EOGNIKO METXOBIO ITOAYTEXNEIO

SN
37
£
X

- #®, w2\ XOAH HAEKTPOAOTQN MHXANIKON KAI
QuwyA WA SIS | MHXANIKON YIIOAOTISTON
- < FRLLLES
A gz? TOMEAY. SYSTHMATON METAAOZHS
S Y_V TTIAHPO®OPIAZ KAI TEXNOAOTIAY YAIKQN
3 Lg

Yuva0poron Asdopévev og Acvppoto AlkToa
AwcOnmpov

AIIIAQMATIKH EPI'AXIA

Avtaviog K. Kooxkivag

EmpBrénov: Havayione Kotmg
KoaOnynmge E.M.IL

AOnva, Defpovdprog 2016






EOGNIKO METXOBIO ITOAYTEXNEIO

N
37
£
X

- #®, w2\ XOAH HAEKTPOAOTQN MHXANIKON KAI
QuwyA WA SIS | MHXANIKON YIIOAOTISTON
- < FRLLLES
A gz? TOMEAY. SYSTHMATON METAAOZHS
S Y_V ITIAHPO®OPIAZ KAI TEXNOAOTIAY YAIKQN
3 Lg

2uvadpoion Agdouévov 6g Acvprata AlKToo
AwoOnTipov

AIITIAQMATIKH EPI'AXIA

Avtovioc K. Kookvég

Empiénov: Ioavayiotng Kotmg
Kadnynmg E.M.IT

EykpiOnke and v tppuein eetactikn emttponn) v 24" Moptiov 2016

IT. Kottng X. Koy ding
KaOnyntg E.M.IL KaOnynmg E.M.IL

I'. duawpne
Av.KaOnyntg E.M.IL

ABnva, Defpovdprog 2016



Avioviog K. Kookivag

Authopatovyoc Hiektpoldyog Mnyavikog kot Mnyovikoc Ymoloylotdv
E.M.IL

Copyright © Avtoviog K. Kookivdg, AOnva 2016

Me v emeOroén mwovtog dwkaimuatog. All rights reserved.

AmayopeveTon 1 ovTiypapr], omodnkevon Kot Sovoun NG Topovcog
epyoaciog €5 OAOKANPOL M TUAUATOS OLTNG YL EUTOPIKO  GKOTO.
Enurpéneton n avatdnmon, omobrkevon kot Olvoun Yl oKomo un
KEPOOGKOTIKO, EKTOLOEVTIKNG N EPELVNTIKNG PVGNG, VIO TNV TPovHTOHEST
VO, OVOQEPETOL 1] TTNYT TPOEAELONG KO VAL OLATNPEITAL TO TOPOV UVULLAL.
Epotuata mov apopovv tn ypnomn e Epyasiog yio KEpOOoKOTIKO GKOTO
TPENEL VA, ameLOHVOVTAL TPOG TO GLYYPAPEQ.

Ot amdyelg Kal 10 GLUTEPAGLLATO TOV TEPLEYOVTO GE ALTO TO £YYPAPO
exkppdlovy 10 ovyypoeéa Kol Oev  mPEmEL v epunvevdel Ot
aVTITPOCOTEVOLV  TIC emionueg 0O€oeic tov  EOBvikov Metoofiov
[ToAvteyveiov



Hepiinyn

H peydn texvoroyikn mpdodog €xel KOTOGTICEL EPIKTN TNV ovATTLEN
Acvpuatov Atoov AteOntpov (Wireless Sensor Networks — WSN).
Ta dikTvo dVTd amoteAovvToL amd KOUPBOLG-01GONTPES YOUNAOD KOGTOVC
KOl TEMEPAGUEVOV EVEPYELOKMOV amobepdtov. 'Evac moAd onuovtikoc
o1dyog elvar o0 oyedlacudg kot 1 xpnon HeBOd®V mov EmTLYYAVOLY
EVEPYELOKN AITOO0TIKOTNTO KOl EMEKTEIVOLV TN O1dpKela {oNg TV SIKTH®V
avt®v. Mo amd T1¢ pefddove avtég ivarl kot n cuvadpolor dedousvmv
(Data Aggregation).

YKomo¢ ¢ epyociog elvar n wPOTOGT EVOC GYNUOTOS AELTOLPYING TOV
YPNOUOTOLEL GLVADPOLIoT) OEdOUEVMV Kot TowTOypova eSac@aiilel 0Tl
1KOVOTTOLOUVTOL Ol TPOSIAYPOPES TNG TOLOTNTAG VANPESTiaG Tov TifevTan.
Y10 Kepdhowo 1 yiveton avagopd oto onuepvé OiKTLA OGVPUATOV
Ao POV KoL OTIC EPAPLOYES TTOL avTA eEvmnpetovv. 1o Kepdatio 2
emyelpeiton po TaEvopn o OAmv Tov LeBdO®MY Tov YPNGIULOTOLOVVTOL Y1
v emitevdn evepyslokne omodoTikotTnTog oto  AcVpuota  Aiktva
AlcOnmpov. Xto KepdAoro 3 yivetor eKTeEVC avopopd GTo TPOTOKOALN
Aertovpyiog Tov ¥PNGLUOTOOVY cLVADPOIGT dEOOUEVHV TOPOVGLALOVTOC
TO, TAEOVEKTNUOTO KOl TO HEOVEKTNUATA TOovs. Xt0 Kepdiowo 4
TOPOVCIALETOL KO SLOTLTOVETAL TO TPOTEVOUEVO GYNUOL AElTOLPYiag.
Téhoc, oto Kepdhao 5 oamewoviCovror Otoypdupatoa, Tto omoia
TPOKVTTOLYV  UETA MmO TPOGOUOIMCELS o€ OlkTva 6T0 TEPLPEAAOV
MATLAB kot 6yoMalovtot To. 0moTEAEGLOTAL.

Aé&gerg — Kieona

Aocvppata Atktva AteOnpov, Zovabpoiorn Asdopévov, Evepyetaxn
Amodotikotnta, Eeapuoyéc Iapatrpnong, Aévopo Xvvdabpotong
Agdopévmv






Abstract

Recent advancement in electronics has enabled the development of
Wireless Sensor Networks (WSN). These networks are composed of low-
cost sensors that have limited power recourses. One of the main goals in
WSN field is the design of energy efficient methods that prolong the
network lifetime. One of the most important methods is Data Aggegation.

The purpose of this diploma thesis is the study of an aggregation scheme
that guarantees a level of Quality of Service. The first chapter describes the
current state of the WSN and mentions applications, in which WSN are
used for. The second chapter provides a taxonomy of all the techniques that
are used for achieving energy efficiency in WSN. The third chapter
provides an overview of the protocols that use Data Aggregation as well as
their advantages and disadvantages. The problem under consideration is
formulated in the fourth chapter, where also the proposed scheme is
presented. Finally, the fifth chapter presents diagrams built from
simulations in different networks and results are discussed.

Key Words

Wireless Sensor Networks, Data Aggregation, Energy-efficiency,
Monitoring Applications, Tree-based Aggregation
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KE®AAAIO 1 - AXYPMATA AIKTYA AIXOHTHPQN

1.1 Ewsayoyn

H paydaio e£EMEN g texvoloyiog Kot 1 av&avopevn xpMon aGVPUAT®OV GUGKEVHV
Katd TG TeAevtoieg Oekaetieg €xel odnynoel oty avobedpnorn TOL TPOTOL
OVTILETMOTIONG TOV AGVPUATOV JIKTVOV. Xg avtifeon pe Ta mapadostoKd evovpurota
diktva, To acvppota dikTva Yopakpilovtol amd TV EALELYN KEVTIPIKNG dloyeiplong,
1 OLOKOAMO TPOGEYYIONG Kol PUVOIKNG TAPOVGIAG 6TO diKTVLO, TNV AVAEIOTIGTION TOV
ACVPULOTOV OLAOAOV, TNV KIVITIKOTITO KOl TOVG TEPLOPIGLOVS TMV TOP®V TOV KOUPwV.
Enopévmg, ota acvppota diktuo eReaviCeTon EMTOKTIKA 1 ovAYKn Yo e£0opaion
avtoévoung Asttovpyiag. H €vvola Tov owTOVOU®V GLGTNUAT®OV VTOAOYIOTMOV Kol
emovoviav BepeMmbnke apyikd and v [Ipotofoviia Avtéovopov Ymoroyiopon
(Autonomic Computing Initiative, ACI). I'a va yopakmmpiotel £vo 6OGTNUO. GVTOVOLO
TPETEL VAL OLAOETEL TOL TOAPAKATM YOLPOKTNPLOTIKA:

i.  To ovomuo Tpémel va eEAEYYEL TIG ECMTEPIKEG KO EEMTEPIKES TOL AEITOVPYIES,
Yopic eEmtepikn mapépuPaoc.

ii.  To ovomua mpénel va givor og Béon va Tpocapudletor ot HeTAfOrEC TOV
ePPAALOVTOG 6TO 0moio PPicKETAL, KAVOVTAG TIC OTOPUITNTES TPOTOTOMGELS
yio T PerTioTomOinoN TG AELTOVPYiaG TOV.

iii. To oVomuo mpénel va givor dapkdG eviuepo ote va givar o Béon va
avTihapBdavetol Eykoipa T LETABOAES Kot VoL ovTIOPE KOTAAAAMG.

Ta oaocOppato diktva mov JSwbétovy ovTOVOUN AETOVPYID GUVAVTIMOVIOL OTN
Biproypagio wg acvpuata avtd-opyavovuevo diktvo (Wireless Self-Organizing
Networks, WSON).

Ymv gvupotepn katnyopia tov WSON avikovy ta acvpuate ad hoc diktva, dniadn
diktva To omoio oyNuatiCovtol OTOVONTOTE KOl OTOTEONTOTE, OlY®G TNV avaykn
vmapéEng kamowog vrodouns. Ot tpeig peyareg katnyopiec WSON dwctdov eivar ot
aKoOAovOeg:

i.  Aobpuora dixtva aientipwv

Ta oacOppoto diktve awebnipov (Wireless Sensor Networks, WSN)
aroteAobvtalr amd éva  mANBoc acVppatwv  acOnmipov  mov  eivol
EMPOPTICUEVOL HE TNV TAPOKOAOVONGT €VOG 1 TEPIOCOTEPOV PUCIKAOV
QOVOLEV®V TTPOLY LLOTOTTOLOVTOG LETPNGELS TV KOTAAANA®Y QUGIK®OV HEYEDDV.
To olktva avtd eivor opoyevr], a@ol amotehovvion omd KOuPovg pe
TOVOLOWOTUTIEG  Agttovpyieg ko dvvatdtres. Ov  kéuPor  dabétovy
TEPLOPIGUEVOVG EVEPYELNKOVG KOl VITOAOYIOTIKOVG Ttopovs. Ta diktva avtd
umopet va elvanr peyding kAMpokog pe ekatoviadeg N yades koéppovg. H
TopoLGa STAGUOTIKN epyacio Oa aoyoAnOel e avtiy TV Katnyopio SIKTO®V.
Mo ovto Oa yivel ektevésTepN OVOQOPE GE OVTA GE ETMOUEVT] EVOTNTO.

ii.  Aobpuara yaotikd diktoa
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Ta acOppoto  yootikd diktva  (Wireless Mesh  Networks, WMN)
YPNOULOTOOVVTAL Yol TNV TOPOY VANPECIOV AladIKTOOV ©€ SVOUEVEC
nepBdriov. Tagvopovvior oe Tpelg Pacikéc Katnyopieg: to dikTuo VITOOOUNS
WMN (infrastructure WMN), ta diktva ntehotov WMN (client WMN) ko to
vpdkd diktvo WMN (hybrid WMN). Ot képfotr tov diktdwv vrodoung
WMN oymuotiouv éva pikpd 6IKTLO TOPOYNG LANPECIOV KOl TPETEL VO
avtomokpivovtar otnv vynAn {tnon v eévanpétmon tov WMN diktoov
neratov. Tao WMN diktvo ntedatdv mtpénet va gyyvdviot v e£ac@olopuévn
oUVOEDT] TV KOUPOV-TEANTOV TOVG HE TO OIKTLO VTOdOUNG, TOPd TNV
€TEPOYEVELN GTOVS TPOTOVG cVVOESTS. Ta vPpLdkd diktva WMN amotedovvton
KoL 0o KOUPovug-uvmodopuns Kot omd KOUPouG-teAdTES.

lii.  Adixtoo ue avoyn oe kabvotépnon/axoodvocon

Ta diktva pe avoyn oe kobvotépnon/arocvvoeon (Delay/Disruption Tolerant
Networks, DTN) amotehovv pio Katnyopio. OGGUPUOTOV OIKTO®V TOV
avamtuooovtol o€ duvapikd  mepidiiov  pe  avtiEoeg  ocuvOnKes.
Xapaxtnpilovior amd cuyvEg SLUKOTES EMKOVMVING LETAED TV KOUPWV, EVD
dev glval mAVTOTE €PIKTN 1M OVVOESN TOL KOUPov-TnyNg pe Tov KOUPo-
mpoopopd.  Xta  Olktva  owtd ot kOpPor  dabéTouv  mEPLOPIGUEVOLG
EVEPYELNKOVG, EMEEEPYUCTIKOVE KOl ATOONKEVLTIKOVE TOPOLG.

1.2 AcVppata diktvo arsdntipov (WSN)

‘Eva acvppato diktwo acOnmpov (WSN) givor o vrodopn mov amnoteAeiton omd
otoyela aicOnong (HETpnong), LTWOAOYIOUOD Kol EMKOWMOVIOG KOl TAPEXEL TN
SVVATOTNTA GTO OLUYEIPLOTN TOV OIKTVOL VO TOPATNPEL YEYOVOTO KOl PUIVOLEVO, TOV
ocvpPaivouv oe €va ovykekppévo mepPPAALOV Kol va aviopd kotoAAAmg. O
EMTNPNTAG TOL OIKTVOV €ival GLVNOME KATO10G KOVMVIKOG, KUPBEPYNTIKOC, EUTOPIKOG
N Bounyovikdg opyavicuog.

Ta onuepva acvppota diktva aeOnmpov arnotelovvror amd peydro aplduod eOnvaov
GLGKEVMV TOL HLOGVVIEOVTAL LETAED TOVG LE XPNOTN ACVPLOTNG ETKOWVAOVIOS YOUNANG
oyvoc. Xtoxog €vog WSN diktvov elvar m mapakolovdnon evog 1 meEPLGGOTEP®V
PLOTKAV POVOUEVAOV TOL AAUPAVOLV Y DPO EVTOS LG TEPLOYNG EVOLOpEPovTOC. Kabmg
T WSN avantbccovtol o€ meployég omov 1 avOponivn tapéufoon ivor SOoKoin 1
wlaitepa damavnpn, 1N AELITOLPYio. TOLVG TPEMEL VO €IVl QVTOVOUT. ZOUPOVO UE TIG
katevbvveelg g IBM, yia va gival éva 60T 0VTOVORO TPETEL Vo S100ETEL TOL EENG
YOPOKTNPLOTIKAL:

1. Avto-pvOon (self-configurable)

2. Avrto-Beltiotonoinon (self-optimizing)
3. Avto-ntpootacio (Self-protecting)

4. Avto-iaon (self-healing)

H w16tta ¢ avto-pubuiong egacpariler 6t éva WSN puBuiler diywg eEwtepikn
TopEUPAcT TIG TOPAUETPOVS TOV ATALTOVVTOL Y10, TNV OHLOAN Asttovpyia tov. EmimAéov,
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N w1 TO NG AVTO-PEATIoTONTOINGNG TP0sdidel 6to WSN v tkavoTnTo TPOGaprOYNS
TOV TOPUUETPOV AELTOVPYING DGTE 1| GUVOAIKT AELITOLPYIO TOL SIKTVOL VO TOPAUEVEL
Bértiot. H 1d10mta g avto-npootacioc cvvemdyetonr 6Tt éva WSN €xel v
wKavoTNTo Vo TPOAaUPavel Kot vo avTILETORICEL amOTEAEGUATIKG HETOPOAEG TTOV
EVOEYOUEVMG amEILOVV TNV OHOAN Agttovpyia Tov. Télog, n WOt TG avTo-l0oNG
emupénel o éva WSN va dwryvooet mbavn dtatapoyn g Aettovpyiag Tov, v aitio
OV TNV TPOKAAESE AALE KOl TPOTOLG ETAVAPOPAS TNG PEATIOTNG AE1TOVPYING TOV.

H odoun evog WSN eivar oyetikd omin. 'Eva WSN anaptileton and éva cOvoro
acvpuatev KouPov-aicOntpov (Wireless Sensor, WS) ékactog Tmv omoiwv o€
KOTOAANAES ypovIKES oTIYUEG Oeldyel HETPNOES TV QUOIKAOV peyeBmv mov
evowpépovv. Ta dedopéva mov cvAA&yovtalr amd Tovg KOpPovg evog WSN
ovyKevIpdvovial cuvROmg otov KopPo-cvAréktn (sink node) tov WSN. Xvvifwg, o
KOUPOG avtdg £xel LEYOADTEPT VTOAOYIOTIKT] 1GYD KOl EVEPYELNKOVS TOPOLG OO TOVG
VIOAOUTOVS KOUPOLG TOV H1KTVOV. XPNGUYLOTOLDOVTOS TEXVIKEG OCVPLOTNG EMKOVOVIOG
ot KOppot acOnmpeg pumopodv va emkowvaovodv petacd tovg. Opwmg, Adyom TtV
TEMEPUCUEVAOV EVEPYELOKDV TOP®V OV d1aféTouv ot kopuPot evog WSN, eivar avépuetn
N anevbeiog emKovmvia OA®V TV KOUPB®OV TOL J1KTVOV [e Tov KOpPo-cuALékT. o
10 AOyo avto, viobeteiton cvvnBmg por AsrTovpyiot TPOMONONG TOV UNVOUATOV
mAnpoopiag Prua mpog Prna  amd tov apyxtkd KOPPo-amocTorén pEYPL ToV KOUPo-
ovALEKTN. Emopévac, kdbe achppatoc kKOUPog, ektdc amd HETPMOoTN KATOL0U 1 KATOLWmV
ueyebav, Tpémel va eivar og 0éomn va emeEepyaletor dedopéva, vo, amodnkevel dedopuéva
Kol v, emkotvovel pe dAlovg kopupove. Anradn, ot kOpPor evog WSN avorappavovv
Eva O1TAO POLO: 0PEVOC, AELTOVPYOVV MG TNYEG TANPOPOPLOC TOV TPOEPYETAUL OO TOV
aeOnTNpa TOVG Kal, OPETEPOV, AELTOVPYOLV ®G EVOLAUEGOL KOUPOL-OVOUETOOOTES
pnvopdtov  dAAov kouPov tov dwktvov. Térog, pHéEcm TOL KOUPOL-GLAAEKTN
eMTLYYAveTAL Kot GOVIEST), GLVNOWOG LEG® TOL ALAGTIKTOOV, TOV AGVPLOTOV HIKTOOV LE
7O SLOYEPLOT TOV GLGTNUATOG, 0 0moiog aglomotel T AapuPavopevn TANPoPopia.

H npoavaeepbeica apyrrextovikn tov diktvwv WSN aneucoviletor kot 6to axdiovdo
GXnHo.
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xnua 1.1: Apxitektovikr Stktowv WSN

1.3 Ileprypa@i] Tov a.cVppotov Képpfov arsdntipa

H e&éMEn g teyvoroyiog TG HKPONAEKTPOVIKNG TOV €YEL GLUVTEAESTEL KOTA TIG
tehevtaieg Oekoetieg emTpémel T oxedioom KoL TOPOY®YN]  OAOKANPOUEVOV
KUKAOUATOV KOl GUOKELMV HE CYETIKO UEYOAEC VTOAOYIOTIKEG SUVATOTNTEG, HIKPO
OyKo Kot YopUnAo k6oTog mapaymyns. H xatnyopio Tov cuGTNUATOV 00TOV KoAgiTton
MEMS ( Micro-Electro-Mechanical Systems). Mo and Tig TAEOV OVTITPOCOTEVTIKES
xpNoelg towv ovotnudtov MEMS apopd ™ Oonuovpyio acHpuotov koéupov
acOnmpov (Wireless Sensors, WS).

2t ouvéyewl, mopovcstalovior To OOMKO oTotyEld €vOC acVPHATOL  KOUPOv.
[Tpokeévor «dBe KOUPOC-MGONTAPOC VO TPOYUOTOTOMGEL TIS OITOPOATNTES
Aertovpyieg g UETPNONG PLOIK®OV peYeDdV, TG emeiepyaciag dedoUEVmV KOl TNG
emuovaviag pe dAlovg kOpPoug ypetdleton o myn evépysoc. Avti 1 mnyn eivon
ocunbwg po pmatoapio, yioo v omoiad cuviBmg dev €xel VIAPYEL M dLVATOTNTA
avtikatdotoons. Avtd €xel g amotélecpo ot kOpPol-oucOntipeg va  €yovv
TEPLOPIGUEVAL EVEPYELOKA amoBépata. Xmovidtepa, o KOpPog-ocOntnpog Otabétel
NAMoKO TAVEL, LEGM TOV OTOIOL EMITLYYAVETOL UETATPONN TNG NAMOKNG EVEPYELNG GE
NAEKTPIKT KOl GTN GLVEYELN YIVETOL ETOVOPOPTIOT TNG Uratapiog. Akoua, OU®S, Kot
oe Mo Ttétown mepimTomn, M mapdtacn g Owbpkelag Long tov kOépPfov mov
emruyyavetal 0ev aALALEL TO YOPOKTNPLOTIKO TNG EAAELYTG EVEPYELOKDV TOP®V TMV
KOupov-acOnmpov. Eriong, kabdc ot kopPfor cvvepydlovtar peta&d Tovg Yoo T
HETAPOPE TANPOPOPiag TPOS TOV KOUPO-GVAAEKTT, KOOe KOUPOG-GLALEKTNG OlabéTEL
VAU Y10 TNV TPOCMPIVY OmOONKEVGT| OEQ0UEVAV, EMEEEPYUCTH Y10 TNV KOTAAANAN
eneepyacio TV dedopéEVOV Kat, EMTAEOV, VOV TOUTOOEKTY TEPLOPIOUEVNG EUPELELOC
Ko KepoioL.

24



Avtiotoyo pe TO €100G NG €QOPUOYNG OV eEVTMMPETEL TO AGVPUATO OIKTVLO
acOntpov, ot kOpPot propet va dtaBétovy Tpdobeteg povadec. Zvykekpipéva, etvat
m0avo va d1abétovv éva cuotnpo evtomiopov Béong (location finding system). Eriong,
umopet va dtafétovy cvoTnUa Kiviong, MOTE vo, LITopovy vo Letakivnfodv o PKpEg
OTOGTACELS KAOMS Kot Vo LETAPBAALOVY TOV TPOGAVATOMGUS TOVG. Ot pLovadeg avTéc,
TAVTOS, elval TPOALPETIKEG Kot OEV amoTeLOVV T Yevikn mepintwon. Ola to dopukd
ototyela evog kopPov-aicOntpa omewoviCovror oto Xy. 1.2 .

evviitpua loxvog ZVotnua Kivnang Ibompa Evromiopol Oéong

]

woamie L] r0c L s [l st
Mnatapic
)

Mvrun

Zynua 1.2: Aoutka ototyeio kopBou-atodntripa

H apyitektovikn evoc acvppatov KOUPov amoteleitor amd 1€66EPIS SOUIKES LOVAOES.

Avtd givar (1) n povéda mpoypappoticpod (2) n povéda actntpov (3) n povéda
OlEMAP®V OoVPUOTNG eMKOVoViag kot (4) n povada emeéepyaciag. H aviiotoyn
OPYLTEKTOVIKN Qaivetal 6to Xy. 1.3.
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k AcuUppatog kopPog-aleBntrpag

Sxnua 1.3: Apxttektovikn kouBou-atodntrnpa

N

Méow ™G TAATEOPUOS — TPOYPOUUATICHOV,  TPOYUOTOTOLEITOL O  OpYIKOg
TPOYPOULATIGHOG TOV 06V PUATOL KOUPOL, dALL vITApYEL Kat duvatotnTo avafaduiong
T0V Aoyopkov tov. H mhateopuoa acOnmpov mepthapfdver 6ho ta. amapoitnto
LETPNTIKE OpyOava TOL aviyveDOLV TO 1| TOL VIO TOPAKOAOVONGN PLoKd Parvopeva. Ta
opyava avtd pmopel va PETPOLV QLOIKA peyédn Omwg Oeppoxpacia, vypaocia,
QOTEWVOTNTA, £VTAON VIEPLOOOVS OKTVOPOALNG, MAEKTpopoyvnTiKd media, Evioom
CEIOUIKAOV dovicewv HeTalh dAAwv. Ot dlema@és acHPUOTNG  ETIKOVOVING
amoteloVVTOL GUVNOWG Amd TOUTOSEKTN KOl EVIGYVLTN EKTOUTNG. MEC® avTOV TV
dtemapov kabictatol Pkt 1M emowvmvia Tov kOpuPov 1o VTOAOMO OiKTLO
awoOnmpov. Téhoc, m povdado emeCepyaciog eivor AppNKTO CLVOEdEUEV] HE TN
Aertovpyia Tov koOuPov, Kabmg emeEepydletan TIc pHeTpNoelg mov Aapupavovtol ard
dAhovg KOUPoLG Kt TIg LETPNGELS TTOV Aapdvovtor amd tov 1010 Tov KOUPo, cOLP®VA
LE TIG EVIOAEG TG povadag mpoypappatiopod. Exiong, elvar n povada mwov @povtilet
YL TNV €QOPULOYN TOV TPMTOKOAAOL EMIKOWVMVIOG EKTEAMVTOS LTOAOYIOUOVS KOt
Aoppavovtag avticToyeg amopacels.

2T YEVIKN TEPIMTMOON, Yo TN Agltovpyion €vOC aGVPUOTOL OKTVOV cucONTP®V
amotteitol HEYAAOG Kotd Kavova aplpnog achpuatov KOuPmv. Avtd £xel wg GUVETELD
TNV OVAYKT) EA0YLGTOTOINGCNG TOV KOGTOLG Tapay wyng TV KopPwv. Me faon To okomd
YPNONG TOV OCVPHAT®V KOUP®V, TO TEXVIKE YOPOKTNPIOTIKA TOVG TApOLGLalovv
OPKETEG OLOPOPOTOLNCEL TOL 0ONYOLV GTNV €vTan TOVG G OVO KOTNYOopieg UE
KPLTNHPLO TIG SVVATOTNTEG TOVG.

H npdn xatnyopia amotereiton amd KOUPOLS YOUNADY DTOAOYIGTIK®Y OUVATOTHTMV.
Ot képPor avtg ¢ Katnyopiag SBETOLV HKPOETEEEPYOOTN OYETIKG YOUNANG
ovyvotnrag Aettovpyiog ( 4MHz — 16MHz). Awbétovv, emiong, uviun tomov flash
yopntikomrag 8KB £wg 512 KB ko uviun toyaiog tpoomélaong yopntikotntag 0.5kB
émg 64kB. TTiBavig Tuég ™G eEPOVOAG GLYVOTNTAG OV YPNOLLOTOIEITAL Yol TNV
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emovovia petald tov KOpPov givar to 868MHz yia v Evponn ko ta 915MHz
oV Apepikn. Mo akoun mlavn tiun g eépovcag cuyvotntag ivon to 2.4GHz, 0
onoia givon emtpenty| og maykoouo eninedo. Ot puOpol PeTddooNg TOL EMLTVYYAVOLY
ot koppot kupaivovtar peta&t 10kbps ko 250kbps. Europikoi koppot mov avikovy o
avutnVv Vv Katnyopio givar ot Mica/Mica2/MicaZ, IRIS, Telos/TMode kot EYES.

H devtepn «xoatmyopia omoteAeiton amd kOUPOVG VYNAOTEP®V VIOAOYICTIKOV
dvvatotrtev. Ot koupot avtng ¢ Katnyopiog dtafétovy enelepyaotés e cuYVOTNTEG
oV pmopovv va, pBdcovv axopa kol ta 400MHz. Avtictotya, n pviun amodnkevong
TV KOUPwV avtdv pmopel vo eBdcel péxpt ko to 32MB ko 1 pviun toyaiog
npoomélaong ta 64MB. Ot pépovoeg cuyvoTteg Kot 0 puOpodS petddoong dedopévav
KWvoOVTal 6TO 1010 €VPOG TYMV, GE OYEON HE TOLG KOUPOLG TNG TPOTNYOVUEVNG
katnyopiag. Epmopwol xéppfor vynAdv vIOAOYIGTIKOV dvvoTtotTOV glval Ot
IMote/IMote2, Stargate ka1 Netbridge NB-100.

Ot acHppatol KOpuPot TpoPodoToVVTUL OO UTOTAPIES TEPLOPIGUEVTG XOPNTIKOTNTOG.
O meploptoodc oVTOG S1oPOPOTOLEL Ta dikTLO GONTAPOV ATd TOL VTOAOITA dTKTVLO KOl
npémel vo. AapPdavetor ToAD coPapd vwoOYN KATO TO OYESUGHO TPOTOKOAA®V
Aettovpyiag.

1.4 Xroipa Ilpotokériov tov WSN

Onmg 101 avapépinke, To acvppato diktoo ccOnmMpov arotelovviot cuVHOWS omod
EKOTOVTAOEG ACVPUOTOVS KOUPOLG KOl 1 ovATTTUEN TOL YiveTol o€ TEPLOYEG OOV M
avBpomivn tpocPacn eivar dvokoAn 1 advvarn. Emopévacg, omotadnmote mapsupoon
ot Aertovpyio TV KOUPwV pETA TV TOmOBETNON TOLG €lval OVGKOAN &ite Yy
OLKOVOLIKOVG  €1T€ Y10 TPOKTIKOVG AOY0ovS. AVvTO £XEl MG AMOTEAEGHO O1 KOUPOL TOV
OIKTHOL VO £XOVV TEPLOPIGHUEVO EVEPYELOKA AODENOTA, XOPOKTNPIOTIKO TOV KaOoTA
UN OTOd0TIKY TN XPYT|ON TPOTOKOAA®Y AEITOLPYIOG TOL Y PNCLULOTOLOVVTAL GE AAANG
popeng diktva. Avtifeta, amorteiton 1 oxediaon VE®V, EVEPYEINKA OTOOOTIKAOV,
TPOTOKOA®V Tov Ba €rouv ®¢ Pacikd otdro ™V €£0IKOVOUNCN EVEPYEWNG TV
KOUPoV.

H otoifa mpotokdriwv mov ypnoonoteiton o évo WSN amotedel tpomomompévn
exdoyn g otoifag mévie TpoTokOAA®Y Tov poviéhov OSI, akpifag emedn to WSN
TOPOLCLALEL OPICUEVEC OIOHOPPIEC TOL OV GLVOVTIMVTOL O GAAD  OiKTVLOL.
Yvykekpéva, ot otoifa tpwtokOAlmv tov WSN vrdpyovv ta mévie GTpOUATO TOV
VILAPY oLV 6T0 KAaGG1KO poviého OSI, dnhadn 10 PUGIKO GTPOUA, TO GTPDOUO GOVOECTG
dedopévav, To GTPOUN OIKTOOV, TO GTPOUN LETOPOPAES KOl TO CTPMUL EQPUPULOYTG.
EminAéov, opwc, opilovron kan dAla €€t emineda oyedacuov. Ta enineda avtd gival To
EMIMEd0 OloyElpLoNg EVEPYELONG, TO €MIMEdO OlaYEIPIONG KIVNTIKOTNTOS, TO EMIMEDO
dlayeipiong epyacidv, 1o eninedo diayeipiong Tomoroyiog, To mXiNEdO GUYYPOVIGLOD
KOl TO €M{NEdO GLVVTOVIGHOV. Mol GUVOMKN €1KOVA TNG 6TOIROG TPWTOKOAAWY EVOG
WSN divetar 6o Xy. 1.4.
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Zxnua 1.4: stoiBa mpwtokoAAwv evog WSN

2T GULVEKEW, TEPLYPAPETOL TOAD GLVORTIKA 1 Agttovpyia TV mTpoavapepfelcmv
ovtottwv. To @uoikd otpodpo givor vredbvvo yo TV KOIIKOTOINoN Kol TN
SLOUOPPOON TOV CNUATOV emKoveviag LeTaéd Tov KopPov. To otpopo chvdeong
dedopévav epovtiletl Yo v a&lomotn enkovavio LEc® Tov BopuPddoVg 0GVPLATOV
SLWA0L e TNV EPOPUOYT TEXVIKOV d10pBmong Aabdv oAl kot Yoo TV and Kowov
npocPacn 6to kKowd PéEGo, epapuolovtog KatdAinia cynuata tposfaong, MoTE vo
ATOPEVYOVTOL GVYKPOVGELS LETASOOCEWY OvVaESH 6ToVG KOUPBovs. To otpdpa dikthov
elvar vreHOvvo yia TNV VPEST TG KOTAAANANG S10dpoUnG Yo T OPOLOAOYNOT| TV
TOKETOV TOV KLVKAOQOpoVUV oto diktvo. To otpopa petagopds ¢povtilel yo
ST PNoN TNG OMOULTOVUEVNG PONG Oedopuévev oTo diktvo. To oTpdue eQaproyns
wpodlay pdeel T cVVOAKN Asttovpyia tov WSN.

To enineda oyedwopod eivar exeiva mov acyorlovvion pe tn PeATIoTONOINGN TNG
Aertovpyiog Tov SIKTHOV. ZVYKEKPUEVA, TO £MImMEdO daxeipiong evépyetag kabopilet
TNV EVEPYELNKN GLUTTEPLPOPE TOV KOuPov. [Ma mapdderypa, av akoAovbeital ypovikdg
TPOYPOUUATIGHOG Y10 TIS OTOGTOAEG UnvopdTov, kabe koppog puropet vo amopacilet
Vo gvepyomolel TOV TOUMOOEKTN TOV UOVO GE GUYKEKPLUEVO YPOVIKA OLOCTNLOTO
TPOKEWEVOL VO, UnV omotaAd evépyela. Emiong, otav mincidler n eEdviinon tov
EVEPYEWNKAV TOV amoBepndtmv, Kamolog kKOUPog pmopel va EVUEPDCEL TO VITOAOUTO
OIKTLO GYETIKA Kot vo Aertovpyel HOVO ™ YN OEOOUEVOV KOl Ol OG EVOLAUECOG
kOoupog. To emimedo Swuyeipiong KwnTuikoéTTOG €VOG KOUPOL KoTaypapel mOavEG
LETOPOAEG OTIC OEGELS TOV YEITOVIKMY TOV KOUP®V, DGTE VO 0ELOTOMGEL TN YVMOGT 0LUTH
Kot TN OpopoAdynon mokétmv mov AapPaver. To emimedo dwayeipiong epyacidv
ovvtovilel Kot ypovompoypapplotilel T dtadtkacio LETPNONG LG EVPVTEPTC TEPLOYNG
KOopPov, dote, étav dev vdpyel KOmowo cuuPav va un degdyovv petpnoelg OAot ot
KOUPot TG mEPLOYNS TP LGVO £V VTTOGHVOLO AVTMV.

To emimeda €vVIOMIOUOD, GLYYXPOVICHOL Kol Olayeipiong tomoloyiag Aeitovpyoldv
ovvepyotikd pe ta vrolowma otpopoare. tov WSN, dote va vAomoucouvv
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dotpopatikég (cross-layer) teyvikég e€owcovounong evépyetog. I'a v a&lordynon
TOV AQUPOVOUEVOV UETPNCEMV OMOLTEITOL GUYYPOVIOUOG UETAED TV KOuPwv. To
eninedo evtomopov, emiong, €ivor mOAD onuoavtikd Yo v aflomoinon g
Aappavopevng tanpopopioc, Kabmg, EKTOS amd TNV TIUY TOV PLGIKOL peYEBovg, cuyva
amotteiton kot to onueio émov Eywve n pétpnon. To eminedo droyeipiong tomoroyiog
etva xpNopo og TePITOGELS HTapENG TPOSLAYPAPAOV Yo T cuveEKTIKOTNTA TOL WSN.
H ovvektikétnro evog owrtbov oyetieton pe 10 mAN00¢ duvatdv S0 0popdv
nAnpopopiag amd Kdamoov kKOuPo mpog tov kouPo-cvAréktn. ‘Etoi, to emimedo
dwyeipiong tomoAoyiag pumopet vo meptypdyel £vo VTOGUVOAO KOUP®V oG TEPLOY NS
OV UTOPOVV VO KAEIVOLV Y10 KATTOL0 Y POVIKO SIAC TN TOVG TOUTOOEKTEG TOVG, iy MG
Vo KIVOLVEDEL 1] GUVEKTIKOTNTO, TOL OTIKTVLOV.

To peyddo g0pog TV epapproy®v oTig onoieg ypnoiporotovvrar to. WSN og cuvdvoouo
pe MV ovayKn OlachVOEoNS OIKTUMV HE OLOPOPETIKA Y OPOKTNPLOTIKE £YEL MG
amoTéAESHA TV TTPOKANoN mpoPAnudtev cvupotdémroc. o v omoteleouotikn
AVTLETOTION TETOWV {nnudtemv &xovv dotvmmbel amd O1GpOpovS OPYUVIGHOLG
ovykekpipéva Tpdtuma Asttovpyiog twv WSN.

Yyetikd mapaderypo anoteAel to wpdtumo IEEE 802.15.4, 1o omoio ekdoOnke amd to
Ivetitovto HAiektpordywv kar Hiextpovikdv Mnyavikov (1.E.E.E), oto yevikdtepo
TAQIG1O TG TPOTLTTOTOINONG TV AGVPUATOV TPOCSOTIKAOV OIKTV®V YAUNA0D puOoh
puetddoonc (Low-Rate Wireless Personal Area Networks, LR-WPANS). Ztnv
Katnyopio T@V SIKTO®V avt®v evtdocovtor kot ta diktvo WSN. Xdupwvo pe to
TPOTLTLO AVTO, opilovTal ot TPELg LOVEG CLYVOTITMV GTIG OTOIES EMTPEMETAL 1] EKTOUTN
onuatev yopic aderodomon. Ot Loveg avtég eivan mept To 868 MHz yio tnv Evponn,
o 915MHz yuoo v Apepikn kon ta 2.4GHz o¢ moykdouo enimedo. EmumAéov, to
TPOTLTLO TPOSLAYPAPEL KO TO PVGIKO GTPOUA TPodtay papovTag Kwdwkoroinon BPSK
(Binary Phase Shift Keying) ywo tic 600 mpdteg {dveg cUVOTATOV Kol KOITKOTOINoM
0-QPSK (Offset-Quadrature Phase Shift Keying) ywo v Tpit {@vn cvyvotntmv.
Eniong, ovotivovtor kot GdAkeg vAomomoelg mov  Pocilovion o€ oynuarto
Kodikomoinong 6mwg to ASK (Amplitude Shift Keying), to CSS (Chirp Spread
Spectrum) kou o GFSK (Gaussian Frequency Shift Keying). Xto eninedo chvdeong
dedopévav, yioo v TpdcPocn 610 Kowd pEGo opilovial KOTAAANAL GYRUOTO TOV
EMTPEMOVY TNV  OMOTEAECUATIKY emKowvovio petald tov koupov. Télog, To
npwtékoiro IEEE 802.15.4 mpodiaypdpet vianpeoieg oxeTIKES e EUMIGTELTIKOTNTO KO
av0evTIKOTNTO SEOOUEVMV.

Kaitot 10 mpwtdékorro IEEE 802.15.4 vlomoleitw amd tnv mieoynoeio Ttov
KOTOOKEVOOTAOV OCVPLOTOV KOUPOV-a1cONTNpOV, 0EV OVOPEPETOL OMOKAEIOTIKO GE
diktva WSN. T'a to Adyo anto, o AapPavel vmoyT TOL T 110ITEPO YOPAKTNPIOTIKY
TOV SIKTO®V avTdv. H avaykn yio elaylotomoinon e KoTtavalmong EVEPYELNG TOV
amoTteAEl TpoTEPALOTNTA Y10l TNV amoTeELesOTIKT Aettovpyia Tov WSN odnynoe oty
avanTuén VE®V TPOTUTOV TOV TPOOLOYPAPOLV TA VTOAOUTO GTPAOUATO ETLKOIVOVIOGS.
Ta onuavtikdétepa and avtd o Tpotvmo eivar to ZigBee, to WirelessHART kot to
6LOWPAN, mov mepty papovTal GUVOTTIKG 0kOA0VHmG.

To npdtumo ZigBee npotdfnke amd ™ d1ebvn, un kepdooKomiky cOumpacn pHeyarov
KOTOOKELAOTOV Noyydv Ko Topoyov texvoroyiag ZigBee Alliance. Xtoyo¢ tov
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TPOTOTOL aTOV givan va Tpoceyyioet Ta waitepa yopaktnprotikd evog WSN. Kabdg,
opmg, 10 eacpa epappoyav twv WSN eivor gvpd, to mpdtumo ZigBee vrootpilet
névte Pacikéc e@apuoyEs: 1) oKlokd avTouaTioprd 1) aLTORaTIoNO KOTACKELMV i)
dikTLO EVEVOVG TAPOYNG EVEPYELNS V) TNAETIKOWVOVIOKEG VIINPECIES KOt V) TPOC OTIKT|
0TPIKN PPOVTIdAL.

Yxomdg Tov Tpotvmov ZigBee givar 1 dnuiovpyia prog 6toifog TpOToKOAA®Y, TOL
Aertovpyet ovvepyatikd pe to tpmtokoiro IEEE 802.15.4. Zvykekpyiéva, ot otoifa
TPOTOKOM®V Tov mpotvmov ZigBee, 1o guowd otpopo (PHY) kot 10 otpodpa
npooPacng oto Kowvd Méso (MAC) opilovtar 6nmg oo npmtoékorro IEEE 802.15.4.
To vroromo oTPOUATO SLPOPOTOLOVLVTOL EAAPPADS, avTioTOLXO HE TO €100C NG
eQopproyns mov eEvmnpeteitor. QotdG0, VIAPYOVY KOWVA YUPUKTNPIOTIKA. LTO GTPOLO
dwktvov (NWK), yro tapdaderypa, n 61evbvvoioddtnomn tmv kOuPav dev yivetar pe faon
™ Hovadiky Kotaokevaotikn tovg tavtoétrta (Unique Identity, UID). Avrifeta, o
OLOYEPLOTNG TOV OIKTVOL 0modidel o kAbe KOUPO Mol UIKPOTEPT OAPOPIOUNTIKY
axorovbia, n omoia enéyel BEGM LOVASIKNG TAVTOTNTOG OTOKAEIGTIKA GTO TANIGLO TOV
ovykekpipévor WSN. Kat’ ovtév tov tpoémo, 10 péyebog tv Sokivoduevov
UNVOUATOV HELOVETOL, WE OMOTEAECHO TN UEIMON NG KOTOVAAMGONG 1oYLOG TV
kOupBwv. Eniong, 1o otpodpa dikthov mopéyel d10d01KAGIES GUYYPOVIGUOD UETAED TMV
KOUPB®V KaB®OG kot Aettovpyieg SPOROAGYNONG GTO TAAIGLO TNG AEITOVPYING TOALATADY
Bnudtov tov WSN. To otpodpa epappoyns (APL) oto Tpotumo ZigBee dwoywpiletor
o€ 6vo vrrootpouata. To TpdTo vTo-cTtpodpa ovopdletor ZDO (ZigBee Device Objects
sub-layer) kot TeptAapuPavel Ta OVTIKEIUEVO TV EPOPLOYDV, ONAAST TO. GLCTATIKA
ToVG péEPN. To vIo-GTpdUN 0VTO, ETIONG, Elval ETPOPTICUEVO LE TOV KOOOPIoUO TOV
GUVOAOL TOV SVVATMV SIKTLOKAOV AEITOVPYLOV TOV KOUPwV, Tpocdiopilovtas to pOLO
TV KOpPov oto mAaicto evog WSN. To dedtepo vmo-ctpdpa apopd v vwootpién
Tov gpappoydv (Application Support Sub-layer — APS) kot enttpémet tnv evnuépwon
v KOpPov tov WSN oyetikd pe v eicaymyn véov kopfwv 6to diktvo.

10 Xy. 1.5 anewoviletar 1 otoifog TpmTokOIM®Y cOuPmve. pe o Tpodtumo ZigBee.
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Avtikeipeva Zuokevwv ZigBee (ZDO)

Avtikeipevo Avtikeipevo Avuikeipevo
Edappoyrig Edappoyrig e Eappoyrig .
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/ Itpwua Edapuoywv (APL) \ o
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Itpwpa Atktvou (NWK)

Itpwua MNpéoPaong oto Kowd Méoo (MAC)
N 4 IEEE

( — ) 802.15.4
Quoko otpwpa (PHY)

Jxnua 1.5: ZtoilBa MpwtokoAAwv evog WSN oUupwva ue to nipdtumno ZigBee

‘Eva amd ta mAéov dradedopévo Bropumyovikd Tpdtume Yo VIToGTHPLEN EQUPLOYDY
TPOUYLOTIKOV XPOVOV, TO OO0, OUMG, AELTOVPYEL YPNCIUOTOLOVTOS EVEVPUOTO HLEGO
petadoong sivar to mpoétvmo HART (Highway Addressable Remote Transducer). H
EMEKTOOT TOV TPOTHITOV OVTOV Y10 AcVppoTn Acttovpyia ovoudleron WirelessHart. To
TPOTUO OVTO EYEL KOL EVOUPULOTO KOl OCVPUOTO TUNUO Kot opilel Tpelg Poaotkég
oVIOTNTEG e O10KPITovg POLOVE UéGO 6TO OiKTVLO. XvyKeKpléva, opilovtarl i) ot
ovokevég WFD (WirelessHart Field Devices) ii) o dioyeipiotig tov diktdov (Network
Manager, NM) kau iii) ot woreg diktvov GWs ( Gateways). Ot cuokevég WFD givan
exetvec mov de&AyovV TIG amopaiTnTeS LETPNOELS Kol OMOTEAOLY TOVG KOUPBOLS TOv
dwktvov emkowvoviag. Ot moreg GW mapéyovv demapéc emkovmviag petald tov
EVOVPUATOV KOl TOV 0GVPHATOL SIKTVHOV. O pOAOG TOL OLAXELPLOTI) SIKTVOL QPOPE TNV
eEACPAMON OMOTEAEGIOTIKNG EMIKOVOVIAG €VTOG TOV OIKTHOV, HECH® KOATOAANA®V
pvOuicewv oe Bépato dpopordynong kol mpdcPacng o1o kowvd péco. Exktog tov
TpoovapePBEICOV OVIOTNT®V, TPOdLAYPAPOVTOL Kot GAAEG OVO OVTOTNTESG, QLTI TOL
TPOCOPLLOYEN KOL QLTI TV GOPNTOV GLOKELMOV. O POLOG TOL TPOCUPUOYEN EYKELTOL
omv mopoyn ovvdeong upetad tov ovokevdv WirelessHart kor velotdpevov
oLOKEVAOV TOL aviikovv oto TN HART tov cuvoAtkoy dwtvov. H vmapEn popntdv
ovokevwv (Handhelds), seodwouévav pe Tov  KATOAANAO TNAETIKOWVOVIOKO
eEomMopd, KoOIGTA TO OTOTEAECUOTIKN TNV GUECT] EMKOWMOVIOL UE TUAUATO TOV
WirelessHart.

Y10 Xy. 1.6 moapovcoldleton 1 TUMIKN HOPPN  OPYLTEKTOVIKNG €VOG  OKTHOL
WirelessHART.
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Sxnuoa 1.6: Apyitektovikn evoc Stktuou WirelessHART

>t otoifa tpetokOAL®mV Tov Tpotdimov WirelesSHART, 1o puoikd otpodpa opiletot
omwg oto mpwtokoArlo IEEE 802.15.4. 10 otpopo mpdcPacng oto Kowd HEGO
vioBeteitar oynua ypovikng molvrmie€iag (Time Division Multiple Access, TDMA) ov
TaPEXEL Ko SUVATOTNTO OLVALKTG EKYMPNONS E0POVG {DOVNG, AVAAOYW LE TIC OVAYKEG
Tov KOuPov mov ewodyovtar oto WSN. 210 otpopa diktoov opilovioar Teyvikég
dpopordynong mov Pacilovtor otn STHPNON GYETIKAOV TVOK®V o KABe woOpPo.
Eniong, yio kéBe mbavr {evén peta&d evog koppov WED kot pioag moing diktdov
KATaypaQovTol TEPGGOTEPES OMO o OO POUEG UETAOOONS, (DGTE VO LILAPYEL
EVOALOKTIKY] €MAOYN o€ mepimtoon mhavhg olatopayng Kol, KoT' ETEKTOON,
avénuévog  Pabuog  aflomiotiag. XTO  OTPOUN  HETOPOPAS TOV  TPMOTOKOAAOV
WirelessHART  vmootpileton  petddoon  peydAov  mok€tomv — 6ed0UéEVDV,
YPNCLOTOLMVTOG TEXVIKES OpOlEG e TO TpwTdkoAho TCP. To erninedo epapuoyng Tov
npwtokoAlov WirelessHART vrootnpiler mANpmc T QUPUOYEG TOV TPOTOKOALOV
HART, kaf10tdvtog €@K T GLVEXIGT TAPOYNS VPIGTAUEVAOV VINPECLDV.

Ta mpotora ZigBee wor WirelesSHART omockomodv otnv avantuén otoifog
TPOTOKOA®V, TOL AapPdvel vIoyn ta Wiaitepa yopakmmprotikd tov WSN Kot 1o
€100G ™G VTOSTNPILOUEVIC EPUPLLOYTS, TPOKELLEVOD VO BEATIGTOTOLNGEL T AELTOV PYin
T0vG. Q01600, Ta TpdTLTTA oL oTnpilovtar oto IEEE 802.15.4 dev eivan cupPatd pe
10 TPOTOKOALO IP ko cuvendg ot kopPot twv diktvmv WSN dev Eyovv ) dvvatdtnta
ouvoeoNg UE TNV vmodoun Tov Atadiktoov. ‘Evag TtpOmog avTIHET®MTIONG TOV
TpofANuaTog avtov mepapPdvel KOUPovg cvykEVIp®ONG N TOAES OIKTVOL TTOL
GLAAEYOLV TNV AN POQOPia TOV TapayeTaL amd Tovg KOUPBovg Tov WSN kat akorlovdwg
™V Tpowbovv mpoc 10 Atadiktvo. ‘Evog tétoltog Tpdmog opydvwong Tov S1kTvov, T
kaf1otd evdA®MTO GE MOV 0GTOYI0 AELTOVPYIOG TOV OVTOTNTWOV QLTMV.

H advvapio emkowvoviog tov koupov evog WSN pe to Awadiktvo odnynoe tov
opyoviouéd Internet Engineering Task Force (IETF) omv avantuén tov mpotdmov
6LOWPAN (IPv6 for Low-power Wireless Personal Area Network). To Baciko
npoPAnua tpocappoyns towv WSN pe to mpwtokorro IPV6 éykerton 6to cvotnua
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d1evhuve1066tNoNG TOoL TEAELTALOV, APOD amartel TNV Vapén emkePaAidag unkovg 40
bytes, evid to péyioto unkog makétov oto tpodturo |IEEE 802.15.4 givon 127 bytes. M
dpeorn vAomoinon tov wpwTokOAAov [IPV6 0o onuowve peydAn omotdAn tov
evepyelakav toépwv Tov kopPwv tov WSN. I'a 1o Adyo avtd, to tpdtumo 6LOWPAN
TPOTEIVEL TNV €1I00YWYN €VOG OTPOUATOS UETACYNUATIOHOD TNG EMKEPAAIOAS.
Yvykekpuyéva, viobeteitar 1 10éa TV cToPoypévev emkeparidwv (stacked headers),
pe v omoio avtikadictator n povoMbikn emke@oaAido tov TPpmTOoKOAAOL IPV6.
Emiong, pe ewdikég texvikég ovumieong emtuyydvetor n oOuUnTuén tov mediov g
emke@olidog amd 40 bytes oe 4 bytes, mov amotelel katdAinio péyebog yia ta diktva
WSN. TéLog, ekT0¢ amd Vv eniAvon Tov TpoPANUaToc pe 1o HéEyehog e EmKEPUADAG,
10 TpdTLVo 6LOWPAN emdvel {nmuota petapopdg Kot dpopordynong, Kabiotovtag
nePLocHTEPO drapavn TN Asrtovpyia Tov TpwtokdAlov IPV6 g diktva WSN.

1.5 E@appoyéc tov AcOppotmv AlktTomv AlsOntipov

2 ovvErEw, YIVETOL U0l GUVTOUTN TOPOVGIOCT TMV EUTOPIKOV KOl EPEVVNTIKMOV
EPAPULOY DV TOV UITOPoLV va VAoToBovV pe ypnon diktvwv WSN. Avtég pmopodv va
evioy0ovv Ge TEVTE KT yOopiec:

1. TleptPaAlovTiKég eQapLOYEC
Epappoyéc vyeiog

Owlokéc QapproyE
Blopnyovikég epappoyég
ZTPOTIOTIKES EQAPLOYES

ok wn

1.5.1 Meprpoarrovtikéc e@appoyég

To acvppata diktva acOnpov ypnoyLorolovviot Yoo TANO®po TEPPAALOVIIKOV
epoppoydv. Ot ovvnBéotepeg oyetkég ypnoelg twv WSN mepilapfdvovv tnv
TOPOKoA0VON o™ TG YAWPIdas Kot TG TAvVIdNS OTOUAKPUGUEVAOV TEPLOYDOV OAAG Kot
™MV a&oAdYNon  KOUPIKOV  QOVOUEVGDV Yoo TNV TPOANYT  KOTAGTPOP®OV.
XopaKTNPLoTIKAE ToPadElYHOTA ACVPUOTOV SIKTOOV oleNTNp®V Yo TOpaKoAoVONoN
navidog eivor to ZebraNet kot to diktvo tov vnotov Great Duck tov H.IT.A. Aliecg
nepPaALOVTIKEG EQaPLOYES Hmopel va elvar:

e 'Eyxkoupn aviyvevon 00o1tK®OV TupKayldv

e TlopakoArovOnomn KMPATIKGOV aAAoymV

o Ilepiparrovtikn kot Proroywkn mopakoAovOnon vddtwv, €3AQOVG Kol
ATULOG POLPOG

1.5.2 E@appoyéc vysiog

Ta acOppota diktvo asOnmpov Ppiockovv gvupeion epapproyn o€ eQAPULOYES VYELNG.
2UYKeEKPIUEVA, TO UIKPO KOGTOG VAOTOINGNG TOVS T KAOIoTA 10aVIKA Y10 TNV GLVEXN
TOPOKOA0VON O 060EVAOY Kot TN SLoEIPIOT) PAPLAKEVTIKOV Oy WY MV GE VOCOKOLELN.
MdéMo o, Exel mpotabel Ko dnpovpyia TEXVNTOV LEADY TOV COUOTOG TOV oTNpileTot
o™ Aettovpyia T€tolwv dktvwv. [Tapadeiypata emroynuévng epappoyns WSN ctov
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Topéa TG vyeiag ivor to diktvo CodeBlue kot To diktvo AlarmNet. To tpdto dikTvo
poopileTal Yoo EVO0-VOGOKOUELOKT ¥pNoN, 0mov Kabe acbevig amotelel kOUPo Tov
dktvov. Ot sOntpeg AmOcGTEAAOVY TIC KPIGUES 1ATPIKEG LETPNOELS GTOV KOUPO-
OLAAEKTN Kot 6tav damioTmOel KAmola PN PLGLOAOYIKT EVOEIET YIvETOL AUEST 1OTPIKY
napéuPacn. Avtifeta, 1o diktvo AlarmNet mpoopiletar Yo mapoakorovOnon
NAKIOUEVOV avOpOT®V £VTOS TOV TPOCMTIKOV TOVS Y MPOV.

1.5.3 Owokég E@appoyég

Me Vv ©pdodo NG TEXVOLOYiOG avapéveTal OTL o€ Alya ypovia OAEC Ol OKIOKEG
ovokeveg Ba €yovv devBuvon IP ko ocvvenmg Ba eivor mpooPdoiueg péow tov
Awdwktoov. 'Etol, opyavadvoviog Tig 0IKIOKEG GUGKEVEG GE €va OKLOKO AGVPUATO
diktvo, o ypnotng 0o pmopel va evmuepwveTanr aueco yioe mhovhy PAGPN M va
TPOYLOTOTOLEL ATOUAKPVGUEVT OLUYXEIPIOT TOV OIKIOKDOV GUCKEVMV.

1.5.4 Bropnyovikég EQappoyéc

Mo and 11 ovvnBéotepeg ypnoes twv WSN ot Bropnyavia givor n exifieyn g
KaTdoTaong Tov eEomMopold moapaymyns. XopaKTNPoTIKO TOPAOEYIO TETOLOGC
epapuoyng eivar m FabApp mov Aeitovpyel g mpoAnmTikd HEGO TPOoTOCiNG
Brounyavikod e£omMGov, HEG® TNG OVOAVONG TOV UETPICE®V TOV OOVI|GEWV TOV
happavovtar. Eniong, ta acHppata diktoa otcOnmmpwv pmopovv va ypnoiorotnfodv
Kol 6TV EMPAEYN KATACKELOV, OOV 1| avBpdmivn Tapovsio ivol emkivovvn, aALd
KO GTNV TOpOKOA0VONGT TNG 0y pOTIKNG TTapary ®@yNG. AALeg mOavEG eQaprOYES Elvat:

v Awyeipion anoBepdtov Topay oyng
v "EAeyyog TG motdtnTog mpoiovimv
v "Eheyyog poundt o€ meptpdiiovio avtopatonotmuévng Aertovpyiog.

1.5.5 Zrpatiotikéc EQappoyég

H gdkoin avantuén tov acHpuatov O1KTvov acinTipov, 1 110t To aVTd-0pYavmong
Kol M avoyn o€ oandAeleg KOuPov, ta kobiotodv KATAAANAG Y0 GTPOTIOTIKES
epappoyéc. Té€toleg epapproyéc pmopet va givar:

= Evtomiopdc Kot avayvmpion TupnVIKAOVY, BLOAOYIK®OV Kol ¥NUIKOV TOEcEDV
= H egmmpnon tov nediov péyng

= H extipnon Katastpopov

= H xoracxomio

‘Eva and 1o mAéov yapoKINploTiKa mtpoypaupate avamtuéng dwtvov WSN ya
OTPATIOTIKEG €QUPUOYES NTav To TTpdypappe Smart Dust. O apywds okomdg Tov
TPOYPAULLOTOG TaY 1) dMovpyic ukp®v og péyefog aodnTpwv Kot 1 oYeTIKN £pgvva
oTéPONKe UE emTLYiO, APOV KATOOKELAGTNKAV OcVpUoTol KOpPol pe dyko mov dev
vrepéParve to. 16mm3, mov eiyov ™ SuvoTOTTA GLALOYHC TATPOPOPLOY CYETIKOV LLE
mv kivion exfpikdv otoywv. Mdiota, 1 Tpocmddelo avATTLENG TOV TPOYPALLLOTOG
Smart Dust giye w¢ anotéleopa Ty avantoén tov Aoytoutkov TinyOS, mov amoteAet
HEXPL KOl ONUEPA TO TAEOV Ol0EO0UEVO AELTOVPYIKO GUCTNUO Yo TN HEAETN
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acVLPUOTOV KOUP®V, KOl 001 yNGE GTNV 10pLON ETAPELDV TPOTOTOPWV GTNV OVATTUEN
Ko Tpotvronoinon twv WSN.

210 TAQIC10 TNG EMTNPNONG TOL TESIOV UdYNGS, acvpuata dikTva acOnTIPOV £rovv
yxpnoponon el yio v aviyvevon erelBepwv okonevt®v. To amoTéEAECLA TS GYETIKNG
épevvag Nrav M avantuén tov mpoypaupatog Boomerang. To mpodypappa owtd,
YPNOYLOTOLMVTOS GUGTAJES OO KOTAAANAQ KOTAvVEUNUEVA TOONTIKA akovoTtikd WS,
EKUETAALEVETAL TIG O10TNTEG TOV OKOVGTIKMOV KLUATOV OV EKTEUTOVTOL KOTO TN
d1apKelo TVPOPOMG LAV, KOl [LE XPNON SLOLPOPIKNG avdAveng Tpocdiopilel n BEom Tov
OKOTEVLTY).

M axopa epappoyn tov WSN yio otpoatiotikods okomods amotedel Kot TO
npdypappa  VigilNet. To zmpoypappo ovtd GmooKOmEL OGTINV  EVEPYELNKA
amotelecpatikny avamtuén kotavepunuévov diktowv WSN yio v aviyvevon otoywv
Kol Topoatipnon kot emtnpnon nediov poyaov. o tig epappoyés avtég, to dikTua
WSN Bemwpovvton gvpeiog kAipoKag, omoteAoduevo omd yAades KOUPOLG o€ peyaheg
veaypopikéc extdoec. H dudpkeia {ong tov diktvov VigilNet Pertictonoeiton pe
YXPNON LEPAPYIKDOV TPOTOKOAL®V cuvdbpotong dedopévmv. 1o dikTvo avtd opilovion
dvo €idn kOuPav: ot epovpoi (sentries) kat ot amhoi kouPot. Otav kdmorog KOUPog
aviyveDoEL £vVa TEPIOTATIKO AEL0 OVOPOPAS, TO AVAPEPEL GTOV TANCIECTEPO KOUPO-
epovpd Yo eneEepyacia, cuvadpoion kal dpopordynon g tAnpopopios. Extog and
T1G d1ad1KaGieg aVTEG, oL KOpPot-gpovpol givar vrevbvvor yio TV opad0ToiNcn T®V
KOUP®V, OOTE VO VITAPYEL KOADTEPT] AVTILETOTIOT EKTAKTMV KOTAGTACEWV.
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KE®AAAIO 2 - ENEPIEIAKH AIIOAOTIKOTHTA XTA
AYXYPMATA AIKTYA AIXOHTHPQN

2.1 Ewooyoy

‘Eva diktvo oawoOnmpov amoteleiton omd kopPfovg mov yapoktnpilovror amd
neplopiopéva evepyelakd omobépota. [a to Adyo avtd, éva amd To GNUAVTIKOTEPQ
Inmpato Katd T oxediaom TEToIwV SIKTHOV Elval KoL 1) EVEPYELNKT OTOSOTIKOTNTA, 1
omoia etvar amapaitnn mpokeevou va avénbel n dbpketa (Mg Tov O1KTOOV. XE
eninedo kOUPov, OmmG avaeiphnke Kol GTO TPONYOVUEVO KEPAAOLO, dtakpivoviot
ocwvnbwg Tpioe vroovoTiuota: TOo Vrocvotnuoe SeEaywyng HeTpHoswv (Sensing
subsystem), to vmoovoThpo emkowvoviog (communication subsystem) kot to
vroovothpa eneéepyaciog dedopévmv (processing subsystem). Kaitot ot aptOuntikég
TIEG TNG EVEPYELKNG OOTAVIG TOV OTOTELTOL Y10l TIG O18POpES dladiKacieg EE0PTMVTOL
YeVIKd omd 1O €100g TOV KOUPOV-01GON TP, VTAPYOVY KOWVA YOPUKTNPIGTIKA HETAED
TOVG. ZVYKEKPYLEVQ, Ol TEPOULATIKES LETPNOELS EXOLV deIEEL OTL 1] LETAGOCT OESOUEVOV
elvar evepyelokd mOAD damavnpr), evd 1 enefepyacio SEdOUEVOV KATAVOADVEL
oNUAVTIKG MyOTEPN EVEPYELXL. MAMGTO, TPOCEYYIGTIKA VITOAOYILETOL OTL TO EVEPYELNKO
KO0TOG Yo TN petddoon evoc ynoeiov minpoeopiog (bit) eivar to 610 pe exeivo mov
OTOULTELTOL Y10, TNV OOTIUNGoN YAV oplOUNTIKOV Kol AOYIKOV EKQPAGEMV GE £val
TmIKd acvppato kOpPo-aicOnmpa. Emiong, 10 péco evepyelokd KOGTOG TOL
VTOGUGTALOTOG EMKOVOVIOG 0EV d10POPOTOLEiTAL OTAV 0 TOUTOOEKTNG PplokeTonl o
KOTAOTAOT ANYNG, EKTOUTNC KO OVOLLOVIG, EVE UELMVETOL KOTA o TaEn peyébovg
OTaV 0 TOUTOOEKTNG peTofaivel otnv Katdotacn avdmavong (sleep state). To ko6ctoCg
v T oeEaywyn petpnoemv eEoptdton T060 and Tov KOUPo 660 kot and 1o £i60¢ Tov
QLO1KOV peyEBovg mTov PeTpeitatl. Xe TOAAEG TEPITTMGELS, TO EVEPYELOKD KOGTOG Y10l TN
dteEaymyn puetpnoewv ival GLYKPIGIUO e TO EVEPYELONKO KOGTOG Yol LETASOOT], EVM GE
GAAEG TEPUTTAOCELS EIVAL AUEANTED OE GYEON UE TO EVEPYELOKO KOGTOG Y10l TIG VITOAOITES
dladKaoie.

Me Baon v mponynbeica avdivon yw ta onueio mov gvromiletor n peyaidtepn
evepyelokn doamdvn og enimedo kOuPov Eyxovv mpotabel ko ypnoylomonOel moAAEG
TPOCEYYICELG TPOG LEIMGT TOV EVEPYEINKOV KOGTOVG GE EMIMESO OIKTVOV. XE YEVIKO
EMIMEDO, Ol MPOTEWVOUEVEG TEXVIKEG Yo TNV EMITEVEN EVEPYELOKNG OTOOOTIKOTNTOG
UTOpOovV va. evToBovv o€ Tpelg pueyddeg Katnyopiec:

. TeyvIKég KuKAOL Asttovpyiog (duty cycle techniques)
i 1teyviKé Paciopéveg ota dedouéva (data-driven techniques)
. teyvikég Pactopéveg oy Kivntikodmta (Mobility techniques)

270 VIOLOITO KEPAANLO OVOADOVTOL Ol OVAOTEP® TEYVIKES. XTO ONUELD aVTd TPEMEL VoL
onuelwdel 0Tt WOAAEG amd OVTEC TIC TEYVIKEC WUITOPOVV Vo, AELTOLPYHGOVLV
CUUTANPOUOTIKE — HETOEL  TOvG,  eacpaMMloviag — HEYOAVTEPN  EVEPYELOKN
OTOOOTIKOTNTAL.

2.2 Tlpooeyyioelg kOKAOL Asrtovpyiag

O1 teyvikég KOKAOL AelTovpyiog EMKEVIPOVOVTAL GTOV TPOTO AELTOVPYIOG TOV HIKTVOV.
O amoteAecaTIKOTEPOG TPOTOG dTNPNONG TNG EVEPYEWS €vOg koOpPov eivor m
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HETAPOCT TOV TOUTOOEKTN) TOV GE KATACTOCY OVATOLGNG, OTOV Ogv amotteiton
emkovovia. [davikd, kabe ToumodEKTNG TPEMEL Vo S1OKOTTEL T AElTOVpYio TOL OTOV
dev vapyovv dedopéva yia vo AaPel 1 vo oteilel Kot vo petafaivel 68 KOTAGTOON
Aertovpyiag O6tav vrapyel obéoio mokéto dedopévav. Kat’ avtoév tov tpodmo, ot
TOUTOOEKTEG TV KOUP®V EVOALAGGOVV TNV KATAGC TAGT) AELTOLPYING TOVG OVAAOYD [LE
™ PAGTNPLOTNTA TOV SIKTVOV. AVTOG O TPOTOS GUUTEPLPOPES OVAPEPETOL MG TEYVIKN
KUKAOL Agttovpyiog, 6Tov 0 KUKAOG AglTovpyiog opileTon Mg TO TAIKO TOL XPOVOL TOV
0l TOUTOOEKTEG TV KOUP@V elvar evepyol Tpog 1o cuVOAIKO ypovo {mng Tovg. Kabmg
ot kopPor Aettovpyohv GLVEPYATIKE, TPEMEL KOL VO GUVTIOVICOLV KO TO YPOVIKA
dtotipato 6mov Ba £xovv evepyolg Tovg ToUmTodEékTeg Tovs. ['a To Adyo awtd, avtd
O OYNUOTO  AEITOVpyiog ovvodeboviol amd  £vo  KOTOAVEUNUEVO  oAYOPOpo
TPOYPOUUATIGLOV TOV EXTPENEL GTOVS KOUPOVS TOL SIKTHOL VA OTOPAGIGOVY TOTE VoL
EVEPYOMOUOOLV Kol TOTE VO OEVEPYOMOLGOVYV TOV TOUTOOEKTN TOovG. Etot,
eEacporileTan 6TLyertovikol KOUPot Ba etvar Tavtdypova evepyol, MOTE Vo EIval EPIKTN
N avtoddoyn ToKETeV, oKOpo Kot O0tav avtol yapoktnpilovror amd pkpd KOUKAO

Aettovpyiag.

H ta&wvounon tov teyvik®v k0KAov Asttovpyiag eaivetar oto Xy. 2.1.

Texvikég KUKAOU
Aettovpyiag

Texvikég Swayeiprong

Texvikég Suayeipiong

tomoloyiag )
Loxvog

TeXVIKEG Texvikeg NpwtékoAa MAC

kaBobnyovpeveg kaBodnyolpeveg NpwréKoMa e iKpé KiKA
and v and avanauvong Necooopylon
tonoBeoia ouvbeopdtnta Jadimnviong

NpwtékoMa NpwtoxkoMa

OUVQVTHOEWY . NpwrékoAa , ,
T(POYPAUUATIOUEVIV , NpwtékoAia NpwtékoAha .
- ) aolyxpovwv ] YBpdwka
CUVAVTHOEWY . TDMA AVTOYWVIoHOU .
OUVaVTHCEWY NpwrtékoMa

napayyeAia

Sxnuoa 2.1: Taélvounon twv TEXVIKWY KUKAOU Agttoupyiag

Ot teyvikég KOKAOV Agttovpyiag Umopov va emttevyfodv pHéca amd VO d1PO PETIKES
KOl GOUTANPOUATIKEG TPOGEYYIoELS. Ao T (o TAevpd, givar duvatn n aglomoinon
TOV TAEOVACMOTOC TV KOuPwv mov ovvhbwmg vmdpyet oto acVppote diktvo
aloONTP®V, ETALYOVTOG VO TOPAUEVEL EVEPYO LOVO £Vl EALAYLGTO VTTOGVVOAOD OTO TOLG
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GLVOMKOVG KOUPOVG, MoTe va VItapyel cuvoyn 610 diktvo. Ocot kopPot dev aviikovv
0€ 0WTO TO LTOGVVOLO peTafaivovy oty Katdotoon avamovong. Ileplodikd, yivetal
EVOALOYT T®V KOUP®V TOL TOPaUEVOVY EVEPYOL, MGTE, G€ BAO0G xpOvov, OAOL 01 KOUPOL
va dwfétovv ta id1o Katd pEco 0po evepyelakd amobépota. H dadikacio ebpeong
BéAtioTov vIoouvorov kOUPwv mov eEaceariler cuvoyn oto diktvo ovopdletan
éleyyog tomoroyiag. IIpocopoidoelg €xovv deifel Ot pe epappoynq Tov €AEYYXOL
tomoAoyiag, n dbpkela (Mg Tov dkTvoL pmopet vo awénbel kotd 2 g 3 popég o€
oxéon pe m Obpkea (NG Tov dkTOHOL €Yovtag OAOVG TOvg KOUPOLG GUVEXMDS
evepyoue.

Ao v dAAN mAevpd, ot evepyol kOpuPor, dnAadn ekeivol mov £xovv emAeyel va
TOPOUEVOLV EVEPYOL OomO TOV €Aeyyo Tomoloyiog, dev ypeldletar va €yovv TOV
TOUTOOEKTN TOVG GULVEYMG EVEPYOMOMUEVO. XTO TAOIGLO OLTO, UTOPOLV VO TOV
QTEVEPYOTOLOVV OTOTE €V LILAPYEL dPAGTNPLOTNTA GTO OiKTVLO. AVTY| M| EVOALOYT] TOV
TOUTOOEKTN KAOE KOUPoV omd eveEPYN KOTAGTOON GE KATAGTOGT) OIEVEPYOMOINGNG
ovopaleton diayeipion woyvog (power management). Extevig ava@opd yio EKAGTH TV
S0 QVTMOV GTPATNYIK®V YIVETOL GTIS EVOTNTEG TOL AKOAOVOOVV.

2.2.1 IIp®ToKOL O ELEYYOV TOTOAOYIOG

H 13éa tov eAléyyov tomoloyiag oyetiletor TOAD GTEVA LE TOV TAEOVOOUO KOUP®V GTO
O1IKTLO, KATL TOV YEVIKMG 1GYVEL, 1010{TEPO. 6T TUKVE OiKTLO. AAMGTE, GE TOAAEC
TEPWMTAOCELG 1| OMovpyia vog O1KTOOL csOnTpwV yivetal pe piyn Tov KOUPovV and
oV 0épa, omoTE amoteAel cuvNON TpakTkn va plyveton € apyng Tieovalwv aplBpog
KOpPov-acOnT)pov, ®OTE Vo AvVTICTAOMGTOOV evOgOLEVEG aoTOYieS Agttovpyiog
KaTd T @don avamtuéng tov diktvov. EmmAéov, kabmg Tig mepiocotepeg popég ivar
OVOKOAN 1] OIKOVOULKA AGVUPOPT 1] PLGIKT TOPOVGIN GTIG TEPLOYES AVATTLENG SIKTVMV
awcOnmpov, n ypnoonoinon peyaivtepov Tov mpoPAemduevov opBod kKOUPwv-
aloONTpov Kpivetal cupEEPOVGa o oyxEom pe mBov TPooTdfeln EYKATAGTAONG
véov kKOUPav og epintwon PAAPNG TOV ap KOV, ZVVETMS, TO TPOTOKOAAN EAEYYOL
TOTOAOY10G OTOCKOTOOV G€ OLVOUKY TPOGUPULOYN TNG TOTMOAOYiag Tov dkTHOoV,
Baciopévn oTig avAayKes TG EQAPHOYNG, £TCL OOTE VO EMITPENEL TIC AELTOLPYIEG TOV
OktHoL Ko mOpdAANAO va  glaylotomolel to TANO0G TV evepymv  KOuPwv,
enekteivovtag ) drdpkeln {oNG Tov dkTHOV.

Ta kprriplo Tov pmopoHv va ypnoioromBovy yia va ano@aciotel oot KopPot eival
evepyol N avevepyol Kot yio TOGO ¥Ppoviko dldotnue eivar apketd. o To Adyo awto, Ta.
TPOTOKOALQ EAEYYOV TOTOAOYIOG UTOPOVV VA EVTOXOOVV GE dVO PeYAAES KaTnyOpieg.
H mpotn xoatnyopio mepthapfdver 1o kaboonyodueva amnd ™ 0éomn mpmTtoOKOAAQ
(location driven protocols), ta omoia kaBopiCovv motot koéuPor Ba sivar  evepyol
Aappavovtag vroyn m Béomn tovg, mov Bewpeitor yvoort). H debtepn karnyopia
neptAapPavel to. kabodnyovpeva omd T cLVOEGIOTNTO TPOTOKOAAX (connectivity
driven protocols), Ta onoia kabopilovv motot kOpPotL Ba eivar evepyoi dote va vapyet
GULVOEGOTNTO GTO JIKTVO N VO EMTVYYAVETOL GLUVEXDS ANYT LETPNGEWV Amd OAN TNV
TEPLOYY EVOLAPEPOVTOG. TN GLVEYELN, OKOAOVOEL TAPOVGINCT] TPOTOKOAA®Y OTd TIG
dvo Kotyopieg.
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2.2.1.1 IIpotoxkoirao kKaO0dNYyoOPEVE 0O TN Ofon

To GAF (Geographical Adaptive Fidelity) sivor éva kabodnyovuevo amd ) 0éon
TPOTOKOALO. XTOY0G TOL €ival Vo LELOGEL TNV KATAVAAW®OT EVEPYELAG GTO OTKTLO KOl
vo.  PeAtiotomomoel TV €midoon  Tov  SIKTVOL  acOnTpwvV  avayvopilovtog
10000vapovg koppovg, pe kpumpro ™ dvvatdtnte TPoddnong mokETOV. XTO
TPOTOKOALO avTd, kabe KOUPOg xpnoorotel mAnpopopieg BEong mov mpoépyoviat
amo évo cvotnua eviomspov 0éong (GPS, ot cuvndn mepintwon) mpokepévon va
CULGYETIOTEL TOV €0WTO TOV pE KAmowo wkovikd mAypa (virtual grid). OAOkAnpn M
TEPLOYY EVOLUPEPOVTOG YWPILETOL GE TETPAYMVIKA EIKOVIKG TAEYLLOTO KO EVTOG KAOE
TAEYHOTOG KAmolog kopPog opiletan g emikepoAng (master) tov mAéypatog. O
YOPLOULOG TNG TEPLOYNG EVOLAPEPOVTOG GE TAEYLOTA YIVETOL OGTE, Yol 0TotadNmTote 60O
yerrovikd TAgypoata A ko B, ke koppog evtog tov mAéypatog A va givar o€ Béon va
emovavel pe orotodnmote kKOUPo Tov TAEypatog B kot avtiotpopws. Kat’ avtov tov
TpoOmo, OAol o1 KOUPOoL €vTOg TOL 1810V €IKOVIKOV TAEYUATOG €lval 160dUVapol OGOV
aQopa TN OPOUOAOYNOT TOKETMY, OTOTE apKel Lovo Evag €€ avtdv va etvar gvepydg
K@Oe otiyun, diymg va exnpedleton 1 amodotikotnTo dpopordoynong (routing fidelity).
Avto paiveton ypoeikd Kot 6to Xy. 2.2.

i | — MR, —
| A 5 CI_'

| Y ]
L§?_$;zf§ﬁ___ )

= —r—— | — ==

Sxnua 2.2: Etkovikd mAgyuata oto mpwtokoAAo GAF. Ot kouBot 2,3 kat 4 avnkouv oto (Lo ELKOVIKO MAEyua Kal
OUVETTWC €lval LooSUVauoL w¢ TPo¢ T SPOUOAOYNON MTAKETWV.

H 61dot0oon, £0Tm I, TOV EIKOVIKOD TETPOY ®VIKOL TAEYLOTOG oyeTileTan e TNV epPéreia
TV KOpPov, £otm R. Zuykekppéva, Kabmg amd Tov opiopd TV EIKOVIK®OV TAEYUATMV
d00 0mo101NTOTE KOUPOL TOV AVIKOVV GE YEITOVIKA TAEYOTO TPEMEL VoL gfvan o€ BEom
VO ETIKOWVOVOOV GUECH PETOED TOVG, M YEPOTEPT TEPImT®ON €ival dvo Koupor va
Bpiokovtol 6e amEVAVTL Y®VIEG OVLO YEITOVIK®V TAEYUATOV, OT®G o1 KOUPot 2 kot 5 tov
eVOEIKTIKOV Zy. 2.2. T'la va. UmOpEGOVY VoL EMKOVOVIGOLV, TPOKVTTEL OTL TPEMEL VOl
oYVEL

r2+(2r)2 <R =r< % (2.1)

Ot KOuPot VTG EVOG EIKOVIKOD TAEYLOTOG TPETEL VO GLVTOVILOVV TN AgLTovPYin TOVG.
Y10 mpwtoxorro GAF opilovrat Tpelg KaTaoTdoelg Asttovpyiac. Avtég ivor ol ENg:

i. 1 katdotoon avoakdivyng (discovery state), katé v omoia kdBe koOuPog
AVOKOAVTTEL TOVG GALOVG KOPPOVG TOoL PpickovTol EVTOg TOV 1010V UE QVTOV
EIKOVIKOV TAEYLOTOG
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ii. M katdotaon avamavong (Sleep state), katd v omoia o kéuPog eivor
avevepyOg

iii. 1M evepyn koTdoToom, KOTd TV 0moio, 0 KOUPOG CUUUETEXEL 6T dPOUOAGYN O
TOKETOV GTO JIKTLO.

IMa 1o yepiopd dikTvwv ota omoia ot kopuPor kivovvtol, kKabe kopPog vroloyilet To
xpOvo péxpt va e£éABel amd To MALYHO KOl YVOOTOMOEl TO OMOTEAEGUO GTOVG
voromovg kKépuPovg tov mALypatos. Kat’ avtdév tov 1pdmo, ot vwoélourotr kopPot
pvOuilovv to TPOHYPOUUE TOVG Kat, TPV TAPEADEL 0 ¥POVOC TOV TOVG YVOGTOTOONKE,
petafaivouy oty KOTAGTOON OVOKAALYNG, (OOTE KATOL0g Omd ovToLS TEMKA Vo
petafet 6Ty evepyn KaTdoTOoN, SLOTNPAOVTIOG EVEPYN TN O1AOPOUT dPOLLOAOYNOG.

H dswdwoacio emioyng tov emkepoAing ka0e mA&ypatog eivar n akoiovdn. Apyikd,
k@B koOuPog PpiokeTor 6€ KATAGTAOT OVOKAALYNG KOl OVTIOAALAGGEL UNVOUOTO UE
dAhovg koppovg, T omoia TEPIAAUPAVOLY TNV TAVTOTNTA TOV TAEYUATOS GTO OTOi0
avikel (grid ID), ®ote va evtomicel KOUPOVG TOL VO AVIIKOLV GTO 1610 EIKOVIKO TAEY L
pe avtov. ‘Evag kopupog yivetor emke@aing tov mAEYHATOC OGOV dev AAPEL KATO10
uqvope avakdloyng yio éva mpokabopiopévo ddotua Ty. Metald tov kouPov
dlapopemvetar lepapyio, n oroio oyetileTan pe To evepyelokd amobépata Kabe Koppov.
KopPor pe peyardrepa evepyeloxd amobépota amoktovv Kot vyniotepn Béon oty
tepapyio. Otav mepiocotepol amd Evag Koot fpickoviol o€ KOTAGTOOT 0VAUKAAVYNG,
EMIKEQOANG YiveTan eKetvog e v vynAdtepn Béon oy epapyia. O kOuPog mov xet
emheyel G emKePAANG petafaivel 6TV evepyn Katdotaon Yo xpovikd didotnua Ty,.
Metd 10 mépag tov ypovikov dactnuatog T, o kopPog-apynyods petofaiver oty
KOTAOTAOT OVOKAALYNG, TPOKELEVOD VO OMGEL TNV EVKALPiN 6 AALOVS KOUPOVS EVTOG
T0V TAEYHOTOC Vo avaAdBovv To poAo Tov emikepaAnc. Etotl, emtuyydveror kot
1COKATOVOL TOV QOPTIOV Kivong HETaED TV KOUP®V evOG TAEYLOTOG KOl, GUVETMOG,
enekteiveTon n ddpketa Cong Tov dktvov. Ot kool Tov Ppiokovtal 68 KATACTACM
avaravong petofaivovv 6Ny Katdotaot avokdivyng petd and xpovo Ts. TErog, o
diktva mov yapoakmnpilovtor omd vynAn kKwvnukotro kopPaov, o ypoévog Ty
VoAOYIETON TPOCEYYIOTIKA, e fAon TO ¥pOVO TOPULOVIG TOV KOUP®V 6TO TAEYUA,
KoL ot KopBot opeilovv va LETABOVV GTNV KATAGTOCT OVOKAALYNG TPV EKTVEVGEL TO
xPovViKO Otdotnuo avtd. Ot axpifeic tpég tv ypovikwv moapapétpov Ty, Ty, T
eEaptavtar amd To 100G NG EPAPHOYNC.

Ot kataoTacels Aettovpyiog Tov TpwtokOAlov GAF gaivovtot oto Xy. 2.3.
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Sxnuoa 2.3: Kataotaoelc petaBaonc oto npwtokoAdo GAF

Emonpaiveton 611 10 mpwtokorho GAF  Aewrtovpyel avedpmmrta amd 1O
YPNCLOTOLOVUEVO TPMTOKOAAO dpoporoynong. Eniong, dev ennpedlel onuoavtikd v
EMIO00N TOV TPOTOKOAAOV S POLOAOYNONG, OGOV APOPA TNV ATOAELD TOKETMV KOL TNV
kabvotépnon, eved Peltidvel T didpkela LONG ovAAoya e TNV TUKVOTNTA KOUP®V TOL
OKTVOOV.

Kaitor yopaxtmpiletor g yewypapikd mpmtOKoALO Opopordynong, 1o GeRaF
(Geographic Random Forwarding) epgaviel yopoxtmpiotikd a&lomoinong g 0éong
KOl TOV TAEOVAGHOL TV KOuPwv. Avaivtikd, to GeRaF eivar éva mpmtéKoAlo mov
EMTPENEL TNV EXIKOWVOVIL K01 TN HETAPOPA dESOUEV®V amtd TOVG KOUPOVS-a1oONTpeg
npog Tov KOUPo-cvAAékT. TlepthapPdverl éva ypovikd TpoOypope AelTovpyiog TV
KOuPowv, éva npotékolro tpocPacng oto koo péco (MAC protocol) kot ektedel
yewypaikn dpopordoynon. H otoifa npwtokoirwv GeRaF Bacileton otv vrobeon
ot or koppot-aucOnmpeg yvopiCovv m 0éon tovg, oAAd kol ™ Béom tov KoOpPov-
ovAAékt. H Baoikn Wéa oto mpotdxkorro GeRaF sivatl 61t ot képuPor evarlidocovtat
petald NG EvEPYOL KO TNG AVEVEPYOD KOTAGTAONG, akoAovdmvToc dedopnévo KHKAO
Aertovpyiag, éotw d. Kdbe @opd 6mov kdmolog kOuPog £xel TAKETO TPOG OTOGTOAY,
ELEYYEL TO KAVOAL Y10l VO O1OTTIGTMGEL OV VITAPYEL OAAN peTddoon oe e&EMEN. Epdoov
JlOMIGTMOCEL OTL TO KOVAAL EIVaL OVEVEPYO Y10 ETOPKES YPOVIKO SLACTNILM, OTOGTEALEL
uvopa (RTS — Request To Send) mov Aappdvetarl amd OGAOVE TOVG EvEPYONE KOUPBOLG
evtog ¢ euPéretac tov kopPov-amostoréa. To Tunua TG TEPLOYNS EVOLOPEPOVTOG
mov Bpioketor TANGIEGTEPO GTOV KOUPO-CLALEKTN opileTonl ®¢ TEPLOYN TPOMONGNG Kot
xopiCeton oe Ny LIOMEPIOYXEG TPOTEPAUOTNTAG, HE TNV VROTEPLOXN Tov PpiokeTon
€YYOTEPO. GTOV KOUPO-GUALEKTN VO AapPBAVEL TNV LYNAOTEPT TPOTEPALOTNTA. XTOYOG
TOV TPMOTOKOAAOVL €lvorl vor ETIAEYEL £VOIG OO TOLG KATAAANAOTEPOLS KOUPOVS, dNAaON
évag evepyog KOUPOG amd TNV LTOMEPLOYN HE TNV VYNAOTEPN TPOTEPOULOTNTA, G
kopuPoc-avapetadotng (relay node). Metd tv amoctoAn tov pnvopatog RTS, o
KouPoc-amootoréag avapével va Aafet pivopo CTS (Clear To Send) and koéppovg mov
Bpiokovtolr omnv vmomeployy] HE TNV LYNAOTEPN TPOTEPOLOTNTA. AV dev AneOel
amAvINGT, 0KOUPOG-0m0GTOAENS GVUTEPAIVEL OTL OEV LTLAPYEL d1BEGIUOG KOUPOG GTNV
VIOTEPLOYN  VYNAOTEPNG TPOTEPUOTNTAG KOl OmOoTEAAEL VEOo unvopa  RTS,
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avapévovrog va AdPet pnvopo CTS and kOpfovg mov Ppickovial 6Ty vIomTEPLOYY| LE
™V apécmc vynAotepn TpotepotdtnTa. H dtodikacio avtr cuveyiletor péypt vo Aneoei
uqvopo CTS. Av AneBei povo éva pnqvopo CTS, o povadikog KOUPBoG-amocToAENS TOV
kafiotator KOUPOG-avVaUETAOOTNG. ZTNV TEPITTMOOTN, OUW®S, OTOL TEPIGGOTEPOL OO
évag kopPot anavrnoovv pe pnvopa CTS, mpokadieitar chykpovon. Me tn forbeia
KATAAANAOL odyopiBpov YiveTol OVTIHETOMIOT TG GUYKPOVOTG, Kol 1) OldtKacio
o0nyel TEMKA GTNV €MAOYN LOVOOIKOV KOUPOL Yo aVOUETAOOGT. TN GUVEXELWN, TO
pvope TAnpoeopiag Tpowdeitar Tpog Tov kOpuPo-avapuetaddtn, o onoiog emPePfaidvel
™V EMTUYN AQYT TOV PNVOLATOG TANPOoPOopiag amostéAAovTog oxeTikd unvopa (ACK
— Acknowledge message). tn cvvéyeia 0 KOpPog-avapetadotng avorapfavel o poro
TOV amOGTOAEN TTANpOPOpiag Kot avalntel Tov emdueVo KOUPO-avopueTaddTn, LEXPL TO
pnvope TAnpoeopiag va OAcEL 6TOV TEAKO TPOOPIGIO TOV. TNV TEPITTWOCT OTOV OEV
avevpebel kavévag KOUPOG-ovapETASOTNG GE OAOKANPY TNV TEPLOYN TPOodONoNG, O
KOUPBOG-0mosToALaG VITavaywpel mpocwpvd Kot dokiudlel Eavd peTd amd KAmTolo
YPOVIKO Otdotnuo, avopévovtag 0Tt Tote Oa £xel aAAAEEL | KATAVOUY] TOV EVEPYDV
KOUPwv Kot Bo popécet va avevpel kKopPo-avapetaddtn. H dadikacio vroavoympnong
emavolappavetar péxpt va Ppebel kOpPoc-avapetadomge 1 va eEavtindet 1o avaototo
opro mpoomabeimv, omdte gykotaAeimetar M mwpoomdabelo  avevpeong KOuPov-
OVOPETOOOTN KOl TO LWVOLLOL TAT|POPOPIaG amoppinmTeETaL.

Kabe kopupog mov dev €xel mTakéTo TPog PETAGOON UETAPAIVEL TEPLOOIKA GTNV EVEPYN
KOTAoTAON, akoAovdmvTag Tov KOKAO Agttovpyiog Tov. MOAIC puetaPel otnv evepyn
KOTAOTAOT, KAVEL AKPOOGT) GTO KAVAAL. AV SOTIGTAOCEL OTL TO KOvAAL Elval avevepyo,
TOTE EMOTPEPEL GTNV OVEVEPYO KatdoTaot. Aviifeta, epocov AdPel kKamolo pjvopa
RTS, o k6pPog e16€pyeTan MC VTOYNPLOG GTN PACT OVTOYMVIGLOV Y10, TNV ETAOYT| TOL
KOppov-avapetadotn. Kdébe kopPoc sivar wovog va mpoodiopicel ) O1KY TOL
VIOTEPLOYN TTPOTEPALOTNTACS, PaCILONEVOS OTIG SIKEG TOL GUVTETAYUEVES, TIG OTOIES
yvopilel, KoBDG Kol 6TIG GLVTETAYUEVEG TOL KOUPBOVL-0TOGTOAEN KOl TOL KOpPov-
OLAAEKTN, Ol omoieg avapépovtal oto wvopa RTS. Av o kéupog mov Erafe pvopa
RTS avikel ommv vmomeployn vwnAOTEPNS TPOTEPALATNTOG, TOTE OMAVTOEL GUEGH
amoctéAhovtag unvopo CTS. Ze dtapopetikn tepintmon, ov 0 KOUPog aviKeL 6NV i-
0GTN| LTOTEPLOYN TPOTEPULOTNTAC, OTAVTO HOVO a@ov AdPel | punvopate RTS kot
kavéva pvopo CTS. A&iler va onpelobel 011, dedopévov O6tL 1 emhoyn Koupov-
avapeTadotn yiveton agov £xel AneOet oYM M £YYHLTNTA TOL PE TOV TEMKO TPOOPIGUO,
dev ype1dloviot YVMGELS TNG TOTOAOYI0G TOV SIKTHOL 0VTE TIVOKEG O POULOALIYNONG, OALA
uévo TAnpopopieg tomobeciag.
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[ Képpog-rnyh ®

Koppoc-ouAékmg

Jxnua 2.4: MepLoxéc mpotepaLoTNTAG 0TO MPWTOKOAAO GeRaF. H meptoxn A, €xeL Tn UeyaAUTEPN
npotepatoTNTA Kot akoAouToUV Katd pBivouoo Oelpd oL TTEPLOYXES Ay, A3 Kat Ay

2.2.1.2 TIpmtéxoiro Ka.O001YOOUEVE, 0TTO TT] GUVOECINOTTA

To Span eivar éva koBodnyoduevo amd T GLVOECIUOTNTA TPMOTOKOALO, TO OTOL0
EMALYEL TPOGOUPUOCTIKA OVAUESO GE OLOVG TOVG KOUPOLE TOV d1KTHOL TOVG KOUPOLS-
ovvtoviotéc. H 0éon tov ot otoifa SiKTvokdv TPp®TOKOAM®Y gival Tdvem amd To
ypnoponolovpevo mpwtdkoAko MAC kot kGt® omd TO YPNOLUOTOLOVUEVO
TPOTOKOALO 5 POLLOAOYNOTG.

210 TpwTOKOALO Span, opiopévol and Tovg KOUPOVS TOL SIKTLOVL EMAEYOVTOL Y10 VO
avaAdapovv poLo GUVTOVIGTH. AVTOL Ol KOUPOL-GLVTOVIGTEG TAPAUEVOLY GTNV EVEPYO
KOTOOTOOY Y10 GUVEYN YPOVIKA OLOGTHUOTO KOl TPAYLATOTOOVV dpopordynon. Ot
vrorlouror KOpuPol Ppickovial 6e ovevepyd KATAOCTOON KoL TEPLOOKE EAEYYOLV OV
ypelaletor va petafodv oy evepyd KATAGTOON Yo Vo avaidpfovv poro koupov-
ovvtoviot. ['a va e€acpaiicel Ty dapén enapkoHc TANOoVE KOUPWOV-GLVTOVIGTOV,
T0 TPOTOKOALO Span ypnotponotei Tov akdAovBo Kavova ETAOYNS: 6Tov dVO YELTOVIKOL
KOUPol €vog avevepyod KOUPOL dEV UTOPOVV VO ETIKOWVHOVAGOLYV UETAED TOVC, €lTe
dupeca gite Eppeca, TOTE 0 AvevepPyOs KOUPOC Tpémel va petafel oty evepyd KOTAGTOON
Ko va avadldpet porho koppov-cuvtovioty|. 2o1dc0, eivar evoeyOuevo apkeTol KOpPot
vo avTiAneBodv v EAAelyn KOUPOV-CUVTOVIGTY] TALTOXPOVE KOL GLVETMG VO
amo@acicovyv 6A0t va avorapouv avtd To poro. I1pog amopuyn T€TOLMV KOTACTACE®Y,
ot koppot mov aropacifovv va avardpfovv to poro kOUPov-cuVTOVIOTH avABAAlovv
TNV OVOKOIVOOT NG OmOPAcNS OVTNG KATA pio Tuxaio KaBuoTépnon vTavoym®pPnong
(backoff delay). Kabe xoppog xpnoylomotel o Guvaptnon mov mapdyst po toyaio
T xpovikob daotnuotog kabvotépnong Aaupavoviag vmoéyn 1o wAN0og TV
YETOVIK®OV KOUPwV pe TOVG omoiovg Ba pmopovse vo dtocuvoedel duvntikd Kol To
evamopévovta evepyelaka amobéuata tov kKépPov. H Bacikn déa eivar 6T, apevog, ot
KOuPol pe ta vymAdTEp gvepyelakd omobépata mpémel vo givor mhavotepo va
TpocPepHovv Yo va avordfouvv poAo KOUPOV-GUVTOVIGTH KoL, OPETEPOV, Ot KOUPOoL-
GUVTOVIOTEG TTPETEL VAL EMAEYOVTAL KOTE TPOTO IOV Vo ehaylotonolel To mAn0og Tovg.
Amd Vv dAAN TAevpd, KABe KOUPOG-GUVTOVIGTNG EAEYYEL TEPLOOIKA av pmopel vo
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petafet otnv avevepyd katdotact. AVoAuTiKd, £vag KOUPOG-GUVTOVIGTNG TTPETEL VAL
arocvpbel amd 10 poAo Tov av Kabe (evyog yeltoviKdv Tov KOuPwv givar og Béon va
EMIKOLVOVNGCEL ElTE AUECH €lTE HEGHO GAADV KOUP®V-cLVTOVIGTOV. ['l00 TNV amo@uyn
OTTOAELOG GUVOECIHOTNTAG KOTA TN HETARATIKY PAOT), 0 apy KOS KOUPOS-GLVTOVIGTNG
ouvveyilel va mapéyel TV vANPEGia SPOLOAOYNONG LEXPL VA KOTAGTEL S10BEGTIOG O VEOG
koppoc-cvvtoviotc. IIpokeyévov va amoeacicel ywo. t0 pOAO MOV TPEMEL VO
emreréoel KaOe wOuPog Kabe ypovikn oTiyur, 1O TPOTOKOAAO Span amortet
TANpoPopieg 1000 Yo TN yertovid Kabe kKOuPov 0G0 Kal Yo TN GLVOEGILOTNTO TOL
dwtoov. Qotdc0, or TANpogopiec ovTEC TapEyovior omd TO  TPAOTOKOALO
dpopordynong, ondte To Span e£optdtol amd avTO KOl EVOEYOUEVEOS VO OITOLTOVVTOL
TPOTOTOMGELS GTOV TPOTO AELTOVPYIOG TOV TPOTOKOALOV Span mate va givatl cuuPatod
LLE TO TPAOTOKOALO dPOUOAGYNONG TOL YPNCLULOTOLEITAL.

‘Eva dAlo mpotokolrio g katnyopiog avtg eivar to ASCENT. Zvykekpéva, 10
ASCENT (Adaptive Self-Configuring sEnsor Networks Topologies) sivolr éva
Kkafodnyoduevo amd tn cvvoesudTNTA TPOTOKOALO, TO omoio dev eaptdtar amd To
TPOTOKOALO dPOROAOYNONG. XTO TPMOTOKOALO avTo, KAOe kOuPog amopacilel av Oa
OLUUETEXEL 0TO OiKTVO N av Ba Bpioketan 6TV avevepyd Katdotaot Paciloplevog e
TANPOPOPIEG TYETIKA LLE T GLVOEGIUOTNTA KOL THV ATOAELN TOKETMV TOV PETPA O 1010G
0 kouPog tomikd. Apywkd, opiopévol kopPor sivar evepyol evad ot vrdiouror KOpUPot
elvan madntkol, oOnAadn Aappdavovv mokéta, yopig va ta Tpombodv. Otav o aptdudg
TOV EVEPYDV KOUPwV dev givar apKeTd PEYAAOC, 0 KOUPOC-CLAAEKTNG ovTILETOMILEL
HEYAAN amMAELD TAKETWV Ad TOLG KOUPOVS-TNYEC. ZE LT TV TEPIMTOGT, 0 KOUPOG-
oLAMEKTNG omootéldel unvopata Ponbetog (help messages) yw va (nmoet omd
YELTOVIKOVG TOL KOUPovg mov Bpickovial 6 TadnTIKn KOTAGTOGN VO GUUUETAGYOVY
070 dikTLO WG gvepyol kOpPot. Ot madnTkol KOUPoL-yeitoveg £X0VV TOV TOUTOOEKTN
TOVG EVEPYOMOMUEVO KOl AQUPAVOLY OAOL TO TOKETA TOL OMOGTEALOLY Ol EvEPYOL
yertovikol Tovg KOpPot. Qo1660, 00TE GLUUETEYOLY GTNV TPOo®ONoN dedopévav 0VTE
avToALdoGoVV TTANpoopiec ehéyyov dpopordynong. Ovolootikd, ot mabnrtikol
KOpPot-yeitoveg amAmg GLALEYOLV TANPOPOPIES Y1 TNV KATAGTOCT) TOL HIKTVOV Y ®PIg
VoL OAANAOETLO POV pE TOVG EVEPYOVG KOUPoVS. Avtifeta, ot evepyol kOpUPol Tpowhovv
dedopéva Kot avTaAAAooovY UNVOLOTO EAEYXOV UEXPL VO TEAELOGOLV T EVEPYELNKE
toug amobéparta. Emiong, 6tav S1omioTdoovy OTL 1 TOMIKY OTOAELD OEGOUEVOV Evat
peyaAvtepn amd KAmolo Tpokafopiopévo eminedo UTOPOVV VO EKTEUYOVY KOl QLTOL
unvopota Bondetag. Mol £vag kopuPog ouvdebel oto diktvo, apyilel vo mapakoAovdet
TIG CLVONKEG OV EMIKPOUTOVV GTO SIKTLO KOl GUYYPOVMG EVNUEPDVEL LECH GYETIKAOV
UNVOLLATOV TOVG YEITOVES TOV Y10 TNV TALPOLGia TOL MG evepyoL KOpPBov. H dradikacio
ot ovveyiletar puéypl o aplOpds TV EVEPYOV KOUPWOV VO KATAGTEL TETOL0G DOTE TO
TOGOOTO OMMOAELNG UNVOUAT®OV TOV KOUPOL-GLAAEKTN va Pploketol KT omd éva
npoKafoplopévo Katdeio mov e&aptdror kor omd v eeapuoyr. H dwdikacia
emavolappavetarl amd Ty apyn 0tav aviyvevdel KAmolo TePIGTATIKO 6TO dIKTVO OTMG
Y10 TOPASELY IO ATEVEPYOTOINOT) KATOL0L KOUPOL AOY® e£AVTIANGNG TOV EVEPYELNK DV
oV omofepdtmv N TpokAnOel ahENon Tov T0c0GTOV AavOUCUEVOY UNVOLATOV, AOY®
aAhaydv otig ouvOnkeg petddoonc. To tpwtdkoiro ASCENT mepropiler v oamdAeia
TAKETOV TOV OPEIAOVTOL GE GLYKPOVGELS KOOMG 1 mukvoTnTa KOUPmV AapPdvetol
VIOYN G TOPAUETPOS OTN AELTOLPYiO. TOV TPMOTOKOALOL, HEG® TNG WETPNONG TNG
anorelog dedopévov oe tomikd eminedo. Emiong, 10 mpwtokolio ASCENT eivar
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€UKOAO KMULOKOGILO. ATO TNV AAAN TAELPE, 1 €E0IKOVOUN O EVEPYELOG OV OLEAVETAL
avdAoya TPog TNV TLUKVOTNTA KOUPwV, Kabmg avt e£apTdtal 0VGLUGTIKG 0md TOV
KUKAO Agttovpyiag Kot 0yt amd 10 TAN00C TV evEPYDY KOUPmV.

Mo dropopeTikn KAAoN Tpoceyyice®mV TEPYPAPEL LoONUATIKA TO OTKTVO G TLYOLO
YPaeo kot gpapprolel mopicpata e Bewpiog dmMbnong [10] ywo va yapaxktnpicet
OLVOECIHOTNTA. TOV JKTOOL OTav  €QUPHOleTal ©TOVS KOUPoLg €vog KOKAOG
Aertovpyiag. ‘Eva mpwtdkoAro avtig g katnyopiog eivar 1o mpwtoéxoiro Naps.
Yvuykekpiuéva, to Naps eitvor évo amokevIpmUEVO TPMOTOKOAAO d1ayEIPIONG TOTOAOYIG
nov Baciletar o€ £va mEPLOSIKO GYNLLA OVATAVCN S/ APOTVIONG. ZTO TPOTOKOAAO ALTO,
0 xpdvog dloupeitar og YPOVIKEG meEPLOOOVS e Otapkel T. Apywkd, kabe kOpPog
avapével ent toyaio xpoviko odotnua t,, To omoio ivar opodLopPo KATAVEUNEVO
oto dwotnua [0,T). Metd v ndpodo tov t,, kabe KOUPOG amOcTEALEL TPOG OAOVG
TOVG YeEITOVIKOUS Tov kouPovg uvope HELLO dote va toug evnuepmoet yuoo v
OQUTVIGY] TOV. XTN GLVEXELN, OKPOdTal TO KOvAAlL yio va AdPel mhavd unvopoto
HELLO an6 dAlovg kopPovg. Kdabe koppfog pmopel va emiotpéyel otnv Katdotoom
avamoavong 0tav £xel AAPeL C UNVORLOTO 0O TOVS YEITOVES TOV, 1POPETIKA TOPAUEVEL
evepyog emi oAOKANPM TN Ypovikn mepiodo T. Ot cvyypageic tov Naps [11] éyxovv
amodei&el OVOALTIKA TIG WO1OTNTES GLVOEGIUOTNTOS TOV TPMTOKOAAOL OVTOV KOl Ol
TPOCOUOLDCELG £XOVV JEIEEL OTL TPOKELTAL Y10 £VOL EVEMKTO KOl EDPWOTO TPWTOKOALO.

2.2.1.3 Xovoyn

To mpotdékoAla eAEYYOL TOTOAOYiOG MOV €ivol Kabodnyovpeva omd tn 0éon tov
kKOpPov amartodv ot koppor va yvopifouv ™ 0Eom TOLE, KATL TOV EMTLYYAVETOL
ocuvnBog pe éva vroovotnua GPS. Kabdg, opwe, 1o GPS givan 1dwaitepa axpio kot
evepyelaka oamavnpod, eivar cuviBmg avépikto va gykotactafel oe OAOLG TOLG
KkopPovg tov diktvov. Etval, opwe, dvvatd va eEonhotel pe GPS éva vroshvoro tov
KOUP®V ka1 va Tpocdiopiletor 1 B€om TV VTOAOT®Y KOUPWOV Y PNCIUOTOLOVTIS AAAES
teyVikKéC. QotOG0, o1 Kool KOpPol-ouctntipeg 0ev €(0vV TO KATAAANAO VAIKO
(hardware) yia va. amokticovy TAnpopopieg Torobecioc. I'ia to Adyo awtd, oTn YeVIKN
nepinTon To KaodNyovpeva amd TN GLVOEGIUATITA TP O®TOKOAAN Elval TPOTILATEPO,
KaBmg amaiTtovy TANPOPOpPiEG Ol omoieg pmopovv va e&ayBodv and TOmIKES LETPNOELG.
Yg KG0e mepintmon, dedOUEVOL OTL 1 EVEPYELNKT OTOOOTIKOTNTO TMOV TPOTOKOAA®Y
eAEYYOL TomoAOYiNG Elval GTEVA GLUVOEdEUEVT] LE TNV TUKVOTNTA KOUP®V, TO 1010 10YVEL
vy v enéktacn g {ong tov diktvov. ‘Exel deybel 611 Ta mpmTOKOALQ EAEYYOV
tonoloyiag av&dvouv tn dapkela (NG Tov dkTVLOL Katd Evay Tapdyovia 2 £0g 3 o€
oxéon pe v mepimtwon Omov oto O diktvo ot KOpPor elvar  cLVEX®S
evepyomomuévol. H Beitimon avtn, opwmg, Bempeitor pikpn yio TOAEC TPOKTIKEG
EQOPUOYEC, omOTE M TEYVIKY avTi] Ba mpémel va cvvdvaletor pe GAAES TEXVIKES,
Aappavovtag, Opmg, vroyn mOavéG aAANAETIOPACEL TOV UTOPEl Vo EMUPEPOLV
OPVNTIKEG EMMTAOCELG GTN AELTOLPYIO TOV HIKTVOV.

2.2.2 IIpmToKorio avaTOVONCS/ APVTVIONG

Ta mpwtdKolia avamovonc/aednviong Tpootadody va  EmTOHYOVV  EVEPYELNKN
OTOJOTIKOTNTO, LELDOVOVTOS TO YPOVIKO SlIoTNUe KaTd TOo 0omoio ot kKOpPor &xovv
EVEPYOVS TOVG TOUTOOEKTEG TOVG. Ta TPOTOKOALD ALTE VAOTOLOVVTOL TAV® OO TO
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TpOTOKOAL0 Kowng mpdoPaong (MAC protocol), dniadr avikovy gite 610 oTpOUA
SIKTOOV €1TE GTO GTPOUA EQAPULOYNG. Ta TPOTOKOAAL OVATOLGTG/ AUPVTVIONG UTOPOVV
va evtayovv 6g TPEIC LITOKATNYOPIES: TO TPOTOKOALN Katd Tapayyehio (0N demand)
OUVOVTNOE®V, TO TPOTOKOAMN TPOYpPOUUATIcHEVEDY  ovvavtioswy  (scheduled
randezvous) kot ta Tp®TOKoALa acVYXpoveOV cuvavtioewy (asynchronous schemes).

Ta tpotoKoAla KaTd TapayyeAio GUVOVTHCE®Y £QOPUOLOVY QUECT TPOGEYYIOT OTN
dwyeipion 1oyvog. H Bacikn wéa sivon 0t1 évag koupog mpémet vo apumvilel Tov
TOUTOOEKTI TOV HOVO OTOV TPEMEL VoL Yivel emkowvavio pe dAlo kopPo. To Pacikd
TpOPANUE ovTG ™G TpocEyywons eivar mog Oo ewwomomBel Evag kOuPog e
QTEVEPYOTOEVO TOUTOOEKTT OTL KATolog dALOG KOUPog BéAeL va emikowvavioet poli
tov. o v avtipetdnion Tov {NTHUATOG QVTOV, TA CYNLOTO VT Y PNCLOTOLOVV
KOUPovg pe TOALATAOVG TOUTOOEKTEG TOL YopakTnpifovior omd OloPOPETIKES
EMOOGELS KO EMITESQ KATAVAALWOONG 1GYVOG,.

EvoAdoxtikn AOon TpoopEPEL N TPOCEYYIOT] TMV TPOYPUUUATIGUEVEOV GUVOVTHCE®V, 1)
Baokn 10€a ¢ omoiag cuviotatal 6To 0Tl Kabe kKOUPog Tpémetl va apurviletal To 1010
YPOVIKO JAGTNUO PE TOVG YEITOVIKOUG KOUPoLS Yo va vtdpéel emkowvavia. 'Etot, ot
koupol agurviCovtor cOUE®VE HE £V OYETIKO TPOYPOUUN KOl TOPOUEVOLV
EVEPYOTONUEVOL ETL LIKPO GYETIKA YPOVIKO SLAGTNLO DGTE VO EMKOVOVIGOVV LE TOVG
yeitovég tovg. 'Emetta, EMGTPEPOVV GTNV KATAGTOGT OVATOVONG, HEXPL TNV EMOUEV
TPOYPOUUATIGUEVT] GUVAVTNOT).

Mo Tpitn TPOcEYYIon €ival M ¥PNOT TPOTOKOAA®Y OGVYYPOVMOV GUVOVTHCE®MY. XE
aUTé To TPOTOKOALN KAOE KOUPOG apurvileTton e TVYOIEG XPOVIKEG GTIYUES Kot Elval
o€ B€om va eMKOVOVEL [IE TOVG YEITOVEG TOV, 0ELOTOLOVTOS OLOTNTEG TOV TPOEPYOVTOL
amd T SOUN TOV TPOTOKOAA®Y ALTOV TOL EI00VG.

2.2.2.1 MMpoTOKOALY KOTA TO.PAYYELLD GCUVAVTICEDV

Ta oynuota avtig g Katnyopioag eival Baciopéva oty 10€a 0Tt £vog KOUPOg Tpémet
va givol evepyomomuévog Lovo 6tav ypetaleTal Vo ETKOVOVNGEL e KATOL0 YEITOVIKO
0V KOUPO. AVTO ELAYIGTOTOLEL TNV KATAVAAMGN 16Y1OC KOOIGTOVTOG TO GYN LT OVTA
KOTOAANAQ Y10l EQAPLOYES OV YopaKkTnpilovion amd pkpd KOKAO Asttovpyiog, OmmG
glval o1 €QOPUOYEG avixvELONG TVPKAYIAG, Ol EQOPUOYES EMITNPNONG UNXAVIKOV
APV Kot YEVIKOTEP Ol EQPAPUOYEC TOL lvar Kabodnyobueveg amd coupdvia. e
TéTolo. oEVAPLL Ol KOpPor Ppiockovtol oTnV KATACTOGT TOPATPNCTNG KOTé TO
LEYOADTEPO X POVIKO dtdoTnpa TS Cong Toug. Otav aviyvevBel éva cupfav, ot kopupot
petafaivouv otnv Katdotaor Hetddoons. Ta oynuota Katd Tapoyyeiio GUVOVINGE®V
OTOCKOTOVV GTNV EAYIGTOMOINGT TNG EVEPYELNKNG KATAVAAWDONG KOTE TV KATACTACT
TOPoKoA0VON GG, VD £acPUAIloVV TEPIOPIGUEVO Y POVO avVTIOpACNS Yio T HeTABoon
oV Kotdotoon petadoons. H epappoyn tétolmv oynudtoy Tumikd omottel T xpnon
O00 SLLPOPETIKAOV SOVA®MY ETIKOWOVIOG: EVOC KAVOALOD Y10 KOVOVIKT EMIKOWVOVIO
dedOUEV@V KOl EVOS KAVOALOD QLPUTVIGTG, Y10 TNV OTOGTOAN CNUAT®V apOTVIONG TPOG
TOVG OEKTEG TOV TPAOTOV KavaAloD, 6mote avtd amouteitor. Kaitor Oo propovoe va
xpNoLomon0et évag HOVO TOUTOOEKTNG e SLUPOPETIKA KavAAla Asttovpyiog, Olo Ta
OYETIKO OYNUOTO ava@EPoVV TNV VIapén 0600 Eex®PIoTOV TOUTOOEKTAOV. AVTO
EMTPEMEL VO, UMV VILAPYEL TAPEUPOAT TV CNUATOV GTO KOVAAL AQUTVIONG HE AV
petdooon dedopévmv. Baokd petovéktnuo anotelel To m1podcHeTo KOGTOG TOL OVTEPOL
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TOUTOOEKTT, TO OTO10 GG dEV £ivar oNUOVTIKO, KaO®G OAOKANPO TO VTOGVGTLLO TOL
TOUTOOEKTN €€l KOGTOG HKPOTEPO Omd €va TOGOGTO TNg TaENG Tov 15% oTOUNg
eumopikovg kouPovg. ‘Eva devtepo petovéktnpa omotelel 1 wboavny avoavtictolyio
petald g epuPérelag TV 000 TOUTOSEKTMV.

To npwtoxoiro STEM ( Stem Topology and Energy Management) [12] ypnotponotei
000 TOUTMOOEKTEG, £vol Yol CNUOTO OPUAVIONG KOl €va ylo HETAO00N TAKETMV
dedopévav. O de0TEPOC TOUTOOEKTNG elvart 110G 16YDOG LE TOV TPMTO, TPOG ATOPVYN
T0V TpoPAnuatog avovtiototyiog ™G euPérelag. Kabe kouPog evepyomoiel tov
TOUTOOEKT APUTVIONG EML Y POoVIKO SASTNUA Ty ctive ME TEPLOSO EMaVIANYNC T. Otov
Kémolog KOpPoc-tny”n (kOpPog-exkkivntg) BELeL va EMIKOIVOVIGEL e YELTOVIKO KOUPO
(k6pPo-0T0Y0) amooTéAel cvpud omd meplodikd onuate eworoinong (beacons).
MOoAg 0 kOuPoc-ctoY0g AdPel onpa €100mOINONG, OTOGTEAAEL unvopa emBePainong
NG QPUTVIGNG TOL KO, GT) GLVEXELD, EVEPYOMOLEL TOV TOUTOOEKTN dedopeEvav. Otav
ovuPel ovykpovon o100 KavAAl a@umviong, Ocot KOopPor avtikapfdavovior
GUYKPOLOT] EVEPYOTOLOVV TOV TOUTOOEKTN OEGOUEVMV TOVG, YWPIG TPONYOVUEVMS VL
arooteihovv  pvopo  emiPefaimwong. H  petrddoon  pnvoudtov  domoinomg
emavolapupaveton ent £vo pPéy1oTo YPoviKo ddoTnua, epocov o Anedel emPePainon
aQeUTVIONG 0o TOV KOUPO-0TOY0. Mo TapoAdayr) TOV aVAOTEPOL TPOTOKOAAOV, TOL
ovopaletar STEM-B, eivar to tpwtdkoiro STEM-T. H Bacikn Toug dtopopd ivon 6Tt
10 TpwtOKoAho STEM-T ypnoiponotel TGvo apOTVIONG OTOTE EVEPYOTOLOVVTOL AUECHG
oMol ot kOpPot yeitoveg tov KOuPov-ekkivnty. Ta mpwtokoddo STEM pmopovv va
YPNOULOTOINO 0OV GE GUVIVOUCUO LLE TPOTOKOAAO ELEYYOV TOTOAOYING. [0 Tapddetya,
0 ovvovacuog tov STEM pali pe 1o GAF avédver ™ dudpketa {ong Tov diktHov KoTd
évav mapdyovto g taENg tov 100, og oyéon pe v mepintmon 6mov 610 1510 dikTvo
ot kopuPor etvar ocvvexdg evepyomomupévotr. Qotéco, T0 TpwTOKOAAo STEM
AVTOALACGEL EE0IKOVOUNGT] EVEPYELNG IE KOOVOTEPNON OTOKPIONG GTNV EYKOTAGTOON
OLOPOUNG. ZVYKEKPIUEVE, 1 TTEPIOOOC HETOED SLOOOYIKMY OTOCTOAMY UNVOLOTOG
g100moinong mpénet va eivorl EMOPKOS LEYAAN, OGTE VA VILAPYEL APKETOS Y POVOG Y10l TNV
OTOGTOAT TOV UNVOUOTOG E100TOINONG Kol Yo T ANY™ TOL punvopotog emtPefaimong
agumviong. Emiong, kabmg ot kopPor dev givor cvyypovicpévol PETaED Tovg, Kabe
KOUPOG TPEMEL VL TOPAUEVEL EVEPYDS Y10l YPOVIKO SLAGTN LA

Tactive = 2% Twakeup + Tack (2-2)

omov Tyareup ElVaL 10 YpoviKd SdoTnuO OV amOLTEITOL Y100 THV OTOGTOAN) TOVL
unvopotog ewdomoinong kot Tyor €IVOL TO XPOVIKO SLAGTNLO TOV OTOLTEITOL YL TNV
amOcTOAN TOL unvopatog emiPefainong apvmvions. ‘Etot, yivetor avtiinmtd o6t o
YPOVOC Tyctive €EOpTaTOL OO TO PLOUO pHETAOOONG OEOOUEVOV GTOVG KOUBOVS TOL
SKTVOV. Ze diKTLA PLE YOUNAO pLOUO PeTAd0ooNCS, 0 X POVOS Ty ctive ATOKTO LEYAAES TUULES
omOTE TPOKEWEVOL Ot KOuPotr va Exovv pikpd kKOKAO Aettovpyiag o mpémer kol o
xpovoc, T, uetalhd d1odo tKmV EvepymV TEPLOd®V Vo eivar peydAog. Avto, OLws, 00Mnyel
TEAIKA G€ PEYAAN KaOLGTEPTON GTN ANYT TOV OEGOUEVOV OO TOV KOUPO-GLALEKTY).

Mo vo emitevyBel pon kaAvtepn oyxéon ovtoiayng petald g e£otkovounong
evEPYELNG Kot TG KaBvoTtépnong apdmviong tpoteivetat 1o Tpmtékoiro PTW [13]. To
npotokollo PTW (Power Tone Wakeup) Paciletar kot avtd otnv dmapén d00
TOUTOOEKTMV, €VOG Yl TN HETAOO0OT OedOUEVEOV Kol €VOG YloL TN ONUOTOd0GiN
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apumviong. Otav évag kopPog Bélel vo amooteidel makéto ypnolonolel £vo TGvo
QQUTVIONG, O OTTOL0C £XEL OC AMOTELEGLOL TV APVTVICT] OAWOV TOV YEITOVIKMOV KOUPOV.
Q61660, T0 TPOTOKOALO aVTO peTafETEL TO fAPOG TNG aviyvELONG TOVOL OO TO OEKTN
0TOV amoGTOAEN. AVTO onuoaivel OTL 1 O1OPKELD TOL TOVOL aPUTVIONG TPETEL VO, Efvort
EMOPKMOG LEYAAT OOTE Vo aviyveLBel amd tov kOUPo-01d)0, 0 0moiog evepyomolel Tov
TOUTOOEKTN aPUTVION S TtePlodtkd. H Aoy micw amd avtiv t Adon eivar 6tL 0
KOUPOG-EKKIVITIG amOGTEALEL LOVO €va TOVO a@VOTviong Ootav oviyvevbel couPdv.
EminAéov, n dradikacio apdmviong akoAlovdeitol amd TV amocTOAN 0E00UEVAOV, OOTE
va petwbel n kabvotépnon avtidpacng.

ORORORO

Jxnua 2.5: Tpouuikn tomoAoyia Stktuou yia emteériynon Aettoupyiog
npwtokoAdou PTW

211 YPOUUKT ToToAoYia S1kTOOV oL ekoviletal 6To Xy. 2.5 ag vrotebel 6TL 0 KOUPOG
A BéAhel va petadmoel pnvopa tpog tov Koppo D dapésov tov koupwv B kar C. Tn
XPOVIKN] oTiyun tp o A ekkwvel TN dwdkacio amooTéAAOVTaS TOVO OTO KOVOAL
apumviong. O tévog avtdg apurvilel 6AovE Tovg yeltovikovug kopfovg tov A. Me
avaQPopa 6To Xy. 2.6, TN XPOVIKN GTIYUN t; 0 A amOGTEAAEL EVIUEPMOTIKO UMV TPOG
tov kOuPo B, mAnpogopdviag Tov 0Tt T0 EMOUEVO TOKETO OEOOUEVAV Bal £XEL AVTOV MG
amodékt. Aaupdvoviog To pnvopo avtd, OAol ot vmorowrol yeitoveg Tov A
avtihappdvovior 01t T0 TOKETO dedopEVeV Oev mpoopileTar Yo avTOVG, OmOTE
OTEVEPYOTTOLOVV TOV TOUTOOEKTY 0€00UEVOV TOVG. Tnv idta otiyun o B amavtd pe
uvopo emPefoioong aevmvions oto Kavail dedopévov. 'Encrta o A exkivel
petdooon dedopévmv and to avtictoryo Kavail. Tavtdypova pe T ANyn dedopéEVOV,
0 kopPog B amootéAdel TOVO aQUTVIGNG OO TO GYETIKO KAVOAL Kol £T61 opUTViLEt
OAOVG TOVG YEITOVEG TOV, OMMG PaiveTol kot 6to Xy. 2.6. H petddoon dedopévav oto
npwtékoAro PWT vrayopevetot amd to tpotokolro MAC mov ypnoonoteital.
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Zxnua 2.6: AAvoldwrtn dtadikaoia apumviong oto mpwtokoAAo PTW

Kabobc n evepyelaxn KoTovaA®on TOV TOUTOOEKTN a@OTVIONS Oev €ival apeAntéa,
1660 10 STEM 600 xor 10 PWT ypnoyomotodv £€va aovyypovo oyfua
avamavons/aeumvions, MoTE ol kKouPolr var £xovv yaunAd KokAo Asrtovpyiag. Mo
OLPOPETIKN TPOGEYYIOoN €lvol 1 ¥PNON €VOG TOUTOOEKTN YOUNANG 10005 MG
TOUTOOEKTI QLPVTTVIONG, O 000G PPICKETAL GUVEY DS GE KATAGTAGT] OVOLLOVIG Kot 0TV
Aoppaver onuo aedmvione agumvilelt Tov moumodéktn odedopévav. To Pacikd
LELOVEKTNILOL TNG TPOCEYYIONG ATAG €tvan OTL 1 eUPEAEL0 TOV TOUTOSEKTY YOUNANG
16y00¢ elvol CNUOVTIKE LKpOTEPO OO TV EUPEAELN TOV TOUTOSEKTN OEOOUEVOVY. AVTO
ePLOPilEL TNV EQAPUOYN TNG TEXVIKNG ALTNG, 0oV eivar eVOEXOUEVO KATOL0G KOUPOG
Vo unv pmopet va apumvicel éva YEITovikd tov KOpPo, kaitol PpiokeTon £viog TG
eUPEAELOG TOV TOUTOSEKTT OEDOUEV@V.

Ye KGOe mepimtmon, n yxpNom OeVTEPOV TOUTOOEKTN EXEL OC AMOTELEGHO OLENUEVN
EVEPYELWOKN KATOVAA®GT, TOv mhavmdg vo. unv elvor opeAnTéa, oKOLO KOl HE TN
YPNOUOTOINGT TOUTOIEKTN YOUNANG oyvos. [Ma v aviipetdnion mtpoPfAnudtov
OYETIKMOV HE TNV TPOCHETN EVEPYELD MOV KATOVOAMVETOL OO TOV TOUTOOEKTN
apvrviong, mpoteivetar to oxynua RTPM (Radio-Triggered Power Management). To
oYNHO. aVTO TPOTEIVEL TN YPNON TNG EVEPYEWNG TOL TEPAAUPAVETAL GTO GNUOTO
AQUITVIONG Y10, VO, TVPOSOTHGEL TV EVEPYOTOINGT) TOV TOUTOOEKTN apVOTVIGNG. [l TV
vAomoinon ™G Wéag QTG YPNOLOTOLEiTOl KOTAAANAO KOKA®po moumodéxtrn. To
KUKAOPO a0TO 0EV KATAVOADVEL EVEPYELD amtd TOV KOUPo, 0ALG evepyomoteital amd To
1010 10 oNua aeHvmvionc. Baowkd pelovéKnua g Tpocéyyiong avtng OTL To. Gt
aQUTVIONG TPEMEL vo. OGVOLV GTOV TOUTOdEKT TOV KOUPOVL-GTOYOL £XOVTUG
ONUOVTIKY] TOGOTNTO EVEPYEWNC. ZUVEMMG TO. ONUOTO OQUIVIONG OEV TPEMEL VO
e€aclevoiv dlovoovtoc UEYOAEC OMOGTACELS, OMOTE LOIGTUTOL TEPLOPIGUOS NG
HEYIOTNG OmOGTOCNG GTNV omoio pUmopel va @Tdoel o unvopa agumvions. Me éva
OYETIKA amAd KOKAOUO MG TOUTOOEKTN, N UEYIoTN omdoTacn avtn eOdvel ta 3m. H
péylotn omootacn pumopel va avénbel ypnolomoimdvtag TEPIGGOTEPO cLVOETA
KuKAopota, péxpt mepimov tar 7.5m, pe avtiotoyn ovénon g kobvotépnong
AQUTVIONG, AOY® TEPLOPICUMY GTO NAEKTPOVIKA TOV KUKAOUAT®V.

49




2.2.2.2 TIp®TOKOALO TPOYPUUUUTIGUEVOV GUVAVTCEMY

To oyfuota TpoyPaUHATICHEV®V CUVAVTICE®Y AmOTOVY OAOL Ol YEITOVIKOL KOOl va
agurviCovtot To 1010 YPoVIKO SAcTNUA. XTO GYNULATO aVTA, ot KOpPot apumvilovtal
TEPLOOIKA KOl EAEYYOVV v VILAPYEL alTnua Yio extkowvovio. To facikd mAeoviéKTnua
TETOLLV oYMUATOV givor 6Tt Otav évag kouPog eivar evepydc, elvar BEPato 6Tt Kot 6A01
ot yeltovég tov Ba  elvan evepyol. Amd v GAAN TAEvpd, TO  OYNUATO
TPOYPOLUATICUEVOV GUVOVINGE®V omattobv ot kOpPol va elval cvyypoviouévol
TPOKELEVOL Vo apurviCovTor Tnv idwa otryun. H dtapopd TV TpotokOAL®V avTig TG
Katnyopiag Pploketonr otov TPOmMO pe TOV omoio ot KOpPor petrofaivouv oTIC
KOTOOTAGELS ovATavong Kot apumviong. O anriovotepog TpOmTog vl YPMGLLOTOLMVTOG
éva miNpog cvyypovicpévo mpodturo (fully synchronized pattern). Xtnv mepintoon
avtn, 6Aot ot kouPol tov SkTvoL aPLRVICovTar TEPLOKE 0va Tyygkeyp, TV 1010
YPOVIKT] OTIYUN] KOl TOPOUEVOLV EVEPYOTOMUEVOL Yo oTafepd ypovikd ddotnua
Tyctive- AOY® TG OMAOTNTAS TOL, TO GYTLOL AVTO Y PNOLULOTOIEITOL GE TOAAEG TPAKTIKEG
viomoioelg, onwg oto TinyDB ki oto TASK. Emiong ypnowonotgiton ko og
opiopéva tpotokoila MAC, 6rwg oto S-MAC kat to T-MAC mov meprypdpovtal o€
emOUEVT EVOTNTA. AV Kol OTAO, TO CYNUO OQVTO EMTPETEL £VAL LUKPNG O1IPKELNG KOKAO
Aertovpyiag, vtd TV TPoHTOBeSN OTL 0 YPOVOSG Tphtive EIVOL LIKPOTEPOG AT TO YPOVO
Tywakeup- EMTALOV, AOY® TOV GYETIKA pEYAAOL XPOVIKOD £0pOVS TOV Tyctives Twakeup
dev amoteiton wWaitepa akpPne cvyypoviopos. To Pacikd pelovEKTua givat 0Tt OA0L
ot kopPor agumrviCovior v i1 ¥POViKn OTIYUN HET Omd o PEYAAN mepiodo
avdmovong. Xuvvenmg, moAlol koupor mpoomaboldv Vo HETAOMGOLY  UNVOLOTO
TOVTOY POV, TPOKAAMDVTAG PEYAAO aplfnd cuykpovcewv. Emiong, 1o oynuo ovtd dev
elvar Woitepa guéhikto, a@od ov xpovol  Tyctives Twakeup €lVOL oTabepoi Ko dev
VILAPYEL TPOCUPLOYN o€ TOAVEG 0AAAYEC OTO HOVTELO KIvNoNG 1 Kol GTNV TomoAoyio
TOV SIKTVOV.

To TApwg cuyypovicuévo Tpotumo epappdletar e£icov KaAd T060 og enimeda OGO Kot
oe dounpéva diktva acOnmpov. Xto onueio avtd atilel va avaeepBel ot moAAG
TPOTOKOAL dpOHOAGYNoNG oyYNUatilovy &va 0EVOPO GUYKEVTPMGNG dEGOUEV®Y, TOV
ocwnbog éxet g pila TOL  TOv  kOuPo-cvAAéxtn. Kdmown  oynuato
aVATOVoNG/0PUTVIONG EKUETOAAEDOVTOL VTV TNV EGOTEPIKN OPYAVAOGCT TOL OIKTVOV
amod100VTOG SLOPOPETIKEG TYLES GTO YPOVIKO OLAGTNLO KATA TO omoio kdbe Kkoupog
elvan evepyog, AapPavovtag veoyn t 0€on Tov 610 dEVOpPO dpopordynong. Ot Tiuég
™G TOPAUETPOV Ty otive KOOE KOUPOL pumOpel va petafdriiovion o€ fABog ypovoL AOY®
TOaVOV 0oTOY IOV TOV KOUPBoV, ahlay®v Tororoyiog 1] Kot Yo Adyovg e&lcoppdmnong
eoptiov petald tov KOUPV TOL d1KTVOV. Q6TOG0, VIoBETOVTOS OTL 01 KOpUPOot ivan
OTOTIKOL, TO 0EVOPO GLYKEVTPMONG OEOOUEVAOV TAPAUEVEL GTAOEPO Yo EDAOYO YPOVIKO
dlaoTnpa.

210 PpOHTLMO KMUOK®OTNG aeOTVIONS Tov @oivetor oto Xy. 2.7, ot kéuPor mwov
Bpiokovtor o€  JlQOPETIKG emimedo. Tov  OEVOPOL  oLVAOPOIGNG  dESOUEV®V
agurvifovtal 6g SPOPETIKEG YPOVIKES GTIYUEC. Ta ypovikd SOGTALOTO GTO OOl
KOUPOL S100 0 IKOV EMTESWV EIVaL EVEPYOTOMUEVOL TPETEL VO EMKAADTTOVTOL LEPIKMDG
Y10 VOL DTTAPYEL SOLVATOTITO ETIKOVOVIOG.
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- Evepyr nepiodog I:l Nepiodog avanavong

OO0

T.\akeup e Tocive > Tsleepmg — >

Sxnuea 2.7: KAuakwto oxnuo apunviong kopBwv. O kouBog | Bploketal o
xounAotepo eninedo ard tov koubo k. O kouBoc k Bpioketal o yaunAotepo eninedo
arto tov kouBo j k.0.k

To npdTLLO TOV TAPOVGLACTNKE OMOKOAEITOL KO TPOG TO TIG® KAUAK®OTO TPOTLTO
[14] ool Pertictonotel v kabvotépnon makéTov amnd ta eUALG Tpog TN pila Tov
dévOpov oVYKEVTPOONS dedopévav ov cuvnlmg elvor 0 KOUPOG-GLAAEKTNG. XN
BipAloypapio VITAPYEL KOL TO OVTIGTPOPO GYNLLA, TO OTOI0 OUMG OEV YPNOILOTOLEITAL
omv mpdaén, kabmg to ovvnbeg elvar n TANpoeopia va péel amd Tovg KOUPOoVG-
oot peg mpog Tov KOUPo-cLAAEKTN. To mpoOTLTO KAMPOK®TAG a@dTviong epeavilet
TOALD TAEOVEKTNUOTO GE OUYKPION HE TO TANP®S OCLYYPOVICUEVO TPOTLTO.
Yvuykekpéva, kodg KOUPol Tov aviKOUV GE SOPOPETIKA EMIMESD TOV OEVOPOL
oVVAl potoNg dEOUEVOV 0LPLTTVILOVTOL GE SLOLPOPETIKE XPOVIKA 10 THLOTA, LOVO £Vl
piKpd vocHvoro TV KOUPmV Tov diktvov Ba givar gvepyomomuévo ce dedopévn
xpovikn otiyun. Eropévog, o aptfpog tmv cuykpohoemv avapuéveTal LKpOTEPOS, apov
TPOKVTTEL LIKPOTEPOG AVTAYOVIGUOS Yo TPOSPacn 6To KavaAl. ['a Tov id1o Adyo, Kot
N mePiod0g OOV 0 KOUPOG TOPAUEVEL EVEPYOG UITOPEL VAL EIVAL GLVTOUOTEPT], OO YDVTOS
oe peyahvtepn e€owkovounon evépyelag. Emiong, to oyfuo KAMPak®TS apumviong
elvar KatdAANLo Yo Guvad poton dedopévay, 0ol ot kopPot Aappdvouy dedopéva amd
TOVG KOUPOVG-TONdLd TOVG KOl LTOPOVV VAL EQAPROGOVV TEXVIKEG GLVADPOLIGTG TPV TOL
amooTEIAOVV 6TO ETOUEVO EMIMEDO TOL OEVOPOL GLYKEVTPMGTG.

ATO TV AAAN TAELPE, TO OYNUO KALOK®OTAG APUTVIOTG ELPAVILEL KO LELOVEKTHLOTOL.
Aoy ot kouPor mov Ppiokoviar 610 1010 €MiMESO TOL GEVOPOL GLYKEVIPWONG
agurviCovton v 0w oTrypun, cvykpovoelg a cuveyicovy va veiotavtol. Emiong, to
oxfiuo avto £xel meplopiopévn evelia, Kabmg Ta xpovika SeTNUATO Tyctives Twakeup
&xovv otabepn| dSdpkeLa yYio0 OAOVG TOLG KOUPoVG Tov dikTvov. [davikd, n Ttepiodog 6mov
ot Koppot eivon evepyomoinpuévol Tpémet val givot 660 HKPOTEPT YiveTal, OYL LOVO Yo
eEokovounom evépyetag oAAG Kot Tpog emiTEVEN TG EAAYLIOTNG KOOVGTEPNONG TAKETMOV
péxpt va pBacovv otov kOupo-cvAriéktn. Emmiéov, o1 kéuPor mov Ppickovror oe
SLOPOPETIKE EMITES AL TOL OEVOPOL GLVADPOIGTG dLorYELPILOVTOL SLOPOPETIKEG TOCOTNTES
JedOUEVDV. ZUVETAG, TO XPOVIKO SACTNU, Tyctives OTOV KA KOUPOG etvan evepyde,
npénel va vrroroyiletar atopikd yio ka0e kopPo. EEaAAov, akdpa ko oe dikTva pe
otatikovg koppovug etvar mbovo va cuopfodv adrayég oty tomoroyia. I1pog tovto, 0
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YPOVOC TNG evepyol meptodov Kabe kOuPov mpémel va mpocapudletor dSuvopkd o€
OVTEG TIC AAAOLYEC.

Mo da@opetik] Tpocéyyion emtyelpeitol pe 1o mpwtoékoAro FPS (Flexible Power
Scheduling) [15], 6mov o ypoévog dranpeitar oe ypovooyiopés pe dwpkewn Tg. Ot
YPOVOCYIGUES oymuatilovy €vav meplodikd KOKAO, O Omoiog amoTteAeiton amd M
YPOVOSYIGUES Kot £xet ddpketa T, ion pe:

T.=m=x*T; (2.3)

Kabe xopPog datnpel Eva mpoypoppo Le TIC EVEPYELEG TOV TPAYUATOTOEL KATA TN
dtapreto kKabe KhkAov. To oyfUATo TOV AEITOLPYOVV LE Y POVOCSYIGUES OVTILETOTILOVY
dvo Pacwkd mpoPAnuata: 0ev glvor €VEMKTA KOl OTOLTOVV ALGTNPO GLYYXPOVIGUO
peta&y tov kopuPov. o v avtipetonion g EAdetyng sveMéiag, to tpotokorro FPS
TEPIAAUPAVEL EVOL UNYOVIGLO KPATNONG YPOVOSYICUOV KOTH TOPAYYEALD, ETITPETOVTOG
GTOVG KOUPOVG Vo KAVOLV KPATNGELS YPOVOGYIGLAV TPV TIG XpnoyLoromasovy. Ocov
aPOPA TO GLYYPOVIGLO, 0L XPOVOCYIGUES £XOVV CYETIKA LEYAAT O10PKELD £TGL DGTE VAL
pnv aronteitor avoTnpoc GLYYPOVIGUOG.

2.2.2.3 IIpoToK6LLO. AGVYYPOVOV GUVIVTICEMV

To oyfuata acOyYpovOV GUVOVINCE®V EMTPENOVY o€ KaOe kouPo va aumvileton
ave€aptrTo omd Toug AAAOVG, OAAG €yyvdtol 0Tl yertovikoi kopPot Ba £yovv mavto
OAANAETIKOAVTTOUEVO, EVEPYE YPOVIKA OLOCTNUOTO EVTOS €VOG TPOGILOPIGUEVOD
apBpod KOKA@vV. Mo GUGTNUOTIKY] TPOGEYYIOT YO TO GYESOOUO OGVYYPOVOV
UNYOVIGUAV AQUTVIONG TPOEPYETOL OO TNV OVILETOMION TOv {NTNUOTOG G &va
TpOPANUE cuvovaoTIKNG oxediaong [16]. Me Bdon ta amoteAéopota Tov Aappavovo
amod 1 OBewpntikn emilvon Tov mpoPAnuatog, oyedialetor to mpwTOKoAho AWP
(Asynchronous Wakeup Protocol) [17]. To np®tdékorho ovtd pmopel vo aviyvenoel
YEWTOVIKOVG  KOUPOVG ©€ TEMEPUCUEVO YPOVIKO dldotnuo.  yopic vo  LEApyEt
evbuypdupion tev ypovooywloumv Tov KOpPwv. Emiong, elvor avlextikd oTig
GLYKPOVCELS TAKETOV Kl 6€ THAVEG O10POPOTOGELS GTNV TOToAoYia Tov diktvov. H
Baocwn wWéa etvar 0tL kGBe KOUPog oyetiletan Le (o GUVAPTNOTN TPOYPAUUOTIGLOD
aQUTVIONG, 1 OO0, YPNCLOTOIEITAL Y10 VO, SIOUOPOOGEL £VOL TPOYPOLLLO ALPVTVICT|G.
[Na va emkowwviioovv dVo yertovikol kOuPor mpémel va €xovv emkdAvyn ©to
TPOYPOULO AQVUTVIONG TOVS, OVEEAPTNTA amd TN S10POPA TOV LIAPYEL GTA POADYLN
touG. H 10éa ot amewkoviletan evoekTikd 6to Xy.2.8 Hécm evog TapadelyLoTog EVOG
acVYYPOVOD TPOY PAULATOS OPVUTVIOTC Y10 VO GUVOAO ENTA YEITOVIKAOV KOUP®V.

52



124
235
346
547
561
672
713

Evepyoi kopufot

1 2 3 4 5 6 7

Ap1Bu6g XpovooKLopIG

Zxnua 2.8: MNMapadetyua acUyxpovou mPoypaUUaTOS OUVAVTHOEWY BaoLoUEVO OE
ouppeTpLkn (7,3,1) oxediaon tng ouvapTNONG MPOYPOUUATIOUOU OPUTTVLONG

To mapaderypa ovtd Pacileton o po cvppetpkn (7,3,1) oxedioon e cvvaptnong
TPOYPOUUATIGHOV apOTVions. H oyediaon yapaktnpiletal g cuppetpikn yori 6Aot ot
Koot £govv tov 1010 kKo Aesttovpyiac. H tprada (7,3,1) onpaivel 6t to mpdypoppo
emavolapupavetar Kabe entd ypovooylopés, OtL Kabe Tpoypappa eivarl evepyEég TpeLg
YPOVOCYIGHES KOl OTL  OMOLOWNTOTE OVO KOUPOL £Y0VLV  OAANAETIKAAVTTOUEVO
TPOYPOULO Y10 [, Xpovooylopun to moAy. Kat’ avtdv tov 1pomo eEaocpaliletor Ot
K60e KOUPOG UTOPEL VO EXKOVOVICEL LE OTOLOVONTOTE GAAO YEITOVIKO TOV KOUPO o€
TEMEPAGUEVO YPOVIKO dtdotnua. otdco, N kabvotépnon mov elcdyetar umopet va
elvar peydain, Wiaitepa o€ peydao diktoo.

To mpotoxkoiro RAW (Random Asynchronous Wakeup) [18] axoiovbei dtapopetikn
npocéyyon kabng aciletar 6to 6Tt T dikTva GO TPV GUVNBWG YopakTpilovTat
amd VYNAN ToKvOTNTO KOUPwv. Avtd emutpémel v Ovmopén apKET®V S100POUDOV
peta&d Kamolov KOUPov-mtnyng Kot Tov KOUPOL-GLAAEKTT. ZVVETHOGC, VO TOKETO U0 pel
va tpowbnbel oe omowdnmote amd ovtég TS dwwdpoués. To mpwtdkoriro RAW
amoteAeiton amd £vo TPMTOKOALO O POLOAGYNONG GE GVVIVACUO LE £VOL GYN O TUY LG
aeUTVIoNG. To Tp®TOKOAAO SPOHOAOYNONG OmOTEAEL TOPAALAYY] TNG YEMYPUPIKNG
dpopordynonc. Evo katd ™ yewypapikn OpopoAdynomn £va TaKETO OmOGTEAAETOL TTPOG
€va YELTOVIKO KOUPO Tov PpiokeTal TANGIEGTEPO GTOV TPOOPIGHO TOV, GOUP®VO, LE TO
TpmTOKOAL0 RAW, 10 TOKETO OMOGTEAAETOL TPOG OMOLOVONTOTE EVEPYO YELTOVIKO
KOpPo avikel oto oOVOAO vmoynelwv KOpPwv mpoddnong. To ocvvoro avtd
TEPAAUPAVEL OLOVG TOVG EVEPYOVS YEITOVEG TOL IKOVOTOLOUV KATO10 TPOKAOOPIGUEVO
kpunplo. H Pacikn 10€a tov oynuotog tuyoiog agvmviong givor 0tt kabe koupog
aurvileTan Tuyaio Lo popd evTog evOg KOO PIGIEVOD YPOVIKOD SUGTHUATOS, £6Tm T,
Kol TapapeEvel evepyog v ypovo Ty, pe T, < T. X cuverelwn, EMIGTPEPEL GTNV
KOTAoTAoT ovamavong. MOALS évag KOpPog apurviatel, avalntel evepyolg yEITovIKOVG
KOUPOLG, EKTEAMVTAC Mo GYETIKN dtadkacio avakdivyng yertovov. Eotw 0t évag
KOpPoc S €xel va petad doel TakéTo mpog Evay kopPo D kot 6Tt To 6HVOAD VoYLV
KOUPov Tpoddnong amotereitot amd M KOUPOLS. ZTNV TEPITTO®OT AVTN, N TOAVOTNTA
évag ToVAdy1oToV KOUPOG va givar evepydg tavtodypova pe tov kopPo S eivar iom pe:
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2+T,\™
P=1-(1-=%) (2.4)
Otov 10 dikTLO Elvo TVKVO, TO TANO0G TV KOUP®V, M, GTO GHVOLO VTOYNPLOV KOUP®V

TpomOnong etvar peydro, ondte Aoy g (2.4) Oa givor peydin ko n mbavomra P.

To oyqua tuxoiog aedmviong sivor apketd amhd kot Pociletonr pOvo 6e TOMIKEG
ATOPAGELS, XOUPAKTNPIGTIKO TOL TO KOO10TE KATAAANAO Yio dikTLO e GUYVES OAAYEG
TomoAoyiag. Amd Tnv GAAN mAevpd, dev etvar KOTAAANAO Yo apard diktva. Me 10
TpOTOKOoAL0 RAW dev givar eyyuompévo ot évoag kopPog Ba aviyvevoet kKamoto yeitova
oV evepyo. Emopévamg, dev e&aocpalilel 0t o mokéto Oa mpowbnbel péca oe éva
xpoviko mAaicto T, kétt mov cvuPaivel 6to mpwtokorio AWP.

2.2.2.4 Tdvoynm

O tpdmog Aertovpyiog Tov WSN diktvov mov Baciletol ota TpmTOKOAAN GUVAVTHGEW®Y
Katd mopayyerio eivar n Wavikdg, d10TL peytotomolel TNy e£otkovounon evépyelog,
KkaBmg o1 kopPor Tapapévouy evepyol LOVO Yo ToV EAEYLGTO XPOVO TOV AToLTEITOL Y10
™mv emkowovia. EmmAéov, vmdpyel pikpn emintoon oty kabvotépnomn, yorti o
KOUPBog-TapaAnmTng apurviletor LOMG S1OMICTOCEL OTL VITAPYEL LVULO TOL EKKPELLEL.
H swoaymyn evog mopmodétn apimvions anmotehel KOAN A0om Kot Tpoctdrdlet waitepa
OTIG EQPOUPUOYESG OViYVEVOTG YEYOVOT®VY. QGTOGO, 1 XPNON 0EHTEPOL TOUTOOEKTT Elval
damavnpn evod katl ot cuvielg Koot dev givan eEomAopuévol kotdAinAa. Etopévamg,
otav dev givor 0100€010g 0EVTEPOG TOUTOIEKTNG, UTOPOVV VO YPTCLOTOLOVVTOL TOL
TPOTOKOAAN TPOYPUULATICUEV®OV GUVAVTHCE®MY KOl TO TPMTOKOAAD OGVYYPOVOV
ouvovtioe®v. To TPOTOKOALN TPOYPOUULOTIGUEV®V GUVOVTHCE®V givar €0xpnoTa,
KaBmg pmopovv va, TpomomomBovy €0KOAN OGTE VO TPOYUOTOTOOVV GuvAdpoion
dedopévav. ‘Exovv, dpuwmg, to factkd pelovéKTnpa 6Tt amattodv oueTnpd GLYYPOVIGUO
petald tov kOpPov, KAt mov dev 1oyxDEL YOO TO TPOTOKOAAD OGVYYXPOVOV
ocvvavtioewv. Ta tedevtaio elvor emiong amhd otV LAOTOINGM Kol UTOPOVV Vi
e€AoPOAMOOVY GLVOESILOTNTO OTO O1KTVLO, OKOUO KOl OTOV VTAPYOLY OLVOUIKEG
aAhayég oty tomoroyio tov. H peydn gveléia tovg mepropiletar amd tn GYeTIKd
LIKPT EVEPYELOKN OOd0TIKOTNTA, KAOMG, cuVNO®S, Exovv ¢ amotéAleca ot Koupot
TOV OTKTVOV VO AELTOVPYOVV LE HEYOADTEPO KUKAO AEITOVPYIOG O GYECN LE TOV KOKAO
Aertovpyiog TV KOUP®V 6TO TPOTOKOAAN TPOYPOUULATICUEVMV GUVOVTIGEWDV.

2.2.3 Mpotoxkorra MAC pe yopnio kokio Aettovpyiog

[MoALG& mpotoxorra MAC éyouvv mpotabei Yo ta WSN kot  oyetikn Bipioypapio
elvar Waitepa TAovota. Qo1d00, 1 TAPOVSINGT) TOL YIVETAL GTN GLUVEXELN OPOPE. T
onuavtikotepa omd avtd, €otidloviog oe {nmuato oybog Kor oyt 6TOoV TPOTO
npocPaong 61o koo péco. Ta mTpotdkoAla Tov eEetalovtol pmopovv va gviayHodv
0€ TPELC KOTNYOPIEG: TO oYt TOAMATANG TpocPfacng pe dwaipeon ypdvov (Time
Division Multiple Access — TDMA), 1o 6yqUato aVTOY®VIGHOD Kot o VEPIOIKE
oynpato. Ta oynuata TDMA emitpénovy otovg kOUPovs va Aertovpyovv e KOKAO
Aertovpylag pikpng didpketac, yati 1 TpoGPacn 6to HEGO YIVETOL YPNCILOTOLMVTOS
ypovooyopuéc. Kabmg ot kOpupot evepyomolovv tov mOUTOdEKTN TOvg UOVO KATA TN
OLAPKELD TV OIKAOV TOVG YPOVOSYICUADV, | EVEPYELNKN KOTAVAALMOOT] LEIOVETOL LOAVIKA
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010 €AMIY10TO TOL omonteiton Yo pETAOOoT Ko ANyrm Oedopévav. Ta oynuato
avToyovicpob tvarl ta TAéov onuoeiin tpwtokolia MAC yia WSN. Exttvyydvouv
KUKAO Agttovpylog UIKPNG OLapKeElng cuvovalovtag Tic AEltovpyiec mpocPacng oTo
HEGO pE KATOL0 TPOTOKOAAO OVATOLONG/APVUTVIONG, OT®MG OVTE TOL TEPLYPAPNKAY
omv evommta 2.2.2.2. H novn dwpopd givar 0TL, 6TV TPOKEWEVT TEPITTO®OT O
aAyopOpog avamavong/aevmviong tov kopPov dev eivar aveEdpmrog omd TO
xpNoponolovpevo TpwtokoAdlo MAC aAld 6tevd cuvdedepnévog pali tov. Ta vBprod
TPOTOKOALN TPOGAPUOLOVY TN GUUTEPLPOPE TOV TPOTOKOAAOV GTO EMIMESO TNG
GUUPOPNONG TOL OIKTLOV. ZVUTEPIPEPOVTOL OG TPOTOKOALO OVTOYOVIGLOD, OTAV TO
eMimedo ocvpPopnong eivor younAo, kot ¢ tpmtokoAlo TDMA, 6tav 1o eminedo
SLULPOPNONG Eivar LYNAO.

2.2.3.1 MIpotokoira morrlaming TposPaonc e dwaipesn ypovov

Yto mpmtokolio TDMA, o ypdvoc ympiletor oe meplodikd mAaicto dmov Kdbe TAaiclo
amoteAeitol amd cuykekpipévo apBpud ypovooyopuwv. Kabe koppoc avriotoryeiton pe
pw | TEPLGGOTEPES YPOVOCSYIGUES aVA TANIC10, GOUE®VO HE KATOloV aAyoplOuo
TPOYPOLUATICHOD KOl YPTOLUOTOLEL TIG YPOVOCYKICUES YOl VO ETIKOWVOVEL [LE TOVG
dAhovg koppove. ‘Eva amd ta onpovtikdtepa Kot EVEPYELOKA A0S OTIKA TPMTOKOAAL
TDMA givar to TRAMA [19], mov dioupei 1o ypdvo o€ 300 mePLOSOVE, Lo TEPIOdO
toyoiog mpoésPfaonc kol po wepiodo mpoypaupatiopévng npocpfaonc. H mepiodog
Toyoiog TpocPaong etval aplEp®UEVT GTNV KPATNOT| YPOVOSYICUAOV, EVD 1| TPOSPacn
070 HEGO KATA TN O18pKELD TNG YIVETOL Y PNOUYLOTOLDOVTAG KATOL0 GYTLLOL OLVTOYMVIGHLOV.
Avtifeta, M mepiodog mpoypappatiopévng mpocfaong meprlaupdvel éva mAn0og
YPOVOCYIGLOV, EKAGTN TMV OTOLMV AVTIGTOYEITOL GE GLYKEKPIUEVO KOWPO.

O oryopiBuog kpdnong ypovooylopuamv eivor o e€ng. Apyikd ot kKOéupol amoktovv
TANPOPOPIES Y10 TOVS YELTOVIKOVS TOVG KOUPOLS mov Bpickovtal £mg Kat dvo Prpata
poKpld Toug, KATL TOL Elval amoapaitnTo Yoo TV amopuyn cvykpovcsewv. Emetta, ot
KOUPotl ekkivohv pio dtadkacioo EKAOYNG Yol VO, GLUCYETIOTEL KAOE ypovooyloun o€
povadwo kopPo. Kdabe woupog éxer mpotepardtnta yioo vo yivel o KATOYXOG
OLYKEKPLEVNS Ypovooylouns. H mpotepardmra avt kabopiletor og o cuvaptnon
KOTOKEPUOTIGHOD TOL OVOYVOPICTIKOD Tov £yel 0 KOUPog kot tov aptBuov Tng
xpovooywopns. O kéupog pe v vynAdtepn TPOTEPALOTNTA YIVETOL KATOYOG TNG
avTioTO MG YPOVOCYIGUNG. XTO TEAEVTOLO GTAO10, OL KOUPOL ATOGTEALOVY EVa TAKETO
OLYYPOVIGLOD, GTO OO0 TEPIEYETOL KOTAAOYOS TMV YETOVIKOV KOUP®OV 7oL
npoopilovton ylo emaxdrovdn petdooon. Katd cvvéneia, ot képpol ocopemvoidv e
TOLEG YPOVOCYIOUEG TPEMEL VO €IVOL QPLTVIGHEVOL Y10 VO ETKOW®OVIGOLYV. Mn
YPTCLOTOLOVUEVEG YPOVOSYIOUEG UTOPOVV VO SIUPNUGTOOYV amd TOVS KATOYOVG TOVG
®oTE Vo enavaypnoonomodv ard GAALoLS KOpBoG.

To FLAMA (FLow — Aware Medium Access) [20] eivar éva tpotékorio TDMA mov
BeAltiotonotei to TRAMA Yo epappoyég meplodikng mopakorovdnong. H Bacikn tov
Wéa elvarl 1 amoeLYN TOV EMKEPOMO®V oL oyetilovtal pe TN dpopordynon Twv
dedopévav. Kabmg ot poéc unvopdtov o€ EQaproyES TEPLOOIKNG AvaPOPES OEGOUEVEOV
elvan ovvnbwg otabepés, to FLAMA apyikd eykafiotd Tig poég Kot Gt GUVEXELN
YPNOUWLOTOLEL EVAL UNYOVIGUO AVTANOTG, MOTE TO OEGOUEVA VO LETAPEPOVTOL LOVO ALPOV
{nmOovv pntd.
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Kabog ot Bacucot adydpiBpotl kpdtnong yxpovosyiopumv eivar cuvnlmg apketd cvvheTo
Kol Oyl TOAD €VEMKTOL, £X0VV TPOTADEL ATAOVOTEPO GYNILATO TOV OTOCKOTOLY GTNV
EMiTELEN EVEPYELOKNG 0m0d0TIkOTNTAS. 'Eva té€toto mapdderypa eival 10 TpoTdKoALO
LMAC. Boaowkog tov otdyoc eivor va PeEldoel TIG UETOPACEL KOTOAGTAGEMY TOL
TOUTOOEKTN KOl TIG EMKEPOUAIdES TpTOKOALOV. TIpog TOvTO, N ANYN TV dedopévav
dev emPePormdveran kot  avabeon ypovooylopudv Paciletal oe po Svadikn pdoKa
KOTEWNUUEVOV XPOVOCYICU®OV Kol €vOg Tuxaiov aAyopibpov emdoyng eievbepwv
ypovooywop®mv. To Bacwd pelovékmmuo tov LMAC givoan to otabepd pnkog tov
TAoGiov, T0 0moio mPEmEL va TPocsdlopileTor Katd TV apyikn avartuén Tov d1KTHOL
ko oev umopet vo petaPindel. I'a to Adyo awtod, mpoteivetan 10 TpwtdKoAro Al-
LMAC (Adaptive Information-centric Leightweight MAC) mpokeévov n avabeon
YPOVOCYIGLAOV VaL TANGLALEL TEPIGGOTEPO TIC TPOYUATIKEG AVAYKES TV KOUPWV.

2.2.3.2 Tlpotoxorio Tpocfaons avTay®VIGHoD

Ta neprocdtepa mpwtokorio MAC mov tpoteivovrot yio WSN gvtdocovtatl o€ avtiyv
v katyopia. Eva ond ta mhéov dNUOQIA Tp®mTOKOAAN avTaywviouov givol to B-
MAC (Berkeley MAC) [21]. To mpwtékoAro ovtd yoapaktnpiletor amd YopunAn
TOAVTAOKOTNTA KO Y OUNAT] KATAVAA®GN 163006, TOY0G TOL £ivor Vo TopEyel KATOLES
ToAD Pacikég Aettovpyieg Kot £va evepyelakd amodoTikd punyovicpod tpocPaocnc. To B-
MAC mapéyer Poacikd yopokmplotikd mpoécfacng oTto Kaviil £€va  oynua
VIOVOYOPNoNG, Evav  akpPn TPOmO EKTIUNONG TNG KOTACTOONG KOVOALOL KOt
wpoopeTikég emPefardoels. o v emitevén KOKAOL AerTovpYiag HIKPNG OLUPKELNG,
10 B-MAC ypnoiponoiet £va ac0yypovo GYNRuo avamavons/aednviong mov Paciletot
oTNV TTEPLOSIKT] aKPOAGT] KOVaALOV, TO omoio ovopdleton LPL ( Low Power Listening).
Or  képpor meprodkd apumvifovior Kot eAEYYOVV av VIAPYEL OPAcTNPLOTNTO GTO
Kavait. O ypoévog mov pecorafel petald 600 ddoyikmdv apurvicemv ovopdletat
Slaotnuo eAéyyov ko EAPTATAL OO TNV £QPAPUOYN. META TV aQUIVIGT TOLG, Ol
KOoupolr mopopévovv evepyol emi otafepd YpPovIKO OIUCTNUO TPOKEIUEVOL VO
aviyvevcouy mlavég petadooelg oe eEEMEN. Ta maxéto tov mpwtokdiiov B-MAC
amoTEAOVVTOL OO TO TPOOINLO KoL TO WPEApO popTio. H didpketa Tov mpoorpiov sivar
TOVAdYIGTOV 101 UE TO dLAc TN EAEYYOV, MOTE KAOE KOUPOG VA UTOPEL VO aviyVELGEL
pwoe petdooon oe eEEMEN. Avti M mpocEyylon oev amortel ot kopPor va givon
ovyypovicpévol. Ovclaotikd, dtav évag KOUPOS aviyvevel dpactnplOTNTa KAVOALOD,
OTAG TOPOUEVEL EVEPYOS KO AOUPAVEL TO UVOLLOL.

"Eva mohd yvoot tpotékorro MAC yio diktva aicOntpav sivar 1o S-MAC [22]. To
TPOTOKOALO 0wTd VIoBeTEL £va GyNpa TPOYpALHATICHEVOY cuvavTioemy. Ot koupot
OVTIOAAQOGOUV  UNVOUOTO  GUYYXPOVICLOD YloL VO GUVIOVIGOUV TIC TEPLOSOLG
AVATOVONG/OPUTVIONG TOVS. XPNOLUOTOLMVTOS £vo. OAYOPIOUO TuYaioG KOTOVOUNC,
k@B xOpPoc umopel va axolovBel gite To d1kd TOL TPOYPOUULO EITE TO TPOY PO
Kamolov yeitova tov. Ot kKOpPot Tov akoAovOoVV 10 1810 TPHYpappa oynuatilovy Eva
ewkovikd oopmieypa. ‘Evog koppog pmopet va axorovdei kot to d1kd 1oL TPHY PO,
Kol TO TPOYPOApLe KATOL0L YEITOVA TOL, £POGOV aVTE deV EMKOAOTTOVIOL, DOTE VO
YEQUPAOVEL TNV EXIKOWVOVIO LETOED OLOPOPETIKAOV EIKOVIKMV GLUUTAEYHATWV. O ¥pOvog
npOcPacng oto kavail ympiletat g 500 mePLOd0LE. NV TEPiodo akpdaong, oL koot
OVTOALACGOLV TOKETO GLYYPOVIGHOD Kol €101KE TAKETO EAEYYOV Yo TNV OTOPLYT
oLYKpoveE®V ( KOTA TPOTO TOpoOpoLo pe o tpmtoékorlio IEEE 802.11). Xtov vrolouto
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xpOvo, yivetow 1 avtordoyn dedopévmv. Ot kOuPot Tov dEV GUUUETEXOVY GE KATO0L
EMKOVOVIOL UTopohV Vo HETABOVV GTNV KATACTACT] OVATALONG UEYPL TNV ETOUEVT
nepiodo akpoaong. [Ipog amopuyn peydrlov kabvotepricemv, to S-MAC ypnopomotet
évo oMU TPOoapUOoTIKNG akpoaonc. Evac koupog, €0t i, Tov akpodTol Tuyaio TIc
MWYELS KATOL0V YeiTOVA TOV, 6T j, a@LRVILETOL 6TO TEAOG TNG LETASOOMG €M LIKPO
XPOVIKO dtaoTtnua. Av o kKOUPOG I lval 0 ETOUEVOS TAPOAATTNG TOV UNVOUATOS, TOTE O
KOuPog j, mov polc éhaPe to punvopo, to Tpowbei apuécmg otov KOuPo i, ywpic va
avapével v emduevn ovvavrnon. Ot TapdueTpol Tov TPMTOKOAAOL, ONAadN M
eplodog akpoaoNg kol M evepyn mepiodog eivar otabepéc kol dev umopodv va
petafAnBovv. I'ia 1o Adyo avtd, TpoteiveTan pia BEATIOUEVT £KOOOT] TOV TPOTOKOALOV
S-MAC, 10 T-MAC [23] mov £yt oyediootel £101KA yia petafAntd goptio Kivnong.

Kaitot ta mpotoxkorira MAC mov xpnoiptomolovv KOKAO Aeltovpyiog eival Evepyelaxd
amodoTIKA, avTIHETOTILoVY KaBvotépnon avdmavonc, Oniadr| Evag KOUPog tpémet va
TEPIUEVEL PEYPL O TOPOANTING VO OQLAVICTEL (OOTE Vo TOL oTeidel mokéto. H
kaBvotépnon avtn avédvetor Kabmg peyolavel Kot o aptfpog tov fnudtov mov Tpénet
va dwooyioel o mokéto. [ To Adyo avto, ota mpwtoékoria S-MAC kor T-MAC 1
dwdikacio mpombnong odedopévov meplopiletar cvvnbmg oe Alyo Pruota. To
npwtokorro D-MAC [24] eivat £va Tpocapproctikd TpmTOKOALO KOKAOL Agttovpyiag,
Bedtiotomomuévo yioo cuykévipmon dedopévmv oe diktva acOntmpwv mov Exet
eykataotabel pior 0evOpIK 0PYAVMOOT GTO GTPOUO OIKTVOV. ZVYKEKPIEVA, oto D-
MAC tampoypdppoato tov KOUPoV eival KAMpokobueva, cOUeova LE T 0€61 TOVg 6TO
dévopo ovykévipoong. Ot egvepyol mepiodol twv yerrovik@v kopuPov g idtog
dtadpopng etvar dtadoykés, dote va. ehaylotonombet n kabvotépnon. Kdabe koupog
EXEL LULOL (POVOGYIGUN ETAPKMG PLEYAAT Y1 TNV ATOGTOAN €VOG makéTov. Otav kdmolog
KOUPOg €xel mePocOTEPU TOKETOL TPOS OMOGTOAN, TPEmeL va {Ntoel mpdcbeteg
YPOVOSYIGUES amd Tov KOUPo-matépa tov. Kat’ avtév tov 1podmo, 10 UNKOG TV
EVEPYDV TEPLOOMV UTOPEL VAL TPOGAPUOLETOL OVVOUIKA GTTV KIVI|GT] TOV S1KTVOV.

2.2.3.3 YPBpuowa npotékorio tpocPfacng

H Baowm wéa tov vpdikoav tpotokoiArlov MAC eivar n evailayn g GVUTEPLPOPAS
TOV TPOTOKOALOV PeTaED TpwTokOALOV TDMA kan CSMA avtictouya mpog to enimedo
oLVUPOPNONG TOoL O1KTVOV. H 18€0 vt dev etvan kKavovpyta, Kabmg ota diktva WLAN
Exermpotabel 1o Tpwtokolho PTDMA [25]. Xto tpmtdékorAo avtd, o xpovog dtarpeitat
o€ YPOVOOSYICUEG Ko o1 kouPor ywpilovtor o€ KATOYOLG Kou Un katdyovs. To
TPOTOKOALO Tpocsapuolel v mhoavotnto TpdcPaonsg TOV KATOX®V Kol TOV Un
KaTOY®v avaioyo pe to mANBoc twv amoctoAéwv. Kot avtév tov tpdmo, To
TpmTOKOALO Acttovpyel eite wg TDMA eite wg CSMA avdloyo pe to eminedo
avToy Vool 6to diktvo. Q61660, Kabmg 10 TpwtdkoAlo PTDMA apopd cevapia
diktdvwv emkowvmviag evog Pripartoc (single hop), dev Aaufaver veoyn tov {nriuota
OT®G Ol OAAOYEG TOTOAOYIOC, CPAALATO GUYYPOVIGLLOV Kol AVOUUAIES TaPEUPOADY TOL
elvar oAy cuyva ota WSNS.

To mhéov evdropépov vBpidtkd MAC tpmtdkorro yioo WSN egivar to Z-MAC [26]. T
va opicel To KOPLO oynua eA&yyov petdooons, to tpwtdkolro Z-MAC exkivel pa
TPOKOTAPKTIKY @GoT. XPNOLOTOIDOVTOS Mo SadtKacio. EVPESTG YEITOV@Y, TEAKA
KGO KOUPOG SLUUOPPAOVEL KATAALOYO TOV TEPLEYEL OAOVG TOV YEITOVIKOVG TOL KOUPOVG
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mov Ppiokovior €w¢ Kot Vo Prpato pokpld Tov. Xt cvvéxewn, spappdletol
KOTOVEUNUEVOS  OAYOpOpog avabeong ypovooylopmv Yo vo eEac@aiicel 0Tl
omotodnmote {evyog kKOUPV TOV améyovv péypL Kot 6vo Prnata dev Ba Exovv v 1d10
YPOVOCYIGUY, Kol OLVER®S Ogv Bo vmdapyovv ovykpovoelc. To Z-MAC dev
YPNOWOTOLEL KOVO TAAIG10 Yo OAOVG TOVG KOUPovg Tov dikTvOoL, Yot TdTE B TV
oA 0VGKOAO va Tpocaproctel o€ mBavég aAlayég g Tomoroyiag. Avtifeta, kdbe
KOUPog €xel To 01Kd TOL TOMIKO YPOViKO TAaiclo mov eaptdtor amd 10 TANO0C TV
yerovik®v tov KOpPov. H tomkn avabeon ypovooyicpu®dv Kot T0 TOTKO YPOVIKO
mAaiclo kabe kopuPov mpowhovvian Kot 6Tovg YeiTOVES TOL AmEYovY dVo Prpata and
avtov. Emopévac, kdbe koupog £xel mAnpopopieg yio TIC YPOVOCKICUES Kol Ylo TO.
xpovikd mAaicla, omdte OAol ot kOuPor cvyypovilovtol o€ KOWY YPOVOSYIoUN
avaPopds. 1o onueio avTd TEAEIDVEL 1| TPOKATAPKTIKN @don Kot apyilel n tpdsPfacn
010 KavdAl. Ot képupotl umopodv va Ppickoviol oe pia amd TG SVO KATAGTACELS: TO
eninedo younAov aviaywviopot (Low Contention Level — LCL) 1} to eninedo vynAol
avtoyoviepov (High Contention Level — HCL). Kabe koppog, epdcov de Adpel oyetikod
uqvope ECN, Bpioketoan 610 eminedo younAod avtayovicpov. To punvopotoa ECN
amooTéEAAOVTOL amd KOUPOVG OV aVTIHETORILOVY LYNAO AVIOY®VICUO. XTO EMITESO
VYNAOL OVTOY OVIGHOV, LOVO 01 KATOYOL TNG TPEXOVGOS YPOVOSHIGUNG KO Ol YEITOVIKOL
TOVG KOUPOL EMTPETETOL VOL ALVTOY OVIGTOVV Yol TV TPOGPacT 6TO KavaAl. XT0 eninedo
YOUNAOV OVTOY®VIGHOD OAOL Ol KOpPot (KAToYol Kot pUn KATOYOol) EMITPEMETOL VO
OVTOYOVIGTOUV Y10, UETAOOCT GE OMOLAONTOTE YPOVOCSYIoUN. QoTdOG0, o1 KOpPot-
KéToyot Exovv peyarvtepn tpotepardtnta. 'Etot, 10 mpwtdkoiro Z-MAC emtvyydvel
VYNAN ¥PNOLUOTOINGT] TOL KAVUALOV.

2.2.3.4 Xdvoyn

Ta mpotokolha TDMA eivar eyyevag evepyslokd oamodotikd, a@od ot KopPot
EVEPYOMOLOVV TOV TOUTOOEKTN) TOLG WOVO KATA Tr OWIPKELD NG OIKN TOLG
YPOVOCYIGUNG, EV® TOV VIOAOUTO YPOVO €lvorl amevepyomomuévol. Me KotdAAnio
oxedGLO TOL aAyopiBpov avdfeong ypovosyIGUAY glval duvatn 1 EANYLGTOTOINGN
Mg evepyelokng kKatavoilwong. EmmAéov, ta mpotdkoAra TDMA upmopodv va
emAVGoVYV TpoPAnuota mopepPordv  petald kopPav, kabong eivor dvvatd va
TPOYPOUUATIGTOOV Ol UETAOOCGELS YELTOVIK®OV KOUP®V G SUPOPETIKES YPOVIKEG
oTypéS. Qot1OG0, 6TV TPAEN ERPOVICOVV KOl OPKETO LELOVEKTALOATO TOV LELDOVOLV
TNV €E0IKOVOUNGT EVEPYELOG TTOV TPOGPEPOVY. APYIKd, £YOVV TEPLOPIGUEVT] evEMETD
Kol KMUOKOOILOTNTA, O0TL G €va TPAyHaTikd Oiktvo alohntpov pmopel va
ovpPaivouv ovyvég aAlayég TOmOAOYiag AOY® dApopmvV TopayovVIMV (cLVONKES
HETAO00MG, aoToyieg KOUP®V) Kot 1 OEGUEVOT YPOVOCYICUOV VO KOTAUCTEL TOAD
dvokoln. Eniong, amaitodv ovotnpd cuyypoviopo kor givor wiaitepa vaichnta otig
nopepPorés. Téhog, ta mpwtdkoAra TDMA €xovv yepodtepn emidoon oamd To
TPMOTOKOALN AVTOY OVIGLOV G€ GUVONKES YaUNANG Kivnong @optiov.

ATo v AN TAevpd, ta mpotokorio MAC mov Bacilovtol otov aviaymviouod ivat
ebpwota Kol kKMpokootpa. Eniong, etlodyovv yevikd pikpdtepn kabvotépnon and ta
npmToKoALa TDMA kot pmopovv va mpocapprocstodv otig cvvinkes kivnong. Opwmg n
KatavdAwon evépyelag etvar peyaAvtepn ond ta mpwtékoAla TDMA Adyo tov
AVTOY OVIGHOD Kol TV GLYKPOVce®V. Ol Uy ovVIGHLOL EQUPRLOYNG KUKAOL AEtTovpyiog
elvar og B€om Vo LELOGOVY TNV KOTAVAAMGCN EVEPYELNG, OAAGL TPETEL VO GYESOGTOVV
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oWoTH, MCTE VO, EIVOL TPOCAPUOGTIKOL KOl VO NV ETPEPOLY PEYAAN KaBvoTépnon.
TéNog, ta VPPLOIKAE TPOTOKOAAN TPOCTAHOVY VO, GLVIVACOVV TO TAEOVEKTHATO TV
oynpétov TDMA kot tov oynudtev aviayovicpov. Ot texvikés autéc, OLme, paiveTot
Ot gtvan oD ovvOeTEC Y1 voL VAOTToM B0V o€ diKkTVLA e TOAAOVG KOUPBOLG.

2.3 Ilpooeyyioels KaB0oNyoOuEVES 0T TO. dEOOUEVQ

Ot Tpooeyyioelg oG TG KoTyopiag dlakpivoviol o€ dVO HEYAAES KATNYOPIES: TIG
TPoceYYioel HelmoNG OedOUEVOV KOl TIG TPOGEYYIGES EVEPYELONKA OTTOOOTIKNG
aroKktnong dedopévav. H ta&vounon avty gaivetor kot oto Xy. 2.9.

H xatnyopio tov npoceyyicemv peimong dedopévav pumopet vo dtopedet mepartépm o€
tpelg vmokatnyopies. H mpaotm vmoxkatnyopia oyetiCeton pe v emeEepyocia
dedopévav evtdg tov diktvov. H PBaocwkn) wéa g enesepyociog dedopévmv givor
extéleon ouvvdbpolong dedouévmv oe evoldpuesong kKopPovg, kabmg ta dedopéva
petadidovtal amd Tovg KOUPoVG-TNYEG Tpog Tov kKOuPo-cvALEKTN. H katnyopia vt
avOAVETOL 6TO ETOUEVO Ke@AAaLo. H de0tepn virokatnyopia oyetiCetan pe ) cvumicon
dedopévav. Ztoyoc etvor 1 pel®oN TOL OYKOL T®V dESOUEVOV TOV OTOGTEALOLY Ol
KOupol-mnyéc, epapudloviag kmdikomoinon otovg KOUPovg mov mTopdyovv To
dedopéva Kol amokmOtkonoinon otov KOpPo-cvAiéktn. Ot dvo avtég vokatnyopieg
avaAvovTol 6to emouevo kepdioto. H tpitn vrokatnyopia agopd texvikég peimong
dedopévav Ecm Tpoceyyicemv TpoPAeEYNS OESOUEVOV.

Texvikég
kaBodnyolpeveg
and ta Sedopéva

Texvikég peiwang
SeSopévav

TEXVIKEG EVEPYELAKGA
anoSoTIKAG anoKTNONg
Sedoptvwv

TeXVIKEG
eneepyaoiag
SeSoptvwv
evrog Siktlou

TeXVIKEG
ouprieong
SeSopévwv

Astypartohnpia
Baowuévn o
HovTédo

Texvikég
TpoPAedng
Sebopsvav

TexXvikEg
TPOCappOlSHEVNS
Sewyparohniag

TEXVIKES
LEpapXIKNg
SewyparoAnpiag

NpopAedn
SeSopévwv pe
XPrion xpovoospwv

ITONAOTIKES AlyoplOpikécg

TPOOEYYIOEL MPOCEYYIOELS

Sxnua 2.9: Taétvounon twv TexVIKWVY E0LKOVOUNONG EVEPYELXG TTOU KaBodnyouvtal amo ta SeSougva
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2.3.1 Teyvikéc mpoPreyng dedopsvmv

Orteyvikéc TpoPreyng 0ed0péEVOV GUVOETOVY Eva LOOMUATIKO LOVTELO TOL TTEPTYPAPEL
TO TPOG TALPUKOALOVONGT POVOUEVO, DGTE Ol EPWTNOELS TOV KAVEL O JOYEIPIOTHG TOV
OIKTOHOL Vo pumopohv vo. amovtniodv yPNOLUOTOIMVTOS TO HOVIEALO, OVIL Yoo TO
TPOYLLATIKE OEOOUEVA. Y TTAPYOLV dVO OVTiypapo TOV LOVIELOL, OOV TO £va BpickeTot
OTOV KOUPO-GUAAEKTN Kol TO 0e0Tepo PpiokeTon 6TOVG KOUPOLG-TNYEG, DOTE V.
vrapyovv toca Levyn poviélmv 6cot kot ot Koppotr-tnyéc. To poviého otov koOpPo-
GUAAEKTN XPNCLULOTOLEITOL Y10 VO OTOVTIA GE EPWTNCELS TOL OLOYEPIGTH] GUGTILOTOG,
xoplc va pecoloPel kdmown emkowwvia. Emopéveog peidvetor 1 evepyslokn
katovarloon. Ilpopavac, n Aettovpyia avtr| propel vo mpaypatorondei povo av 1o
LLOVTELO TPOGPEPEL L0 EYKVPT ELKOVIKT] OVOTOPAY®DYT] TOV POLVOUEVOL GE OEOOUEVN
YPOVIKT] OTIYUN. ZTO OMNueio autd, EUTAEKETOL TO OVTIYPAPO TOL HOVIEAOL TOV
Bpioketatl otov kKOUPo-ntNnyN. Ot kopPor-ocOnTpeg O£y LATOANTTOVV TO QALVOUEVO KOl
GLYKPIVOLV TO OMOTEAEGLATO TV UETPTCEMV TOV TPAYLUATOTOLOVV UE TNV TPOPAEYT
TOV HOVTEAOV. AV M TN TG METPNONG TECEL EVTIOC €VOC SLOGTNIATOS TILMOV TOL
TPOPAETEL TO LOVTELO, TO HOVTELD Bewpeital £ykvpo. To e0pog TOL SLOGTALATOS TILDV
e€aptdror amd TNV €QOPUOYY. ZE OPOPETIKN TEPIMTOON 0 KOUPOS-tyn mov
SOMICTAOVEL TNV U1 EYKLPOTNTO TOL HOVTEAOL UTOPEL VO LETOOMGEL TO. TEAELTALN
dedopéva mpog Tov KOUPO-GLAAEKTN 1| VO EKKIVICEL Ol OLAOTKAGIOL EVIUEP®OONG TOL
HOVTELOVL. ZT0 onpeio avtd, mpémel va onuelmbel 6TL o1 Texvikég TpOPAEYNG dedopEvarv
umopovv vo evtayfobv e TPELS KATNYOPIES: TIG OTOYOOTIKEG TPOGEYYIGELS, TIC
TPOCEYYICELG TPOPAEYE®V LE PO Y POVOGELPOV KOl TIG AAYOPLOUIKES TEXVIKEG.

Ol teyviKég mOL OVAKOLV OTNV TPAOTN Kotnyopio &EAyovv éva  GTOXAGTIKO
YOPOKTNPIGUO TOL (QOLVOUEVOL, YPNOILOTOLOVTIOS TOOVOTNTEG KOl GTOTIGTIKEG
1010t 1EC. Avo Baocikég péBodol Twv oToyacTIKOVY Tpoceyyicewy glvar ot e&nc. H mpdn
pébodog ametkovilel Ta dedopEva YPNOYLOTOLDOVTOS 0L CTOYOCTIKT S10d1KOGI0 TOV
TEPLYPAPETOL OO L0 GLVAPTNOT KaTovoung Tl avotntag (probability density function
— pdf). Zm pébodo avtny, n mpéPreymn dedopévav yivetar cuvvdvdlovtog TIC
VTOAOYIGUEVES GUVOPTNGELS KOTAVOUNG mhavotntag pe ta delypato tov Koupmv-
awoOnmpwv. H devtepn pnébodog avamapiotd To vd PeEAETN PLOIKO HEYEDOG GTO Y MDPO
KOTOOTAGEWY, MOGTE Ol ELOUEVES TIUEG TOV VO LTTOPOLV Vo TPoPAEPOOLV PLATphpovTOG
po un TpoPAEYIUN cuvicTdoa Tov Bewpeital wg B6pvPog.

2V de0TEPT KT YOPio AVIIKOVV 01 TEXVIKEG TTOV YPNCLOTOLOVV Y POVOCELPES Y1 TNV
npoPreyn oedouéveov. 'Etol, éva obvoro Tiumv mpoictopiag mov £xovv Anedei
TEPLOOIKA Y PNOLOTOLOVVTOL Yo THV TPOPAEYN ToV peArlovtikav Tywov. H PBacwm
dlopopd amd TG GAAEG OTATIOTIKEG TPOCEYYIoELS €lvar OTL M avdAvoTn pE xpnon
YPOVOCEPOV AQUPAVEL VIOYN NG TNV ECWOTEPIKN Ooun TtV dedouévov. Mia
YPOVOCELPE avamapioTATOl MG GLVOLVOCUAS EVOG LOVIELOV TTEPTYPAPNS TOV PLGIKOV
QOVOUEVOD Kt VOGS TUY 00V 0@AALNTOC. To poviédo meptypapng yapaktmpiletol amd
™V Tdon Ttov, OnAadn amd T peTaPfintomntd Tov o Pdboc ypdvov Ko amd TV
TEPLOOIKT] TOL SLOKVUAVOT).

Télog, n 1pitn xarnyopio wpdPreyng dedopévov Bacileton oe akyopibBpovg avtd-
eKkpadnong, ot omoiot SAUOPPMOVOLY £V, LOVIEAO KOL TO YPNGLLOTOLOLV Yo TNV
TPOPAEYN TOV HEALOVTIKAOV TYLAOV TOV VIO TOPAKOAOVONGT QUIVOUEVOV.
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2.3.1.1 1oy 00TIKEG TPOOEYYIGELS

Ou otoyoaotikég mpooeyyioelg aflomolodv TO YOPUKTNPIGHO TOV QOIVOUEVOL ®G
OTOXACTIKN dtdkacia, MOoTE Yo TNV TPOPAeyYT dedouévmv vo ypnoyornombet Eva
mBavotikd poviédo. H mpocéyyion Ken [27] axolovBel 10 yevikd oyfuo mov
TEPLEYPAPNKE TPONYOLUEVMDS. ZvyKekpléva, eivar dwbéoo mAnbog povtédwv
€KOOTO TOV OoimV £XEL AVTITLTTO TOGO GTOV KOUPO-CVAAEKTY) OGO KOl GTOV AVTIGTOLYO
koppo-tyn. To Bacikd poviéro eivar mBavotkd, dSnAadn apod Tponyndel pio eaon
exmaidevong, Tpocsolopiletal o GuVAPTNOTN TVKVOTNTOS TOAVOTN TG TOV OVOPEPETAL
o€ €va, 6OVOLO yopakTnpoTik®mv. Otav to poviédo dev Bewpeitan £ykvpo, ot kéupot-
TNYEG TO EVIULEPOVOLY KL ATOGTEALOVY OEOOUEVA TPOG TOV KOUPO-GLAAEKTN MGTE VOl
EVNUEPMGEL KOL ALTOG TO OVTiTLTTO TOV povTELOL TTOoL drbEtel. H mpocéyyion Ken givan
VEMKTN, KaO®G pmopel vo ypnolwomolel HOVIELD GTOYEVUEVO GE GUYKEKPILEVO
QOVOLEVO KOl VO 0EIOTOLEl YMPIKES Ko YPOVIKES cvoyetioels. [ mapddetypa, ot
YPOVIKEG GLOYETIGEIS Umopovv va dtatvtmbovv g dwudikacieg Markov. O yopikég
OLGYETIOELG €lval OVOKOAOTEPEC GTO YELPICUO, KOOMDG OmOITOVV TO, CUGYETIGUEVA
dedopéva vo yvmotomoindovv otov KOUPo mov xelpiletor T0 LOVTEAD TOL TEPLYPAPEL
™V €EEMEN TOL PAVOUEVOL GE GLYKEKPLUEVT Teployn. o to Adyo avtd, ot KopPot
npénel vo. ovvTovifovior HeTaED TOVG MOCTE VO EAAYIOTOTOLEITAL TO EMIKOWVOVIOKO
k60t0G. 'Etot, mpoteivetan n opydvawon tov kOpPov oe E€veg peta&y tovg opdoes. H
BéATioT AVOTM Yoo TNV Opadomoinomn TV KOUP®V HE KPUTNPLO TNV EVEPYELNKN
A0d0TIKOTNTA TPOGILOPILETOL Y PNOIUOTOLOVTOC Eva. «dmAncTo» (greedy) alyopidpo.

2.3.1.2 Ilpooeyyioelg pe ypion YPOvoGELP AV

M tomiky] péB0d0g Yyl TNV TEPLYPAPY XPOVOCEPAOV OIVETOL OO TO LOVTEAML
Kwobvpevov pécov (Moving Average — MA), avto-taivéounong (Auto — Regressive)
Kot T0 ovvdvaopd toug (ARMA). Tao poviédlo avtd eivol oyetikd anid. Qotdco,
UTOPOVV Vo, XPNOHOTomBody ce TOAAEG TPOKTIKEG TEPMTAOOELS UE OPKETO KOAN
akpifela. ‘Eyovv avomtuybel wor mepiocdtepo ovvleta  povtédo, oAAG M
TOALTAOKOTNTA TOLG T, KaO10Td akatdAAnAa Yo diktvo WSN.

To PAQ [28] Bacileton o€ £va povtélo AR youning taéng, Kot 0mooKonel ot Leimon
TOV OYKOV T®V VTOAOYIGUAOV TOL EKTELOVVTOL 0t TOVG KOpPovg-acOntnpec. H mpmt
HOpON TOV LOVTEAOL oynuatifetor amd Tovg KOUPoVG-aucONTPES YPNOYLOTOLDOVTOS
éva. obvolo derypotoAnminuévev tuov. Katd t dudpkelo owtig e @dong
expaimong, ot kOpPot amodnkeHhouy TG THES TOV HETPNGEMV TOL TPOY LOTOTOINGAV GE
po pvun. Otav n pvnun yepioet, 16te Tpocdopilovy 10 LOVTEAOD KoL, GTN GLVEXELX,
T0 OmOGTEALOVY 0TOV KOUPO-cVAAEKTY. A&ilel va onuelwdel 6T1 1 emkovmvia petagy
TV KOPUPOV-01oONTHp®V Kot ToL KOPPOV-GLAAEK TN TEPLOPILETAL GTIC TAPAUETPOVS TOV
HOVTEAOL, dNANOT GTOVG GUVTEAESTEG TOV povTélov AR, yopig va amoctéAlovTal ot
derypotonmnuéves Tinéc. o kdbe poviélo mpodiaypdpetar £vo, €0POg COAAUAT OV
nmov kaBopiletar and 1o Slayelplot) ToL cuvotHuatos. Otav o TPOPAeyn TG
Bploketal evtdg Tov €0povg GPAANAT®V, TO LoVTELD Bempeitan £yKvpo. AlopopeTiKd,
dvo evdegyodueva cvpPaivouv. To TpdTO £vOeYOUEVO €lval TO. SEIYUOTOANTTNUEVOL
J€dOUEVO VO YOPOKTINPLEGTOVV aKpaia Adym eviexOLevng AavBaopévng évoeléng, omote
elte amootéAAovtal 6Tov KOUPO-CLAAEKTN gite amA®G aryvoovvTal omd Tov KOUPOo-TnyY.
To devtepo evoeydpevo eivor va yopakTnPotel T0 HOVIEAD @G un £€yKvpo. Avtd

61



ovpPaivel 6tav TOAAEG d1000YIKES EVOEIEEIS TPOKVDYOLV EKTOC TOV OTOOEKTOV EVPOVG
oc@oApdTov. Tote, To povtédo vmoloyileton e£apyng, Le ToV 1010 TpOTO OIS GuPaivel
ot eaon ekpabnong. Mo mpooOnkn oto Poocikd oynuo givar m ypNoN KATOLO0V
KOTOVEUNILEVOL GYNUATOS ORLOd0Toinon g mopdpotmv kKOpPov-acOnmpov. Ot koppot-
arcOnpeg xopaktnpilovral mapdpolor 6tav meptypdpovtarl omd 1o 1010 povtéro, Le
amokAoelg pkpdtepeg amd éva KatdeAlo mov kabopileton amd to ypnotn. H
opadomoinon Twv KOUPOV HELOVEL TO EMIKOWVOVIOKO KOGTOG OKOUO TEPICGOTEPO,
KaBmg 1 avToAdoyn TANpoPopLOV TEPLopileTal LETAED TOV EMKEPUANG TOV OUAOWV
KoL TOL KOUPOV-GLAAEKTY.

To SAF [29] Beltidver 10 mpoavapepbév oyxnuo oe 600 Toueic. Apyikd, ©TO
xpnoponolovpevo povtélo AR mepthapfdvetol o vToAOYIoHOG TG HETARANTOTNTOC
TV 0e00UEVOV € BABOC xpdvov. Avtd 0dnYel o€ KAAVTEPT TPOPAEYN TOV POIVOUEVEOV
pe ofeleg petaforég ot Tipég tovg. EmmAéov, to SAF pmopel, ektdg amd akpoio
dedopéva, vo avoyvopilel kol avakpifeleg mov TPOKHLATOLY OTAV 01 KOUBOL adLVOTOVV
Vo VTOAOYIGOUV £va YPOVIKO GTATIKO HOVIELO. XTNV TEPIMTOOMN 0VTH, Ot KOUPot
UTOpOoVV va BEATIOCOVV TNV £V6TAOELD TOV LOVTEAOL GE S0 Pripata. Apykd, LTopovV
vo. QIAMTPAPOLV TO. OEOOUEVA Yo VO EEOLOADVOVY aKPOieg TIUEG KO, GTY] GLVEYELD,
UTOPOVV VO AVENGOLY TOV OYKO TMV OEGOUEVAOV TOL YPNGULOTOLOVVTOL Y10 TNV £E0Y Y|
TOV povtélov mpoOPAeyns, dote vo pelmbel n oNUOcio HEHOVOUEVAOV TIUAV TOV
dedopévev o010 telkd amotérecpa. Otav ot unyavicpot avtol dev napKovV ylo TOV
TPOGILOPIGIO EYKVPOV LOVTEALOV, Ol KOUPOL HITOPOVV V. OKLPMGOVY TO LOVTEAO TOL
Bpioketal amodnkevpévo 61OV KOUPO-GUAAEKTY Kol VO, EKKIVIGOVV TOV TPOGIIOPIGHO
véov povtéhov. To devtepo YapakTnPLoTIKd 6TO 0moio empEpeL fertioon to SAF givar
N moapovsio evOg KEVTIPIKOD GYNLOTOG opadonoinong KopPwv, mov ehaylotonotel Tov
aplOpo tov oymuotilopevmv opdd v kot £xel moAvmtAokotto O (n * log(n))

Ot mpooeyyicelg mov TapovGsLAGTNKAY HEYPL TO onueio avtd vmobBétovv OtL Eva
HOVOOIKO povTtéAlo apkel yio TNV TEPYpaPn KAmolov @owvopévov. QoT1dc0, o
evalraxtikn tpocéyyion [30] mapéyet éva oynuo TpoPAeyng pe xpon XPOVOCELPDOV
Baclopevo 6e éva TPOGAPUOGTIKO UNYOVIGUO TPOG ETAOYN TOL KOTUAANAOTEPOL
povtédov. H Bacikn 10€a eivar 011, KaBdg 1 yvdon ToL TPog YpNoT LOVIELOV Umopel
va pnv givor daféoiun ek tov Tpotépav, Bo NTav TPOTLATEPO TO 1010 TO GVOTNUA VO
aropacicel molo povtédo Ba ypnoyoromoet. I'a to Adyo avtd, ot koot dtebétovy
€V GUVOAO LOVTEL®V, OAAG KAOE dEJOUEVT OTLY U LOVO EVa OO AVTA Y P1GLUOTOLEITOL
v TpoPreyn dedopévaov. Iepiocdtepo cuvbeta povtéha pmopohv vo 0dNYGOLV GE
KoAVTEPN TPOPAEYN HE QVTITILO TO VYNAOTEPO KOGTOG EVNUEPMOTG TOV HOVTEAOV,
0POV OTOLTOVVTOL TEPLOCOTEPES TOPALETPOL YO TNV TANPT TEPLYPOPN TOVS. META amd
KkéOe derypoatoAnyio, evnuepdvovtar OAd To LOVTEAQ, 0ALG POVO Eva ypnoLoToteiTot
vy v g&ayoyn npoPréyemv. E@ocov 1 dtapopd LeTOED TOV SEIYUOTOANTTNUEV®V
TIUOV Kot TOV TPOPAETOUEVOV amd TO HOVTEAO TIU®V &ivol peyordtepn amd €va
KOTOOAL0, TO TPEXOV LOVTELO ovTiKaOioTaTOL 0td 0TO oL Eac@aAilel T (nTovuevn
akpifeloa pe 10 pKpOTEPO OLVATO KOGTOG EVNMUEPMONG. ZTN OCLVEXELW, aKOAOLOEL
dwdkacio evnuépmong, doTe Vo £0cPOAGTEL OTL Kot 0 KOUPog-mnyn Kot o Koppog-
OLAAEKTNG £x0VV GLYYXPOVIOTEL e TO VEO poviéro. [a v eowovounon Tov TOpwv
TOV KOUP®V, TO LOVTEAD LLE TIG YEPOTEPES EMOOGELS KOTOPYOVVTOL EVIEADG, LEGM EVOG
UNYOVIGHOU aVTOy OVIGLLOD.
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2.3.1.3 AhyoprOpikég mpooeyyicelg

IMa v npdPreyn dedopévov ota WSN €yovv mpotabel apketd £ion poviédmv. To
Kowd otoyeio Toug €ival M aAyoplOKn) TPOGEYYIGN TOL YPNGLULOTOLOVV Yo VO
TPAYLOTOTOOUV TIC TPoPAEYElS. Mo amd TIC TPMTEG TPOGEYYIGELS EPupPUOlel [a
avaroyio petald g mpoPAewng dedoUEVMV Kot TG cvumieong Pivteo. Zoppwva pe
NV 10€0 0VTY, 6€ dESOUEVT Y POVIKT GTLYUN, TO OikTvO pmopel va Bewpnbel g sikova
o6mov kd@Oe otorgeio (pixel) g omoilag, meprypdpetor amd to dedopévo TOL
derypatoAnmrovvian og kabe kOUPo. Ao avt T oKomid, eival pavepn n dvvatdTNTa
a&lomoinomng g YOPIKNG GLoYETIONG METOED TV detypdtomv. EmmAéov, kabng to
derypatoAnmrovpeva dedopéva petafdilovtar pe to xpdvo, 1 eEEMEN TV pHeTpioemv
Tov KOUPov pmopet vo BewpnBel og tawvio. T'a to Adyo avtd, mpoteivetar [31] o
TeXVIKN TPOPAeYNG dedopévav pe v ovopacioc PREMON, eunvevouévn amd 1o
npotoro MPEG. Otav exkwvel m mapoakolobOnon tov @oawopévov, ot koppot-
aloONTNPEG AMOGTEAALOLVV TIG OPYIKES LETPNOELS TOVS 6TOV KOUPOo-cVAAEKTY. Etetta, o
KOUPOG-CVAAEKTNG TPOGo1opilel TO HOVTEAO AoUBAvOVTOC LTOYN TIC GUOYETIGELS
HETOED TV SLUPOPETIKMY UTAOK oTa omoia ywpilovtarl ot KOpPot kot yio kabe pmAok
wpocdopilel Eva ddvoopa Kivnong. Metd tov mpocsdlopiGd TOL HOVIEAOL, OVTO
OTOCTEAAETOL GTOVG KOUPovG-ausOntpes. Ao 10 onueio avtd kol PETd ot koupot-
aoOnpeg ovykpivouv kdbe emodpevo Oetypo pe v aviiotoyn mpofAeyrn tov
povtédov. Evoom ot TYéG Tov peTpnoemy d10TnpodvTal EVTOG £VOS OVEKTOV £0POVG
CQOAUATOV TOV TPocdlopiletar amd TO SOYEPIOT] TOV GLGTHUATOC, Ol KOUPoL-
OVAAEKTEC Oev OmOGTEALOVV dedopéva Tpoc Tov KOUPo-cvAAéktn. To poviédo
TEPLOOTKA AKVPDOVETAL KOl LETA TNV OKVPWOGT TOV EKKIVEL alrd TV opy” N dadtkaciol
oVYKEVTIPpMONG dedouévmv Kol TPocsdlopiopoy tov  povtéaov. To PREMON
xpnolonotel pia kevipikny Avon. To mpwtoékorro buddy [32] emexteiver v
npocéyyion PREMON ypnoipomoidvtog £va KoTavepunuévo oynuo tpog aslomoinom
NG YPOVIKNIG GULGYETIONG TOV HUETPNCEWMV. XVYKEKPLUEVA, ol kopfor oynuatiovv
cvumAéypata. Xe kébe cvumieypo opiletan €vog avimpocwmog, veevduvog yio v
TapakorlovOnon Tov eowvopévov Kol TNV emeEepyaciad T@V  EPOTNUAT®V  TOL
OLOYEPLOTI] CLOTHUOTOG EVOG® Ol VITOAOUTOL KOUPOL TOV GCUUTAEYLLOTOG UTOPOLV VoL
petafovv oty Katdotacn aviroavong. Evioc kdbe copmiéypartog, yivetar evorioym
T0V  KOUPOL-OVTITPOCOTOV, MCTE 1 EVEPYEWKN KOTAVOAMOY VO KOTOVEUETOL
opotopopea petald tov koppov. H emkowvovio tov anlov kOpfov pe 10 Koppo-
avTmpOsono Kabe cuumAéypotog pmopel va yiver pe dvo tpoémovs. O TPpMdTOG TPOTOG
elvar ot k6puPol va amootéEALOVV 6ToV KOUPO-avTITPOGHOTO TO OELYUATOANTTNUEVQ
dedopéva. O 6e0TEPOGg TPOTOG Eivort 01 KOUPOL OTAMG VO OTOGTEALOVY £VOL LOVTEAO GTOV
KOuPo-avtimpdosmro Kabmg Kot to deiypata wov Thavag £xovv HEYOAN amdKAIoN and
116 avtiotolyeg TpoPAréyels (Tpomog Aettovpyiog PREMON). Kabe koppog aropacilet
TOV TPOTO EMKOLV®VING TOV UE TOV KOUPO-avTITPOG®TO, e fACT) TO EVEPYELOKO KOGTOG
kéBe emAoyng. Otav 10 vd mapakorlovdnon eavopevo givar apyd petaBorlAdpuevo
xpovikd, o tpémog Aettovpyiog PREMON elvar kotaAAnAdTeEpOC, d10TL 0 ap1Opog Tmv
avtaAAaoGOUEVOY  ToKETOV  gival  pelopévoc.  Avtifeto, Otav 10 QOLVOUEVO
petafairetor toxéwe, toOte Ol emkepaAidec tov PREMON pmopel va givor 1660
peydieg oe péyebog, ®ote va  kobwotovv v amevbelag  amOoGTOA  TOV
JEIYUATOANTTNUEV®V LETPNOEWDV GTOV KOUPO-0VTITPOC®OTO TEPLGGHTEPO GLUPEPOVTAL.
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Y10 [33], ot ovyypageic TPoTEIVOLV U0 SLOPOPETIKN TPOCEYYIoN Yoo TPOPAEYN
dedouévav, n omoio TPOoGapUOLETAL GTI GLUTEPLPOPA TOV JLOYELPLOTH GLGTNHLOTOS KO
YPNOUOTOLEL EVEPYELOKG OIOdOTIKOVG pnyoviopuods cuAloyng dedouévov (EEDC:
Energy Efficient Data Collection). Zvykekpipéva, 1o poviélo Aettovpyiog mov
vioBeteitar amotereitan and Eva chHvVoro KOUPwv-ouoOntpov kot pa fdor dedopévev
nov Bpioketor otov KOUPo-cLvALEKTN. Kdbe sloepyOpuevo epdtnuo, £6T® Q;, cuvdéeTon
HE OULYKEKPWEVO TEPLOPIGUO  akpifelag, €otw A;, Kol CULYKEKPWEVN UEYLOTN
kabvotépnon, éoto D;, evtog tng omolog mpémel va amavindel 1o epdtnua. Kdabe
KOUPog-oucOntpog €xel amodnkevpueévn 6t UV TOL TNV TN TOL TEAELTOIOL
delypatog, £01m v; , Tov €hafe amd Tov octntpa tov. Qo1d660, 6N Pdor dedopEvev
N amodnkevon g TiUNg dev yiveton pe tov 1010 tpdmo. Avti va amodnkevtel | T Tov
delypotoc, amodnkeveTon tia EKTIUNGT VTG, 1 OTTolo KVpLaiveTal o€ £va. €DPOG, EGTM
77, TO 01010 EKPPALETOL LEGM EVOG KOTMTEPOV KOl EVOG AVATEPOV PPAYUATOS, [; Kot u;
avtiotoyya. Emiong, m amdvinon oe kdmoro gpotnuo Q; mapéyetor pE TN HOPON
JoTNUATOG, HEo® TV TGV [; kot u;. To péyebog g axpifelog Tng amdvinong
kaBopileton amd T dpopd u; — L;, evéd o meploptopdg A; exepdalet T PEYIoTN TIUN
€0POVG TOL JLOGTNUATOS AVTOV TOV EIVOL OTOSEKTY OO TO JLOYEPLOTY] GLGTHIATOG.
Ortov évag KOUPOG-a1sONTAPAG AVOVEDVEL TNV TIUH TNG LETPNONG TOV, £6T® V;', eEAEyYEL
av 1 TPOMNYOOUEVN EKTIUNON TNG UETPNOTG Elvar EyKvpm Kat Yo T vE TIUT]. Av 1 véa
TN, V;' TPOKVYEL EKTOC TOV TPOTYOVLEVOD SIAGTHUATOS 17, 1| TTPONYOVUEVT EKTIUNON
dev elvar mAéov €yKvpr, Kot omooTéAAETOL VEQ eKTIUNGT 6Ttov KOuPo-cvAiéxtrn. H
ddkacio vty ovopdletar evnUEP®OT amd TV TAELPE Tov KOUPov-mnyn (source-
initiated update). Av n mponyovuevn ektipnon eivar Eykvpn Kot yo. T véa TR, O
KOUPog-myn dev  amootéAAel Timote oTOV  KOUPO-GLAAEKTN, €EO0IKOVOLAOVTOG
evepyelaka anofépata. H amdvinon tov epotudtov Tpaypatonoleitol 6tov Koppo-
OVAAEKTN. AV 1 HEYIOTN amOdEKTN T avoyns, A;, elvar peyoldtepn and 1o Tpéyov
oQAaApa pétpnong, u; — l; , niadn av A; > u; — 1;, 10 epoOmMua amavtaton yopic vo
pecolafnoetl emkowvmvia, pe tov avtiotoyo KouPo-oicOntipa. e SlopopeTIKN
TEPITTOOT, N TANPOPOPIN TOL TTAPEXETOL OO TN PACT dEOOUEVOV KPIVETOL AVETAPKNG
Kol 0 KOUPoc-mtnyn emikowvwvel pe tov ovtiotor o kOpfo-oucOnmpa {ntoviog ™
OELYLOTOANTTTLLEVT] TN TTOV £XEL, EV® 01 EMOUEVEG ATOONKEVLGELS 6T PACT dESOUEVOV
wpaypoatorolovvton pe peyorvtepn akpipfeto. H dwadwasio avty ovopdletal epdtnon
Kol EVNUEP®OT amd TNV TAELPA TOV OlaYEPLOTH GLoTNUOTOS (consumer-initiated

request and update). O tpdmog owTOG GLALOYNG dedopEvmV amelkovileTal Kal 6To Zy.
2.10.
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Epwinua @ ; pue amautopevn akpifeia A4 Epwtnua @, He anatovpevn akpifewa 4,,

EVNUEPWON EKKIVOULLEVH OO TOV
kopBo-mnyn

KéppBog-
awdnuipag s;
He T v;

Epwrtnpa xpriotn KopBoc-
OUMAEKTNG

Bdon Ssdopévwv pe
akpifswa r; = [, u;)

EvnuéPwaT EKKWVOULEVI AT TO XpROTN

Sxnua 2.10: Atadikaocio cuAdoyng dedouévwy ue unyaviouougEEDC

2TOYX0G TOVL UNYOVIGHOV 0LTOD GLAAOYNG Kol omobnkevong Oedopévov givor m
EAOIOTOTTOINGT TNG KOTAVAA®ONG EVEPYELNS, 1 omoio amottel tov Kabopiopd 600
Bacwkav nmudtov. Apykd, To péyebog g axpifelog pe Tnv omoia amodnkevovTat o
TWWES 611 Phon dedopévav eivan péyebog mpog Peitictomoinon. Av n axpifeto sivol
HEYAAN, ivon vOEYOUEVO O1 VEEG TIEG TV delypaTV Vo fpiokovtal cuyvd ekTdg TOL
SWCTAUATOG 7; KOL VO OTOLTEITOL GLYVH EMKOWVOVIiA TV KOUPOV-oucOnmpov pe Tov
KOUPO-GLALEKTN. Av M akpifelo elvor TOAD pikpn, €ivol eVOEYOUEVO QLT VO UV
wavonotel TV emBountn axpifelo TOV SLXELPLGTI] GLGTNUOTOSG, OONYADVTOG TAAL GE
ovyv avtaAiayr] unvopdtov. To devtepo {RTnUa apopd T BEATIOTN GTPATNYIKN TOV
TPEMEL Vo akoAovBovV o1 KOuPol-ancOnTpec, ©g TPog TG HeTaPACELS OTIC O1APOPES
EVEPYELNKES TOVG KATAGTAGELS, MOTE APEVOS VO EEOIKOVOUTIGOVY EVEPYELNKOVG TOPOLG,
KOl OPETEPOL VA €lvar ETOOL Vo amavINoovy o€ moavl £pOTAUATO EVTOS TNG
kaBoplopevng péyiomg kabvotépnong D;.

2.3.1.4 Tovoyn

H mpocéyyion mov yivetar amd TIC 6TOXAOTIKEG TEXVIKES fval YEVIKT Ko TOPEYEL TA
HEGO YloL TNV EKTEAECT AEITOVPYLOV LYNAOD EMTEOVL, OMMG €ival 1 cvvabpoion
dedopévav. To Pacikd pelovEKTNUO aLTAG TG KaTyoplag €lval To GYETIKA VYNAO
vroAoyloTikd K6otog. o 10 AOYyOo 0wTO, Ol OTOYACTIKEG TPOCEYYIoELS &ivo
TpoTIdTEPEG OTAV Elval dtabEcio Eva 6 HVOAO KOUPV-oucOnpev pe avéEnuévoug
EVEPYELNKOVG TOPOLG, OTWG GupPaivel ota eTEpOyeEVN dikTva. Avtifeta, n TpoPAeyn e
XPNON YPOVOGEIP®V UTOPEL VO TPOCPEPEL IKOVOTOINTIKY aKpifela axoOpo Kot Ot
YPNOWOTOoVVTOL OomAG pHovTéda. QoTdG0, Ol TPOCEYYIES AVLTOL TOL &idovg
vrofétouy ™V VmoPEN KOTAAANAOL HOVIELOL Ylo TNV TEPLYPOPY] TOL VIO UEAETN
Qowvopévov, 1o omoio Opmg umopel va unv etvar yvootd ond v apyf. TEAog, ot
alyoplOuikég TexViKEG Tetvouy va eivol TPOCAPUOGUEVES GTO 100G TNG EQAPLOYTG TTOV
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eEumnpetovv. ['a 10 Adyo avto, KaOe TPpocyyion epovilel Ta O1Kd TG TAEOVEKTH AT
KOl LELOVEKTILOLTOL.

2.3.2 EvepyeloKa 0T000TIKT 0TOKTIG1) OE00UEVEOV

[Mopd ™ yevikn vrobeon 6Tt 10 vrocVoTNUO Seay®YNS LETPNOEMV TOV KOUP®V-
acOntpov  €xel  oUEANTEN EVEPYELOKT KOTOAVAAWMGT, LTAPYEL Mo KATnyopio
EPOPLOYDV GTIG OOlEG 1| dle&aymyr) HETPNCE®MV UITOPEL VO amonTeEl LEYOAT EVEPYELOKN
damdvr, CVYKPIGUUN HE AT TOL GLGTHHOTOG EMKOWVOVING. AVTO PTopEl Vo opeideTon
o€ apkeTovS Tapdyovieg. Ot TAEOV Yo paKTNPOTIKOL amrd avtovg ivorl ot akdAovOot:

o Evepycioxa damovnpol aioOntnpeg
Amo ™ pOoM TOoVg, OPIGUEVOL aoONTPES amatTovY VYNAAL TOGEH EVEPYELNG YOl
va emiteAécovy to £pyo Toug. Tétota mapadeiypata acOntmpov eivar ot CMOS
aoOnTpeg ekoOVaG, ol ooONTPeg TOAVUEC®V KAOMG Kot KATOot ynuiKol Kot
Broroykol st peg.

o Evepycioka damovnpol yneloxol UETOTPOTEIS
Ao peg OTMG 01 AKOVGTIKOT KOl Ol GEICUIKOL £V YEVEL OTOLTOOV YN OLOKOVG
UETOTPOTEIC LE VYNAO pLOUO petddoons Kot vynAn axpifela, ctoyeia wov
ALEAVOVV TTOAD TNV EVEPYELNKT KOTAVAA®OT] TOL KOUPoV -aucOnTipa.

e Evepyoi cuoOntipes
Mo katnyopio ocntinpov aviiel dedopéva yio To VIO UEAETN POLVOUEVO
OTOCTEAAOVTOG GTLOLTA AVIXVELGTG, OTMG GLUPAIVEL GTA POVT AP Kot GTA GOVaP.
Av16 001YElL GE LENUEVN EVEPYELOKT] OATTAVT).

o Meyoldog ypovog yio TV 0LOKANPWON OEIYUATOANYIOS
O xpovog Yo TV OmOKTNGT TOV JEGOUEVOV UTOPEl va ivar Tng TaENG TV
YAOGTMV TOV SEVTEPOAETTOL 1) OKOWO Kol TNG TAENS Tov dgvteporéntov. [a
10 AOYO 0VTO, M EVEPYELD TOV KOTUVOAMVETAL OO TO VTOCVGTNUO LETPNONG
umopet va glval vynAn, oKOpo Kot ov 1 KAToavaAwon oyvog Tov Koppov-
aoOntpa dev elvon peydan.

XTI TEPMTAOGELS QVTES, 1 LELWOT TOV EXTKOLVMOVINKOD KOGTOVG UTOPEL VO, UMV ETOPKEL.
I"a 10 AOY0 avto, Ta oyNUaTe EE0IKOVOUNGTG EVEPYELNG TPETEL VOL LELDCOVV TO TAN00C
TV detypdtmv Tov AapPdavovior omd Tovg oentpeg twv KOpPwv. 1o onueio avtd
TPEMEL, OUMS, VO TOVIOTEL OTL Ol TEYVIKES YLOL TNV EVEPYELNKE OTOJOTIKY OTOKTNON
OedOUEVAOV OEV OMOGKOTOVY OTOKAEIGTIKA GTY UELMOT TNG EVEPYELNKNG OATAVIG TOL
VTOGLVGTHATOG JEEAYWYNG LETPNOEMV, O1OTL LELOVOVTOS TOV aplind TV detypdtmv
EUUECH LEUDVETOL KO O OYKOG TNG EMKOLVOVING.

Ot TeVIKEG EVEPYELOKE ATOJOTIKNG OTOKTNOTG 0E00UEVOV UITOpOovV va eviaybodv ce
TPEIG KOTNYOPIEG: TG TEYVIKES TPOCAPUOLOUEVNS OEYHOTOANYING, TIG TEXVIKES
lEPAPYIKNG detypatonyiog kot Tig TeXVIKES OetypatoAnyioc mov Poacilovtal og
LLOVTELQ TTEPLY POPTS TOV POLVOUEVOU.

Kobog ta detypota mov Aapfdavovtor uropet va eivar cuoyetiopéva peta&ld toug, ot
TEYVIKEC TPOG APLOLOUEVNG dELYLATOAN YOG 0E10TO100V TIG EVOEXOUEVEG OLOLOTNTES Y10
VoL LELDCOVV TOV OYKO TV OEO00UEVAOV TOL ATOKTAOVTAL [0 TapddEly Lo, TO LTO LEAETN
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eowvopevo umopel vor LETAPAALETOL apYd G TPOG TO YPOVO. LTV TEPITTOON QVUTY, Ol
YPOVIKEG GUGYETICELS Y PNCLLOTOLOVVTOL OOTE VoL LEL®OEL To TAN00C TOV OTaITOVUEVOV
petpnoemv. To 810 oyvel O6tav 10 Qovopevo dgv peTafdAleTon akpoimg petald
TEPLOY DV TOV KAAVTTOVTOL OO YEITOVIKOVS KOUBOVE.

Ot teyvikég epapykng detrypotoinyiog facilovior oty vrobeon ot o1 kOUPOL eivan
eComiopévol pe drapopetikovg tomovg arsOnmpov. 'Etol, kabhg xdbe kouPog
xopokTnpileTor amd ded0UéVn aVAALGT KOl OVTIOTOUYN EVEPYEWNKT KATOVAA®GT, Ot
TEYVIKEG AVTEG EMAEYOLV TOLO 100G GO TPV VO EVEPYOTOCOLV TPOKEIUEVOL VOl
é&xouv v emBoun oyxéon avrorloyng petald g aviivong tov AapPavopevov
LETPNOEMV KOl TNG AVTIGTOLYNG EVEPYELNKTG dUTAVIC.

O teyvicéc detypatoinyiog mov Pacilovtal oe poviéda ompilovtol oe moapodpolo
Baocwn 10éa pe Tic TEXVIKEG MPOPAEYNG dedopévmv. Apyikd, ol TEYVIKES OVTEC
SLOHLOPPDOVOVY £Va HOVTEAO TOL VO TOPOTHPNOCT POLVOUEVOD KOl, GTN GUVEYEL,
YPNOLOTOIOVV TIG TIUEG TOL TPOPAETEL TO HOVTEAO TPOKEUEVOD VO LELDOCOLV TO
TA00¢ TV derypdtmv mov AapBavovtol.

2.3.2.1 Teyvikég mpoocappolopevng derypatoinyiog

Ot teyvikég TpocaprolOUevng Sty LaToANYioG LTOpovV Vo LELMGOVY TO TAN00G TV
OEYHATOV TOL QUOIKOV HEYEOOVE OV AMAITOVVTOL OELOTOLMVTOG TIS YWPOYPOVIKES
ovoyetioelg Tov dedopévav. Amnd 10 Bsdpnua Nyquist eivar yvootd 6Tl yoo
ovyvotnta ostypatoAnyiog, €ot® F;, mOL OmOUTEITOL YO TNV OVATOPAY®YY| E€VOG
onuatog mpEneL va woyvel: F; = 2 * F,,, omov F, stvou n p€ytotn cvuyvotnta 6to ¢acuo
600G TOL GNHATOG. L6TOG0, 0 TPOGHOPICUOG TNG TapapéTpov F, dev eivar ehkoAog,
AoV, aPevdc, dev UTopel va elval YVOGTN €K TOV TPOTEPMV KOL, APETEPOV, UTOPEL VaL
petafdAietat pe to xpovo. o v avIETONIoN avTod TOL TPOPALATOC, TPOTEIVETAL
npocopprolopevog alyopbpog [34] mov vroloyilel duvouikd TV TPEXOVO HEYIOTN
ovyvotnrta, F,, Poacilopevoc omnv 1aom TV TAEOV TPOCEAT®V HETPNCEMV KOl
a&lomoldvTag TN XPOVIKN GuoyETion tev detypdtomv. Kabdg ot vroAoyispol €govv
peydan moAvmAokOtnTa, O aAyOplpog extereitol GTOV KOUPO-GLAAEKTN KOt Ot
vToAoylopévol pubuol detypatonyiog yYvOoTOTOOUVIOL EMELTO GTOLG KOuPouc-
aoOnpeg. O unyoviopog TposaplolOUeVNS SEIYLOTOANYING TPETEL VO GLVOOEVETOL
amd punyoviopd d€cpuevong evpovg Ldvng, o omoiog Ba eyyvdrtotl 4Tt To GLVOAIKO POPTIO
kivnong dev Ba vepPaivel Tn yOPNTIKOTNTA TOV SIKTVOV.

"Eva tpotoK0AL0 TOV 0ELOTOLEL TN X OPIKN GLGYETION LE GTOYO VO LELDCEL EMAEKTIKA
Tov aplpd tev KOuPwv mov amocTEALOVY ded0UEVE GTOV KOUPO-CLAAEKTY gival TO
CC-MAC (Correlation-based Collaborative MAC) [35]. To mpwtoxoiro avtd puOuilet
TIG UETUOOOELS TV KOUPOV MOTE VO, EANYIGTOTOMGEL TO TAN00G TV KOUP®V TOL
de&ayovv petpnoetg xmpic va vepPaivetar 1o avektd eninedo mapopdpewons. [a to
Aoyo ovtd, o adyopiBuog INS (Iterative Node Selection), o omoiog ekteAeitar oTov
KOUPO-GLALEKTN Tpocdlopilel TV axTiva GLGYETIONG, Reprr, 0EOOUEVIC TNG LEYIOTNG
OVEKTNG TOpapopemons e epapuoyns. H mapduetpoc avtny, omn ocuvéyeuw,
OMOGTEAAETOL GTOVG KOUPOLG-UGONTAPEG KOTA TNV €YKATACTOCT TOL OIKTOOL KOt
YPNOCLOTTOLEITOL KATA TN GAon Asttovpyiag Tov OkTHOL. Agdopévov 0Tt ot KOpPot
umopel va elval TauTdypova Kot TYES OEGOUEVOV AALL KOl OTAMS VO TPO®OOVV TOKETO
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AoV kopPwv, o tpmtokolrlo CC-MAC neptapavel 600 d10POPETIKEG CVVIGTOCEG:
10 E-MAC (Event MAC) kot o N-MAC (Network MAC). To E-MAC gumodilel
LETAO00T TAEOVALOVGOG TANPOPOPLOC KOTA TN QACT TPOGPOoNG GTO KOVAAL ApyiKd,
OAoL ot kouPor avtaywvilovior Y Vo OmOKTAGOVY TPOGRUCT 6TO KOWO KAVAAL.
Tehxd, dpme, pdvo évag koéuPog Katarapfdvel to kavél kot yivetor avTimpOs®Tog
g mepLoyns mov opileton pe fdon v axtiva Roprpr, EVEO 01 DTOLOITOL KOUPOL EVTOC
™G TEPOYNG OVTNG OTARATOVV TIS HETOdOoElG Tovg. [TAéov, OAn mn mheovdlovca
TAnpoopia £xel PIATpaploTel, omoTe OAM TO. TOKETO TOL PpioKovtal 6To diKTLO Ao
avTtd 10 YPoviKd onueio mpémetl va mopadofodv aliomiota otov KOpPo-cvArékt. [a
10 Adyo avtd, 10 N-MAC dwyepiletor i petaddoelg moakéTmv, omodidoviag ota
TOKETOL TOV £Y0LV Vo d1ovOGOoLV UEYAAN amdoTtacn pExpL va pBdcovy otov Koupo-
OVAAEKTN UEYOAVTEPT TPOTEPALOTNTO GE GYECT KE TO TOKETO TOV OMUIOVPYHONKOY
o0 mpoceata. Kaitol to mpotokolho CC-MAC oyedidotnke pe otdyo ) peimon
NG EVEPYELOKNG KATOVOAWMGNG TOV VLTOGULGTNHOTOS ETIKOWOVIOS TV KOuPwv,
TOVTOYPOVO LELMVEL KOL TNV KATOVAAMGT TOV DITOGLOTUATOG O1ECOY®YNG LETPNOEWV,
aeov ot ouohntpeg TV KOUPB®V HTOPOVV VO OMEVEPYOTOLOVVTOL OTOV OEV
TPOYLOTOTOLOVV LETPNGELG.

‘Eva akoun mapdadetypo mtpocoppolopevng oetypatoAnyiog mov givol oy eSl0oUEVO
€101Ka Yoo v g&umnpetovpevn epappoyn sivar kor to FloodNet [36] . To FloodNet
elvar évo cVGTNHO TPOELY OTTOINGN G TANUUOPAG Kot TEPAaUPAvEL Eva oYL O10iPESTC
™G TEPLOYNG EVOLOPEPOVTOC GE MAEYLOTO PE duvaTOTNTO Vo, LETOPGAAEL TO pLOUO
derypatolnyiog kdbe xouPov. Baowkn ocvvictwca tov FloodNet eivar to FAR
(FloodNet Adaptive Routing). To FAR glayiotonolei v katavdA®on 1oyvog tov
KOpPov epappdlovtog and Kovoh mpocaprolOUeV] SEIYUATOANYIO KOl EVEPYELOKA
amodotikn dpoporoynon. O akydpiBpoc dpopordynong ypnoiponotei 6HO KpLTnpLa yio
TNV EMA0YN TOV KOUP®V TOL GUUUETEXOVY GTT| O POLOAHYNON TAKET®V TPOG TOV KOUPO -
OVAAEKTN: TNV TPOTEPAOTNTO KoL TN onpocio Tov dedopévov. H mpotepardotnta
oyetileton 6teVa pe Ta evepyetaxd amofépata kdbe kOpPov. H onpocio towv dedopévov
OUVOPTATOL UE TN GLYVOTNTO OEYHATOANYi0G, KOOMDG dedOUEVOL TOV £XOVV HEYAAN
ovyvotnta derypotoinyiog oyetiCovior pe Kpiolueg mePLOyEg, OMOL TO POIVOUEVO
peTaGALETOL TAXEWS. ZVVETMS, 0 aAYOPOROg dpoprordYNomng emhéyel KOUPovg yia
GUUUETOYN OTN OPOUOAOYNOT TOKETWOV TOV £YOVV YOUNAT GLYVOTNTO SETYLOTOAN YIS,
H Bacum 18éa elvarl va emAéyovionr mpdta KOUPol pe TOAAGL evepyelaxkd amobépata,
KoL, avlpesa otoug kKopPovug pe idia mpotepoudtnTa vo EmAEYovTaL EKEIVOl 01 KOPPot
7OV €lval AlYOTEPO EMPOPTICUEVOL [LE EPYOCIES OEIYLATOANYING.

2.3.2.2 Teyvikég 1epapykns detypotornyiog

H mpocéyyion epapyikng detypatoinyiog Boaciletal ot xpnon kopupov eEomAiocpévav
pe SapopeTikov tHmov aentipes. To Quokd péyedoc mov evolapépel Pmopel va
petpnOet amd OAa Ta €idn acOntipov. Opnwg, kdbe €idog ocdntpa yapaknpileTon
amd SpOoPETIKN aKpiPfeta Kot avTioTolyn EVEPYELNKT KATAVAL®MGT). ZTIG TEPIGCOTEPES
TEPIMTMOGELG, Ol cLVNOELS amhol acOnTpeg elvar evepyelakd amodoTikol aAAd Eyovv
TOAD Teplopopévn  axpifela petpnoewv. Amd v dAAn mAevpd, e€elypévol
aoOnTpeg mapEyovy UEYOAVTEPT aKpifela PETPNOE®V HE OVTITILO HEYOADTEPN
evepyelokn kotavaioorn. Mo cuvOng mpaktikn givar ot KOuPot pe tovg amiodc
aoONTAPEG VO YPNOILOTOLOVVTAL YlOL TNV TOPOYN HIOG YEVIKNG EIKOVOG TNG VIO
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TOPOTPNON TEPLOYNG KO, OTaV oviyvevbel kdmolo yeyovog 1 Kdmolo vwomeployn
npénel va petpnOel pe peyorvtepn axpipela, va evepyomotobvral ot KOUPol pe Toug
EVEPYELKA domavnpovg aicOntpec. ' Eva mapddetypa epaproyng authg e TPUKTIKNG
elvar 1 aviyvevon otoyov. INBoavol otdyor upmopodv va  avakoiveOodv
YPNOWOTOLOVTAS ousONTAPES YOUNANG 16Y00G, OnmG poyvnTopeTpa M TalfnTikovg
aviyveutég evépyetog. Ot acOnmpeg avtol pumopodv va aviyvedsovy oTdyovs aAAG
yopaktnpilovtar amd oyetikd vynAn mBavoTNTa YELOOVG GLVAYEpUoD. EmumAéoy, av
aviyveboovy mhavd 61d)0, dev umopolv va avayvopicovv pe ok pifeta to 100G Tov.
Xmv mepinTmomn avty), ot acOnNTpeg ekovag TapEyovy peyorvtepn axpifete. Adyw
™G UEYAANG EVEPYELOKNG KATAVAAMONG IOV ERPavilovV, ®oTOGO, eV VOl AmTOdOTIKO
ol awcOnmpeg ovtol vo mapoapévouv cvvexmg evepyomomuévol. Avtifeto, eivon
TPOTIUOTEPO KO EVEPYELAKA ATOSOTIKOTEPO OL OLGONTIPES EIKOVOS VOl EVEPYOTOLOVVTAL
UovVo og TEPInTMOOT TOAVNG aViXVEVONC GTOYOL Kol VO TAPOUEVOLV EVEPYOTL HEYPL VO
OAOKANp®OEL 1| TAPNG TOWTOTOINGT TOV. AVTOV TOL EI00VG 1) TEXVIKT OETYUOTOANYING
ovopaletor mopodotovuevn (triggered sampling). ‘Eva axopa mapdderypo e@approyng
OV YPNOUYLOTOLEL TUPOSOTOVHEVN OEYHATOANYiOL apopd TNV TapokoiovOnon ng
KOTAOTAONG KTIPLOV KOl TNV 0ViYVEVOT) KATOGTPOQ®OV Teptypapetal oto [37]. To ktipto
yopileton oe (oveg mov meptlapupdvovv KOuPovg-oioOnTpes He  SLAPOPETIKES
dvvatdTNTES: TOLG M-KOUPOVG KOt TOVg p-kopPovg. Ot Mm-kopPot eivan eEomiiopévor pe
UETPNTEG EMTAYLVONG KOl SELYLATOANTTOOV TO TEPIPAALOV TTEPLOJIKA. ATO TNV GAAN
mAgvupd, ot p-kopupor eivon efomMopévol pe oOpyova UETPMONG KOTOTOVNONG KOl
TOPOUEVOLV oveEVEPYOL €l OGO YPOVIKO SLAGTNUA OEV OV VEDETOL KATOL0 TPOPA L.
Xy mepintmon 6mov aviyvevbel Kamolo meploTaTikd, amd kdmolwov M-Kopupo, ot -
KOUPOL emKOWV VOOV Kol LE YEITOVIKOVS KOUPOVG Yio va emiPefatd@covy v EvoeiEn
omoapEng nuds. Eedécov pécw g dwotadpmong mAnpogopiog dlamotmbel ot
TPAYUATL  VEAPYXEL KAmOlo  mPOPANpa, ot mukva  tomobetnuévor  p-kopupot
EVEPYOTOLOVVTOL Y10 VO OTTOKTICOVV [0 AETTOUEPT] EIKOVA Y10 TO TL GLVEPT Kot vaL TO
avaPEPovy 6ToV KOUPO-CLALEKTN.

‘Evag mapdépolog punyaviopodg aflomolel pia yeViKn mEPLYpAPn NG LWO EMTPNON
TEPOYNG YOO VO avoyvopicel cvykekpluéveg Béceic mov ypetalovtar oegaymyn
AEMTOUEPESTEPMV UETPNOCEMV. META TNV avayvOPLoN TOV BEGEDV OVTOV, VITAPYOVY
300 KOp1eg TPOGEYYIGELS Yo TN ANYT OKPPBECTEP®V LETPNCEWMV: EITE VA YIVEL QVTTVION
KOUPB®V vynAng axpifelag, or omoiot fpickovtal oM TomofeTnuévor oty eployn &ite
va yivel kaBodnynon evog pOUTOTIKOV asOnTipa TPoKeEVOL va. OAcEL oTig BEaElg
omov amorteiton peyodvtepn oakpifeto. Té€totov eidovg mpooeyyiocelg ovoudlovton
nolverinedeg (multi-scale sampling). Xapaxtnpiotikd mapdderypa xpnong T€To1on
unyovicpov givotl og pio epoapproyn aviyvevong tupkaytas [38]. H vd mapakorlovdnon
TEPLOYN] TOPOAKOAOVOEITOL OO OTATIKOVS KOUPOVG TOV TPUYUATOTOOUV UETPNGELS
eplodikd. Otav kamolo meployn eLPavicel Kamolo avopoiio, oOnAadn n LETPOOUEVN
Oepuokpacio vrepPel €va KatdEAo, ot otatikol kopfor {ntodv amd tov KoOpPo-
OVALEKTN va yiver pio fabvtepn Epevva. Tote, 0 KOUPOC-CLALEKTNG OTOGTEAAEL KIVITO
aloONTPA 6T GLYKEKPIULEVT] TTEPLOYT, MOTE VO, GLAAEEEL dedOUEVAL amd OAOLG TOLG
yerrovikovg KopuPovg kot va AdPet pa oxetikn otoypagio. Metd TV ohokAnpmon
TOV £pYOL TOV, 0 KWWNTOS asONTpog EMOTPEPEL GTOV KOUPO-CVAAEKTN Kot Topadidet
T0. 5edOUEVA TOV GUVEAELE.
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2.3.2.3 Teyvikég oderypatonypios mov Paocilovror o€  povréra
TEPLYPOUPNS TOL PALVOUEVOL

Ot teyvikég detypatoAnyiog mov otnpiloviol 6€ HOVTEAD TTEPLYPAPTC TOV VIO HEAETN
QOVOLEVOD 0KOAOLOOVY TOPOLLOLL TPOGEYYIoN LE TIG TEXVIKES TPOPAEYNG dESOUEVOV
ot omoieg Pacifoviar emiong o€ KAmolo HOVIELO. Q6TOGO, Ol OVTICTOUXEG TEXVIKEG
npoPAeync  dtnpovv TN ovyvotnTo  dstypotoAnyiog otabepr, ®oTe  va
YPNOCLOTOGOVY TO TEPLOJIKG OlypaTo Yoo va dTnpodv £YKLPO TO HOVTIELO.
Avtifeta, ot TEYVIKEG OEIYHOTOANYING HEL®VOLV TO TANDOG TV OEYHAT®V TOL
OTOKTAOVTIOL KAVOVTOG YPNON LTOAOYISTIK®OV HoviEAwv. Eva moAd yopokmmpiotikod
TOPASELY IO VTN TNG Kot yopiag Tpoceyyicewv eivar to ovotnua Barbie-Q [39]. Ot
Baoikéc GLVIGTMOOES TOL GLOTNUOTOG OGVTOV, Ol OToieg eKTEAOVVTIOL GTOV KOUPO-
OLAAEKTY, elvan £va TOvOTIKO HOVTEAD Kol £voG cLVToVioTnG. To mhavotkd poviéro
dnuovpyeitor kotd ™ @dorn expddnong, and Eva cuykekpluévo apluod derypdatov. H
TPOKVTTOVCH GUVAPTNOT TLKVOTNTAG THAVOTNTOG VOl OPKETA EVEAIKTI] MOTE VO
AGBel vIOYN TG TIG YOPIKEG KOl YPOVIKEG GUGYETICELS. ATO ALTH TNV GLVAPTNON
mokvotntag mbavotntag etvar dvvatd va e€ayBei n akpifeia, o dpovg mbavoTTOC,
(MOTE CLYKEKPIUEV TIUN HETPNONG Vo BploKETOL EVTOG TOL SOCTLOTOS TILMOV, TOV
kaBopileton amd to drayeplotr] cvotnuotos. EmimAéov, 10 povtédo evnuepmdvetol
oLVVOLALOVTOG TIG VTAPYOVGES GLVOPTNOELS TLKVOTNTAG TBavOTNTOG HE TO VEW
detypata. O cvvtoviotg oto ovoua Barbie-Q eivat exeivog mov amooacilet pe molov
Tpomo Oa yivel N GLALOYN TV dedopévav. Metd and kabe epdTnua Tov POEVEL GTOV
KOUPO-GLAAEKTN, O GLVTOVIOTNG OLUOPPDOVEL KotdAoyo TV KOpPwv mov Oa
gpmmBoV Ko Tpodtaypapstl TV akpifela pe v omoia Ba yivouv ot LETPNGELS, GE
nepintoon O6mov ot kOpPor givor eEOMMGOUEVOL pE OLOPOPETIKAOV TPOJLOYPAPDOV
aoOntpeg. Emiong, o ovvroviotng vroAoyilel T0 GUVOAIKO evepyelokd KOGTOC TOV
amoltOnke yo ™ dnpovpyia andvinong 6To epmTNO Tov EAaPE, GuVLTOAOYILoVTOC
TO EVEPYELNKO KOOGTOG Yo TN Se&0y Y] LETPNCEWV OAAGL KOl TO EVEPYELNKO KOGTOG
EMKOWVOVIOG.

M Stopopetiki] mpooéyylon viomoteitar oto mpwtokoAlo USAC (Utility-based
Sensing And Communication) [40], to omoio ypnoyonoteiton yio TopakorovOnon oe
TOYET®OES MEPIPAALOV. XNV TEPITTOON OV, Yoo TNV TPOPAEYN TV derypdTv
YiveTan ¥ pnom VOGS YPOUUKOD LOVTEAOD TOAMVOPOUNGTG TEPLOPICUEVOL Tapabipov. O
aAyoplOLOg Yoo TV EVNUEPMON TNG GLYVOTNTAG OELYUATOANYIOG TOL TTEPTYPAPETOL
akolovBmg elvor TANP®G Katoveunuévog, omiadn ekteleiton oe kdbe koOpPo-
awoOnmpa. Otav m wpoPremduevn TN Ppioketor ektOG €vOC OLOCTNUOTOG
EUTIGTOGHVNG, M CVYVOTNTA JEYHATOANYiaG avEdveTon og TPoKabopIGHEVT LEYIOTN
T, €0TO fnax- ALTO Bedtidvel v akpifeio KoTd T S1dpKELD EVNUEPMOONG TOV
LOVTEAOL, (OGTE TO HOVTEAD Va eivan g BEon va akohovBel Tig Eapvikég oAlayEg TV
petpovpevav dedopévov. Avtifeta, 6tov 1 TpoPAremduevn Tun PpickeTan eviog TOV
SO TILOTOG EUMIGTOGHVNG, 1| SLYVOTNTA SEYHOTOANYING LEIDVETOL KATO TApAyovTa
mov Aaupavetar oto Swdotnua (0,1) péyxpt va @tdoel por AdyloTn cvyvotnTa
derypoatonyiag, £6T® fnin- EXTOC amd 10 HovIELO TapakolovONGNG TOV PAIVOUEVOD,
10 Tp®TOKOAL0 USAC meprhapfavel kot v Tp@TdKoAAo dpopoAdynons, To omoio
oLVLTTOAOYILEL TOGO TO €vEPYELOKO KOGTOG OGO KOl TO KOGTOG EMKOWVAOVIOG, (MGTE VO
eEMALYOVTOL O1OPOUES HE KOUPOVG OV £€Y0LV YOUNAN cLYVOTNTO OEIYUOTOANYING
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évavtt KOUP®V Tov KATavaldvVouy peyaio mocd evépyelag yia ostypatonyia. ‘Etot,
EMITLYYAVETOL OLOLOLLOPPT KATAVOUT TNG KATOVAAMONG EVEPYELNG LETOED TMV KOUPmV
KO, KOTA CUVETELD, EMEKTEIVETOL 1) SLAPKELN CONG TOV SIKTVOV.

2.3.2.4 Tovoyn

Ot teyvikég mpocappolopevng detypoatoinyiog etvar moAAL VTOGYOUEVEG O10TL Elvarl
YEVIKNG €QOPUOYNG KOl EVEPYELOKEA ATOd0TIKES. QQ6TAG0, 01 pEYPL TOpa TpoTadeiceg
Moeig tepropilovtar oty a&lomoinon povo evog idovg cuoyétione. Mo meplocOTEPO
amodoTikn Abon and gvepyelokng TAevpds Ba propovce va cuvdvaletl v a&loroinon
TG0 NG Y WPIKNG OGO KOl TNG X POVIKNG CLGYETIONG TV pHeTpnoemv. Eniong, ot teyvikég
TPOc aProlOpeVNg detyatoANyiog eivarl cuVHO®G GUYKEVTPOTIKES, AOY® TNG LEYAANG
TOAVTAOKOTNTOG TMV VITOAOYIC UMV TOV AItonToOVTOL. ATO TNV GAAT TAELPE, OL TEYVIKES
LEPOUPYIKNG OEYLATOANYIOG EIVOL EPIKTEG LOVO ATV TO PLGLKO PEYEDOC TOL EVILOPEPEL
umopet vo petpnOel pe d10popeTikovg TPOTOVE Ko KOT' ETEKTACT] LE OLUPOPETIKOVS
aoOntpeg. Avtod Tov £100VG 01 TPOCEYYIoELS £Vt TOAD QITOOOTIKEG EVEPYELOKA, OLALA
elvarl TOAD 0TEVA GUVOESEUEVES e TO £100G TNG EPOPLOYNE TToV eEumnpeTovy. EmmAéov,
npEneL vo, ANeOel vTOY™ TO KOGTOG Yo TNV EVEOUATOON TPOGHET®OV st p®V GTOLG
kOpuPovg. Téhog, ov teyvikég derypotoinyiog mov Pacilovror 6e Kdmolo povtéro
TEPLYPAPNS TOL VO UEAETT] QALVOUEVOL TOPOLGIALOVY Ta 1010 TAEOVEKTNLOTO KO
LEIOVEKTNLOTO UE TIC avTioTOW(EG TEXVIKEG TPOPAeync dedouévov. Eivar apketd
VIOGYOUEVEG TEXVIKEG, OALG mpémel va yivel Beitioom mpog v KatehOvuvon g
OTOKEVIPOUEVIG EKTEAECNG TMOV TPMOTOKOAA®MV VTOAOYIGHOD TOL HOVTIEAOL WE
TOPAAANAN Hel®OoN TG TOAVTAOKOTNTOS TOV TPAEEDY TOL ATOLTOVVTAL, SLOTNPDVTOG
oL éva eminedo axpifelog petpnoemy.

2.4 IIpoceyyioels Paciopéveg 6TV KIVIITIKOTITO,

To peyodvtepo pépog g Prproypagiog yio ta WSN, diaitepa oto mpdTa oTad0 TG
€peuvag avTod TOoV EMGTNUOVIKOV Ttediov, vrobétel 6Tt o1 KOépuPol elvan otatikol Kot
&xouv gykatactobel pe peydan mokvomnta. ‘Etot, stvor gkt n emikowvovio peta&n
omolwvorote dvo KOUPmv, 0dnyavrog e Prpa-Tpoc-Pfrpa Tpdmo dpoLordYNoNG TOV
TOKETOV, OO TOV OTOGTOAEN PEYXPL TOV TEMKO mopainmn. [lpodceata, Ouwme, €xel
apyioel va e€etdletan n KvnTKOTNTO OC EVOG EVEPYELOKEA OO0 TIKOG TPOTOG GLAAOYNG
dedopévov oo WSN. H kivntikodtnto 6tovg KOpuPovg-oiotntmpeg ivar @ikt Kot
umopet vo emtevyfel pe dupopetTikovg Ttpdémovs. I'a mapdaderypa, ot koéuPot-
aentipeg pumopovv va eomhotovv pe ocvotnuoe. Kivinong (mobilizer), dote va
pumopovv va. aAralovv tn Béom tovg. BéPata, kabmg o chotnua Kivnong eivatl moAv
EVEPYELKA damovnpod, N TPOGO0GT KIVNTIKOTNTOG 6€ OAOVS TOLG KOUPOLS-aioONTpeg
tomg va unv givar owovopkd epikto. EEdAlov, n mpodchHetn evepyslokt| Katavaiwon
AMyo kvnTikdTTog pmopel vo elvol peyoAvtepn omd TO EVEPYELONKO OPELOG TTOL
TPOCPEPEL 1] KIVITIKOTNTOL. ZVVETMOGC, OVTL VO ATOKTHOOLV OAoL 01 KOUPBOL TOV dikTHOV
KWWNTIKOTNTA, OLTH Umopel va. mpocdobel povo oe €101ko0¢ KOUPovg mov Exovv
LEYOADTEPO EVEPYELOKE aOBENOTO OTO TOLG KOWVOUG KOUPBOVG. TNV TEPITTMOOT QVTY,
N KnTikdmta agopd povo etepoyevn diktva WSN. Evoriaktucd, avti ot koppot-
aeOnTpeg va e£0MAIGTOOV e GUGTNILO KIvioNg, UITtopovV va TomofetnBobv mivem e
Kvnta otolyeia (m.y mavo oe {oa, avtokivnta, K.T.A.). YTapyovuv 300 andyels 6T1o
ovykekpyévo muo. H mpotn dmoyn Bewpel 611 6Aot ot kopupor mpémer va
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tonofeTovviol WAV o€ Kwntd otouxelo. XoOueovo pe T ogbtepn  dmowyn,
TEPLOPIGUEVOG aplOpdS KOuPwv tomobeteitan ent KIvn TV oToLEl®MV, EVHO 0L LITOAOLTOL
KOuPol Tov dkTvoL Tapapnévouy otatikol. Kot otic dVvo mepmtdoelg, dev vrdpyet
TPOcHETN EvePYELOKT] KaTOVAL®GT AdY® TN KivnTikdtnTac. Opwme, To povtélo kivnong
npénel va AapuPavetal Loy KoTd T PAcT oXESIAGLOV TOV HIKTVOV.

H swoayoyn xvnmikomtog ota WSN avadeikvidel apketd {ntipoto oyetikd pe
OLVOECTUOTNTA. APk, KOTA TN OLOPKEWL TNG OYXESIOONC TOL OIKTOLOV, U0 OPOLY|
apyLtektovikn pmopel va Bewpndel g KaTtdAANAN €MAOYY, €QOGOV TKAVOMOLEL TIG
OTTOLTIOELG TNG EPAPUOYNG. ZTNV TEPIMTTOGN VT, OEV ATULTEITOL 1) AVATTLEN HEYAAOV
appov kopPav, kabwng ol tepropicpol Yo cuvdesuotnta givor yarapot, dedopévon
0Tl o1 Kivovuevol kOupotr umopolhv vo TPOcEYYIGOVY ATOUOVOUEVOVS KOUPBOLS TOV
dwtvov. Emiong, éva diktvo mov €xel oxedwootel yoo va Agttovpyel pe peydan
TUKVOTNTO AL, AOY® QUGIKAOV EUTONIOV 1 KATAGTPOPNS KOUB®V KATA TNV apy kN
EYKATAGTOON 0EV S100€TEL TEMKE TOV OmapaitnTo aplOud KOUPV Yo va ETITEAEGEL T
Aertovpyio tov, pmopel va Pondnbel péom g ypPNoNG Un ETAVOPOUEVOV UIKPOV
EVAEPLOV OYNUATOV, TO OO0 AELITOVPYOVV MG CLAAEKTES TANpOoQOopiag. EmmAdov, éva
apYIK®OG TANP®S ovvdederéVo OlkTvo umopel vo katoAn&el oe €vo GOVOAO un
OUVOESEUEVAOV VTTOSIKTOMV, AOY® OGTOXLOV DMKOV 1 €EAVIANONG TOV EVEPYELOK®DV
arofepdtov komowwv kopPov. Xmnv mepimtoon avutr, kouPor pe dvvardtnTo
LETOKIVNONG UTOPOVV VO, ETAVAGLVIEGOVY OAOKANPO TO OiKTLO, KAOIGTOVTAS TO
TANPOC AEITOLPYIKO KOl EMEKTEIVOVTOG TN dtdpKela {mNG ToL.

H xwnukommra pmopet va ypnoyonmomBel emiong ywo peiwon g evepyelokng
katavdiwong. Ta maxéta mov mpoépyoviar and KoépPovg-osdnmpeg dacyilovv to
dikTvo Prpa-mpog-Pripa LEYPL Tov TEAKO TPoopIGd ToVG, Tov KOUPo-cLAAEKTY. OTav
0 KOUPOG-GLAAEKTNG Elval GTATIKOG, OPIGUEVES O1UOPOUES AVTILETOTILOVV peyaADTEPOL
eoptio. Kivnomng, avtiotolyo HE TNV TOMOAOYi TOL OIKTOOL KOl TOL PLOUOLG
derypatoinyiog tov KOpPov-arcOntipov. X1 yevikn nepintmon, OpmG, ot koot tov
Bpiokovtor TAnciéotepa 6ToV KOUPO-CUALEKTN VEIGTOVTOL TOYVTEPL EEAVTANGT TV
EVEPYELNK DV TOVG amofepdtmv, akdpo kot otav epapuolovion Texvikég eEotkovoumnong
evépyeag. Amd v GAAN TAELPAE, M POT) TOL POPTIOL UTOPET VO EVAAAAGCETOL OTOV [LLaL
KWVNTN 6LoKELN €lvar LTEVOLVN Y10 T GVALOYT TV SEGOUEVV. L€ £VOL TETOL0 GEVAPLO,
01 KavoVIKoi KOUPOL oVaUEVOLV TV KIVITH GLGKELN VO TANGLAGEL TPOG TO LLEPOG TOVG,
OmOTE KO OPOLLOAOYOVV TOKETA TPOG ALTNV, LE GTOYO 1 EMKOV®Via va deEdyeTon eite
aupeca gite evtog meplopiopuévou aplfpov Pnudtov. Kat’ avtoév tov tpoémo, ot képpot-
atsOntnpeg e€otkovopovv gvépyela Aoym peimong (1) Tov cpaipdtov {evéng (ii) g
mAeovalovoag mAnpopopiag Adym emtkeporidmv kar (iii) g cvveyobe TpomdOnoNg
nokétov. EmmAéov, kabBdc 1 Kvnti] CLGKELY| EMCKENTETOL OLUPOPETIKA GMUEID TOV
OIKTOOV, EMITLYYAVETOL OUOIOLOPPN KOATOVOAWOOT EVEPYELNS HETOED TOV KOUPwV-
aoOnmpov. Ot TPoGeYYIGELS TOV ¥PNGLUOTOLOVV THV KIVNITIKOTNTA Y10 E501KOVOUTON
evépyelag owaxkpivovtor oe 000 Pacikég katnyopieg, aviiotoryo pe 10 €100C TOL
Kwvovuevov ototyeiov. 'Etol, dlakpivovionr o1 TPoceyyicel; Kivovupevoy KopBov-
GLALEKTN KO 01 TPOGEYYIGELS KIVOUUEVOV KOUP®V-AVOUETAGOTAOV. AVTN 1) TOEIVOUNON
eatvetar ko 6to Xy. 2.11.
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TeXVIKEC
Baowopéveg otnv
Kwnukoétnta

TEXVIKEG ME
KwvoUpevoug koppoug-

TEXVIKEC LE KWVOUUEVO

KOUBo-OUMAEKTN

QVOPETASOTE

Sxnuoa 2.11: Taétvounon twv TexVIKwy eE0LKOVOUNTN G eVEpyELac ou Baaoilovtal otnv
KLVNTLKOTNTA

2.4.1 Tlpooeyyicelg KivijTov KOpuPov-curiiékTn

[ToAAég mpooeyyioels mov mpoteivovtal ot PiPAloypaio. oYETIKA LE TOVEG KIVIITOVG
kopPovg-cvirékteg oe WSN Pocilovtar oty epappoouévn pebodoroyio tov
YPOLUIKOD TPOYPOUUOTIGHOD TTPOG PEATIOTOTOIMON TOPOUETPp®Y, OTMG 1 JLAPKELN
Lomg Tov diktvov. ‘Eva této10 mopdadsrypo eivar to povtélo mov mpoteivetar oto [41],
oV TEPAAPEVEL KIvTO KOUPO-GVAAEKTN TOL propel vo petaxivnOel og meplopiopévo
apOpo Bécemv Yo vo emtoke@Oel Eva cuykekpluévo kOUPo kat va emtkotvoviost poli
tov. Emiong, yivetar n vmobeon 6Tt ou kOuPor ivor opyovmUEVOL GE TETPAYOVIKA
TAEYHOTO EVTOC TNG TTEPLOYNG EVOLAQEPOVTOG. KaTd TN S1dpKeEln TV EMOKEYEDY GTOVG
KOuPovg-acOnmpeg, 0 KOUPOC-GLUAAEKTNG Tapapével oty 101 meployn  emi
OLYKEKPLUEVO Ypovikd dtdotnua. Ot kopPor mov kdbe eopd Ppickovtor ekTdG TNG
euPéretag Tov KOUPOL-GLAAEKTN OMOGTEALOVY UNVOUATO TTPOG OVTOV GE TOAAOTAG
Brunata, emALyovTog KAOE POPA TN OYETIKN O10OPOUN YPTCLLOTOLMVTOS TOV alyOp1Oo
gbpeong erdylotng Owdpoung  Opopordynons. Me  xpfiom  TOL  YPOUUKOD
TPOYPOULATIGHOV BEATIOTOTTOEITOL TO YPOVIKO SLAGTNIA KOTE TO OTOI0 TOPOUEVEL O
KvnTto¢ KOUPoG-cuAAEKTNG o€ kABe meproyn. H mpokvmtovsa Avon peylotonolel
dtapreto CoNG TOL SIKTHOL, EVH EMTVYYAVEL OLOLOLOPPT) KATOVOUT EVEPYELLG, WGTOCO
dg AapPavet vIOYN TNG TO KOGTOC LETOKIVIONG TOV KOUPOV-cLALEKT. [Ipocopoidoetg
deiyvouv O0TL N TPocEyyIon avth uropel va avEnoet T ddpkela NG Tov S1KTHOL KaTd
5-10 @opég og oéom pe to 1010 dikTLO dTAV £XEL GTATIKO KOUPO-CLAAEKT).

H mpoavapepBeica mpocéyyion £xel To pelovEKTNUO OTL EIVOL GLYKEVTPOTIKT], ONAAOT|
OA0L Ol LToAoY1IGpOL Yivovtal amd tov kouPo-cuAréktn. Avtifeta, to oynqua GMRE
(Greedy Maximum Residual Energy) [42] eivar katovepmuévo. Z0peova pe avtod, o
KWNTOG KOUPOG-CUAAEKTNG EMAEYEL TNV EMOUEVN TTEPLOYN AelTovpyiog, HETOED TOV
OLUVOLOV TOV EPIKTOV OEGEMVY, IE KPITHPLO TO EVEPYELOKA amofEpata TV KOUPwV-
aoOnmpov mept avtov. TIpokepévoy o KOUPOG-CLAAEKTNG Vo AaPel TANpopopieg
OYETIKO pE TO. evepyelakd omofépato tov KOpPwv-aicntpov, yio kabe mhovr|
emopevn Béon tov KOUPOV-CLAAEKTN emhéyeTonl €vag kKOUPog g avtimpocwnog. Ot
KOpPot-avimpdcwnot AapPivovy TANPOPOPIEG CYETIKA LLE TNV EVEPYELOKT KOATAGTAOT
TOV YEITOVIKOV TOLS KOUPOV-016ONTHP OV KOl ATovToDV GTO EPMTHILOTO TOV TOVS BETEL
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0 kOpPog-cvAréktne. Me Bdon Tig amavtioelg mov AauPdvel, o KOUPOG-CLALEKTNG
amo@acilel av Kot Tpog To oV Oo petokivnoel.

Mo S10popeTiKny Katnyopiot AVCE®MV UEAETA amd KOWOD TNV KIVNTIKOTNTO KO TN
dpopordynon. ‘Eva tétolo mapdderypo eivol To avaAvTikd LOVIELO TOL OVATTUGGETOL
v va yapoaktpicet v didpketa {ong tov dktoov [43]. Tveton eopyng 1 vodeon
ot o1 kOpPot-oncOnTnpeg elvar KaTaveUNUEVOL G Lo KUKAIKN Teployn. T andotta,
oV apyn 6Aot ot kKOpPot-aioOnTpec dPORLOAOYOVV TO TAKETO TOVS TPOG TOV KOUPO-
GLALEKTN YPNOUYLOTOLDOVTOS TOV OAYOPIOLO e0pecn ELAYIGTNG dtad poung. 2o1dc0, N
oTpaTNYIKN dpopoAdynong avabempeitoar otn ocvvéyewn, mote va e&aybel kordtepo
arotédecpa. H apywm BErTiom otpatnykn dpopoAdynons TpokvumTeL OTav 0 KOpPog-
OLAAEKTNG KIVEITOL KATO KOG TNG TEPLPEPELOG TNG KVKAIKNG TEPLOYNG EVOLALPEPOVTOG,.
Xmv mepintoon avt, Opmg, ot kKOpPol mTov Ppickovror KOVIA GTNV TEPLPEPELD. TOV
KUKAOL £0VV HEGOAUPOVV GTNV HETAGOGT AYOTEPNG TANPOPOPLOS GE GYEST LE TOVG
KOO oL Ppickovtol TPog TO KEVIPO NG TEPLOYNG EVOLAPEPOVTOG. To evepyelaxo
TAeOVAGHO TV KOUP®V TG meplpépelag umopel va ypnotponomfel mTpog mepoitépm
BeAtimom ¢ oTpatnykng opopoAidynons. H tehcd BéErtiom) Adon eivor o képupog-
OVAAEKTNG VO KIVEITOL G€ KUKMKN TPOX HE oKTivo WKPOTEPN TNG OKTIVOG NG
KUKMKNG meployng evolapépovtog. O KOKAOG Tov dtaypagel 0 KOUPOS-GUAAEKTNG
xopilel TV KUKMKY| TEPLOYT| EVOLUPEPOVTOG GE OVO YDPOVS: GTOV ECMTEPIKO KOl TOV
e€otepkd. Ot koOpPfor mov Ppickoviar GTOV €0MTEPIKO YDPO TPOYLUATOTOLOVV
dpopordynon pe Pdon tov odyopiduo ehdyiotov povomatiod Kot ot KOpPotr otov
eEOTEPIKO YMDPO TPOYLATOTOLOVV KVKAIKT] OPOLOAOYNO).

2.4.2 TIpooeyyicels KivoOuevov KOppov-avopetadot®v

To povtélo kivovpevev kouPov avauetdadoone oe acvpupata ad hoc diktvo £yet
epevvnbei oto TAiclo TV gukatplak®v diktomv (opportunistic networks) [44]. Mia
and TIG YVOOTOTEPEG TPOGEYYIoELS divetal amd To GYNUA LETAPOPAES unvopdtov [45].
O1 petapopeic unvopdtov eivat €1d1koi kvntoi koot Tov elodyovron o€ éva. apaid ad
hoc diktvo yw va mposeépovy v vAnpesia ™G ovapetddoong pnvopdtov. Ot
petapopeic UNVupdTOV Kivohvtal 6€ OAN TNV €KTACT TOL SIKTLOV Kol GLAAEYOLV
dedopéva amd Tovg KOUPOLG-TNYES. XN GLVEYELN, OTOONKEVOVY TO. dEGOUEVO TOL
Aopavouv Kot o TpomBodv GTOV TPOOPIGUEO TOVE. ZVVETMG, Ol LETOUPOPELS LNVOLAT®V
pmopovv va BempnBovv mg olovel Kvnt| vodoun entKovoviog mov eEumnpetel )
OloKivon UINVOULAT®V GE apoLd 0oVPLATO dTKTVO.

"Eva mopeppepés oynua, to ovotnuo data-MULE [46] npoteivetor mg Avemn yia apaid
acvpuato diktva. To cvomuo data-MULE oyedialeton pe apyltektovikn Tpidv
EMITEOQV.
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Sxnua 2.12: Apyttektovikr) WSN e kivntoU¢ KOuBouU G-avaueTadOTeG

To younioétepo emimedo oamotereitor amd KOUPovG-oucONTNPEG MOV TEPLOOIKA
TPUYLOTOTOLOVV OEY LATOANY i TOV VIO pHeAETN Puakov peyéBoug. To pecaio eninedo
amoteAeitol amd Kivntovg koppovg mov ovopdaloviar MULE (Mobile Ubiquitous LAN
Extensions) kot kwvovvtol gvtoc ™C TEPLOYNS EVOLUPEPOVTOC KO GLAAEYOVTOG TO
dedopéva mov drbétovv ot kOpPot-aicOntpes. To poro twv kopPov MULE pmopet
va €govv avBpomot, {oa, 1 axoua ko oyuata. 'evikd, ot koupor MULE kivovvion
aveEapmmro petald tovg kot aveEdptnta and T 0€cEl TV KOUPOV-aicOnTpov,
aKoAOVOMOVTOC N TPOYPAUUOTIGHEVES dtadpopés. Omotednmote mAncldoovy Eva
KOuPo-acOntipa, Aoppdvouv ta dedopéva mov avtog £xel GLAAEEEL To tpito eninedo
amoteAeiton amd éva ovvolo onueiov mpocPacng (Access Points — APS), mov
Aappévovv minpogopieg amd tovg képPovg MULE. Ta onpeio mpoécPaong eivon
ovvoedepéva Pe TOV KOUPO-GLAAEKTN, OOV OAEG Ol TANPOPOPIEG GLYKEVTPOVOVTUL,
ovyypoviCovtor kot amoBnkevovtar. Emiong, exel yivetoaw avayvopion moAlomidv
AvVILYpAQ@V Kot Sl eiplon Temv epTNUATOV TOL dtayelptot| cvotnpatoc. Ot kopupor-
aoOntpeg, ot omoiot vrotiBevion otatikoi, avouévovv kdmoro koufo MULE va
TANGLAGEL KOVTO TOVG Yo vo. Tov amooteilovv dedopéva. H emkowvovia petadd
KOupov-acnmpov kot kKéppov MULE yiveton pe onpata pikpng eppéretos. I'a to
Adyo awto, yopaktnpileTon amd pikpn evepyslokn Katoviiwon. Kabog kiveitol péca
o010 diktvo, o kopPog MULE «émoio otiypn mepvdel kovid amnd kdmoro omueio
TpOcPaong Kot Tov HETadIdEL OAO TO OEGOUEVA IOV £XEL GLAAEEEL.

Ye éva GALo oyetikd povtélo Aettovpyiog [47], mpoteivetor kOUPOC-peTAPOPENS
TOKETOV TOV KIVEITOL KOTA KOS TpoKaboptopévne otabepng dS1adpopuns. Xtnv tpasn,
N oAloyn G TPOYLAS Tov KOUPov-peTaopén Oev elvarl mavta €Kt oTa diKTLA
aoOnTpov, aeov ot koupot-aicOnmpeg eivar cvvBmg Tomobetnuévol oe pépn e
EUTOOL, OTOV Ol KvNTol KOUPol Hmopovv vo Kvnbovv HOvo Katd GUYKEKPLUEVEG
dtevbuveetg. O kdppor-ouctnpeg mov Ppickovial G Pikpn amdoTaoN amd TNV TPOYLL
OV KvNTo0H KOUPOL amooTéEALOLY Ta dedopéva Tovg angvbeiag oe avtov, dtav 01EA0eL
Ao KOVTIO TOVG, KOTAVOADVOVTOG HKPA oo evépyslog. Ot kopupot mov Ppickovral
pokpld amd Ty Tpoyld Tov Kvntov KOUPOL amosTEAAOLV TO. dEGOUEVO TOVG TTPOG
KOuPBovg mov Ppiokovtal TANGIEGTEPA GTNV TPOYLE TOL KivnTov KOpPov. Kot otnv
TEPIMTOOT VTN, OPL®S, ot KOUPol-oicOnTipec eE0KOVOUODY EVEPYELD GE GYEOT LE TO
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OTOTIKA diKTLO AGONTPOV, OPOV TO TOKETO, TOVG POAVOLV GTOV TPOOPIGUO TOVG OE
Myotepa Prjpata. o peyodvtepn eEokovouncmn evépyelasg, ol KOUPBol umopovv va
oynuaticovv ocvotddec. Emkepoing kabe cvotdadog eivor o kouPog mov Ppioketal
TANGLEGTEPO GTNV TPOXLL TOL Kivovpevoy koppov. Ot kOuPol-péAn pog cuoetddog
AOGTEAAOVV TO SESOUEVA TOVG GTOV EMIKEPUANG TNG CLGTAONC, KOl EKEIVOG TaL TPOomDel
otov Kivntd kopPo, dtav o tedevtaiog mAncidoet. H emdoyn tov emike@oing kopupov
L0 6VOTAdAG YIVETOL LETE TNV TPAOTY EXICKEYN TOL KIvNTOV KOUPOV, 6TV onoia dev
oVALEYovTon dedopéva. Kabmg m tpoytd tov kivntov koépupov vrotibetar otabepn,
pumopet va TpoPfAepBel yxpovikd. O Kivodpevog kOpupog pumopel va Kiveiton pe otabepn
ToyOTNTO, OVTIOTOWO UE TIC OVAYKEG TG €QapUoYNG. 20T1dc0, KodbTEPN emidoon
eMTLYYAVETAL OTOV O KIvNTOG KOUPOS eVOALAcoeETOL PETAED VO KATUGTACE®MV: TNG
kivnong pe otabepr| TaydTNTO Kot TNG 0KvNoiog. Zuvenms, 0 Kivntog koupog Kiveita
TOYEMG 0€ UEPT e Alyovg aucHnTpeg Kol aKivnromolgital Kovtd oe onueion 6mov
VILAPYOLV EMIKEPOANG OCLOTAOMV Kol VLITAPYEL HEYOALTEPN TLKVOTNTO KOUP®V-
aoOnmpov. O Kaboplorog TOV TEPLOYDV LLE LEYAAVTEPT TUKVOTNTA YIVETOL HETE OO
KaOe d1oy1oM TOV HIKTVLOV ATd TOV KIVOOUEVO KOUPO.

AOY® TOV OTL 01 LETAOOGELG TOL YIVOVTOL G LUK PEG ATOOTAGELS, 1 apylteKTovikn Data-
MULE egivon po evepyelokd omodoTikn AVCT Yo GUYKEVTPWOT dEOOUEVMV GE apoLd
diktva aoOntpowv. Eniong, eEacearilel enextacipotnta kor gveMéio ¢ Tpog to
péyebog Tov S1KTVOV, SLOTL UTOPOVV VA ELG0O0VV TEPIGGOTEPOL AO £VOG KIVITOL
koupor MULE. Amd v &AAn mAevpd, m AVvon avtn €xel d00 TEPLOPIOTIKOVG
TOPAYOVTIES TOL OPEILOVTOL GTNV TLYATNTA TNG Kiviong TOoV KOUPBov 1 TV KOUPwV
MULE. Apyikd, n kabvotépnon dpiEng Tov 0edoUEVOV 6TOV KOUPO-GUALEKTN HTopet
va gtvan onpavTikn, d10tt lvar duvatd va pecoArafel peydro ypoviko dStdotnpo omd T
otyun| 6mov o kopPoc MULE Aaupdverl Tig petpnoeig amd tovg koppoug-aicntipeg
LEYPL TN Y POVIKT GTLYU| OOV TIG Tapadidel o€ Kamoto onpeio tpdcPacng. To devtepo
petovékTnua etvor 1o 61t o1 acONTPEg TPEMEL GLVEY DG VAL OVOULEVOLY TNV APLEN TOV
kOppov MULE kot d&v Hmopovv va 0mevepPyOmolicovV TOV TOUTOJEKTT TOVG, KATL TOV
o0Myel 6€ ALENUEVT KATOVAAWDOT EVEPYELAG.

H apyrtextovikn tov cuotpdtmv mov weptypaenkoy péxpt 1o onueio avtd vrobétel
ETEPOYEVN SIKTLO TOV ATOTEAOVVTOL Ad KIVIITOVG KOl 0TATIKOVS kKOpuPove. Yapyovv,
OUMC, Kol Topadelypato OIKTO®V o1oOnTpov 7ov TomobeTovvion €Ml KvnTov
otoyeiov. 'Eva tétoro €idog WSN eivon to Zebranet [48], mov €xel og otdyo v
napokorovOnon CePfpav. Zta (da avtd Tomobetobvtal €01KA KOAAPO TOL PEPOVV
EVOOUOTOUEVOVS KOUPOVG-oaONnTNpEeS, £KAGTOG TV OTOI®V TEPIAAUPAVEL [Lio LOVASOL
GPS ko1 dvo moumodékteg. O €vag MOUTOSEKTNG Y PNOUYLOTOLEITOL Y10 EMIKOWV®VIN
UIKP®OV amocTAcEDV, OTaV Y10 Topadery o ot (EPPES GLYKEVTPDOVOVTOL GE TNYES VEPOU.
O 5e0TEPOC TOUTOSEKTNG YPNOLOTOLEITOL Y10, TNV EMIKOV®VIN LLE TO ONUELD TPOSPaoNS
Kot pe dAla Cda mov givarl amopaxpuopéva omd to vrorowa. To onueio TpdsPfacng
elvar cuvBmg éva dynua mov dwacyilel v vVId mopakorlovdnon mepLOoy Yoo vo
OVALEEEL TOL OEQOUEVA. ZVVETMC, OAOL Ol KOpPot Tov diktvov givorl kvnrol. Kabwg ot
CéBpeg KivovvTa, kdmowa otiyun eivar mbovo va Bpebovv og kovtivy andotaot. v
nepinTon avty, aviaAldocovy ta dedopéva Toug. Otav kdmowo CEPpa Ppebdel evtog
™G epPéretag Tov onpeiov TpdoPacng, ToV aToGTEALEL OAN T SEGOUEVA TTOL JLUDETEL,
ONAad” 1660 TIG O1KEG TNG LETPNOELS OGO KOl TIG LETPNOELS TOL ANPONKav omd AALeg
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CéBpeg ne T1g omoieg £xel ovvavtnOel. Mia miBovn Avomn yio v avToAdoyn 0£douEvav,
glvar 1 xpnomn evog amAol TPOTOKOALOV TANUUOPAS, OOTE TO dBEota dEdOUEVA VO
npombovvtal o€ AAAOVE KOUPOLS, apécmc LOALS aviyvevBolv. Kaitol  mpocéyyion
ot yopaktnpileTon amd peydAo ToGooTd EMTVYING, O TPOS TOV GYKO TWV OEGOUEVOV
oV GLAAEYOVTOL amd TO oNpelo TPAGPAONS, Ol AMALTNGELS TNG TPOCEYYIONG OVTNG GE
€0pog {MOVNG, YOPNTIKOTNTO UVAUNG Kot evepyelakd omoBépata elvar ToAd peydies.
[Ipog e&owkovounom evépyelog mpoTeiveTon £Vo TPOTOKOALO GVALOYNG OEOOUEVMV TOV
Bacileton oty mpoictopia. Kdbe kopupog aviictoyeiton o€ Kdmoto eninedo epapyiog.
To eninedo avtd ekppdlet v mBavoTNTO 0 KOUPOC VoL glye PeETASMGEL GTO TAPEAOOV
EMTLYMOG 0edOpUEVA 6TO onueio TpdoPaong. Koupot ol omoior Exovv mpdspata Ppedel
evtog ¢ euPéretag Tov onueiov mpodcPaong eival mBavOTEPO Vo EMAEYOVV GE GYEOT
LLE TOVG LILOAOUTOVS KOUPOLS Y10l VL TPO®ON GOV Ta UMVORLOTA TOVG, £ite AueGa €lte GE
TEPLOPIGUEVO  aplOpd Pnudtov, mpog 10 onueio mpdoPacng. Otav 6vo koOpPot
CLUVOVTMVTOL, 0 KOUPOG e TNV LYNAOTEPN 1EPAPYIO. CUYKEVIPAOVEL T dEGOUEVA KoL
avarappavel va to mopaddoel 6To onpeio mtpdoPaong. [pocopoidoelg Exovv deiet
0Tl T0 TPOTOKOALO aVTO €lval EVEPYELNKE OTOOOTIKO Kol €xel UEYOAO TOCOGTO
EMTUYMUEVIC TOPAO0CTG dEdOUEVAOV 6TO onpeio TpdoPaong.

2.4.3 Xovoyn

H mpdopatn gpevvntikny dpactnplOTNTO GTO OVIIKEIUEVO TMOV OCLPUATOV OIKTO®V
Ao POV e KIVITOVG GUALEKTEG OEOOUEVAV EXEL TEPYPAYEL TOOVES AVGELS Y10, TV
eMiTeLEN oYEOOV PEATIOTNG GLAAOYTG dedOpUEVOVY. 26TOGO, VTTAPYOLY aKOUN (nTunata,
ta omoio. ypnlovv Wwaitepne mpocoyne. ‘Eva amd avtd oyetiletor pe tn xpovikn
AVOKAALYN TOV KIVOUUEVOL GTOXEIOV amd Tov KOUPo-cvAAékTn. [ to Adyo avtd,
OTOUTOOVTOL EVEPYELOKA OTOOOTIKA GYMLOTO TPOG EAOYIOTOTOINGT TNG EVEPYEINKNG
KatavaAmong Tov KOUBov-aetntipov, dtetnpdvag tny Thavotnta va yobst kdmoto
OLUVAVTNOTN WHE TOV KWWOLHEVO kOuPo 6co ta duvatd pkpotepn. Ot meplocdtepeg
OYETIKEG TPOTAGELS OPOPOVV T1] XPNOT EVOG TEPLOOTKOV GYNILATOG aLpVTVIOTG. Q0T16G0,
OVOPEVETOL OKOUO KOADTEPO OMOTEAECUOTO VO TPOKVATOLV Ond GYNUOTO TOV
a£10mo1ovV T0 GLYKEKPIUEVO LOVTELO Kiviong TOL Kivntod KOpPBov g epappoyns. ' Eva
dentepo TPOPANUA eivar 0 KOBOPIGUOG EVOG EVEPYELOKA OTOSOTIKOD TPMOTOKOALOV
€101k Yo emiKovmvia LeTall oToTikdV Kot Kivtav kopPav. ‘Eva této10 TpotdKkoAdro,
10 omoio yoapaktpiletoar wg evkouplakd ALOHA MAC mpwtdékoAiro, mpoteivetat g
Abon yoo acOppato diKTvo ceONTP®V pe evaépla OYLOTO GTO POLO TOV KIVNTAOV
kopPov-cvdiektav [49]. Koaitoi, omwg eEnyndnke, vmdpyovv {ntmuoto mpog
OVTULETAOTION, 1 PNON KWWNTIKOTNTOS 6TA acVppaTo dikTuo oicOnTipmv pe 6td)o v
€EOKOVOUNON EVEPYELNG UTOPEL VO TOTEAEGEL AELOTIGTY KOl OTOOOTIKT) TPOGEYYIoN,
Wwitepa yroo to. WSN pe apotr] apyLtektovik).
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KE®AAAIO 3 -XYNAGPOIXH AEAOMENQN XE AXYPMATA
AIKTYA AIXOHTHPQN

3.1 Evoaymym

Ta acvppota diktva aeOnipov (WSN) ypnoornolovvior ce éva vpld @acpa
EPAPLLOY DV OV, EKTOG ALV, TEPILAUPEVOLY VI PEGIEG GTPUTLOTIKNG EXLTHPNONG Kot
VANPEGiEG TOPAKOAOVONONG EYKATACTAGEWY, PLGIKOV TEPIPAAAOVTOG K.AT. 2T YEVIKN
nepintwon, To. WSN diktva mepthappdvovy éva peydro minbog kouPwv mov £govv
duvaTOTNTA VO, ETKOVOVOUY HETAED TOLS OAAG Kot PLe TO AladikTvo HEG® evOG KOUPoL-
ovALEkTN. Or WS kopfor gite katavépovtal Toyaio 6€ dVGRATOVS YDPOLS, OTMS Eva
nedio pdymg M o opewvn meployn, eite eykabictavtol oe mpokabopiopéves Béceig. Ot
KOUPOL avTO-0pyav®dVOVTOL Kol oXNUOTICouV éval aVTOVOLO TNAETIKOWV®OVINKO SiKTLO.
To diktvo aVTo €lvarl dvvatd va GYedNOTEL PE EpapyIKn doun, omdTe o1 KOuPot elvan
opyavouévol kotd ovotadec (clusters), yioa ekdot) towv omoiwv opileton £vog
emke@oAng kouPog (cluster head). Erniong, oto diktvo pmopei vo emiffAndei enimedn
epapyio, omdte 1M emkowwvio 000 KOUPwV mpoyuotomolgiton Katd Pruoto
YPNOLOTOLOVTAG EVOLAUESOVG KOUPOVG m¢ pecorapntéc (multi-hop network). Olot ot
kopPor evég WSN S1ktHov €xovv eVEOUATOUEVOVS oUGONTAPEG KOl TPOYLOTOTOLOVY
TEPLOOIKA LETPNOELG TOV PUVGIKOD (POIVOUEVOL | QOLVOUEVMOV TOV EVOLOPEPOLV. X TN
ouvéyeln, ol Koppot emeEepyaloval To SEGOUEVA TOV LETPNOEDV KOL TO OTOGTEALOVY
otov kOuPo-cvrlréktn (sink node). H ovyvomrta pe v omoion ot kouPot
TPUYLOTOTOLOVV LETPNOELS EEAPTATOL OO TO EI00C TNG EPAPLLOYNG.

Q¢ GLYKEVTP®OT dEOUEVMV 0PILETAL 1] GLAAOYN OEOOUEV®V OO LETPNGELS TOV EXOVV
mpaypoatonondel and diapopovg KOUPOVS, pe TEMKO oTOHYO TN UETAGOGN TOVG GTOV
KOpPo-cvALékTn. KabBmg ot koppotl dwabétovy eplopiopéva evepyelokd amobépota,
etvan evepyslokd acOL@OpPo OLOL Ol KOUPOL VO ATOCTEAAOVY TO. ATOTEAECLOTO TMV
petpnoe®mv tov amevbeing oTov KOUPO-CVAAEKT. LT YEVIKN TEPIMTMOOT, £MIONG, O
LETPNOELS OV  TPOEPYOVTOL OO YEITOVIKOVS KOUPOLG €lval GUOYETICUEVEG UETOED
tovG. EmmAéov, 0 0yKog TV d€d0UEVOV TOL GLYKEVIPOVETAL GTOV KOUPO-GLAAEKTN
a6 peyaia WSN diktoa sivot tepdotiog, kabiotdviog ToAd dSVGKOAN TNV enelepyacia
tovg. [ Tovug Adyovg awtovg, eivar amapaitntn 1 xpnon HedOdwV yio 10 GVVIVAGHO
LETPNTIKAV OEOOUEVOV DOTE GTOV KOUPO-CLAAEKTN VO OmOGTEAAETOL TTANPOPOpia
UIKPOTEPNG OAAG ATOOEKTNG TOLOTNTAG, EMLTVYYXAVOVTOS KPOTEPO EVEPYELOKO KOGTOG
KOl TNAETIKOWOVIOKY eNPdpvvorn. Avtd emttuyydvetol OToV Ot EVOLAUESOL KOuPot
HELOVOLV TO TANO0G TV TOKETMV MOV amOGTEAAOLY TTPog Tov KOUPo-cvAiéktn. H
oyetikn dwdikacio ovopdletol covdabporon dedouévev (data aggregation) kot opiletat
®G 1 JLOIKOGI0 GLYKEVTPMOONG OEGOUEVOV OO TOAAUTAOVS KOUPBOVE Kot KATAAANANG
enefepyaciog TOvg, HE GTOXO TNV OMOELYN HETAOOONG TEPITTMOV TOKETMV KOl TN
HETAO00T], GULUTVKVOUEVNG TANPogopiag otov kouPo-cuAréktn. H ovvdBpoion
OedoUEVV ETIXEIPEL VO GUYKEVIPMOEL T ovoyKaio, UE PAom TIC TPodloypapEg
dedopéva, amd Tovg KOUPOVE Kol Vo, T0L TOPEYEL GTOV KOUPO-CUALEKTN UE EVEPYELOKA
amod0TIKO TPOTO £XOVTOG MG KOGTOG OTOOEKTY| XPOVIKN KabvuoTtépnor. AGPord, M
xpovikny kabvotépnon elvar mMOAD ONUAVTIKY o€ €QOPUOYEG OmMOV oamouteitol 1
emeepyacio HeTpNoE@V e TOAD HiKpn xpovikn moiodtnta. Opmg, eivor Kpicyun Kot
N E€QPUPUOYN EVEPYELOKO OMOdOTIK®MV OAyopibuwv ouvvabpolong dedouévemv,
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TpoKEWEVOL va emunkuvlel n ddpken Long tov WSN diktvov. Extog and to
unyoviopd cuvadpotong 0edoUEV®V, Kot GALOL TaPAYOVTEG EMNPEALOVV TNV EVEPYELNKT|
amodotikoTrta €vog WSN diktvov, 0rwme 1 o] Tov S1KTHOL Kot TO YPNGILOTOLOVUEVO
TPOTOKOALO O POLLOAOYNONG.

H Aerrovpyio evog WSN diktvov pémet va mapateivetor 0G0 10 duvatd TEPICTOTEPO.
e éva Wavikd oynuo cuvdbpotong dedopévov, Kdbe koépPog katavaimvel To 1010
péyebog evépyelng oe k@be KUKAO ovykévipwong petpricewv. 'Evag pnyoviopog
oVVAOpoLoNG OEOOUEVOV EIVAL EVEPYELOK(A OTOJOTIKOG EPOGOV LEYIGTOMOLEL TO YPOVO
Aertovpyiag Tov dkTOov. YmoBétovtag O6tt 6ot ot kKouPot givarl eicov onuovtkot,
npénel va eloiotomon0el ) evepyelokn kataviilmon o kKébe kopPo. Ta peyedn pe ta
omoia kaBopilovtor ta kprTnpla enidoong Twv aAyopiBuwv cuvabpoiong dEd0UEVOV
elvar 0 ypovog Lm1|g Tov diktdov, 1 akpifeia TV dedopévmv mov Odvovy ctov kopfo-
OVAAEKTN kol M koaBvotépnon mov pecolafel amd TN YPOVIKN OTIYUN TOL
TPOYLOTOTOLEITOL [iar LETPNOT UEYPL TN YPOVIKN GTLYH] OOV TO GYETIKG OEOOUEV
@Oavovy 61OV KOUPO-CLAAEKTN. ZVYKEKPIUEVQL

1. Qg ypovog {ong evog WSN dwiktvov (WSN lifetime) opiletor to minbog tmv
KUKA®V  ovvdBpolong oOedopévav  péxpt TN XPOVIKY] oTiyun  Omov
TPOoKaOOPIGUEVO TOGOGTO, £0TM X, TV KOUPwv tebel ektdc Asttovpyiag. To
10600Td X Kabopileton amd to 6YedaoTn TOLV cLGTHUATOS. Booikdg 6tdY0g
evOg Uy avicpov cuvafpotong dedopévay eivan 1 eregepyacio kol n TpomOnom
dedopévav va yiveTonr Katd TETO0 TPOTO (GTE VO TPOKVTTEL OLOLOHOPON
eEavtinon evepyslokmv amobepdtov tov WSN koppov.

2. O opopog g axkpipetag dedopévmv eEaptdtal amd To 100G NG LANPESLAG Y10
mv onoia oyedidotnke 10 WSN diktvo. o mapdderypa, por epoappoyn
TPOGOOPIGILOV £VOG GTOYOL omortel LeyaAVTEPN akpifeta dedopévav 6e oyéon
LE Lo EQOPLLOYT TPOGOLOPIoLOV NG Beppokpaciog Tov mepaiiovtoc.

3. H xobBvotépnon (latency) evog acppoatov diktbov arsOntipov opiletar og to
YPOVIKO OLAGTNUO. TOL OmoLteiTol Yy T ovvabpoior, Opopordynon Kot
exmopun Tov dedopévmv. Mropel va petpnbet og n péom T 1 n LEYLoTN TIUN
™G O10POPEG LETAED TV XPOVIK®V CTIYUOV TNG ANYNG TOV dEO0UEV®V OO TOV
KOUPO-GLALEKTN Kot TNG GLALOYNG TOVG atd TOVS sONTNPES TV KOUP®V.

Axorov0wc, Tapovsialovtol opicpévol aryoplBpot cuvddpotong dedopévmv. Apyikd,
avaAveTol 1 Pacikn Tovg Aettovpyia Kat, 6T cuveyeln, eéetdletan 1 enid0GT TOVG GE
GUYKPLOT LE CLVAPEIS TPOGEYYIGELS.

3.2 Ilpotékorira cvvadporong faciopéva 6TV GPYLTEKTOVIKT] OIKTVOV

H apyitektovikn Tov acVpHaTtov SIKTVOV oontipov ennpedlel dpacTIKA TV
eMIO00T TOV SOPOPETIKOV TPMOTOKOAL®V GLVAOPOLoNG dEdOUEVMV.

3.2.1 Enimeon apLtTeKTOVIKI] OIKTO OV
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Ye WSN diktvo pe emimedn apyltektovikn OAol ot kKOpPor emitehodv TG 1d1eg
Aettovpyieg, cuvepyalovtatl LETAED TOVG YO VO ETITEAEGOVV TO £PY0 TOVG KoL OLPYIKA
dlbétovv ta 110 evepyetokd amobépata. Adym Tov peydrlov mAndovg KOUPwv TOL
ouvvnBwg vdpyovv ota WSN diktva, sivoar avépikto va 600el oe £ékaoto €& avtdv
LLOVAOTKT] TOVTOTNTO. AVTO £XEL O OMOTEAEG LA VO, X PN GLLOTTOMOEL dEGOUEVO-KEVTPIKN
(data-centric) dpopordynomn. Xe avtd To €100G OPOHOAOYNONG, O JSLUXEPLOTHS
GUGTNIOTOC OMOCTEAAEL EPOTLATO TPOG TOVS KOUPOVS-a1oONTAPES GLYKEKPIUEVIC
TEPLOYNG Ko avapével va AdPel ¢ amdvinon dedopéva amd Tovg KOUPOVS avTovG.
Koaboc 1o dedopéva {nrovvror pHEGH epOTNUATOV, €ivol amapoitnTn 1 CUVOTTIKN
wepLypan TV Oedouéveov pe Pdon Kamoleg 1010TNTEG TOLG. XTn  GUVEXEL,
TEPLYPAPOVTOL TO.  ONUOVTIKOTEPO TPOTOKOAAN EMIMESNG  OPYITEKTOVIKNG Ko
EMONUOEVOVTOL TO TAEOVEKTILOTOL KOLL TOL LELOVEKTNLOTE TOVG,.

H owoyévela tpotokdriov SPIN (Sensor Protocol for Information via Negotiation)
[51] amotelel éva amd ta TPOTA TOPASEIYHATO OYESIAONG TPOTOKOAM®Y ETITEINC
apyrrektovikne. Ta mpwtdkorra SPIN S1adidovv 6An v mAnpogopio mov dtobétet
k@Oe kéuPog oe 6Aovg Tovg KOpPovg Tov WSN, Bempmvtag 6Tt 6Lot ot kopPot givot
duvnTikd KOUPOL-GUAAEKTEG. AVTO EMITPEMEL GTO  OOYEIPIOTH] CLOTHUOTOS VO
amooTeIAEL TO O1KO TOV EPAOTNUA TPOG OmolovonTote KOUPo kot va AaPel dueca
{nrovpevn TAnpogopia. Ta 6Ho kHpla yapakTnploTiKd TV TpOToKkOA v SPIN eivot
N SWmPOYUATEVOT) KOL 1) TPOGUPUOCTIKOTNTO TOpwv. Ot KOUPol ypNoILOTOLOHV
OVOLLOTOL Y10l TTEPLYPAPOVY TANP®OS TO dedouéva, TOv GLAAEYovv. Ta ovouato avtd
amokaAovvtal peto-dedopuéva (meta-data). H popen tov peta-dedopuévov eEaptato
amd TV EQaproYN Kot dev Tpoodtopiletan amd ta mpwtokoria SPIN. I'a mapddetyua,
oL KOuPot pmopovv vo ypnoyLoroovy T povadikn tovg tavtotnto (ID) og peta-
dedopévo, epOGoV elval oTaTikol Kol KOAOTTOVY cuykekpuévn meproyn. [pwv amd kdabe
OTOGTOAN, UNVOLOTOG, Ol KOUPOL TPy LA TOTO0UV SLOTPayLOTEVGELS UETAED TOVG OE
EMIMEdO LETA-OEOOUEVOV, DOOTE O KOUPBOG-TAPOANTTNG VO SOTIGTOGEL av entBupel va
ABer ta meptypagopeva  dgdouéva omd Tov  KOUPo-amocTtoréa. Mécw  Tng
dwmpaypdatevong avtg, eSaceaiiletonr O0tt dev Ba amootéAletan mheovalovoa
ninpogopia petatd tov KépPwv. Xty otkoyévela tpotokoAlov SPIN opilovtat Tpia
elon moaxétwv - ADV, REQ kot DATA - ta omoia ypnotporotovv ot WS kéupot yio mv
emovavia Tovg. Otav évag kOUPog Tov dIKTOO0VL, £0TM A, d1eEdyet peTprioelg Kot AaPet
véa dgdopéva, T daenuilel amosTEAAOVTAG TPOG TOVS YEITOVIKOVS TOL KOUPoLS £va
uqvope ADV, oto onolo cuumeptAapfdvel To HeTa-0E00UEVE TG TANPOPOPLOG TOV
ouvéreCe. XNV WEPITT®OON OMOV KAMOL0G YEITOVIKOG KOuPog tov A, €0t B,
evolapépetal yio o dtapnuiopeva dedopéva, amootéAdel uivope REQ mpog tov A.
‘Enetta, o A amootéAlel Ta dedopéva pécm evog unvopotoc DATA. Xt cuvéyewn, o
kOpupog B drapnuilet ta dedopéva mov Lo EAafe Kot GTOvg d1kovg Tov yeitoves. Me
avTO TO PUNYOVIGUO OAOKANPO TO dikTLO AaUPAVEL VOl AVTIYpaPO TV SEOOUEVMOV TOV
KOupov A.

KdaBe xoppog tov WSN diktoov drabéter £va diayeipiotn mopwv (resource manager)
OV TOPOKOAOVOEL TNV amOUEVOVGH EVEPYELD TOV. AV T EVEPYELOK(A TOV amofEpota
TEGOVV KAT® OO VO KATDOPAL0, 0 KOUPOG LELDVEL T GUUUETOYT TOL GTO TPMTOKOAAO.
AmoteAéCUOTO TPOCOUOIDoEWY dglyvouy 0Tl T0 TPpTOKOALO SPIN éxet tnv 1o
CUUTEPLPOPA LUE TO TPMTOKOAAO TANUUVPOS OGOV 0popd To TANO0C TV dedOUEVDV
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mov @Bavovv otov KOUPOo-cLAAEKTN. QoTOG0, T0 TPOTOKoALO SPIN mapovsialet
LELOT) TNG KOTAVOAMOKOUEVNC EVEPYELOG KT TOV Topdyovta 3.5 Kat, TapdAinia stvat
wavo va daveipel 60% meptocdTEPO dEGOUEVA aVE LOVAOQ EVEPYELOG GE CUYKPLON LLE
mv TAnppopa. To mpotokoArlo SPIN eivor katdAAnio kor yu mepipaiiov pe
KIVOUUEVOLS KOUPOVG, apod ot amopdcels Tpombnong Aopfdavovior pe Paorn tovg
TOTKOVS YEITOVIKOVG KOpUPovs. 'Eva amd ta khpla TAEOVEKTHLATO TOV TPOTOKOAAOL
SPIN etvar 611 Aertovpyel amotedespotikd oe mepiPdAdlov pe ovyveG OAAAYEC OTNV
TomoAoyia, apob Kabe kKouPog ypetdletarl va yvopilel pdvo Toug KOpPovg-yeitoveg e
TOVG Omoiovg pmopel vo emikovovioel Gueca (one hop neighboors). To kvpro
petovékmuo Tov TpmtokoAiov SPIN givar n advvapio tov va eyyondet tnv mapddoon
dedopévav. T mapdoetypa, av ot KOUPoL Tov evolaPEPOVTAL Yo TO OEGOUEVO TOV
drapnuilet Tuyaiog KOUPOG elvor amopakpLGHEVOL 0md OV TOV Kot Ol EVOLhpecsol KOUPot
Ogv EVOLOPEPOVTOL Y10, TOL OEGOUEVO QWTA, 1| TANPoopio dev Ba @Odoel Toté oTOV
KOUPO-GLALEKTY.

"Eva emiong Onpo@iléc kot evepyelad amod 0TIk 0 Tp®TOKOALO cuVEDpoiong dEdOUEVMV
eivon Direct Diffusion [53]. IIpokettar yio évo S€SOUEVO-KEVIPIKO TPOTOKOANO,
KOTOAANAO Yo EQOPLOYES OOV Evog N Alyol KOuPol-GLALEKTEG {NTOVV GUYKEKPIUEVEG
TAnNpogopieg HEocwm epoTUATOV oL dtovépovtar otovg WS koppovg péocwm tov
TPOTOKOA OV TANupOpog. To mpwtokoiro Directed Diffusion eivar opyavouévo oe
Tpelg @aocelg. Avtég elvar: 1) dtddoomn evolapépovtog (interest dissemination), ii)
oynuaticpoc dad poudmv (gradient setup) kot iii) Tpo®Onon dedopévmv Katd HNKog Tmv
npotyumtémv dwdpopcdv (path reinforcement and forwarding). Otav o koupoc-
OVALEKTNG emBupEl va cVYKeEVTPOGEL dedopéva amd Tovg WS kopupoug, amootéAdet Eva
LW VOO  EVOLOPEPOVTOS, GTO ONOL0 TEPLYPAPETAL O TUMOG TMV OESOUEVOV TTOV
EVOLOQEPOVY KOl TPOSOopileTOl 1 KOTACTACT OTNV Omoio TPEMEL Vo HETABOVY Ol
aeOnTpeg Yo T VALY TV petpnoswv. Kdébe koppog-aientipag mov Aopfdvet
UVLLOL EVOLUPEPOVTOS, TO OVOUETAOIdEL TPOG TOovg Yeitovég Tov. EmmAéov, kdbe
KOUPog-ousOnTpog oynuatifetl po Stodpopr], SNAaoN £vo SLVUC U TOL TEPIAAPAVEL
TOV EMOUEVO KOUPO TPOG TOV 01010 TPETEL VO GTAAOVV TaL 0€O0UEVA TTOV Ol GLAAEYODV,
wote vo pBAacovy Tiom oTov KOPP0o-GLAAEKTT. O TPELS AVTES PAGELS TOL TPOTOKOALOV
anewoviCovtor ota Xy. 3.10.a, B ko y
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Sxnua 3.1.y: ®aon npowdnonc S€60UEVWY KATA UNKOG TWVY TTPOTIUNTEWVY SLadpouwv
oto npwtokoAAo Directed Diffusion

Metd ) dadikasio TPOGOHOPIGHOD TV SLOVUCUATOV 0O OAOVG TOLS KOUBoLS, Lovo
poe dtoadpoun eivor TPOTIUNTED Yo TNV OTOGTOAN OEJ0UEV@V TPOG TOV KOUPo-
OVAAEKTN. Xto onueio ovtd mpémel var onuelwbel 6Tt N €TAOYN] TNG TPOTIUNTENS
dtadpopng umopel va Paciotel o€ S1APOPa KPLTNPLM, Y10 TAPASELYLLOL GTOL EVEPYELOK (L
amofépata M o Béon tov WSN «oppov mov tv omaptiCovv. Emiong, xdbe
TPOTIUNTED, S1OOPOUT], GUVOPTATAL UE EVO EPAOTNUA TOV KOUPOL-GLAAEKTN. e GAALO
EPAOTNUO 1 TPOTIUNTEN Oladpouny evogyetar va elvar dtopopetikn. H ouvabpoion
O0edOUEVOV TTPAYLLATOTOLEITOL GTOVG EVOLAUETOVS KOUPOLG, Ol omoiot umopovv va
eneEepyalovral To dEdOUEVA Y PNCIULOTOLOVTOG KATAAANAES HEBOOOVG TOV ETAEYOVTOL

pe Paomn 1o €160¢ TG EPAPLOYNG.

2t BipAoypagion £govv yivel TPOGOUOIOGELS Yl T GUYKPICT TOV TPMOTOKOAAOV
Directed Diffusion pe éva oyfjuo moAlomAdv petadocswv O6mov kabe kOuPog €xet
YVOON TOL VIOAOIMOL SIKTVOV KOl OTOCTEAAEL OEOOUEVO GTOV KOUPBO-CUAAEKTN
akohovddvTag TN dpoporoynon cuviopdtepov dévepov (shortest path multicast tree).
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Q¢ pétpa GOYKPIoNG TG EMO00NG TOV TPOTOKOAL®V ypnoyLomomdnkay n péon
KOTOVOMOKOUEVT evépyelo Kal 1 péon kabvotépnon. H péon xatavoAiokopevn
opiletor wg 0 AMOYOG TNG GUVOAIKNG KOTAVOAGKOUEVNG EVEPYELNG OvaL KOUPO TPOg TO
TAN00C TV SLOKPLITOV YEYOVOT®V TOL TAPATNPOVVTOL OO TOV KOUPO-CLALEKTN, EVO M
péon kabvotépnon opiletor ®g M XPOVIKN SPOPE UETAED TNG OTOGTOANG €VOC
EPOTALOTOS KOL TNG ANYNG TOV OYETIKOV oedopévev. Ta amoteréopota
TPOGOUOIDoE®MV Ogiyvouy 0Tl 10 mpwtokoAro Directed Diffusion éysr onpoviika
VYNAATEPT EVEPYELOKT] ATOOOTIKOTNTO GE GVYKPLON LE TO GYNILOL TOL YPNCLUOTOLEL T
OpOLLOAOYNON GLVTOUOTEPOL 0EVOPOVL. MAALIGTO, 1 KATAVOAIGKOUEVT EVEPYELD TOV
npwtokOAlov Directed Diffusion ¢@bdaver povo oto 60% 1tng KatavoloKOUEVNC
evépyelag Tov VLo cHYKPLoT OYNUOTOC Asttovpyiag. Avtifeta, n péon kabvotépnon
elvar ovykpioyun ota dVo TpoavaPepBEvta TpmTOKOAAL AetTOVpYiag.

Ocov agopd TV evEPYELOKT] amodoTIKOTTA, 1 €NidocT Tov TpwTokOAlov Directed
Diffusion emmpedletor amd mopdyoviec 0mmg 1 oxeTikn 0éon TV KOUPOV-TNYOV Kot
0V KOUPov-cLAAEKT Kot M okvotnta tov WSN dwctdov. Ta ™ perém tov
TapaydvVTIOV avtov Exovv peretndei dvo poviéra, to poviélo ER kot to povtého RS.
1o povtédo ER ( Event Radius) Oswpeiton 611 6€ cvykekpipévo onueio oo WSN
dwkTvov gvtomiletan £va yeyovoc. Tote, 6Aot ot kOpPot e andotacn S and to onueio
avtd yapoaktnpiovror og KOuPol-mnyéc. Mo oynuaTIKN TEPLYPAPT] TOV HOVIEAOL
avtov Qaivetal oto Xy. 3.2.
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Movtédo ER

Sxnuoa 3.2: Movtédo ER oto mpwtdkoAAo Directed Diffusion

Y10 poviého RS emdéyovton toyaic K 1o mAinbog WS kouPor wg kdupor-mnyéc.
Avtifeta and to poviého ER, oto povtédo RS o1 kopPor-tnyég dev Ppiokovron Kat’
avdykn o€ Kovtivi andotaon. To povtélo RS anekovileton 6to oyfua 3.3.
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2xnua 3.3 : Movtédo RS oto npwtokoAdo Directed Diffusion

Kdabe povtédo Aettovpyiog €xel SLOPOPETIKEG EMIOOGELG EVEPYELOKNG OTOOOTIKOTNTOG
oV EaPTM®VTOL o TO £100¢ TNG e&uINpeTOLUEVS EQaproyns. ['evikdtepa, Op®S, TO
npwtokolro Directed Diffusion arotelel KotdAANAN ETAOYN Y10 EQAPUOYEG UE TOMAEG
myég dedopuévev Kol AMyovg kOuPovc-cvuAréktec. Qotdco, dev mpoteiveTal Yo
EQOPLOYEC TOPATNPNONG TOL OTOLTOVV GUVEYN TOPAO0GT| OE00UEVAOV GTOV KOUPO-
GUAAEKTN).

3.2.2 Iepapyikn 0PYLTEKTOVIKI] SIKTV®V

H eninedn apyurektovikn  Oktoov pmopel  vo  odnynoer o vrepPoikn
TNAETIKOV®VIOKT Kot VToAoylotikn emBdpovon tov WSN kopfov, odnydviag ce
tayOtepn €EAVTANGON TOV EVEPYEWNKOV TOVG amofeldtOv Kol GTOdOKO OTNV
KOTAPPELVST TOL JkTHOV. Emopévmg, amd mAevpdc ETEKTAGILOTNTOG KOl EVEPYELOKNG
Amod0TIKOTNTOG Elval KOOOPIGTIKNG GNUOCING 1 EPAPUOYY| IEPAPYIKDY TPOGEYYIGEMV
vy ovvafpoion odedopévaov. H tepapykn ocvvabpoion odedopévav meptrapfovet
oLYYOVELOT OedOUEVMV GE E101KOVG KOUPOVS, e 6TOYO TN Helmomn Tov TAnfovg Tmv
UNVOUATOV TOL HETASIOOVTAL GTOV KOUPO-GVAAEKTT Kot TN GVVETOKOAOLON Bedticoon
™G evepyelakng amodotikotnTog Tov WSN Siktbhov. Xtn cuvéyeia meptypdeovtot to
ONUOVTIKOTEPA TPMTOKOAAL LEPUPYIKNG GLVAOPOIGNC OEOOUEVAV.

3.2.2.1 XvvaOBpoion 0£d0pévev 6€ OIKTVO TOV 0PYAVAVOVTOL KOTA
oVOTAOES

e gvepyelakd meplopiopéva diktua ooOntpwv peydiov peyédovg, elvar evepysloka
OVOTTOTEAEGLLOTIKO 01 KOUPOL VoL atoGTEALOVY TaL OEJ0UEVH TOVG amevbeiog oTov KOpPo-
OVALEKTN. X& TETOIEC TEPITTMOELS, Ol KOUPOL pumopodv va amocteilovy to. dedopéva
T0V¢ og Kkamowo Tomikd ocvvabpowoth (local aggregator) 1 otov emMKEPAANC NG
ovotadag (cluster head) mov cuvabpoiler dedopéva and OGAovg Tovg KOUPOLG TOL
aviikovv 6t cvotdda. Katd nepintmon, o Tomkog cuvabpolsTig N 0 EMKEPAANG TG
ovothoog Tpowbel 1o amotédespa ™G dwdikaciog cvvdbpolong mpog tov KOuPo-
GUAAEKTN. AvTO 0dnyel G ONUOVTIKNY EVEPYELOKT] EEO0KOVOUNGT] Y10l TOVG EVEPYELOKA
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TEPLOPLGUEVOVG KOUPOVG. O1 EMKEPOUANG TOV GLGTAS®V UTOPOVV VO EMKOLVOVOLV LE
oV KOUPo-cvALEKTT eite amevbeiog gite oynuatilovtog éva diktvo petad Tovg Kot
TPOYLOTOTOLOVTOG ETKOWV@VIa Katd fripato (multi-hop network).

E ia evtog ou

Emkowvwvia peraft
__________ —-+  gmksbalng cuotadwy

Sxnua 3.4: Movtédo enikowvwviog oe WSN Siktua opyavwUEVH KATA OUOTAOEC

‘Eva om6 o onpovtikdtepa TpoTOKOALN GUVAD POIGNG 1EPAPYIKNG APYLTEKTOVIKTG Elvarl
10 mpotokorho LEACH (Low-Energy Adaptive Clustering Hierarchy) [54]. To
npmtoKoAlo LEACH Bacileton 610 oynuotiopd cvotddwv aglomoidvtag tpog To0To
Katavepnuévo punyoviopo. Apywkd, to LEACH emiéyer tuyaio pepucodc kdépupovg wg
EMKEPOANG ovoTtadas. Me v mapéhevon Tov xpdvov, ot KOUPOL-ETIKEPAANG
EVOALAGGOVTOL TPOKEWEVOD VO VITAPYEL OLOLOMOPPT) KOTOVOUN TNG KOTAVAAMONG
woyvog petafy tov kopPov tov WSN  Siktoov. Ot emike@oAng ovoTtddog
GUYKEVIPMOVOLV TO. OEJOUEVO TTOV TPOEPYXOVTOL OO TOLS KOUPOLG-ousONTPES TOL
OVAKOLV ©OTN 6VLoTAda, T0 cuvabpoilovv YPNCILOTOLOVTOS Mo TpoKaboplopévn
ouvapton cvvabpolong Kot £merta o Tpobodv mpog Tov kOuPo-cvAréktn. Kat’
aUTOV TOV TPOMO, UELOVETOL TO TANOOC TV MOKETWV TOV AMOGTEAAOVTOL TPOG TOV
KOUPo-cvALEKTN Ko eotkovoueitan evépyeta. To mpwtdokoiro LEACH ypnopomotet
éva oynua TDMA/CDMA MAC vyia vo LELDOEL TIC GVYKPOVGELS TOKETMV UETOED TOV
KOuUPwv  evtog kol ektdg TV ovotadwv. Kobdg M ovAhoyr dedopévav
TPOYLLOTOTOLEITOL GVYKEVTPMOTIKG Kot YIVETOL TEPLOOIKA, TO TPWTOKOAAO OLTO €ivol
KATAAANAO Y10t €QOPUOYEG TAPATIPTONG.

H Aewtovpyia tov mpwtokdArlov LEACH ywpileton e dvo ¢doeig: ™ ¢don
EYKOTAGTOONG KO TN PACT) LOVIUNG KATACTAONG AEITOVPYinG. X1 Ao £YKATAGTAONG,
ot KOUPOL 0pyovmdVOVTOL KATO GLGTASES KOl Yo EKAOTN €5 ALTOV EMALYETOL EVAG
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KOUPOG ™G EMKEPAANG. ZVYKEKPLUEV A, £V TPOKAOOPIGUEVO TOGOGTO KOUPWV, £6TM P,
EKAEYOVTOL MG EMKEPAANG KATOL0G cLGTAdNG G eENc. Kdbe kouPoc-ocbntipag mwov
dev €xel ekdeyel mpOGPATA OG EMKEPUANC GVOTAONG EMAEYEL KATOLO TVY 00 aplOud,
¢o0to I, oto otdotnua (0,1). Av o aptBudg r etvan pikpotepog omd £va KATOPAL0, £6TM
T (n), o kO6pPog yivetol EMKEPUANG GLOTAdAS Y10 TOV TPEXOVTA KUKAO Agttovpyiag. H
T 1oV KatweAiov T (n) vroroyileton pe faon ™ oxéon

P

1-p*(r mod (1/f) LEG
T(n) = 3.1)

0 , AAALw¢

omov G &gival 10 6UOVOLO TV KOUP®V oL dev €QouV eKAeYEl WG eMKEPAANG KOUPOL
otovg terevtaiovg (1/p) wvklovg Aettovpyiac. Kdébe koéufog mov exAéyetor g
EMKEPAANG GLOTAONG EVIUEPDVEL TOVS LITOAOTOVS KOUPovS, mepl TG EKAOYNG TOV.
Kabe koppPog mov dev €xel avorapel poAo ETIKEPAANG GVOTAdOG, LOMG AAPEL KAmolo
UVLLOL EVNIEPMOTG amoPacilel o€ Tow GVoTAdN B0 GUUUETACYEL, LLE K PLTNPLO OO
mwowov KOpPo élafe to onua pe ™ peyordtepn évracn. Aol ano@ocicel, AmocTEALEL
VOO TPOG TOV OVTIGTOLY O EXIKEPAANC KOUPO MGTE VOL TOV EVIILEPDGEL Y10 TNV EVTAEN
0V 61N ovotdda. Telkd kot £xovtag AaPel unvopoTa and OAovg Tovg KOUPBOVG TG
ovoTAdNg, 0 emKEPAANG KOuPog dapopepmvel éva TDMA oynua kot exywpel puo
YPOVOCYIGUN € KAOE KOUPOVL-UELOG TG CVOTASAG TOV, EVIILEPDOVOVTOG OYETIKA. Kotd
™ OpKELD TG WOVIUNG KATACTOONG Agltovpyiog tov mpwtokoAiov LEACH, ot
KOUPBO1-ucONTPEG TPOYLOTOTOLOVV HETPNOEIS KOl OTOGTEAAOVY T OEOOUEVOL GTOV
EMKEPAANG KOUPO TG cvuaTddag 6mov avijkovy. O emke@oing kOpPog cuvabpoilet ta
dedopéva Tov AapPAaver Kot To amocTEAAEL GTOV KOUPO-CVAAEKTN. Metd TNV Tapérevon
evOg TPoKaBoplopEVOL YPovikoD SOGTNUOTOS, TO TPWTOKOAAO peTafaivel 6T GAcn
€YKOTAOTAONG OMOTE YiveTol €K VEOL EMAOYY| T®V emKePoAng Koppov. o v
emwovovia evioc G €KTaong e, k0be ovotdda ypnoLomolel JSLPOPETIKOVG
K®dwkec CDMA amd yertovikég ovoTdoes, e 6toY0 va petwbovv ot mapepforés. Kaitot
10 TpwtoKkoAro LEACH eivar ikavo va emexteiver ) didpkeia {ong tov WSN diktoov,
TPOKVTTTOVV pePIKA {nTripoTa oxetikd pe tig vrobéoelg mov viodetovvtor and avto.
Apykd, to LEACH vroBéter 611 6ot o1 koot £xovv TV amattodUEVN 1631 DOTE vV
Umopovv va. petadidovy dedopéva amgvbeiog otov KOUPO-GUAAEKTT, KATL TOV TOAAEC
eopég etvar avépwkto yio WSN mov exteivovton oe peydheg YE@YPAOIKES TEPLOYEC.
I'vetan, emiong, n vdBeomn OTL o1 KOUPOL-oUsONTNPES EYOVV CLVEXDG OEOOUEVA TTPOG
OTOGTOAT Kol OTL YEITOVIKOL KOUPOL Exovv GLGYETIGUEVA dedopéEVa. EmumAéov, dev givat
BéPato 0t to TANB0G TV TPOKOOOPICUEVMV ETIKEPUANG KOUPOV TPOKEITOL VL
katoveundel opotdpopea oto diktvo. Emopévme, vrhpyet evoeyOUEVO 01 EMKEPOUANG
ovotddwv vo Ppebovv cvykevipopévol ce €va TUMUo. Tov Oktvov. H 1déa g
SLVOUIKNG OPYAVMOONG OE GUOTAOEG EMPEPEL, EMIONG, UEYAAO OYKO OLOYEPIOTIKAOV
UnNvupdTeV, KATL Tov av&dvel TV evepyelokn Koatavaiworn. Eyxet mpotabel pua
enékToon Tov TpwtokoAlov LEACH mov mepihapfaver dtompaypdrtevon kot €xet
HEYOADTEPN EVEPYEWONKT] amodoTikOtnTa. Baoikh 10éa elvor oti, mpv yiver kdmola
HETAO00T £VTOG KAOE CLGTADNG, YIVETAL GYETIKT SmpayLATELOT LETAED TOV KOUPOoV -
OTOGTOAEN KOL TOV EMIKEPOUANG KOUBOL ¥PNOUOTOLOVTIOS M0 TEPLYPAPT] TMV TPOG
OOGTOAT ded0oUEVDV, DoTE va. damotwdel av ta dedopéva avtd Oa tpochécovv véa
TAnpoopia oe oyéon pe ta NN vapyovto. Me 1 dwdikacio ot eEacpariileTon OTL
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dev Bo oamootéAdetol mepltT) TANpogopio, KATL mOv 0d0NYEl oE peyoaALTEPM
€EOIKOVOUNON EVEPYELOC.

O KépBog-arcBntripag

Emuikedpadnig kopfog
cuotadag

Zxnua 3.5: Movtédo enikotvwviog WSN Siktuou oto mpwtokoAdo LEACH

"Eva 8e0tepo mpotdKoAro cuvdfpoiong dedopuévav oe WSN diktvoa opyavopévo Katd
ovotadeg sivon To mpwtokoiro HEED (Hybrid Energy Efficient Distributed clustering
Protocol) [55]. Booikog ot6yx0¢ tov mpwtokOAlov HEED eivar 1 eméktoon g
dtapretog Cong Tov diktoov. ['a To Adyo awto, 1 EMAOYN TOV EMKEPUANS KOUPoV KdOE
ovotadag Paciletal Katd KOPLO AOYO GTO VIOAEWOUEVO EVEPYELOKA amofEpnaTa TV
kOuPov. To amobfépoto eXTIUOVTOL TPOGEYYIOTIKA, OeOOUEVOL OTL 1) EVEPYELOKN
Katavalmon oavd bit yio dielaymyn petpnocwyv, enelepyacio Kol extkovovia eivot
yvootn. IIpoc avEnomn g evepyelokng amodoTIKOTNTAG MG 0EVTEPT TAPALETPOS Y10 TO
OYNUOTIGLO GVOTAO®V AOUPAVETOL TO EMIKOIV®VINKO KOGTOG £vTog KaBe cvotadag. H
TOPAUETPOG OVT AOUPAVETOL VRTOYN OV TEPITTM®OT OMOL KATOL0G KOWUPOG-
aoOnpog mpénel va emAEEEL avApesa GE OVO N TEPIGGOTEPES GVOTAES. AVAAVTIKA,
kaBmg moAlol kouPor-aucOnmpeg S100étovy TOALAMAGL emimedn 10YVOG EKTOUMNG,
amoTeAEl GUVIHON TPOKTIKN VA Y PNGILOTOLOVVTOL TO YOUNAOTE PO EMITEIOL IGYVOG Y10l TNV
emwovovia evtog KGBe ovotddoag Kol TO LYNAOTEPO EMImEdN 1OYVOC Vo
YPNOCLULOTOLOVVTAL OO TOVG ETKEPAANG GLGTAIMV Y1aL TN HETAED TOVS EMKOVMVIAL KOt
™V emkovovia pe tov KOpPo-cvALékt. To eninedo 16yV0Og TOL XPNGYLOTOLEITOL Y10l
™V avioAdloyn pnvopdtov eviog kébe ovotdoag kabopiler 1o péyeBdg g ko
emnpealel To cVVOAIKO TANB0C GuaTAdwv mov Ba dnovpynbovv oto dikTvo. LNV
TEPIMTMOOT OMOL, KATA TO GYNUATIGUO GLOTAS®V, KATol0g KOUPog Ppedel evtog g
euPéretag 600 1 TEPIGGOHTEPMOV GLGTAO MV, TOTE TPETMEL VO, ATOPOGIGEL GE TOL0 GVOTAO O
Ba evtayBel PacilOpeVog 6TV TAPALETPO TOV EMKOLVOVIOKOD KOGTOVG.

To emkowvoviako k6otog eaptdror amd Vo petaPAntéc: i) 1o puéyebog g cVETAdNC
Kot i) oo v Ymopén N U TOAATAOV ETMTES®V 16Y(00G 6TOVG KOUPBOVG-016ONTHPES.

o YV mepintwon Omov opileTor HOVASIKO ETIMESO 1GYVOG YO TNV EXIKOVOVIO
evtog kdBe GLGTASNG, TO EMKOWVOVIOKO KOGTOG £ival gite avaAoyo e To Padpod
T0V  emKEPAANG-KOUPov, €@OGOV  amouteitol  OHOLOHOPOT  KOTOVOUT
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EMKOVOVIOKNG Kivnong HETOED TV eMKEQPOANG-KOUPwV, €lTe aVTIOTPOQ®G
avérloyo mpog T0 Pabud ToL EmMKEPAANG-KOUPOL, €pOoOV amorteitonr O
OYNUATIGROG TUKVAV cvuoTadwv. Q¢ Babuds evog kopPov opiletan to TAn0og
TOV YEITOVIKAOV KOUP®V HE TOVG OMOlovg UTOPEl VO EMIKOIVOVNGEL GUECOL.
SOUTEPAGHOTIKE, OTAV KOAEITOL VO ATOQAGIcEL G€ TOLd GVGTAdN Vo evTayDet,
KATO10G KOUPOG EVTACGETAL E1TE GTI GLGTANN TNG OTOLOC O EMKEPOUANG EYEL TOV
eldyroto Pabud, otav to {nTovpevo eivol M 1GOKATOVOUT EMIKOLVMVINKNG
Kivnong petay Tov KOUPmV elTe 0TI GLOTAJN TNG OTOING O EMIKEQUANG £XEL TO
péyioto Babpd, 6tav 1o {nrovpevo givar 1 dnpovpyio TLKVAOV GLGTASWV.

o XV mepimtwon 6mov Kébe kopPog-arcOntipog £xel mOAATAG enineda 1GY0VOG,
vroAoyileton M péon ehdylom 1oy mpocPaciudtnrog (Average Minimum
Reachability Power — AMPR). H AMPR opiletn ©g t0 d@Opoiopo tov
EAIYIOTOV EMMEO®V 10YVOC MOV OTALTOVVTOL OO OAOVLG TOVG KOUPOLS TNG
GLGTASOG, TPOKEYLEVOL VO ETIKOVAOVIICOLV LE TOV EMIKEPOAANG TNG GLGTASNG.
Svppolikd woydeL OTL:

Z’i‘il MinPower;

M

AMPR = (3.2)

o6mov M givan o aplBpog tov kopuPwv-perdv g cvotddos. H AMPR amotelel
UETPO EKTIUNONG TNG EVEPYELOKNG KATAVAAWMONG Y10 ETIKOVOVIA, oV 0 KOUPBog
avtdg exAeyel emkePaAng ™G ovotddag avtne. H ypion g AMPR g
KPLTNPLO EMAOYNG CVGTAONS VIEPTEPEL GE GYECT LE TNV EMAOYT GLGTAONG LE
Baon v andsTacn TOV KOUPOL 0md TOV EMKEPOUANG TNG CLCTASAGS.

To mpwtoéxorro HEED gvaildooet Tovg emke@aing GVoTAd MV TEPLOOIKA. ZTNV apyn
KéOe Sodkaciog emAOYNG EMKEPAANG GLOTAdWV, OAoL ot kopuPor opilovv Vv
mbavotnta emhoyng tovg, £0tw CHyyep pe Paon T oyxéon:

CHprob = Cprob * % (3.3)
max

0mov 10 Cprop VEOINAOVEL TO APYIKO TOGOGTO TOV KOUPOV TwV S1KTHOL TOL &ivar
emBountod va yivouv emke@aing 6voTdoos. To T0G0GTO AVTO YPNGLLOTOLELTOL Y10 VOl
TEPLOPIGEL TIC APYIKEG EMKOWVOVIEG HETAED TV KOUP®V Kon dev emnpedlel Tov TEMKO
aplBpo cvotddmv mov Ba dnprovpynBovv. H petafInt Eregiquar EVOL M eXTipnon g
EVATOUEVOVOOG EVEPYELOG TOV KOUPOL Kot M TAPAUETPOS Epyg OMAGVEL TO 0p)IKE
evepyelaka amobépato Tov kopPov. Me tov Tpdmo mov ivar Sopnpuévog o alyoptopog
EMAOYNG TOV EMKEPUANG CVOTAdWV, Elvol o€ BEoN Vo YEIPIOTEL KOl ETEPOYEVN diKTLA,
oto omoia KéOe kOuPoc Ba yapokmnpiletar omd SOPOPETIKA OPYIKA EVEPYELOKA
arofépota. Kabe kouPoc amocstéAAel pivopo OOV 1 KATAGTOOT ETIAOYNG TOV G
EMIKEQOANG 6V0TAd0G Yapaktnpileton og mhavy, av N mbavotto CHpyrop eivor
UIKPOTEPN TNG LOVADNG, KOl (G OPLOTIKT av €ivart ion pe ™ povada. Av o kOpPog ovtog
dev eMAEYEL MG EMKEPAANG GLOTAS G, EVIAGGETAL GTN GLGTAN TTOL EXEL TO HKPOHTEPO
KOGTOG amd TIG 1O VIAPYOVGES. TN GLVEXEL, OAAALEL TV TOaVOTNTO ETLAOYNHG TOV
OG EMKEPUANG CVOTASNG YL TNV EMOUEVN POpd mov Oa emavoinedel n dwwdwkaocia,
GUUO®VO LLE TN OYECN
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CHprob,n+1 = min(2 * CHprob: 1) (3.4)

H dwdwaocio eravaroppdvetor péyxpt kdbe kOuPog va €xel oprotel G EMKEPOUANG
ovunmAéypatog. O tpdmog L TOV OMOl0 TPOYUOTOTOLEITOL 1] EXIKOVOVIK HETOED TOV
EMKEPUANG cvoTadwV dev e€etaletal amd to mpwtoékolho HEED. Xvvoyilovtag, to
npotokoAlo HEED emtuyydver moapdtaon g dwdpkelag Cong oe oyéon pe GAAa
TOPEUPEPT TPOTOKOALD. AVTO OPEILETAL GTOV TPOMO EMAOYNG TOV ETIKEPOANG-
KOUPwv, ot omoiot, OTMG TPOKVMTEL OO TPOGOUOLDCELS, EVOL KATAAANAL YEMYPAPIKA
KOTOVEUNIEVOL, OOTE VO, eE0cPaAIETON ELAYIGTO KOGTOG ETKOWVOVIOG.

‘Eva axopo onpovtikd mpotdkoAro cuvadpoiong dedopévov oe WSN opyavouéva
Kotd 6votadeg givarl kot 1o tpwtokoAlo COUGAR [56]. MdAicta, T0 TpmTOKOALO
avtd eivar  KatdAAnAo Yo gpapuoyég  mopaxkoilovdnong, oOmov ot kOpPot
TpayHotorolovyv pHeTpnoelg teplodikd. To tpwtéxoilo COUGAR umopel va evtayOel
oTNV KoTnyopio Tpm®TOKOAA®Y Tov £paprolovv cuvddpolon meplodikd Kot ovd Prpa
emkowvoviag petaéd tov koppwv (periodic per hop aggregation). Onmg kot ta GALQ
oxeTKd TpwTdKoALa, T0 TpwTOkoAho COUGAR apyikd opyavdvel To diKTvO KOTA
OLGTAOEC KL, GTN GUVEYELD, Ol KOUPOL amoGTEAALOLY OEGOUEVH GTOV ETIKEPAANG KOUPO
™G 6voTddag Omov avikovv. Ot emke@aAnG-kOUPol, poAg AdPovv dedopéva amod
OA0LE TOVG KOUPOVG, Ta cuVadpoilovVy Kot T ATOGTEAAOVY TPOG TOV KOUPO-GUAAEKTY).
Qo1660, 1 dtpopd tov COUGAR ce oyéon pe GAA0 Tp@TOKOALN EYKELTAL GTOV TPOTO
pe Tov onoio oynuatifovror ol cuotddes. o mapddetypo, oto tpmtokoiro LEACH,
ot kKOppot emtAéyovv o€ ol cvotada Oa evtaybodv pe faon Ty 1Y TOV onudtev
oV AOUPEVOVY 0o TOLG ETIKEPUANC KAOE cuoTadag. Opmc, Yo TNV EXAOYN VT, GTO
npotokoAlo COUGAR pumopodv va ypnoiporombovv kot mpdcheta kpirripia.
Emopévamg, etvan evoeyopevo évag koppog va améyetl 600 1 ko teptocdtepo fripota amd
TOV EMKEPUANG TNG CVOTASAS TOL aviKeL. [ To Adyo avtd, 6TV emKovmvia evtog
KGbe ovotadog ypnowonoteitor n teyviky AODV (Ad Hoc On Demand Distance
Vector), n onoio amo@evyEL THY TOPOY @Y TOALOTADY OVTLYPAP®Y TOV 1810V TOKETOV,
KAOIGTOVTAG EPIKTEG TIG VAOTOMGELS GUVAPTHCE®Y TOL Elvan vaicOnteg o€ avtiypapa
nokétov. Xtov mopnve tov oiyopiBpuov COUGAR PBpioketor 0 UNYOVIGHOG
ovyypovicpod TV kouPwv, o omoiog efacpaiiler v opbN Aettovpyia TOL
npoToKOALOL. Kdébe emkepaing cvotddag o1abétel katdAoyo e tovg KOpPovs amd
TOVG 0Toiovg avapéveL vo AdPet dedopéva. MAAGTo, 0 KATAAOYOG OVTOG OVAVEMDVETOL
K6OBe opd 6mov 0 emKePUANG-KOUPOC Aaupdvel dedopéva amd kdmolo KOuPo evidg
ovothdog. O emkepoing-koppog 6ev ocvvabpoiler ko mpowbel tor dedopéva mov
drabétel, mpv mapEABeL pia ypovikn| didpketa, 1 omoia VITOAOYILeTOL TPOGEYYIOTIKA, LE
Baon éva oyetikd unyoviopnd. Emiong, kébe kouPpog-péhog g ovotadag, Hmopel va
€100mOlEl TOV EMKEPAAG NG OLOTASOS MOGTE Vo, €lvanl mEPLOTOTEPO OKPPNG O
VTOAOYIGUOC NG YPOVIKNG Oldpkelag ovopovne. TEAOG, Yo TNV  OVTILETOTION
ECPUAUEVOV  EKTIUNGE®V  YpMolporoodvTar  teyxvikés vmovaydpnong (back-off
techniques) ko teyvikég AnENg xpovov (timeouts).

3.2.2.2 Xuva0Bporon OE00UEVOV GE OIKTLO TTOL OPYEVAOVOVTOL KOTA
oA AvoidEg
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H Bacukn wéa yio m cuvabpoion dedopévav 6€ dIKTLOL OPYOVOUEVO KATA OAVGIOEG
elvar 611 kéOe KOUPOg HeETAdIdEL LOVO TPOG TOV €YYVTEPO YELTOVIKO Tov KOUPo. 'Eva
TPOTOKOALO OV VAOTOLEL owTAY TV 10a givar to mpwtokolho PEGASIS (Power
Efficient data GAthering protocol for Sensor Information Systems) [57], cOpemva pe
10 omoio ot KOuPol opyavdvoviol € U0 YPOUMKY oAvoida Yl cuvvaBpoion
dedopévav. O oynuaticids e ahvcidag pumopet va yivel eite kevIpikd, pe Tov kKOppo-
OVAAEKTN Vo eKTEAEL Evav oYeTIKO alyopiOpo, gite Katavepunuéva, epopuoloviog oe
6hovg touvg WS koupovg évav dminoto adyopibuo (greedy algorithm). Xe kdbe
nepinTOOT, OUWS, elvarl amapaitntn N yvoon g tomoroyiag ohdkinpov tov WSN
dwktHov amd kdbe kopPo. [Mpémer va onuelwbet, emiong, 6t yia tnv opH” Aettovpyia
TOV TPOTOKOAAOV, KAOe KOUPog Tov WSN d1ktHhov mpémet vo UTopel Vo ETIKOIVMVIGEL
anevbeiog pe Tov kOpPo-cvAAékT. H dadikacio oynuaticpod g aAvcidag ekkivel
Ot TOV TAEOV OTOULAKPUGHEVO KOUPO TOV SIKTHOV GE GYEON e TOV KOUPO-GLAAEKTY).
211 GLVEYEL, 0 KOVIIVOTEPOG YEITOVOS TV KOUP®V TOV TEPLEYOVTAL 1O OTNV 0ALGIdN
emAéyetar ywoo vo eviayfel oe ovt) ko M dwdwkacio ocvveyiletor péxpt va
EVOOUOT®OOVV OA0L 01 kKOpPot Tov d1KTVOV. O EMKEPUANG TNG AAVGTdAG OALALEL peTd
amd 1o mEPag KAbe KOHKAOL GLVAOPOIoNG dedOUEVDV, CUUP®VO UE TOV oKOAovOO
Kavova: 0 KOUPOG I emMAEYETOL OG EMIKEPAANG TNG AAVGISNG HETA 0 | KOKAOLG. €
KkéBe KOKAO ovykévipwong dedopévav, évag koupog AauPdver dedopéva omd tov
TPONYovUEVO KOUPO TN aAvcidag, cuvabpoilet ta dedopuéva Tov AapPavet pe to dikd
TOV KOll, GTI GUVEYELD, AMOCTEALEL Eva uvupa icov peyédovug pe exeivo mov EAafe, mov
nepAapPavel To amotélecpa TG cLVABPOIoNG OEOOUEVAV, OTOV ETOUEVO KOUPO NG
aAvcidoc. Metd amd menepacuévo aplbud Pnudtmv, o ETKEPAUANG TG AALGIONC, TOV
Exel TapPEPPEPT] POAO LE TOV EMIKEPAANG GLOTASAG AAUPAVEL GLVUOPOICUEVH OESOUEVQL
amd OAOLG TOVG KOUPOVS NG AAVGISNG KL, GTN GLVEYELN, TO ATOCTEALEL GTOV KOUPo-
OLAAEKTN, OT®G PaiveTol kKot 6To Xy. 3.6.

Téhog

V=l
P B

\ ) .Apxﬁ aAvoidag
e e

s

Eruksdalnig
Képpog
Alvoibag

Sxnua 3.6: Movtédo emikolvwviog oto mpwtokoAAo PEGASIS

H mpocéyyion mov meprypdonke yio ™ onpovpyio g oAvcidag pumopel va €xel g
OTOTEAEGIO. OPIGUEVOL KOUPOL VO €YOVV GYETIKA OTOULOKPVOUEVOLS YEITOVEC KT
pikog g oAvcidag. To mpdPAnuo avtd emddetor pn  EMITPEMOVING  GE
ATOUOKPVOUEVOLS KOUPOLG VOl YIVOUV EMIKEQPAANG TNG AAVGT00G, O10TL 1POPETIKA Ot
KopPot avtol Ba Katavarl®vouy peydio Tood EVEPYELNS, e eTaKOAoVDO Ta evepyEloKd
Toug amobépata vo egaviAovvior taxéms. To mpwtékorro PEGASIS mpoceépet
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ONUOVTIKT ££0IKOVOUNGOT EVEPYELNG CLYKPIVOUEVO e TO TPOTOKOAL0 LEACH. Avto
0QEILETO OTIC LIKPOTEPES AMOGTAGELS LETAOOGTG TOL LEGOAUPOVV HETAED TV KOUP OV
KOl TOV EMIKEQOANG LG OALGIdNG GE GYEoN Ue TIC amooTdoelg Hetaéd kKopuPov Kot
EMKEPOANG SLUTAEYpoTog oto mpwtdkorAro LEACH. Emiong, o emkepoing g
aAvcidag Aappdvel katd pHEY1oTo 600 TAKETO amd TOVG dVO YEITOVIKOVG TOV KOUPOVC.
Avtifeta, 0 emkeaAng cvumAéypatog 010 Tpwtdkolho LEACH £€yel va ekteléoet
OLYKEVIPMOT 0EOOUEVAOV OO OPKETA TAKETO TOL AOUPAVEL ad TOVG KOUPBOLG-HEAN
OV CUUTAEYOTOG. To facikd petovekTnpa etvar n avaykodttao TG yvaong g 0éong
OA®V TV KOUP®V TOL SIKTVOV, MGTE VA YIVEL KATAAANAN ETAOYT YELTOVOV KOt £TGL VL
eloyrotomomBel 1 pé€yrotn amdotaon HeTald yertovik®mv kopPov. EmumAéov, To
pmTOKoAL0 PEGASIS vtobétel 6t 6A0t o1 kopPot dtabéTovv Toug id10vg Evepyelokovg
TOPoLS, VOBeST TOV 0dNYEl o€ PEYIAN KaBvoTEPNON Y1 TOVG KOUPOoVG Tov BpioKovTal
070 TELOG TNG 0AVGIONC Kol Ol 0Toiol Elval Ol TEPIGGOTEPO AMOUOKPVGHEVOL OO TOV
KOUPo-cvALEKTN. TéLog, To TpwtokoAlo PEGASIS eivar axoatdAinAo yio diktvo pe
dvvapikég oAlayég ouvinkav, kabadg actoyieg o evdlaueoeg (e0Eelg ™S aAvaidog
EMPEPOVV ATMAELL TV OEOOUEVOV OA®V TWV TPOTYOOUUEV®V KOUP®OV TNG 0AVGId0C.

3.2.2.3 Zuva0Bpoior 0€00UEVMV GE OIKTLO TOV OPYOVEOVOVTUL KOT(
0évopa

Yto dfkTva avTd, 1 cuvaBpolon SEOOUEVMOV TPOYUOTOTOLEITAL GTOVG EVOLAUETOVG
KOUPOLG Katd TNV €KTOOT TOL OEVOPOoL Kot HOVO pio cuvadpolouévn ekdoyn Twv
dedopévav amootéAletal ot pilo Tov 0EVOPOL OV OmOTEAEL KOl TOV KOUPO-CVAAEKTN
tov WSN. Avtd 10 €100g Guvadpotong dedopnéVaV eivatl KATAAANAO Yol EQAPLLOYES TTOV
neptlapfavovv cuvdBpoion dedopévov evtdg tov dwktvov. [Mapdderypo epappoyng
AmOTEAEL 1) TOPATIPNGT TOV EMTESOV PASIEVEPYELNG OE VAL TVPNVIKO EPYOGTAG1O, OOV
N HEYIOTN TOPOTNPOVUEVY] TIUN POSIEVEPYELNS OMOTEAEL TN YPNOUOTEPN KO
KpLopdtepn TANpoPopia Yo TNV AGPAAELD TOV EPYOGTAGIOV.

‘Eva omd to onpavtikodtepa {ntipato givol o oynUaticdg evog eVEPYELNKE Amod0TIKOV
dévopov cuvaBpoiong dedopévmy. Mia evploTiKn Kotaveunuévn néBodoc, n omoia yo
TO GYNUOTIOUO KOl TN JTpNon evog 0&vopov cuvdBpoilong dedopévev AapPavet
vdyn ¢ ta dwbéoipa evepyelokd amofépato Tov dkTOoL £ivar 0 aAydplOLog
EADAT [58]. O alydopiBuoc ovtdg ekkivel amd tov KOUPO-GLAAEKTN O 0moiog
OmOOTEAAEL pNVLUO. EAEYYOL TPog OAovg Tovg KOUPovs. O KOUPOC-CLAAEKTNG
avalappavel To poro Tov kopPov-pilag 6To 0Evdpo cuvabpoiong. To pnvopa eAEyyoL
OV AmOCTEALETAL TEPIAOUPAVEL TEVTE TESTNL:

I. tomedio ID, mov meptypdeel TV TaVTOTNTA TOL KOUPOL

il. 7o medio father, mov meptypaeel Tov TaTépPa Tov KOUBO

lii. 71O medio power, oV TEPLYPAPEL TO VITOAEWTOUEVA ATODEUATO EVEPYELNS TOV
KOUPBov

Iv. 7o medio status, mov meptypaQel TV KaTAoTAGT TOL KOUPBOL Kot AapuPaver Tpelg
TIES: KOUPOG-OVALO, Oyl KOUPOS-PVALO Kot ad1EVKPIVIGTO

V. 10 medio hopent, mov meprypdpet o TANBog TV Prudtov mov anéyel o KOuPog
amd Tov KOUPo-GLUALEKTN
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Metd ™ Aqyn Tov UNvOLOTOS EAEYYOL Y10 TPMTN POPA, 0 KOUPOG S, BETEL TO POAOL TOL
ico pe T,. Méoa oto dtdotnua ovtd, 0 KOUPOG S, EMALYEL WG TOTEPA TOL TOV KOUPO
LE TNV LYNAOTEPT VIOAEUTOUEV EVEPYELD KO TN LIKPOTEPT OmOGTACT GE PriLoTa and
Tov KOUPo-cvAAéKTn. Ot TANpoeopiec avtég eivarl yvootég otov KOuPo s, amd 1o
pvopo gAéyyov mov éaafe. Mohg exkmvedoetl o xpovog Ty, o KOUPoS s, owEAvel 10
HeTPN TN PNUATOV KOTA £Va KO LE T GEPA TOV EKTEUTEL TO O1KO TOV HIVULLA EAEYYOV.
H Sadikacio cvveyileton péypt kbbe kOUPOG va omooTeilel pio @opd VoL EAEYYOV.
To amotéleopa etvon | dnpiovpyia evog 6Evopov cuvabpoiong dedoUEVmV TOV EYEL WG
kOpuPo-pila Tov Tov KOUPo-cLALEKT. To KVpLo mAeovEKT L TOV aAyopiBLov elvar OTL
KOUPol Le peyoddtepa evepyelakd amofépata £xovv peyahvtepn mbavotnta vo, yivouv
eooteptkol kopPor tov dévopov ocuvvdbpowong. e ™ Swrhpnon tov dEVOPOL
amoTeEITOL Vo, KATOPAO EVATOUEVOLGOS 16YV0G, £€0T® Py, Otav M 1oy0g Kamolov
KOUPov méoEL KAT® OmMO OLTO TO KOTOQEA0, 0 KOUPOG OVTOG EKTEUTEL TEPLOOTKAL
BonOntucd unvopata yia Ty LOVASES YPOVOL KO, GTN GUVEYELD, KAEIVEL TOV TOUTO TOV.
Kdabe xopPoc-mandi tov kOpPov mov e&émepye ta fondnrtikd unvouoto aArdlel tov
natépa T0V. Ta amoTeEAECUATO TPOGOUOIMGEMY OElYVoVY OTL, XPNCILOTOIOVTAS TO
npotokoAlo EADAT, n duwipkeln ong Tov O1KTLOL €MEKTEIVETAL GE GUYKPLOTN WE
puefodovE dpopordynong mov dev Tpaypatorolovy cuvddpoton. Eniong, pe yprion tov
npoToKOALOL EADAT, 1 evamopuévouco eVEPYELD TOV EVEPYDV KOUPB®V LELMVETAL LE
TOAD apyOTeEPO pLOUO oE GYEOM e TO GEVAPLO OOV Og ypnotponotleital cuvadpoion
dedopévav. Emiong, n dtdpketa {ong Tov SIKTOOL avEAVETAL YPAUUIKE GE GYECT LE TV
ToKVOTNTA. TOL d1kTVOV. Emouévmg, n yxpron tov tpmtokdirov EADAT evdeikvoton
Y10 TO GYNUOTIGUO EVEPYELNK A OTOJOTIKMV 0EVIP®V GVVAOPOIoTG OEGOUEVMV.

‘Eva 0€00LEVO-KEVTIPIKO TPMTOKOALO OV GTNPILETAL GTO GYNUOTIGUO EVOG OEVEPOL
ovvddpoiong dedopévav givar kat to TpwtokoAro TAG (Tiny AGggregation) [59]. To
TPOTOKOALO 0VTO €lvol KOATAAANAO Y0 €QPOPUOYEC TOPATAPNONG KOl UTOPEl va
evtoyOel otV Katnyopia TPOTOKOAA®V Tov £QapUolovy cuvadpoloT TEPLOGIKA Kot
avd Pruo emkowoviag peta&d tov kouPov (periodic per hop aggregation). H
EQOPLOYN TOL TVPNVA TOV TPOTOKOAALOV TAG mpaypatonoleitor oe dV0 QAGEIS: TN
edon owavoung (distribution phase) xor ™ @don cvAloyng dedopévmv (collection
phase). Katd ™ @domn dtavoung, o KOUPog-GUAAEKTNG HETASIOEL VOl UVOUO TTPOG
OAOLE TOVG KOUPoVG-ausOnTpes, pe to omoio {ntel amd avTovg va opyavmboly cg Eva
0évopo dpopordynong mov &xel ¢ pilo tov KOuPo-cvAréktn. Kdbe unvopa
nepthapfavel éva medio mov kabopilel 10 eminedo ToL dEVOPOL GTO OMOIO AVNKEL O
KOupog-omostoréas. Otav évag kopPog mov dev €xel evtaybel oe Kamolo eninedo tov
dévopov  dpoporoynong AdPet Eva Pivopa, EVIACGETOL GTO OQUECHOG ETOUEVO EMIMEDO
TOV 0EVOPOL amd OVTO TOV avaEePOTaV 6To unvopa mov élaPe. Emiong, opilel wg
KOUPBo-matépa TOL TOV KOUPO-OMOGTOAEN TOL UNVOUOTOS 0LTOV. TN GLVEXELD,
OTOCTEAAEL LVOUO GTO OTO10 €YEl TPOGHEGEL TO JIKO TOV EMIMEDO KOl TO O1KO TOL
avoyvoprotikd (Identifier — ID) oto avrtictoyo media tov unvopotog. H dwadikacio
ot ovveyileton péyxpt OA01L ot KOPPotl va evtoyBovv 6to 0Evopo dpopordynong. Metd
T0 GYNUATICUO TOV, TO OEVOPO OPOLOAGYNONG XPNOLLOTOLEITAL Y10 TN LETASOO0T T®V
epoTNUdTOV (QUEries) Tov KOPPOV-GLALEKTN TPOG OAOVG TOVG KOUPBOVG-01cONTHPES TOV
dwtvov. Ta epomuoTe OVTE EYOVV TN HOPPY] TOV AVIICTOLY®V EPOTNUAT®V TNG
YAOGGOG Bacewv dedopévev SQL mov paivetol oto Zy. 3.7.
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SELECT{agg (expr), attrs} from SENSOR
WHERE {selPreds}
GROUP BY{attrs}
HAVING{havingPreds}
EPOCH DURATION i

Sxnuo 3.7: Mop@r epwtnuUatwy oTo MPWTOkoAAo TAG

v mpaén, o KOUPOC-GUALEKTNG AMOCTEALEL Eva. EpMTNLO, OTOV TPOCGOOPILEL TIG
TocOTTEG TOL BEAEL VO GLYKEVTPMOGEL (6T0 TTEdio attr), tov tpomo pe Tov omoio Ba yivel
N ovvabpolon twv dedopévev (oto medio aggr(expr)) oArd kot tovg KOUBOLE TOL
gumiékovtol ot ovALoYT dedopévav (ota medioo WHERE, GROUP, HAVING)). Té\og,
oto nedio EPOCH DURATION mpocdiopiletar To ypovikd didotnuo Kotd t0 omoio
TPETEL VoL avapLEVEL KAOE KOUPOG, TPy va oTeiAeL VEQ dEJOUEVA, DGTE 1] GLVAOPOIGT VO
TPUYLOTOTOLEITOL LETOED OESOUEVOV TOV ANPONKAY TEPImTOV TNV {d10 ¥POVIKT GTLYuN).

Katd ™ @don cviioyng tov mpmtokdirov TAG kot Ady® G deVOpIKNG SOUNG Tov,
Kk60Be kOUPoc-TaTEPOC TPETEL VO OVAUEVEL Y1 v, AdPEL dedopéva amd dAa Ta TOdLd TOV
pwv cuvabpoicel OAeg TIC O100E0IUEG LETPNOELS TOV TTPOG TO EMOUEVO EMIMEDO TOV
3évdpov. X1o TpwtokoAro TAG, o xpovog droupeitan og emoyég (epochs) kot kabe emoyn
VTOSIOUPEITOL GE HUKPOTEPO YPOVIKG SOGTAUATO, TOV OVOUALOVTOL XPOVOCYIGUES
emkowvmviag (communication slots). To TANn00¢ TV xpovocyIoUOY aVTOV £ival ico pte
10 péyoto Pabog tov 0évopov dpopordynonc. To 6t o ypdvog dwopeitar oe
YPOVOCYIGUES TOPEYEL TN dLVATOTNTO 0TOVG KOUPOLG-ousOnTpeg va petafaivovy og
adpOVN KATAGTOOT LETA TNV OTOGTOAY] T®V GLVAOPOICUEVOV OESOUEVOV KOt LEYPL TO
EMOUEVO  TPOYPUUUOTIGUEVO Oldotnua  petddoone. Kat’ avtdév tov 1pdémo, 1
oLVAO POIGT OESOUEVAOV TPAY LOTOTOLEIT O OO TOVG EVOLAUETOVS KOUPBOVG TOV SIKTHOV.
To mpwtdéxorro TAG, 6mwg cupfaivetl kot pe Ta vToOLoo TPMTOKOALL TOV Pocilovv
N AELITOVPYit TOVG GTO GYNUATIGULO OEVOPOL OPOLOAOYTONG, OEV AEITOVPYEL ATOSOTIKA
oe mepifdriovta mov yopoktnpilovtal omd SVVOUIKEG UETOPOAEG M amd UEYAAN
mhavotnta anmdielog (evEnc. MdaAiota, o evdoegyduevn oAAayr tomoloyiag, eival
avaykoio 1 €K VEOL KATOOKELT TOL dEVOPOL dPOUOAGYNONG, KATL TOV GLVETAYETOL
ONUOVTIKT KOTAVAAMGT EVEPYELNG, AOY® TOV GYETIKAOV SUYEPICTIKOV UIVUUATOV TOV
TPETEL VO KUKAOPOPTIGOLY GTO OTKTVO.

3.2.2.4 XuvaOpoion 0ed0pUEVEOV 6E HIKTLO 7TOL 0PYUVAVOVTOL KOTE
aAEYHOTO

‘Evac dAhog tpomoc opyavwong WSN diktomv gival o dtoyoptopds e TeEPLoyng
KOAVYNG o TAEYHOTO. XTN) GULVEXEWN, TEPLYPAPOVTOL OVO GYNUOTO GLVAOPOIoNG
dedopévmv mov otnpilovial og avTd T0 €160¢ YWPLooDH Tov diktdov [60]. Eto mpdTO
oynua cuvabpotong mov ovopdleton grid-based data aggregation, éva chvoro kOuPmv
opiovtor ®g cvvaBpPoloTEG dedoUEvmV O CUYKEKPIUEVES oTaBEPEG TTEPLOYES TOL
dwtHov. Ot kOpPot mov avnkovv oe éva TAEYHO AmOGTEALOLV TO. OEOOUEVA TOLG
amgvbeiog otov KOpPo-cuvabpoioty tov TALypatds Tovg. Kot avutov tov 1pomo, ot
KOpuPot dev emkotvmvouy petalh tovg. Avtdg o TpOmog Asttovpyiog elvarl mopOHOL0G
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pe 1t ovvdBpoion dedopévov oe WSN diktva opyoavopéva Kotd cuotdoes, pe ™
SLpopd OTL 0 EMKEPAANG KAOE cVoTAdAG Eivat oTadepds. AvTd TO GYNUO GLVADPOIENC
elvarl KoTdaAANAo Yoo petafAntd mepipailovia, 6mmg cupPaivel Katd Tn GTPATIOTIKN
TopoKoA0VONoT Kol Katd TV mpoPAreyn tov kopov. O TpoOTOC AEtTOvpYiNG TOV
oynuartog grid-based data aggregation anewoviCeton oto Xy. 3.8.

JTuvaBporotig mAéyparog

i

Jxnua 3.8: Tpomog Asttoupyiag oxnuatog grid-based data
aggregation. Ot kOuBol-aadNTNPEG amooteAAouy Ti§
UETPNOELG TOUG OE OUYKEKPLUEVO KOUBO-ouvadpolotr, o
omnolioc ouvadpoilel ta Sedouva kat Ta mpowel oTov
KOUBO-OUAAEKTN

10 devtepo oynua cvvdbpolone, mov ovoudletar in-network data aggregation, o
KOpPog mov drafétel TV KpLodTEPN TANPOoPopia cuvadpoiletl T maKETo dEdOUEVOV
KOl 0TOOTEAAEL TO amoTéAeca oTov KOUPo-ocvALékT. Kdabe kopPog amootéAlel v
TIUT TNG HETPNONG TOL GTOVG YELTOVIKOVG TOV KOUPOVG. AV KATOL0G YEITOVIKOG KOUPOG
£xel peyoAvTepN T LETPNONG, O OMOGTOAENS GTALATA VO OmOGTEAAEL TOKETA. MOAIS
AaBel mokéTo amd GAOVE TOVG YEITOVIKOVS TOV KOUPoVG, o KOUPog pe tnv vymidtepn
pétpnon yivetar o ovvabpolotig Oedopévayv. Avtd TO OYNUO AELTOLPYING Kot
ouvadpotong eivatl katdAANAo Yo tepBariovta 6mov Ta yeyovoTa GLUPAIVOLY TOTIKA.
O tpomog Aettovpyiag Tov oyfuatog In-network data aggregation amewcovifeton oo Xy.
3.9.
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Sxnua 3.9: Tpomog Asttoupyiag oxnuatog In-network data
aggregation. Ot kouBot-atodntipeg avtaAdacoouyv Tig
UETPNOELG TOUG, OMWC PaiveTaL oo ta BEAN. Q¢ kouBog-
ouva9poLoTIC EMIAEYETAL EKEIVOC UE TN UeyaAutepn twun (7.5)

Mo Teptocdtepo amodoTIKN TPOoEyylon eival éva vRPOKod oynua Agttovpyiog mTov
ouvovalel to BeTIKA YOPOKTNPIOTIKA TV O0V0 mpoavapepévimv alyopiOumv.
Suykekpluéva, oto LPPOIKO oynuo ot kOuPor EKKIVOUV TN Agrtovpyict TOLG
xpnoonolmvag tov adyoptupo in-network data aggregation. Otav coupPel kdmolo
TEPLOTATIKO, avayvopiletar o KOpPog pe ™ onpoviikdtepn minpoeopio. Ot kOpuPot,
EMioNG, OlTNPOoLV Evay TvaKa Le TAPEADOVTO TEPIGTUTIKA KO OVTIGTOLYES TILEG TMV
petpodpuevav euotkav peyedov. Otav kdmolog kOpPog aviyvedel éva mePIOTATIKO,
eAEYYEL TOV TTIVOKO TOV Y10 TO TPONYOVHEVO TEPIGTATIKO KOl ovaryvepiletl To €id0g Tov.
Av dwomotmbel 0Tl TPOKELTOL Yo £VOL TOTMIKO TEPIGTOTIKO, TOTE oKoAlovOsital o
aAyopiBpog in-network data aggregation. Av, ouwmg, dwomiotodel 611 TpdKeELTOL Yia
TEPIOTATIKO TOL KIVEITAL EVTOG TNG EVPVTEPNG TEPLOYNG TOL dKTHOL (TT.Y E1GPOAN), M
nAnpogopia amoctéAAeton e €vav mpokabopiopuévo kouPo kot akoAovBeitar o
aiyopOuog grid-based data aggregation.

[Ipocopoiwoelg mov €ywvav oe dikTvo ekatd koOuPwv, TomofeTnuUévey Katd Tuyoio
TPOTO PAVEPOVOVY OTL Ol EMOOGELS TOL VPPLOIKOD GYAUOTOS Kol TOV GYNUOTOG IN-
network data aggregation 6cov agopd v andktnon dedouévav givor oyeddv idieg. Me
Kputnplo v Kabvotépnomn 0edoUEVAV, TO VEPOKO oyNpa ELPaviCel TOAD KOADTEPT
eMid00N o€ OYEON HE OYNUO. TOL OV Ypmowomolel kabdiov cvvabpoion (w.y
TPOTOKOALO TANUUOPOC) Kau o€ oyxéon e o oynpa grid-based data aggregation.

3.3 IIpotokorra ovvdOpowong oeoopévov oe WSN  diktva
OpoporoyNoNS HEGM TOALITADV OLUOPOULAOV

‘Eva amd 10 Bactkd pHElOVEKTALATO TOV TPOTOKOAL®V cuvdbpolong mov Paciloviot
OTNV LEPAPYIKT] OPYAV®OGCT TOL SIKTHOL lval OTL VILAPYEL LEYAAOG KIVOLVOS OTMAELNG
dedopévev og epintmon actoyiog otnv enikovovio. Maloto, 660 VYNAOTEPO GTO
eminedo epapyiog cvupel cpdipa 160 mepiosdTepa dedopéva ydvovtat. 'Evag tpdmog
OVTLETOTIONG TOV TPOPANUATOS 0VTOV €lvol 1) OPOLOAGYNON TANPOPOPIaS TPOS TOV
KOUPO-CVALEKTN HEC® TOAAATADVY Stad popmv. Xvykekpiéva, ke koppfog, avti va
AmOCTEAAEL T OEOOUEVA TOV UOVO TTPOS €val YEITOVIKO KOUPO, T OmMOGTEAAEL TPOG
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TOALOVG YEITOVEG TOV, 0EOTOLMOVTOG TN OLVATOTNTA EVPVEKTOUTIG TOV TPOCPEPEL TO
acVpuroto puéEco. H amootoAn Tov ded0péveov mpog TOAAATAODS OMOOEKTEC EXEL MG
OTOTEAEGHLA T1) ONULOVPYIN TOALATADY PODV TANPOPOPING TPOG TOV KOUPO-GLUAAEKTT,
KGTL Tov odnyel otV avEnon G EVEPYELOKNG KATavAAwmong. Anpiovpyeitol,
EMOUEVMG, o oyéorn aviodiayng (trade-off) peta&v g evpwotiog (robustness) tov
WSN dwkthov kot g evepyelokng katoviimong tov koppov. 'Evag modd
ovvnBiopévog tpomog opydvmong tov WSN diktdov yio vo vrootnpi&et dpopordynon
HEC® TOALOTAGDVY SLodpopdv ivat 1 TomoAoyio daktvAiov (ring topology), otnv omoia
ot Koppot yopilovian g enineda pe Paon to TAnbog TV Pnudtev mov anéyovv and
Tov KOUPo-cLAAEKTN. Telkd, n cvvabpolon dedouévmv mpayuatonoleitol e Kabe
KOuPo-acOnTpa Ko o€ KaOe dradpoun, kKabdg 1 TANpoPopio GTASIOKE LETAPEPETOL
TTPOG TOV KOUPO-GLAAEKTT.

‘Eva mpmtokorlio viomoinong dpopordynong HEc® TOAALOTAGDV O10POU®OV £ivol TO
Synopsis Diffusion [61]. To tpwtdkoiro avtd £xel 600 QAGELG AgtTovPYiaG: TN Ao
dtavoung epoTUaT®V Kot T @Acn cvAiloyng oedopévav. H tomoloyio daktuiiov
oynuatifeton ke popd OTOLv 0 KOUPOG-CLAAEKTNG 0mOGTEALEL Eva epmTpa otovg WS
koupovg. H pdon culloyng dedopévav yopiletar og emoyég (epochs). Xto téhog kabe
emoyng onuwovpyeiton éva ovvabpoicpévo maxéto. Kabe emoyn yopileton og
ypovooywopés.  Kdmoleg oamd TG YpOVOGYIGUES  YPNOUYLOTOLOVVTOL Y0  TOV
TPOYPOUUATIGUO TV UETAOOCEMV, OTTMG Yivetan pe to oxynua TDMA. H cuvdBpoion
dedopévav eKKIVEL amd TO SOKTUALO UE TN peyaAvtepn aktiva (PA. oyqua 3.10) kot
ovveyileTan 010 EMOUEVO EMimedO, PEYPL TO GLVODpOIoUEVE dEdOUEVA Vo POAGOLY GTOV
KOUPo-cvALEKTN. Kabmg n mAnpogopia dpoporoyeitar HEG® TOAAATADY S100POU®V,
etvan mBovod ot kopPot va Aappdvouv v id1a TAnpogopio TorAAég opés. ['a to Adyo
avtod, 1 GLVAPTNON cLVEDPOIGNG TOL YPNCILOTTOLELTONL dEV TTPETEL VoL Elvarl vaicOnTn
o€ avtiypapa Tov iduwv dedopévav (T.y cuvaptnon edpeong pLeyiotov — eloyiotov Kot
Oyt cVVAPTNOT VITOAOYIGHOV péomg TunG). [evikdtepa, dedopévou Ot tvar Waitepa
ebpwoTa, TO TPWOTOKOALD GLVAOPOIONG Kol OPOUOAOYNONG HEGH TOAALUTAGDV
dwdpopmv etvar katdAAnio yio WSN pe cuyvég anmieleg makéTmv.
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Sxnua 3.10: TormoAoyia Saktudiou oe Siktuo WSN kat
SpouoAoynon uéow moAdanAwv dtadpouwv oto
npwtokoAAo Synopsis Diffusion

[Ma v a&lomoinon Twv TAEOVEKTNULATOV TOV TOPEYOLV TO TPMOTOKOALN GLVAOPOLIOTG
mov PBocilovial e 1EPAPYIKES OOUEG KOl TOV TPOTOKOAA®V Guvabdpolone kot
OpopordyNoNe HEC® TOAAOTAGDV  OldPOUdY, E€lvol OuvVaTO Vo OYESOGTOVV
TPOTOKOALQ TTOV Ba Aettovpyolv pe vRP1do tpdmo. Eva 1€1010 vPp1dtkd TpmTtoKoAlo
ovvaBpotong eivar to Tributaries and Deltas [62]. 1o tp@TtéK0oALO 0WTO, SLOPOPETIKES
douég ouvabpolong SedOUEVMV AEITOVPYOVV GE SLOPOPETIKES TTEPLOYEG TOV dikTVLOV. H
Baocwn 10éa etvarl OT1, VIO GUVONKEG UIKPOV OTOAELOV TOKETMOV 1 OEVOPIKN OOUN
ovvafpolong elvor KATOAANAOTEPT, AOGY® TNG EVEPYEWKNG OMOSOTIKOTNTAS 7OV
eCaopaiilel. Avtibeta, VIO GLVONKESG LYNADY OTMOAELDOV TOKETOV, Eivol TPOTIUNTEO
éva oynuo cvvadpolong Kot OpoHoAOYNONG HEGH TOALUTADY 0100 POV, AOY® TNG
evpwoTtiog mov gpeoavifetl. ' To Adyo avtd, ot kKOpPot dtupodvtan oe dV0 Kot yopies:
exetvoug mov givar opyavmpévol oe 0evopikn oo (kopfor T) kan exetvol mov ektehovv
dpopordynon pécwm moAloamAmv dadpoumv (kopPor M). H dvokoria €yxerton ot
ovlevén TV KOUPV S10popeTIKOV Katnyoplt®v. ['ta to Adyo avtd, vioBetovvtal SVo
KOVOVES. ZOUP®VO HE TOV TPAOTO Kavova, Kavévag koupog T dev pmopetl va AdPet
dedopéva amd kopPo M. O devtepog Kavovag opilel 0Tt ot kOpPor M pali pe tov kopPo-
oLAAEKT oynuatilovy éva voypdeo — wov ovopaletar kot Teproyn Delta- , o omoiog
Tpopodoteitat pe dedopéva amd koppovg T. H neproyn Delta propei vo ovénbel 1 va
pelwdel petafarioviag Tov Tpdmo Asttovpyiog Twv avtictoywv KOpPwv. AvEnon mg
neployne Delta cvverdyetor avénon tov mA0ovg TV Sdpop®dV TPog Tov KOpPo-
GLAAEKTY, KATL TOL €lvar eMBuUNTO OTOV TO TOGOGTO AMMAEL®V TAKET®V Eivar LEYGALO.
Avtifeta, 0TaV TO TOG00TO ANMAEIDV TOKET®V givan pukpod, ) meproyn Delta umopei va
uelwdel, dote va emtevyDel peyadhtepn EvePYELOKT] OTOS OTIKOTNTAL.
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Tributary Region Delta Region
(Tree) (Multi-path)
1 — N

xnua 3.11: Tpomog opyavwaong WSN Siktuou oto uBptdiko
npwtokoAAo Tributaries and Deltas

3.4 IIp®ToK0LAe. GLUVAOPOLONG OEOOREVOV Y10 OELOTTIOTIO ATO AKPO OE
GKPO KoL ELEYY0 CLPPOPNONG

Mo StapopeTikn TPocéyyion 6Gov a@opd tn cuvddpoton dedopuéEvmy emtyelpeital amd
10 mpotokoArlo AIDA (Adaptive Application Indipendent Data Aggregation in
Wireless Sensor Networks) [63]. TIpokertar yioo éva mp@TOKOALO 7OV eKTENEL
ovvaBpolon dedopévev mpocsappootikd. Eilvor avefdptmrto amd 10 €100 NG
eCumnpetoduevng eeapuoyng kot eEacearilelt €ieyyo g Kabvotépnong mov
wpokaleitan Adym g Asttovpyiag Tov. Baoikog otdyoc tov mpmtokdiiov AIDA eivan
N UHeyoTomoinom G YPNOonoinong tov emkowvwviokoh dwwdiov. To AIDA
Aertovpyel oG oTPOUA GLVAEOPOIONG LETOED TOV GTPMOUATOG SIKTVOV KOl TOV GTPMOLOTOG
Kowng Tpocfacng kot cuvOVALEL OO TO GTPOWATA TOL PPIGKOVTIOL TAVE® OO AV TO Yo
VO HELDOEL TIG EMKEPOAOEG TOL EUMAEKOVTIOL KOTO TN (QACT OVTOY®OVIGHOD Yo
TPOGPacT 6TO KOO HEGO KoL TIS EMKEPaAideg Tov oyetiCovian pe v emPePainon
Myng makétov. H Aettovpyia tov AIDA emitedeitonr and dvo cuvictwoes. H mpadn
OLVICTMOGO EIVOL TO AEITOVPYIKO TUNLO, TO OTOI0 CUUMTVGGEL KOl OTOGVUTTUGGEL TO,
moxketo Oktoov. H devtepn ocvvictooa €xet tnv €vBdvn yu tov €Aeyyxo kol TO

oLVTOVIoHO TG dtadkaciag. H apyitextovikn tov mpmtokoiiov AIDA gwoviletotl 6To
Yy. 3.12.

| Network Layer |
Network Units
Aggregation Pool Al DA
UniCast FIX
—When—
AIDA AIDA
ManyCast | aggregation Aggregation | ON-Demand
. —FeedBack |
Function Control
MultiCast Unit - Unit Dynamic
Broadeast -« Degree Feedback
Z

- AIDA Aggregates

Mac Layer

Zynua 3.12: Apxttektovikn Soun npwtokoAdou AIDA
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H Aertovpyia tov tpwtoéxorro AIDA givon n €€NG: T0 TAKETA TOL TPOEPYOVTOAL OO TO
OTPMLA OIKTVOL ELGAYOVTOL GTO XMPO cuvdabpotong (aggregation pool). Me kpitiplo 10
TAN00C TOV TOKETOV TOV TPEMEL VoL GLVEVMOBOHV 0AAG KoL TOV ETOUEVO TPOOPIGUO TOV
TOKETOV OVTOV ETAEYETOL 1] KATAAANAN LOPON GLVADPOIoNG Kal, GTN GUVEXELD, TO
arotédecpa Tpowbeitar 6to otpodpo MAC yia vo petadobei. Avtictorya, To ToKETA
oV AopPAvovTat, avapEVOLV TPOKEEVOL VO OTOGVUTIEGTOVV KO VO TpomOnbolv ota
AVATEPO GTPMLLATO Y10, TEPULTEP® EMEEEPYATIOL.

Onwg paiveton kol 6to Xy. 3.12 vdpyovv d1apopotl TPOTOL Yo TNV TPUYLOTOTOINGT
ocuvafpoong. Apywkd, vapyxel n dvvatdtnTa Asttovpyiag ywpig cvvdbpoiorn, otnv
nepintoon 6mov avtd amoutndel. Emiong, vmdpyer n dvvatdmta ypnong otabepov
oYNUATOS GLVADPOIGNG, KATA TO OTO10 TO TPWTOKOAAO OVOUEVEL Y10 TN GUYKEVIP®ON
evog mpokabopiopévou aplBuod Takétmy yio va yivet suvafpoton. ' va eEacpotiotel
6t dev Ba vtapéel TOAD peydin avopovn, tibetat éva ave Oplo avapovig (timeout).
EmuAiéov, vrdpyet to oxfiua cuvabpotong katd mapayyeiio (on-demand), coupmva pe
10 omoio mpaypatoroleiton cuvabpolon mokéTtwv pdvo Otav 1o Kowd péco gival
Katenupuévo. MoAg dwomotmbel ot o péco eivar daféoipo, 10 amoTéAESHa TG
ddikaciog cvvdbpoiong tpowbeitar oto otpdpo MAC yia vo petadodel. Tédog, To
wpocoppolopevo oynue.  eapuolel éva ouvdvacoud Tov  oTtafepoh  CYNUOTOC
ouvadpolong Kot Tov oYNUATOS cLvadpolong Katd mapayyeria. To Tpocappolopevo
oYM, ETIONG, O10OETEL GYNUO AVATPOPOIOTNONG GAAG Kot EAEYYEL GUVEXMG TO KOO
HEGO KOl TV OVPA OVOLLOVTG TTOKETMV TOGO Y10, GLVAOPOLoT), OGO Kol Y10 TOGVUTIEST,
wote va Peltiotonolel T Agttovpyia Tov.

Y10 mpwtokoiro AIDA opiloviar emiong 1€00epic TPOTOL GLVAOPOIONG TUKET®V,
aVTIoTOL O LLE TOV TAPOANTTI TOVG, OTMG QaiveTat Kot oto oynpo 3.12. Enopévamg, 6tav
v Topdostypo EABgL | oTiyun va yiver cuvafpoilon Kot vdpyel povo éva dabéoipo
TOKETO, Ypnotponoleital  Aettovpyia unicast, omdte TPAKTIKA SEV TPOYLOTOTOLEITOL
ocuvdfpoon. Av vmdpyovv TOALL TOKETOL TOL E£YOLV KOWO TPOOPIGUO, TOTE
ypnoponoteitor  Asttovpyioa manycast. Otav vapyovv mokéta yio cuvadpoion, Ta
omoia TpoopilovTal Yoo GAOVG TOVG YEITOVIKOVS KOUPOVS, ¥pNOLLoTolEiTOL 1) AEtTovpYia
broadcast. Téhog, Otav vmdpyovv mokéTa Yoo ocvvabpoion mov, OUmS, £xovv
SLUPOPETIKOVE TPOOPICHOVG O TPOTOG cuvABpoilong eival mePooOTEPO GVLVOETOG Ko
ypnowonoteitor to oynua multicast. to oynua multicast to mpwtokoiro AIDA
ovvadpoilel Ola Ta TaKETA TOL EXEL, AVESAPTNTA LLE TOV TPOOPIGUO TOVGS, APVOVTOG
OYETIKN &vOeln o€ éva TUUO TOL GUVOOPOIGUEVOD TOKETOVL. XTN) GULVEYEWL TO
oLUVOOPOICUEVO TTAKETO OMOGTEAAETOL TPOC OAOVE TOVG YeEITOVIKOVG KOUPBovg. Kdabe
KOuPog mov AapPaverl to makéto mov meptEyel TV Evoelén multicast, to Aapfdavet kot
eetdlel av vmdpyel TuHa Tov cvvabpolopévov akétov mov EAaPe, 10 omoio va
nwpoopileTor Yo ekeivoy.

SOUQOVO LE TPOCOUOLOGEL, TO TP®TOKOAAO AIDA umopel va emithyer peydin
EVEPYEONKTN  OMOOOTIKOTNTA, 1Ol0UTEPO OTNV  TEPINTMON OMOL  YPNCLUOTOLEITON
TOVTOYPOVA LE CYNUOTO GLUVAOPOIONG TTOV Elval KOTAAANAQ TPOGOPUOCUEVE GTNV

GUYKEKPLLEVT EELTINPETOVUEVT] EQAPLOYT.
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KE®AAAIO 4 - ITAPOYXIAXH XXHMATOX AEITOYPI'TAX
AIKTYOY

4.1 Ileprypa@n Tov TpoPAnnatog

Oewpeitan évo ad hoc WSN, ot k6pfot Tov omoiov KatavELovTal GTO XMPO dixms vo
&xovv avotnpa kabopiopéveg Béoers.

YKomdg Tov SIKTHOL Elvat va Aapfdvel cuveydg TAnpopopio amd to TePPEALOV Yia Eval
N mepocotepa eovopeva. ' to Adyo avtd, kabe kOuPog Tov diktvov dabétel
aoONTNPEG, HECH TV OMOI®MV TPUYUOTOTOEL HETPNOEIS TOV TPOG TOPAKOAOVONON
QLOIKOV peyebdv. Metd and kdbe pétpnon, kébe KOUPOC AmOGTEALEL TO ATOTEAEGULA
™G UE TOKETO TTPOS £VaL YELTOVIKO TOL KOpPo. O kOuPog mov cuykeVIp®OVEL OAES TIG
TANpopopieg mov mapéyel To dikTvo ovopdaletoan KOuPog-cvAAEKTNG (SINK node) kot
umopel vo. EMKOWVMOVEL PE TO OOYEPIOTH] TOV OIKTVOL &€ite Aueco €lte UECHO TOV
Awdktoov.

Mo v amotedecpotikny TopaTPNon TOV SWEOP®V GOIVOUEV®OV omonteitonl Kotd
Kavova apketd peydio taAndog kopPwv. Eriong, 10 K66T0G TV KOUPWOV 0VT®V TPETEL
va gival puKpO, MOTE TO GLVOAMKO KOGTOG VAOTOINGNG TOL OIKTLOV VO UV KOTOOTEL
arayopeuTiko. To pkpd kO66T0G, OUmS, £xel ®G cvvémela ot kouPotr va dbéTovv
TEPLOPIGLEVA EVEPYELOKA amobépaTa.

Amd v dAAn TAevpd, elvar Wwaitepa oNUOVTIKO 1 TANPOoQopio va eBAveL amd TOVg
KOUPOLG TOL OIKTVOV O©TOV KOUPO-GLAAEKTY €VTOC TPOoKABOPIGUEVOL YPOVIKOV
o THaTog, dote va umopel va a&tomombei Eykapa. H cvvolikn kabvotépnon mov
pecorafel amd ™ de&oywyn pétpnong amd Kamoto kKOpuPo péypt tn Ay g omd Tov
KOUPO-GUALEKTN amotehel KpITHPlo A&OAOYNONG NG TPOCPEPOUEVNG VINPECTOC
(Quality of Service - Qo0S) ka1 ovopaletar ypoévog andkpiong (latency). H puéyiom
emupenty kobvotépnon omdkpiong (maximum latency - Tpq,) TOL WSN Siktdov
kaBopileTar omd TIG TPOSOYPOPEC.

Enopévemg, éva and ta onuavtikdtepo Cnripoto mov xovv oxEorn Ue ) oxediaon
tétorwv WSN dwictdvov, givor 1 dtatvmmon Kot 1 vAomoinon aAdyopibuwv yio v
emkowvovia petaly Tov kOpPov dote, apevog, va eéaceaiiletor 6Tl 0 YpOVOC
amOKPIoNG TOV JIKTOOL €ivorl €VTOG TV TPOSYPOUPAV, OAAGL KoL, OPETEPOV, VO
ueylotomoleitor o ypoévog Conc (lifetime) tov diktoov, 1dimg Otov  ovTA
yopaktnpifoviatl amd TEPLOPIGUEVE EVEPYELOKA OmODELaTAL.

4.2 Baowkd Aertovpyika yopoxtnprotikd WSN £181kov 6Komov

Kdébe epapuoyn/vmmpecio  mapotnpnong QUOKOV — @awvopévev  (monitoring
application), mov e&umnpeteiton and WSN, yapaktmpiletar amd Thv T TOL ¥ POviKoD
d106TARATOG, £6TO Threp, TO OMOI0 pecOrOPel HeTAED S1000 KOV HETPNGEWV OO TOV
aoOnpa Kabe koupov.
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Ov xopPor mov ypnowomolovvtonr o€ TéTown diktva Obétouy cvvbwg Tpia
vrocvoTiuate. To TPMTO VTOGVGTNUA OPOPE TOV GO TNPA TOL TPOYLATOTOLEL TIC
LETPNGELS TOV 1 TV PUGIKOV QOIVOUEV®V TOL eVOlapEpovy. To dedTepo VITOGHGTHA
~TO VTOAOYIOTIKO-0QPOPE TNV EKTELEGT] VTOAOYICU®V. £TO VTOGVCTILO ALTO YIVETOL M
ouvaBpolon TG TANPOoeopiac, CAAGL KOL 1 TPOYLOTOTOINGYT VTOAOYIGU®OV TOV
oyetiCoviot Le TV EKTEAECT] TOL EVOOUATMOUEVOL TTPOYPAUIOTOS TOV VAOTOLEL TO
TPOTOKOALO Agttovpyiag Tov dktHov. To TPiTo VIWOGVGTNO APOPA TV EMKOVAOVIN
TV KOUPwV pe 10 OiKTLO Kot TEPAAUPAVEL TOUTO KO  OEKTI, EVOOUATMOUEVOLG
oLV ®G 670 1010 OAOKANpOLEVO KOKA®UA. ['ton Adyoug e€otkovounong evépyetag, Kade
VITOGVGTNO pUopel va Asttovpyel avedptnta and 1o ahro. [1pénel va onuelwdel ot
N AEITOVPYIN EKTOUTNG EXEL GNLOVTIKG LEYOADTEPT EVEPYELOKT] KOTAVAAMON GE oYEoN
LLE TIG VTTOLOTEG AELTOVPYiES.

Mo mv avédivon mov Ba axolovdnoel, Bempeiton OTL o1 peTpfoelg Tov POAvoLY Ge
Koo kOB o amrd YEITOVIKOVG TOV Popolv va vtostodv cuvalpoton (aggregation) pe
N O1KN TOVL UETPNOT YPNOLOTOLOVTOS TNV KATO TEPIMTOON KATAAANAT GLVAPTNON
ovvafpotong. [Mapadeiypota cvvaptioemv cuvadfpoiong eivar n cuvaptTnon e0peong
peyiotov N €loyioctov 1 M ovvApTNON LIOAOYIoMoL upéong Twne. To €idog g
ovvaptong cvvabpotong kabopiletor cuVHOWS AT TIG UTOTAGELS TNG EPAPLLOYNG TOV
eEummpeteitor oand to WSN. Andppota g dwdkasiog cuvadpoiong mAnpopopiog
elvar n Kukho@opia 6To 61KTVLO TOKETMV 6TABEPOV HEYEDOVS, YOPAKTNPLOTIKO TOV Eival
1010ATEPO CNULOVTIKO Y10, T dVVATOTNTO GUYYPOVIGHOV TOV KOUPWV.

H Aettovpyio tov WSN daxpivetan o 1pelc Sokpitég @ACES, Ol OMOiEg
evoAMdooovVTaL: TN QAcT  oUTO-OVOYVOPIoNG, TN GAoT  HOVIUNG  KATAGTOOMG
Aertovpylag Kot ™ @Aom oviyvevong oAAOy®V OTNV TOmoAoYyio. TOL OKTOOV.
SVYKEKPIUEVA, LETA TNV EYKATAGTACT T®V KOUP®V GTO YOPO OVATTLENS TOV SIKTVOV,
ekKvel 1 dadikacio avto-avayvapiong (self-identification), katd tnv omoia ot KOpPot
EMKOVOVOLV HETAED TOVG OVIOAAAGGOVTOG UNVOROTO PE GTOYO TO GYNUOTIGHO
dévdpov  dpoporoynong (routing tree), ot pila Tov omoiov Ppicketon o kdéuPoc-
OVAAEKTNG. META TV OAOKANP®GT TNG S1001KOGING QUTO-OVAYVMPIoTG:

I.  og kdBe kopPo xel avarebel Evag kOUPOC-TATEPOG TOV AVIAKEL GTO OEVOPO
dpopordynong mpog tov omoio Bo amoocTEAAEL TO TOKETO TOL HE TEMKO
TPOOPIGHE TOV KOUPO-CUAAEKTY

i, kdBe kopPog yvopilel mdcotl kOUPoL-Toudid Tov £xovv avatedel, Ta TOKETO TOV
omoiwv mpémel va Tpowbel Tpog Tov KOUPO-cVAAEKTN

lii. o xopupog-cvAléktng yvopiletl to péytoto mAnbog Prudrev (maximum number
of hops) mov anéyel and Tov TAéov anopakpuouévo kopupo.

Tn edon avtd-avayvdpiong S1edEYETOL 1| LOVIUT KOTAGTOGT AEITOVPYING TOV SIKTVOV,
KaTd TN dlapKeln TG onoiag kébe kOUPog Aapupdvel TaKéTa pe PETPNOELS OO TOLG
KOpPovg-toudid Tov kot pali pe TG dkég Tov HETPNOELS, TIG mpowbel otov KoOuPo-
natépo tov. H dadikoacio oynuotiopod tov dEvopov dpopoAdYNoNS TPEMEL Vo
enmavolappavetal otwodnTote Kabe popd 6Tov cupuPaivel Eva avayvopicipo yeyovog,
ommg M ££000¢ KAmolov KOUPov amd 1o diktvo ( gite Aoy® PAAPNGS elte Adym eEvTAnoNG
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TOV EVEPYELOKMOV TOV TOP®V) 1 1 E160AYWYT VE®V KOUP®V 6TO diKTLO 1), TELOC, ALY
0€ OPIOUEVEG TTOPAUETPOVS AELITOVPYIOG TOL SIKTOOVL.

Y10 mAaicto TG mapovoag dumhwpotikng 0o egetaotel  Asttovpyio evog WSN ot
HUOVIUN KATAGTAGT], ONANOT apob £XEl GYNUATICTEL TO dEVOPO OPOLOAIYNONG. ZVVETMDS
k@B kouPog mAéov yvopilel Tov kKOUPO-TOTEPO TOV KO TOVG KOUPBOLG-TOdLA TOV.
Emiong, Oempeitar yvootd to péyioto tAnbog Pnudrov, Eéoto max_hops, kabmg kot m
péon kabvotépnon HETAd0oNS VOGS UNVOLOTOG dEGOUEVMV oo Evav KOUPo mpog évav
yerrovikd tov koupo, ot mean_delay, mov omotelodv moapapiTpovg mov Oa
ypnopononfodv yio T SoTOTOOT TOL TPOTELVOUEVOL OAyopifov cuvdlpoiong kot
EKTTOUTNG LETPNOEMV.

. gnoupyid Moviung KUTGOTG@

Algdikaoio auTo-avayvwpio
Self-identification

@

Avixveuan aAhayrig otn do
Tou BIKTUOU

)

xnua 4.2: ®aoeig Asttoupyliog evoc WSN

4.3 Awetotmon Tov TPofARaTOS

Aappavovtag vroyn g tpoavapepeioeg Bempnoeic, o akyopBpog Aettovpyiog tov
dktHov mpémel va a&lomolel T dvvatdtto cvvabpoiong dedopévav. Tavtdypova,
wpémel va owoyelpiletar amodoTikd To TEPLOPICUEVE EVEPYELNKA omobEpaTo TV
KOUPoV.

A€SOUEVOD OTL 1 OMOGTOAN TOKETOV €IVOL 1 TEPICCOTEPO OATAVNPT EVEPYELOKA
KOTAOTAOT AELITOVPYING TV KOUP®V, TPETEL VO ELUYIGTOTOLEITAL O YPOVOG TOPAUOVIG
TOVG G€ QVTY, OCTE Vo eMUNKLVOE] 1) didipketa Lwng TOVg Kat, Kat' ETEKTACT, 1) O10PKELN
Comg Tov dtkTvov.

H kevtpikn 10€a Tov mpotevopevou akyopifpov cuvoyiletar axorlovbwg. Kabe kopupog
dte€ayet petprioeis ava Tr.ep , OT0G kKobopiCetar omd 1o €idog g vanpesioc. Eniong,
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elvar mBavo va AaPel TakéTa Tov TEPIEYOVV HETPNOELS oo KOUPovg - madid Tov. Otav
ot KOUPoL £Y0VTOG TPAYUATOTONGEL L0, LETPNON OTOCTEALOVY TO OVTIGTOLYO TOKETO
LETAO00TMG GTOV KOUPO-TATEPO TOVG, EVEPYOTOLOVV TOAD GUYVEA TOV TOUTO TOVG, UE
OTOTEAEGILA TOL EVEPYELOKEA TOVS omoBEpata va eEavTAoVVTOL OTAYOPEVLTIKE GUVTOUOL.
Avtifeta, 6tav ot kopuPot, £xovtag SuBECIIEG LETPNOELS KOL TPV TIG AMOGTEIAOVY GTOV
KOUPO-TaTEPO TOVG OVOUEVOLV Yo KOO0 YPOovikKOd dtdotnpo tote av&avetor m
mOavoTNTa Vo AdPouy TakETo HETPNONG amd KATO10 KOUPO-Tandi TOLG TPV EKTEUYOLV.
2mv tedevtaio TePInTOOT, 01 KOUPOL LITopovV Vo TPAYLATOTOLO0V GLVAOPOIGT OAMV
tov dwbécpuwv petpnoewv. o v viomoinon g ouvvdBpoiong, ot kOpPot
EVEPYOTOLOVV TO VITOAOYIGTIKO TOLG VTOGVGTNA KOl GLEAVOVY TV EVEPYELNKT TOLG
Katovalwon. Opmg, Hetd tn cuvadpoton mAnpoeopiag, ot KOUPOL amocsTEALOVY LOVO
éva mokéto otov kotd mepimtwon koOpPo-matépa tovs. Kot avtdév tov tpdno,
xPEALeTONL VO LETOPOVV HOVO Ui @OPE OTNV TTEPIGGHTEPO OATOVNPT] KATACTACT
exmoumg. To yeyovog avtd, Oyt povo avtiotaduilel v tpdobetn — Kot TAVTOS HKPN
— EVEPYELOKN OOTAVT) TOL £YIVE Y10 TN GVVAOPOLGT] QAL TPOCPEPEL EVEPYELOKO OPELOG
mov odnyel oe onuoviikn efowovounon evépyswc. Emopévemg, Adyw tov
TPOCGOOKMUEVOL EVEPYELAKOV OPEAOVS, KPIVETOL CKOTLO OO EVEPYELOKNG TAELPES O1
KOUPOL va. unv amocsTEALOLY TIG HETPNCELS TN OTIYUN TOL TS AaUPdvouv oAAd va
avapévouy Yoo evogxouevn ANyn  mok€tov  omd  kopuPouvc-modid  Toug Kot
TpayLoatonoinon cvvddpoiong. Q2o1dc0, 1 AVOUOVE 0VTH £XEL OVGUEVY ETITTOCT GTN
Aertovpyio T@V KOUPOV KO TOV OIKTVOV YEVIKOTEPA KOOGS Ol LETPNGEIS POAVOLV e
peyaAvtepn Kabvotépnon otov KOUPo-cLAAEKTN. Avtd €xel G amoTéEAECUO O
OlEPIOTNG TOV OIKTOHOL va. AaUPAVEL UETPNOELS TTOL  £YOVLV CYETIKA HEYOAN
TOAOLOTNTO KOl UTOPEl Vo punv amekovilovy eykaipwg TNV TpEYOoVco KATAGTAGT] TOV
dwtvov. Emopévmg, otav n xabvotépnon tovg peyaidvel, n afio TV UETPNCEDV
LLELOVETOL YEYOVOS TTOL £XEL APV TIKN EMUMTOGT GTNV TOLOTNTA VAT PEGIOG.

Yvvendg, ovakvmtel o oxéon ovtolhayng (trade-off) mov oyertiCeton pe v
€EOKOVOUNGON EVEPYELDG KOL TO YPOVIKO OLACTNLO KATO TO omoio Kabvstepovv ot
HETPNOES 6TOVG KOUPOLg pépt va evoopatobodv o€ KOMOLO0 TOKETO Kol VO
mpomOnBovv ctov enduevo kOUPo. 10 TAAIGLO OVTO, OV TO XPOVIKO OVTO SLAGTNHA
avapovig owénbet, avapévetor ot kOpPol va Adfovv Kot vEEG LETPNCELS, Kol LECH TNG
dadkaciog cuvafpolong Vo amoKOUGoVY evepyelokd O0peAoc. Xe Bdabog ypovov 10
evepyelakd avtd 0pelog avtiotolyel o enéktacn (prolongation) tng didpketag {ong
(lifetime) Tov KOUP®V KL, KOT® ETEKTAGT], TOL 1510V TOL d1KTVOV. Opume, 1 AENGN TOV
YPOVIKOD OLOCTNLOTOG OVOLLOVIG EXEL OG OPVTTIKT GUVETELN Ol LETPNOELS Vo pOd VoLV
oToV KOUPO-GLALEKTN pe peyardtepn KaBvoTépnon Ko, ®g K TOVTOL, HEt®UEVN atia.
H peiwon avtn aviiotoyel og peimon tng modtrag vanpeciag mov tapéyel 1o WSN.

[Tpokeévon va dtotvmmbel adyoptOpog mov eicopponel Katd PEATIGTO TPOTO TOLG
dv0 avtikpovopevoug otdyovg evog WSN, onradr| g duapketag Cmng Tov O1KTLOV Kot
™G TolOTNTOG VAN PESING, Eival amapaitnn 1 TOGOTIKN amotipunoy| Toug. ['a to Adyo
avtd, opiletan cuvvaptnomn opérovg (utility function), éotm U, mwov sivar:

. @Bivovca cuvdptnon Tov ¥ pdvov, KOOMDS ATOTILA TV TOLWOTNTO VI PEGING TOV
LLELOVETOL [LE TNV TAPOSO TOV XPOVOL oV 0PeideTan 68 awv&avipevn analimon
TOV LETPNOEDV AOY® KaBvoTEpNong
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Il.  adéovoa ocvvdptnon tov mANBovg TtV peTpnocwv mov cvvobpoilel kdbe
KOUPOG TPV LETAOMGEL TAKETO GTOV KOUPO-TaTéPA TOV, KOOMS OmOTIUd TNV
€EOKOVOUNGN EVEPYELOG TTOL EMLTVYYAVETOL LEG® TNG GLVADPOION G

[Ipéner va onuelwbel 611 0 mpotewvouevog aryopBpog Aettovpyiog Paciletor oto
o Tikd cvAroyiopd 6t yia ) Pertictomoinon g Asttovpyiog Tov S1KTOLOL apKel
N Peitictonoinon g Asttovpyiog kKdaOe empépovg kOpPov. Av kol ovtd dev
amodeikvoetal Beopntikd, propel va emPeforwbel melpapatikd.

H Aertovpyia tov mpotevopevoL adyoplBpov cuvddpoiong Kot EKTOUTNG LETPOEMV
opyavovetal 6€ KVkAovg. Emiong, kdBe ypovikd didotnuo PETPATOL MG OKEPOLO
TOALOTTAGGLO L0 Y POVIKNG OLEPKELNS, EGTM Loyt

IMa ™ ovvéyela, Kpivetor okoOmTOG 0 OpIoOS Pacikdv peyeddv amapaitnTv Yo Tov
KOTOAANAO OpIoLd TNG GLVAPTNONG 0PELOVG U.

4.3.1 Opopoc péyotc KaBvotépnong o¢ eminedo kKOpupov

Onwg mpoavapépnke, yio kabe epaproyn opiletot 1 EAAYIGTN TOLOTNTA VINPECTAG OC
TPOG TN GLVOMKN KaBLOTEPNON amOKPLoNG TOL dKTVOV. AVTH opileTor ¢ 1 dtapopd
peta&d TG (POVIKNG GTIYUNG TPAY LLOTOTOINGTG TNG LETPNOTG KOIL TNG X POVIKNG OTUYUNG
OmoL 1N HETPNON o TH POGVEL 6TOV KOUPO-CVAAEKTN KOl TPEMEL VoL EIVOIL LIKPOTEPT] TNG
Tax- Kabaog, dpmg, emyeipeiton | fedtiotonoinon oe eninedo kOpPov, 0 TEPLOPIoUOg
™G GLVOMKNG KOOV TEPNONG, Trnax: TPEMEL VO EMUEPIOTEL GE YPOVIKOVS TEPLOPLS LOVG
nov kaBopilovv TN Aettovpyia Tov dikTHOL G¢ eninedo kouPov. Etot, kébe kouPoc, amd
TN GTLYUN TOL J10BETEL Lo LETPNOT, TPEMEL VAL TNV TPOONGEL 6TOV KOUPO-TATEPA TOV
EVTOG GLYKEKPYEVOD YPOVIKOV SLOGTHLOTOC, EGT® Ty.

O vToAOYIoHOG TOL UEYIGTOV YPOVIKOD OlGTHUOTOS avapovig e€aptdtal omd v
TOTOAOY10. TOV SIKTOOV. ZVYKEKPUEVA, OO TN OACT OVTO-ovayvodplong Bewmpeiton
YVootd 10 péyioto mAnbog Pnudtov amd omolovonmote KOUPo peéxpt tov koOpuPo-
ovMéktn, max_hops. Emiong vmoloyiletan pioe T g péon kabvotépnomng,
mean_delay, mov amatteiton yio. TNV amwocToln evOC TOKETOV dESOUEVOV amd TOV Evay
KOUPo mpog Evav AL YeITOVIKO ToL KOUPO. ETot, 1 dtdpKela Tov HEYIGTOV EMTPENTOD
YPOVIKOD O THLOTOG AVOLLOVTG Yo KAOE KOUPO, £6T® Ty, £XEL 0L EAGYLOTN TN KO
ot ovvExela avsavetal kabmg o avtiotoryog kKOUPog PplokeTor 6 TANGLEGTEPO GTOV
KOUPO-GVALEKTN 6T0 0€vTpo dpopordynons. H eddyiom tiun e mosdmrog T, 1ot
LE TO YPOVO TTOV Y PELAleTal O KOUPBOG-GLALEKTNG Yo Vo, OALOKAN pdCEL pio. pétpnomn. O
xPOVOC 0VTOG, £0TM X, €lvon Pl mopdpeTpog mov eaptdtol TOG0 amd To €100G TOL
KOUPBov-ousOntpa 660 Kot ard TO 100G TOL HETPOVUEVOL PLGIKOV peYEBoLS. ['a Tovg
vdLloumovg kopPovg Oa 1yvovv o1 akdlovbeg oyEaelC avaroyiag:

Tgist=1 =X  Tdist=2 —X _ «..  Tdist=max_hops-1 — X

max_hops —1 max_hops —2 ... 1

(4.1)

Eniong, yw va e&acpahaotel 0Tt ta Takéta pOdvovy otov KOUPo-cVAAEKTN VIO TOV
TPOKAOOPIGUEVOV OO TNV EQOPLOYN YPOVIKOD SWUGTANATOS, Thy x> TPETEL VAL 1GYVEL OTL:

max _hops

Z Taist=i = I'max — (max_hops — 1) * mean_delay (4.2)

i=1
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Méow g enilvong tov eEiowcewv (4.1) xor (4.2) mpocsdiopilovionr ot TEG TOL
HEYIGTOV YPOVIKOD OLOCTNLOTOS OVOLOVIG Yo TOVG KOpPovug kdbe emumédov TOL
dévdpov cuvabpotong.

[Ipaypatt, epodcov kdbe kOUPOG Tov S1KTHOV, S, ElvOl VITOYPEMUEVOS VO ATOCTEIAEL
KéOe pétpnon mov €xel AdPel EvTOg YPOVIKOL SUCTNUATOS Ty, KOVOTOLOOVTOL KOT’
eEAI15TO 01 TPOdIAY paPES TOL O1kTHOL. A&ilel va onuelmBel, Opm, 6Tl TaL GYNUOTA TOV
VAOTTOOVV TN O1dIKOCI0. TG CLTO-0VOYVMOPLIONG Yo TO CYNUATIOUO TOV O0EVOPOL
OPOLOADYNONG, TN YEVIKY TEPITTMOT, SLUULOPPADOVOLV CUUUETPIKA dEVOPA. ZVVETAG,
10 £vOeyOUEVO va AaPel 1 mopauetpog Max_hops vrepPorikd peydAn Tt Adyw
VIapENG EVOG LOVO TOAD AOUOKPVOUEVOL KOUPOL £xel TOAD pikpn ThavoTNTO.

H Aertovpyia exkmopnng ka0e kOpPov opyavavetor 6 KOKAOVG LETAPANTNG OLOPKELNG,
LE TNV TAPAUETPO T, VO EKPPACEL TN UEYIOTN XPOVIKT dtdpKela KAOE KOKAOL Y10 TOV
KOupo s,. To téhog KGBe KOKAOL emEpyETOl 0GAKIG O KOUPOG S, amoeacilel vo
amooteilel TOKETO 6TO OMOi0 £xEl GLVUOPOICEL OAES TIG LETPGELS TOL Elye AAPel pHéypt
exetvn ) ypovikn otiyun. Qg t, ocvuPoAiletor  TPEYOLGO YPOVIKT CTIYU| KOTE TN
duapkela kabe kokAov. H petafAnty t, umopel vo Aafet Tnég oto ddotnua [0, T,],
a@oL undeviletan 0GaK1g 0 KOUPOG TPOYLATOTOIEL ATOGTOATN TV LETPICEDV TOL £)EL
péxpt T0tE GLALEEEL, 0mOTE eKKIVEL VEOG KUKAOG Agttovpyiag. Anhaon, n petapint ¢,
eKPPALEL TO OYETIKO Y POVO, LE apy TNV Evapén kdbe véov kOKAoL Asttovpyiag. Q¢ Ty,
ovpuPoriletan 0 amdAvTog YPOVOSG, OTWS HeTpdTOL amd Tov KOuPo S,. OswpnTikd, N
petafAnt avtn £xel v d1o Tiun e OAovg Tovg kouPove. Kabog, opwe, pmopel va
npootefov véor kouPor oto diktvo M dALol va teBolv ektdg Asttovpyiog Ady®
eEAVTANGTNG TV EVEPYELNK MOV TOVG OMOBEUATMOV, GTN YEVIKY TtepinTon 1 petafint T,
AopPével S10popeTIikég TIES GTOVG O1dpOopovs KOUPovg Tov diktvov. ITdvimg, umopei
va emtevyel GLYXPOVIGHOS OA®MV TV KOUP®V TOV SIKTVOV UE TO POAOL TOVL KOUPOV -
OUVAAEKTN HE HETAOOCT TNG TANPOPOPLOS GLYYXPOVIGHOV HECH TOV TOKETMV TOV
dtaktvodvTal Katd T QACT 0VTO-0VOYVAOPLoNS TOV SIKTHOL OAAAL KOl KATA TEPITTMOO
N KoTé TOKTA ¥POVIKA SLOUGTHILATOL.

Q¢ K ovppoirileror to TAR00¢ TV KOUPOV- Toudtdv Tov KOPPOL S, eved wg K opiletat
10 TAN00G¢ TV PETPNoE®V TOL €xel AdPel 0 KOUPOS S, UEXPL TN XPOVIKY CTIYUN L.
Emonuaiveral, opwe, 6t mapdpetpog K AapPaver tipég oto didompua [0,K+1]. Avto
ovpPaivel 510TL 0 AGONTAPAG TOL EKAGTOTE VIO UEAETN KOUPOL S, OVTIGTOL EITOL GE
éva emmA£ov ondi.

4.3.2 Opropog TS cuvap TGS 0PELOVS

Ocov agopd 1t poONUOTIKY] TEPypa®n NG EVEPYELOKNG e&otkovounong ot
OLVAPTNGT OQPEAOVGS, VTN UTOPEL va Yivel og EENG:

‘Eoto 611 kdmolog kopPog npémetl va oteilel K petpnoetg. Av Tig amooteidet po mpog
wa, B ypetootel ouVoAKA K amooTolég TaKETMY, EVD OV TIC LYY OVEVGEL GE £Va LOVO
nakéto, 0o mpaypotoromost puoévo pa amnootodr. Emouévoc, Bo amoeiyer k-1
OTOGTOAEG TOKETWV LETPNCEMV. LVUVETMG, TO EVEPYELOKO OPEAOG, £6TM J, elvar 160 pe
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T0 YWWOUEVO TOV TANOOLG TV OTOGTOAMY OV ATOPEVYEL, EML TO EVEPYEINKO KOGTOG
EKTOUTNG TOKETOL, £6TM E,, Onlodn

gk)=k-1)+E,, k=1 (4.3)

ATo ) oyéon (4.3) eivan eavepod OTL TO EvEPYELOKO OPEAOG fvar ovAloyo Tov TAN00VG
TV ToKETOV ToV cuvadpoilovral.

To oyetkd evepyelakd 6PeA0g AGY® TNG EPUPLOYNG CLVADBPOLONG OTIG LETPNOELS ElvaL:
h(k)=k , k=1 (4.4)

H daopd petol&d tov cvvaptioeov h(k) ko g(k) eivan 6t 1 dgbtepn undeviCetan
v K=1, xapaktnpiotiko mov Tpokorel TpofAfaTo 6TV ovaAVGT TOL AKOAOLOEL.

Oocov apopd 10 HETPO AMOTIUNONG TNG TOLOTNTAG LANPEGING HECH TNG GLVAPTNONG
0PEALOVG, OVTO UTTOPEL VO H1ATVTTWOEL Y PNOILOTOLOVTOS KATAAANAN POivovca g TPpog
10 ¥pdvo cuvaptnon, éoto f(t). H cuvaptnon avt avtavakid to 6t kabdg mapépyetot
0 xpovoc, M ypnowdmTa TV peTtpiocwv pewwvetol. H ovvdpmon f(t) npémer va
AopBAveL vVIOYN TN YPOVIKY €£APTNON TNG EQPUPUOYNG. XTNV TOPOVCO, SUTAMUATIKN
gpyaocia, ywo T popen ¢ ovvaptnong f(t) emiéyeton m cuvdpmon KaVOVIKAG
KATOVOUNG, e HNdevIK péomn Ty kou dtacmopd 0,2, mov eEaptdrtar and To i80g TG
EQOPLLOYNG Ko Bempeitan yvooTn.

2UVETMG:

f(t) = exp (=(t? /(2% 0D)) . tn € [0,7,] (45)

H mowdmra vinpeciog peyiotonoteitoan 6tov £, = 0, OnAadn 6tov o kOpPoc Tpowbei
Yopig kabvotépnong omoladnmote pETpNon Swbétel mpog tov KOUPo-maTéEPL TOL.
Avrtifeta, n TolotTa VINPEGiAG EAayIoTOTOEITON OTOWY t) = T, OMACOT OTOV O KOUPOG
Sp, €€avtiel 6L TO YPOVO TOL £xel 6N O140ECT TOVL AVOpUEVOVTOG VO AdPEl TpOGOETES
petpnoels Tig onoieg cvvabpoilel kar mpowbel. Kavovikomoidvrog katd tpdmo dote M
pEYIoTN TOdTNTA VAN PESIOG VO OvVTIGTOLKEL 6T povdda, 1 Bondntikn TapdueTpos qy,
umopel vo ovoyeTiotel pE TG Tpoavapepbeiceg TAPUUETPOLS. ZVYKEKPUUEVO,
dedopévou OtTL 1 ELGYLOTN TOLOTNTA VANPESIOG TPOKVTTEL Y10 £, = T, OO TN OYEOM
(4.5) mpokvmter :

an = f@) = exp(=(222/ 2% 0?))) >t = 0y, * [2¢In(7) pe0<q<1  (46)

Aoppdvovtoag vrdyn tovg 600 AVTIKPOVOUEVOLS TAPAYOVTEG 1 CLVAPTNGT 0PEAOVG
u(k, t,,) umopel va éA0e1 otn popon :

u(k, t,) =k * exp( (tn2 /(2 = JTZ))) [0,7,], k=1 (4.7)
Onwg avapevotav, m ovvapton oeérlovg eivor  avdioyn tov mANOovs TV

ovvadpollopevov petpnocmv K kar pbivovoo cuvdptnon tov xpdovov kabvotépnong
ty.
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4.3.3 I1pocoropiopog T0L SLUGTHHATOS UVOROVIGS

M ToAD ONUOVTIKY] TOPAUETPOS YO TNV OMOTEAEGLOATIKY] AETOVPYIOL TOL VIO
SlTHT®ON GYNUOTOG vl TO SAGTNUO OVALLOVTG TVYOHIOV KOUPOL S,. ZvyKeKpluéva,
10 TPOPANUa evromiletal 6To o0 EIvVal TO KOTAAANAOTEPO YPOVIKO OLACTNLLO KOTA TO
omoio mpémel va avapeivel o kOUPog S, TPV anoPUGIGEL VO OMOGTEILEL TAKETO GTOV
KOUPo-TaTéPA TOV, TPOWOMVTAS TIC CLVAOPOIGUEVEG LETPNOELS TOL EYEL GTT d1APEOT
TOV UEYPL EKEIVN TN YPOVIKT GTIYUT).

To kpurfpro vd to omoio Ba AapPdver ™ oxetikn andeacmn o koupog s, etvar to
avapevopevo 6pelog tov. Av vrotebel 6tL 0 kKOpPog s, Exel AMaPel Katd ™ ddpKela
KATOov KUKAOL AELITOVPYIOG TOL PEYPL TN XPOVIKA oTiyun t, Tic MeTproelg and K
KOUPBOLG-Tad1d TOV, OVOKOTTTEL TPOG ATAVTNOT TO SIANUUA av ival TPOTIHOTEPO VOl
oTeilel 00eG PETPNOELG dLODETEL PEYPL EKEIVI TN YPOVIKN OTIYUN M VO AVOUETVEL Ko ETTL
OGO YPOVIKO OAGTNILO TPOKEUEVOL Vo AdPeL Kot cuvadpoicel 6TO TPOS OMOGTOAN
TOKETO KO GAAES LETPNOELS amd KOUPOVG-Tadld TOL pe TOYO VO AVENGEL TO OPELDS
TOL.

Epocov kamotog kopPfoc AdPet pio pétpnon, eite and tov awcOnmpa tov eite amd
Kémolo KOUPo-modi Tov, Kot amo@acicel vo avapeivel, 0ev TPEMEL Vo, OVOUEIVEL Yla
av0aipeTo YpoviKo dacTnua Yio V0 AdYoVS. APevag, N HEYLOTN dtbpKela KOKAOL, Ty,
Bétel e€apyng €va ave @pdypa yio To SAGTNUO AVOLOVIG OGTE Va. Eac@aiileTal N
MO TTOLOTNTO VINPECING. APETEPOL, OTMG £xel NON emonuavOel, ol kouPot tov
OKTHOL O0100£TOVY TTEPLOPIGUEVA EVEPYELOKE amOBENOTA. ZVVETHDG, O TPOGOOPIGHOG
TOV KOTAAANAOL SLOGTALATOS OVOUOVIG AELTOVPYEL MG OKAEIdO acQaAeiog Yoo TNV
nepinTOOon OMOvV KAmolog KOuPog-mandi tov s, Tebel extdc Asrtovpyiag Adyw
eEAVTANGTG TNG EVEPYELEG TOV, OTTOTE 0 KOUPOG S5, AMOALAGGETAL OO ALGKOTY) CLVOLLOVT).

["o tov TpoGd10PIG O TOV SUGTANOTOS AVALOVIS aKOAOVOEITOL TO EENG OKETTIKO:

O ko6uPog s, Tov NON O1OETEL PLETPNOELS TPOS ATOGTOAN (TOLVAAYIGTOV TN O1KY| TOV
EVOEYOUEVMG GLVOOPOICUEVT] LE LETPNGELS KATOLOV KOUP®OV-TOdDV TOV) EMAEYEL VO,
avapeivel emt mpocsdloplotéo ypovikd ddotnuo  At, AopPdvovioc vmdym 6vo
OVTIKPOVOUEVOVS TTOLPAY OVTEG, GUYKEKPULEVD, OTL:

I. 000 avauével, N a&io TV HETPNOEDY TOL UELDVETOL
il. OV EVOOUATMOGEL GTO TPOC OTOGTOAN TOKETO TOL TOVAGYIGTOV L TPpochet
HETPNOT, TO EVEPYELOKO TOV OPELOG aEAVETAL.

Ouwmg, axopo kot oty mepintmon (i) 6mov 0 KOUPOG EVOOUUTOCEL GTO TPOG ATOGTOAN
TOKETO TOL TPOGOETEG LETPNOELS, ) GUVAPTNOT 0PEALOVG TOV UTopel va AdPet pkpdtepn
N HeYoAOTEPN TIUN O GYEON He ekelvn OV €lxe TN XPOVIKN oTy un 6mov o KOUPog s,
AmoQAcIcE VO aVOUEIVEL ZVYKEKPIUEVA, 1| CLVAPTNOT OPEAOVG avaIEVETAL Vo AAPEL
LEYOADTEPN TN OV TO SdoTnua ovopovig At etvar oyetikd pkpd, agov, tote, M
evepyelakn e§owovouncn A0y® cuvdbpolong g 1 tov mtpoéchetwv petpnoewv Oa
vrepPaivel T HEI®OT TOL EMEPYETAL GTNV TOLOTNTA LANPEGIOG UE TNV TEPOSO TOL
xpOvov. Avtifeta, av o dtdotnua avopovig At gival oyxetikd peydro, tote, Tapd To
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EVEPYELKO OQENOG TTOV OVAULEVETOL AOY® GLUVADPOLoTG VE®V HETPNGEWV, 1] LEI®ON TNV
TOLOTNTO VINPECLOC EVOEYOUEVMS EVAL IKOVI VO 00TV GEL TN GLVAPTNON 0PELOVG VOl
AGBet Tiun pkpoTEPN amd TNV TN IOV ElYE TN GTIYUN TS OmdPAcNG TOV KOUPBoL va.
avapEiveL. 1o TEAELTALO EVOEYOUEVO, ETOUEVMGS, 1] ATTOPACT) TOV KOUPOL Vo avapeivel
kpivetor AavOacpévn, apol petdvetot ovti vo ovénbei n Tipn g cuvapTnong oPEAOVG.
Yuvenmg, kabiotator @ovepn M onuocio TG KOTAAANANG €mAOYNG Ol10GTAHLATOSG
avopovig At.

To oxentikd pe To omoio mpocdopileton n T TOL YPOVIKOD SLOGTALOTOS AVOLLLOVIG
elvan to €€Nc:

H avapovn evdg xopPov yu ypovikd ddotnuo At oe cuvovacud pe ) ANyn
TOVAGYIOTOV WIOG VEOS HETPMNONG OEV TPEMEL VO LELOVEL TNV TN TNG GLUVAPTNONG
0QPEAOVG GE GYECT LE TNV TIUN TOV Eie TN OTIYUN TG AMYNG TG amdeaons yio
OVOLLOVT]. ZUYKEKPIUEVA, Y10 VO EXEL VOO O KOUPOG Sy, O OTOIOG TN Y POVIKN GTUYUN
t, &€xel wbéoeg K petpnoelg, va avoueivel yuoo xpovikd dtdotnuo At, Tpénel o
0peLog tov, u(k, t,) va givor pkpdTtePo 1 160 amd 10 OPELOG TOL 1010V KOUPOL av ™
XPOVIKN oTiyun t, + At éxel dwbéoeg K+1 petproelg, nradn vrobétovtag 6tL 6
dlapketo TG avapoving Elafe TovAdytotov o véa pétpnon. Emopévag, mpémet va
GYVEL

u(k + 1,t, + At) = u(k, t,) (4.8)

Avtikabiotdvtog oty (4.8) v ékppaomn ¢ cuvapTong 0eELoVs and ) oyéon (4.7)
Kol EMAVOVTOG TV ®¢ TPog TN BTk petafAnty| At, mpokdmtel OTL

(%)

In(gn,~1)

At(k, t,) < —t, + jtnz + 7,2 * yiak =1 (4.9)
Emopévmg, epeaviCetor po p€ytom Tiun tov xpovikoh dwuotnuatog At, m omoia
e€lomvet Tig Tipég ™G ocvvdptnong opérovg u(k + 1,¢, + At)kon u(k, t,). Avtd 1o
CUUTEPOCHO TPOKVATEL HE €QAPUOYN TG apyng g odwapopiog (indifference
principle), cbuewva pe v omoia 0 kOUPog S, Oev €xel AOYO VO TPOTIUNGEL TV
amocToAN TV K d1a0éciumv LETPoE®Y T ¥POVIKY GTIYUN t,, OO TNV OTOGTOAN TMV
k+1 Sdwbéomv petpnoemv m ypovikn otiyun t, + At, epdoov Kat ot VO ATOPAGELS
oV aodidovy 1o 1810 dPELOG.

Yvumepacpatikd, n eElcwon péom g omoiag TpocdlopileTal TO HAGTNUO OVOLOVAG
glvan

ulk,ty) = u(k+1,t,+4t) yiak =1 (4.10)

Avtikabiotdvtag oty (4.10) ™ cvvdptnon opérlovg g oxéong (4.7) Aaupdvovtag
oy Ko v (4.6) TpoxkvmTEL

(%)

In(gn,~1)

At(k,t,) = —t, + jtnz + 7,2 * yiak =1 (4.11)
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H oyéon (4.11) mpocdiopilet to péytoto ypovikd ddotnua At(k,t,) katd to onoio
umopel va avapeivel o kOUPOG s, dixmws oTaTIoTIKA Vo petwbel To avopevorevo 6QeAOg
TOV.

Mo va vapyet 1o ypovikd Tepldplo MoTe KATolog KOUPOS S, TOL £l NON dtabEcun
™V TPOTY PETPNON KATE TN YPOVIKN OTLyUn t,, va AdPel TOvAdyIoTOoV o Tpodchet
HETPNOT], OCTE HEGH TNG OladIKaciog cuvafpolong vo TPocdokd OQENOG, TPETEL VAL
woyder At(2,t,) < 1,

Onwg gaivetar otn oyéon (4.11), 0 TpémOg KaBOPIGHOV TOV KATH TEPIMTTMGT] YPOVIKOD
OLOGTILOTOG OVOLLOVIG OVOPEPETAL OTNV TEPIMTMOT OTTOV KATO10G KOUPOC S, drabétel
TOVAGYIGTOV [0 LETPTOT TPOG OTTOGTOAN.

Q671660, TO0 S1ACTNUO AVALOVTG TV IOV KOUPOV S, OTav Oev €yl KAmolo dtabEéatun
pétpnon, €0t Aty, TPEMEL VO IKOVOTOIEL OPIGUEVES TPOSIOY PAPEG. ZVYKEKPIUEVO,
TPEMEL VAL EYEL LUKPT O1pKELD, oTE av ANeBel kKdmowo pétpnomn, vo 1ebel dueca oe
EPAPULOYN O TPOTEWVOLEVOG 0Ly OpOpog Asttovpyiog tov WSN.

To ypovikd avtd dbomua Aty speaviCetonr Tévta oy apyn Kdbe Kdkiov, détav o
KOpuPog dev €xetl kopio dwbéoun pétpnon. Avtd cvpPaivel 6 300 TEPUTTMOGELS TOV
evaArldocovtal. H mtpdm mepintwon elvar 6tav mincwalel n otypr| o k6upog s, va
dMGEL EVIOAN GTOV 0O1oONTAPO TOL VO TPUYUOTOTOUCEL HETPNOT. X& OVTO TO
eVOEYOUEVO, 0 KOUPOG S, VTOAOYILEL oK p1PdG TN YpoviKN oty wov Ba ivar dtobécun
1N 01KN ToL PETPNoN Kat £1ol yvopilet enl mdco Oa yperootel va avoueivel. H dedtepn
nepintwon epgavifetor 6tav o KOUPog S, €xel oTellel GYETIKA TPOGPATO TAKETO TOV
neplelye cuvadpolopuévn T Sk TOV PETPNOTN UE UETPNOGELS TOV EVOEYOUEVDS EAOPE
and kouPovg-taidid Tov. Tote, Asttovpyel wg evordpesog KOUPOG yia To dikTvo OALA
dev yvopiletl mote kan av Ba Exet dStabéotun v enduevn pé€Tpnon.

Mo va aviipetonictodv copPifactodv ot dV0 OVTEG KATAGTACELS TPOTEIVETAL TO
XPOVIKO Stdotnuo avopovig Aty vo oovtar pe po ypovikn otyun (slot) tov
GLGTNOTOC, MGTE VA EKKIVEL 1] AELTOLPYIO TOV TEPTY PAPOLEVOL CYNLATOS GVVADpOIoNG
KOl LETAO00NG OEOOUEVOV AUEC QL.

Hivakag 4.1: Xvvoyn ypnotuomorovusvmy couffolwv

Sn Toyaiog koppog tov WSN
Tonax Méyiatog avvoiikog ypovog aroxpiong oo WSN
Trep Xpovog Hetold TPoyuoToTOinang oLo0oy KMV UETPHOEDY OTO
KATO10 KOUPo
max_hops Méyiaro mAnBog prudrov uetald oroiovonmote koufov tov

WSN xa1 tov koufov-oviiéxtn

Tn Méyratn ypovikn oiGpkelo kOKAov lettovpyias Tov ToY0I0D
Koufov

th Xpovikn otiyun eviog Tov TpEYOVIOS KOKAOD Ae1tovpyiog

T, Amoivtog ypovikog alovog

K 1TAn00¢ kouPwv-rardiwy tov toyoiov Koupov

k 1TAn0o¢ d100éo1umwv petpnoewy tov toyaiov koufov otov

PEYOVTO KOKLO
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u 20vapTnon 0pEAODS TOD TVYAIOD KOUPO

X Xpovog oroxAnpwaons uétpnons amo arolntipo koufov- teyvikn
TOPOUETPOG
[ THopouetpog pue S100TA0EIS YpOVOD TOD YPNOYOTOLOVUEVOD

HOVTEAOD TEPLYPAPHS THG YPOVIKNG GOCYETIONS TWV UETPHOEDV

Mivakac 4.2: Zuvoyn xpnotuomotoUUevVwY ocuuBoAwv. ToVI{eTol OTL OAEC OL YPOVIKEG UETABANTEG QTOTIUWVTAL WG

aképata TOAAQMAAoLA TNG OTOLXELWSOUC XPOVOTXLOUNG TOU SIKTUOU, TTOU EKPPALEL TN Uovada TOU XpOvou

4.4 Tlopovcioon Tov aiyopiBpov ovvadOporong kov EKTORTNG
RETPICEOV

Ac vrrotebel 011 ™ Ypovikn otypn| T, ekkivel vEog KOKAOG Agttovpyiog yia Tov KOpPo

Sp.

Brjpa 1: H petapint) t,, mov ek@palel T GYETIKY] XPOVIKY] CTIYUY| KOTE TN
ddpketa evog KukAov, undeviletat. Emiong, o kopPog s, dev dwbéter pétpnon
TPog anocToAn, ondte K=0. O kopupog s, avapével yia ypovikod dtdotnua At.
Moiig Aet to xpovikd avtd OoTNUA, LVITEPYOLY dVO EVOEYOUEVA: EiTE O
KOupog s, Ba dwbéter pérpnomn (amd 10 dkd TOL CCHNTAPA N AMO KATOLO
KOUPo-moudi Tov) eite OyL.
I.  Av dgv vmapyel pétpnomn, onradn av k=0, o tpéywv kvdKAOG
OAOKAT pOVETOL Ko emavoarapfavetal to Ppa 1. Ag onuetmbei
OTL 6TV TEPITTO®ON VTN T LEYEDN TOL a&L0A0YOVV TNV Emidoon
TOV O1KTVLOV, dNAGON TO EVEPYELOKO OPELOC Kal 1) KaBvoTépnon
dev opilovrar.
ii.  Avvundpyet TOLVAGYIoTOV o LéETpnon, akoAovdel To fua 2.

Brua 2: Apyikd, evnuepoveton  petofAnti K, dote va ivat ion pe to mhn0og
TOV LETPNOE®V TOL O10£TEL 0 KOUPOG S, XT1) CVVEYELD, GLYKPIVETOL TO TANO0C
Tov petpnoemv K mov givorl dabéotpeg yio petddoon mpog tov KopPfo-matépa
0V pe 10 pEY1oto mAnbog petpioemv K+1 mov givar duvatov va petadofodv
amd omolodnTote KOUPo.

1. Av k=K+1 mepartépm avapovn dev £xel vomua, ondte o kOUPog s,
ovvab poilet Tig peTpNoElg TOL SLaBETEL KOl TIC OmOGTEALEL GTOV KOUPO-
nmotépa tov. O Tpéymv KOKA0g ohokAnpmvetal. To gvepyelakd kEPOOG
OV TTPOEKVYE aTd TOV TPEYOVTO KOKAO glva :

g(K+1)=K * E, (4.12)

2. Av k<K+1, vrapyetr meptddpio va Anedovv tpdcbeteg petprioeig, ondte
0 KOUPOG S, £xEL SUVNTIKO EVEPYELOKO OQELOG EPOGOV aVaLEIVEL TN
OUVEYEWD, EAEYYETOL OV VWAPYXEL TO OVAYKOIO YPOVIKO TeEPOmPLO
avapLoVIg ToL KOUPOL S,. Zuykekpuéva, av o KOUPog s, amopocicet
va avapeivel, mpénel vao ovopeivel ent ypovikd ddotmuo iGo pe
At (k, t,), omov K 10 Tpéyov TAB0C TV SOLCIH®Y TPOG ATOGTOAN
LETPNOEMV KO t, 1 OYETIKN YPOVIKN OTIYUN KOTA TN O10PKED TOV
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tpéxovtoc KOkAov. Emopuévmg, o kopPog s, mpémel va egetdost av 1
HEYIOTN  OLIPKEIL €VOG KUKAOV TOV EMITPEMEL VO OVOUELVEL,
OLYKPIVOVTOG oV 1 YPOVIKN OTIYU| TNG omdeaong t, TPocavEnuévn
Kotd to ypovikd didotnuo At (k, t,;,) eivor pikpdtepn 1 ion g péytotng
YPOVIKNG d1dpKelag KABE KOKAOV, T,. ANA0dN:

t, + At(k, t,) < 1, (4.13)

I.  Avioybein (4.13),
0 KOUPog s, 0100€Tel Kot TO XPOVIKO TEPOMPLO VO OVaLETVEL
TPOocdoK®VTAG Vo, AdPel Tpdobeteg petpnoels. o va Angbet
VILOYN KO 1] TOLOTNTA VAN PECTAG TOL EXEL TPOSLOYPAPEL Y10 TN
ovykekpévn WSN epappoyn, n teMKn amdQoact og TPog T0
Tl Bo amoacioel o kKOUPoc s, amoterel meipapa THYNG TOL
exteleiton oG e€Ng:

a. Me mBavomnto (1-p) o kéuPog cuvvabpoilel kot
amootélAel Tig K upetpnosic mov €yet AaPet
xpovikn otiyun t,. O tpéyaov KdKrog Asttovpyiog
OAOKANPMVETOL, LLE EVEPYELOKO OPELOG 15O TPOG

g() = (k= 1) * E, (4.14)
21 ovvéyeln 0 ahyopBpog emoTpéPetl oto Pripa 1.

b. Me mBavora p o kéuPog amopacilel vo avapeivel
Kot to ypovikd Sidotnuo At(k,t,), omdte o
TPy v KOKAOG cuveyiletan Kot HETA TNV TAPOSO TOV
YPOVIKOV O10GTHIOTOS OVTOV KOl O oAyopiBpog
EMOTPEPEL GTO Pripa 2.

ii. Av devioyveln (4.13),
0 KOUPOG S, dev £xEL TO XPOVIKO TEPODPLO VO OVOUEIVEL Yo
ypovikd  ddotnuo  At(k,t,), ondte omogacilel  va
ouvalpoicel Kot amooTeIlel OAEG TIC LETPNOELS TOL EXEL AAPEL.
O tpéymv KOKAOG OAOKANPOVETOL KOl O OAYOPOpOG
emotpépel 610 Prua 1. To evepyelaxd 6@elog Tov KHKAOL
divetar amod ) oxéon (4.14).

Ao To mponyovueva yivetal @avepd OTL 0 TPOTOG Agttovpyiog kdOe kKOpPov ToL
dwktHov €EAcPOAIlEl GUVOAMKG GTO OIKTLO OVEKTY TOLOTNTO VANPEGIOG, ONAodN
TOLOTNTO VANPEGLAG TOV VIEPPAIVEL TO KATMOPALO TOV BETOVV Ol TPOSLOYPOUPES, Y OPIG,
oume, va gtvon n péytotn dvvarr. H puBuion mg embountig moldtnrog vanpeciog
emruyyavetat puOuiovrog avaloyo TV TN TS TAPAUETPOL TOLHTNTOS VINPESIAGC, P,
oto evpog Twdv [0,1].

Otov n mTapapeTpog TotdTNTag LINPEGLS,P, elvar pikpdtepn and V2, avapévetor OtL, TG
EPLOCOTEPES POPES, 0 KOUPOS S, amopacilel va cuvabpoicet kot vo amocTeilel OGS
petpnoelg eixe AaPet péypt ™ xpovikn otyun t,, Kot vo unv avopeivel tpdobetn
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péTpnom mpog cuvabpotlon pe Tig oM dbécipeg Kot 0mosToAn TG oLVOPOIGUEVIG
TIUNG HE KOBLoTEPNON. AVTO £XEL MG AMOTEAEGIA VO LELOVETOL 1] KOOVGTEPT oM LUE TNV
omoio. Odvovy ot peTpNoelg 6tov KOUPo-cLAAEKTN. Bedtidvetor dnAadn n modtnta
vanpeciog tov dktHov oe Papog, Opme, TG Odpkelag {oNG TOv OIKTVOV, APOV
TPOLYLOTOTOLOVVTOL TEPLGGOTEPEG AMOCTOAEG TAKETMV GE EMIMESO OIKTVLOL. AvtifeTal
amoteléopato Bo vwapEovv av M TAPAPETPOS moldTNTaG vAnpeciag, P, eivon
peyaAvtepn amod s . Xy mepintwon avti, n kabvstépnon pe v omoia Ha eOdvovv
ol HeTPNoElg 6Tov KOUPo-cLAAEKTN B avénbel, pe Tavtdxpovn adENCN TG O1EPKELNG
Comg tov dwrtHov, aeod Ba TPAYLOTOTOLOVVIOL GULVOMKA ALYOTEPES OMOGTOAES
TOKETOV OE EMIMEDO SIKTVOV.

A&iler va onuelmbel 011 M TapAUETPOc ToldtnTOG VANPEsiog kabopiletal and TO
Sl EPLOTH TOV HIKTVLOL KO KOWVOTTOLEITOL GE OAO TO O1KTLO KATA TN d1dpKELD TG PACTG
OVTO-0VOLYVAOPLOTG.

2T GLVEXELN, TOPOVLOLALETOL VIO HOPPN Oloy PAUUOTOS PONG, O TPOTEWVOUEVOS
aAyop1Opog cuvEdpoIoNG KOl EKTOUTTG.
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( ‘Evapén ayopiBuou >

I

| T»=0; unSevIonos amdAUTOU XPOVoU |

I-‘.
v
‘Evapén véou yOpou
t, = 0;k=0;
YroAoylopdg At,
waiting_time= At,

}

KYPIO ZQMA BPOXOY

» |«
—+~

AUENON TOU CXETIKOU XPOVOU KATA
Hia Xpoviki povada: t, =t, + 1;

mod(T,. T,ep) = 0

OXl

EvtoAr otov yia véa
UETpnon oTov alstnthpa

<4
4

A 4

AUEnon Tou oyeTikol Xpdvou Katd
pia xpovikn povada: T, = T, + 1;

OXl

t, < waiting_time

va AndBel anddaaon.

To Sidotnua avapovig oAoKANpWBNKe Kal TPEMEL

Evnuépwaon tou mMARBoug AndBEvTwy peTpricewy , k

OXI

'HpBe véo
TAKETO?

NAI

AmoBrkeuon wpag
adLing véou TakéTou

NAI Yrnoyxpewtikry ohokAnpwaon
»| YUpou. Aev opiZetal ddpehag
KoL KaOuoTEPNan MAKETOU

NAI OAokAnpwon ylUpou,

KaBwe An

OXI

HETPROELS ot OAoUG.

dOnKav

TAKETO

YToAOYLOUOC EVEPYELOKOU
odpéhoug kat kaBuoTépnon
Adyw ToU KOUBOU avd

‘ExeL vonua n avauovn.
Ynohoyiopog At (k, t,,)

—P‘ i
- OXI

v

Me mubavotnta p o koupBog anodaoilel Tt Ba kAveL Autod
vlomoleital eméyovtag Tuyaia évav aplBuo oto Sldotnpa
(0,1), éoTw coin, KaL cUyKpivovTag Tov pe To p: coin=rand(0,1)

Zuvéxela yupou. Eniong
waiting_time = t, + At(k, t,)

OhokARpwon yopou Adyw XpovikoU MEPLOPLOUOD.
YrioAoyLopog evepyelakol ohENOUG Kat
kaBuotépnon Adyw Tou KOPBOoU avd TIAKETO.

OhokAnpwaon yopou.
YnohoyLopog evepyelakol
odEAoug kat kaBuotépnon Adyw
TOU KOMPOU avd TOKETO.

Jxnua 4.2: Aiaypauua porg mpotelvousvou aiyoptduou cuvadpolong kat uetadoong dedoucvwv ae WSN




4.5 A& roroynon Tov potetvopuevov aryopidpov

Ta pétpa (metrics) mov Oa ypnoorombovv yia v a&lordynomn g enidoons Tov
TpoTEWVOUEVOL aAyopiBuov elvar 6vo. To mpdto €lvar to evepyelokOd OQEAOS TOL
emruyyavetal yo. to Oiktvo. To dedtepo eivar m péon kabvotépnon v omoia
veioTavTol To HETPNTIKE dedopéva TPOKEWEVOD v POAcOVY amd Tovg alcOnTipeg
OOV TaPAYOVTaL GTOV KOUPO-GLALEKTN).

O vmohoylopds ToV evePYELOKOD OQEAOVLS YiveTow avd KUKAO Agltovpyiog Ko avd
KOUPo. XVVEMMC, Y VO TPOKVYEL GUVOAIKN €KOVO ®G mpog to HEYEBOS TOL
EVEPYELNKOV OQEAOVG, TPETEL VO BPOICTEL TO EVEPYELOKO KEPDOG TOL TPOKVITEL OVA
KUKAO Agttovpyiag ovd kKOUPO Kot, GTI) CUVEXEWL VO 0BpPOIoTOVV T EMUEPOLG
aroteAéopata and OAOVG TOLG KOUPBOVG TOL HIKTVOV.

Oocov apopd tov vroroyiopd g péons Kabvaotépnong, avtog Uropet va yivel katd 0o
TpOToVG. O TPAOTOC TPOTOG TPAYLLATOTOLEITOL G EMIMESO KOUPOL. TvyKeKPLUEVa, KAOE
KOuPog yvopilet ™ yxpovikn otiypn] katd v omoio Kdmowo pétpnom kobictaton
dbéoun og avtov. Eniong, yvopilel mn xpovikn otryun katd tnv onoia kabe pétpnon
ouvabpolopuévn o€ TakéTo mpowbeitor Tpog Tov kKopPo-tatépa Tov. Kat’ avtdv tov
TpOMOo, KaOe KOUPoc pmopel va vrohoyicel TV KaBvotéPNon TOL TPoKdAese 0 110G o€
kéBe pérpnom. Emiong, kdéBe wo6uPog pmopel va vmoroyicer 10 pEGO Opo T®V
KofvoTEPNOEMY, Kal, OTN GLVEXELN, VO TPOcdlopicel ™ péon kabvotépnorn avd
HETPNGOT TOL TPOKAAEL.

Opnwg, xupiog evolapépet 1 GLVolikn kabvatépnon mov veiotatol kdbe pétpnon onod
™ oty mov Ba mpaypoatomombel omd kdmolo awsOntpa péyxpt va Bdcosl otov
KOpUPo-cvALEKT. Avth givor ion pe To ABpolGHa TV KABVLGTEPNGEWDY TOV VPIGTUTAL M)
pétpnon o€ kébe kopPo péxpt va pBAcEL 6TOV TPOOPIGUS TNG.

"Evog tpomog extipnong tng HEY1otng cuvolMkg kabvotépnong etvar o e€ng. Xe kabe
TOKETO, EKTOG amd TNV 1O10 TN HETPNOT), EVOOUATMOVETAL KO Y povosepayida mov Oa
OMADVEL TNV OTOAVLTN YPOVIKN OTIYUN TpoypotTonoinong g pétpnong. Emiong, oe
nepintoon ovvdbpolong g UETPNONG UE GAAEC, GTO TEdI0 TNG YPOVOSPPAYIdNG
glodyetan M wohondtepn YPOVIKN T omd Tig peTpnoelg mov cuvadpoilovtar. ‘Etot,
otov KAmola oTiypn 6tov KOUPo-cuAAEKT POAcEL TOKETO TOL TTEPIEXEL KO LETPTION
amd KOUPoLg-eUALL TOL O1IKTVOV, 0 KOUPOG-GLAAEKTNG eivarl o€ BEom va cuyKkpivel TV
TPEXOVGO ATOAVTI XPOVIKT) GTUYUN LE TNV TIUT TNG YPOVOSPpayidag mov Ba mepiéyeton
010 okETo. H d10popd Tmv 300 aut®dV XPOVIK®V CTIYU®V OTOTEAEL pia EKTIUNON NG
HEYIOTNG GLVOMKNG KOOLOTEPNONG TOL O1KTVOV. AVTO 1oYvel, PéPoata, vId ™V
wpodmoheon OtL ot kOpPot Tov diktHov givarl cuyypovicpévol. O cUYYPOVIGHOS TMV
KOUP®V amatteitol yio va VITEpyEL KON YPOvVIKY ava@opd OGOV apopd Tig XPOVIKES
OTLYUEG O1EE0Y YN TOV LETPNOEMV, EVGD OV amarteitan va eival avotnpog. Kabwmg ot
KOpupot-aucsOnTpeg evoc WSN diktdov avamtuceovtol, 6T cuvnOiopévn mepintmon,
mePimov TV 1310 ¥ POVIKN GTLY Y], EKKIVOUV GYEOOV TaNTOHYpOVA TN AELITOLPYiO TOVG, KOl
EMOUEVMG, 1) EVVOLXL TNG KOWNG XPOVIKNG ava@opds LETAED TV KOUP®V veiotatol. Xe
TEPITTOOT LETAYEVESTEPTG TPOSHNKNG VEWV KOUPwV 6T0 dikTLO, VvTol GUYYPovilovTat
HE TOV KOUPO-CLALEKTN KOTA TN QACT) ALTO-0VAYVAOPLGTG TOV SIKTVOV.
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KE®AAAIO S5 - IIPOXOMOIQXH TOY XXHMATOX
AEITOYPI'TAX AIKTYOY

5.1 Twéc AETOVPYIKOV TAPUPETPOV TPOCGOUOLOCTS

Mo mv mepapatikn emiPePainon g opbng AelTovpyiag TOV TPOTEWVOUEVOL GYLLOTOS
ovvadpotong ko mpodOnong dedopévov oe WSN diktva, yivetonw mpocopoimon tov
OYNALOTOG AVTOV YPNOILOTOLOVTOG TO VITOAOYLoTIKO Takéto Matlab.

H npocopoiwon yiverar og éva WSN diktvo mov mepihopfavet S0 koppoug, ot onoiot
KOTOVELLOVTOL GTO Y OPpO Katd Tuyaio tpdmo. H mpocopoimon g Aettovpyiog tov WSN
OIKTOHOVL EKKIVEL HETA TN QACT OLTO-OVAYVOPICNS TOL JIKTOHOV, ONANOYT 0pov £xel
oynpatiotel 10 d€vOpo cuvadpotong Kot Tpoddnong dedopévav. QotdG0, OTMS EXEL
avapepbel ko 610 Kep.4 1 torobétnon tov képpov yiveton katd tuyaio tpdmo. ['a to
AOYO O0TO, TPAYLATOTOLOVVTOL TPOGOUOLMGELS TTOL KABe @opd Oegdyoviar o€
SapopeTikd 0évopo cuvdbpolong, to omoio Kot oynuatiletor Katd ™ dtdpkeln Kabe
Tpocopoiwong Katd tuyaio Tpomo. [ldvrote, Opme, ot pila Tov dEVOPOL Guvadpolong
Bpioketatl 0 KOUPOS-GLAAEKTNC.

Ot TIEG TOV AELITOVPYIK®V TAPAUETPOV TOV SIKTVOV TOV YPTCIUOTOONKOV Y10l TIG
TPOCOUOLDCELS avapépovton otov [Tiv. 5.1.

Hivaxog 5.1: Tiués rapouétpwyv npocouoinecns

Tinax = 600 Méyiarog ovvolikog ypovog amoxpiong tov WSN
Trep = Tmax/5 Xpovog uetold mpayuotomoinons o1odoyIKmV UETPHOEWY OTTO
KATo10 KOUPo
x =10 Xpovog oroxAnpwaons uétpnons amo arolntipo koufov- teyvikn
TOPOUETPOG
o = 0.1 * Ty Hopouetpog pue 100T40€IS YpOVOD TOV XPHTIULOTOIODUEVOD
HOVTELOD TEPIYPAPHS THS YPOVIKNS GOCYETIONS TV UETPHOEDV
mean _delay = 30 Méoog tiun Tov ypovov Tov aTaUTEITOL Y10, TUYOLO TOKETO, (OOTE
vo. etafel amo Evay koufo-o1olntipo mpog tov Koufo tov
ETOUEVOD EMTEIOD TTO OEVOPO TOVAOPOITNS
Tsimutation = 12 * Tax OAikog ypovog mpooouoiwons

Mivakac 5.1: Tiuég mapauetpwy npooouoiwanc. Toviletal OTL OAEG 0L XPOVIKEG UETABANTEC ATTOTIUWVTAL WG
aképata ToAAQMAGOL TNG OTOLYELWSOUG XPOVOOXLOUNG TOU SIKTUOU, TTOU EKPPALEL TN UOVASA TOU YpOVoU

H mpocopoiwon yia kabe toroloyio diktvov, dnAadn Yo KAOe 0EvOpo S pooddynong
Tpaypotonoleitonr ToAAEG QopEéS. Avtd mov Olpopormoleitol oe KABe mpocopoimon
010G TomoAoyiag SkTOHOV &lval M TN TNG TOPAUETPOV TOLOTNTOC VLANPEGING, P.
Yvykekpyéva, n T p Aappaver tig tipég 0, 0.25, 0.5, 0.75 ko 1. H iy p = 0
OVTIOTOLYEL OTNV TEPIMTOON TOL GTO OIKTLO JEV TPAYHOTOTOEITOIL GLVAOpPOIoT
dedopévav, evo n tiun p=1 avtictoyel oty mepintmon dmov ot koépuPor e£aviAovy 1o
SLB€CIO XPOVIKO S1AGTNIO TOV EYOVV Y10l VO VOOV TUYOVGOS AMYNG TPOcHETOV
petpnoemv. Eniong, ya tig anootdoelg tov kOpPov £xel vrotedel 0t yapaktnpilovio
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amd peTofANTOTNTA. ZVYKEKPIUEVA, O ¥POVOS Yo va PBdcel £va TakéTo and KAmolo
KOuPo otov avtictolyo KOUPo-TATEPO TOL YOPAKTNPILETOL OO O VIETEPUIVIOTIKNY
ocuwviotdoo (Mmean_delay) koi po toyaio cuviotdca 1 omoion AauPdver vmdyn
EVOEYOUEVO PUOIKA EUTOSIO LETAED TV KOUPOV M KOl TOAVES EMOVEKTOUTES AOY®
COOALATOV.

5.2 AToTELECPOTO TPOGONOIMOIG Y10, OLUPOPETIKA ETITESN TOLOTITOG
vanpeciog

Onwg €xer avagepbel ko oto Kep.4, to pétpa emidoong tov OKTvoL €lval TO
evepyelako 6gerog kat 1 kavotépnon andKploNg TOV HIKTVOV.

Qg KpLTNP1o Y10 TNV TUKVOTNTA KOUP OV TOL dIKTHOL ¥PNCLULOTOMONKE 1| LEGT TIUT TNG
AmOCTACTG OV AMEYOLV Ol KOUPot-asOntpeg amd Tov KOUPO-GLALEKTY, HETPTLEVT
oe mAf0og Prnudtov (hops). Qg PrAua opiletor N andeTAc 0TOLOVINTOTE KOUPOL-
awoOnmpa and tov kKOpPo-acOntpa 610 apéocmg LYNAGTEPO EMIMESO TOV dEVOPOL
ovvabpotong. Emopévmg, 0tav n péon i omdotaong amd Tov KOUPBo-GUALEKTN G Eva
diktvo AapPdvel peydAn aplOuntikn T, 1o 4ikTvo aTO Yo poKkTNPileTor ¢ apalod.
Avtifeta, O0tov n péon TN amdotacng amd Tov KOUPO-CLAAEKTN o€ €va diKTvO
Aoppaver pikpn opOunTikn T, Tte To 61KTLO ATO YapaKTNPILETOL WS TVKVO.

To peyédn mov mpocdopicTnKay KATd TNV TPOGOUoimorn kabe diktdov elvar To
OUVOMKO EVEPYELNKO OPEAOG TOV KO 1] LEGT HEYIOTY KOOLGTEPNGN TOL VPIGTOTOL Lo
pétpnon. o ™ pérpnon tov cvvolkov gvepyslokod o@élovg, abpoilovior To
EVEPYEWNKA OQEAT OA®V TV KOUPOV TOL OKTOHOVL, UETA TNV OAOKANP®GY TNG
npocopoiowone. o ™ pétpnon g péong péyiomg kabvotépnong axoiovdeitan n
e€ng ddkacia. Otav kdamolo pHETpnomn mpoépyeton amd KAmolo KOUPo-@OAAO TOV
d€vdpov dpopordynong mov améyel 10 péyloto apud Pnudtov and tov kopupo-
GLALEKT, ALTO CNUEUDVETOL GE GYETIKO TES10 TOV TAKETOL TOL OmOGTEAAETAL, Lol pLE
TNV OVTIOTOLYN AIOAVTY] YPOVIKT CTLYU| KOTA TNV OTTOil0 TPOyLOTOTOINONKE 1 pETpnon
. H évoeidn avtn swtmpeiton ko petd and evdeyoueveg cuvadpoicelg mov yivovral.
Moiig pBdcel oTov KOUPO-CLAAEKTN TOKETO TTOL TEPLEXEL LETPNOT OO KOUPO oL
améyel HEYoto opoud Prnudtmv, vroloyileton 1 SPOPE TG TPEYOVGAG YPOVIKNG
OTIYUNG amd TN YPOVIKN oTiypun Omov mpaypatonombnke n pérpnorn. H dwpopd
amoteAdel TN pHé€yLoTn Kabvotépnon tov diktvov. ['a Adyovg otatiotikng opfotntag, 6To
TEAOG TNG TPOCOUOIMONG LITOAOYILeTon 1 péEoN TIUN OO TIG HEYIOTEG KAOVOTEPNOELG
OV GNUEIDONKAY KATA TN SAPKELL TNG.

5.2.1 Evepyelwoxo 6@ehog

Ot amOAVTEG TIEG TOV EVEPYELOKOD OPEALOVG TTOV TPOKVTTTOVY OO TIG TPOGOLOIMGELS
dev mpocspépovTal Yo eEay®yn GLUTEPACUAT®Y. AVTIOETA, TO gvepyelako OpeAog Oa
OmOTIUNOEL OYETIKA LLE TNV TEPIMTOOT OTOV OEV TPUYLATOTOLEITAL GLVADPOLON, OTTOTE
ot kopPot dev avapévouy va Adovv Tig petpnoelg GAlov kéupov. H tepintwon avt
TPOKVATEL OTOV 1) TN P Aopfdver v Tyun 0.

To péyebog mov ypmowomoteitor givar N mocootTioio UETAPOAT] TOL EVEPYELOKOD
0PEALOVG. ZVYKEKPIULEVA, LITOAOYILETON 1) TOGOTNTA
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Evepysiaxd d@peloc us ovvalpoio
Py — Peros - ,p mo_ 1]*100% (5.1)
Evepyeiakd 6pelog ywpls auvabpoion

To gvepyelakd 6Qehog TOV TPOKVTTEL, VTOAOYILETOL Y10 S1APOPES TILES TNG TOPAUETPOV
p.

210 duaypappo Tov Xy.5.1 eaiveton 1 rocootioio LETABOAN TOV EVEPYELNKOD 0PEAOVG
Y10 SIKTLO SLUPOPETIKMV OGTAGEWV avE ypovikd ddotnua T_Mmax.

Aldypappa eVEPYEIOKOU OPEAOUG
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Méon Tipn BnuaTtwy améoTacng até Tov KOUBOo-OUAAEKTN

Awaypauua 5.1: Mooootiaio petaBoAr Tou EVEPYELKOU 0QEAOUG YL SLAPOPES TIUEC TNG TTAPAUETPOU P

5.2.2 KaOBvotépnon amoxkpiong

Ot amdhvteg TWéG ™G péomg HEYIOTNG KOBLOTEPNONG MOV TPOKVATOVV Ond TIG
TPOCOUOLDCELS OEV TPOCOEPOVTIOL Yo, e&aymyr] ocvumepacpdtov. Avtifeta, n
kaBvotépnon Bo amotiunOel oyetikd pe v mepinTOon OOV OV TPUYLATOTOLEITON
ouvaBpoton, omdte ot kOpPot dev avapévouy va AdBovv Tig LETPAGELS AAA®Y KOUP®V.
H mepintoon avt npokvntel dtav n tiun P Aapfdver tnv tyun 0.

To péyebog mov ypnoyomoleitan eivor 1 wocootiaior HeTafoAn g pEong UEYIOTNG
KaBLGTEPNOTG. ZuYKEKPUEVE, LITOAOYIleTan 1) TOCOTN T
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Méon Meyiwotn KaBvatépnon ue cvvabpolo
: 77,)/ 7 ,P7777ﬂ, ,P Ui — 1)« 100% (5.2)
Méon Meyiotn KaBvotepnon ywpis ovvabpoian

H péon péyiom kabvotépnon mov mpokvntet, vroloyiletor yio S1UPOpPeg TIHEG TG
TOPOAUETPOD P.

210 Owdypappo tov Xy.5.2 @oivetor M mocootiaic PETAPOAN NG HEONG UEYIOTNG
kaBvotépnong og mpog T_Max yio dikTuo SLPOPETIKMV OGTAGEMV.

Aiaypappa kaBuoTépnong
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Méon Tipn BnuaTtwy améoTacng até Tov KOUBOo-OUAAEKTN

Awaypappa 5.2: Mooootiaio uETaBoAN TNG UEONS UEYLOTNG KTUTTEPNONG YLt SLAPOPEC TIUES TS TTUPAUETPOU P

5.2.3 Zopunepaopota Tpocoproimoens Kol 6 0MAoHOS 0TOTELEGUATOV

H mwpocopoimon emPefordvel 1o Oe@pnTik®G OVOUEVOUEVE  OTOTEAEGLLOTOL.
SVYKEKPLUEVA, dATNPOVTOG GTADEPT TNV TOTOAOYIO TOL SIKTOOL Kol HETOPAANOVTAC
HOVO TNV TN TNG TAPAUETPOL P, Tapatnpeitan 0Tt Kabmg AapBdvel peyalvtepeg TYES,
névtote evidg tov dtactratog [0,1], To cuvolkd evepyelakd OPEAOG TOV SIKTHOL
av&dvetat, 610TL ot kOpPol avapévouy Katd HEGo Opo meEPLEGATEPES POPEG Va Adfovv
Kol VEo HETPNON MOTE va T cuvafpoicovy UE TG LITAPYOLGES KOl VO 0o VyouV
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OTOGTOAEG TAKETMV. Q6TOGO, 0 PLOULAG LE TOV OTTO10 YIVETAL 1] ADENCT) TOV EVEPYELOKOD
0QELOVG peEldvVETOL KAOMG av&dveTol 1 TUKVOTNTO TOL OIKTVOV. AVTO givan emiong
aVOPEVOUEVO, 0QOV KaOmG TO OiKkTLO HEYOADVEL o€ dlooTACELS, KAOE KOUPOC-
aoOnTpog oL dev améyel To pEYLoTo TANBog Pnudtev and Tov KOpPo actntipa Ho
éxel Hkpdtepo mANBOC TodIdV Kol, KOTO OUVEREWN, MKPOTEPEG SLVATOTNTEG
ouvaBpotong dedopévav. Tavtoypova, og dikTvo LEYOAVTEP®OV d106TAGE®MY, 01 KOUPOL
Exouv LKpOTEPO O10EGIUO YPOVIKO SAoTNUA OVAIOVIS. AVTO onpaivel 0T, and Eva
onueio Ko petd, n avénon g TapaptéTpov P dev LETAPAALEL OVCLOGTIKA TO GUVOAIKO
EVEPYEWOKO KEPOOG TOL OKTVOV, 00Tt ot KOUPor avaykalovtol vo omocTEAAOLV
GUVTOUO TIG LETPNOELS TOVGS, Y AVOVTAG T SLVATOTNTA VO TIG GUVAOPOIGOVY e AAAEG.

Avtioctoya, 660V a@opd TN HESN HEYIOTN YPOVIKT] KOBLGTEPNON OMOKPIGNG SIKTVOV
TpoKOTTEL OTL, KOOMG M TAPAUETPOS P AapPavel peyorldtepeg TG TavToTe EVIOS TOV
dwotuatog [0,1], n péon péyiom xabvotépnon avéaverar, 616t kabe KOUPog
OVOPEVEL KOTA LEGO OPO TEPLGGOTEPES POPES VO AAPEL Kat emodpevn pétpnon. Qotdco,
TPETEL VO TOVIOTEL OTL, [LE TOV TPOTO OV £ivoil SOUNUEVOS O TPOTEIVOUEVOS OAYOPIOLLOG
Aertovpyiag, n p€yotn kaBvoTEPN O OTOLAGONTOTE HETPNONG TOTE OV VITEPPaiveL TV
avtiotoyn mpodiaypa®y], Tmax- Emiong, mpémer va onpeiwbel O6tt o diktva
HEYOADTEPOV Ol0OTACE®Y, 1 ovénon g TWne P avédver T péomn UEYIoT
kaBvotépnon, yopic avaroyn avénon oto evepyelokd 6@erog. Avtd cupPaivetl yloti ot
KOUPOL, OKOUO KOl 0V AOPAGIGOVY VA OVOUEIVOLV Y10 KATO10 X POVIKO S1AG TN, 0VTO
dev emapkel Yo vo AdBovy TpocOetn LETPNON, Kol TEAMKA avayKaloviol AOY® XpOoviKoD
TEPLOPLIGLOV VO, TEPLATIGOVV TOV TPEXOVTO KOKAO AELTOVPYiOG TOVG.

5.3 ATTOTEAEGHOTA TPOGONOLMGS YL OLUPOPETIKES VAN PECIES

Kabn¢ to mpotevopevo oynuo cuvadpoiong Kot EKToUTg LeTpoemv e&aptdtal amo
10 €100¢ TG ELINPETOVUEVNC EPAPLOYNG, YIVOVTOL TPOGOLOLDCELS KOIL Y10l OLOUPOPETIKAL
elon epappoy®v mpokeévoL va e€etaotel N 0mOO0GN TOV TPOTEWVOUEVOL GYNILOTOS
oLVadpoloNg Kol EKTOUTNG OEOOUEVMV. ZVUYKEKPIUEVA, TO €100G TG EELTNPETOVUEVIC
EQOPLOYNG VIEIGEPYETOL GTO TPOTEWVOUEVO GYNUA LEC® TNG TOPAUETPOV T, 1| OTOLN
exepalel kol tn ypoviky ovoyétion petald dwdoyikmv petpnoewv. Oco n un oy
HEYOAMDVEL, OVTO GULVETAYETOL OVVATOTNTA YlOL HEYOADTEPO YPOVIKG OLOCTNHLOTO
OVOLLLOVTG, EVTOG TTAVTO, TOV LEYIGTOV EMTPETTOV 0PIV, Ty, Y10 KAOE KOKAO AgtTovpyiag.
2y mopodoa Tpocopoincn, T a; Aappaver Tig Tég: 0.05 * Ty 5 0.1 % Ty
Kot 0.15 * Ty

Ol  TPOGOUOIMGEIS  TPOAYLOTOTOOVVTOL  OlTNPOVTAG OTaOEPEC  TAPOUETPOLS
Aettovpyiag, OTMG avTég paivovtal atov [1iv.5.1. o€ dikTv o LE SUPOPETIKES TVKVOTNTES
KOpPov. Avtd mov petafdiietor KABe opd etvar 1 T TS TOPAUETPOL OF, EVD OL
TPOCOUOLDCELS TpaypatomonOnkay yio p=0.5

5.3.1 Evepyeloko 6gperog

Onmg Kot TponyoLHEV®S, 01 ATOAVTES TILEG TOL EVEPYELOKOD OQEAOVE TOV TPOKVITTOVV
Ao TIG TPOGOUOLMGELS OEV TPOCPEPOVTAL Yo EEAY YN cLUTEPacLatwy. Avtifeta, To
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evepyelokd Operoc Oa  amotyunBel oyxetkd pe v mepimtwon Omov OV
TpaypoTonoleital cuvabpolorn, omdte ot KOuPor dev avapévouvy vo AGBouvv TIiC
LETPNGELS AAL®V KOUP®V.

To péyebBog mov ypnoyomoleiton eivar 1 mocootoio HETABOAT] TOV EVEPYELONKOD
0PEALOVG. ZVYKEKPILEVA, LITOAOYILETOL 1) TOCOTNTO

Evepyeiakd 6pelog ue auvabpoion
Evepyelaxd dpelog ywpis avvdBpotion

- 1) * 100% (5.1)

To gvepyelokd 0peAog ToV TPOKVTTEL, LTOAOYiILeTan yia Ty P=0.5 Ko S18popeg TIUES
™G TOPAUETPOV O7.

210 duaypappo Tov Xy.5.3 @aivetol n mocootiaio LETAPOAN TOV EVEPYELONKOD OPEAOVG
Y10 SIKTLO SLUPOPETIKMV OGTAGEMV VA Y PoVIKO dtdctnpe T_Mmax.

Aldypappa EVEPYEIOKOU OQEAOUG
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N

T
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Méon Tipn BnuaTtwy améoTacng até Tov KOUBo-OUAAEKTN

Awaypaupa 5.3: Mooootiaio uetaBoArn tou eVepyeLakoU 0PEAOUG YL SLAPOPES TIUES TNG TTAPAUETPOU T

5.3.2 KaOvotépnon améxkpiong

AvtioToro IEe TPONYOLUEVMG, Ol OMOALTEG TIUEG TNG HEONG HEYIOTNG KaBVoTEPNOMG
TOV TPOKVTTOUV amd TIG TPOGOUOIMGES OV  TPOCOEPOVTOL Y.  eEAY®YN
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ocvunepacpdtov. Avtifeta, n kabvotépnon Oa arotunbei oxetikd pe TV mepintwon
OOV OV TPAYUATOTOLEITAL GLVADPOLGT, OTOTE Ol KOUPOL OEV avapéEVOLY Vo AGBovV Tig
LETPNGELS AAL®V KOUP®V.

To péyebog mov ypnoyomoleitan eivor 1 mwocootiaior HeTafoAn TG HEoNg UEYIOTNG
kafvuotépnong. Zuykekpipéva, vroroyileTon | TosdTTOL

Méon Méyiotn KaBvatépnon ue ovvabpolo
: 77,)/ 7 ,P7777l1, ,,0 Ui — 1)« 100% (5.2)
Méon Meyiotn KaBvotépnan ywpis ovvabpoion

H péon péyiom kabvotépnon mov mpokvmtel, vroloyileton yio Ty p=0.5 ot
OLAPOPEG TIEG TNG TOPAUETPOV Ty

210 Odypappo tov Xy.5.4 @oivetor M mocooTiaio HETABOAN TNG UEONG WEYIOTNG
kafvotépnong g mpog T_Max yio dikTuo SPOPETIKMV OGTAGEMV.

Aiaypappa kaBuoTépnong
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Méon Tipn BnuaTtwy améoTacng até Tov KOUBo-OUAAEKTN

Awaypappa 5.4 Mooootiaio uetaBoAn tng HEONS UEYLOTNG KATUOTEPNONG YL SLAPOPEG TIUEG TNG TTOPAUETPOU T

5.3.3 Zopunepdopato TPOcOUOiMONS KUl 6YOMAGIOS OTOTEAEGUATOV

H mwpocopoimon emPefordvel 1o OempnTik®G OVOUEVOUEVE  OMOTEAEGLLOTOL.
Yuykekpiuéva, STnpovTag otadepn TNV TOTOAOYi0 TOL SIKTOOL Kol HETOPAAAOVTOG
UOVO TNV TN TNG TOPOUETPOV O, Tapotnpeiton 0Tl KaBdS Aapfdvel peyaldtepeg
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TINEG, TO GLVOMKO €VEPYELNKO OPEAOG TOV OKTVOL avEAvetal, O010TL ot KOpPot
OVOIEVOVY KOTA HEGO OPO LEYOADTEPO YPOVIKA SLOCTAKATO Yo Vo Adfouvv Kat véa
LETPNOT OOTE VO, T GLVOOPOIGOVV E TIG VITAPYOVOEG KOl VO ATOPVYOLV OITOGTOAEC
ToKETOV. Q6T1000, 0 pLOUOG [LE TOV 0TO10 YiveTOol 1 ADENCT TOV EVEPYELOKOD OPEAOVG
HemveTaL KOG av&dvetan 1 TukvOTNTo TOV SIKTVOV. AVTO £lvat ETioNG AVALEVOUEVO,
0oV kabmg T0 dikTvo pEYaA®VEL 0 dlaoTdoels, kbbe KOUPog-ooOnTpag mov dev
améyel To péytoto TAN0o¢ Pnudtmv and tov kopupo actntpa £xel pkpoTepo d1abécipo
YPOVIKO SIUCTNLOL OVOLLOVIC.

Avrtiotora, 6Gov a@opd T HESN HEYIGTN YPOVIKT] KaBLGTEPNON OmOKPIoNG dIKTVOV
TPOKVTTEL OTL, KAOMG N TAPAUETPOS T AAUPEveL LeYaADTEPEG TYES, 1 UEOT] HEYIOT
kaBvotépnon avédveror, o0t KdBe kOUPOC avapével Katd pEGO Opo UEYOADTEPA
YPOVIKG O10CTAATO Y10 Vo AAPeL Kol emoOpevn pETpnon. Qotdc0, TPEMEL VO TOVICTEL
OTl, LE TOV TPOTO TOL &lvar douNUEVOG 0 TPOTEVOUEVOS aAyOplBog Asttovpyiag, N
pEYIoTN KOOLGTEPNON OMOCINTOTE HETPNONG TOTE dev vrepPaivel v aviicToym

pody paP, Trgx-
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