO ACTIKO
nepParrov. [a v avTHETOTION 0VTOV TOV TPoPANUdTOV pio «EEuTVN TOANY ¥PNCLLOTOET
v texvoroyia Tov 10T. TTo cuykekpéva, oe pia EEumvn TOAY, e YVOUOVE TOVG TOATES
cLAAEYovTal, amofnkedovor kot a&lomotovvior dedoUEVE LEGM TOL SIKTVLOL pE GTOYO TN
dtevkolvvon ko ) PBertioon ™g (ong Toug oe Topelg Ommwg N peTakivnon, N vysio Kot N
acpdrela Bonbovtag £Tot v Betikn avamtuén g TOANg cuvolkd[S]. H doun pog é&umvng
TOMG amoteAgitan oo Tpia Kopla eminedo ta omoia ivon[6] To eminedo avtiAnymng (perception
N sensing layer) oto omoio yiverar 1 GLAAOYN TOV OedOUEVOV OO TOLG KOTOAANAOLG
ateOnthpeg, To eninedo ductvov (networking layer) 6mov yivetar n peTapopd TV TANPOPOPIDOY
HEC® EMKOVMVIOG Ko TO eminedo spappoyng (application layer) oto onoio yivetar n avéivon

Kot 050N TOV TANPOPOPIOV TOV GLAAEYOT KA.

2.2.2 "E&unvo omitL

To 10T, pe v tepdotio e£EMEN TOL, NTOV AVOTOPEVKTO VO, EICYOPNOEL KOl GTO YDPO
T0V omtiov pag. To omitt yivetan «€Eumvo» OTav 01 KAOGIKEG OIKIOKES GLGKEVES ATOKTOVV TN
duvaTOTNTO VO EKTEAOVV TIG AETOLPYIEG TOVS OVTOUATOTOMUEVO KOl Vo eAEyyovtal &€
anootdoemc. To Pacikod yapakTnpPloTiKo Tov dtevkolvvel ) (o1 péca oe éva EEvmvo omitt
elval n emkowovio HETOED OA®MY TOV GLOKEVMOV TOV EMTPENEL TNV TANPY KATOYPOPT] TOV
XOPOV €VTOG TOV GTITION LUE OQEAN TNV ACPAAELD, TV EEOIKOVOUNGT EVEPYELNG KoL TNV GVEST)

TOV Kotoikwv[7].

2.2.3 Alhec eQuppoyég
Inuovtikog topéag etvor ) Brounyavia, 1 onoio 16épyeTal o€ pio vEa ETOYN LEG® TNG
4" Bropmyavikng emavactacng (Industry 4.0). Méoca ota mlaiolo avtig, WAGUE TALOV Yio
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«&&umva. gpyooTdoiloy mov PaciKOG OTOYOC TOVG Eivol 1 TANPNG GLTOUATOTOINGM TNG
SladKaciog Topaywyns He T xpNon EEVTVEOV UNYAVNUATOY Kol GUGKELMY TOV EMKOVOVOHV
peta&d toug[8]. Xe avtd 0 VEo TEPIPAAALOV EMTLYYAVETOL LEI®ON GTO KOGTN TOPUYM®YNG OAAL
KOl GTO YPOVO, EVO TAPAAANAL 01 GLVONKEG EpYaGiag YivOVTal 0CQAAEGTEPES Y10l TO. (LTOLLO TTOV
epyalovtal evtog TG Propmyovikng Lovng.

O «€&umveg PETOKIVIGELSY Elval Evag OPOG OTEVE GUVOEIEUEVOC LE TIG EEVTTVEC TOAELC.
To Boaocwkd avtd xoppdtt e Long péoo o pio mOAN e€ediooetal pe v TeXVOAOYio va
EMUTPEMEL TNV EMKOWVOVIO HETAED TV OYNUATOV GTIC AOTIKEG LETOKIVIAOELS €ite avtd etvon LX.
elte eivan Méoo Malikng Metagopds. Méom avtng TG 1010TNToG UTOPEL VO OVTILETMTIOTEL TO
TPOPANLA TNG KUKAOPOPLOKNG GLUUOAPNONG MGTE O AVOP®TOL VO LETAKIVOUVTOL EVKOAATEPXL
Kot ypnyopotepa omd 10 v LEPOG GTO GALO, EVED ETIONG TOAD GNUOVTIKO ivon To BEpa TG
peimong Tov atuynudtwv o peydlo faduol9].

2tov topéa tng wpwikng to loT  umopel va ypnoomomBel ywo eméktaon twv
vnpectdv mepiBodyme. Me tic KatdAAnieg €&vmveg cvokevég pmopel vo mapotnpeiton
OCUVEYOUEVO, KOl GE TPAYHOTIKO ¥pdvo M vyeio TV aTOU®V TOL TO £(OVV OVAYKY, EVO
TOPAAAN A0 Vo Kataypaeoviol TAnpoeopieg yoo v Katdotaorn tovs. Emiong ov acBeveig
LTTOPOVV VAL POPOVV TTAV® GTO GMLLO TOVS SIAPOPES CLOKEVES e 0eONTPEG TOV B GLAAEYOLV
éva mnBog dedopévov Omwc Bepuokpacio copotoc, mieon aipatog KTAm. kot Oa
YPNOUOTO0VVTOL Yot TNV TPOANYM TTpoPAnudtov vyeiag[10].

Néeg péboodor gppaviCovron emiong ot yewpyio pésm tov 10T. Me 11 kotdAANAEg
GLGKEVEG KOl TN YPNOT acONTNPOV Y10 TN KATUYPAPT TOL TEPPAAAOVTOG, CLYKEVTIPOVOVTOL
nnpogopiec mov Ponbovv 10 £pyo TtV yewpywv. o mapddetypo, n aviivon TV
TEPPOUALOVTIKOV GLVONKOV TPOGPEPEL AGPAAELD GTT| SLOOKAGTO TG KAAMEPYELNG EVOD LE TN
YPNOM EEVTVOV YEMPYIKOV GUOKEVOV avTIETORILOVTaL £yKaipmg mbavd mpofAnuata, OTwme
emBéoelg amd mapactta Kot dAra {oa. ITodd onuovtkég emiong eivat ol AOGELS TOV TPOGPEPEL

éva T€T010 GUGTNLO GTNV ATOONKEVOT| TOV GLTNPAOV KOl TNV TPOocTasio Tovg omd KAomég[11].

2.3 AVGKOMIES KOl OTOITIGELS

INveton mAéov mpoeavng o Adyog mov ypnowomoovpe to 10T apdtov eldape Tig
1010TNTEC TOV KO TOL TOAAG TAEOVEKTI LT Kol BEATIOGELS TOV TTAPEYEL GE O1BPOPOVG TOUELS.
Eivor 6pog moAd onpavtikd va avoeepBoipie Kot 6Tig OUGKOMES TOV TAPOVGIALOVTOL KATH TNV

ePapLOYN oV, kot wailovv KabBoplotikd poro otn duvatdtTa a&lomoinomg Tov.
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2.3.1 Enektaoypnotnra

Me v mapodo Tov ¥pOdHvov 0A0EVO KOl TEPIGCOTEPES GLOKEVEG GUUUETEYOLV OTO
diktva Tov 10T, Qg anotédespa Egovpe va av&avetal o€ peydio Badbud o dykog Tmv dedopévev
mov mapdyovtal. o avtd Tt cvveymg avEavopevo dedopéva ypelaletal 1 KATAAANAN
eneéepyacio TOVG, TOV TPOVTOOETEL VO VILAPYEL 1] ATOLTOVUEVT] DITOAOYIGTIKN 10YVG, AAAA Kol
EMOPKNG YOPOG Y10 TNV 60T amodfkevon Toug. 'Eva tétoto cuomua Oa mpénetl va £xel omd
™V apyn TG KATOOKEVNG TOV TNV gveMéio va eEummpetnoetl peydro aplBpd cuvoedepévmv
GLGKELMV, 10MG LEYOADTEPO OO TOV aPYIKA avapeEVOpEVO. Tla To Adyo awtd givor moAd facikd

0TO GYESUGHO VO TETOLOL GUGTNIATOS VO AABOVLLE VTTOYT TOVG TEPIOPIGLOVS OVTOVG.

2.3.2 Xopparétnra

Me tov peydro apBud cvokevmv ota diktva 10T dnwg avapépbnie tponyovuévad,
éva axopo nuo mov yevvator givor 0 TPOTOS dachVOoeong HETA) TOVG. Xe TOAAEG
TEPIMTMOGELS GUOTNUATOV £OVUE ETEPOYEVEIS GLOKEVES TTOV YPELALETAL VO ETKOVMOVOVV 1 pial
pHE TNV GAAN Yoo TNV EKTEAECT] TMOV AELTOVPYIDV TOVC. YTAPYEL £vVOG HEYAAOG aplOuog
TPOTOKOA®V emkovaviog Tov ypnoiponotovvion 6to 10T yopic dpwe va vrdpyel kdmolo

KOBOAKO TPOTLTO TTOV VO. KAADTITEL OAEG TIG TEPITTAOGELG EQappoyng[Iot-now.com, 2020].

2.3.3 Awapxkera Long

M and T1g Kuprotepeg amontnoelg o€ Eva diktvo 10T elval va €xel 660 10 dvvatdv
peyoAvtepn dudpketa Long dnradn va cuveyilel va Agttovpyel yuo 1o HEYIGTO duVATO YPOVIKO
dllonuo. X& TOAAG CLOTNUATO, Ol GLOKELES He oucOntipeg OlaBétovv mEPlOPIoUEVT
YOPNTIKOTNTA Umoatopiog kol ypeldleton va elval evepyeés adldKoma, €V TOPAAANAQ Ol
dlepyaocieg Tovg Kataval®vouy ToAAN evépyeta. H avtipetdmion avtov tov {ntnpotog yivetal
LE TEXVIKEG Olayelplong TG KaTavAAmong evEpyelag o T BEATIOTN amOd00T| TG UTaTopiog,
Om®G Yoo TOPAOEYHO 1 €MAOYN TOV KATOAANAOL TPOTOKOAAOL OPOROAGYNONG Yoo Eval

acLPLOTO OiKTLO alGONTPOV.

2.3.4 IIpoocomka ogdopévo KoL AcQarera.

H ac@dielo 1oV TpocomiK®V dE00UEVOV TV ¥PNOTAOV Kol 1) TPOCTUGIO TOV GUCKEVOV
and kuPepvoemiBéoeig eivor iowg Ta peyalvtepa mpofAnuate mov mapovcslalovtal ce Eva
ovomnua loT. H cvAloyn, enelepyacio kot eKPUETAAAEVOT OEOOUEVMV LE TN YPTOT s TPV
pmopet va £xel ToAAG 0@éAN Onwg cidape. To TpdPAnua tapovoidleTol 6To yeyovog 6Tt KoTd
™ Aertovpyia tov 10T pmopel va cuAAéyoviar TOAAG TPOCHOTIKG GTOLKElR Yo Evov ¥poTh
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OTMG OTOLYELN EMKOVOVING, O1EVOVVGELC, TANPOPOPIES VIO TNV VYELD TOL 1 Y10 TO, OTKOVOUIKA
TOV, KABMG KO TANPOPOPIES Y10 TIG OPASTNPLOTNTES KOt TIG EMAOYEC TOV TOGO GTO OLUOTKTVAKO
KOGHO 0G0 Kot 610 PLGIKS. Eivol mpopavéc g yio ta dedopéva avtd vapyet Kivouvog va
TEGOLV 0€ AABOC y€plo LEG® VITOKAOTMV 1 OKOU VO XPNOLomomBovy and etaipeieg Kot
OPYOVIGLOVG Y10 SLOPOPETIKOVS GKOTOVG 0md ovTovg Tov apykd mpoopilovtav[12]. Eivon
amopoitnto Aowmdv va VIAPYOLV Unyaviopol Kot vopobecieg mov mpootatedovv Kot
So@oAMCOVY TNV WIOTIKOTNTO TOV ATOU®Y KOl TV AKEPALOTNTO TV TANPOPOPI®V TovS. Ot
id1ec o1 cLokeEVEG dlaBEToVY GLVNO®G YOUNAO eTinedo acEdAelag Kat £TGL eival eVAAWTEG GE
emBéoelg and ydkeps. Or embéoelg yivovror gite pe ypnon KoakOPovAwv AOYIGHUK®V TOL

LLOADVOLV TIG GUOKEVES, E1TE e TV EKUETAAAELGT TNG AyVOLag KIvduvoy Tev ypnotav|13].
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3. Xapaxktnprotikd tov 10T

3.1 ApyrtekToviKi

H apyrtextovikn pe v omoio opyavavetat £vo ovotnpa Tov 10T aroteleiton and Evav
apOud emmédwv mov ovoudloviol oTpdpoTo 1| ot ayyhMka layers. Zopugpovo pe v épguva
tov Kumar kot Mallick[14], avdioya pe thv tepintmon epapproynig mov EXovpe o aptiuds tmv
EMMEI®V TOIKIAEL, PE TEPMTMOELS TPV, TEVTE, €51 Ko enTA emmédwv. To mo Pocikd Kot
KOW®MG OmodeKTO LOVTELO lvar ovTo oL TeptAapfPaver Tpia enimedo To omoia eivat T eMinedo
avtiinyng (Percetption layer), to eninedo diktdvov (Network layer), kot to eninedo epapuoyng
(Application layer).

iy A -
—
Application Layer =
L Cloud / Servers @l
Ld "
R —
—
N
Network Layer
Routers and Gateways \ /
A A [ secene.. |
e — —_—

Perception Layer
Sensors and Actuators
. 3
@@ o U
-t

Ewoéva 2: Baowd enineda

3.1.1 Erninedo avriinyng

Amo 10 eminedo avtiAnyng M aAMag emimedo ocOnpov, ekvdel 1 mopeio TV
dedopévov péca oe €va diktvo 10T, Xe autd 10 eminedo YPNCYLOTOOVVTOL TEXVOAOYIES TOV
TPOCPEPOLV TN SVVATOTNTO TOPUTIPNOTG KoL KOTOYPAPNG TOV TEPPAALOVTOG OT™G d1dpopa.
€lon aenpov, kduepeg ko RFID, dnuovpydviog €161 pa S1Emagn T0V GUGTHUATOS LE TO
QLo KOSpO[ 15]. POAOG TOV emmédon avTiAnyng ivotl n aviyvevon Kot GVAAOYY| 0E00UEVMY,

K01 GT1) GUVEYELN 1] TPODONOT) TOLG OTA EXOUEVO EMUTEDAL.
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3.1.2 Eninedo diktvov

210 emimedo OKTVOL Yivetar M OldIKacio emKOVOVIoG UETAED TOV JAPOP®V
ovokev®v Tov 10T. Eivar vtebBuvo yio v 6ot Kot amodoTikn HETAPOPH TV dEGOUEVOV
amd kOuPo o KOUPO Kol Yoo TNV EMKOW®OVIOL TOL GULOTAUOTOS HE TO  OladikTvo,
YPNOUOTOIOVTOC T KOTAAANAQ TpwToKoALo dpoporoynong. To WIiFi, to Bluetooth kou to
ZigBee givan kdmoteg amd TIG TEYVOAOYIEG TTOL YPTOLLOTOLOVVTOL Y10 TIG AEITOVPYIEC OTO

EMIMESO O1KTOOV[16].

3.1.3 Eninedo epappoyng

To eninedo epappoyng dwyelpiletar To dEGOUEVA TOV EXOVV TPONYOLUEVMG GLAAEYDEL
Kot £YOVV LTOGTEL TNV KOTAAANAN ene&epyacia. To enimedo avtd TPOGPEPEL LI SIETAPT) GTOVG
xpNoteg O6mov glval duvatd vo d0LV TO GUGTNUO GTI] GLVOAIKN TOV HOPON, €V UECH
EPOPULOYDV  UTOPOVV VO SWXEPICTOLY  TOvg  TOPOVG Kol TG AELTOovpYyieg

(internetofthingsagenda.techtarget.com, 2021).

3.2 Koatnyopieg oiktv®V

WAN
100km, 1 000km
(Country, Continent)

MAN
10km
(City)

LAN

10m, 100m, 1km
(Room, Duilding, Campus)

Ewova 3: Tomot diktvwv

Otov avagepopaocte og diktva cuvBmg pAdpe yio dikTua VTOAOYIGTOV. QG dikTvO
VToAOYIoT®V Bewpeitor M €vvola TG oVvVOEoNg UETAED VTOAOYIOTMV MOV EMTPEMEL TNV
EMKOVOVIOL KO TNV AVTOAAOYT) TANPOQOPIOV. XT0 TAaicto Tov 10T, Ta diktva Tepthapfavovy
Omwg eidape o motkidio doPopmv EELTVOV GLOKELAOV, TTOL AEITOLPYOVV OTMC Kol Ot

VTOAOYIOTEC. Ze KABe mepintmon Ta diktva dtakpivovtal o TE00EPIS POGIKOVG TOTOVS LE TN
15



olakpion va yivetar pe Paon 1o uéyeddg tovg. O kotnyopieg oe avEoVGO GEPAE MG TPOS TO
uéyebog givar: diktvo mpoowmikov ympov (Personal Area Network), tomikd diktvo (Local Area
Network), untpomoitiko diktvo (Metropolitan Area Network) kot diktvo gvpeiog meployng
(Wide Area Network).

I'o o PANS ot amootdoelg Tov cuokevdv tvarl Alya pETpA TO TOAD Kot GuviROmG
TPOKELTOL Y10 GVOKEVEC TOL TTEPPAALOVY TO ATOpO. X1 GVVEYELd, To. LANS KoAdmTouy ukpég
YEQYPAPIKES TEPLOYES KO YDPOLG OTMG €val oTiTL, £va KTipto 1 éva gpyootdcto. Ta MANS
etvar axoOpo LEYOADTEPO KoL YPNCUYLOTOLOVVTOL Y0 YEOYPOUPIKEG EKTAGELS IMOUETPOV LUE TN
dvvatdTTo Vo KOAOTTOuY ot oAOKANpN mOAN. Télog tao WANS eivar o peyaAdtepog Tomog

SKTVOL Kot EPapproOovTal Yo To E0POG Lo OAGKANPNG YOPAG 1 kO Kot NTEipOL.

3.3 Tomo)loyieg

210 diktva Tov 10T €yovpe TOAAECG GLGKEVEC TTOL TTPETEL VO GLVEPYOUTTOLV LETAED TOVG.
"Evag onpavtikdc mapdyovtog yo vo emtevydel avtdc o okomdc, glivat o TpOTOG e TOV 0010
Ol GLUGKEVEG OPYOVAVOVTOL Yo TN GVVOEST] TOVG, £ite Ywpikd gite oto diktvo. Ot didpopot
TPOTOL KOTAVOUNG TV GLGKELMOV, OVOUAlovTal TOmoAoYie. YmapYouv TOAAES TOTOAOYiEG
drabéopeg ko kabepio emAéyetar avaloyo pe 10 okomd mov e&ummpetel. [ pepikéc and Tig
O ONUAVTIKEG 1 CGYNUOTIKY TOVS OVATOPAoTOcT QoiveTonl otnv €kova 3, evd 0 TPOTOG

o0VdEGNG TaPOVGLALETOL TAPAKAT® He Baon v Epevva v Sharma kot Verma[17].

% 9
PTTYY. & au »
Hybrid © & =

Mesh

Ewdva 4: Tomohoyieg
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3.3.1 Tomoloyia daxTLAIOV

Y& o tomoAoyio daktvAiov (ring) ot kKOUPoOL SloTAoCOVTUL GE VO G KOKAOV OTTOV
0 kaBévag €xel 600 yeltoveg pe TOVG OMOIOVG GLUVOEETOL KOl Ol TANPOQOpieg petadidoovtan
HeTall TV YEIToVIK®V KOUPwV Tpog pia eopd povo. To mpoPAnua oty tomoroyio avt eivol
g 0v yobel £0T® Kot Evag amd Toug KOUPOVS o1 TANPopopieg 0 umopohv va KiviBovv kot

EMOUEVOG TO GUGTIUO OTTOTVYYAVEL.

3.3.2 Tomoloyia aotépL

Xmv tomoloyio actépt (Star) vapyel Evag Kevipikog KOUPOS e Tov omoio cuvogovTon
6Aot ot kopPot tov dikTvov. Agv VIApPYoLY GALEC GLVOESELS HeTOED KOUPOV Kot Yo TV
TPOYUATOTOINOT TNG EMKOWV®VING HECOANPEL 0 KeEVTPIKOG KOUPOG 0md TOV 0010 TEPVAVE TAL
punvopato kot To Tpombel oTovg KOUPoVG Yo Tovg omoiovg wpoopilovral. Avtifeta pe v
TPONYOVUEVT TTEPIMTOOT, 1 UN Agttovpyia evog kOUPov de onuaivel 61t 6Ao0 t0 cvoTnUa Oa

TAWEL Vo AEITOVPYEL.

3.3.3 Tomoloyia rem@opeiov

H tonoloyio Aewpopeiov (bus) mepihapfdver évav kowd deopd peta&d OAmv TmV
KOpuPov mov emtpénel e vav KOUPo va emkovmvel €0KoAo e omolovonmote GAAOV GTO
diktvo. [Ipokettal yio andin Tomoroyio aAAG O pmopel va EQOPUOCTEL OTAV GTO HIKTLO EYOLUE

peydro apOud koppov.

3.3.4 Tomohoyia dévipov

H tomoloyia 6évtpov (tree) eivor pa epapynuévn dopr| kouPov pe emineda. Xto
YoUNAOTEPQ EMimedo VITAPYOLVY Ot amhol kKOUPol Ko kabévag amd avtohg cLVOEETAL LE EVaV
KOUPO TOV EMOUEVOV EMTEOOV MG TTOLOLE TOV, EVMD GTO OVATEPO EMIMEDO EYOVLE EVOV KEVIPIKO
Kkoppo mov gtvon 1 pifa tov dévipov mov oynuoatileror. o v petddoon twv pnvopdtov, stvat

oA Pactkd va Bpovpe ) cuvtopdTEPT S10OPOUT GTO SEVTPO.

3.3.5 Tomohoyia mwAEypa

Yty tomoAoyio. mA&ypo (mesh) kdabe wkouPog cvvdéetan pe moAlovg Gidovg. H
peTapopd TANpopopt®dV pmopel va yivel pu€ow mOAADV SodpopdV KaBDS OAol ot KouPot
umopovv gite va otéAvouvv gite va 0éyovion pnvopoto. To oNUOVTIKO TAEOVEKTNLO TOL
TAEyHatog vt 0Tt ot KOpPot dtapopdlovtat To @OPTO ToL dtkTLOL. EmmAéov vhpyet avioyn
og cpdApaTa.
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3.4 IIpoTOKOLAY ETKOIVOVIOG

['a ™ Aertovpyia evog cvotuoatog 10T, arotteitot amd TIC GLOKEVEG PEGH GE AVTO VoL
£YOUV T1] SLVATOTNTA VO ETKOVOVOLV HETAED TOVG ACVPLOTO, OVTOAAAGGOVTOG UVOLLOTO KOt
minpopopiec. Ouwg, péoa og Eva cuoTNUA GLVROWME YOV UE TOAAEG GUOKEVEG TTOL TTPETEL VL
GLVOEOVTAL TAVTOYPOVO, EVD EMIONG VILAPYOVY Kot TOAAAL TPOPApaTe TOv ToPOoVSLdlovTal
OT1G £EVTVEG CLOKEVEG OTMC 1) TEPLOPLGUEVT] EVEPYELD 1) TO EAAYIOTO €VPOG peTddoonc. o tnv
OVTILETOMION OA®V avTdV TOV (TNUATOV oL KoO1oTouv OVGKOAN TNV ovtaAloyn|
TANPOPOPLDY, £YovV ovorTuyOel ko epapuoloviar d1dpopa TPOTOKOALN emkovaoviag. Ot
TEYVOLOYIES OVTEG EMTPETOVV TNV OUOAN Kot AoPOAN dAANAETIOpacn peTaED TV KOUP®V TOV
OIKTOOV DGTE VO OPYAVAOVETAL 1) POT] TOV TANPOPOPLOV KL VO EMLTVYYAVETOL O GKOTOS TOV
EKAOTOTE OLOTNUOTOG. XtV gpevuvd toug ot Al-Sarawi et al.[18] katnyoplomolodv ta
TPOTOKOALD emkowvoviag pe Paon 10 €0pog TV dKTH®mV ota omoio gpapudloviat. [To
OLYKEKPIUEVO avapEPOVTOL GE OVO Katnyopieg, ta dikTua gvpeiag meploynNg YOUNANG 100G

(LPWAN) kou To. diktoo, pukpnic epPéretac (short range networks).

3.4.1 LPWAN

Soueova pe toug Mekki et al.[19], ta LPWANS givot idavikd yio petddoon dedouévmv
HETOED TV GLOKELAV o€ UHeYAAeg omootdoels, ond 10 émwg 40 yaoduetpa. Emiong
yopoxtnpilovtal and younAn KotovaAmon kot YounAd kOoTn, oAAL OV €vOeikvuvToL Yia
EPAPLOYEG TTOV ATOLTOVYV LYNAOVG pLOpovg petdadoong. Texvoroyieg mov ypnoiponotobvTon
ota LPWANS givar to Sigfox, to Lora kot to NB-1oT(Narrow band-1oT ).

To Sigfox ypnoiponotei teyvoroyia padioeEoniiopov Ultra Narrow Band (UNB) kot
Aertovpyel oe elevbepo pacpa (ovne (ISM)(www.sigfox.gr). Ta ) Aertovpyia tov odevel
eMdotn evépyela, evad kdbe pnvopa mov otédvel pmopel va Exel puéyoto péyebog €wg 12
bytes(netmoregroup.com). Kdmolot topeic epapuoynic eivar ta €€vmvo ovtokivinto, 1
OTTOLLOKPVGUEVT] TAPOKOAOVON OGN Kot TOL CLGTHHOTA AGPAAETINGC.

H ovopacio LoRa tpoépyeton amd to Long Range kot avoapépetor otn peyain epupéreia
7OV TTPOGPEPEL, OTOS axpPmg kot to Sigfox. To LoRa avartdydnke and tnv LoRa Alliance
Omwg Kol T0 TPOTOKOAAO dkthov oL Ypnoyonotel, To LORaWAN. To mpmtoéxoAro avtd
0pYOVMOVETOL 0€ TOTOAOYio aoTéPa20].

‘Eva akdpa tpotokorro Yo LPWANS givor to NB-10T, to omoio ypnoiponotel ko avtd
narrow band 6mwg eivar Tpoeavég kot and v ovoposio tov. Mmopel vo vrootnpi&el ToAD
HEYAAO aplBpd CLGKELMV, EVAD aSI0oMUEIMTN EIVOL KO 1) OIKOVOU{0 EVEPYELNG TTOL TETLYOIVEL,
kabmg pmopel va eEac@aricet £mg kot dEKa ypovia otn Otdpkela {ong g pratapiog. Emxiong
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givon éva amd ta Ayo mpotokoAro LPWAN mov €yovv epapuoyn oe kvyeroedn 10T (i-

scoop.eu).

3.4.2 Aixktvo pkpnic eppéirerac

AvtiBeto. pe v mpomyovuevn  katnyopio, To  OlkTvo  HUKPNG  eUPELELOC
YPNGLOTOLOVVTOL Y10l EMKOVOVIO, GE KOVTIVEC OTOGTAGELS KO Y10l TTUKVT] KATOVOUT] CLOKEVMV.
Emiong vrdpyet cuyvn avtodioyn pnvopdtov petad Tov GLGKEL®V Kol TV otadudv Bdong
oto diktvo avtd. Idavikd mTpwtoKoAlo yio meplopicpévn euPéreta eivar to ZigBee, to
6LOWPAN, 1o BLE, to Z-wave, 1o RFID kot to NFC[18].

To ZigBee &ivau éva mpmtoéKoALo emKovmViag mov dnpovpyntnke and v ZigBee
Alliance pe Baon 1o mpotumo diktvov IEEES02.15.4[18]. Epapuoletar cuvibmg yio. 6uokevég
LE TEPLOPIGUEVES ATOTNOELS AOY® TNG YOUNANG KATOVAA®ONS oL Tpocpépel. To péyioto
€0pog ovvdeong petasd kopPwv givar ta 100 pétpa (avsystem.com, 2019), evd ot tororoyieg
nov vrootnpilet elvar TAEypaTog, actépa Kot dévipov[18].

To Z-wave givor faciopévo oto IEEE802.15.4 6mtwg kot to Zighee. EmurAéov poidlovv
070 0Tl Kol T0 Z-Wave eEunnpeTel GLOKEVEG e EAAYLOTN EVEPYELO KO Y10 LIKPO €0POC OAAGL,
Baoikn| dtapopd givor 6t avtiBeta pe to Zigbee, to Z-wave de pnopei vo vrootnpitel diktoa
pe moAd peyddo apBud cuokevdv. I'a To Adyo avtd ypnoiomoteital Kupimg o€ TopelG OTmg
10 £Eumvo omit 18].

To BLE (Bluetooth low energy) sivat éva mpmTOKOAAO AGVPUOTNG EMKOLVOVIOG TOV
OLVOEEL GUOKEVEG e pKpY| amdotaot o tpocmmikd diktva (PAN) kot Asttovpyel oto €bpog
ocuyvomntoag tov 2.4GHz. Xpnotpomotgiton kvpimwg yioo v emikowvovio KoOMUEPVOV
OLGKEVMV, 0ALG LE TOV epyopd Tov Bluetooth 4.1 Bpioket onuavtikég epapuoyég oto 10T[21].
Booileton og doun tomov master — slave kot oe kabe kOpPo master propodv va. cuvdedovy
TovTOYpOve. £0g 7 slaves[21].

H ovopacioc 6LOWPAN (IPv6 over Low-Power Wireless Personal Area Networks)
AVOQEPETOL GE BIKTLO, LKPOD EVPOVE KO YOUNANG EVEPYELNG OTtmg Kot to Zigbee. H peydin
Swapopd gtvar 6t to 6LOWPAN ypnoiponotel 1o wrepvetikd mpwtdéxorro IPV6 yia va ddoet
devBiveelg IPV6 6Tic 6uoKeVEG EMTPEMOVTOG £TGL TN GUVOEST TOVG GTO JAOTIKTLO LE EVKOATNL
Kot yopig v avdykn yio nepoitépm eEomopo[18].

Ta RFID xou NFC (Near field communication) ypnoiomolovv teyvoroyieg eTIKETOV
(tags). Ko ot 800 teyvoroyieg epapuolovtar yio SikTva e TOM WIKPEG OmOoTACES. AV Kot
£YOUV TOPOUOI0 TPOTO AELTOVPYiNG, ONUAVTIKY Opopd peTa&y tovg eivar 6t to RFID
YPNOYLOTOIEITOL ATOKAEIGTIKG Y10l TOVTOTOINGY Kol TOPAKOA0VONGN G€ ToLElg Onmg 1 vyeia
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Kot 1 ac@aiewn, evod pécm tov NFC emtuyydveton kot op@idpoun emkovovia HeTald Tmv

ovvoedeUEVDV cuokevmV[18].

3.5 Cloud computing

O 6pog vroroyiotikd vépog (Cloud computing) meptypdeet éva poviédlo 6to omoio,
VTOAOYIGTIKOL TOPOL OTTwG diKTLA, GEPPEPS, EPUPLOYES KOl OTOONKEVTIKOG YDPOG TOPEYOVTOL
€0KOAQ KOl YPYOPO LLE TN LOPPN LANPECLOV, Yo 0ToladNToTE YpNon[22]. Me 11 vanpecieg
tov cloud, o ypnotng apkel va dtabétel chvoeon 6To d10dikTLO Kot Emetta el 6TN O160g0M TOL
HEYAAN VTTOAOYIGTIKY] 10V Kol To OPEAN TG Yo eKpeTdAAeLoN. O ypfotng dev emPapiveTat
Le TN daxeipiomn, TNV AmoBNKELOT KOl T GLVINPNON OA®V AVTAOV TOV TOPOV KoL 1] OV TOV
VROYPEMON glval Vo TANPAOGEL TO KOGTOG TV VANPESLOV ToL Ypnoiponotei[23]. Ot vanpeoieg
TOV VTOAOYIGTIKOV VEQOULG Ywpilovtal o€ TE€66ePIS Katnyopieg cvpupmva pe tovg Aazam et
al.[25]: To hoyiopkd g vanpecio (Software as a service) meptypdget T xpnon EPAPUOYDV
OV TOPEYOVTOL HECH TOV SLdIKTVOV, N TANTEOpHa. m¢ vanpecia (Platform as a service)
TAPEXEL GTOVG YPNOTES Uio TAATOOpUA pe OA To. omapaitnTo epyaieio Kot mOPOLS Yo va.
OTNOOVV TIG OIKEC TOVG €PapPUOYEG, TO OikTvo ¢ vanpecio (Network as a service) mov
TPOGPEPEL EIKOVIKA dIKTLO, GTOVG YPNOTEC Ko TV vIodoun g vanpeoio (Infastructure as a
service) mov daveilel VIOAOYIOTIKN oYL Yoo TNV EKTEAEON EPYOCIOV OAAG Kol YDOPO
anobnkevong oto cloud. Q¢ mehdtng mov daveiletar vnpecieg umopei va eivan gite oropukoi
YPNOTES, £lte OAOKANPES eTAPiEg Kot Propmyoviec.

[Nvetor gvkoAa avTiAnmto, OTL 1 TEYVOAOYiOL TOL VEQOUG UTOPEl Vo O1ELKOADVEL
ONUOVTIKA TIG EPYACIES KOl VO LEWGEL TO, KOGTY. AVTA akpIPdOG TO YOUPAKTNPIGTIKA EIVOL TOL
10 k0B16TOVV 1660 TOoAVTIHO Yo To 10T. Zg epappoyés tov 10T dmwg diktva wsdnTpwV,
oLMEYETOL évog TEPAOTIOG OYKOG Ogdopévmv mov ovopdlovior Meydia dedopéva (Big
data)[24], «ou amotteiton M emeEepyacion TOVE, GAAG Kol O OTOPAITNTOC YDPOS Yol TNV
amofnkevor| Toug. O1 cuokevEg evog cuotiatog 10T de pmopovv va TpaypoToro|covy Popid
eneepyacio o0Te 61006TOVV TOV AMALTOVUEVO YDPO KAODS Elval AMAEC OTNV KATOOKELT] TOVG
KoL [Le 6TOY0 TN YA Kotovaioon[23]. Me v éviaén tov VtoAoyloTiKoy VEQPOUG ot £EuTmveg
OLOKEVEG EYOLV T1) duvaTdTNTO VAL «avERALOVVY» T OEOOUEVA TOVG LEGM TOL SLOOIKTHOL Kol VL

YPNOUOTOLOVV TOVE TOPOVG TOV VEPOLG Y10 TIG AVAYKEG TOVC.
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3.6 Edge computing kax Fog computing

Onwg &ldape Tponyovpévmg VITdPYoVV TOAAL TPOTEPNLOTA GTNV EVOMUATOGCT TOL
vépoug oto 10T. ITop’ O avtd, dev amotedel mTAVTO WAVIKT AT Y10 TIG OTOLTNGELS TOV
ovoTnUotog. To VTOAOYIOTIKO VEQPOG TPODTOOETEL TNV OMOGTOA T®V OESOUEVOV CE
OTTOLLOKPLGUEVOVS SEIVErS, v emeepyacio 6e auToNg Kot ETELTA TNV OTOGTOAN TC® OTI
ovokeLEG. Opmg, 6tav Yo KOTOEG €QPOPUOYES TOPAYOVTOL TOAAL Oedopéva KOl 1) GUECT|
eneéepyacio Kot dfec1ndTNTA TOVG givan (OTIKNG onuaciag (Y. avTo0dNyoOUEV OYNLOT,
aEPOTAGVA), TOTE 1| GLVEYNG LETAOOGT TOVG OO KOl TPOG TO VEPOS Elval Lo d1od1KaGio 1oV
TPOKAAEL TPOPALOTO 0TI 6OGTN AsrTovpyio TOVg[25]. Zoppmva e Tovg Shi et al.[26]n ypnon
TOV VEQPOLG GLVAVTH TPOKANGELS GTO TEPLOPIOUEVO VP0G LOVNG Y10 LETAG0OT OESOUEVOV, TTOV
éxel o¢ amotéleopo avénon oto Aavbavov ypovo (latency) Aoym younAng taydTnTOg
petdooons, oAAd kol 6To YeYovog OTL Ol GLoKEVEG Tov 0T dev €yovv v amapaitnn
YOPNTIKOTNTO UTATUPIOG Y10 VO KOADWYOLV GUVEYEIG KOl EVEPYELOKE OTALTNTIKEG LETUOOCELS
dedopEVDVY peydlov Oykov.

Mo S1QopETIKN TPOGEYYIoN Yo TNV SlayEIPIoN TOV dedOUEVOV TPOGPEPOLV TO edge
computing (vmoloywotikny dxpng) ko to fog computing (vmoAoyiotiky opiying). Ot
TeXVOAOYieS avTEG Bua1alovVy TIG AVMTEPES SLVATOTNTEG TOV VEPOLG Kol aVTIOET®S, GTOYELOVY
omv enelepyacio Kot amofnKevon dESOUEVOY EVIOC TOL SIKTVOV YPNCLULOTOUDVTOG TOVG
VTOAOYLIGTIKOVG TOPOLG OV O1BETOVY 01 GVOKEVEG PEca o avTO[26]. TTo cuykekpéva, M
emeepyacio Kot 1 omobKeLON YIVETOL GTNV «AKPN» TOL SIKTOOL ONAAON TO KOVTE GTOVG
TEMKOVG YPNOTEG 01 oToiot givat Ko avtoi Tov Ba xpeldcToHV T dedOUEVA, YAVTMOVOVTOS £TGL
TOPATAVEO PETAOOGELS KOl GTOTAAN YpOvoL Kot topwv. EmmAéov, epdcov avarappdveror 1
dovAELd avTh ad KOUPOoVGS Le peyaAdTepa vepYELOKE 0mofEpaTo Kol 1YV, LELWVETAL O POPTOG
Yol TIC O AOVVOEG GUGKEVEG KOl GUVETMG 1] KOTOVAANOGT TOVG, 0VEAVOVTOS TG T GUVOALKN
dupketa (NG Tov GuoTHUATOG[25].

I'evikd, ot o6por cloud computing xor fog computing meptypdoovy moapduoLo
YOPOKTNPLOTIKE Kot TPOTO Acttovpyiog KoOMOC Kot OTIC dV0 TEPIMTMOELS £YOVUE TOTMIKN
dwxeipton tov oedopévov. H wdpa dwapopd tovg eivor oe moto onueio Tov JKTLOV
TPOYLLOITOTOl0VVTaL 01 dlepyacies. Me Baomn tovg Dolui ko Datta[27], otn mepintwon tov edge
computing g «bxpn» OempPodVIoL Ol GLCKEVEC LE OUOONTNPES TOV EKTEAOVV TN GLAAOYN
dedopévav. Ot kopPot Tov amroteAovV 6TaovS PAoNG CLYKEVTPMOVOLY T OEGOUEVE VT, KO
£merto a&lomolovV TOVS LITOAOYLIGTIKOVS TOVG TOPOLE KoL TO YMPO AmrofNKELSOTG TOL dBETOLV.
Y10 fog computing, a&lomolovvtal kopPol mov Ppickoviol avalesa 6to vEQog katl ota end

devices yio va dayepilovron To dedopéva[27]. Tapadelypota TETOIWV GLOKEVOV Eivorl TOAEG
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SIKTHOL Kot A VPUOTOL OPOLOAOYNTES. TNV e1KOVA S paiveTar Tov BpiocKoVTaLl 01 GUGKEVES TOV

fog péoa 670 HikTLO, KOl TAPOUOIMS Y10 TO VITOAOLTOL LOVTEAQL.

_ Thousands

CLOUD | Data Centers

FOG | Nodes

EDGE | Devices

Ewoévoa 5: Cloud, Fog and edge
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4. Xviroyn oedopévev ota WSNS

4.1 I'evika ywo To. dedopéva

Avapeifola, T0 oNUOVTIKOTEPO KOUUATL 6T AstTovpYia TV cuokev®V Tov 10T, eivan
N Sdkacio aviyvevons, KaToypaeng Kot GVAAOYNG TV embuopntdv dedopévov, amd To
neptpdAlov oto omoio ypnopomolovvrol. Emeita to dedopéva avtd emeepydlovion ko
amofnkevovtal, ®ote vo aélomombodv KOTAAANAQ YO0 T OTOLTHOELS TOL EKACTOTE
ovotnuatog. H dtadwasio tng culhoyng Eekivdel amd Ta e101KA epyoieia TOVG aoONTHPEC TOV
gyouv dvvatdTTa. Vo  ovTIAapPavovtol TG ovvOnkeg Tov  TEPPAAAOVTOS Kol v
avtomokpivoviol oe avtéc. Ta dedopéva cuykevipovovtal Kot eneepydlovtar eite TOMKE, 1T
0€ OMOLOKPVOUEVOLG SEIVElN TOV VEPOVG GTO OTOI0 GTEAVOVTOL LLE TN YPNON TLADY SIKTLOV
(gateways) kot otn GLVEXELD, YiVOVTOLl SL0OEGLO. GTOVG YPNOTEG HECH TOV GUOKEVMOV OTIMG
NAEKTPOVIKOT VTTOAOYIOTES KO Kivtd TNAEQ@va. Ta dedopéva curdiéyovtot omd peydio aptOpd
etepoyevov E&umvaov cvokevdv tov 10T kot emopévog dev €xovv OAa v ida evor. O
Shoemaker (toolbox.com, 2019) dwakpivel Tpeig Pacikég katnyopies:

Ta dedopévo  avtopotomoinong (automation data) 6mwg mpodider M ovopooio
YPNOUOTOIOVVTOL Y10 TNV OVTOUATOTOMUEVT AELTOVPYIC GLCKEVOV Kol EPAPULOYDV UE Pdomn
TIG TANpoYopieg ToL MEPPAALOVTOC KaOoTOVTOG ayxpeiocTn TNV avaykn avOpomvng
napépPaonc. Hopdaderypo tétoag epappoyng eivar o €Euvmvog eoTIcHOg o éva omitt. Ta
dedopéva Katdotaong (status data) amotelovv v o cuyvy Katnyopio dedopévav oto 10T.
[Ipoxertan Yo oTaTiKA d€dOUEVA TOL GLAAEYOVTOL TTAONTIKA OO TIC GUOKEVEG KO OEV EYOLV
apeom ypnom OTMGS T OEGOUEVA ALTOUATOTOIN GG OAAGL VITOKELVTOL GE TEPULTEP® ENEEEPYATTOL
oote vo. a&lomombodv. Téhog, to dedopéva tomobesiag (location data) avagépoviar oe
TANPOPOPIES Y10 YEWYPAPIKES GUVTETAYLLEVES KO EELTNPETOVV EPAPUOYES EVPECTG TOTOBEGTOG
N TapakoAoVONoNGg TOpEiag Yo TPOCMOTO, OYNUOTO KOl AVTIKEILEVA

e k0B mepinton, n Aertovpyia Tov acOnmpov mpénel va yiveton pe to PEATIGTO
TPOTO Kol Yo, VTO €YoVV Yivel MOAAEG UEAETEG Yo TNV avATTLEN OMOJOTIKAOV PeBOGO®V
oLALOYNG dedopévamv. Atdpopeg TéToteg LeBOOOVG Ba SOVLLE Yia TNV TEPITTOON TOV AGVPLOTOV
diktowv acOntipov (WSNS) mov sivar kot 1 wo cvoyxvny gpapuoyn yia diktoa tov loT.
Yrdpyovv moAhd {ntipato mov YPpeLaLETOl VO OVTILETOTIGTOOV AOY® TOV TEPLOPIGUAOV OO

TIG GLOKEVEG KO TIG OEGUEVGELS GTNV EVEPYELQL.
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4.2 \WSN

Mo g@appoyn mov anoterei vtooHvoro tov 10T lvar Ta acOppata dikTvo NPV
N ota ayydwd Wireless Sensor Networks (WSNSs). IIpdkertan yio diktva 6tor omoio, évog
ocLVNBm¢ pHeydrog aplBdg GLCKEVAOV TOTOOETOVVTAL GE pia TEPLOYT|, KOL ETELTO GLVOEOVTOL KO
EMKOVOVOLV UETOED TOVG AGVPUATO, OTMOC TPOdidEL Kol TO Ovoua. Ot GVOKEVEC TOL GLVOETOVY
T0 OKTVLO £YOVV TN KAVOTNTO VO, GLAAEYOVV OgdopéVA amd TO TEPPAAAOV TOVG Yo TNV
e&ummpémon SlpOpOV GKOTMV, AVAAOYO LLE TO EKAGTOTE TESI0 EPAPUOYNS. ZvviOn dedopéva
KOTAYPOONG €ivol ol Kouptkés ouvOnkeg, 1 Beppokpacio, ot CLYKEVIPAOOCELS oepimV Kol 1M
aviyvevon kivnong.

KébOe pio amod ti¢ ovokevég £xel o poho evog kKOuPov oto cvotnua. EEaptiuota mov
dtaBéTovv OAot o1 kduPot eivan arcOnpeg, acHpuaTo Topmodéktn Kot uratapio[28]. Extoc
amd TOvg OmAOVG KOUPOLG, VITaPYOVV €miong évag 1 TEPLocOTEPOL KOUPBOI-cuALEKTES (SINK
nodes) kot otoBuoi Paong (base station) otovg omoiovg oTEAVOVTOL TOL OEBOUEVO TTOV
Kataypaeovtat and tovg arcintpec. O porog tov 6tabuov Pdong eivar va GuyKeVTP®OVEL Ta.
dedopéva amd Tovg KOUPOLG Kot ETELTOL VoL TOL SIOETEL GTOVS YPNOTES Y1l TNV Y10 EKUETAAAEVOT)
TOVG, GLVNOMG HEG® TOV J1AdKTVLOV[29].

Too WSN givol moAd ypiopa Kot pe moAés duvatdtnreg Kot Pe avtd Oa acyoinboldpe
Yo T HEAETN HOg 6T cLYKeEKPLEVN gpyacia. BéBata, vrapyovv {nuota mov TpokvuITtouy
péoa oto WSN. TTodd Bacikd koppdtt etvor n opodn emkovovia peta&d tomv molvdaptdpmy
kOoupov. Eniong yuo 11g cvokevég avutég o amobépata evépyslog eival TEPLOPIGUEVA KoL Y10l
avTOV T0 AOYO €ivo TOAD onuovtikn 1 dtayeipion ¢ protapiog pe omodotikd tpomo. I'a v
OVTILETMOMICT] T®V OVCKOAM®Y OVTAOV YPNCULOTOOVUE TA KOTAAANAG KOl TAEOV OTOSOTIKE
TPOTOKOALD Yo emKowvwvia, kabdg kot TG katdAinieg tomoAoyieg. Ov évvoleg avtég

aVOADOVTOL TOPOKATE.

4.3 H xatavaroon evépyerag oto WSNS

To yoapaxmmpiotikd yvopiopo tov WSNS mov duoyepaiver tn Aettovpyio tovg kot
nepropilel T cvvoAikn didpkela {mNG Tovg eival 1 EAdyLoTN evEépyeLa TOV dtaBETovY ot KOpPot
acOnmpov. Ady®m Tov 0Tl ASlTOLPYOVV OGUPUOTO Kol SLOBETOVYV [0 PTOTOpion HIKPNG
oLVNO®G YOPNTIKOTNTAS, VTLAPYEL TAVTO TO BEUA TNG dLayEIPIoNG TS KOTAVAAMGNG EVEPYELNG
TPOG OVTLUETMTLOT).

Ot Ogbiti et al.[30] mapovcialovv to povtéro evog tumikod kOuPov aicOntipa vo

neplhapPavetl t€ooepa Pactkd pépn: T umatoapio, To EPYUAEI0 TOL AIGONTPO TOV AVIYVEDEL
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ta dedopéva, o povdodo emelepyociog OedOUEVOV Kol ML HLOVAOX TTOV EMITPEMEL TNV
emkovovio Tov KOpBov. Pucikd, OA AVTA TOL OPYOVO KOTAVIADVOLY EVEPYELD. ZOUPOVO LE
v 0w epyacia[30] woyvovv ta NG Yo TIG EMUEPOVG Asttovpyieg: ['a Tov asOntpa 1oyvet
OtL 1 ovuPoAn ToLv oMV KoTavAAmomn evépyelag eaptdtol amd to TOGO cuvYV Eivor 1M
aviyvevon 0edOUEVOV Kol 0 TEPLOPICUOC TNG KATAVAAWMGCNG GUVETAYETOL TNV OTOPLYY TNG
CLVEYOVG KOl aOIKOTNG KoTaypoaeg oedopévav. H povada emeEepyaciog avarapfdver
Jlelplon TV TOP®V KOl TNV EKTEAECT] TOV ATOPOITTOV VTOAOYICUADV UE EMMTMOCELS OTN
pmotopio avaAoyeg TOV VITOAOYIOTIKOV amortioemv. H povadoa emwowmviag extedel
petadoon kot T ANyn tov dedouévav. ITo cvykexkpiuéva, 1 Hovado extKotvomviag evdovetat
Y10 TO UEYAADNTEPO TOGO0TO Kataviiwong o€ évav koppo WSN. Touewva pe tovg Ibrahim et
al.[31] oyeddv to 80% g evépyetag evoc KOUPBoL aplepdvetat yio avtoiloyn dedopévav. o
mv e&owcovounon evépyelag omd ™ Popld avt depyasio, cuVIoTOTOL O TEPLOPICUOS TOV
petaddoe®v 0edopévav and Tovg KOpPovg 660 elvar dvuvatd, pe v epapuoyn Hebodwv
TOTIKNG dlayeipiong tov dedopévav, Otme 1 mepintmon tov edge computing mov &idape og
wponyovuevo kepdioto. Emiong, onuaviikd opEAn £xEL Kot 0 TEPLOPIGHOS TMOV OTOGTACEDV Y10,
TNV EMKOWV®VID, LE TNV EPAPUOYN KATAAANANG Spopoidynong puetald tov koupov[30].

‘Eva axopo {itnpo mov GUVOEETAL LE TNV KATAVAA®GT EVEPYELNS Y10 LETAOOGELS Etvat
0 peydog 6ykog dedopévav o va WSN. Zopueova pe toug Zhou et al.[32], molrég popég o€
éva WSN evdéyetarl vo cuAAEyeTal TOAD PeEYaADTEPOG aptOIdS dedopévmy amd 6Tt yperaletan
N epappoyn. To meprocdtepa OEOOUEVO OMALTOVY KOl TEPIOCCOTEPEG UETAOOGELS, KATL TOV
aLEAVEL TO EOPTO TOV SIKTVOV Kol E0OEVEL CTUOVTIKA TOGE EVEPYELNS OTIMG TPOAVAPEPONKE.
EmumAéov, ta modvdpiBpa dedopéva onpovpyodv Eva axdun tpdPAnpa mov gival o tAeovacog
dedopévov (data redundancy)[33], dnAadn 1 vmopén erovarapfovopevoy TGOV HETOED TV
KOToypap®Vv oo toug aodnmpec. H avtipetdnion tov data redundancy ctoyevetl ot peioon
TOV UETAOOCEMV PECH NG UelmoNg TV TEPITTOV 0edoUEVOV OV GLYKEVTpOVOVTAL. Ev
KatakAeidl, etvar ToAV onpavtikd og éva WSN va amopedyovtar ot vtepPolkés HETOOOELS

0G0 10 dLVVUTO TEPLGGATEPO KOl VO EGTIALOVUE GTN GLAAOYN AKPPECTEPWV OEOOUEVMV.

4.4 IIpotoxoira Y10, 6VALOYT dedopévav ota WSNS

4.4.1 To&wvopnon
[Na va emtevyBet n PérTiot evepyelokn anddoon oe éva WSN, ypnoyomolovvron

KATOAANAQ TPOTOKOALD dPOLOAGYNONG TV 0edopéEVOV. Ta TPOTOKOALN ALTA KOTATAGGOVTOL
25



pe Paon o01dpopa yvopicpaTo 6T HOPEY KOl TN AEITOVPYio TOLG. AV Kot LTAPYOLY TOAAESG

EKO0YEC Y10L TNV KATNYOPLOTOoinomn Tmv tpmtokdAdwmy, ot Akkaya kot Younis[34] avaeépouvv 0Tt

omn TAEYNElL TOvg, UmopovV va evtayBodv oe pio amd TIc €&Ng KOpleg KoTNnyopleg:

dedOLEVOKEVTPIKG TpmTOKOAAQ (data-centric), epapykd mpwtokoAro (hierarchical) kot pe

Baon v tomobecia (location based). EmmAéov vmdpyovv kot GAAEC TEPITTOGCES OTMG

TPOTOKOALO HE 6TOY0 TNV TTodtNTa TV vanpeoidv (quality of service - QoS), enineda (flat)

TPMOTOKOALO 1] AKOLLO KO TEPUTTAOCELS GLVOLACUOV GE VPPLOKA TPMOTOKOAAA.

210, OEOOUEVOKEVTPIKA, TOL OEOOUEVOL EYOVLV OVOLOGIEG TTOV TO. TEPLYPAPOLV KOl Ol
kopPot-cuArékteg (sink nodes) avolopufdavovy va otélvovy artioelg (queries) otovg
Koppovg awcOnmpav yio va {ntmoovy ta dedopéva mov ypetdlovron35].

Ta iepapyikd TpotdéKoria yopaknpilovral amd TV apYLTEKTOVIKT] TOV SIKTHOL KoM
0pYOVOVOLV TOLG KOUPOLS Ge opddeg mov ovopalovtor clusters. T kabe cluster
vrhpyer évag kopPog cluster head mov €xel 10 poAo va GLAAEYEL TOL dedOpEVA TOV
vrolomev KOUPovV ™G opddag kol €merta o mpowbel oto oTabud Paong[36].
Evoiagpépov éxovv ko ta enineda (flat) mpwtdkorro mov anotelodv o avtibeto TV
EPUPYIKDV. X avTd, 6A0L 01 Koot Bewpovviat icot LETAED TOVG KOt 1) LETAOOGT T™V
dedopévmv kabe KOPPoL yiveTar HECH TOV VIOAOIT®V GE LOPPY| TOALOTAGV PnpdTtmv
(multi hop)[35].

Y10 location based npwtdkoAira to dikTva 0E0TOI0VV TIC GLUVTETAYUEVES KAOE KOUBOV
010 YOpo. Me T1g TANpoPopieg avTEG glval OLVATO VO VTTOAOYIGTOVY Ol OTOGTAGELS

HETOED TV KOUPOV €161 daTE va vTdpEel SpopoAdYN o e TEPLOPIGUEVO KOGTOG[34].

ENUHovVTIKG TPOTOKOAAL TTOL avi|KovV o€ KdBe Katnyopia @aivovial oty ekdva 6.

Routing protocols in WSNs

Based on network structure

A 4 A 4 v

Data-centric routing Hierarchical routing Location based routing
1 1. SPIN i i 1 LEACH i 1. GAF :
' 2. Direct : ’ 2. PEGASIS ’ 2. MECN ;
! diffusion - ! 3. TEEN - ! 3. GPSR !
\ 3. Rumorrouting | . 4. APTEEN | : 4. GEAR !
i 4. ACQUIRE : " 5. EAP | i |
' 5. RUGGED ! ! 6. REAP E : !
! 6. SAFE 4 ! 7. BCDCP : ! :
! 'I _______________ 1 - L L 1 v emrrrcrrc e = = 1

Ewova 6: Katdtaén mpotokdAmV Spopordynong
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4.4.2 A£OONEVOKEVTPIKA TPOTOKOALN
» SPIN

To SPIN (Sensor protocols for information via negotiation) eivat éva dedopevokevpikod
Hovtédo dpopoAdynong oto omoio, ot kopPor ovoudlovv ta dedopéva TOvg HE TN YPNOM
neprypopémv. ‘Emerta, to dedopéva  «dropnuiloviory otovg vmolourovg kOpPovg kot
oTéAvovtol 6 660vG To. {nTNoovV UEcw KOTAAANA®Y unvopdtov[34]. Yrdpyoovv tpio €idn
unvopdtev mov ypnoomrolovvtal 6to SPIN: to ADV yua ) dtopruon towv 0e00UEVOV amd
évav koppo, To REQ yia va {ntoet kémota dedopéva évag kopPog amod Evav ddio kot to DATA
mov oTéAvel T 0gdopéva mov (nmmonkov[34]. Me avtiv v emkowovio Tov KOpPov,
ATOPEVLYOVTUL TO TTEPLTTA OEOOUEVO Kol EEOIKOVOUEiTaL EVEPYELD, LOAOVOTL TO TPOPANLA TOVL
napovotdletar eivar 6t1 To SPIN d¢ mpocpépet alomiotio dtav 1 HeTaPopd SeS0UEVOV apopd

OTOLLOKPVGUEVOLG LETOED TOVG KOpPBovg[34].

» Direct diffusion

[Ipokertor yioo pio akoOpo dedopevokevipiky mpooéyyon. Me 1o direct diffusion ta
dedopéva ovopatilovral Kot 6Komog gival va dtayvBodv otovg kOpPovg tov diktvov. Ta sink
nodes avolapPdvovv va GTEAVOLV OITHUOTO TPOC TOVG YELTOVIKOLG KOUPOLS Ol Omotot
Aappdvovv ta dedopéva Kot o amodnKeELOVY. TN GUVEXELD, €AV TA JEOOUEVO TOV KOUP®V
Touptalovv e to aitnua tov Sink tote otédvovtatl g amdvinon[34]. Avtifeta pe to SPIN 6mov
ot KopuPot 6téAvouy ToALA unvopata petaé&d tovg, otny nepintmon tov data diffusion epdcov
10 SINK (ntdetl ta dedopéva omd Tovg KOpPovg, meplopilovtar ol Topamive HETOOOCELS Kot

EMOUEVMG LELDVETOL 1] KATAVAA®GT EVEPYELOC.

» Rumor routing

To rumor routing otoyevel 6N SNUOVPYIC LOVOTOTIOV Yio. To. QUEries £Tcl MOTE Vo
pewmvovtal ot petaddcels oto Oiktvo. o va to metvxel awtd ypMoILonooHVToL EO0IKE
unvopoto pe peydin owbpxeta {ong mov ovopdalovral agents. Ta agents dtacyilovv to dikTvo
KOl SNUIOVPYodV povomatio pe to eAdyioto dvvatd opdud Pnudtev (hops) mpog tovg

eVOLPEPOLLEVOS KOUPOVG, Yia TV eEotkovounon evépyetag[37].

4.4.3 Iepopykd TpoTOKOA Y
» LEACH
To LEACH (Low-energy adaptive clustering hierarchy) givat évag mApmg kKataveunuévog

KO 1epapykog akyopbpog dpopordynone. Awympilet to diktvo oe clusters ota omoio 6GA0L O
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KOUPBOL TOV GLUUETEXOVY GTEAVOLV Ta, dedopéva, Toug o évav cluster head yia vo ta petapépet
o010 otafuo Pdaong[36]. £ro LEACH n eneéepyacio tov dedopévav yivetar Tomkd oe KaOe
cluster[34]. O poiog tov cluster head Eodevel moAM evépyeto Kot Yo To Adyo avto ta. cluster
head aAiAdlovv, dote va dtapolpdletor 1 Katavalmon HETOED TV KOUPOV TOv SIKTHOV
ovvoAkd. Ta cluster head emléyovton pe Toyaio Tpdmo ka1 arAayn cluster head yiveton petd

amd kabe ypovikn mepiodo mov ovopdaleton round[38].

» PEGASIS

To epapyikd mpmtokorro PEGASIS (Power efficient gathering in sensor information
systems), givat o Bektioon tov LEACH[39]. Kataokevdletl po alvcido pe thv epopproyn
evog greedy algorithm otnv omoio cuppetéyovv Lot ot kopPot Tov diktoov[40]. Te oty ™V
alvcida kdbe KOUPog €xel dVO yertovikovg kOpPovg, €vav amd Tov omoio Hovo AapPdver
dedopéva Kot évay 6TOV 0Toio povo petodidel dedopéva kot emiong emhéystor wg leader
(apymydc) o kéupog mov Ppickeror mo Kovtd 61o 6Tafd Pacong and Tovg vroAourovg[34]. Ot
koppot TpowBoHv ta dedopéva toug pali pe o dedopéva Tov AapPavouy uExpt va Tdcovy
oto leader. Eneidn o leader avolapfdaver ) cvykévipmon tov dedopévmv Kot gival o udvog
KOpPog mov petadidet mpog tov oTtafuod Pdong, emttuyydvetot eE0UKOVOUNOT| EVEPYELOS Y10l TOVG
voAoIToVg KOpPBovg. BéBata o pdptoc yio tov leader eivar peyddog kot £yt Oépata evépyetac,

EVAO VTLAPYOVY Kot KABVOTEPNOELS Y10l ATMOLOKPVGUEVOLG KOUPBoL[34].

» TEEN

To TEEN (Threshold energy efficient sensor network) givat epapyikcd mpwtoKoAlo mOV
EMTPEMEL GTA SIKTVO, TTOV TO YPNGYLOTOLOVY VO LTTOPOVV VO OVTIOPOVV AUEGO GE OALAYEG TOV
nep1farrovtog[40]. Opyoavaverar og clusters pe tuyaio emioyn cluster head énwg akpiPag kot
10 LEACH, 0ALd epappolet pua dedopevokevepikn teyvikn[40]. To cluster heads otéivovv 600
TéS katmeAol (threshold) otovg vrorourovg kopuPovg, ™ hard threshold value kou ™) soft
threshold value ko émetta, ot kKOpPoOL GLYKPIVOLY Ta FEGOUEVO TTOV GLAAEYOLV UE QVTEG TIC
TIUEG KOl AVTIOPOVY OVOAOYO LLE TO v aviKovy o610 {nroduevo €vpog[40]. Qg anotéleopa,
neplopiletar onuavTiKd o aplpnog TV HETAOOCEMY GTO dIKTLO KOl PLELMVETOL 1] KOTOVAAMOT)
evépyewng. To TEEN dev evdeikvotal yuoo €QopUOYEC TTOV OOLTOVV GUVEXN KOTOYPOEY|

dedopévaov[34].
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4.4.4 Location based Ttpotoxoiia
> GAF

Y10 GAF (Geographic Adaptive Fidelity), og mtpotoxorro mov Paciletar oty Tomobeaioa,
ot kOppot xpnoomolovy teyvoroyiec 0nwg to GPS yia va mpocdiopilovv ) 0éom tovg oAl
ka1 N 0€om TV Yertovik®v Toug KouPwv[41]. Xtoxoc tov GAF giva 1 e§oucovounon evépyetag
LE TOV TEPLOPICUO TV UETAOOGE®V UETAED kOUPmv. o va to emtevydel avtd, to dikTvo
yopiletar o€ grids (mAéypata) 6mov ke grid mepiéyet Evav apOpod amd koéppovg pe Paorn
veoypapikn tovg 0éon[39]. Ot kopPor mov avikovv oto ida grids Bempovdvror icot oTIg
Aertovpyieg Tovg Kot emopévag apkel va Aettovpyel povov €vag €€ avtav. ITo cvykekpiuéva,
VIGPYOVV TPEIS TOAVEG KOTOOTAGELS Yo ToVG KOpPovg oto GAF. Apykd ot discovery state
ot KOpPot evog grid avtaALIcoovY UVOLATO Kot LEGM 0VTHG TG dladikaciog, EMAEYETAL Evag
KouPog pe v meptocdTepn vépyela o€ kabe grid, mov umaivel og active state ko extelel v
KoToypa®n Kot omoctoAn dedopévov[41]. Ot vadrowror koépuPor tov grid Ppiokovior og
sleeping state, dnAadn dev ekTeELOVV AgtTovpYieg Kat £TG1 dlatnpovv TNV evépyeld tovg[41]. H
dwadikacio ovt emavalapPdvetar Kol €16l Ol KATAOTAGES TV KOuPwv oe kébe grid

EVOALACOOVTOL Y10 VO STOUOLPALETOL 1) KATAVAAMOT EVEPYELQG,.

» GEAR

To GEAR (Geographic and energy-aware routing) ypnotponotei v idta pébodo didyvong
TV queries otovg kopuPovg mov gidape oto direct diffusion. H Bektictomoinon mov pocpépet
10 GEAR ¢ivon 011 pe ) gpfion teov TANpoeopldv ye@ypapikng tonobesiog, n didyvon twov
dedoUEVMV YIVETAL LOVO GE GUYKEKPILEVES YEOYPOUPIKEG TEPLOYES TOV SIKTLOV Kot Ol GE OAO

TO €0POG TOV, LLE AMOTELECHA VO, €ivat T amodoTikd amd to direct diffusion[42].
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5. ZuvepyaTiky VALY 0E00UEVOV

5.1 Xvvepyoaoia ota WSNS

Toa WSNSs eknpocwnoldv o peydio Babud tov topéa tov 10T xapig Tig dSuvotdtnTeg
OV TPOGPEPOLV Y10 TNV KOTAYPOPT TOV PLGIKOV KOGHOV KOl TI GLALOYY] OEOOUEVDV ATTd
avtdév. H aveEapnoio g mpog tn Aettovpyia Tovg, d1OTL OV £YOVV TNV OVAYKN YLl GUECT
avOpomvn dtayeipion, To KaO1oTd 100VIKA Y10 Xp1oN 6€ TOALEC TEPIOTACELS. AVGTLYMG, AOY®
TOV 0OVVOUOV GUCKELAOV TOV AVOTOPEVKTO, YPTCLUOTOI0VV, TOPOoLGLALOVTaL TPOPANLOTA GTO
diktvo, pe kOplo BEpa TV evépyeld TOL GLGTHUOTOC. Me GTOYO TIC KOAVTEPES EMOOCELS
VILAPYOLY Ol OAYOPIOUOL OV AVOADGOLE, Ol OTOIOlL OPYOVMVOLV TO OIKTVO GE WQEAEG
TOTOAOYIEG 1 SELKOAVVOVV TIG HETAOOGEIS TV KOUP®V LE TNV €DPEST LOVOTOTIOV Y10, TO
dedopéva Tovg. Me Béom avTég TIC TPOKTIKES Kot 0EI0TOLDVTOS T dSuvaTtOTNTA TOV KOUPOV va
EMKOVOVOLV UETAED TOVG, TPOKOTTEL pia Evvola Tov oty épevva v Li et al. avaeépeton mg
ovvepyaTiko acvpuato diktvo asOntipwv (Collaborative wireless sensor network - CWSN).
KaBd¢ o1 cvokevég ota WSNS d1fétovv ehdytotong mOpovg Ommg VTOAOYIGTIKY 16Y0 Kot
evépyetn, 10 CWSN otpépetar mpog pebdd0vg oV GTOXEVOVY GTN GLVEPYAGIN TOV EMUEPOVS
KOpuPov yio v dieknepaimon pog depyosiog. H cuvepyacio avt pmopel va epunvevtel og
0 OL0LILOPAG OGS TOV POPTOL GE OAGKANPO TO OTKTLO Y10l TNV OVIYVELOT) TV OEOOUEVOV KO TV
eneepyacio Tovg, ekpetaAlevovtag v Kataveunuévn doun twv WSNs[43]. T'evikodtepa, ota
CWSNSs n ocvvepyasio pmopel va Bpet epappoyn o€ OA T EMIMESA TOV JIKTVOV, OTMG OTIG
TOmoA0Yieg N € aAyopiBpovg emkovmviag, kot vo PEATIOCEL Ol OTAL LELOVOUEVES dlEPYATTES
OAAG KO TN GLVOAMKT] ETIOOGT TOV GLGTNUATOC KAOMG Kot TN SLaPKELD (MG TOV CLGKEVAV.

Avaioyo pe Tig WW0TMTEG MOV Yopaktnpilovv TN ocuvvepyacio tovg, ton CWSNS
yopilovtar og Tpelg Pacikég katnyopieg[43]:

e Xvuvepyacio pe Pdaon ™ ovppetoyn (cooperation-based), 6mov o kdOe wOUPog
GUUUETEYEL TTPOG TNV EMITEVEN TOL GTOYOL OVAAOYW LE TO EMIMEDO GLVEICPOPAS TOL
umopet va olabéoet.

e Avitayoviotikny (competitive), otnv omoia ot kopPot avioyovitovrar petaé&d Tovg Kot
CUUUETEYOVV GT GVvEPYsia e BAom Tovg TOPOVS TOL dlaBETOLVV.

e Me avto-opydvoon (self-organization), yio v omoio. 1 cvvepyacio TV KOUP®V
kabopileton amd TIG peETPNOES TV oceOntpov ce mpayuatikd ypovo omd To
nePPAALOV.

EmumAéov, ot epappoyéc mov viobetovv Tig TEYVIKEG ovvepyaciag Tov CSWNSs
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K0T YOPLOTO100VTOL GE dV0 mepmTdoelg[43]:

e WSN pe Bdaon 1 cvvepyaoia, mov TEPLYPAPOVY TNV EQUPUOYN HeBOSWV cuvepyaciog
o€ éva. WSN e 6toé)0 TV aVIETOTION TOV OVGKOAIDV TOL TPOKVTTOLV KOl KATA
ouvvénelo T Peitioon Tov SkTHov.

o Yvvepyaoia pe faon ta WSNs, omov éva WSN ypnoyonoteitan e cuvepyotikd tpdmo
amod €QOUPUOYES KOL GUOTHLOTO Yot TV KOTAVEUNUEVT, VO TOV KaBMG Kot Yo Tig

duvatdTNTEG TOL OloBETEL.

5.2 ZuvepyaTikn] 6vALOYT] 0EO0UEVOV KUl TEPITTAOCELS EQUPUOYNS

Eivar mpoavég 6t ta WSNS €yovv onpavtikd opédn 6tav ot kOUPot Kot 01 GLGKEVEG
nov to anoptilovv epydlovtal cuvepyatikd. I'ia 1o Adyo avtd, ot texvoroyieg mov epapprolovv
TN GLVEPYACIN, OVATTUGCOVTOL OAOEVA KOl TEPIGGOTEPO KOl EVOOUATOVOVIOL GE OAES TIG
nToyég e Aettovpyiag evog WSN kot kot enéktaon tov 10T. Ot kavotopies mov Tpoceépet
avripetonifoov povipa gnmuato tov WSNS. 'Eva kowvd yopakmplotikd o€ OAEG TIg
TEPIMTMOGELS OTOV YPNGLOTOLEITAL KATO0 diKTLO O TPp®V £ivat 1) GLALOYT SEOOUEV®V, TTOV
Katéyel adlpEopTo TOAD GNUOVTIKO POAO GTY] GLUVOMKN €mOOGN TOL GULGTNUATOC.
Yoppova pe ™ Pprloypapio, mOAAES €pguveg €xouv mpaypatomomBel yio v emitevén

BEATIOTNG GLALOYNG BEOUEVMV LLE GLVEPYATIKO TPOTO GE O1APOPOVS TOLLELC.

5.2.1 Optimal clustering

Mia epappoyn cLVEPYATIKNG GLAAOYNG dedouévmv givar o optimal clustering, onAadn
0 Béltotog oynuatiopds cluster péoca oe éva WSN. X Biproypaeion ov Li et al.[44],
TapoLGtalovy €va TETolo HOVTEAD Yo €val dikTvo aicOnmpov. Ot k6ol TOV GLGTHUATOG
EMIKOVOVOLV HETAED TOVE Kot YPNOIUOTOLoVV Evav adydpiOuo yia va opyavmbovy og clusters
Kot va emihé€ovv ta kotdAAnAa cluster heads mov Oa emttpémovv ) PéATIO HETASOOT TOV
dedopévav. ‘Enetra, ta cluster heads cvvdéovtar pe ™ ypnon peg yevdo-kapmoing Hilbert.
Ta ovvoedepéva cluster heads, ocvykevipdvovv to dedopéva TV asbnmipov Kot
ovvepyalovtar petald Toug yuo va o Tpowdnoovy 61o otafuod Pacns. Avti 1 TEXVIKY £XEL OC
OTOTEAECLO. VO, KOTOVEUETOL O (QOPTOC TOV KOUPWOV Kol vo, TePopileTan 1 KATAVAAW®GN

EVEPYELOG Y10, LETAODOELG.
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5.2.2 Collaborative body sensor networks

Ta body sensor networks (diktvo acOnTpo®V 6OUOTOS) ATOTELODY L0 EPAPUOYT TOV
WSNs oe topeic pe avBpomokevipikd evoloQEépov OmTmG 1 TapokolovOnon tng vyeiog, o
aOANTIGUAC, TO S1adPaCTIKG oy vidla kat 1 emifAeyn tpocomkov[45]. Tlepthappdvovy Eva
TAN00¢C amd GLOKEVEG TOV POPLOVVTOL OO TO. ATOWO TTAV® GTO GAOUO TOVG KOl GLAAEYOLV
dedopéval ToL OTOlL TPOGPEPOVY TANPOPOPIES YO TV KOTAGTOGN TOVS TN OEO0UEVT OTLYUN,
KaOmG Kot Yo Tig eVEPYELES Tovg[45]. Zoupmvo pe v épgvuvo Tov Boudargham et al.[46], ta
BSNS pmopotv va emikotvavohv kot vo avTOAAGGGOVY Ta OEG0UEVE TOVG Y10, VO, IKOVOTTOI|GOVY
OMOTEAECUOTIKOTEPO OTOLTIOELS Y10 TOVTOYPOVN TOPAKOAOVONGN HeyAAov aplBod atouwmy.
H évvown avti ovopdleton collaborative body sensor network (CBSN)[46] kot &ivor pia
pébodoc v v mepartépm aétomoinon tov BSNS péow g ocvvepyasiog petald téTotmv

OKTOMV.

5.2.3 Mobile Wireless Sensor Networks

211¢ Khoowkég meputtdoelg twv WSNS ta diktoa givor otatikd, dniadn ot kdpupor gite
etvar ouoOntpeg eite otabuol Paong, mapapévouy oto 1610 onueio 6mov tomobetOnkoy €&
apyng  yopig T dvvatdmto va petokwvnbovv. Qg evolloxtiky mpoteivovtar ta mobile
(kevntd) WSNs ota omoio ot koppor €xovv n ovvatdtnta vo KvoLVTol GTO YMOPO
TPOGPEPOVTOS CNUOVTIKEG PEATUDOEL 0TV €E0KOVOUNGT] EVEPYELOG TOL GLGTNHOTOG KO
LEI®OT TOV YPOVIKOV KaBvoTepoemV yia. Tig petaddoelg[47]. Ze éva mobile WSN 1 cuiloyn
TV 0EG0UEVOV PTTOPEL VAL YIVEL TTLO at0d0TIKY LE TN xpNomn Kvntdv Sink nodes mov diacyifovv
70 JiKTVLO Kot GLAAEYOVV TOL dedopéEvVa TV KOUPwv arcOntipa. BéBata, vrépyovv meplopiopol
ue Baon 1o povomdtt Twv Sinks kot to TPOPANLO TOV TPOKVATEL EIVOL 1) [UT) OTOTEAEGUOTIKT
ovAhoyn dedopévav Yo KopBovg mov Ppickoviat o amopakpucuévo onueio[48]. Xe avty v
nepintowon, ot Fu et al.[48] mpoteivouv i ocvvepyoatikp cvAloyn oOedopévev  yio
OTTOLLKPLGUEVOVS KOUPOLG. XN cvykekpiévn néBoodo, ot koot Tov de pmopovv va 6teihovy
T dedopévol Toug aueca ota. Sink, extkovmvobv pe Yerrovikovg kOpuPovg kat cuvepydlovton

Y10, VO LETAPEPOVY TAL BESOUEVA TOVG 6Ta KvnTa SINK dhote va cuAdeyboiv.

5.2.4 Collaborative UAV-WSN

Me otoyo Vv kdloyn peydiwv mepoyodv omd WSNS pio pébodog mov umopei vo
EQAPUOGTEL glvar 1 ypnom mtauevoy oynudtev mov ovoudloviar UAVS (unmanned aerial
vehicle). H éa mpoxvmtel amd to kivntd Sink mov mopovcidetkoy mponyoupHEVOS e TN

JPopA ATL, Y10 TNV OVTIUETAOTIOT TOV SVGKOALDV TOV TAPOLSLALOVTOL AGY® TEPLOPICUADV GTO.
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LOVOTTATIOL TTOL UITOPOVV Vo akohovONcovy Ta Kivntd SiNKS, Tpoteivetal 1 LETAPOPA TOVG LE
UAVS o1ov gvaépio yopo. O tpdmoc Aettovpyiog eivar emiong mapOUolog, e toug kKOpPovg va
opyavavovtal og clusters oto £dagog kot ta wrtdueva SINK vor Kivouvtol pe GUYKEKPIUEVO
Tpoémo dote va GLAAEEOLVY Ta. dedouéva and to cluster heads[49]. Av kot emttpémovy v
Katoypagn moAD peyOAov extdoewv, Pactkd poio mailel to povomdtt twv UAVS. Me
ovvepyaoio peta&d Tov WSN oto £é8a¢og kot tov UAVS oynuotilovtot ta kotdAAnAa clusters
kot KaBopileton n mwopeia mov Saypdeovv ta UAVS pe Bdon ) PEATioT amddoon dote va
emtevyOel n KoAVTEPN duvat GLAAOYN OedoUEVOV OALG KOl HE TN AYOTEPT KOTOVAAMOT)

evépyelag [49].
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6. Melétn mepinTmong ko Tpocopoimon pe to CupCarbon

simulator

6.1 Heprypogin epappoyig

‘Exovtog det ko avaAdoel To 0QEAN TS GLVEPYUGING TWV CLOKEVOV GTO TAAIGLO TOVL
0T, Oa mpoteivovue pi wEPIMTOON E€PUPUOYNG TETOWG ovvePYaoias. MéEow Tov
napadeiypatog mov Bo peketioovpe BéAove va eotidoovpe otn SladKacio TS CLAAOYNG
dedopévev pe omodotikd tpomo yia Evo WSN. T 1o Adyo avtd emAéyovpe 0O EQOPUOYN Yo
HEAETN TtepinT®ONG £va GUGTN LA TAPAKOAOVON oG KOt KOTOY PPN TOV XPNOIULOTTOLEL EEVTTVES
Kapepec.

YroBétovpe 6t1 pog evilapépetl N enifreyn kdmolag Teployng Kot eykabiotovpe Evov
apOuo and Kdpepeg ®ote vo yvopilovpe o KAOE oTIyun €4v KATO10G E1GEPYETOL EVTOG OVTNG
kot T Swoyilet. Xe pla Khaokn mepintmon, Bo elyope OAES TIG KAUEPEG VO AELTOVPYOVV
0OLAKOTTO, KO VO, GLAAEYOLV OTLTIKO VAIKO amd 10 Tep1BdAAov To omoio o GLYKEVIPMVETOL GTA
Kot@AAnAa Sink yio v petémetta aviivon tov. Opwmc, eme1dn 6TOX0G Hag gival 1 cuvepyacio
TV GLOKEVAV, TO CLGTNLO TOV TPOTEIVETAL TEPIAAUPAVEL EELTTVEG KAEPES OL OTTOTES EXOVV TN
duVaATOHTNTO VO KATAYPAPOLY TOV TEPTYVPO TOVGS KOl EMTAEOV UITOPOVV VAL ETKOVOVOVV LETAED
TOVG 6TéAvovTaG unvopato 1 pia oty dAAN. Eriong ot cuokevég Ba dabétouy kan aicOntmpeg
kivnong mov aviyvevovv edv Kamowog Bpicketal evtdg g eUPELELES TOVG.

v €QopUoY avTn, apyKd Kopio cuokevn o€ Ba GuAAEYeL dedopéva povn g, Ot
Képepeg Ba xpnoyomoovy Hovo tovg auctnpeg kKivnong HEXPL Vo EVIOTIGOVY KATO0V V.
nepvhel. Otav por cvokev avtiinedel kivnon oty mepoyn g tote pPdvo Eekvael va
OLAAEYEL dedopéva 1 1010, Kot eMioNG OTEAVEL €va ONUOL GE OAEG TIG YEITOVIKEG GUOKEVEC,
onAadn oe amdotacn éva hop. Ooceg cvokevéc AdPovy to onua Ba kataypdyouvv emiong
dedopéva, d10Tt pia povo kapepa cuvilwg dev pumopet va TapaKoAovdNGEL ETaPKOS Evay 6TdYO
amo OAeg T mBavEg omtikés ywviec. Emopévac, 0tav évag mepactikdg aviyvevetol amd pio
Kapepa 10te B gvepyomoteital 1 101 oAAd kot 6ceg Tov TEPPAAAOVY YWPKE Kot Bo Tov
Katoypdeovv. O1 vIOLONES O LLAKPIVEG CVOKEVES, 08 Bal EKTEAOVV OVTEC TIG O1EPYUGIES OV OE
TANGLAGEL O TEPUGTIKOG DGTE VO TOV OV VEDGOLV 1] av d€ dgyBovv unvoua emPePainong. Ot
KApepeg Tavovy Eava vo Aettovpyohv 0tav o¢ Ppicketor TAEOV KATO10G GTO S1KO TOVG OMTIKO
nedlo M 6€ KAMOL0G YETOVIKNG. O KOTAGKELAGOVUE Evav KATAAANAO aAyopiBuo yio v
OVOTOPACTACT] TNG AELTOVPYIO TOV GLOKELOV OTMG TNV meprypdyope. Ta PApato Tov

alyopiBpov mov axolovBohv OAEG 01 KAUEPES GTO OIKTLO TOPOVLGLALETOL GTO SLAYPOLLLOL TNG
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ewovag 7.

ALQypappLa

anootolr oto Sink

- <

NAI MEPVAEL oxl
Kamotog?
cn':al.ke CHHa OTOUG T ie NAI
yeitoveg oxl
Kataypdh TIHAG Kot Kataypdn TUHAG Kot

anoctoln ato Sink

Ewova 7: Avdypoppa odyopifpov

Q¢ amotéAecpd, 0G0 O TEPUCTIKOS TPOYMPAEL EVEPYOTOLOVVTOL GAAEG KAUEPES GTO
dpOLO TOL Kot amd OGES AMOUAKPVVETAL GTALATOOV Vo GLALEYOLV dedopéva. Tletvuyaivoupe
£T01 TNV KaTOYpa®n aTtOp®mV 6 OAO TO €0POG TNG MEPLOYNG OV EMTNPOVUE GE TPOLYUATIKO
YPOVO, YPNCIUOTOIDOVTAG LOVO OGEG KAUEPES YpelalovTal KABe popd Kot LOvo 0TV VTTAPYEL

KAITO10G Y100 Vo, TopaKOAOVONGOLV TIC KIVIIGELS TOV.

6.2 X101

H mpotewvopevn epappoyn otoyxedet va BeAtiddsel Tnv dtodikocio GLALOYNG dedopEvmv
G TPOG TOL EVEPYELOKA KOGTT Kot 0AAE Kot TNV akpifeta tv dedopévav. Apyud, pe pdorn oca
eldape oty evotra 4.3, yvopilovpe 6Tt 01 HETAOMGELS TV dedOUEVOV gvBVuVOVTAL Yo TO
ONUOVTIKOTEPO TOCOCTO OMMWAEIDV EVEPYELNG OTY] CLVOMKN Agltovpyio Twv cvokevdv. H
TEPIMTOON EVOG KUKADOUOTOS KAPEP®V TPOLTODETEL GLVEXNS KATAYPOUPY] Kot DAKOD OTwg
Bivteo Kot €woOveg mOL HE TN OEPA TOVG TPEmeL v 6TtaAbodv e otabud Pacng. Avti m
ouveyouevn pHeTddoor Eodebel TOAD ypryopa TNV evépyela Tov cuoTiratos. Otav duwg ot

Kapepeg Ae1tovpyov vd TPoHTOBECELS KAl GLAAEYOUY DAIKO EMAEKTIKA TOTE YPTOULOTOIOVV
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MydTEPOLG TOPOVE TOGO Y10l TN AELTOLPYIO TNG KOTAYPOUPT|G OAAL KO Y10 TNV OITOGTOAN OVTMV
TV ogdopévoy. Emumiéov, pia akdpa Bertioon mov mpokvmTel lval OTL LE TNV EQOUPUOYT
QLTNG TNG cLVEPYOTTOG LETAED TMV GLGKELMV, GLAAEYOVLLE TTLO EVGTOYO OEOOUEVA KAODS Elvart
CLYKEKPIUEVO Y10 TO OKOTO oL BEAOLE eKetvn TN oTLyUn, ONAAST KATOyPOP| ATOU®V TOL
TEPVOLV EVTOG TNG TEPLOYNG. ¢ amoTELET O £V EVKOAOTEPO VO AELOTON|GOVUE TO VAIKO TTOV
YPELOHOOTE EPOCOV TOL OEOOUEVO TOV GLYKEVTPMOVOVTUL £X0VV HKPATEPO OYKO, KOl ETIONG

amoTEITOL AMyOTEPOC YDPOG Y10 TV OTOONKEVGT TOVC.

6.3 To CupCarbon Simulator

Project Edit Add Dispiay Selection Solver Simulation Map  Personal  Help
mEE e N @ e o e ® | ») | Ll bl | B ||| # ~ d| € ||| 3 e
> Networt information

P Devices & Objects
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ACK
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Ewova 8: To nepiparriov tov CupCarbon

Ta mpoypappate mpocopoiwong OIKTVOV YPNCLUOTOOVVTIOL (OGTE HECH OOKIUMV Vo
KOTOVOTGOVLE KOADTEPO TOL GEVAPLL TOV OVATTOGGOVUE, OAAG Kot Yiot TNV TTpOPAeyn Tbovadv
OTEAELDV KOl TNV EKTIUNON TS AMOOOTIKOTNTAG. Y TAPYOLV TOAAL TETOLN TPOYPAULOATE OTTMG
10 NS-3, 1o NetSim, to TOSSIM «xot 1o Cooja simulator. T v avorapdotacn g
nepintwong mov peletdpe kor Tt agoddynon g Asttovpyiog TG, EMALYOLUE VA
ypnoonomcovpe to CupCarbon. Tlpdkettar yio évav TPOGOUOIOTH ACVPUATOV SIKTO®V
acOnmpov kol epapuoydv tov loT oe didpopovg topeic, Ommg o1 EEumveg moAers. Eivan éva
AOYIGHIKO avolyToL KMOKa Kot otatifeton dwpedv oty emionun otocerida[50], evd oty
ewova 8 paivetar to interface g epappoyns. Xe oyéon pe dAla poypdppota, to CupCarbon

eotialel kupiowg oto eminedo epoppoync (application layer) xar otoyxevel oto oyedocuod
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oEVOPIOV TOCO GTOV EMICTNUOVIKO OGO KOl GTOV EKTOLOELTIKO TOUEN, UE TN OLVATOTNTO

peaMoTikng amekoviong tov WSNS ylo mepumtdoelg Kataypoeng tov mepBAALOVTOg Kot

oLAAOYNG dedopévav. ‘Evag akoua mapdyovtag mov kavel to CupCarbon va Eexwpilel otov

TOUEN TNG OTTIKNG avomapioTaong, eivat i yprion tov OpenStreetMap (OSM). Me 1o OSM

TapEYETOL EVOC AKPIPNS XAPTNG TAVEO GTOV OTOI0 UTOPOVLLE VO, GTHGOVUE TO OTKTLO HOC.

O ypnotng tov CupCarbon dwbéter éva peydro aplOud oviikeipevoy mov umopesi va

TPocHECEL BTNV EPYNGIO TOV Y10, TNV TPOGOUOIMGTN OA®V TV TTuY®V Tov 10T:

Koppovg acOnmpov mov €yovv 10 poAo tov £Eumvov cvokevmv. Ot koupot
alcOnmpov Umopovv va puOUGTOVV TANPW®S OC TPOG TNV EVEPYELRL TOVG, TNV
KOTAVAA®GN KoL To €0POg OPACNG TOVG, EVA Y10 TNV EMKOVOVIN TOVG TPOGPEPOVTOL
tpia Tpotokola: to ZigBee, to LoRa kot to WiFi. 'Eyouv ™ dvvototnta vo
KOTAYPAPOLV TIUEG OO TEYVNTA YEYOVOTO KaOMDS Kat va avtilapupdvovtor kivnon. Ta
va kabopicovpe T Aettovpyio Tovg, avabétovpe Eva Script o ke kopuPo. Ta scripts
ypapovtol oe SenScript, pia yhddooao mov epthappavet to CupCarbon ko dtabétet tig
dkég TG evtolés. Méow twv SCript ot KOpPolr pmopoldv va EKTEAOVV TIG EVIOAEC
dpopmv aAdyopifumv Kot va Tovg epaprodlovy 6T O1KTLO TOV HEAETALLE.

Ot directional sensors eivor pia €181k wepintwon oaoHnTHpov ot omoiot avti yio
TEPLOYN OVIYVELOTG LE KUKAIKO GYNUa, £XOVV GYNIOL KOVOL TOL omoiov 1 B€om Kot o
péyebog pmopovv va puluctodv. Q¢ amoTEAECH, 0l GUGKEVES OVTEG KOTAYPAPOVY
TPOG L0 GLYKEKPLUEVT KaTeLOVVGT LOVO Kot Oyt To ThvTo YOP® TOLG.

Yt0fpovg Bdong yio T GLAAOYN TV dedOUEVOV. AEITOVPYOLV OKPIPOS 0TS KOl Ol
KopPor awchnmpov kot déyovrar 1§ 1d1eg pubuicels. H dwapopég tovg eivar 6t ot
otofuol Paong amoteloblv TOV TEMKO TPOOPIGUO TOV OeOOUEVOV  LEGH OTN
TPOGOUOImGoN Kot £iong O100ETOVY AmEPN YOPNTIKOTNTA UITOTAPIog

AweOntmpeg aepiov (Gas Sensors) yi TV TPOGOUOINGCT] PLUGIKAV YEYOVOT®MV Kot
nepPorroviikddv ocovOnkav. To avikeipevo ovtd mopdyovv TWES TIG OTOiEg
avyveLOLVY Kol Katoypdpouvy ot acOntpeg dtav Bpiokovtan vidg g epPELELLS TOVG
KOl Umopodv va, avoapépovtol oe Oepuokpacio, cLYKEVIPOOELS depiov, emimeda
vypaociag k.a. ‘Eva gas sensor pmopet va gival gite otatiko gite vo Kiveitonl 610 YOPO.
INo va mapoayBovv ot tipég ypnoonoleiton n Asttovpyia Natural Event generator mov
napéyel to CupCarbon kot exitpénetl ™V mapaymyn apyeiov pe aptOunTtikd dedouéva.
Ot tipég mov mpokvrovv amd to Natural Event generator akolovBoOv v katovoun
Gauss, oAl ivar duvatd va dnpovpynicovpe dikd pog dataset pe StopopeTikny LOpPT.

"Emetta, avabérovpe to apyeio tip®dv oto gas Sensor.
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e Kuwntég ovokevég (mobiles) yio v mpocopoimon KwNTOV OVIIKEWEVOV TOV
TPAYUOTIKOV KOGUOL Ommg oynuoto. Ot Kivntéc ovokevég akoAovBovv  Eva
TPOoKaBOPIGUEVO LOVOTTATL KOTA TN OLpKELD TG Tpocsouoimons. Me tn ypnon tov
marker umopodue va oyedidicovpue ddPopes SOPOUES TAV® GTO YAPTN TOL OT
ouvvéyeln, pmopovv va amobdnkevtodv g apyeion GPS. Kabe mobile ypeidletatl vo tov

avatedet Eva apyeio GPS mote va umopel va kivnOet.

6.4 Ilpocopoimon SIKTHOV KOPNEPAOV

6.4.1 Ilpotevopevn pédodoc
®a otoovpe 10 dikTvo TOV Kopepdv oto CupCarbon @ote va yiver n pelém

TEPIMTOONG TOL OCEVOPIOV GLVEPYOTIKNG GLAAOYNG dedopévev. Ta TG avlykes g
wpocopoimwong Oa ypnoyoromacovpe ta ENg:

e 36 sensor nodes, mov O ivor ot EEvmveg Kapepeg

e 4 5sinks, yio T 6LAAOYN TOV dESOUEVOV

e 1 mobile, yio TV Tpocopoimon KATOI0V TEPAGTIKOD
Méoa 610 diktvo BEAlovE Ol KAUEPES VO, GVVIEOVTAL HETAED TOVS MOTE VO EMTPEMETOL 1|
emuowvavia, eved Tantdypova BELovE va TapEyovv Kot TANPN KdAvyn pog teployns. o to
AOY0 avTO EMAEYOVLUE VO XPNOIUOTOGOVHE o Tomoloyio, Tomov mesh  (mAdyua).
TomoBetovLe T1g KApEPES O€ 10€g OmMOoTAGELS HeTAED TOVG GYNUOTICOVTOG Eva TAEY LN LLE GYTLLOL
TETPAYDOVOL TOV Exel €1 oepég pe €61 kopPoug n kabepio. v tomoroyior avtr|, OAEG Ot
KAUEPES EyovV YeiTovEG o€ amodoTacn Eva hop pe Tovg 0moiovg UToPOvV Vo, AVTOAAGGGOVY
punvopato. Avaioya pe ™ B€om tovg oto ALY (Yovia, KEVIPO KTAT.), Ol KALEPES £XOVV OO
TPELG £0G OKTO Yeitoves. Oewpove OTL 01 KOUPOoL Tov dtkTvoL YWpilovTal o TEGGEPLG OPLAOES
TV ev1d KOpPwv kot avadétovue Eva Sink yio kabe opudda. Kabéva amd ta sink cuvdéetar e
TIG EVVIGL KAUEPES TNG OULAOAG TOV KO OEXETOL TOL OEGOUEVA, TO OTTOL0L EMELTAL KOTAYPAPEL KO
amoOnkevetl. H ewdva 9 mapovotdlel Ty oAoKANpoUEV LOPPT TOL SIKTVLOL. TNV £1KOva 10

TPOCPEPETOL L0 TTLO KOVTIVH LOTIE GTIG GCLGKEVEG TOV AOTEAOVV TO O1KTLO.
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Ewova 9: H tonoloyia tov diktdov

Ewdva 10: Ot cuokevég

‘Eneita mepvape ot SIOUOPO®OOT TV OVIOTNTOV Tov ypnotpomotovpe. Katapyds,
epocov 10 OlkTLO pog eivar WSN kot éyovpe pikpég amootdoelg petald tov koupov, Oa
epapudcovue 0 TPOTOKOAO Zighee otic cuokevé Yoo TV emkowvovia tovg. EmumAéov, ot
dtdpopot kopPot yperalovran kot to KatdAAnAa SCript yio t Asttovpyia Tovc. o Ti¢ KApEPEG

epappolovpe ™ péBodo mov avaivoape oty evotnta 6.1 pe Pdomn to didypapipa Tng eoOVag
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7, dnhaon BELove va TtapatnpoHv 10 TEPIPAAAOV TOVS Kol VO GUAAEYOVV OEOOUEVO LOVO OTOV
aviyveboovv kivinon 1N €womombovv omd kdmowov yeitova. Emedn de pmopodue va
TPOGOUOIMGOVIE TO VAKO TOTTOL Pivteo (footage) mov kataypdpovv cuvOmG o1 KAUEPES, Yia
x6pM TG LEAETNG Lo VTTOBETOVE OTL 01 GLYKEKPIUEVEG GUOKEVESG KATAYPAPOLV TO TEPPAALOV
Byalovtag pwtoypapieg kot Oyt pe Prvteookdmnon. o vo TpoGOUOIDGOVUE TIC VITOTIOEUEVECS
QPOTOYPOPIES OL KAUEPES KATOYPAPOLV TN YPOVIKT] GTLYUN GTO YPOVO TNG TPOCOUOIMONG Kl
OVTA TO YPOVIKA OESOUEVE. YPTCLULOTOLOVVTOL OC POTOYPaPieg oTrypdtuma (Snapshots) pe
Bdom ™ oty mov tpafnynkoy. YTapyovv t€6eEp0 Stapopetikd SCrpts yio tic kapepes. Ta
script avtd mepiEyovy akpiPdc Ti¢ id1ec evioréc pe povn dropopd petacd tovg to id tov sink
TOV YPNGLLOTOLOVV Ol EVIOAES Y10l VO 6TEIAOVY TaL dgdopéva. AnAadn ot KAUEPES TNG TPATNG
opadag &xovv to script cameral.csc émov n gvror) send £yt Tpoopiopd v Tiun 1, dniadn to
sink 1. Avtiotolyo vapyovv to. SCript camera2.csc, camera3.csc ko cameras.csc ota. omoia
aAAGlovv povo ot Tyég tov id. T ta sink epapudlovpe éva amho script pe Bdon to omoio
déyovTon dedOUEVE TTOV TOVG GTEAVOVTOL Kot To. Kortoypdpovv. To CupCarbon dnpuovpyet e1dikd
apyeio ywo kaBe sink mov kpatdve to dedopéva Tov GLAAEYovTol o KABe ekTédeom TG
npocopoimong. O kmdikag TV SCripts aiveratl otic ekoveg 11 kat 12, pe o KotdAAnAo ool

v TNV emeEnynon g kébe evIoAng mov ypnoLoTotEiTal.

B SenScript Editor [m] x
File name camerz1esc Save
Script List cameral.csc -
loop | | set | | send || wait | | read | | delay lithenelse | | for | | inc Transmiwer w || Router v | | Recsiver v
loap
getinfo m /[ aviyveven xivnong amé to mepipahhov
rdatama b ¢ /[ avalvon Sedopivav
if(a!=0) [/ av avixvevtei 6TL mepvasl K&noLog
set msg 1 /7 Bqplovpyia pmviparog pe Toph 1
send msg // anootohfj ppvipatog os AelTovpyia broadcast dnhadh

// mpog ékovg toug yeitoveg

time t //xataypoph Thg Xpovikfig otiypfic BE Tn xphon g eviohig time. H xpovixd otiypf Seepeital
//n "getoytapia’ mov xataypigel 1 Képepa

send t 1 // wnocotolfi Tipfg oto sink. H mapepa otfAvel mpog To sink 1,2,3, f 4 avéioya pe Tnv opdde mou ovAEESL

else // eav Bev avixveviei xivnon

wait 1000

read signal // avapovi yio pivupa
if (signal==1) /[ av hépzi phivupa pe tiph 1
time t //rataypapfi Tne ¥povikfig oTLypAg PE Tn Xpfon Tng eviolfig time. H ypovikf otiypf OGeepsital

//n "getoytapia’ mov xataypigel 1 Képepa

send t 1 // wnocotolfi Tipfg oto sink. H mapepa otfAvel mpog To sink 1,2,3, f 4 avéioya pe Tnv opdde mou ovAEESL

cbuffer // &beiaopa tov buffer

end

delay 1000

Ewova 11: Kddwkag yia t1g kdpepeg
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B " SenScript Editor

File name sink.csc

Script List sink.csc

loop set

loop
receive wvalue

printfile walue

delay 1000

Save

If then else for inc Transmilter = Router = Receiver =

// noapohoepf tipig ond xGpepeg

|7/ =yypaugh tipiig o= apxeio

Ewova 12: Kddwog yo ta Sink

To televtaio mov ypelalOHOCTE Y100 TO GEVAPLO LOG, €ivol 1 TPOGOUOI®MON KATO10V

OTOLOL TTOL EICEPYETAL GTNV TEPLOYT TOL EMTNPOVV 01 KAUEPES. 'l var To meTHYOLLE QLTO,

npocBétovpe éva avtikeipevo tomov mobile. @élovpe v oAANAERIOpAOT TOV KAUEPDV pE

TOV «ePACTIKO» omdte oyedialovpe pio dadpopn| (route) mov mepvdel péco omd TG KApepeg

kot v avabétovue oto mobile wc apyeio GPS. 'Etot, £yovpe mAéov 0OAOKANPDOGEL TO GTHOUO

TOV GEVAPIOV Hag OTMG aiveTal otV Kova 13.

H EE&E*“"DE 02

Ewova 13: To telkd oyfuo TG Tpocopoimong
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‘Exovtog mpocBécel 6Aa to amapaitnta, T0 emouevo Piupa givor va tpéfovpe v
npocopoinot. IIpw Eekivioovue puBuilovue kamoleg mapouétpove otnv kaptédo Simulation
Parameters. Amo ekel, emAéyovpe 1 ddpkela TG Tpocopoinong vo eivar 60 dgvteporenta.
Emiong 0étovpe v toydv o mpocopoimong ota 1000 ms (1 devtepdiento) Kot Tnv ToyvLTHTO
TOV BEADV TOV OTTIKOTO100V TI§ peTadmaelg ota S00 ms. EmmAéov, toekdpovpe 600 emAoyEc.
H pia eivar to Mobility/Events, mov ypeidletar otmodnmote yio 6A0vG Tovg KOUPOLS hoTe va
Aopavovy voyy Tovg Kivntovg kopPovc. H devtepn emdoyn givar to Results ko 6tav givar
toeKopiopévo, to CupCarbon Ba kataypdyel TANPOEOPIES VIO TV KATAVAAMGT EVEPYELNS TOL
OLOTNUOTOG KOTd TNV Tpocopoimon kot Ba to amobnkevoet, yoo vo eival dwbécia otov
gpevvnn. H mepiodog petal&d kdbe xataypoeng yio to results, emdéyovue vo sivar 1
devtepdAento. Ot emA0YEC aVTEG Qaivovtal o Thveo oty eikova 13. [a v évapén motdue
10 kovpuni Run Simulation. opeova pe to cevéipro, to mobile diacyiler to diktvo Kot ot
OLGKEVEG OPYOVOVOVTOL KATOAANAQ (OOTE Vo €vePyomolovVTAl HOVO Ol KAUEPES TOL
ypewlovror kdOe popd. H eucova 14 givar £va oty tdTumo Katd ) StdpKeLd TS TPOGOUOImoNS
670 omoio paivetol 1 Asttovpyio TV cuokev®V. H Kapepa wov £xetl aviyveLGEL TOV TEPAGTIKO,
OTEAVEL TO UNVLUO TNG G€ OAOVLS TOVG YOP® YeiTOVEG OGS POIVETOL, KOl OVTOL OTN GLUVEXELN
OTEAVOLV TIG KATAYPOPEG TOVG 6T KOTAAANAa SinkS.

B I EE*ONE 0@ e ® . . 1 =) rAE 3 &l T (-1

Ewdva 14: Ztrypidtomo g mposopoinong

Méow avtov tov cevapiov PAETOLUE €va OIKTLO LE GLUGKELEC OV GLVEPYALOVTOL Y0 VO
QEPOVVY €1G TEPOG TO 0TOY0 TovG. Kab’ 0An tn d1dpKelo TOPALOVAG TOL ATOUOV EVTOS TNG
TEPLOYNG TOV OIKTVOV, Ol KWVIGELS TOV TOPOTNPOLVTOL TANPMG OO OAEC TIC YUP® OMTIKEG
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yovieg, aAAd yopig va emPapOvovior OAEG O KAPEPES TAVTOYPOVOL.

6.4.2 Xoppatikn Tpooyyion

Ao TOPOVCIACOUE TNV EKOOYN MOG YL TO GLVEPYOTIKO OIKTLO KOUEPDV, YLl VO
TOPUTNPNOOVUE KAADTEPQ TO. OPEAN TOV, Ba ypelacTode Eva péETpo cvykpions. o avtd To
Ady0 B SNUOVPYNGOLUE KOl Lo, SEVTEPT TEPITTMON TPOGOLUOIMOTG TAPOLOLOV IKTVOV, OAAYL
QT TN POPEL LLE TNV EPAPLOYT LGS KAOGIKNG LeBOd0L GUALOYNG dESOUEV®V.

Xuvbwg, ot kauepeg mapakolovbohv 1o mepBdAAoV Tovg aveEdptnTa 1 pia amd v
GAAN, KOl GUAAEYOLV OMTIKG OEOOUEVA GUVEYOUEVO KOl YMPIg KPLTPLo, ETOUEVAOS OEV LOG
ATOCYOAEL €AV GUYKEKPIUEVA TTEPVAEL KATO10G 1 OYL ATTO TNV TEPLOYT TOV TOPOKOAOVOOVLE.
‘Etot dg yperdletar va mpocHécovpe mobile yio va v mpocopoinon atduwv, aAld Kot ot
Kauepeg Oe Ba €yovv 1M Asrtovpyion aviyvevong kivnong. Emiong ot xdpepeg oe o
avVTOAAGGoOoLY UnvopoTo peta&d Toug kot Bo extkovovovy povo pe ta Sinks oto omoia Oa
OTEAVOLV T OE0OUEVO, TTOV KOTaypdeovy. Extdg amd avtég Tic aAloyég mov agopodv
ouvepyatikn Kot 6TV GLALOYT dEGOUEVOV TTOV EMOIDOENE GTN TPMTN TEPITTMON, YOl TV
VAOTOINGT| TOL GEVOPIOL Bl YPNGLLOTOGOVLLE TO 1610 LOVTELD SIKTVOV OTIMG Kot TPLV, dNANON
36 kopPot arcOnTRpV Kot 4 Sinks tomoBetnuéva OTME gidape TPONYOLUEVMS TNV EKOVa 9.
OrxopPot ko og vt ) tepintoon Oa Kataypaeovy ¥PoVIKES GTIYIES Y10 VO, TPOGOUOIDGOVY
QoToYpaPkd otrypotuna. H Baocikr| dwagopd eivarl 6t anhd Oa katoypdpovy meplodkd Ta
dedopéva kot Ba ta 6TéAvouV 6To KatdAAnAo Sink. T'a va unv vdpyet Bépo coupdpnong 6to
dikTVO AOY® TOVTOXPOVOV UETAOOCEMV, XPNCIUOTOOVUE Eva Tuyaio delay otovg koufoug
Heta&d TV petadocewv. To SCript Tov ¥pNoonolovy ot Kapepes mapovotdletal oty iKovol

15, evd ta Sink éyovve 1o 1610 SCript and v ewodva 12.

B SenScript Editor
Filz name camaral.csc Save

Script List cameral.csc -
loop et send wait read delay If then else for inc Transmitter = Router = Recsiver =

loop

time t //Eataypapf] tng xpovikfg oTiypfig pe IR XphHoy tng eviohdflc time. H ypovirf otiypf Beapeital
f/n "patoytapia” mov KaTaypapel n Kdpepo

send t 1 // emootolfi Tipfg oto sink. H xdpepa otéhver mpeg to sink 1,2,3, § 4 avédloya pe 1nv opdda mou avike!l

randb x 1 3 // nopayeyf tuyaiov oapLBpod andé 1 fag 3
set x x*1000 /{ moMh/opoc apiBpod pe to 1000

delay x // ®éGvoupe delay 1000,2000 { 3000 ms

Ewova 15: Kadikog kapepmv yopic cvvepyooia
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X1 ovvéyela, TpEyovpe EovA TNV TPOcopoimon yuo xpovo 60 devtepoAiémtv. TNV
ewova 16 @aivetonr éva ottypdtumo omd T Aettovpyiot Tov OIKTOLOV KOTA Tr GLAAOYN

dedOUEVDV.

B EEEe DN @@ @ (o) | (- 1 2| B il I

Ewova 16: Ztiypudtomno 0e0tepng Tpocopoinong

21N oLYKeEKPIUEVT epappoyn dtakpivovtar mo EexdBapa o1 TEGGEPIS OUAOES TOV KOUEPDV.
Eniong elvon mpo@avec 0Tt OAeg o1 KAPEPES EKTEAOVV TNV EVEPYELOKO OTTOLTNTIKY] LETASOGN
dedopévav kab’ 6An ) dudpketa g mpocopoimong. Iapaxdre, o dovue edv kdtt TéTo0 pag

CLUQEPEL N OYL.
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7. ZOYKPLOT] OTOTELEGUATMV KOl TEAKO GOUTEPAONATO

7.1 IMapovciacn Kol GUYKPLGT UTOTEAECRATOV TOV 0V0 TEPIMTTOCEMYV

‘Exovtoc avamopaotioel d00 SoQOPETIKEG €KO0YEG TOL 1010V cevapiov, Kpivetat
avaykaio va TG aflodoynoovpe. Qg epoppoyn tov 10T, to YopaKTNPIOTIKE TOL HOG
ATOCYOAOVV Elval 1 amodoTkOTNTA Kot 1 akpifeta. Apyucd, Oa dodue Ta amoTEAECUATO (OC
TPOG TNV EVEPYELOKN Katavaimon. Xapig tic Asrtovpyieg tov CupCarbon, pmopodue va
KOTOypaWou e anTd Ta oTotyeia yio Tig mpocopowmoelg poc. H emdoyn Energy consumption
napovotdlel ta dedopéva avtd o 000 KOTNYOPies: KOTOVAAMOT EVEPYEWG Kol EmImMESO
UToTOPiag, ToL aTOTEAOVV dVO TAELPEG TOL 1310V VOUICHATOG Y10 TO. ATOTEAECUATO, ATTAG oTd
d00 SLPOPETIKEG GKOTILEC,.

To debtepo oToLYEL0 OV £XEL EVOLOPEPOV VO dOVLE, £lvar To TANB0G TV dedOUEVOV TTOV
CLAAEYTNKOV € KAOE TEPIMTTOOT KOl KOTE TOGO PEIDOVETOL O 0p1OUdg avTtdg pe ™ uébodo mov

TPOTEIVOLLLE.

7.1.1 Kotavdroon evépyerlog
H gwoédva 17 and 1o CupCarbon, agopd v cvppatikr pébodo kot mapovotalel v
KATOVOAWDGT EVEPYELOG TNG UTTATOPI0G 6TO GVGTNO GVVOALKE, dNAadN Yo kaOe Evav kopfo. O

Ka0eTOC AEOVaG avamOPIoTH TO EMIMEDO EVEPYELNG, EVMD O 0PLOVTIOG TO YPOVO.

Battery Level (Tota

Ewova 17: Enineda prnatapiog copPatikng pebooov
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['o v TpotevopEV EPOPLOYN, TO AVTICTOLYO ETITESN UmaTapiog PaivovTot TapoKIT® GTNV

swovo. 18.

¥ Energy Consumption 8 X

Energy (!

Ewova 18: Enineda pratapiog mpotevopevns pebodov

2y Tp®T TEPINTOON, PAEMOVUE TNV EVEPYELL OA®V TOV UTOTOPIOV VO LELDVETOL
ocvveyopeva, pe otabepn Kabooikr| mopeia, KATL TOL ONUAIVEL KOTOKOPLEN TTMOOY TOV
evepyelak®v omofepdrov. X1n dgvtepn mepImT®OTN OUMS, av Kot LEdpyovy KOuPol mov
Eodgvovy evépyela Yo T Asrtovpyio Tovg, eival TPOoEavEG OTL TOAAOL ad A TOVS deV E0OELOVY
kaBohov evépyeln kabmg oe yperdletor va ypnoipomombovv kaborov. AvtiBeta pe mpuv,
eEMIYIGTEG GLOKEVEG £YOVV TNV KaBOOIKY| TOpEia TOL S1EKPIVE OAOKANPO TO OiKTLO TTPLY. TToAD
ONUOVTIKO ETiOTG £ivat TO YEYOVOG OTL KOO KOIL Y10 TOVG KOUBOVS Tov £pydlovTal, Ol YPOUUES
NG UTaTopiog Toug Emetto amd Lio GUVTOUT TTMOGT KOTAANYOLV va optlovTidvovtal. AvTtd o1
TPOGOUOIMGT EPUNVEDETAL MG TNV OTOUAKPLVGT] TOV OTOUOL OO T GUGKELT] OV EXEL MG
OTOTEAECLLOL TV TOVOT| TNG ActTtovpyiog. Emopévmg dev £yovpe KaTavaAmon Kot 1) EVEPYELD TNG

Képepog pével otabepn, OTMG VITOONADVEL I 0p1LOVTIA KOTEVOVVGT TOV YPOUUDV.

7.1.2 Bektimon dcdopévav

To dedopéva Tov GLYKEVIPOVOVTAL Elval 0 TEMKOG 6koTO¢ £vog cvatiuatog 10T, O
HEYAAOG OplOUOC OEOOUEVOV GUVETAYETOL KO O EUMIOTEG UETPNOELS YO TIS TEPMTMOELG
EPAPLOYNG, OL®G TOAAG amd avTd Ta dEdOUEVA GLYVA Etvar Opota LeTa&h TOug. AKOUN KO oV
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T TAEOVALoVTa dEdOUEVEL EIVOL YPTOLLLOL, LTOPOVUE VO, TO LELWCOVE OTOV aTO ivan SuVaTO
yopic va PAayovue tv axpifela tov petpricemv. Emiong to dedouéva yperdlovton
eneepyacio Kot amofnkevorn omote, YIVETOL €OKOAN OVTIANTTO OTL Yoo HEYOADTEPO OYKO
J€J0UEVMV omanTOVVTOL TEPICTOTEPOL TOPOL.

¥to CupCarbon, petd amd pio mpocopoivon puropovus va eAéyEovpe to apyeio Twv
sinks ov Ba TEP1EXOLY TO GHVOLO T®V SESOUEVOV TOV dEYTNKOV. XTNV £1kdvo. 19 PAémovue TI¢
TIHEG IOV GLYKEVTPOONKaAY Yo Ta Téocepa SINK tov cupPatikod cevapiov, evd otny gwkovo, 20
T0 3EQOUEVA TV TEGCAP®V avTioTOl ™V SINKS.

.JSINK_hElES‘,*._E NK_1 .JsmK_mj]E;'Esw_] | Esink 2 5 Hsink s 3 |BBISINKC1 3] B Sink_2 (3] B SNk 3 3 [ SINK_4 B3
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-8
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-8
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DO OO0 ®®

Ewdva 19: TIepieyduevo sinks coppatiknig pebddov
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Ewdva 20: Tepieyduevo sinks mpotevopuevng pebodov

Ot apOuNTIKES TYWES OV VILAPYOLY KOt OTIG 0VO EKOVES, ival YPOVIKEG GTIYUES LEGO GTO
xpOvo ¢ kéBe mpocsopoimong. Emeldn dovievovue pe khpepeg mov Tpafdve wToypapies,
Bewpovpe 0Tt kdBe pio amd ovtég TIC TWEG €lval €va OTOYPUPIKO OTIYHIOTLTTO TOV
nepifdrdovrog. T v mpdn mepintwon égovue 60 otoyeia oe kabe SNk, dniadn 420
ototyeio cuvolkd. H devtepn mepintwon éxetl 42 otoyyeio oto mpmto Sink, 28 oto devtepo, 36
010 Tpito kot 21 oto tétapto dNAadN cvvolikd 127 ototyeio. Ao oV TA TO VOOLEPO TPOKVTTEL
0TL 670 0gVTEPO GEVAPLO Eyovpe mepimov 70% Arydtepa dedopéva. Extoc amd ) dapopd otov
aplOpd TOLG, TPETEL VO EMCNUAVOLLE Kol TNV aKpiPela avT®V TV dedouévmv. Xt debTepn
TePIMTOON OAEG O1 KATAYPOPES YIVOVTOL OTOV VILAPYEL ATOUO, ETOUEVMOG OLEG O «KPOTOYPAPIESH
LOG apopovV Kot gival oNUOVTIKEG ooy Ba Teptéyovy 10 dtopo avtd. Avtifeto 6to GhHVoro
™G TPOTNG TEPIMTOONG Evag HEYAAOG apBdg dedoUEVMVY givarl dypnoTa Yo TNV KOToypoen
™G mepoyns, 010t Ba mepéyovy amild oTrypdtuIo ToLV TEPPAAAOVTOG TTOV O HOG dOlvouv

TANPOPOPIES Y10 TNV TOVTOTNTO KATOLOL TEPACTIKOD OVTE Y10l TIG KIVGELS TOV.
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7.2 Toumepdopoto Ko exiloyog

To Internet of Things sivatr T éov £vag moAd onpavtikdc mapdyovioag Tov avipoaivov
JPOCTNPLOTHTOV KOl OVOYK®V, TaPE TIG SLGKOALEG OV TEPIAapPaveL. AQPoD avaAdoape TOAAL
a0 T YOPOKTNPLOTIKA TOL, EMAEEQUE o péBodo yia T Peitioon diktvwv 10T. H pedétn g
OUVEPYOTIKNG CLALOYNG OEGOUEVOV TPOGPEPEL TTOAD CNUOVTIKG OPEAN T OO0 AVAAVGOE
KOl ETELTOL EMLYELPTCALUE VO OVOTOPAYOVLLE Y10 EPEVVNTIKOVS GKOTTOVG,.

To cevdptd mov avamTOEQE Yoo TV VAOTOINGON (oG cuvepyaciog HeTald kOppwv,
aQopovoE €vo OIKTLO KOUEPDV TOV KATOYPAPOLV Oedopéva EMEITO OO EMIKOWVMOVIO Kot
npocouol®bnke otn cvvéyeto pe tn xpnomn tov CupCarbon. Zvykpivovidc 1o pe ™ KooK
EPaPLOYN €VOG TETOOL JIKTVOV, GLAAEEQE OMOTEAEGUATO Yo TNV amdooon Tovs. [a ta
OedOUEVO TNG KOTAVAAWMGONG EVEPYELNG TPOKVTTEL OTL PE TNV €QapUOY EEuTVEV peBddmv
ocuvvepyaciog, uropel va petmbel o pOPTog Tov SIKTHOL GLVOAIKA KO KOTO GUVETELN VO VTTAPEEL
ONUOVTIKN £E0IKOVOUNGT EVEPYELNS, O10TL Ol GLGKEVES Yvmpilovv mote a&ilel va GLAAEEOLY
dedopéva. Emiong mapatnpdvrag to apyeioc tov Sinks gidape por onuavtikn dopopd o6tov
apOpd TV 0ES0UEVMV, TOV VTOSNAMDVEL Lol LEYOADTEPT] OKPIPELD OTIG KATAYPOUPES, OAAG Kot
TPOoPEPEL dlevkOAvvorn ot dwayeipion tovg. [Tapdro mov @aivetar M AveOTEPITNTA TOV
oLvePYOTIKOD cevapiov Evavtt ot cupPatikn mepintmaon, o onpaivel 0Tt dg vLapyovy Tavd
mmpata. o mopdderypo, 6to cevaptlo mov dnpovpyncape o€ Ba elvor mdvta ion 1 KaTovour
TOV POPTOVL, KOOMOS e€opTdtarl amd To TANOOC TOV ATOU®Y TOV TEPVAVE Kol Od TO LOVOTATL
mov akoAovBovv. Emiong yw dragopetikd diktva yperdlovion dapopetikés peBodor kot
alyopBpot yio v e@appoyn g ocvvepyacios. Ta mpofinuota avtd kot 1 feATicTonoino
TOVG AmOTEAOVV (nTrHata Yo ALY epyacio.

Ev xatok)eidl, n ocvvepyatiky cLAAOYY dedopévav amoteAel pa WoviKy Adon yuo
KAAOTEPESG AMOJOCELS TV OIKTVMV KO TPOGPEPEL TPAYLLATIKE OTOTEAEGLATO OTTMG EIOALE Ko
amo ™ PPproypaeio arid Kot and To oevapld pag. BéBata, oev eivor mapd pio povo mepintmon
TOV EPELVATAL Y10 TOV 6KOTH T, Ko kaBmg to 10T cuveyilel va avantucoetal, avalntovviot

oLVVEXMG VEEG TEYVOLOYIEC TOL PEATIOVOLV TIC AgtTOLPYiES TOV.

49



IInyég ewovav

Ewova 1: https://vizah.ch/en/developing-iot-applications-best-technologies-and-tools-foriot-
developers/  16/9/2021

Ewovo 2: https://www.netburner.com/learn/architectural-frameworks-in-the-iot-civilization/
2019 28/9/2021

Ewova 3: http://networking.layer-x.com/p050000-1.ntml 28/9/2021

Ewova 4: https://instrumentationtools.com/different-types-of-network-topologies/ 30/9/2021

Ewova 5: https://leanbi.ch/en/blog/iot-and-predictive-analytics-fog-and-edge-computing-for-
industries-versus-cloud-19-1-2018/  6/10/2021

Ewova 6: Mundada, Dr.Monica. (2012). A Study On Energy Efficient Routing Protocols In
Wireless Sensor Networks. International Journal of Distributed and Parallel systems. 3. 311-
330. 10.5121/ijdps.2012.3326.  12/10/2021

Ewova 7: Zyedidotnke oto Microsoft Paint amo spéva

Ewovec8, 9, 10, 11, 12, 13, 14, 15, 16, 17,18: Screenshot tov CupCarbon and tv 006vn pov

Ewoveg 19, 20: Screenshot tov notepad++ and v 006vn pov

50


http://networking.layer-x.com/p050000-1.html
https://leanbi.ch/en/blog/iot-and-predictive-analytics-fog-and-edge-computing-for-industries-versus-cloud-19-1-2018/
https://leanbi.ch/en/blog/iot-and-predictive-analytics-fog-and-edge-computing-for-industries-versus-cloud-19-1-2018/

Biphoypaoia

[1] Li, S., Xu, L.D. & Zhao, S. The internet of things: a survey. Inf Syst Front 17, 243-259
(2015). https://doi.org/10.1007/s10796-014-9492-7

[2] Berte Dan-Radu, 2018. "Defining the 10T," Proceedings of the International Conference on

Business Excellence, Sciendo, vol. 12(1), pages 118-128, May

[3] Gokhale, Pradyumna & Bhat, Omkar & Bhat, Sagar. (2018). Introduction to IOT. 5. 41-44.
10.17148/IARJSET.2018.517

https://www.techopedia.com/definition/31463/smart-device 16/9/2021

[4] Gaur, Aditya & Scotney, Bryan & Parr, Gerard & McClean, Sally. (2015). Smart City
Architecture and its Applications Based on loT. Procedia Computer Science. 52. 1089-1094.
10.1016/j.procs.2015.05.122.

[5] Bawany, Narmeen & Shamsi, Jawwad. (2015). Smart City Architecture: Vision and
Challenges. International Journal of Advanced Computer Science and Applications. 6.
10.14569/1JACSA.2015.061132.

[6] Su, Kehua & Li, Jie & Fu, Hongbo. (2011). Smart City and the Applications. 2011
International Conference on Electronics, Communications and Control, ICECC 2011 -
Proceedings. 1028-1031. 10.1109/ICECC.2011.6066743.

[7] Ricquebourg, Vincent & Menga, David & Durand, David & Marhic, Bruno & Delahoche,
Laurent & Logé, Christophe. (2007). The Smart Home Concept : our immediate future. 2006
1st IEEE International Conference on E-Learning in Industrial Electronics, ICELIE. 23 - 28.
10.1109/ICELIE.2006.347206.

[8] Shrouf, F., Meré, J.B., & Miragliotta, G. (2014). Smart factories in Industry 4.0: A review
of the concept and of energy management approached in production based on the Internet of
Things paradigm. 2014 IEEE International Conference on Industrial Engineering and

Engineering Management, 697-701.
51



[9] Dorothy J. Glancy, Sharing the Road: Smart Transportation Infrastructure, 41 Fordham Urb.
L.J. 1617 (2014).

[10] Islam, S.M., Kwak, D., Kabir, M.H., Hossain, M., & Kwak, K. (2015). The Internet of
Things for Health Care: A Comprehensive Survey. IEEE Access, 3, 678-708.

[11] Gondchawar, N., & Kawitkar, R. (2016). 10T based Smart Agriculture.

https://www.iot-now.com/2020/06/03/103228-5-challenges-still-facing-the-internet-of-
things/#compatibility 22/9/2021

[12] Yang, Yuchen & Wu, Longfei & Yin, Guisheng & Li, Lijie & Zhao, Hongbin. (2017). A
Survey on Security and Privacy Issues in Internet-of-Things. IEEE Internet of Things Journal.
PP. 1-1. 10.1109/1J10T.2017.2694844.

[13] Tawalbeh, Loai & Muheidat, Fadi & Tawalbeh, Mais & Quwaider, Muhannad. (2020).
loT Privacy and Security: Challenges and Solutions. Applied Sciences. 10. 4102.
10.3390/app10124102.

[14] Manoj Kumar, Nallapaneni & Mallick, Pradeep Kumar. (2018). The Internet of Things:
Insights into the building blocks, component interactions, and architecture layers. Procedia
Computer Science. 132. 109-117. 10.1016/j.procs.2018.05.170.

[15] Zhong, Chang-Le & Zhu, Zhen & Huang, Ren-Gen. (2015). Study on the IOT Architecture
and Gateway Technology. 196-199. 10.1109/DCABES.2015.56.

[16] Yousuf, Tasneem & Mahmoud, Rwan & Aloul, Fadi & Zualkernan, Imran. (2015). Internet
of Things (loT) Security: Current Status, Challenges and Countermeasures. International
Journal for Information Security Research. 5. 608-616. 10.20533/ijisr.2042.4639.2015.0070.

https://internetofthingsagenda.techtarget.com/feature/Common-application-layer-protocols-
in-loT-explained 27/9/2021

[17] Sharma, D. & Verma, Sandeep & Sharma, K.. (2013). Network topologies in wireless
52


https://www.iot-now.com/2020/06/03/103228-5-challenges-still-facing-the-internet-of-things/#compatibility
https://www.iot-now.com/2020/06/03/103228-5-challenges-still-facing-the-internet-of-things/#compatibility
https://internetofthingsagenda.techtarget.com/feature/Common-application-layer-protocols-in-IoT-explained
https://internetofthingsagenda.techtarget.com/feature/Common-application-layer-protocols-in-IoT-explained

sensor networks: A review. Int. J. Electron. Commun. Technol.. 4. 93-97.

[18] Sarawi, Shadi & Anbar, Mohammed & Alieyan, Kamal & Alzubaidi, Mahmood. (2017).
Internet of Things (10T) Communication Protocols : Review. 10.1109/ICITECH.2017.8079928.

[19] Mekki, Kais & Bajic, Eddy & Chaxel, Frédéric & Meyer, Fernand. (2019). A comparative
study of LPWAN technologies for large-scale IloT deployment. 5. 1-7.

10.1016/j.icte.2017.12.005.

https://www.sigfox.qr/#tech  2/10/2021

https://netmoregroup.com/sigfox-explained/ 2/10/2021

[20] Vejlgaard, Benny & Lauridsen, Mads & Nguyen, Huan & Kovacs, Istvan & Mogensen,
Preben & Sorensen, Mads. (2017). Coverage and Capacity Analysis of Sigfox, LoRa, GPRS,
and NB-IoT. 1-5. 10.1109/VTCSpring.2017.8108666.

ttps://www.i-scoop.eu/internet-of-things-iot/Ipwan/nb-iot-narrowband-iot/  2/10/2021

https://www.avsystem.com/blog/iot-protocols-and-standards/  3/10/2019

[21] Sofi, Mukhtar. (2016). Bluetooth Protocol in Internet of Things (10T), Security Challenges
and a Comparison with Wi-Fi Protocol: A Review. International Journal of Engineering
Research and. V5. 10.17577/1JERTV51S110266.

[22] Peter M. Mell and Timothy Grance. 2011. SP 800-145. The NIST Definition of Cloud
Computing. Technical Report. National Institute of Standards & Technology, Gaithersburg,
MD, USA.

[23] Aazam, Mohammad & Khan, Imran & Alsaffar, Aymen & Huh, Eui-nam. (2014). Cloud
of Things: Integrating Internet of Things and cloud computing and the issues involved. 414-
419. 10.1109/IBCAST.2014.6778179.

[24] Sowe, Sulayman K & Dong, Mianxiong & Kimata, Takashi & Zettsu, Koji. (2014).

Managing Heterogeneous Sensor Data on a Big Data Platform: loT Services for Data-intensive

53


https://www.sigfox.gr/#tech

Science. 10.13140/2.1.5183.6167.

[25] Yu, Wei & Liang, Fan & He, Xiaofei & Hatcher, William & Lu, Chao & Lin, Jie & Yang,
Xinyu. (2017). A Survey on the Edge Computing for the Internet of Things. IEEE Access. PP.
1-1. 10.1109/ACCESS.2017.2778504.

[26] Shi, Weisong & Cao, Jie & Zhang, Quan & Li, Youhuizi & Xu, Lanyu. (2016). Edge
Computing: Vision and Challenges. IEEE Internet of Things Journal. 3. 1-1.
10.1109/J10T.2016.2579198.

[27] Dolui, Koustabh & Datta, Soumya Kanti. (2017). Comparison of edge computing
implementations: Fog computing, cloudlet and mobile edge computing. 1-6.
10.1109/GI0TS.2017.8016213.

https://www.toolbox.com/tech/iot/blogs/iot-data-how-to-collect-process-and-analyze-them-
032619/ 11/10/2021

[28] Matin, Mohammad & Islam, Md. (2012). Overview of Wireless Sensor Network.
10.5772/49376.

[29] Mustapha Reda Senouci, Abdelhamid Mellouk, 1 - Wireless Sensor Networks, Editor(s):
Mustapha Reda Senouci, Abdelhamid Mellouk, Deploying Wireless Sensor Networks, Elsevier,
2016, Pages 1-19, ISBN 9781785480997, https://doi.org/10.1016/B978-1-78548-099-
7.50001-5.

[30] John, T & Ogbiti, & Ukwuoma, Henry & Danjuma, Salome & lbrahim, Mohammed.
(2016). Energy Consumption in Wireless Sensor Network.

[31] Ibrahim, Mohammad & Awang Nor, Shahrudin & Mahmuddin, Massudi. (2018). Data

Redundancy Reduction in Wireless Sensor Network. Journal of Telecommunication. 10. 6.

[32] Zhou, Xi & Xue, Guangtao & Qian, Chen & Li, Minglu. (2009). Efficient Data
Suppression for Wireless Sensor Networks. 599 - 606. 10.1109/ICPADS.2008.114.

54


https://doi.org/10.1016/B978-1-78548-099-7.50001-5
https://doi.org/10.1016/B978-1-78548-099-7.50001-5

[33] Verma, Neetu & Singh, Dinesh. (2018). Data Redundancy Implications in Wireless Sensor
Networks. Procedia Computer Science. 132. 1210-1217. 10.1016/j.procs.2018.05.036.

[34] Akkaya, Kemal & Younis, Mohamed. (2005). A Survey on Routing Protocols for Wireless
Sensor Networks. Ad Hoc Networks. 3. 325-349. 10.1016/j.adhoc.2003.09.010.

[35] A. W. Ali and Parmanand, "Energy efficieny in routing protocol and data collection
approaches for WSN: A survey," International Conference on Computing, Communication &
Automation, 2015, pp. 540-545, doi: 10.1109/CCAA.2015.7148437.

[36] Guravaiah, Koppala & Kavitha, Arumugam & Velusamy, Rengaraj. (2020). Data
Collection Protocols in Wireless Sensor Networks. 10.5772/intechopen.93659.

[37] Ahtiainen, Aleksi. “Summary of Rumor Routing in Wireless Sensor Networks.”

[38] Agrawal, Chetan. (2014). A survey of data collection techniques in wireless sensor

network

[39] Bhushan, Bharat & Sahoo, Gadadhar. (2017). A comprehensive survey of secure and
energy efficient routing protocols and data collection approaches in wireless sensor networks.
294-299. 10.1109/CSPC.2017.8305856.

[40] A. R. Khan, N. Rakesh, A. Bansal and D. K. Chaudhary, "Comparative study of WSN
Protocols (LEACH, PEGASIS and TEEN)," 2015 Third International Conference on Image
Information Processing (ICIIP), 2015, pp. 422-427, doi: 10.1109/ICI1P.2015.7414810.

[41] Grover, Jitender & Sharma, Shikha & Sharma, Mohit. (2014). A Study of Geographic
Adaptive Fidelity Routing Protocol in Wireless Sensor Network. IOSR Journal of Computer
Engineering (IOSR-JCE). 16. 2278-661. 10.9790/0661-16548896.

[42] Kumar, Arun & Shwe, Hnin & Wong, Kai & Chong, P.H.J.. (2017). Location-Based

Routing Protocols for Wireless Sensor Networks: A Survey. Wireless Sensor Network. 9. 25-

55



72.10.4236/wsn.2017.91003.

[43] W. Li, J. Bao and W. Shen, "Collaborative wireless sensor networks: Asurvey," 2011 IEEE
International Conference on Systems, Man, and Cybernetics, 2011, pp. 2614-2619, doi:
10.1109/ICSMC.2011.6084070.

[44] Li, Guorui & Chen, Haobo & Peng, Sancheng & Li, Xinguang & Wang, Cong & Yu, Shui
& Yin, Pengfei. (2018). A Collaborative Data Collection Scheme Based on Optimal Clustering
for Wireless Sensor Networks. Sensors. 18. 2487. 10.3390/s18082487.

[45] Fortino, Giancarlo & Galzarano, Stefano & Gravina, Raffaele & Li, Wenfeng. (2014). A
Framework for Collaborative Computing and Multi-Sensor Data Fusion in Body Sensor
Networks. Information Fusion. 22. 10.1016/j.inffus.2014.03.005.

[46] Boudargham, Nadine & Bou abdo, Jacques & Demerjian, Jacques & Guyeux, Christophe
& Makhoul, Abdallah. (2018). Collaborative body sensor networks: Taxonomy and open
challenges. 1-6. 10.1109/MENACOMM.2018.8371001.

[47] Munir, Saad & Ren, Biao & Jiao, Weiwei & Wang, Bin & Xie, Dongliang & ma, Jian.
(2007). Mobile Wireless Sensor Network: Architecture and Enabling Technologies for
Ubiquitous Computing. 113-120. 10.1109/AINAW.2007.257.

[48] Q. Fu, B. Banitalebi, L. Zhang and M. Beigl, "Energy-efficient collaborative data
collection in mobile wireless sensor networks,"” 2013 47th Annual Conference on Information
Sciences and Systems (CISS), 2013, pp. 1-6, doi: 10.1109/CISS.2013.6624264.

[49] Popescu, Dan & Dragana, Cristian & Stoican, Florin & Ichim, Loretta & Stamatescu,
Grigore. (2018). A collaborative UAV-WSN network for monitoring large areas. Sensors. 18.

4202. 10.3390/s18124202.

[50] http://www.cupcarbon.com/

56


http://www.cupcarbon.com/

