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Ke@alawo 1 - EXAT'QrH

1.1 AcVpuata Aiktva AteOntijpwv

OL texvoloyikég e€eli€elc tooo otn oxediaon Pndlakwv KUKAWUATWY 600 KOL OTLG
0OUPUOTEG ETUKOWWVIEG, EMETPEYPE TNV KATAOKEUN MIKpWV, ¢ONvVwv, XAUnAAG
EVEPYELAKNG KatavAalwong awodntipes. H Sduvatdtntav autwv va EMIKOWWVOUV
HETAEL TOUG Kol vor aAANnAemiSpouv pe to meplBaAlov, avolée to SpOUo ylo pLa
TANBwpa epaPUOYWV OE TIOIKIAOUG TOUELC, OTIWCE OE OTPATIWTIKEC EHAPUOYEG, OTNV
mapokoAouBbnon mMePBAAOVIIKWY TAPAYOVTWY, OTNV aoPAAELX, OTNV AYPOTLKA
Tiapaywyn KAT.

AeSOUEVWV TWV TTEPLOPLOUWY TIOU ETILPEPEL TO UIKPO PEYEBOC TWV aLoONTAPpWY OTOUG
SlaB€opoug mopous (evépyela, acuppatn euPeérela kKATY) pall pe TO YEYOVOG TTWwG
UTopel €vag ONMOVTIKOG oplOPOG TETOLWV CUOKEUWV (EKATOVIASEG i OKOMN Kal
XAadeg) va avamtuxBel oe KAmolwo TEPLOXN, KAVEL ONUOVIIKO TO Ofpa tNng
SpopoAoynong twv awdntnplakwyv Sedopévwy oe Kamowo otabuo Paocng ylo
ouM\oyn Kol emeéepyaoia.

1.2 Ykomoi ka1 oTd)O0L

IKOTOG TNG Topoucag OUTAWHATIKAG epyaciog elvalt n  peAéTn Ogpdtwv
S6popoAoynong og acuppata Siktua aloOntpwy, Ta WBLaitepa XOPAKTNPLOTIKA TOUG,
TO TAEOVEKTAMOTA KOl TO MELOVEKTAHOTA. Oa Tmapouctactel €va meplBaliov
npooopoiwong yla acVppata Siktua atcOntipwv, to J-SIM, pe tn BonBela tou
omoiou Ba ylvel mopouciacn Kol OUYKPLON KOMOWWV YVWOTWV TIPWTOKOAAWY
SpopoAoynong Kabwg Kol EVOG VEOU TIPOTELVOUEVOU, HE KUPLOL XOPAKTNPLOTIKA TNV
LEpapxkoTnTa Kat tn duvatdtnta mpoodloplopol tng B€ong tou kABe aodntrhipa.
Akoun Ba mopouclactouv TpomoL €§aodAAlong TNG PEATIOTNG EVEPYELOKAG
amodoonc AUTWV TwV SIKTUWV.

1.3 Aoun tn¢ mapovoacg epyaciag
Itnv napovoa epyacia mapouaoialovral ta £EAG:
1. Muw eloaywyn ota acvppata diktua aodntipwv pe éudaon ota dlaitepa

YVWPLopaTA Toug, oTIC PapUOYEC yLa TIG OTOLEC gival KATAAANAQ Kal oTnVv
OPXLTEKTOVLKA KOL TOL XOPOKTNPLOTIKA TOUG.
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2. Napouociaon kot cuykpLon oAyoplBuwv Kot MPpWToKOAwWV dpopoldynong os
oaolppata Siktua aodBntpwv. Avadopd OTA AVIUTPOCWITEUTIKOTEPO ATTO
QUTA, OTO TTAEOVEKTAMOTA KOL OTO LELOVEKTHTA TOUG.

3. Noapouciaon Twv MPWTOKOAMwV Tou Ba mpooopowwooupe: One-Hop,
Multi-Hop, LEACH kaBw¢ Kal TO TPOTELVOEVO LEPAPXLKO TIPWTOKOANO o€ SUo
TiapaAlayEg.

4. H onupooia twv gpyaleiwv mpwoopoiwong eivat moAl omoudaia yla tnv
€pEUVA KAl avamtuén TwV OUCTNMATWVY Kal €kotepa Twv SKTUWV
6ebopévwy (evolppatwyv Kol ooUPUATWY) OMOU €XOUV TAUEEL ONUOVTIKO
PONO. ITn OUVEXElWD Aoutov yivetal Tmapouciacn Tou  egpyaAsiou
nipooopoiwang J-SIM, Ta XapaKTNPLOTLKA TOU, TA TTAEOVEKTAMOTO AAAQ KoL TaL
HELOVEKTAUATA auTou. Katomwv Ba mapouclaotel o Tpomog uAomoinong oto
J-SIM Twv MPWTOKOAWY TOU TPONYOUUEVOU KePAAALOU TIPOKELUEVOU VO
npooopolwOel n cupnepidpopa Tou .

5. Ito teleutaio THAMA TNG epyaciag Ba SoUpe T AMOTEAEOMATO TWV
TIPOOOUOLWOEWY, Omou 6Ba ¢avoluv Ta XOPOKTNPLOTIKA Tou KAOe
TIPWTOKOAAOU, OMWCE N Katavalwaon evépyelag, n aflomotia otn petadopd
Twv atedntnplakwv dedopévwy, n kabBuotépnon otnv apLen Twv dedopévwy
oto Ztabuo Baong.

6. H oMlokAnpwon NG epyaciag yivetal e TNV Tapouciacn Twv
CUUTEPACUATWY OMWG AUTA TPOKUTTOUV OO TA TPONYOUMEVA TUAMOTA,
OAAQ Kal KAToleG TBAVEG TPOTAOELS Kal okEPeELG yla tn PeAtiwon tng
EVEPYELAKNG KUPLWCE, CUUTEPLPOPAC TWV TOPOUCLOOUEVWY TIPWTOKOAAWY,
ormou Ba pmopovucav va OmoteAécouv  PEAAOVTIKN) epyacia. TEAOG
napatiBevtal ot PBBAloypadlkeg avoadopEC o  epyacie¢ oL OMOLEC
Xxpnotuomnottnkav.
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Ke@alawo 2 - AXYPMATA AIKTYA AIXOHTHPQN

2.1 Elocaywyn

Onwg avadpepBnke kat mponyolpeva, n oApoatwdng €§EAEN OTOUG TOMELG TNG
NAEKTPOVIKAG KOL TWV TNAETILKOWWVIWY EMETPEP AV TNV avATTTUEN XapunAoU KOOTOUG
KOl XA UNANG KATAVAAWGONC, KOUBWV aobntrpwy, HE KUPLA XOPAKTNPLOTIKA TO HLKPO
HEYEDOC Kal TN SuvaTOTNTA VO ETILKOVWVOUV O€ HIKPEC amootaoel (Etkoveg 1, 2). Ot
KopBol autol amotedoUvtal omo TUAMATA  Kataypoadrng¢ Tou e€wteplkol
alobntnplokol epebiopatog r oupPaviog, enefepyaciog twv kataypadOpevVwv
6ebopévwyv  Kal OMOOTOAAG OQUTWV HEOW €VOG KATtAAAnAa  Slapopdwpévou
ETUKOWVWVLOKOU ¢opéa. H avamtuén mARBoug, mMukvad TOTOOETNUEVWY TETOLWV
KOUBwV, TTOAU KOVTA 0TO PaLVOUEVO TTOU KOAOUVTAL VO TTOPATNPHO0UV, OKOLO KOl O
SuoBateg 1 akatAAANAEC yla Tov avOpwro mMePLoXEG, OAAA Kol n Tuxaia TomoAoyia
dnuoupyel eva aclppato Siktuo pe oAU Wlaitepa XapaKTNPLOTIKA.

Ewoéva 1 - MicaMote
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Ewova 2 - Sun SPOT

Ta blaitepa autd XOPAKINPELOTIKA TwV OSIKTOWV oodntnpwv Tta Kablotouv
KaTAAANAa yla pa oelpd oo epapuoyeg oe Eva MARB0G eploxwy tng avBpwrivng
SpaotnplotnTag. Xapaktnpnotikol Topeis avantuéng epapuoywv alobntripwv eivat
N Uyela, pHe MPOOAVATOALOUO OTNV avamtuén Siktuwv awodntinpwv ta omola Ba
KaTtaypadouv TNV KATAotaon Tou acbevi Kal Ba EVNUEPWVOUV CUVEXWE TO LATPLKO
KOl VOONAEUTIKO TIPOOWTILKO 1 €EELOIKEVMEVEG OUOKEVEG Kataypadng Kot
napakoAouOnong, 10 ¢uowo meplBdAlov pe Siktua €ykalpng mpoegldomoinong
Sa0LKWY TIUPKAYLWY i aKPAiWV KOLPIKWY GaLVOUEVWY, TO EpyacLako TEpLBAAloV TuX
OTOV BLOUNXAVIKO €AEYXO, OTO QATOMLKO TIEPLBAAAOV HE HLO OEPA oo HAPUOYEG
OMw¢G ol avtopatiopol oto omitt (E€umva Imitia) aAAd Kol OTI( OTPATLWTLKEG
epapuoyEC OToU Ta BLaitepa XOPAKTNPLOTIKA TwV SIKTUWV atedntipwy, dnAadn, n
duvatotnta Ttaxelag avantuéng Toug, N KAvVOTNTA AUTOOPYAVWONG, KoL N avtoxn
OTNV aotoxia PEPOUG TOU SLKTUOU TOUG, Ta KOBLOTA pLa TTOAU €AKUOTLKY TEXVOAoyia
yla T OTPATIWTIKA cuothpata Alwoiknong, EAéyxou, Emikowwviwv, YmoAoylotwy,
KATT.
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Ewova 3 - Acvppato Aiktvo AsOntijpov

2.2 Kéupog Acvpuatov AcOntipa

H Baokn Soukn povada twv acuppatwy SIKTUWV alodnthpwy, eivat o KOUPBoOC Tou

aclppatou alolntrpa.

H Baolkn apXLTEKTOVIKI EVOG TETOLOU KOUBOoU meplAapuBavel Ta mapakAatw Bacikd

unoouotiuata (Etkova 4):
*  Yroouotnua aodntipwv
*  Ynoouotnua Ene€epyaciag
*  Yroouotnua Emkowwviwy
*  Ynoouotnua Tpododoaoiag

=  Ynoouotnua EUpeong O<ong (MpoalpeTIKa)
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Ewkova 4 - Apyprrektoviki koppov arcOnmipa

Ektog BEBata amd to UALKO Tou amapTilel Eévav kOpBo alobntripa, onuaviikd poAo
mailel KoL TO AOYLOUIKO TOU €lval UTELBUVO Yyl TIC AELTOUPYIEG TOU, OTWG TO
SIKTUOKO TPWTOKOANO, TNV emefepyacia Twv aodnTnplokwy Oebopévwy, Tn
Slaxeiplon g evépyelag KA. ZuvnBw¢ anobnkeVeTal o€ KATIOLA KV TUTIou ROM
OmMw¢ otov aodntApa LAmMps (Ewova 5).

Ewoéva 5 - Apyprrektoviki] YaAko0 kot Aoyiopikov koppov arwsOntipo tomov
pAmps
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O kOuPog atoOntripa SLOBETEL XOPAKTNPLOTIKA TIOU ATTOTEAOUV OUCLOOTLIKA SEIKTEC

TIOLOTNTAG KAl AELTOUPYLKOTNTOG:

Evepyelakn katavaAwon: o xpovo¢ Iwng Twv KOUPwv mpemel va eival
dlaitepa HEYAAOC OMOTE TMPEMEL VO KATAVOAWVOUV TAPA TIOAU HLKPN
TIOOOTNTA EVEPYELOG Yl KABe Asttoupyia (Aettoupyia awoBntipa, cuAloyn,
enetepyaoia, anootoAn kat AnYPn dedopévwv).

Evehi€io: Aoyw NG mowAiag Twv edappoywv TOU  UIMOpouv  va
xpnowomnownBoly, amatteital n apxltektoviky oxediaong toug va eival
EUEALKTN Kal gumpooappootn. Oa mpenel, dnAadn, va elvat €UKoOAn n
HUETAPBOAN TOPAUETPWY OMWG O PuBUOG SelypatoAnyiag, o xpovog
anokplong, To idog kat n péBodoc enefepyaoiog.

Aodalela: e€autiag tng eukoAiag uTtokAoTAG, aAAQ Kal TapeUBOARG Tou
aoUpuatou KovaAlou, yia va StatnpnBouv ta dedopéva availoiwta o
KOMPBOG mpémel va elval Lkavog va ekteAel moAUTAokoug aAyopiBuoug
Kpumtoypadnong kat avBevtikomnoinong.

AuvatotnTa ETUKOWVWVIOG: PBAOKO XOPOKTNPLOTIKO TwV KOMBwV elval n
LKAVOTNTO TOUG VO ETILKOWVWVOUV. BaOLKA XOPOAKTNPLOTIKA TNG EMLKOWWVIAG
TOUC elval 0 puBuoc petadoong, n Stapdpdpwon, N KATAVAAWGCN EVEPYELOC
Kall n aktiva petadoong.

YroAoyloTikr) loxUG: onUavTKog mopayovtog anddoong evog KOpBou eival n
UTTOAOYLOTLK LOXUC Tou. Oa mpémel n povada emefepyaciog vo pmopel va
avtaneééNBel oe epyaciec onwg n enefepyacia debopévwy (kataypadn,
METATPOT} amO  avaloylkd oe  Ynodlakd, kpumrtoypadpnon - —
amokpumtoypadnon KAT), KoL N €KTEAEON TWV TNAETUKOWVWVLIAKWY
TIPWTOKOAAWV.

JUYXPOVIOUOG: YLO. TNV UTIOOTHPLEN XPOVIKA CUCXETIOHEVWY SeSoPEVWY OO
Slapopetikoug KOUPBoUg Tou SikTUoU, amalteital autd va Slatnpolv Lo
HEBoSo ouvtoviopoU Tapa TOAU HEYAANC oKpiBelag Tm.X. ME TN XPNnon
ouoTApaTOG yewypadkol mpoodloplopol Béong (GPS), i He €LOKAG
onuatodociag uhomolnpévn o€ KAtaAAnAo MpwTtokoAAo [2] K.A.Tt.

MéyeBog Kal KOOTOG: To UEYEBOC Kal TO KOOTOG Tou KABe kOuPBou mailel
ONUAVTIKO pOAO 0TNV CUVOALKN €UKOALQ avamtuéng evog Siktuou. Aedopgvou
OTL 0 aApPLBUOG eVOG SIKTUOU ALoONTPWV UIMOPEL var avEADEL O£ EKATOVTASEC N
OKOUN Kal XIAASEG, TO KOOTOG povadag €lval OUCLAOTIKOC TIOPAYOVTOG TIOU
looduvapel pe tnv avamtuén mneplocdtepwv KOUBwv oe kamowo mnebdio
TapaATAPNONG Yl TOV KAAUTEPO EVIOTUOMO TOU emBupntol YeYovoTog.
Akoun, Mwkpot o€ péyeBog kOuPoL upmopouv va TtomoBetnbolv o€
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TIEPLOCOTEPO ONMEla KOl va Xpnotpomnolnbolv o epLocOTePEC SLAPOPETIKES
epappuoyEc.

2.3 Ytoieia Apyitektoviknyg AcUpuatwv Aiktowv AcOnTipwv

Onwg ndn €xel avadepbel, n avamtuén evog Siktuou aoBNTAPpwWY UIopel va
neplAappavel and Alyoug (akoun Kt évav) KOUBoug €wg kat XIALAdeC otnv mepLloxn
evbladépovtoc. H mukvotnta U(R) aoBntpwv oe pla meploxn Sivetatl amod tnv
oxéon [1]:

u(R =R

omou N o aplBuocg Twv atedntipwyv otnv meploxn A Kat R eival n YLEYLOTN AKTLVO TOU
TIOUTIOU TOoU KOUPou.

Ytnv Ewova 6, BAémoupe €va SikTtuo aloOntipwyv To omoio €xel avamntuxBel os pa

neploxn A Slaotdoswv ux V.

| A

Ewova 6 - Avartoén owktvov aeOntipov
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To unocuotnua acuppatng petadoong Sedopévwv eival To TAEOV ONUOVTLIKO
UTIOoUOTNUO EVOC KOUBOU, 0ol amoTeAEl TOV HEYAAUTEPO KOTAVOAWTH EVEPYELAG,
¢Odvovtag £wg kal to 80% TNG CUVOALKNG EVEPYELAG TOU KOUBOU. AmtoTeAEl, Aouov,
TO ONUAVTIKOTEPO Ttapayovta kaboplopou tng Stdpkelag {wng tou KOpPBou kal kat’
gMéKTAoN Tou SIKTUOU.

H ¢uon t™¢ acvpupatng petadoong, dSnAadn n xprnon Tou nAEKTpOUAyVNTIKOU
daoparog, mallel ONUAVIIKO POAO OTOV OXESLHOUO TWV EMIKOWVWVIWV TOU
OUOTNUATOG. TO KUPLOTEPO PELOVEKTNHA TNG ACUPUATNG LETASOONG OE OXEON UE TNV
gevolpuatn, elval o avénuévog pubuog epdaviong Aabwv ava ekmepnopevo bit (Bit
Error Rate — BER). AKOUn onpavikég eival ol mapeUPoAEéG Tou onUATOG amo
YELTOVIKOUG KOUPBoug, aAAd kat n e€aoBévnon tou efattiog Twv PaAVOUEVWY TNG
S1aBAaong, avtavakAaong, kKol okedaong ta omoia odpeilovial oTov TPOTMO LE TOV
oroio Sladibetol To NAEKTPOUAYVNTLKO KULO OTO XWPO.

OL SlwotiBgpeveg ylo xprion ouxvotntec ota acuppato Siktua atodntripwv
toroBeToUvVTal OTI OUXVOTNTEG TIOU  ovayvwpillovial w¢  BLOUNXAVLIKEG,
Ermotnuovikég kal latpikég ouyxvotnteg (Industrial, Scientific and Medical Bands-
ISM) oL TléG Twv omoiwv yla tnv Eupwrin paivovtal otov MNivaka 1.

5 . EUpog
uxvornra Z®vng AlaXwpIoHOG Texvikn PuBpog Metadoong
KavaAiov Alapoppwong (Bit rate)
(MHz) (MHz)
433.5- Agv
437.9 1.740 KaBopilerai free free
free
868.0 25 kHz free
868.6 0.600
100 kHz ss free
2400- 83.5 100 kHz FHSS/DSSS >250 kbps
2483.5

IMivaxag 1 - ETSI Frequency Spectrum

MNa tnv elaywotomoinon TnNg KOTOVOAWONG EVEPYELOG TOU TIOUMOSEKTN £XOUV
ovamntuxBel po oslpd TEXVIKWY TO00 OTOo eminedo tou UALKoU, 600 Kal oto eminedo
TOU AoYLoMLKOU.

Ye eninebo UAkoU, n Paolkotepn mNpoomaBbela evrtomileTal OTNV  QVATTUEN
nounodektwyv oL omoiol va eival wavol va Aswtoupyolv o SLaPOPETIKEC
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EVEPYELAKEC OTABUEG, avaloya pe thv epyacia mou ekteAolv (amootoAn — Anyn,
avapovn, kat «umvwon» (sleep state)).

H uvlomoinon tng Staxeiplong evaAlaync pacswv Aettoupylog yivetal, os emninedo
AOYLOULIKOU, HE TNV avamTuén KatdAANAwV TpwTokOAAwV dpopoAoynong kot MAC.
Ta XopakTnpLoTKA TNG acUppaTng petddoong mou dtapopdwvouy tnv anodoon kat
TNV €VEPYELOKN oupTEPLPOPA EVOG KOMPBOU elval:

= AkTiva EKTOUTIAG: N OKTVOL EKTIOUTIAG EVOG TTIOUTTOU CUOXETIIETAL LE TNV EVEPYELD
Tou onpoatog¢ P mou AapPavetatr amd €vav 6éktn, o omolog Bploketal oe

anodotoon r anod Tov Moumno Sivetal anod Ue P oxeon tg Hopdng P(r)=4-r"

érmou 4 eivar puloe otabepad kot o Seiktng & xoapaktnpilet to meplBailov
petadoong. O deiktng & maipvel ocuvnOwWG TIHEG oo 2 €wG KaL 5, pe To 2 va
avtiotolxel oe eminedo xwpig eunodia neptBAAAov kaL To 5 va avilotolxel o€
a0TKO TEPLBAAAOV. ETLTAEOV TTAPAYOVTEG TTIOU EMNPEAIOUV TNV OKTLVOL EKTTIOUTTAG
elvat n evawoBnola tou &éktn, 10 KEPSOG Kal TO €160¢ TNG KEpaag Kot o
HUNXOVIOUOG KwdLkomoinong Tou KavaAlou.

=  TUmog Slapopdwaons: Baolkd XopakTtnPLoTIKO omolacdnmote RF cuokeung lvat
0 UNXaVLOMOC Slapdpdpwong. Ita acuppata SIKTUA XPNOLLOTIOLOUVTOL TEXVLKEG
Pndlakng Stapopdwong He T TTAPOKATW TTAEOVEKTHUATA:
e Avtoxn otov B6pufo.

e EukoAotepn moAumAeéia tng mAnpodopiag.
e Yrmootnpln TeEXVIKWV eAéyxou Kal S0pbwong Aabwv, oANd  Kal
kw&lkomoinong kat kpumtoypddnong Tou oHUATOG.

=  PuBuOg petadoong: oL TMEPLOOOTEPEC £dPopUoyEC  ota aocUppata Siktua
alodntipwv xapaktnpilovral and pubuolc petadoong oL omoiol Kupaivovtal
arnd 10 - 250 Kbps. H oxéon petafl pubpol HeTAdoONC KAl KATAVAAWONG
EVEPYELAG dalvetat otnv o KATW eflowon:

RF_Power_ Tx= RF_ Power Elee( Number of bits Mx B#RaRF _Power ActiveSta

orou RF_Power T n katavaliokopevn woxlg, Number of bits T o
aplOpoc Twy mpog anootoAn bits, BitRate o puBuog petadoong twv Ssdopévwv
kat Rf _Power_ ActiveSta n katavdAwon w0xU0¢ TOU TOUMOU ylad TNV
EKTIOUTIN) OTIWG auTh SiveTtal amd Tov Kataokeuaotn Tou. Onwg ¢aivetal oto mo
Katw Staypappa (Ewova 7), 600 auvéavel o pubuog LeTadoong TOCO HELWVETAL N
KOTOVOALOKOUEVN €vépyela. Autd oupPaivel ylati o peyaAUtepog pubuog
HETAS0ONG onUaivel TaxUTEPN amootoAr tTwv Sedopévwy Apa Kal UKPOTEPO
XPOVO AettoupyloG Tou TOMIMOU OTNV €VEPYN Katdotoon Aeltoupylag, eKel
SnAadn mou undpxeL N peyaAUTEPN KATAVAAWON EVEPYELAC.
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0,12

0.1

0,08

Power (Watts)

0,04

1,00E+05 1,13E+05 1,28E+05 1,44E+05 1,63E+05 1,84E+05 2,08E+05 2,35E+05 2,66E+05 3,00E+05 3,39E+05
BitRate

Ewova 7 - Katavaimon woyvog 6€ 6éon pe tov puOpod petdadoons ogdopivov

= MAC nmpwtokoAAa: Ot SLALTEPOTNTEG TWV SIKTUWV ACUPUATWY aloOntripwy,
6ev kavouv kataAAnAa ta MAC mpwTtokoAAa mou xpnotpomnotovvtal nén os
aMa €idn acuppatwv Siktuvwv [36], [33]. EtoL mpémel oL OXESLAOTEG
TPWTOKOA WV va AapBAavouv umoyn TG o KATW ATALTHOELC:

Amnoduyn ZuykpoUoewv

EAaxlotomnoinon tng KatavaAwong loxvog

EmektaopuotnTa Kat KALLaKwWoLLoTnTa

MPOCAPUOCTIKOTNTA KAL AVTOXN O LETABOAEG
0 JuVvOnKeg KavaAlou
0 Aoctoxia KOpBwv

0 NeptBaAArovtikeg aAAQYEG

Aloruotia

BéAtiotn Xpnowormnoinon tou KavaAloU EKIoOUmnig

KaBuotépnon petadoong

Awoaoouvn (fairness)

Throughput
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Onwg €xoupe NdN tovioel n ehaylotomoinon tTng KOTOVAAWGNG EVEPYELOC Elval
ONUAVTLKOTATN KoL OTMOTEAEL évav OO TOug BACLKOTEPOUG OTOXOUG. Ao TNV
mAgupd tou MAC PWTOKOAAOU N KATAVAAWGT EVEPYELAG EVTOTILETAL:

1. otnv mapapovr otnv kataotoon avapovis Andng dedopévwy (idle),
amopaitnto Opwc yio ta CSMA mpwtokoAAa

2. otnv akouola akpoaon-AnPn Sedopévwv (overhearing) mou
oupBaivel otav €vog kopBo¢ AapBavet Sedopgéva, Ta omoia
nipoopilovtal yiot GANO amoSEKTN

3. OTIC OCUYKPOUOELG TTAKETWVY (MPOBANUA TOU KPUUHEVOU KOBOU)

4. otnv eodpalpévn Tapeunodnon  ekmoumng  (mpoPAnua Tou
ekteOLpévou KOpBov)

5. oto overhead amo ta XpnoLUOTIOOUUEVA ATTO TO TIPWTOKOANO TTOKETA
eAéyxou (m.x. RTS/CTS  DATA/ACK)

Ta MAC mpwtokoA\a Stakpivovtal oe U0 YEVIKEG KATNYOPLEC, OMwG daivovral
otnv Ewova 8, ta omola £€xouv OTOXO TOV £AEYXO TOU TIOUMOSOEKTN, WOTE va
amodelyeTOL | VO HEWWVETOL N OMATAAN EVEPYELAG QMO TIG TOPATIAVW
avadepbeioeg attiec.

NAC [petonor.ru

/ J—

AVTOYEONIGTIRG Nopts GuykpovGels
/ \ (Contlict-tree)
Random access Collizton resolution
ALOHA. TREE. FDMIA.
CSNAL WINDOW, TDNIA,
BTNIA. ete CDMA.
[SNA, Token Bus,
el DQDB. etc

Ewoéva 8 - Katnyopiec MAC Ilpmtokéirmv
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Jtnv katnyopla Xwpig-Zuykpouoelg (conflict-free) avrkouv ta mpwTtokoAAa
TIPOYPOUMOTIOHEVNC TipocBaong. H Boaowkn wWéa miow amd outd sival n
amoduyr CUYKPOUCEWV HECW TNG TMPOYPAUUATIOMEVNG TPOCSRACNC TWV KOUBWV
0TO HEOO PeTAd0ONG ELTE PUE KATAUEPLOUO XpOvou (Time Division Multiple Access
— TDMA), eite ouyvotntog (Frequency Division Multiple Access — FDMA), site pe
Baon évav povadiko kwdiko (Code Division Multiple Access — CDMA). Itnv GAAn
Katnyopia, TwV aVTOYWVLIOTIKWY TIPWTOKOAAWVY Tteplappdavovtol mpwToKoAAa
onwc ta ALOHA, 802.11, B-MAC 6mou n anoguyr GUYKPOUCGEWV ETITUYXAVETAL
ouvABWC UE aKpOAON TOU HEOOU Kal HeTadoon av auto dev BplokeTal o€ xpron.

= Kepaieg: Emeldn ot kKOpBOL TwV acUpUATWY SIKTUWV aodnThpwy gival
mapa MOAU piKpol o péyeBocg kal pe Baon dVo amo ta Kpltrpla afloAdynong
TWV KOUBWV TtoU €lval To KOOTOG Kal N KATAVAAWGHN LoXU0C, Ol KEPALEG UImOpoUV
va mai€ouv onuavtiko poAo os évav eMITUXNUEVO oXeSLAOTIKA KOpBo. Emeldn n
TOMoB£TNON TWV KOUBWV OTNV TEPLOXI TIAPATPNONG, OE APKETEC TIEPUTTWOELC,
yivetal tuyalo Kal pe pn €AEyXOUEVO TPOTMO WG TPOC TtThv B£€0on NG Kepalog
(evééxetal va Bpioketal tpog to €dadog N va «BAETEL» o Kamolo epunmodlo) eival
TOAVOV VOl NV UTTAPXEL LOOTPOTILKI) KATAVOUN TOU EKTIEUTIOUEVOU GHLOTOC TIPOG
OAeg TIg OleuBuvoelc. Na to AGYyo QUTO TPOTIUWVTAL OL TIOAUKATEUBUVTIKEG
kepaileg wg KAtaAAnAdTEPEG yLa xprion ota Siktua acOntripwy, av Kot teAevtaia
eudavifovtal mpotaocelg otnv BLBAloypadio yla TNV XprRon «EEUTIVWV KEPOLWVY,
oL onoieg pEpovtal va e§aodalifouv peyalutepo kEpSOG Kal KAAUTEPN amodoon
o€ oX€on Ue TIC MoAUKaTeUBUVTIKEG [4].
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Ke@aiawo 3 - MIPQTOKOAAA APOMOAOTHXIHX XE
AXYPMATA AIKTYA AIXOHTHPQN

3.1 Elcaywyn

H uwoBétnon twv acUppatwyv SIKTUWV aoOnTpwv o€ OAoEva Kal aUEavOUEeEvVo
oplOuo edappoywy Kol n taxutatn eEEAEN Toug, odrynoav otnv avantuén moAwv
VEWV TIPWTOKOAMWY €81k oxedlaopévwy yla Siktua alodntripwyv Omou n evépyela
QMOTEAEL ONUAVTLIKO TTApAyoVTA.

Juvnbwg, n avamtuén evog acuppatou OLKTUOU aoBNTHPWV O HLa TIEPLOXA
napatipnong, yivetat pe okomo tn ouAloyn Sebopévwv mou adopouv oTo
dawopevo kot TNV Mpowbnon Twv OMOTEAECHATWY TIOU TIPOKUTITOUV amd Tnv
enefepyaocia Twv mapanavw Sedopévwy oe Evav otabuo Baong tou diktuou. Opwg
n Stadwkaoia tng Spopoldynong Twv dedopévwy amod £va kKoppo tou Siktuou oto
otaBuo Baong eival po ouvBetn Stadikaoia, Tou odelAel TNV TOAUTTAOKOTNTA TNG
ota Wlaitepa XopaKTnPLoTIKA TwV acUppatwy Siktuwv alodntipwv. Kdmowa anod
QUTA T XOPAKTNPLOTIKA Elva:

= H peydAn mukvotnta avamntuéng Twv kKOpBwv o pa meploxn mapatipnong: O
WOlaitepa peyaiog aplOudg kOpBwv o pla MEPLOXN TapaTAPnong kablotd
OTIOYOPEUTIKI) TNV XPNon &vog povtéhou OleuBuvolodotnong, Omwg 7Y ota
Siktua 6edopévwy, mou Baoilovtat oto mpwtokoAho IP (Internet Protocol), adou
TO OSLOXEPLOTIKO KOOTOC TNG Asltoupyilag €vOog TETOLOU HOVIEAOU elval
anayopeuTiko. Etol, Sev elval duvathi n xprion ota Siktua aobntipwv Twv
KAQLOOLKWV, TIPOEPXOUEVWY amo ta IP  Siktua, mpwtokOAwv (m.x. OSPF, BGP,
IGRP).

=  To povtélo Slakivnong tg mAnpodopiag: Zta diktua awodntripwv oe avtiBeon
He Ta uTtoAouna diktua petadopdc dedopévwy n por) Ttng mAnpodopiag eival Tou
TUTMoU  «amo  TOAoUG» (KOpPoug, emikepaAng opaAdwv) «TPog  Evavy
(emikepoAng opadag, otabuog Paoncg) kal to avtiotpodo, yeyovog To omoilo
nieplopilel, 000 GTAVOUUE TILO KOVIA OTOV «&vav» T Suvatotnteg €mAOYNAG
Spopoloyiwv mpowbnong Twv dedopévwy.

= To €ibog twv dedopévwy mou mapdayovtat: Ta mapayoueva dedopéva og pa
OUYKEKPLUEVN TiEpLOXN amd pia opada kOpBwv Kal Ta onoia adopolv oto 6Lo
YEYOVOC, Topouclalouv TIOAU HEYAAn opolotnTa, n omoia KoAo eival va
aflomoleltal amd 1o MPWTOKOAAO SPOUOAOYNONG WOTE va €AXXLOTOMOLE(TOL N
KOTOVAAWGON EVEPYELOG KOL VO LEYLOTOTOLE(TOL O XpOvog aviidpaong Siktuou,
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KATL TO Omoio SevV AMALTELTAL, TOOO ETUTOKTIKA, O€ KAMOLWO amd ta aAAa £idn
SIKTOWV.

‘Etol éva mpwtokoAo SpopoAoynong to omoio mpoopiletal yla xprion os Siktua
QoUPUATWY aloOnTrpwv Ba MPEMEL va LKavomolel 600 To SuvaTOV TEPLOCOTEPO ATIO
TOL TTOPAKATW XOPOKTNPLOTIKAL:

= XapnAn urtoAoyLlotiki TIOAUTTAOKOTNTA: TO TIPWTOKOAAO YLA TNV EKTEAEDN WLOG
Aewtoupyiog tou Ba mpémnel va ekteAel 660 TO SuvaTo AlyOTEPA UTTOAOYLOTIKA
BApOTA HE TN MUIKPOTEPN KOTAVAAWON EVEPYELAG OTOV ULIKPOTEPO Suvatd
XpPOvo.

= MIKpPEG QMALTAOELS 0 Xwpo amoBrkeuong: E€attiag tou yeyovotog OTL 0TOUG
KOpBouG Twv SIKTUWV alodnTipwy, oL Slabgouol XwpoL KUVAKUNG yla Thv
amoBnkevon dedopévwv ocuvnOwe eivat pkpol, To mMpwTtokoAo Ba mpenel va
armattel 600 To SUVOTOV MIKPOTEPO XWPO Yyl TNV amoBrikeuon Twv
mAnpodopLwv mou oxetilovtat pe TNV 6popnoAdynon.

= MKpEG amattioel oe aviaAlayn pnvupdtwv: Emedn 1o KOOTOG yla thv
avtaAlayn MakETwy deSoUéVwY avapeoa otoug KOUPBoug eival peyaio, To
TIPWTOKOAAO Ba TIPEMEL va amalLTel ylow TNV Agltoupyia Tou (UTTOAOYLOMO Kal
gupeon dadpouwyv, dlaxeiplon, K.T.A) TNV avtalayr, Katd to duvatov, Tou
HULKPOTEPOU OPLOUOU HNVUUATWV.

= Akaloolvn otnv xpnon twv Stadpopwv: E€attiag Tou povtédou Sakivnong
¢ mAnpodopilac «many-to-one», mapouclaletal To  PALVOUEVO TNG
TaxLutEPNG ekdPoOpTIONG Twv KOUPwv, oL omoiol Pplokovtal To Kovid ot
onuela cUYKEVTPWONG TNG TAnpodopiag (apxnyous opddwy, otabud Baong).
Auto oupBaivel g€attiag tng HEYAANG XprionNg TOUG ooV OVAUETASOTEG TWV
6ebopévwv Tpltwv KOUBWV TMPOC TOUC KOUPOUC TIOU OUYKEVIPWVOUV Ta
6ebopéva. ETol pla oNUOVTIKA WBLOTNTA TOU TPWTOKOAAOU elval n
xpnowormnoinon dwadopetikwv  dadpouwv, &nhady n  mo  Sikain
XPNOLLOTIOINOoN TWV TIOPWV TwV KOUPBWV mou Bplokovtal KOVTd Toug, WOTE va
anodevyetal n yprayopn ekdoOpTLON TOUG.

=  Anoduyn kukAlkwv Stadpopwv: Mo Stadpoury Bewpeital KukAkr otav
nephappavel tnv SlEAeuon amd 1o onuelo ekkivnong mMopamaAvw oo L
dopéEg.

= Taxela amokplon oe al\ayeg otnv tomoloyia 1 tn ouvdeowotnta: To
TIPWTOKOAAO Ba MPEMEL val elval IKOVO VA AVTATIOKPIVETAL OTIG AAAQYEC OTNV
Kataotoon tng TomoAoyiog tou Siktuou (mpooBnkn — Swaypadn KOpBwv,
oAAayn otnv B€on Aettoupyiag, amodoption Kot mavon AELToupYLag KATIOLOU
KOpBou, KTA)
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= Yrmoloywopog moAamAwv  Sodpopwv: O UTIOAOYLOMOG HLAC  KUPLWG
Stadpopnc kot aplBpol eVaANAKTIKWY £ival eMBUUNTOGC O APKETEC ATO TIC
epapuoyEC TwV SIKTUWV aledntripwy.

=  Ynootnpn QmaltHOEWV TAPOXNC UTNPECLWV HE XOPAKTNPELOTIKA QoS
(Quality of Service support): Ze OPLOMEVEG QMALTNTIKEG €DAPHOYEG TWV
SIKTUWV aALEONTNPWYV, TLX LATPLIKEG EPAPUOYEC, OTPATIWTLKEG, N SpooAdynon
6ebopévwv TPEMEL va xapaktnpilletal amd TNV LKAVOToinon KAmolwv
TIOLOTIKWV /KOl TIOOOTIKWV XOPOKTNPLOTIKWY, OTIWE 0 EAAXLOTOC OPLOUOC TWV
6ebopévwv TmoOU TpEmel va  mapadidetal otn povada TOu  XpOvVou
(throughput), o péyLotog xpovog amod TNV OTLYN TIOU VAL TTAKETO €Lval ETOLO
T(POG ATIOOTOAN oToV KOUPO HEXPL TNV AdLEn Tou otov otabuo Baong (End-to-
end data packet delay), n péylwotn emiBdapuvon oe bit amd to MPWTOKOAAO
S6popoioynong (Routing overhead), o péylotoc xpOvog UMOAOYLOMOU ULOG
Sladpopnc, N HEYLOTN KOTOVAAWON EVEPYELOC K.T.A.

3.2 Katnyoptromoinon lIpwTtokoAAwv ApouoAidynong

Ta mpwtokoAa SpopoAoynong Sdtaxwpilovtal oe KATNyopleg avaloya PE KATOL
XOPOKTNPLOTIKA TOUG, ONMw¢ O TPOMOC TOU UTOAOYWOHOU Twv Sladpopwv
6popoAoynaong, n tormoAoyia tou SIkTUOU TouG, N yewypadlkr yvwon tnhg B€ong twv
KOUBWV, 0 TPOTIOG avaKTNonG Twv SeSopévwy Toug, N apoxn n oxt QoS umnpecLwy,
Kol TEAOC OO TO €AV XpnoluomololV n OxL Kamowo aAyoplBpo Spopoldynong

(Ewkova 9).
MpwrokoAha Apopooynang
MNpodpaaTikd AvabpaoTikd YBpidika
I—
|
Xwpic v Xpnon Mpooavatohiopéva E€apruwpeva amd Anaimioeic QoS Etaprwpeva amd myv MNvwon
AhyopiBuwyv ApopoAdynang ata Asdopéva v TotroAoyia 5 ¢ Mewypapikic Ofong
|
Flooding |-—- —i
| lepapyika
= | Apeon peon
Gossiping - ——— Xprian rvidan FIE'VU'JUn
ackbone
nan
usters

Ewova 9 - Katnyopromoinon Ilpotokériiov Apoporoyneng
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3.3 Evépysia kat Apouoidynon

Eva amd to Mo ONMOVIKA METPA TIOU XPNOLMOTIOLOUVTOL Yyl TN oUYKPLoNn Twv
TIPWTOKOAA WY, amoteAel autd tng evépyelag. Adyw Tng $puong tTwv SKTVWV
aloOnTNPwWV N €§0LKOVONGCN EVEPYELAG KOLL KATA CUVETIELD N ETILULAKUVGN TOU XPOVOU
{wn¢ Tou SIKTUOU ATIOTEAEL TPWTAPXLKO OTOXO.

H emikowwvia avAapeco 0TOUC KOUBOUC ETIITUYXAVETOL HECW TWV TIOUMOSEKTWY TOUC
LE TNV EKTIOUTA Kal AN onUATWY TPO¢ Kal oo autoug avtiotolya. H katavalwon
EVEPYELOG TIOU EKTIUATAL OTL KATOVAAWVETAL YO TNV UETAS00N €VOC OHUATOC Ao

évav KOpPBo 1 og évav KOpPBo ] Silvetal amno tov tumo

E,.=E + E(pkt_size, d)

radio

onov E N €VEPYELA TIOU KOTOVOAWVETAL A0 TO OCUPHUATO UTIOCUCTNUA KOl

radio
E(pkt_size, d) n evépyela mou amatteitan yla tn petddoon deSopévwy peyéBoug

pkt_size oe amootaon d mou xwpilel TOV EKMOUMO OMO TOV OMOGEKTN, EVW N

gvépyela Tou amawteitol yo tn AjUn touc eivar E.. S kdBe mepintwon n

rx*
KATAVOALOKOMEVN EVEPYELA E(VOL CUVAPTNON TOU XPOVOU YL TOV OToio AeLtoupyel o
TIOUTOG 1 0 8€KTNG, TIOU ME TN OElpd Tou e€aptdtal amo to UeEyeBog Tou TPOog
HETAS00N TIAKETOU KoL TOo €Upog {wvng tng Mpetadoonc. MNa tn petadoon Tou
padloonuatog os anodotacn d kat avdAoyo pe to mepBarov petddoong (duoikd
eumddia, UAKO epmobiwv KATM) amatteitat woxV¢ avdhoyn tou d°, omou n

OUVTEAEOTHG TTOU ouVNBwWC Kupaivetal Petall 2 Kot 5.

AapBavovtag umoyn Ta MoPATAVW YLa TNV EMITEVEN €E0LKOVOINONG EVEPYELOG OTO
Siktuo Ba mpEnel va emiteuyOel TOOO PELWON TWV AMOCTACEWY HETAS00NC 000 Kal
Helwon tou MARBoUG Twv AETOUPYLWY ATTOCTOANG Kot AQYPNG yla KOs prAvupa. MNa
OAEC TIC UETPNOELG TTOU OKOAOUBoUV £xel yivel n umoéBeon OTL TO KAvAAL €ival
OUMUETPLKO. Me AAAa AOyloL n €VEPYELD TIOU amoaLTe(Tal ylot Tt METAS0ON €VOG
UNVUpOToC amnod Tov KOUPo A otov kopBo B gival (Sla pe auTAV TOU amalLTELTOL Yo TN
pHetadoon autol Tou PNVUUATOC amo Tov KOppo B otov A. .

3.4. Napadociaka [pwTOKOAAx
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3.4.1 One-Hop (Amgv0eiag petadoon)

lowg TO MO amMAG TPWTOKOANO €ilval autd TNG AUEONG emkowwviag (direct
communication). ZUpudwva PeE AUTO TO MPWTOKOANO KABe alobntripag oTtéAveL Ta
6ebopéva tou ameubeiog otov otabud Baong (Ewova 10). Oco o teAsutaiog
TomoOeTeltal 0 OAO KAl TLO HOAKPLVH QmOoTAcn oo Toug KOopBoucg tou Siktuou,
TOOO UEYOAAUTEPEC QTMALTNOEL OE EVEPYELA UTIAPXOUV yla Tn petadoon dedouévwv
(obpdwva pe ta mapandavw). Me aA\a Adyla, 600 auvéavetal n andéotoaon UeTafy
TIOUToU Kot §€KTN TO0O0 PEYOAUTEPO TIOOO EVEPYELOG KATOVAAWVETAL (OTOV TTIOUTO)
yla tTn HETAd00n €VOC UNVUHOTOC. JUVETELX aUTOU amoTeAel n ypriyopn €€AviAnon
™C¢ pmatapiag Twv KOUPBWV KOl OUVEMWE N HElwon Ttou KUkAou Iwng Tou
ovotnuatoG. H mapaiafy pnvupdtwv oludpwvo HE TO TPWTOKOAAO QUECNG
ETUKOWVWVIOC, N omola amaltel KAmolo mood evépyelag, meplopiletal otov otabuod
Baong. Katd ouvemela, otnv mepimtwon mou o otabuog Baong Bploketal og kovtvA
amootTacn Ot OXEOn HME TOU KOUPBOUG TO TMPWTOKOANO TNC QHECNG EMLKOLVWVIOG
Kplvetal amodektry (av Oxt BéAtiotn) pEBodOC yla TNV EMKOWwwWvIia auth.
XOopOKTNPLOTIKO TOU TIPWTOKOAAOU eival OtL ot KOpPot Tou diktuou «meBaivouv» o€
oxéon MeE TNV amoéotacrn Tou¢ amd To otabud Bdaong amd TOUG TILO
QTMOAKPUOHEVOUG TIPOG TOUG EYYUTEPOUG.

O o
O
o o O

Base Station

Ewoéva 10 - One-Hop

3.4.2 Multi-Hop

Ztn multihop petadoon €vag kopPog avii va petadwoel ansubeiog oto otabuo
Baong, uetadidel oe yeltova Tou mMou BploKETAL OE KOVTIVOTEPN AMOOTACN OO OTL N
amooTacn Tou anod to otabud Bacnc kat mpog TNV KateuBuvon autou (Ewkova 11).
MNna va cupPel BEBata autd Ba mpémel kABe KOUPBOC UE KATIOLO TPOTIO va YVwpPLleL TN
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B£on twv yeltovwy tou. Onwg Ba SoUpe apyoTEPA KOL OTLG TIPOCOUOLWOELS TIOU
KAVAUE TO KPLTNPLO TNC amootaong Kol HOvo Sev elval apKeTO yla va KAVEL TO
multihoping evepyelakd cupdpEpovoa mpaktiki aAAA TipemeL va AdBoupe umodn tnv
EVePYELOKN ouunepldopd KABe KOUPBOU TOU CUPUETEXEL (TOOO OTNV EKTTOUT OGO
Kol otn ANPn makeTwv).

XOopaKTNPLOTIKO aUTOU TOU TPWTOKOAAOU eival OTL oL koppol mou Bpiokovtal
KovtUtepa oto otabuo Baong, e€avtAolvTal EVEPYELOKA TIOAU VWwPITEPO OO TOUC
aAoug kaBbwg mailouv To POAo TOu avapetadotn MoAU cuxvad. Ie oxéon LE TO
One-Hop povtélo ot kool tou Siktvou «meBaivouv» pe TNV avtiBetn katevBuvon,
6nAadn ano to otabud Baong npog tnv mepldEpeLa.

O

Base Station

Ewéva 11 - Multi-Hop

3.4.3 Classic Flooding

Me tov alyopilBuo classic flooding [10], évag koupog mou embBupetl va Stadwoel
kamolwa mAnpodopia oto Siktuo apyilel otéAvovtag €va avtiypado autng TG
nmAnpodopiac oe 6Aouc Toug yeitoveg Tou. Otav évag KopPog Aapet véa dedopéva
dTiaxvel aviiypada Kot Ta OTEAVEL 0 OAOUC TOUC YELTOVIKOUC TOU, EKTOC OO QLUTOV
Tou Tou €otelle Ta dedopéva. O aAlyoplBuog teAelwvel fj CUYKALVEL OTav OAoL oL
KOuBoL Tou Siktuou €xouv AdBeL avtiypado twv dedopévwv.
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Ewéva 12 - Flooding

3.4.4 Gossiping

Mtia evaAAQKTIKI) TIPOCEyylon Tou KAoowoU oAyopiBuou flooding amoteAsel o
oAyoplBuog gossiping [19] mou xpnOLWIOTOLEL TNV TUXALOTNTA YLla VA EEOLKOVOUNOEL
evépyela. Avti va mpowBel oe 6Aoug tou yeitoveg ta dedopéva, €vag gossiping
KOpPBog otéAvel Tnv mAnpodopia og évav tuxaio yeitova . Mg autdv Tov TPOTO OPWG
uropetl évag koppocg va oteilel desdopéva oe KAToOloV KOUPBO Kol QUTOC va Ta
emotpEPeL av Tuxaia emAéEsl ocav amodEKTN Tov KOUBO Tou Tou Ta €otelAe. Emiong
uTapxeL TBavotnta Kamotol KopPBot va unv Adpouv mote kamota Sedopeva.
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Ewovo 13 - Gossiping

3.4.5 MpoBAuata & ASvvapisg

MapoAo mou Ta mapandavw TPwTOKoAAa eivat olaitepa amAd kot petadibouv ta
6ebopéva yprniyopa mapoucldalouv onUOvTIKA TpofAnpata Kol aduvapieg pe
amotéAeopa vo 0dnynbolpe otnv avamtuén VEwv TPWTOKOAWYV. Ymapyxouv tpla
T(POPBANUATA TTOU KAVOUV TLG TILO TIAVW TIPOCEYYIOELC AVETIOPKELC.

e Katdppeuon (implosion). Me to classic flooding, évag kopBog mavia oteAvel
6ebopéva OTOUG YEITOVEG TOU QVEEAPTNTA AV O YELTOVIKOC QUTOC KOUPOG
€xeL nén AaBel ta dla Sedopéva anod kamowov aAAo KopPBo. Auto odnyet oto
TMPOPBANUA TNG KATAPPELONG TTOU dalveTAL KAL OTO MOpaKkAtw oxnua (Etkéva
14). 2to ouykekplévo ypadnua o koppog A otéAvel debopéva oToUG
YELToVikoUuG tou KOpPoug B kat C. Autoi oL koppolL amoBnkevouv ta
6ebopéva kal otélvouv éva aviiypado oto Slkd Tou yeitova D. To
TIPWTOKOAAO AoOLmOv, omataAd evépyela otéAvovtog duo avtiypada otov
koppo D.
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Ewéva 14 - Implosion

e EmkaAuyn (overlap). Zuxvd oL kopBol oaoONTRpwWV  KAAUTITOUV
ETUKOAUTITOUEVEG YEWYPADIKEG TIEPLOXEC UE QTOTEAECHUA OL KOpBoL va
ouykevipwvouv dla mAnpodopia mMoAEC dopéc. To mapakATw oXAUa
Sleukpuvilet L yivetal otav Suo koppol (A kat B) amoktouv emkalumtopeva
S6ebopéva Kal oTn CUVEXELA TA TIPOWBOOUV OTOV KOLWVO TOUG YELTOVIKO KOUPO
(C). Zava o aAyoplBuog onatald evépyela kKot eUpog {wvng oTtéAvovtag Suo
avtiypada 1tng mAnpodopiag otov 6o képBo. To mpoBAnua  TNG
emukaAuvPng eival SuokoAdtepo va AuBel amd auto ¢ Katdppeuong. Auto
odeiletal otO0 yeyovog OTL n KOTAPPEUON €lval ouvaptnon HOVo NG
Tomoloyiag tou OSiKTUou, evw n emkaAuvdn eival cuvaptnon Kot tng
TomoAoyiag Kal TNG avTloToiXnong TwWV MapATNPOUUEVWY SE80UEVWY OTOUG
KOMBoUG aoBNTApwWV.
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Ewova 15 - The Overlap problem

e Ayvola dlaBéolung evépyelag (resource blindness). 2to mpwtokoA\o classic
flooding oL k6pPol Sev TpomomnololV T SpaoTNPLOTNTES TOUG aVAAOYQ LE TN
SlaBéoun evépyela tn dedopévn xpovikn otyun. Eva diktuo altcbntipwv
Ba MPEMEL va UMOpPEL Vo IPOCOPHOTEL TNV ETKOWVWVIA Kal TNV enefepyaaoia
Twv Oebopévwv avaloyo He To emimedo NG SlaBEounc evEPYELOG
T(POKELUEVOU va YiveTal e€okovounon.

3.5. FLAT MpwTtokoAAx

To 1O OVIUTPOOWTIEUTIKA TPWTOKOAAQ TNG KOTNyoplag oUuTAG omoteAolvV n
olkoyévela MpwTtokoAAwv SPIN kot to Directed Diffusion.

3.5.1 SPIN (Sensor Protocols for Information via Negotiation)

Mia olkoyévela TPWTOKOAMwY Tou ovopalovtat SPIN (Sensor Protocols for
Information via Negotiation) [18] evowpatwvel SUO CNUOVTIKEG KOLVOTOULEC TTOU
EemepvoUV TIC aTEAELEG TTOU avadEépOnKav TLo TMAVW: TN SLOMPAYUATEUCH Kal TNV
npooapuoyn He Baon tn dtabéoiun evépyela.
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Ma va AsltoupyoUV amodoTIKA Kal va £EOLKOVOLOUV EVEPYELA Ol EPOUPLOYEG TWV
owodNTAPWY Ba MPETEL VAl EMKOWVWVOUV HETAEU TOUC KOL VO YVWOTOMOLOUV Ta
bebopéva mou €xouv AdBel kat ta Sedopéva mou emBUUOUV va amoktioouv. H
avtaAayn dedopévwy umopel va eival evepyoBopa dtadikaoia, aAAd n avtaAiayn
6ebopévwy oxetika pe ta dedopéva (metadata) pmopel va pnv eivat. Etot ot SPIN
kKopBol Slampaypatevovial HETAEU Toug mpwv TNV petadoon twv dedopévwv. H
Stampaypateuvon e€aocdalilel OtL povo xpriowun mAnpodopia Ba petadobei. MNa va
SlampaypateuBouv emtuxwg oL KOUPoL Ba mpenel va eival tkavol va meplypdouv n
va ovopatioouv ta Oebopéva mou Katéxouv. Ta Sebopéva-meplypadeic mou
xpnoluomnotlovuvtal otig Stampaypatevoelg SPIN Aéyovtal peta-dedopéva (metadata).

2to SPIN ot kopPou g€etalouv tnv OSlaBEoLun €VEPYELA TOUG TPV UETASWOOULV
6ebopéva. Kabe kopPog Statnpel évav Slaxelplotn evépyelag (resource manager)
TIOU Kotaypadel TNV Katavailwon evépyelac. Ot edpapuoyéC cupPouAsvovtal Tov
Slaxelploth) mpv petadwoouv n enefepyactolv deSopéva. AUTO ETILTPETEL OTOUG
KOpBoUG va avaotelhouv KATIOLEG SpaoTNPLOTNTEG AV N EVEPYELA €lval XOUNAN TL.X.
6ev mpowBouv dedopéva tpitwv. Eniong emttpénouv otoug kOUBouG va urtoAoyilouv
TO EVEPYELAKO KOOTOG MLOG Aswtoupyiag kal va Asttoupyolv avoAoyws. la
napadetypa £vag SPIN koppoc punopel va anmodaciost va oteilel ta dedopéva xwpic
va €XeL mponynBel SlampaypATELON AV UTIAPXEL EVEPYELOKO CUUPEPOV.

Ta Suo Mo MAVW XOPAKTNPLOTIKA BonBouv oTnV QVILUETWTILON TWV TTPORANHATWY
NG KATAPPEUONG, TNG eTKAALYPNC Kal TG ayvolag tne Stabéoung evépyelag. H
Slampayudteuon MePLOPIlEL TNV KOTAPPEUON ME TO va MepLopilel ta mAgovalovia
bebopéva. H xprion twv peta-6edopevwy neplopilel Tnv mbavotnta epudaviong tou
poPARUATOC TNG ETUKAAUYNG, adoU ETUTPEMEL OTOUG KOUPBOUG VOL OVOUATIOOUV TNV
nmAnpodopia mou emBUpOUV Vo AmoKTAOOUV. TENOG, 0 EAEYXOG TN EVEPYELOC KAVEL
TOUC KOUBOUG LOLaiTtEpA TIPOCEKTIKOUG OTNV €MIAOYN TWV dpactnploThTwy mou Ba
EKTEAEGOUV.

Meta-6edopéva (meta-data)

OL aloOntnpeg xpnotpomnolouv peta-6edopéva yla va meplypaouv cuVorTiKAd, aAAd
oAokAnpwueva ta 6eS0UEVA TTOU CUYKEVTPWVOUV. Av X €lval Ta peta-6edopéva kat X
TA TPAYHOTIKA Sebopéva, TOTE TO PEYEDOG TWV X o€ bytes mpeneL va eival PLkpOTEPO
amnod 1o péyebog Twv X wote to SPIN va eivat anodotiko. Av duo mAnpodopieg eivatl
SLOXWPILOLUEG, TOTE Kol TA HETA-SE60UEVA TIOU TIC TIEPLYPAPOUV TPETEL va €ilval
Slaywplopa.

Ta mpwtokoAa SPIN Sev mpoodlopilouv tnv popdn (format) mou mpémet va £xouv
To peta-6edopéva KL auto ylati kabe edbappoyn XpnoLUOMOoLEL T Sk TNG Hopdn).
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SPIN pnvupata
OL kopBol xpnotpomololv tpia €6n LNVURATWY YLO TNV ETUKOLVWVLO TOUG.

e ADV - yvwotonoinon véwv dedopévwy (advertisement). Otav €vag koppocg
SlaBétel bedopéva mipog dtabeon ta Sadnuilel otélvovtac metadata.

e REQ - aitnon yw debopéva (request). Evag koppPog SPIN mou B€Ael va
QTTOKTAOEL KATIOLOL CUYKEKPLLEVO SeSOUEVA OTEAVEL Ll aitnon.

e DATA — debopéva. Mpokettal yla ta mpayuatikd dedopéva mou €xouv yla
erukepaAidba metadata.

To mpwtokoMo oapxilet otav kamoitog koppog dwadpnuilet véa SeSopéva mou
emBU el va peTadwoel. AUTO TOo KAVEL oTéAvovTag pvupa ADV otoug KOpBouc pe
Toug omoioug yettvialet. Otav AdPet éva pRvupa ADV évag KOuPog e€etalel av xeL
noNn AaBeL n av €xel Intnoet ta dSedopéva mou dadnuilovral. Av OxL, avtamokpivetal
otéAvovtag pRvupa REQ yia ta dedopéva mou dev €xel kKot eMOUPEL va QTTOKTHOEL
To MPWTOKOANO OAOKANPWVETOL LE TOV OPXLKO KOUPBO va otéAvel ta dedopéva DATA
QIOVTWVTOC 0To pRvupa REQ.

ITO MOPAKATW oXNUa daivetal Eva mopadelypo epappUoyrg ToU MPWTOKOAAOU.

(d) (e) (f)

Fig. 3. SPIN protocol. Node A starts by advertising its data to node B (a). Node B responds by sending a request to node A (b). After
receiving the requested data (c), node B then sends out advertisements to its neighbors (d), who in turn send requests back to B (e-f).

Ewova 16 - SPIN-PP protocol (three-stage handshake protocol)
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SPIN MpwtékoAAa

Yndpxouv téooegpa MPWTOKOAAA Tou akoAouBolUv tnv ¢lhocodia SPIN, omodte
ovaPEPOUAOCTE OE LA OLKOYEVELD TIPWTOKOAAWVY. Auo amd auTd Ta MPWTOKOAAA TO
SPIN-PP kat to SPIN-BC avtipetwmnilouv to mpopAnua tng petadoong dedopévwy
KATW amo WOavikéC ouvOnkeg, Omou n evépyela eival apbovn Kal Ta Taketo Sev
xavovtot. To SPIN-PP xpnoipomolet tn petadoon onueio-mpocg-onueio (point-to-
point), evw to SPIN-BC xpnowomnolel broadcasting. Xe pwa broadcast petadoon ot
KOpBOL 01O OIKTUO ETUKOWVWVOUV XPNOLUOTIOLWVTAG €Val KOO KavaAL Av €vag
kKOpPBog emBupel va oteldel éva pAvupa Kot oadouykpaletal OTL  TO KOVAAL
xpnowormnoleital Oa TPEMEL va TEPLUEVEL MEXPL OUTO va eAsuBepwBel. To
HELOVEKTNUA TETOLWV SIKTUWV glval OTL 0Tav £vag KOUPBOG OTEAVEL £va prvupa, OAoL
ol KoOpPBotL mou PBplokovtal otnv gpPBélelo tou Ba MANPWOOUV TO TIMNUA TNG
HETAS0ONG KaL O XpOVO Kal o€ evépyela. MapoN’ autd n emikowvwvia one-to-many
elval katd 1/n olkovoulkOtepn amod tnv point-to-point emwowwvia, 6mou n o
oplOpOC TwV yeltovwy kabe kopBou. Ta aAa duo mpwtokoAMa to SPIN-EC kat to
SPIN-RL eivol Tpomomnmolnpeéveg ekSOOEL; TWV AVWTEPW TIPWTOKOAAWV. To SPIN-EC
eival pla €kdoon tou SPIN-PP pe KUPLO XOPOKTNPLOTIKO TN MEIWON TWV HNVUUATWY
mou avtaAAdooovtal petafl Twv KOUPBwv Otav n evépyela eivat xaunAn. Otav évag
KOUPBOG mapatnproeL OTL N EVEPYELX TOU TANGLAZEL €va KATWdAL XAUNANG EVEPYELAG
HELWVEL TN CUMUETOXN TOU OTO PWTOKOANO. MEVIKA €vag KOUPBOG CUMUETEXEL OE LA
Aettoupyla tou SiktUou av motelel OtL Ba oAokAnpwoel OAeg TG Stadlkaoieg Tou
TIPWTOKOAAOU XwpPIG va TeEPAOEL TOo KOTWdAL XAUNANG EVEPYELAC. AUTH N TIPOCEYYLON
bev eunodbilel Evav koppo va déxetal punvupata ADV kat REQ otav méoel Katw amnod
T0 KOTwdAL n evépyela tou, ald eumodilel va xelpiletal dedopéva. To SPIN-RL
elval pa alomotn €kdoon tou SPIN-BC mou avaktd tnv Loopporia tou SiKtuou
OTAV XAVOVTOL TIOKETA LE TO VO ETIOVEKTTEUTTIEL ETUAEKTIKA KATIOWA LnVOUOTa.

NpocolOLWOELS

MPOOCOUOLWOELG EYLVaV OE SIKTUO HE TA TILO KATW XAPOAKTNPLOTIKA (lkOva 17):
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Ewova 17 - Xapoxtnplotikd Aktoov 25 képpov

Characteristics of the 25

-node wireless test network.,

Parameter Walue
MNodes 25
Edges 59
Average degree 4.7 neighbors
Diameter & hops
Average shortest path 3.2 hops
Antenna reach 10 m
Radio propagation delay 3% 108 my's
Processing delay S—10ms
Radio speed | Mbps
Transmit cost 600 mW
Receive cost 200 mW
Diata size 500 bytes
Meta-data size 16 bytes
Metwork losses Mone
Quening delays MNone

Otav n evépyela tou cuothuatog neplopiletat ota 1,6 J n ypadikn mapaotaon Twv
OUVOALKWV O&ebopévwv mou petadibovtal o€ ocuvaptnon HE TO XPOVO yla To

npwtokoAAa ldeal, SPIN-PP, SPIN-EC, Flooding kot Gossiping elval n mopakatw.
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Ewova 18 - [10606T6 6UVOMK®V 6£001EVOV TOV TOKTONKAY 076 TO cVoTNO.
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H evépyela mou KATavoAWVOUV Ta MPWTOKOAAQ 0TO XpOVo dailveTal Lo KATW:

Tetai Energy Dissipated in tha Sansar Network
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Ewova 19 - Katavaimon evépysrog 61o (povo

®16

Otav yivetat xprion SPIN-RL kat SPIN-BC yia broadcast oe 8iktuo pe amwAeLleg
TIAKETWVY TA AVTLOTOLXO OMOTEAEGOTO PaVOVTAL TTAPAKATW:
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Tetad Data Acquined in the Sensor Metbwork
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Ewova 20 - [10606T6 6UVOMK®V 6£001EVOV TOV ATOKTIONKAY 076 TO cVoTNO
oc lossy broadcast diktvo

Total Ensrgy Dissipatad in tha Sensor Metwork
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Ewéva 21 - Katavalmon evépyerog 6to ypovo og |0ssy broadcast diktvo

Amo TI¢ mpooopolwoelg dpaivetal otL to SPIN-PP pmopel va petadwoel to 68% Twv
ouvoAlkwv dedopévwy, Tto flooding 53% kal To gossiping To 38% TwWV CUVOAKWV
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6ebopévwy. To SPIN-EC pmopei va Staveipel to 73% Twv OUVOALKWY SS0UEVWY
OUYKPLVOUEVO e To ideal TpwTOKOAAO TOU HETAKLVEL TO 85% Twv dedopévwy.

To SPIN-BC &ev €xel kaAutepa amoteAéopata and to flooding oe Siktua omou
€XOUUE OMWAELEC TTOKETWY. AUTO odelleTal oto yeyovog OtL ot SPIN-BC koppot
TipEneL va otellouv Kot va AdBouv tpia pnvipoto yla va UHETOSWOOUV TNV
rmAnpodopia otov enduevo kOUPo, evw to flooding petadidet pévo eva. Emopévwg to
TiPWTOKOAAO SPIN-BC sival mio eudAwto otig anwAeleg ano 1o flooding.

Zuunepacpota

H neplypadn twv dedopévwy Pe TNV xprion peta-dedopévwy Kat n Stampayudteuon
TWV PETOOO0EWV TWV SESOUEVWV QVTIUETWITI(EL ATMOTEAECHUATIKA Ta TpoBARpaT
NG KOTAPPEUONC Ko TNS emkaAuvPng. Emiong ta mpwtokoAAa SPIN sival amAda kot
SLadidouv ta debopéva anoteAeopaTikd, eVvw Slatnpolv Povo Tomik mAnpodopia
ylol TOUG KOVTIVOTEPOUG YELTOVIKOUG KOUPBOUG. AuTA Ta MPWTOKOAAQ ival ta TIAEoV
KatdAAnAa yia meptBaAAlovta omou oL alcOntrpeg Kwvouvtal, eneldn Baoilouv Tig
anmodAaoelg mpowbnong Twv dSeSoUEVwY 0TNV TOTIKN TAnpodopia TNG YELTOVLAG TOUG.
To SPIN-PP xpnotlpomolel povo to 25% tng eVEPYELAC TTIOU XPNOLUOTIOLEL £va KAOGLKO
flooding mpwtokoAAo. Emiong to SPIN-EC pmopel va petadwoel 60% meplocodtepa
bebopéva ava povada evepyelag. I OAEG TIG IPOCOMOLWOELG TA TIPWTOKOAAQ SPIN-
PP kat SPIN-EC mapouciacav KaAUtepa amoteAéopatTa amo To gossiping, Evw O€
OPLOMEVEC TIEPUTTWOELG QUTA €lval TMOAU KOVTA OTA QMOTEAECUATA TIOU £pdavilel
€va Waviko mpwtokoAo. Ta mpwtokoAa SPIN-BC kot SPIN-RL umootnpilouv tnv
EMIKOWVWVIa one-to-many, petadidovrag paiiota ta dedopéva taxUTepa amod To
flooding mpwtokoA o xpnotuomolwvtag Alyotepn evépyela. To mpwtokoAAo SPIN-RL
OXL LOVO Aettoupyel Kol Kata TNV Tapoucia anwAewwyv oto Siktuo, aAAd pnopet va
puetadwoel ta dSuthaota dedopéva amnod to flooding. Eva onuavTIKO PELOVEKTNHA TWV
MPWTOKOA WV SPIN eival n aduvopio mapoxng EYYUnoEwWY yla TV AmooToAn TwvV
6ebopévwy o kaBe kopPo tou Siktuou. ETol av €vac evllapecog KOUPOG os éva
povormartt dev emBupel va AdPet kamola Sedopéva 1ote autd dev GTAVOUV OTO TEAOG
TOU LLOVOTIOTLOU.

3.5.2 Directed Diffusion

Y1o Directed Diffusion [14], [17] évac koppog {ntasl Sedopéva otélvovtag Interests
(epwtnoelg). H dladoon twv epwthoewv adnvel ixvn wote ta dedopéva mou
TalpLaouyv pe to evdladEépov/epwtnon va pmopouv va ¢pBdcouv otov Koupo mou ta
emBupel. Ou evblapeool kOUPBoL umopouv va enegepyactolv (m.x. anobnkevouy,
ouvaBpoilouv, petadidouv) r va mpowBouv dedopéva Kal EpwTrOELG aneuBeiag yia
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va e€olkovopoUv evépyela kKal gUpog {wvng. To Directed Diffusion eival teAeiwg
Slapopetikd amo tnv IP based enikowwvia. H IP emikowvwvia Baoiletal otnv end-to-
end petadoon MakETwv T omoia peTakwvouvtal oto Siktuo pe Bdon to ID Ttou
kOpBou mpooplopou. AvtiBeta to Directed Diffusion eivat data-centric, dnAadn n
gMKowwvia Baoiletal ota dedopéva Kal OxL oTic SLeuBUVOELG TwV KOUBWV.

To mpwtokoA\o Directed Diffusion amoteAeital anod Stddopa cuotatikd: interests
(epwtnoelg), data messages (6edopéva), gradients (Staviopata) kat reinforcement
(em\oyn povomartiov). Interest kKaAoUUE pla epwtnon Tou mpoodlopilel Tt BEAeL o
xpnotnc. OuoLooTIKA £lval £va HAVU O TIOU TTEPLEXEL TNV TIEPLypadr) Twv Sedopévwv
nou evbéladépouv tov xprnotn. Aebopéva oe €va Siktuo alobntipwv eival n
napatnpAolun n n enefepyacpevn mAnpodopia evog GOLVOUEVOU TIOU KOUTTAVTA»
oTNV €pwtnon tou Xpnoth. Ta dedopéva autd Unopel va eivat éva yeyovog Snhadn
gt meplypadrn Ttou mapatnpoupevou ¢awvopévou. ito Directed Diffusion ta
6ebopéva meplypadovtal XPnOLUOTIOLWVTOG KATIOLO XOPAKTNPLOTIKA. Ol EpWTNOELG
Sloxetevovtal oto SIKTUO e OKOTIO TNV avAcupon Twv deSopEVwY amo Tov Xpnotn.
H dtadoon twv epwtnuatwy eykablota Stavuopata (gradients) péoa oto SiKTUO UE
katevBuvon avtiBetn pe AUt TwWV gpwWINMATWY. 2e KABe kOuPo SnAadn
Snuoupyeital €va dlavuopa TPog Tov KOUPBO Tou Tou €0TELNE TNV €pwTnon UE
amotéAeopa ta yeyovota va dwadidovtal mpocg tnv katevuBuvon mou Seixvel To
Stavuopa. Anpoupyouvtal €Tol MOAAMAAG povordtia Stavuopdtwy anod Ta omnola
ETUAEYETAL €VA 1) TIEPLOCOTEPA ATTO AUTAL.

2to Directed Diffusion ot epyaoieg (tasks) meplypadovrtal xpnouomolwvtag KAmoLo
XOPAKTNPLOTIKA. Ta XOPOKTNPLOTIKA TIOU €ETUAEyOVTOL ylo TNV TEPLYpadn MLaG
epyaoiag e§aptwvtal anod tnv edpappoyn Kal N cwoth Aoy toug cUUBAAEL oTnv
QoS OTIKOTNTA TOU MPWTOKOANOU.

MNa kabe epyaoia, évag KOUPBOG sink oTEAVEL TEPLOSIKA PO EpWTNON OE OAOUC TOUC
VELTOVIKOUC KOMPBouc. H apxlkin aut) epwinon TepLEXel Ta smbupnta
XOPOKTNPLOTIKA. H TeplodIkn amooToAr TnG pwINoNng eival amapaltntn, €newdr ot
epwtnoelg dev petadidovrat aflomiota. Etol o KOUPoG sink avaotéAvel Tnv epwtnon
HE auavopevn T oto nedio time stamp. KaBe kOUBog amobnkeVEL TPOCWPLVA TLG
EpWTAOELS IOV AapPAveL, evw auTEG (oL epwTtnoeLlg) Sev epléxouv TAnpodopia yla
Tov KOpBo sink, aAAG pOVO yla Tov apéowg mponyoLuevo KopBo. Otav évacg KOpBog
AQBeL pLla epwtnon eAEYXeL av UTIAPXEL (Bla epwTtnon otnv cache. Av oxL Snuoupyet
HLa Katoxwpnon otnv cache pe nedia autd mou meplypAadovtal ot XapaKTnpLoTKA
ToU epwtnuatoc. Apou AGBeL TNV epwtnon €vag KOUPBog umopel va anodaciosl va
otellel TNV €pwTnNONn OE KATOLOV 1| O OAOUG TOUG YELTOVIKOUG KOUPBouG. Av bev
UTtapxeL mMAnpodopia ylo To moLotl KOUPBOoL UImopoUV val LKAVOTIOL)GOUV/amavTooUV
TNV £pWTNON , OTEAVETAL O OAOUG TOUG YEITOVEG.
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Mevikad €va Slavuopa amoteAe(Tal amo (o TN Kal pla kateubuveon otnv onola Ba
otaloUv ta debdopéva. TuvnBwe n TN auth €ivol o puBuog petadoong, alAd to
Directed Diffusion &ivel tnv eAeuBepia otov oxedlaotr va emAeé€el Tnv emBupunti
onUacLoAoyia yla TNV CUYKEKPLUEVN TLUN. Ma va eTUAEEEL KATtoLloV yeiTova 0 KOUPOG
mou €0eoce 10 gpwtnua (sink node) favaoTéAvel TO aPXLKO OUTO EPWTNMO HE
ULKPOTEPN TR NG mapapetpou interval. O kOpBog avtilappavetal OtL £xeL va
Slavuopa mpog tov KOpPBo sink pe puBpd petadoong XapnAoteEpo autol TOU
npoodlopilleTal otnv €pwtnon, omote katoAofaivel OTL AVAKEL OTO HOVOTIATL TIOU
erNéyetat/evioyvetal (reinforcement) ywa tnv amootoAn Sedopévwv TPog Tov
KOuBo sink. Me tn oelpd tou Aoutov mpEmel va emAéEel/evioxUoel éva SLKO Tou
VELTOVIKO KOUPO pe Tov (610 Tpodmo. Ixnuatiletol Aoutov Pe aUTOV TOV TPOTO £va
EVIOXUEVO LOVOTIATL Ao TNV Tnyn Twv Sedopévwy mou evdladEpouv Tov Xprnotn
TPOG TOV XPNOTn OmMou EmITUyXAvetal MeyoAUTeEpOg pubudg petadoong. Ita
TlapakAatw oxAuata gaivetal n mapandvw Sdadikaoia.

Event .
% T &
' s '
i A | s
i Source .7 e
L e R i ooaET i
s B T 1
__r___‘l‘__ ¥
X T ~ .Interests
- N T i
by, e c
e g ¥ )
3] 5 O Sink

.,
E . [
B 3

L il ]

(o) Interest propagation

) sink

ic) Data delivery along reinforced
path

Ewova 22 - Directed Diffusion
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NpocoloLWOELS

JUYKPLVOVTOG TNV EVEPYELO TIOU KOTOVOAWVETAL amd TOo TiPwTOKkoAAo Directed
Diffusion pe autl twv mpwtokOAwv Flooding kat Omniscient Multicast
TapaATNPOUME OTL N KatavaAwon tou Directed Diffusion eival katd duo f TpeLg
dOpEC UIKPOTEPN avaAoya e TO PEyeBOC Tou SikTuou.
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Ewova 23 - Katalokoopevn evépyera,

JTa OETIKA TOU TIPWTOKOANOU GUYKOTOAEYOVTOL N KOTOOKEUN HOVOTIOTIWV KOTA
anaitnon kabwg kat n duvatotnta kabe kOpBou va cuvabpoilel kal va amobnkeU el
6ebopéva pe amotéAeopa €E0LKOVOUNON EVEPYELOG Kal UIKp kaBuotépnon (low
latancy). To KUPLOTEPO UELOVEKTNMO TOU TIPWTOKOAANOU €ival To emumAéov overhead
Tou emIdEPEL Yyl TNV avtlotolixnon epwtnong kat dedopévwy evw dev eival Kan
emAoyn yla cuvexopevn amootoAn dedopévwy, adou eival query driven.

3.6. Ispapyika IpwToKkoAAa

Eva.  GANO  TPWTOKOAO SpopoAoynonGg aoUpHOTWYV  SIKTUWV  amoTeAel N
ovotadonoinon. JUpdwva He autod ol KOopBol tou Siktuou opoadormolouvtal oe
ouotadeg. Evag kOuPog oe kdBe cuotada ovopdletal KOUPBOG emkepaAng Kal EXEL
avaldPel tnv petadoon dedopévwv otov otabud Paong. Me tov TPOMO AUTO
ETUTUYXAVETOL HEIWON TNG AMOOTACNG TIOU EMIKOWVWVOUV oL KOpBol (amootoAn
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6ebopévwy oe emikepadr) cuotadag). MNa to Adyo autod, n cuotadomoinon amoteAsl
EVEPYELAKA QMOSOTIKO TMPWTOKOAAO eTtikowvwviag [22]. Qotdoo, o emikedaAn KAOe
ouotadag mpEMeL va xapaktnpiletal and vPnAd mocooto evépyelag, SLapopeTIKA
uTtapxeL kKivbuvog ypryopng evepyelakng e€avtAnong autou.

Ta o Sadedopéva tepapyxikd mpwtokoAa eival ta: LEACH, PEGASIS, TEEN kat
APTEEN, mou g€etalovtal o avoAUTIKA 0T CUVEXELQL.

3.6.1 LEACH

To LEACH (Low-Energy Adaptive Clustering Hierarchy) [5] amoteAel éva auto-
OPYOAVWOLUO TIPWTOKOAAO cuOTASOMOINCNG TO OMOLO ETMITUYXAVEL APTLOL KOTOVOWN
TNG EVEPYELOG O0TOUC KOUBOoUC Tou Siktuou. Ot KOUBoL opyavwvovTal amd HOVoL ToUG
(auto-opyavwolpol) oe ToOmKEC ocuotadeg, opilovtag €vav KOpPBo emikedoAn
(cluster-head) tng ocuotadag. O teleutaio¢ emipoptileTal He TNV HEYAAUTEPN
evepyelaka epyaocia, kabwg déxetal ta Sdedopéva Twv KOUPBWV-PEAWY TNG cuoTadag
tou, edapuolel ocuvabpolon (aggregation) oe autd koL ot TeAKO otdadlo ta
OTTOOTEAAEL OTOV QMOMOKPUOUEVO oTaOuo Baong. Me autdv Tov TPOTO O XPHOTNG
AapBavel ta embupnta Sedopéva amod tov otabud Paonc. e ocupBatikolg
oAyoplBuoug 6popoAoynong opillovtal €K TwV MPOTEPWV oL eTUKEPAAELG KOUBOL TOU
Sdwtuou. Etol, ko' 0An tn Sudpkela {wng Tou Siktuou ol kKoppol emkedpaAng Adyo
™G uoNG Tou POAoU TOUG AOTEAOUV KOUPBOUG OL OToioL XAVouV eVépyeELa e puBUO
HEYAAUTEPO OO OTL OL Kowvol KOopPol. To yeyovog auto £XEL oAV QATOTEAECUA OL
KopBol emikedpalng va e€avtAoUvTal EVEPYELAKA YPHYOPQ, LE ATIWTEPN EMUMTWON TN
puelwon tou kUkAou {wng tou Siktuou. MNa To Adyo auTo, To MPWTOKoANo LEACH
evaAldooel pe tuxaio tPoOmo toug KOuPoug emikedaleic — koupor uvPnAwv
EvepyelakwyY BE€ocewv - emtuyxdavoviag €tol tn Melwon tou pubBpol amwAelag
EVEPYELAG TWV KOUPBWV Kal CUVENWCE TV avénon tou xpovou {whng Tou CUVOAOU TOU
Siktvou. Onwg mpoavadépbnke, o emikedpaAng koppoc kabe cuotadag adou
OUYKEVTPWOEL Ta Sedopéva amd toug KOUPBoUC tTnNC opadag Tou, eKTEAEL O autd
OUYKEPOOMO KOL OTN OUVEXELDL TO QTMOOCTEAAEL otov otabuo Bdaong. Me tov
OUYKEPAOMO TwV S€SOUEVWV ETIITUYXAVETAL LELWON TOU OYKOU TWV SE60UEVWVY TIPOG
puetadoon, MPe amotéAeopa AlyOTEpn QMWAELX EVEPYELAG YlO TOUG KOpBoug
emikepaing. To yeyovog ouTO OuVEloPEPEL akOpa Tio TOAU otn BeAtiwon tou
Xpovou {wn¢ evog aclpUaTou SIKTUoU aloontrpwv.

Onwg npoavadepObnke, otoug KOPPBoUC eMIKEDAANG KATAVOAWVETOL LEYAAO TTIOCOOTO
EVEPYELG. Mot TNV opoLlOpopdN KATAVOUN TNG KOTOVAAWONG EVEPYELAC OE OAO TO
Oiktuo, to LEACH &gv emutpémel oL kOUPoL emkedadeic va elval povipol. Me Aiya
Aoy, avd Taktd SLodopeTikd Xpovikd Staotipata auté-opiletal SladopeTiko
oUvolo KOUBwV Ttou SiKTUoU WG emkedalng. Mo mapddelypa, av T0 cUVOAO TwvV
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KOUBwv emikepaing Tou SIKTUOU TN XpOVIKN otyun tl eivat C, TN XPOVIKN OTLYUN
t1+d to oUvolo Twv KOpPwv emikepadeic Oa sival C'. H amodaon yla tnv emloyn
TwV KOUPBwvV emikepadelg Twv cuoTAdwWV e€aptdtal amd TO MOCO TNG EVEPYELAG TIOU
€XEL amopeivel oe kABe kopPo. Me autov Tov TPOMO, KOUPoL pe peyaAltepn
evarmnopeivavra evépyela Ba avtene€EABouv KAAUTEPA OTIG EVEPYELAKA QUENUEVEC
OUTTOLT OELG TOU POAOU TOUC WG emikedaleis yia to Siktuo. Kabes kopBog anodaoilet
yla Tov av Ba yivel emikepaing avefaptnta and toug AAAoug KOBoug Tou Siktuou.
‘Etol dev anatteital emumAéov Slampayudteuon yla Tov KaBopLopo twv emikepaleis
autou.

To oUotnua pmopel va kaBopioel ek Twv MPoTEPWY, TO BEATIOTO aplOUO cuoTddwy
mou amattouvrtol. To tedeutaio efaptdtal and moANanmAoU¢ MaPAYOVTEG, OTwG N
TomoAoyia Tou SIKTUOU Kol TOL OXETIKA UTIOAOYLOTLKA KOl EMLKOWVWVLAKA KOOTN. TNV
TiepUMTWOoN mou eite dev umapyouv emikePpaAeic j OAoL oL kOpPol eival emikedaleis,
Tto Oiktuo €xel tnv Bla cupmeplPpopd HE AUTO TNG QUECNG ETKOWVWVIAC. Ao
nelpapata €xel Bpebel OtL umdpxel Eva BEATIOTO MOCOOTO KOUPBwWY N TOU pmopouv
VO 0pLOTOUV WG eTKEDOAELG o€ €va diktuo. Av To TTIANB0G TwV eMKEPAAELG KOUPBWV
elvat pkpotepo tou N, TOTE pepkol kopPol Pplokovtal pokpld aAmod TOUG
eTUKEPAAEIC e AMOTEAEOUA VA ATIALTETAL LEYAAUTEPN KOTOVAAWON EVEPYELAC ATIO
QUTOUG TOUG KOMBOUG yLa TNV amooToAr Twv SeS0UEVWY TOUC OTOUG ETILKEDAAELG TNG
ouotadag Toug. Me aUTOV TOV TPOTO TIPOKAAE(TAL CUVOALKH auénon Katavalwong
evépyelag oto Siktuo. Evw otnv mepimtwon mou ot kopBoL mou €xouv eTAeyEl WG
erukepaleig eival meploootepol Tou N, TOTE N amootaon HETAEY TwV KOUPBWV Kal Twv
emuikepaleilc oe kaBs ouvotada Oev  HEWWVETOL ONUOVIIKA EVW UTIAPXOUV
TIEPLOCOTEPOL KOUPOL emikedaleic mou mpémel va petadwoouv ta Sedopéva oTo
otaBuo Baong mou Bploketal os peyadAn amootacn amo To SIKTUO Kol N CUUTiEon
mou yivetal ota dedopéva Tomikad gival mpodavwe PKPOTePN. MNa TG TOPAUETPOUG
TOU TEPAMOTOG Kal TNV TomoAoyia umoAoyicBnke otL 1o mMARBo¢ tou Ldavikou
TANBoug KOUPBwvV emikedaleic sival N=5% emi Tou cuvoAikoU aplBpol KOpBwv Tou
SiKtuou.

AAyOpLOpog LEACH

H Aewtoupyia tou LEACH xwpiletal oe yupoug (rounds), omou KaBe €vag amo autoug
Xwplletal o téooeplg dpaocelc: daon evnuépwon (Advertisement Phase), ¢pdon
Stapopodwong cvotadag (Cluster Set-Up Phase), paon dnuioupyilog mpoypapatog
(Schedule Creation) kot ¢aon petadoong Sedopévwv (Data Transmission). Xtn
OUVEXELA YIVETAL pLa oUvToun avadopd o€ AUTES TIG GATELG.

A. ®acn Evyuépwons

Apxikad, katd tn dnuoupyia cuotadwy, kabe kopBog anodacilel yia to av Ba yivel
eTKeEPAANG Yyl ToVv TpEXOV yupo. Autr n amodaon Paciletal 0TO0 MPOTEWVOUEVO
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TIOO0OTO Ao emIKEPAAELC yLa TO SIKTUO (TTPOKABOPLOUEVO EK TWV TIPOTEPWV) KAl TOU
oplOpou Twv Ppopwv Tou KAToLlog KOUBog £xel NoN Bpebel otn B€on tou emikedaln.
H anodaon Aappdvetal and tov KOUPBo n emléyovtag Evav aplBuo tuxaia evav
oplBpo amo 1o 0 ewg 1o 1. Av 0 aplBuodg ival kKatw amnd éva katwoAt T(n) tote o
KopBoc yivetat emikedaAnc. To katwdAL opiletal wg €nc:

P

T(n)=41-P *(r modéj
0, oJwapoperin

,av nsG

omou P eival to emBupunto mocooto KOopPwv emikepadeic(P=0.05), r eival o TpExwy

YUpoG kal G 10 oUvVoAo twv KOUPwv mou bev €xouv yivel emikedaleic toug
1

televtaiove P yUpouc. Me autév tov tpdmo kdBe KOpBOC yivetar emkedbaeic
1

k&mowa otyur otouc P yipouc. Katd tn Sidpkela Tou mpwtou yupou(r=0) KdBe

KopBocg €xel mBavotnta P ywa va yivel emikepaAnc. Ot koppot mou opilovrtal

erukepaAeig Tov mpwto yupo, Sev pumopouv va emdeyolv {ava wg erkepaAeis yla
1

touc endpevouc P yUpouc. Me autdv tov tpdmo, auvédvetal n mbavdtnto Twv

umtoAounwy KOUPBwv va yivouv emiikedaleic kaBwg Alyotepol kOpuPol eivatl umodrdlot

1

yla va yivouv emukedaheic. Metd and P yUpouc, to katddAL T=1 yia kdBe kSOppo
1

mou Sev éxet yivel emkedaic. Eve petd and P yupouc 6hot ot koppot eivat Eavd
To 1610 mBavol va yivouv emikepaleic.

KaBe kopPog mou €xel auto-oploBel emikepang yla tov TpEXoV yUpo HeTadidel éva
UNVULO. EVNUEPWONE OTOUG UTIOAOLTTOUG KOUBOUG yla va TouC £LSOTIOLOEL OXETIKA
he TNV anodaon tou va eival enikedalng. Kata tn diapkela tng ¢aong autng, ot
erukedpadelc xpnollomowwviag to TPWIOkoAAo CSMA MAC petadibouv To
TIAPATAVW UAVUMO EVNUEPWONG KatavaAlwvovtag Aol Tnv (bla evépyela. Evw, ol
TIOUTIOL TWV amAWV KOUPwV eivat avolktol yia T AP n Twv UNVURATWY EVNUEPWONC.

B. ®aon Awauoppwens Lveradas
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Metd to mépag tne daonc evnuépwong, Aappavetal anodpacn and Toug amAouc
KOUBOUG Tou SIKTUOU OXETIKA HE TNV cuotada otnv omoia Ba avrkouv yla Tov
TPEXOV yUpo. H amodaon autr Baociletal otnv oV Tou onfpatog nmou ARdOnke to
UAVUUO EVNUEPWONG. YTTOOETOVIAG CUMUETPIKA KavaAla petadoong, to HAVUUQ
EVNUEPWONG TOU ETUKEDAAN HE TN HEYAAUTEPN LOXU UTTOSELKVUEL TOV ETLKEDAAN TOU
omoilou n petadoon SedopEvwyv TMPOC QUTOV YIVETAL HE TNV EAAXLOTN EVEPYELQ.
Emopévwg kaBe kOpPBog tomobeteital otn ocuotada tou KOUPBoU emKEPOAN UE TOV
omolo €XEL TO €EAAXLOTO EVEPYELAKA KOOTOG ETKOWWVIAG. To KOOTOG EMIKOWVWVIAG
bev elval mavtote avdAoyo tng amootaong. MNa mapddelypa, av KATOLOG OmAOG
kKOpPBog A Bploketal yewypadikd 1o Kovta Le Tov koo enkedaln B mapd and tov
koppo erikedaln I, tote o A emidéyel va tormoBetnbel otn cuotada tou B, adoul
HULKPOTEPN QMOOTACN OCUVETIAYETAL XOUNAOTEPO EVEPYELOKO KOOTOC ETILKOWVWVIAC.
Ouwg otnv meplmtwon mou avapeoa otov A kol otov B mapepParietal kAmolo
eunodio(m.y. ktiplo, 6€évtpo), o A emidéyel va tonoBetnBel otn cuotdda tou I, mou
Bploketal o pakpLd Tou yewypadikd oAAA TILO «KOVTA» TOU EVEPYELAKA.

Metd tnv emloyn TnG ocuotadag mou KABe amAdg KOUPBoG Tou SIKTUOU ETUAEYEL VAL
avAkeL, AapuPavel xwpa n ewdomoinon twv KOUPBwv emikepadeig yia Toug amAolg
KOUBOoUG autoug tou £€xouv TomoBetnBel otn cuotada tou. Etol, kKaBe amAog KOpBog
elval umevBuvoc yla T petadoon NG Mopandavw TAnpodopia otov Koupo
eTukepar) TG cuotadag Tou, Kavovtag xpron Tou pwtokoAAou CSMA MAC. Apeon
anoppola autol amoteAel n dlatApNon TWV MOUMWV TWV KOUPwWV eTKEPAAELS O
Aettoupylia.

I'. Anquovpyia Ilpoypouuatos

Kata tn Oudapkela tng dnuioupylog mpoypappatog, kabe emikepaAng KOpBog
AapBavel Ta pnvopoTo and Toug amAoug KOUBOUC OV CUUUETEXOUV OTH cuoTada
Tou. Baowlopevog oto mARNB0o¢ Twv KOUPBWV autwy o emkedpaAng kKOpBoc dnuoupyetl
TDMA mpdypappa, to omoio kaBopilel Tov xpovo mou unopet va petadwoetl kabe
€vag amod Toug amhoug kKOpPBoug tng cuotadag tou (Seopelel xpovoBupideg). Ztn
OUVEXELQ, TIPOYUOTOTOLE(TAL N HETAdOON AUTOU amod Tov eTKEPAANC KOUPBO OTOUG
amAoug KOUPBou¢ ¢ cuotadag Tou.

A. Metadoon Aedouévarv

Adou €xouv dnuoupynBel ol cuotadeg kat to poypaupa TDMA €xel kaboploTel,
umnopel va Eekwvnoel n petddoon dedopevwy. YroBETovtag OTL OAOL oL KOpBOL EXouv
S6ebopéva va petadwaoouy, T amooTEAAOUV Katd T StdpKela Tou §tkoU Toug XPOVoU
puetadoong otov emikedpaAnc. O mMounog Kabe pn emikepoAr) KOUPou pmopel va
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anevepyomolnBel péxptL va €pBel 0 SLKOC TOU XPOVOG EKTOUTING, UELWVOVTOG UE
OUTOV TOV TPOTIO TNV OMWAELA EVEPYELAG OTOUC KOPBoug autouq. Evw, o KOuBog
eTUKEPAANC TIPEMEL VAL EXEL AVOLXTO ToV SEKTN yla va pmopel va AdBeL Ta pnvupota
TwV KOUPwV tnG cuotadag tou. Otav oAa ta debouéva €xouv AndBOei, o kKOUBOC
emukepaAng ekteAel Aettoupyieg emefepyaciag OAUATOC Yyl TN CUMTECNH TWV
6ebopévwy og éva HOvo onpa. To onpo aUTO AmMOOTEAAETAL TEAIKA OTOV oTabuod
Baong. H petadoon auth xopaktnpiletal svepyelaka vPnAn petadoon kabwg o
oTaBbuog BAong elval AMOUOKPUOUEVOC.

MeTa amod KAmoLo TPOoKABOoPLOPEVO XPOVIKO SlaoTnua, EEKIVAEL O ETIOUEVOC YUPOC UE
kaBe koupo va anodacilet yla tov av Oa yivel emikePalng, Kok.

20ykplon LEACH kat direct (One-Hop) communication

Ze autd to onueio yivetal olykplon petaél tTwv TpotokOAMwv LEACH kat direct
communication cUpPwWVA PE LETPACELG ATIO TIPOCOUELWOELS AUTWV o€ Siktua. ITtnV
€lKOVOL TIOU akKoAouBel amelkoviletal n Asttoupyia kdBe aAyopiBuou kabwg To
HEyeBoC Tou SikTUou peyaAwvel. ATtO aUTAV TIPOKUTTEL 0To To LEACH gmutuyyavel 7
He 8 PpopéC Helwan TNG EVEPYELAG OE OXEDN LE TNV AUECH ETLKOLVWVIAL.
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Mo KATW amelkoVileTaL TO 00O TNG EVEPYELAC TIOU KATAVAAWVETAL OTO SIKTUO LE TO
LEACH, pe mpwTtokoAlo static clustering koL e TO MPWTOKOANO GUECNG ETLKOLVWVLOG.
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Ewova 25 - Xpovog {mng doiktHov

3.6.2 PEGASIS

Baowkn 16€éa tou PEGASIS(Power-Efficient Gathering in Sensor Information System)
[6], amoteAel kaBe kKOUPoC Tou Siktuou va AapPavel amo Kol va HeTadiSel mpog Tov
TILO KOVTWVO Tou yeltova. EmutpooBeta, o KOUBOC apxnyog mou emIAEYETAL Yl TNV
amooToAr Twv debopévwy oto otabuo Baong dev elvatl otabepog, eVOANACOETOL O
KAaBe yUpo tou aAyoplBuou. To mopamavw €XEL OOV ATIOTEAECUA TNV OpOLOHopdN
KATAVOUA TNG EVEPYELAG OTOUG KOUPBOUG Tou SkTUOU. Z€ apXLkO oTAdlo oL Koppotl
toroBetouvtal tuxaio oto Siktuo. Evw OTn CUVEXELD OPYQVWVOVTOL £TOL WOTE VAl
oxnuatilouv aluoida. AutO EMITUYXAVETAL €iTe amo Toug (Sloug Toug KOUPoUG
KAvovtag Xprnon evog aninotou (greedy) alyoplBuou eite amnd tov otabuod Baong o
omoiog adou dnuloupynoetl Tnv aAucida tn petadidel otoug KOUBOUG Tou SikTUOoU.

ITn ouvéxela yivetal n umoBeon OTL OAoL oL KOpPBoL €xouv odalplkn yvwon Tou
SIKTUOU Kal KAVOUV XpAon €vOG AMANCTOU aAyOoplOUoU yla TNV KOTOOKEUR TNG
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oaAvoibag, n omoia AapBavel xwpa TPV TOV MPWTO yUpOo EeTikowwviag. MNa tnv
KOTOLOKEUN TN aAuoidac, apXLKA ETUAEYETAL O TILO OTMOUAKPUCGHUEVOC KOUBOG amo Tov
oTaBuo BAoNnG. TN CUVEXELX ETUAEYETAL O TILO KOVTLVOC YELTOVAG OE AUTOV, KOK €WG
0Tou OAolL oL kOpPot tou Siktiou va exouv cuvdeBolv petal Toug og pLa aluocida.
Onwg eivat puotkod n andotaon PeETafL Twv Yeltovwy Ba auéavetal Babutaio kabwg
KopBoL mou €xouv nén emiokedpBel Sev pumopouv va emheyouv fava. Otav £vag
KOopBoc e€avtAnoeL tnv evépyela tou (“mebavel”) n ahvoida Eavakataokevaletal pe
ToV (610 TPOTIO MPOOTIEPVWVTAG AUTAY TNV GOPA TOV AVEVEPYO KOMPO.

KaBe kopBog tou Siktvou Aappavel dedopéva amod Tov YeITova TOU, TO CUMTTLELEL
pall pe ta Sk Tou Kot Ta amooTtéAAEL otov AMAo yeitova tng aAucibag. Me tov
TPOMO aUTO TMpayuatonoleital n culhoyn debopévwy o kaBe yupo. O kOO TTou
ETUALYETAL WG apXNYOG Kal avoAopBavel tTnv amootoAny dedopévwy otov otabuod
Baong aAlalel KUKALKA og KaBe yUpw. ETOL, OTOV yUpw i EMIAEYETAL YOl ApXNYOC O
kopBoc i mod N, 6mou N 1o mMARB0o¢ Twv KOUPBWV Tou SikTtUou. Me Tov TPOTO AUTO O
apxnyog oe kaBe yupo Bploketal oe tuxaia Béon tng alucidag. To yeyovog autd
elvat blaitepa onuaviikd kaBwg oL KOPPBOL amMEVEPYOTOLOUVTOL OE TUXOQULEG
tonoBeoieg. H W6éa tn¢ amevepyomnoinong(evepyelakng e€avtAnong) twv KOUBwv oe
Tuyalieg B€oelg elval yia va Kavouv to Siktuo mio eUpwoto otig BAAPeG. I kaBe yUpo
ylveTal xprion HLaG aming mpooEyyLong LETAdoong evOg KOUTIOVIOU EAEYXOU QIO TOV
apxnNyo ywa tnv ekkivnon tng amootoAng dedopévwy twv KOuPBwv. To KOOTOG TG
HeTAdoong autng eival MOAU piKpO adol to péEyeBog Tou koumovioU eival MOAU
HKPO. ZTO oxNua ou akoAouBel o kOUPoG c2 gival o apxnyog, o omoiog PeTadidel
TOL TO KOUTIOVL KT HAKOG tn¢ aAucidag otov koppBo c0. O kOpuPBog cO amooteAAEL Ta
6ebopéva Tou mpog tov KOpPBo c2. Meta tn AnPn Twv deSopévwy amo tov Kopupo c2,
o teAeutaiog mpowOel To KouTtOovL otov KOUPBO c4. O KOUPBOG QUTOC E TN OELPA TOU
petadidel ta dedbopéva tou otov kOpPO 2.

cl—cl—cle—c3I«—c4

e

BS

Ewova 26 - Teyviki] TEPAGRATOS KOVTOVIOV

To PEGASIS edapuolel cuvabpolon dedopévwv oe kKaBe KOUPO €KTOC amd TOUC
KopBoug amo omou fgkivael n petadoon dedopévwy (akplavol kopBol aluoidag).
KaBe koupog mpaypatomnolel cuvabpolon ota Sedopéva Tou yeitova Tou Ue Ta Sika
TOU SnuLloupywvTag Eva TTOKETO (6lou peyéBoug kat to petadibel otov dANo yeitova
Tou (av €xeL SUo yeltoveg). Ito Mapandavw mapadelypa, o KOpBog cO petadidel ta
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6ebopéva tou otov KOpPo cl. O kOuPBog autog cupmielel ta Sedopéva mou élaPe
aro tov c0 padl pe ta dika tou Kal ta petadidel otov apxnyo kopBo. Adpol o koupog
c4 €xeL AABeL TO KOUTOVL amd TOV apxnyo koupo, apxilelt tn petdadoon twv
6ebopévwy tou otov KOpPo c3. O kopPog autog cuprielel ta dedopéva mou €lafe
oo tov ¢4 pall pe Sk Tou Kal Ta armooTteAAEL oTov c2. O KOUPBOG QUTOC TEPLUEVEL
HEXPL va AdBel Sedopéva kat amo Toug SU0 YEITOVEC TOU KOl OTN CUVEXELA CUMTILELEL
to Sika tou Sedopéva PE AUTA TwWV YETOVWY Tou Kal ta petadidel otov otabuo

Baong.

‘Evag mapayovtag mou AapBavetal umoyn katda tn cuAloyn Sedopévwy amoteAel n
uéon kabuotépnon kivnong avda yupo. ZUpdwvA HE TO TPWTOKOANO QUEONG
ETKOWVWVIAG, ol KOUPoL petadidouv pia dopd oto otabuod Bdaong dnuloupywvtag
kaBuotépnon ton pe to mMANBocg kKopBwv Tou Siktuou (1 povada kabBuotépnong ava
puetadoon). Me tnv dnuloupyia ypappkng aluoidog mou mpoteivel To PEGASIS evw
glval evepyelakad amoSoTIKO amaltel TNV 6La KaBuoTEPNGON IOV £XEL TO TPWTOKOAAO
Aueong emkowwviag. To yeyovog autd odeiletal oto OTL oL PeTAdOOEL; elval
OElPlOKEG, Omote yla petadoon Oebopévwv oe Siktuo N kOpPwv amatteital
kaBuotépnon iton pe N povadeg (6oo mAROog petadocswv). MNa t peiwon TG
KaBuotépnong Kal cuvenwcg tn BeAtiwon Tou alyopibuou amatteital n tavtdxpovn
petadoon amo toug KOUPBoug. Itnv mpoomdbsla auth mpotadnkav to akoAouba
oxnuota: (1) Suadikod oxnua mou Baoiletat otnv €vvola tng alucidag kat oL koot
Tou SiktUou uTtootnpilouv CDMA kat (2) oxApa TpLwv emutédwy to onoio PBaciletal
otnv dnuwoupyia alucidag xwplg tnv umootipin CDMA amnd toug KOUPBoug Tou
Sktvovu [7].

ZUpdwva pe Tov MPWTo aAyoplOuo ot kdpPol emkovwvouv avd dUo peTady Toug,
omnote emtuyxavetal N/2(N mAnbog kOpBwv) moapdAAnAeg HETASOOELS KATA TN
apxIKn ¢aon evog yupou(mpwrto eminedo) xwplc Wblaitepeg mapepBoleg(Aoyw TG
umapéng CDMA). Evw yla tnv oAokAfpwon €vog yupou amattouvtal logN enimeda.
MNa Vv Katavonon Twv mapoamavw okoAouBel n meplypadr evog Sdiktvou 100
KOUBwV Tou €xel ULOBEeTOEL TOV OAYOpPLOUO QUTO.
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Ewéva 27 - Data gathering in a chain-based binary scheme

MNa Siktua pe kOpPBoug mou dev umootnpilouv CDMA uloBeteital o dsUtepog
oAyoplBuog tplwv emunmedwv Baocllopevog otn dnuioupyia aAvcidag. updwva pe
QUTOV ToV OaAyoplBuo €vag yupo¢ oAokAnpwvetal oe tpia emimeda. MapdAAnAa
UMopoUV va HeTadwoouv KOpPBolL mou eilval Yewypadlkd  ATOUOKPUOUEVOL
Sladpopetika umapxel kivbuvog mapepBoAwv. H Asettoupyia tou alyopiBuou autou
ylveETAL KOTOVONTH HE TO IOPASELY O TTOU AKOAOUDBEL.

BS

A
cl8
cl8«—co68
C8 —Cl8«— 28«38«48 58— cO8« 78 «—c88« o8
c0—cl—c2—c3—=cd—cS—c6—cT—c8«cO cll—cll...cl8«cl19 ...c90—c91...cO98« c99

Ewova 28 - Chain-based 3 level scheme for a sensor networ k with non-CDM A
nodes

Me ta SU0 MOPATIAVW TIPWTOKOAAX ETILTUYXAVETOL TOOO £EOLKOVOLNGCN EVEPYELAC
adou akoAouBoUv TNV oAuvcldwt) Sour) tou PEGASIS 600 kol peiwon TG
KaBuotépnong petadoong. Auto TIOU ETILTUYXAVETOL Elval N Helwon TOU YIWVOUEVOU
eVEPYELAG Kal kaBuotépnong (energy x delay). Ztn cuvéxela akoAouBel mivakag mou
QTELKOVITEL OUYKPIOEL TWV TIPWTOKOAAWV Apeong emwkowvwviog, LEACH, PEGASIS,
chain-based binary kat chain-based 3 level pe Bdon to ywopevo auto ywa Siktuo
100m x 100m. H evépyela petplétal os Joules, evw n kaBuotépnon oe PETASOOELC
TIAKETWV (units). MNa mapadelypa yla tTn LETAS00N €VOC TTAKETOU Ao £vav KOpBo A
o€ éva yeitovad tou koupo B Bswpeital kabBuotépnon piag povadag.
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Protocol Energy Delay Energy *Delay
Direct 1.280459 100 128.0459
PEGASIS 0.036107 100 3.6107
LEACH 0.204786 27 5.5292
{(CDMA nodes)

Binary 0.055898 8 0.4516
(CDMA nodes)

3 Level 0.058287 15 0.8743
(non-CDMA nodes)

Onwg ¢aivetal and tov mivaka to PEGASIS sival kaAutepo and to LEACH. Npwta
oo OAa to PEGASIS 8ev €xel overhead mou &nuoupyesital oto LEACH katd tn
Swadkaoila popdonoinong ocvotadwv. EmumpocBeta, oto PEGASIS n petadoon
6ebopévwy yivetal amod yeltovikoug Koppoug, yeyovog mou odnyel o UIKpOTEPN
anwAela evépyelag. MapdAAnAa, oto PEGASIS évag koppog eival umevBuvog yla tn
puetadoon dedopévwy oto otabuo Baong oe avtiBeon pe to LEACH omou ol kopfot
emukedpaleic €xouv avalafel tnv epyacia auth. Mo OAOUC TOUG TTAPATIAVW AOYOUG
Tto PEGASIS emutuyxavel peyoAltepn e€okovopunon evépyelag amo to LEACH. Kot
otoug Suo alyoplBuoug mpaypatonoleital aAlayn Twv KOUPBwv mou avalapBavouv
Vv epyacia petadoong otov otabuo Bdaong. Me tov TPOMO AUTO ETULTUYXAVETAL
TEPALTEPW €§LOOPPOTINCN TNG EVEPYELAG TOU KaATavaAwvetal oto Oiktuo, evw
napaAAnAa Statnpeital n eupwotia Tou Siktuou KaBwg oL kopBol e€avrAovvtal ot
Tu)aieg tomobeoiec. Me TNV KATAVOUI TNG EVEPYELOC OTOUG KOUPBOUC aufavetal o
Xpovog Lwng Kot n molotnta tou Siktuou. TEAOG, amd UeTpRoelg €xel SelyOel OtTL 0
oAyoplBuog PEGASIS £xel kaAUTepn enidoon 000 To PEyeBOC Tou SIKTUOU PeEYAAWVEL.

Onwg eivat puoko to PeyeBog Twv KABUOTEPAOEWY LELWVETAL ONUAVTIKA ota §U0
oxnuata PeAtiwong Tou PEGASIS (duadlkd, Ttpwwv emumédwv)  Kabwg
TIPOLYLOTOTIOLOUVTAL OE AUTA TApAAANAEG PeETASO0ELS. H anwAeLla evépyelag Twv SUo
QUTWV oXNUAtwy ivatl Alyo peyalutepn amod autrh tou PEGASIS. To yeyovog auto
odeiletal otnv avénon tng amootacnc KOUPwv (LeyaAUTepn amwAELd eVEPYELAC)
ota enineda (ektdg TOU MPpwTou) KABe oxRuatog(duadiko, TpLwv EMMESWV).

Yuvoyilovtag amod tov mivaka to Suadlkd oxnua eival mepimou 12 popéc kKalutepo
arnod tov aAyoplBuo LEACH kot 280 popeg KAAUTEPO ATIO TNV AEDN EMKOWVWViA. Evw
TO oXNMa TPLWV eTuEdwWV eival mepinmou 4 ¢popég kaAUtepo amo to PEGASIS kat 140
dopEg KaAUTEPO amo Tov aAyoplOpo dueong emkowvwviag. Map’ 6Aa autd dev eival
oap£C TIOLo €lval TO KAAUTEPO OXN L0 TO OTIOLO val BEATIOTOTOLEL TNV TLUH TOU HETPOU
Evépyelag x KaBuotépnon. KabBweg n anwAewa evépyelag yla petadoon s€aptartal
anmd TNV XWPELKA KATOVOMN TwV KOUPBwv, (0wG va PNV UTApXEL HOVO €va oxnua
BEATIOTO yLa OAa Ta LeYEDN TwV SIKTUWV.
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3.6.3 TEEN

To TEEN (Threshold sensitive Energy Efficient sensor Network protocol) [8] amoteAel
TO TMPWTO TMPWTOKOANO TIou avamtuxdnke yla avadpactika (reactive) Siktuva. To
TEEN, onwc kot to LEACH, xpnotpomolel tnv béa twv cuotadwv. Kabe cuotada €xel
evav emkedaln o omoiog eival umevBuvog ya tn culoyn Twv dedopévwy, T
ouvaBpolon autwv Kot o€ TEAKO otddlo tnv mpowbnon toug eite otov otabuo
Baong eite otov LEpapXLKA ETOEVO eTKEDAAR KOUBO.

Adou SlapopdwBolv oL cuotddeg Tou Siktuou, KABe KOUPBOG eTkeEDAANG PETASIOEL
0TOUG KOUBOUG-[LEAN TOU:

Attributes: cUvolo amd GUOLKEG TTapaAUETPOUG - YWwplopata mou evdladépouv To
xprotn

Hard Threshold: tiun katwdAiou ou opiletal yia kaBepia and TG avtioToXES TEG
TWV YVWPLOUATWY. € TEPITTWON TOU N AMOAUTN TIUN TOU yVWPLOHATOG TIoU £XEL
avtiAndBel o awoBntrpag amd to TePBAAAoOV EeMeEPVAEL TNV TIU TOU LOXUPOU
KatwdAlov, autr anobnkeVeTal 08 ECWTEPLKN HETABANTA Tou KOUPBoU. H Tiun autn
xapaktnpiletal wg sensed value.

Soft Threshold: pkpry aAAayr otnVv T TOU YVWPLOUATOC TTOU £XEL YiVEL avTIAnmTA
arnod Tov MPAKTopa. Av N VEQ TLUN Tou yvwplopatog ival ton A peyaAltepn amno tnv
anoBnkevpevn (sensed value) pe Tun ton pe autiv tou acbevoug katwoAiou, TOTE
O TIOMNMOC TOU KOpPBou evepyormoleital kot Hetadibel ta Sedopéva mou E€xel
avtiAndOel otov kKOO emikedaln.

Yto TEEN n mapakoAouBnon tou Siktuou eival ocuvexng. Tnv mpwtn Gopa Mou [
TIAPALETPOG QMO TO OCUVOAO TWV YVWPLOUATWY EEMEPACEL TNV TIUN TOU LOXUPOU
KatwdAiou, 0 KOpBOC amoBnkelelL O Ml €0WTEPLKN MeTABANT autol TNV
napandvw TR (sensed value). O kopuPog petadidel ta Sedopéva mou ExeEl
avtiAndBel and 10 MepPAAAov Otav ekmAnpwvovtal kat ot SUo0 akOAoUBEG
ouvOnKkec:

1. H tpéxouoa T TOU yVWwPIOPATOG TIOU €XEL YiVEL avTIANMTO €lval
HEYAAUTEPN TOU LoXUPOU TEPLOPLOUOU, KOl

2. H T tou yvwplopatog mou ocuvexwg avtllapPavetol o KOpBog
Sladépel and tnv sensed value katd moéco 00 | PEYOAUTEPO AMO TNV TLUA TOU

0a00evoug katwdAiou.

Onotebnmnote évag kOUPog petadidel Sedopéva, n sensed value autol opiletal ion
HE TNV TPEXOUCA TLUN TOU YWWPLoUATOG TTOU €YLVE AVTIANTITO.
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Me auTOV ToV TPOTO, TO LOXUPO KATWPAL tpoomabel va pelwoel To TANBOC Twv
HETASO0EWV ETUTPEMOVTIAG OTOUC KOMUPBOUC va HETAdWOOUV HOVO OTav Ta
yvwplopata mou evtoniotnkav gival péoa oto nedio evéladépovtog tou xpnotn. To
000eVEG KATWHAL LELWVEL TTEPLOCOTEPO TOV OPLOUS Twv petaddoswyv eéadaviovtag
TIC HeTASOO0ELG TToU avanmodeukTa Oa cuvéBalvav OTtav UTIAPXEL HKPN i KaBoAou
oAAayr) OTO YVWPLOLO TTIOU eVTOTETAlL.

ITn ouvéxela yivetal avadopd ota KUplOTEPA XAPAKTNPLOTIKA Tou aAyopiBuou
autol. Mpwta ar’ 6Aa, 6tav ta «Kpiotpua» dsdopéva yivovtal avtAnmTd and Toug
aodntipeg tou Siktuou petadibovtal otyplalia otov otabud Baong. e autod
odeiletal n kataAAnAdtnta tou alyopiBuou yla epopUOYEG TTOU AMALTOUV AUECN
anokplwon o€ pn-ouvnBlopéva yeyovota oto Oiktuo. AegUtepov, n petadoon
UNVUHOTOC Yapoaktnpiletal uPnAOTEPN EVEPYELOKA EVEPYELX ONMO OUTAV TNG
ouvexoUC¢ avtiAnyng tou meplBdarlovtoc. EmumpooBeta, ol TEC TOu 0oBevoulg
KaTwdAlou TOLKIAAOUV avaAoya HE TNV KPLOLMOTNTA TOU YVWPLoOHATOG KoL TNG
epapuoync. Mikpnp T aoBevol¢ KatwdAlou ETMITUYXAVEL TNV AMOKTNON TILO
OKPLBAG €lKOVAG TOU SIKTUOU, UE aVIAAAAyUO TNV AUu§npEVN QTIWAELA EVEPYELAG
Aoyw ocuxvotepwyv petadooewv. Aprivetal otov Xpnotn yla Tnv erloyn oto trade-off
OVAUECO OTNV €€0LKOVOLINGN EVEPYELAC KAl OTNV OKPIBELa TN EKOVAG TOU SLIKTUOU.
Téhog, oe kaBe oAAayry kOpBou emikedaln, petadidovral fava ot TIHEC TwV
yvwplopdtwy, divovtag otov xpriotn t duvatdtnta aAlayng autwv.

KOplo pelovékTnua tou alyopiBpou autol amoTteAel TO yeyovog OTL av TOTE ol
KOpBoL 6ev avtiAndBouv amod to mePBAAAOV TIUA YLA KATIOLO YVWPLoUA LEYAAUTEPN
oo auTO Tou €XEL PoodLopLoTel, ol kKopBoL dev Ba peTadwoouv. ALECH CUVETELD
autou eival otL o xpnotng dev Ba mapel moteé dedopéva amod to Siktuo kal dev Ba
yvwpilel av ot koppol €xouv gfavtAnbel. Mo to Adyo autd, o TEEN &ev eival
KATAAANAOG yla €dapUoyEG TOU {NTOUV OvA TOKTA XPOVIKA Slaothuata va
yvwpilouv tnv katdotoaon tou Siktuou. Mapadeiypata epapuoywv KatdAAnAwy yia
TO MPWTOKOANO QUTO amOTEAOUV N avixveuon €oBoAwv, n avixyveuon TMUPKAYLAG,
K.O.K.

3.6.4 APTEEN

To mpwtokoAo APTEEN (Adaptive Periodic Threshold-sensitive Energy Efficient
Sensor Network Protocol) [9] avartuxBnke yia uBpidika diktua. To APTEEN akplBwg
Omw¢ to LEACH kot to TEEN £€xeL uloBetriosl tTn AOYK) TwV CUOTASWV Kal TWV
emkedpaleic avtwv. Etol, pHetd TNV oAokAnpwon tn¢ paong dnuloupyiag cvotadag,
ot eTkepaing kopBot petadidouv ta akoAovBa oToug KOUPBOUG HEAN TOUG:

Nvwpiopata (Attributes): cuvolo amd PUOLIKEC TAPAUETPOUC TIOU O XPNOTNG
evéladépetal va pabet
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KatwdAwa (Thresholds): autr n mapdapstpog nept\apPfavet to Loxupo KatwdAt(Hr)
Kol To aoBevEC KatwdAL(St). To Hr elval piiot GUYKEKPLUEVN TLUA YVWPLoUOTOC N omola
av Eemepaotel 0 KOUPOG Tou €xeL avTAndOel auTAV TNV T amoBnKEVEL QUTAV O€
€OWTEPLKN HeTaPANTA TOU KOPPBoU. To St amoteAel pla pikprp aAAayr oTnVv T Tou
YVWpPLopaToc n onola MPpoKaAel TNV evepyornoinon Tou moumol Tou KOUBoU Kal thv
otooTOAr 8e80UEVWVY OTOV ETILKEDOANC.

Npoypappa (Schedule): amoteAel éva TDMA mpoypappa To ormoio B€tel
XxpovoBupidec otoug kOpBouc, dnAadr kabopilel TN XPOVIKN OTLYUR OTN SLAPKELD TNG
orolac oL kKopPol péEAn kaBe cuotadag pumopei va ekmepeL.

Xpovog (Count Time): amote)el tn péylotn mepiodo avapeoa oe SUO EMITUXNUEVEC
avadopEC Tou £XouV amooTaAEL amo Evav Koppo.

Ye éva 6lktuo alwoOntripwv, oL KOUPBoL ou Bplokovtal Kovtd avrkouv otnv idla
ovotada, avthappavovtal ta dla dedopéva kat mpoomabolv va oteihouv ta
b6ebopéva Toug TauTOXPOVA, TIPOKAAWVTOG LE TOV TPOTO AUTO CUYKPOUCELS. Ma To
Abyo auto, yivetal xprion tou TDMA oOmou ekxwpouvtal SLadOPETIKEG XPOVLKEG
OTLYUEG petadoong og kabe kKOpBo tn¢ ouotadag.

ITn ouvexela yivetal avadopd ota KUPLA XOPAKTNPLOTIKA TOU TPWTOKOAAOU auToU.
Mpwta amd OAa, o Xpnotng €xeL MAAPN TNC KATAOTOONG TOUu OIKTUOU ME TNV
TepLodIkn amootoAn] 6e6oUévwy Twv KOUBWVY Tou Siktuou og autov. EmumpoacBeta,
avtibpad apeca ot fadvikég allayéc oto Oiktuo, yeyovog mou tou Oivel Tn
SuvaToTNTA VO OVTOTTOKPIVETAL OE KPIOWEG KOTAOTAOELS. MNa to Adyo autod, TO
APTEEN ouvbualel t000 TPOSPAOTIKEC 00O KOl OVOOPACTIKEG OTPOTNYLKEC.
AeUTepOV, IPOODEPEL TIPOCAPHOCTIKOTNTA ETUTPEMOVTOG OTO XPHOTN TNV aliayn
TIHWV TOOO Tou count time 000 Kol Twv KATWAlwWV. Avaloya HE TIG TIHEC TIOU
amobibovtal ot Tmapamavw  HeTaPANTEC  TpooapuoleTal Kol TO OGO
anwAelag/e€okovounong evépyelag. Eva uBpldikd Siktuo pmopel va petatpanei o
MPoSPACTIKO | avadpaoTIKO avAloya UE TIG TIULEG TwV KAaTwdAiwv kal Tou count
time. To KUPLO MELOVEKTNHO QUTOU TOU TIPWTOKOAAOU amoTeAel n emunmpoobetn
TIOAUTTIAOKOTNTA yla TNV Snuoupyila Twv ouvaptnoswyv KatwdAiwv Kal Tou count
time. Qotooo, auto amoteAel aMo £va trade-off avapeoa otnv moAumAokotnTa Kot
0TNV MPOCOPOCTLKOTNTA.
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Base Station ®

. ,J“%%"'\:‘j : Y B /@ Simple Node
g b . -~ @ [IstLevel Cluster Head
e T (@ 20d Level Cluster Head
Clusters

Ewéva 29 - Hierarchcal Clusteringin TEEN and APTEEN

Z0yKplon MPpwTtoKOAAwv LEACH, TEEN, APTEEN

ITIG ELKOVEC TTOU akoAouBouv ylvetal ouykplon twv aAyopiBuwv LEACH, TEEN kat
APTEEN o€ ox€on pe tnv KatavaAwon evépyelag (elkdva 30), to mARBo¢ Twv evepywv
KOUBwv (elkdva 31) kot tou cuvoAlkoU TARBoug dedopévwy mou Aappavovtal ano
Tov otaBuo Baong otn Sldpkela tou xpoévou (ewkoéva 32). H amodoon tou APTEEN
Bpiloketal avapeooa oe autr) tou TEEN kot tou LEACH. Autd rtav ovapevouevo
KaOwg to TEEN petadidel povo otav avtiAndBei kpiowpa dedopéva oto neptBailov
Tou. MNa t €€aAnPn TWV UELOVEKTNUATWY TOU TPWTOKOANOU QUTOU, TPOTABNKE TO
APTEEN. Emiong to APTEEN eival o amodotikd amnod to LEACH, adol to mpwto
netadidel dedopéva avaloya pe TIG TILEG TwV KatwdAiwy Kal Tou count time evw To
Seutepo petadidel debopéva cUVEXWG.
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Ewoéva 30 - [TA]00¢ evepydv kOpPmv oto ypovo

Ewoéva 31 - Katavaimon evépyerog 01KTO0V 6TO pOVO
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Ewéva 32 - Agdopéva mov Lappavovror amé tov otadpé Baong oto ypovo
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3.7 Location Based IIpwTtoKxoAia

Y& auTO TO €i60¢ Spopoldynong ol koppol atcbntripwyv onuatodotouvtal and tnv
tonoBeoia toug oto Siktuo. H andotaon avapeoa o€ YELTOVIKOUG KOUBoug umopetl
va Ipocodloplotel avaloya PE TNV LWOXU TOU ELOEPXOUEVOU ONUATOG. EVAAAQKTIKA, N
tornobeoia Twv KOUPWV Hmopel va TPoodLloploTel ApeECO HECW TNG ETIKOWVWVIAC HE
6opudopo, xpnolpomnolwvtag GPS, otnv mepinmtwon mou ol koppol Stabétouv S€ktn
GPS. T tnv e€okovopnon eveépyeLag LepLkol adyoplBpuol TormoBeTtouv Toug KOUBOUG
Tou Slktuou Tou elval avevepyol oe kataotaon UTvou. Me tov TpOmo autd 6co
TIEPLOCOTEPOL KOUBOL BplokovTal 0€ KATAOTOON UNMVOU 0TO SIKTUO TO0O HEYOAUTEPO
TIOOO £VEPYELAG £EOIKOVOUELTAL. YT OUVEXELA aKOAOUBEL Lo mapoucioon Twv TLo
Sladedopévwy aAyopiBuwv Spopoldynong mou PBacilovial otn yewypadia twv
KOUBwv Tou diktuou [11].

3.7.1 GEAR

Kivntpo yla tn dnuloupyila Tou mopakatw aAyopiBpou amotéAEoE TO yeyovog OTL TO
€ldo¢ Twv epwtoewv mou amneuBuvetal os Siktuo aoBNTAPWV eival TOANESG POpPEC
vewypadikou meplexopevou. Aappdvovtag umodn kat tTnv e§OLKOVOUNGCN EVEPYELAG
mou eivatl embupntn ota Siktva alodnthpwv dnuoupyndnke o aAyoplOpog GEAR
(Geographic and Energy Aware Routing) [12]. Onwg umodnAwveTtaL amd to Ovoud
TOU 0 0AyOpLOHOG auTOG AapBavel umtodn Tou TOOO TNV EEOLKOVOUNGN EVEPYELOG TOU
SKtUoU 000 Kal T Yyewypadiki BEon Twv KOPPWVY QUTOU £TOL WOTE VA EMLTUYXAVEL
TV KOoAUTEpNn ‘evepyelakd’ Kol Yewypadlkd SpopoAoynon Ttwv TakETwy. la
napdadelypa, otav 10 evdladépov pag  epapupoyns  Siktvou  awoBntRpwv
ETUKEVTPWVETAL OTNV EVNUEPWON YL TN BepUoKpacia PLoG CUYKEKPLUEVNC TIEPLOXNAG.
EVOG OTMOTEAECUOTIKOC TPOTOG yla tnv O1ddoon TG £pwWINONG QUTNG OTNV
OUYKEKPLULEVN TEPLOXA ELVOL N TIPOCAPHOYH TNG YVwong Tng emBuuntng tonobeoiag
otnV £pwtNoN. Mg AUTOV TOV TPOTIO EMITUYXAVETAL N aneuBeiag SpopoAoynon tou
TIAKETOU OTNV €mBuunTh MepLoxn, amodpevyovtag TNV MANUUUPaA autol o€ OAo To
Siktuo. Mo to Adyo auto o alyoplBpog GEAR pmopei va BswpnBel cupmAnpwpa Tou
aAyopiBuou Directed Diffussion.

Nepypadn alyopibuov

Onwg mpoavadp£pOnke otoXog Tou aAyopibuou elvat n §popoAdynon MAKETWY OTNV
gmBupunt TEPLOXN ETMAEyOVTAC TNV QmMOSOTIKOTEPN evepyelaka OSiadpoun. H
Stadkaoia mpowbBNoNG MAKETOU 0 OAOUG TOUG KOUPBOUG TG EMBUUNTAC TIEPLOXAG
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amoteAsital and dvo ¢dacsl. Itn SldpKela TG MPWING PAONG EMUITUYXAVETOL N
TiPowONGCN TOU OKETOU OTNV TTEPLOXI) 0TOX0G. O aAyOpLlOUOC XPNOLLOTIOLEL EUPLOTLKA
HuEBodo yla tn SpopoAoynon Tou makétou AapBavovtag untodn tn yewypadikn B€on
KOl EVEPYELA YELTOVIKWY KOMBwWV. Ymdpyxouv OSUO TEPUTTWOELG: OTAV UTIAPXEL
yeltovag mAnoléotepa otnv emBuUNT TEPLOXN Kal otav Sgv UTTAPXEL. ITNV MPWTN
TiEPUMTWON, 0 aAyOpLlOUOC ETUAEYEL TO YELTOVA TIOU QMEXEL TN ULKPOTEPN OMOOTACN
oo TNV MePLoXn oTox0. 2T SeUTePN Mepimtwon o alyoplBuog emAéyel Tov yeitova
KOpBo o omoiog glaylotomolel kAmola T kKdotoug. Evw katd tn StdpKela tng
beutepng daong o aAyoplBuog S1adidel to MaAKETO o OAOUCG TOUG KOUBOUG TNG
TEPLOXAG. ZuvABwg XpNoLUOoTIoLELTOL AVASPOULIKOG YEWYPADLKOG aAyopLBOoG yia T
61adoon TOU TOKETOU OTNV TEPLOXN). XTN OUVEXELX OKOAOUOEl pla Mo avaAUTLKA
ETLOKOTINON TwV SU0 pAcewv Tou aAyopiBpuou.

Kata tn ddpkela g mpwtng ¢paong o alyoplOpoc GEAR SpoloAoYEL TO TTAKETO OO
TOV TIPOOPLOUO TIPOG TNV embupuntr meploxn. Kabe koppoc amobnkevel SU0 TIHEG OL
omoleg avadEpovTtal 0To KOOTOG OV aralteitat yla tnv SpooAdynon VoG MAKETOU
OTOV TIPOOPLOMO TOU MECW TWV YELTOVIKWY KOUPBwv Tou. OL SU0 QUTEG TLUEG
KaAoUvTal eKTIHWHEVO (estimated) kat learning k6oto¢. To EKTIUWHUEVO KOOTOG
amoteAel éva ouvluaopd TNC EVATIOUE(VAVIOG €VEPYELAC TOU KOUPBOU KoL TNG
amootTacng autol amo tnv embupunth neploxn. 2uppoiwkad, c(N, R) =a* d(N, R) + (a-
1) * e(N), 6mou a pia petaBAntn tun, d n andotaon tou KopBou N arnod tnv meploxn
otoxoG R kat e n evépyela tou kKouPou N. To learning k6otog amoteAel pa BeAtiwon
TOU EKTILWHEVOU KOOTOUG OTnV mMepimtwon mou umdpyouv tpumneg (holes) oto
Siktvo. Tpuma oto &iktuo dnuloupyeital otav ywo €vav KopPo Sev umapxel
VELTOVIKOC KOUBOC ToU va BPLOKETOL OE TILO KOVTLVH QmOOTOON TPOG TNV TEPLOXA
OTOX0G o auTtov. Otav v untapyxouv Tpumnec oto Siktuo, to learned koOoTOG £ival
(00 UE TO eKTIHWHEVO. ZUMPBOALKA, To learned kdotog eivat ioo pe h(N,R) = h(Nmin,
R) + C(N, Nmin), 6rmou Nmin o mAncoléotepog yeitovag tou kOpPBou N, R n meploxn
otoxog Kat C(N, Nmin) n andéotaocn avapeoa otoug SU0 YELTOVIKOUC KOUBOUG.

MNa tnv kaAutepn katavonon tng Aettoupylag tou alyopiBuou bidstal éva
napadelypa. Itnv TtomoAoyiat Tou SIKTUOU TNG £lKOvVOC 36, 0 KOpPBog S eivat
umevBuvog yla n SpopoAdynon €vOG TTAKETOU TIPOC TNV TEPLOXN HE centroid tov
kopBo T. Ot kOuBoL G, H, | elvat kOpPoL Tou €xouv e€QVTANCEL TNV EVEPYELA TOUC.
Eniong yivetal n unoBeon OTL a=1, yla TOV UTIOAOYLOUO TOU EKTLUWHMEVOU KOOTOUG.

ApXKQ, yla Tov Koo S, ta kootn sivat h(B,T) = ¢(B,T) = \/E’ h(C,T) = c¢(C,T) = 2 kot

h(D,T) = ¢(D,T) = \/E Me tnv €mAoyf TOU YELTOVIKOU KOMPPBOU HE TO WIKPOTEPO
KOOTOG, TO TaKETO TpowOeital otov kopBo C. Twpa o kKOUPBog BpilokeTal os TPUTIA
adou Sev UTAPXEL YELTOVIKOG TOU KOUBOC Ttou va Bploketal o kovtd otov KoppBo T
amo OtL o (6log. Itnv mepimtwon avtr) o kKOopBo¢ C mpowbOel To MAKETO TUXAl OF
kdrmolov yeitovad tou 1.X. B kot evnuepwvel to learned kdotog tou o€ h(C,T) = h(B,T) +
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C(C,B) = h(B,T) + 1. Mg auTtoV ToV TPOTO TNV EMOUEVN GOPA TTOU TTAKETO Oa MPEMEL val
SpopoioynBet amo tov kopPo S otov T, Ba emiheyel 0 yeltovikog KOpBog tou S, B kat

oxLo C.
Q a o o o
k L T
o oO——0& & o
E /e E I 1
O L L . o

?
o
T
Q
Do
Ow

o

Ewkova 33 - Apopordynon 0tav 610 iKTLO VTAPYOVY TPUTTES

AdoU TO TAKETO PTACEL OTNV TEPLOXN OTOXOG amopeEVeL n Slddoor) autol OToug
KOpBOUG TNG mePLOXNG autng. To yeyovog auto amoteAel tn deltepn ¢ddon tou
oAyopiBuou GEAR. Yritdpxouv 800 tpormol S1ddoong Tou MOKETOU 0TOUG KOUBOUG TG
TLEPLOXNG, €lte pe avadpoukn yewypadikn dtadoon eite pe mMAnpuLpa. O dsutepog
TPOMoOC eival KatdAAnAog otav to TMANBoC Twv KOUPwWV TNG TEPLOXNG Oev elvat
HEYAAO, ylaTl N TANMUUpO Xapaktnpiletal wg UPNANG KOTOVAAWGONG EVEPYELAG
Stadkacia. Evw oe Siktua pe peydAo mAnBog¢ KOUPwv mpoTATaLl N avadpoLkn
vewypadikn dtadoon. Zupdwva pe autn tn Stadikacia, adou n mePLOXN XWPLOTEL o€
TEOOEPLG UTIOTIEPLOXEG, O KOMUPBOG mou €xel AdPel to makéto dnuloupyel téooepa
avtiypada autol Kal To omooTEAAEL O KaBegpia amod TIG UTIOTMEPLOXEC. AUTh N
Sladkaola Ywplopol TNG TEPLOXNG Kal SLAdoonc Twv TAKETWY emavalappavetal
HEXPL KABE umomeploxn va mephapBavel eva kKoppo.
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Ewéva 34 - Recursive Geographic Forwarding in GEAR

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118

57



3.8 Xvykpion MpwTtokoAAwv ApouoAidynong

ITOV TOPOKATW TIVOKA QTELKOVI{OVTaL CUVOTITIKA KUpLa XOPOKTNPLOTIKA KABE

katnyopiag mpwtokOAwv SpopnoAdynong, cUUdwva LE TOV APXLKO SLAXWPLOUO WG

Tpog tnVv tomoAoyia [15].

Hierarchical Routing

Flat Routing

Geographical Routing

Ekmourn oe timeslots

Exmopnr pe Baon to

MEPLEXOUEVO

Exmopnr pe Baon to

MEPLEXOUEVO

AEV UTIAPXOUV CUYKPOUCELG

YTIdpXouv cUYKPOUOELG

YTtdpXouv cuyKpOUOELG

IMewwvetal o xpovog rou kabe
KOUPBOG TMaPAEVEL EVEPYOC
AOYW TNG TEPLOBLKAG

QUTTEVEPYOTIOLN O G TOUG

O xpovog {wnc mou Kabe
KOUPBOG TapPAEVEL EVEPYOC
TOLKIAAEL, EAEéyyovTOg TOV
[XpOVO Ttou KABe KOUPBOG

MAPAUEVEL OTIEVEPYOTIOLNEVOG

O Xpovoc mou KaBe KOUPBOG
TOPOEVEL AVEVEPYOG
LELWVETAL AOYW UTOPENG

L00SUVAUWY KOUBWV

H ocuvaBpolon edopévwy
MPOYLLOTOTIOLELTOL OO TOUC

enikedaleig

O kaBe KOUPBOG MpAYUATOTOLEL
cuvabpolon ELCEPXOUEVWV
SeS0UEVWV ATIO TOUC YEITOVEG

[TOV

Asv TipaypaToTOLE(TOL

CUYKEPAOUOG SES0UEVWV

ATIAN aAAG OxL BEATIOTN
OpouoAdynon

H SpopoAoynon pmopet va
yivel BEATLOTN pe eMUMPOOOETN

MOAUTTAOKOTNTA

H SpopoAoynon pmopet va
yivel BEATLOTN pe eMMPOOOETN

MOAUTIAOKOTNTA

ATTOULTELTOL YEVLKOC KOLL TOTILKOC

CUYXPOVLOMOG

AEV UTTAPXEL CUYXPOVLOMOG

AEV UTTAPXEL CUYXPOVLOUOG

H Siapdpdwon twv cuotadwv
Snuioupyel overhead oto

SlKTLO

OL Sladpop g Stapopdwvovtal
LOVO OE TIEPLOXEG TIOU £XOUV

6eSopéva va LETASWOOUV

H Slapdpdwon Twv ELKOVIKWY
MAEYUATWY SnULoUpyeL

overhead

OuoLlopopdn anwAsla

H anwAela evépyelog

H anwAela evépyelog
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EVEPYELAG

efaptartal anod tnv Kivnon tou

SlkTUOoU

efaptartal anod 1o ndéco cuxva
AN GleL n TomtoAoyia Tou

SlkTUOU

Alkaln KoTavoun KavaAlol

Aev eyyuatal Sikotoolvn otnv

KOTOVOLLN TOU KavaAlol

Aev eyyuatal Sikatoolvn otnv

KOTOVOLL TOU KavaAlol
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3.9 BéAtiotn Evepysiaka ApouoAoynon ota Aiktva
Atontipwv

ITIG eMOMEVEG Ttapaypadoug Ba mapouclactel £va MPpwTokoAAo dpopoAoynong, To
oroio Baociletal otnVv yvwon tng yewypadlkng B€ong Twv KOUBWV PUE AUECO TPOTIO,
ue tnv xpnon GPS otoug kopBoug koL tou omoiou n PBéAtotn Swadpoun
SpopoAoynaong umoloyiletal e KpLTipLo tn ocudepOTEPN EVEPYELOKA SLadpopr).

3.9.1 Emokommnon tov [pwtokoAdov

3.9.1.1 TomoAoyia AiktUou

To kataAAnAotepo oxnua petadopdc dedopévwy ota acvppoata Siktua alodntipwv
elval To Epapyko pe opddeg moAAamAwy erunedwy, g€attiag Tou yeyovotog OtL
ETUTPETEL TNV EKUETAAAEUON OAWV TwV OLATEPWY XOPAKTNPLOTIKWY TWV SIKTUWV
alobntipwv [23].

To biktuo amoteAeital and éva otabud Pdong, pakpld amo Toug KOUPoug, otov
omoio ouMAéyovtal ta dedopéva amnod to diktuvo. O otabuoc Baong dev €xel Kavéva
TIEPLOPLOUO WCE TIPOC TNV EVEPYELO TIOU WUTIOPEL va KatavaAwoel. Etol pmopetl va
ekteAel mMOAUTAOKOUC UTtoAoylopoUc (m.x ouvinén &edopévwyv, amobrkeuon oes
KATAAANAN Baon S€60UEVWV TWV UETPAOEWV TWV KOUPBWV, UTTOAOYLOUO aAyopiBuwy
6popoAoynong KATT), KoL va EKTIEUTEL ME TETOLO LOXU, WOTE va Umopel va ¢ptaoel
HEXPL Kal Ttov TeAeutaio kOpPBo tou Siktuou, KAtL Mou Oev oxLEL avtiotpoda
€€aLTIOG TWV EVEPYELAKWV TIEPLOPLOUWY TWV KOUBWV.

OMot ot kKOpPoL Tou SIKTUOU elval opoyeveic Kal €xouv TNV (SLa apyLlkn eVEPYELA, O
KOs kOuPocg (stkova 35) mephappavel otn cUVOeoT) Tou Eva XapnAng KOTovAAwong
evépyelag 6éktn GPS kot xapaktnpiletal povadikd pe pa tumou MAC Sievbuvon,
EVWw umootnpilel Vv petafaocn oe Slddopeg KOATOOTACELS Asttoupylag —
katavaAwong eveépyelag (sleep, active, idle, off) oe 6Aa ta umoouothpata Tou.
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Ewova 35 - Képpog Atkthov mpotetvopevng ApyLTEKTOVIKNIG

To TPOTEWOPEVO OXNUO XPNOLUOTOLEL Lepapxiky Sdopury Me opddeg moAlamAwv
erunédwy. Oswpole OtL N KOUPoL emkepaing twv opadwy, eival kopBol edkou
TUTIOU, £TOL WOTE S€V £XOUV KATIOLO TIEPLOPLOUO WG TIPOC TNV UTIOAOYLOTLKN oYV, TV
KOTOVAAWON EVEPYELAC N TNV KTV EKTIOUTNC (EKOVA 36).
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Ewova 36 - ZvvOeon Emkepaing Koppov Awktivov wpotetvopevng
APYLTEKTOVIKIG

‘EOTW TO TUAMA EVOG 0l0UPUOTOU SIKTUOU aloBNTHPWV MOV ATELIKOVIIETOL OTNV ELKOVA
37. e autnv amnewkovilovtal amAol KOUPBOL TOU GNUELWVOVTAL UE TTOPTOKAAL KUKAO.
KaBe tétolog kOpPOC avikel o pia opada A emutédou, n omola £xel €MIKEPOAANC
€vav KOUBo, o omolog otnV €lKOVA ONUELWVETAL PE UMAE KUKAO. O emikedalng
KOUBOG ouykevtpwvel Ta Sedopéva amod toug KOPBOUG Tou avikouv otn opada Tou
kat to mpowBel otov emikepalig opdadag B emumédou, o omoiog otnv ewKova
ONUEWWVETOL HE KOKKLWVO KUKAO. KaBnkov tou emikepaAng koppou pog opadag B
emuunedou elval vo ouykevtpwvel debopéva amd Toug emikedalng KOUBouc Twv
opadbwv A emumedov va ta emnefepyaletal kol va ta mpowbel 1 oe opada
HeyaAutepou emunmédou, 6Tav auth UTAPXEL i KateuBelav otov otabuo Baonc.

JTO TAPOKATW OXAHA O OTaBuog Baong amoteAel tnv Kopudn TNG LEPAPXLIKNG
nupapidog pag kat emPAENEL TNV Aettoupyia Tou cuvoAou Tou Siktuou.
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W ZTaBpde Baong
. Emkeqairg kopfog B emmédou
. Emkgparic koupog A emmédou

W Kdupog

Ewkova 37 - Tufpo S1Kt00v TPOTELVOREVIS OPYLITEKTOVIKIG

3.9.1.2 Baowka XapaKTneLoTKA

Ta BaOLKA XAPAKTNPLOTLKA TNG TIPOTEWVOREVNG APXLTEKTOVIKAG Elval:

=  KaBe kopPoc £xel oav TeEAIKO amodEKTn Tov emikedbalng tng opadag otnv
omoia avnKeL.

®  ATIOLTNTIKEG AELTOUPYIEG OE EVEPYELA KOL UTIOAOYLOTLKN LOXU €KTEAEL HOVO O
emukepaing kabe opadag, n o Ztabudg Bdaong, HELWVOVTOG HE AUTO TOV
TPOTO TN OUVOALKN KOTAVAAWGN €VEPYELAG TNG OpAdaG Kat auEdvovtag €ToL
TWV OUVOALKO XpoOvo {wn¢ Ttou SLKTuou.

* O OouyxpoVIoHOG Tou OLkTUou pmopel va emuteuxBel oe oupddeg udnAou
eninedou Kal otn ouvexela va dLadobel péxpl Tov teAeutaio KOUPO, eMMAEOV
n umapén &€ktn GPS oge 6Aoug Toug KOUBOUC TTapPEXEL EMUTAEOV SUVATOTNTEG
OUYXPOVLOMOU XPNOLUOTIOLWVTOG TO ECWTEPLKO POAOL TOU.

= KaBwc umevBuvol ywa tn dpopoldynon eival ot emikepalng twv opadwv
€XOUUE HeEYAAN pelwon tng moAuTAokotnTag SpooAdynong aAAd kat avénon
NG TaxUTNTAG AMOKPLoNG Tou StkTtUou.

* [ peyaAUtepn avtoxn oe opaApata eivat Suvatd KAmolog emkePaAng
opadag va Umopel va EMIKOWWVEL e TIEPLOCOTEPOUG ATIO VAV ETILKEPAAAG
opadwv peyalutepou erumedou amod o SIKO Tou, 1 KO YELTOVLKEG OPASEG
va ETUKAAUTITOUV N piat TV AAAN KOTA KATIOLO TTO000TO.
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3.9.2 AvaAvTiki) teptypa@t) tov lpwtokoAiov

3.9.2.1 Emuokonnon Asttoupyiog

To mpwtokoAAo, Aettoupyel oe SUo daoelg, T dAon TG apxikomoinong kat tn ¢aon
NG KavoVvLIKNG Aettoupyiag. Ztn pdaon tng apxwkomnoinong AapuBavouy xwpa pa oelpd
OO EVEPYELEC, OL OTOLEG eKTEAOUVTAL ATTO TOUG KOUPBOUC, TOUC ETKEPOANC OpAS WY
KOpBwv, KkKabBwg Kal amdé Tov otabud BAaong. TG  EVEPYELEC  OUTEG,
ocupnephapBavovtal, n dSnuoupyia tou SIKTUOU OVAUECSH OTOV O0TOOUO BAong Kot
Toug emkePalnig opadwyv KOUPBOUG, OTOV EVTOTILOUO UE TNV XPHon tou GPS §éktn tng
Béong kabe otolyeiou tou Silktuou, TNV opadornoinon Twv KOUBwWVY Kal TEAOG ToV
UTTOAOYLOMO TwV HovomoTiwv dpopoAdynong tTwv dedopévwy amnd tov Kabe kouBo
TPOG TOV ETUKEPAANC TNC opadag Tou.

Jtnv $paon TNC KAVOVIKAG Asitoupyiag mépav Twv Sadikaowwv SpopoAoynong
6ebopévwyv amd Toug KOUPOUG, TO TMPWTOKOAAO mep\apPavel pla ospd amo
evépyeleg Slaxeiplong tou SIKTUOU OMWG O TEPLOSIKA 1 UETA OO Oitnon KAMoLou
KOMBOU €EMOVUTIOAOYLONOG TwV Hovomatiwy  SpopoAdynong, n mpoobnkn N
Staypadn amiwyv i emikepaAng opadwy KOUPwWVY K.T.A.

‘Etol Aoutdv, To mpwtokoAo BacileTal oTnV EMKOWVWVIN, AVAUESA OTA OTOLXEL IOV
TO QmoteAoUV, HE ovtoAAayr OUYKEKPLUEVWY TUMWV MNVURATWY, Ta omoia
SladpEpouv avaloya pe tn dpaon Asttoupyiag otnv onoia Bpioketal to diktuo.

OL TUTIOL TWV PNVUPATWVY TTou avtaAAdooovtal eivat:

1) Apxwomoinong (Initialization — 1): Zto pAvupa autd TtomoBetouvtal OAEG ol
mAnpodopieg apxwkomoinong Twv otolelwv Tou  Siktuou. MeplhapPdvel
Anpodopieg OMWCE: YEWYPADIKEC CUVIETAYUEVEC, LOXUE TIOU OTTOUEVEL OTOV KOUBO,
Kataotoon Asttoupyiag Tou KOpBou. MAvupa apxlkomolnong pmopel va otaAel kot
Katd tn Stdpkela tng GAong Kavovikng Aettoupyiag, otav mpootiBetal veog KOUBOG
oto biktuo.

2) Aebopévwy (Data — D): Eva pivupa dedopévwy amoteAeital and dvo TunRpata:
ano tnv emkedalida kal To ocwua, oto omoio tomoBetouvrtal ta dedouéva. H
erukepoAidba Tou pnvupatog Sedopévwv elval Sadopetiki amd auth Tou
UNVUHOTOC apylkomoinong kot mepllappavel T mAnpodopie¢ Omwg: eidog
unvupoatog, StevBuvon anootoAéa, StevBuvaon mapaAeintn yia Spopoldynon, TEAKO
arnodekTn.

To pnvoupota autol tou eidoug meplthapBavouv Kol éva SeUTEPO TUNUA, TO CWHA,
0TO ormolo mepLExovTal Ta TPoG anooTtoAr dedopéva. To pueyebog ToU CWHATOG TOU
unvopatog tumou D elval petaPAntd kal g€optatal and to péEyeBog Twv MPOgG
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anootoAn dedopévwv. Quolka yLa AOyoug olkovouiag evEpyeLag Ba TPEMEL TA TTPOG
amooToAr deSopéva va £Xouv 060 To SuVATOV LIKPOTEPO HEYEDOG.

3) Awaxeipiong Awktbou (Network Maintenance- N): Ta pnvopoato autr¢ T popdng
£€XOUV W¢ OKOTIO TN dLatrpnaon the Asttoupyilog Tou SIKTUoU, TWV EVIOTILOUO BAaBwv
0TOUG KOUBOUG, TOV EMOVUTIOAOYLOUO TWV HOVOTATLWY SpOOAdYNONG KaL YEVLKA TNV
e€aodaiion NG amodotikng Asttoupyiag tou. H amootoArl autol tou €iboug
UNVUpOTOC Umomel va yivetal eite meplodikd (MpoypappaTiopéva), Otav o
OTMOOTOA£LAC £lval 0 oTtaOuog Baong n KAmolog and Toug emKEPAANG OpAdwWY Kot
TIAPOANTITEC oL €MIKEPOANC | oL amAol kOpPBol avtiotola, €ite oe omoladnmote
ddon kpBel anapaitnto, m.X. BPAAPN otnv AeLtoupyia KATTOLOU UTTOCUOTAHLATOG EVOG
KOpBou.

3.9.2.2 ®aon Apxikomnoinong

Metd tOo MEPAC TNG AVATMTUENC TOUG, OAA T OTOLEla Tou SIKTUOU EgKvoUv TN
AelTtoupyla TOUg, EKTEAOUV QUTOEAEYXO TWV CUCTNUATWY TOUC yLla Vo SLAMLOTWOOoUV
TUXOV BAABEG 0 QUTA, KaL OTN CUVEXELA:

(1) ne tnv xprion tou GPS &¢éktn Toug evrtomilouv TIG aKPLBElG YeEWYPADLKES
OUVTETAYMEVEG TNG BEong toug (Fewypadkd MnAkog - x, Mewypadko MAAtog - v,
Yyog ano v enwdpavela tng Badkacoag — z),

(2) urtoAoyiZouv TNV LOXL TTIOU ATOMEVEL TIPOG KATAVAAWGCN OTOV CUGCWPEUTH TOUG,

(3) 6énuwoupyolv éva pnvupo  apxlkomoinong, mou TepAauPavel OAEC TIC
mAnpodopieg ou adopolV OTLG TAPAUETPOUG OpXLKOTIOiNONG TOUG,

(4) umaivouv o€ KOTAOTAGCN QVOOVAG TIEPLUEVOVTAC VUL Ao Tov otabud Bdaong
A oo erkePaing opadwv KOUBwWY,

(5) o ZtaBuog Baong (BS), yia va ulomotioel To S{KTUO KOPUOU, amOOTEAAEL LAVU UL
Tpog OAoug toug Emkedalng Oupadwv (CH), amd toug omoioug Intd va ToUu
SLoBLBACOLV TIC TAUTOTNTEC, TNV ATOUEVOUCO EVEPYELQ, TNV KATACOTACN AELTOUPYLAG
KOl TIC OUVTETAYUEVEG TNC B€onc Twv KOUBwv, ou Bplokovtol EVtOg TNG oKTivag
EKTTOUTTIN G TOUC.

(6) o kaBe CH otéAvel pivupa mpog OAouc Toug KOpPBoug, mou Bplokovtal otnv
OKTival EMNPONG ToU, {NTWVTAG VO TOU OTEIAOUV TO PAVULA OPXLKOTIOINONG TO OTtoLo
€xouv dnuLloupynoeL vwplitepa.

(7) Mg tnv Andn tou punvopatog apxkomnoinong amo evav CH o kdBe kouPog opilet
oav TeAKO anodektn twv dedopévwy autdv tov CH.
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(8) Otav o kabe CH AaBel Ta pnvopoata TUmou | and toug kopBoug mou Bplokovtal
EVTOC TNG AKTLVOG EKTIOUTIC TOUC, MPOETOLHAleL Eva pvupa TUou D 0To cwio ToU
omolou meplhapfavel yla kabs kOpBo Tov KwSLKO TOU, TIG CUVIETAYMEVEG TOU, TNV
OTIOEVOUCA OE QUTO EVEPYELA KOL TNV KATAOTAON AELTOUPYLAC TOU.

(9) Otav o BS AdBeL to cuvoAo Twv pnvupdtwy TUrou D anod toug CH, anoBnkelel Ta
6ebopéva oe katdMnAn PBdaon yewypadikwv Sedouévwy, Kal eival £TOLHOG va
gekwvnoel, apyxlka tn Stadkaolo umoAoylopol Twv opadwv Kot tTng avabeong
OUVKEKPLUEVWVY KOUBWV og KaBe CH Kal 0T CUVEXELO TOV UTTOAOYLOUO TwV BEATIOTWY
Sladpopwv evtog tng kabe opadag.

= Anutoupyla Opadwv: H dnuioupyia opddwv eival plo umnpeoio n
orola TAPEXETOL OO TO AOYLOUKO EVOLAUETOU ETUMESOU, IOV €KTEAE(TOL ATO TOV
BS. To Baokd kputriplo pe to omoio dnuoupyeital pia opada kOpPwv eival n
anootacn kabe kopPou amd toug CH, pe teAkn emhoyn tov CH pe tn pULKpOTEPN
amootaon.

= Yriohoylopog EAGxotwv Awodpopwv: O umoloylwopoc tng PEATIoTng
Swadpounc avapeooa oe SUO onueia oto xwpo eival €va mpoPAnua mou EXEL
pueAetnBel emotapéva [21]. OL meploootepeg Tpooeyyioelg Pacilovialt otnv
puetadopd tou mpoPAnuatog and tnv evpeon tng BEATIOTNG SLadpoung otov Xwpo
otnVv eVpECn AUTAG o€ évav ypado Tou amelkovilel tn yewypadia tou diktuou oto
eninedo.

3.9.2.3 ®aon Kavovikng Aettouvpyiog

Itnv paon tNg Kavovikng Asttoupylag mépav tng dpopoldynong debopévwy amo
TOUC KOUBOUC, E ATTOOTOAN HLNVUUATWY TUTIOU D, TOo MPpwTOKoAAo mepAapuBaveL pLa
oslpa amo Sladlkaoieg dlaxeiplong Tou SIKTUOU, OTIWG O TIEPLOSIKA 1 HETA Ao
aitnon kdamowou KOpPBOU EMAVUTIOAOYLOMOG TwV HoOvoTatlwy  S§popoAoynong, n
avadopd amnd kamowov kouPo kamowag OSuoAeltoupyiag o€ KAMOO amd Ta
uToouoTAPOTA Tou, N N HetaBoAn otnv SlaBéoun o KATolov KOUPO evépyela.
AuTtoU tou eidouc n kivnon, Slekmepaltwvetal Pe aviallayn Lnvupdtwy Tumou N, ta
orola pumopouv va £€Xouv oav mnyr Téoo tov BS 600 Kal Kamotov amno toug CH i Sn.
Télog pla tedevtaia katnyopia Stadkaoiwy, oL omoieg pmopouv va Adfouv xwpa
elval autég oL omoieg mpokaAoUv petaBoAn otn cuvBeon tou Siktuou, T mPooOnkn
N Swaypadn amiwv R emikepaAng opddwv KOpPwv. ITnVv MepiMIwon auth y
KaBgéva amod ta véa otolxelo tou Slktuou mou mpootiBetal, fekva n Stadikacia
opxLKomoinong, OMWG aUTH TIEPLYPAPNKE TTPONYOU LEVWC.
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3.9.3 Extiunon tov lIpmwtoko6Adov

3.9.3.1 Ikavomnoinon Twv Emupuntwv XapaKtneLoTiKwy TwvV
MNpwtokOAAwvV ApopoAoynong

To MPWTOKOAAO TIOU TIOPOUGCLACTNKE TILO TIAVW UAOTIOLEL TA TIEPLOCOTEPA QMO T
EMOUUNTA XOPAKTNPLOTIKA TWV TPWTOKOAAWY SpopoAdynone.

EldikoTEPA TO MPWTOKOANO TTAPOUCLATEL:

1. XapnAn umoOAOYLOTIKH TTOAUTIAOKOTNTA, TOUAGXLOTOV OTO THUAMO TOU TO
oTolo ekTeAsiTaL OTOUC KOUPOUG.

2. MIKpPEG QMALTAOELS OE XWPO amobrikevonc.

3. MpEG amaltioelg avrtaAlayng pnvupatwy: MNa tnv Aettoupyia Tou, to
TPWTOKOAAO Oev amattel, mépav NG apxlkng ¢acewg, TNV avitaAllayn GAAwv
HUNVUUATWV.

4. Amnoduyny KukAikwv Atadpopwv: To TPWTOKOANO, Oev EMITPEMEL TLG
KUKALKEC SLaSpopEC.

3.9.3.2 Q¢ npog tnv KatavaAwon EvépyeLag

Onwg €xoupe b€l og mponyoUupeva KebAAaLa, N EVEPYELA, N OO0 KOTOVAAWVETAL
armo évav KOUPBO yla TNV EKTEAEON TNG OUTOCTOANC TOU €£ilval OmoO TOUG
ONUOVTLKOTEPOUC OXESLOOTIKOUG TIOPAYOVTEC, TIOU EMNPEALEL GNUOVTIKA TOV XPOVO
{wn¢ kaL Asttoupyiag T0oo Tou KOUPBoU 000 Kal Tou SIKTUOU GUVOALKA. TO CUCTATLKO
TIOU QIMOMUTA TNV TIEPLOCOTEPN EVEPYELA OE €vav KOUPBO €ival, OTwG EXOUE TIEL, TO
aoUpuato cuotnua. Mo tnv elaxlotonoinon autAG TNG EVEPYELAG TIPEMEL KAOE
KOUBOC va eMIAEYEL CWOTA TO YelTova ou Ba AELTOUPYNOEL GOV AVOUETASOTNG TWV
Sebopévwy Tou mpog Tov emikedalng (cluster head) tng opadag otnv omolia avikeL.

MoAU elkoAa Ba pmopouoe va emieyel oav yeitovag o MANoLEOTEPOC KOUBOC o
ormoliog Bploketal mpog tnv katevBuvon tou Cluster Head, eAaylotomolwvtog £ToL Kal
TNV oYU EKTTOUTIAG TOU ACUPUOTOU CUCTAATOG.
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Koppocj

, . . -'-""'""-----..___,.Anc'm'mﬁr] Dj-ch
Amootaan Di-j

. Amootaon Di-ch ‘

KopPoci Cluster Head ch

Ewoéva 38 - Emloyn kovtivotepov koppfov

Ta BApoata yla tnv emAoyn Tou KOUPou j oav avapetadotn ivat:
1. EUpeon twv kOpPwv mou toxVeL Dij < Di.ch Kot Djch < Di-ch

2. Emloyn tou kOpPou j pe tnv eAdyxiotn anootach Dy

O mwo mavw aAyoplBuoc pag Slvel Tov Kovtwvotepo duvatd KopBo mpog tnv
katevBuvon tou Cluster Head, aAAd omw¢ Ba S0UUE Kal OTL( TIPOCOUOLWOELG TIOU
kavape Sev amotelel kat tn BEATIOTN evepyelakd Auon. Yrdpxel n mbavotnta To
OUVOAO TNG EVEPYELOG TIOU OTTOLTELTAL YLa TNV OIMOCTOAN €VOC TIOKETOU SeSoUEVWY
oo ToV KOO i otov ch péow Tou j, va eival HeyaAUTEPN OO AUTH TIOU amalteital
yla tnv amneuBeiag petadoon otov ch. Mo to Adyo autd AdBape umoyn pag GAla
KpLTRpla ywa tnv €mioyr Tou KOuPou avopetadotn mou €xouv oxéon HE TNV
KATAVOALOKOWUEVN EVEPYELA. OEWPOUE Ta EENG:

1. Etx(A-B) = Eradio + EtxD(A-B) + Ecpu

Omnou EtX(A_B) N OUVOALK OUMOLTOUMEVN EVEPYELA Ylad TN METOPOPA TIAKETOU
Sedopévwv amd 1o A oto B, Eradio N evépyela yia Tn Asttoupyio TwV NAEKTPOVIKWY
TOU aoUPUATOU CUOCTNUATOG, EtxD(A-B) N EVEPYELA yla TN UETAS0O0N O€ amootaon

D(A-B) kot ECpu N EVEPYELA TIOU KATAVOAWVEL N EMEEEPYOOTLKN Lovada.

2. Eyx n evépyela mou amatteitat yio tn ARPn Tou moKkETou amod To SEKTN £VAC
k6uBou kat woxveL: Erx = Eradio + Ecpu
ITIG TIO TTAVW TIEPUTTWOELG N EVEPYELA LoouTal Ue loxug x Xpovog (P x t). e kdBe

TeplmTwon n amaltoupevn oxUG elval yvwoth, evw o Xpovog sfaptdtal and to
HEYEDOC TOU TTOKETOU Kall TO pUBUO petadoong SeSopévwv.
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3. ty = pkt_size/bandwidth

OTOTE OTO TILO TIAVW TtapAdelypa eEetaloupue SV0 MEPUTTWOELG LeTAS0OONG:

=  AneuBeiag petadoon mokétou amo tov kOpPo i otov Cluster Head. H
EVEPYELN TIOU TIPETEL va KATavoAwBel oe aut TNV mepimtwon eivot:

Etx(i-ch) = Eradio + EtxD(i-ch) + Ecpu

= Metaboon TOU TOKETOU MECW TOU KOUPou j. e auth TNV mnepimtwon
KATAVOAWVETOL EVEPYELA KAl TOV KOUPBO i Kol otov KOUPo j Kot Loxuouv ta

g8ne:

o Ei= Etx(i-j) = Eradio + EtxD(i-j) + Ecpu

o Ej=Ex+ Eixjch) = (Eradio + ECPU) + (Eradio + Etxoj-ch)
+ Ecpu)
0 Ei(ijch) = Ei +Ej

MNna va emiheyei, Aowumov, o KOUBOC j oav avapeTadotng Twv dedopévwy Ttou i Ba

npémnet va woxVet: Ety(ij-ch) < Etx(i-ch)

Mo aVOAUTIKA QVOTOPLOTWVTOG TNV AmaltoUEVN LoXU Tou KABs kOuBou oto Xpovo,
Loxbouv Tta €NnG:
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AnevuBseiag petadoon twv dedopévwv tou KOUPou i otov Cluster Head

Nodej

Praoio_iote + Pcru_ioie

Nodei

Prabio_active + Prxgi-ch) +Pcru_active 1

Prapio_ioie + Peru_acive

1. Pkt Preparation- H

2.Pkt Transmission

toreparation = O XPOVOG TOU XPELAETAL YLOL TNV TIPOETOLUACIO TOU TIOKETOU TIPOG
OTTOCTOAN

ty,e = O XPOVOC TIOU OUMALTE(TOL YL TNV QTTOCTOAN TOU TOKETOU Kol LooUTOLl ME
pkt_size/bandwidth

Katd tnv mpoetolpacio tou makétou anatteital oxus Pepy active

la TNV anmooToAn TOU TAKETOU amalteital LoXU§ Prapio_active + Prx(ich) + Pcpu_acTive

To oUVOAO TN KATAVAALOKOUEVNC EVEPYELAC YLOL TO CUCTNHA TWV KOUPBWV i kat j ival
Ei = (Pcpu_acive X toreparation ) + (Prabio_acTive + Prx(i-ch) + Pcpu_active) X tix

Ej = (Praoio_iote + Pcpu_ipie) X (tpreparation + tix)

Eich = Ei+Ej
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Metadoon Twv S£60pEVWV TOU KOUPBOU | HEoW TOU KOMPBOU j

Nodej

Prapio_actve + Prwgjch) +Peru_actve

Prapio_acrve +Pepu_acmive

Prapio_iote + Peru_actve

Prapio_iote + Pepu_ibie

Nodei

Prabio_actve + P +PCPU_ACTNE_

Prapio_ioie + Pepu_active

Prapio o+ Perubte = = = L - — - - - - - -

1
: t

1. Pkt Preparation - 3.2kt Transmission |

4. Pkt Reception

2. Radio Propagation 6. Pkt Transmission

5. Pkt Preparation
Ze qUTA TNV MepPIMTWOon LoXUOUV, EKTOC OO TA TILO TIAVW KAl Ta £EAG:

tpropagation = O XPOVOG S1ddoong Tou padlokUHATOG OE amOoTAcH, Ao ToV KOUPO i
oToV KOUPO j

Pcpu_ipte = N LOXUG Ttou amatteitot ano tov eneepyaoctr| O KATAOTAON AdpAVELAG

Prabio_ipte = N toXUG mou amatteitatl and 1o acUpUATO UTOCUOTNHO OE KATAOTAON
adpavelag

la TNV amooTtoAn TOU TAKETOU Ao Tov i oToV j amatteital .oXVU§ Prapio_acrive + Prxiij) +

Pcpu_acTive

Mla TNV OQmOOTOA) TOU TOKETOU amd Tov j otov ch amatteital  woxUg

Prabio_active + Prx(j-ch) + Pcpu_acTive
Ma ™ Agn Tou moketou anatteitat toxUg Prapio_active + Pepu_acTive

To oUVOAO TN KATAVAALOKOUEVNC EVEPYELAC YLOL TO CUCTNHA TWV KOUPBwWV i kat j ival

Ei = ((Prabio_iote + Pcpu_active) X toreparation) + ((Prabio_active + Prx(i) + Pcpu_active) X ti) +

((Prapio_ioLe *+ Pcpu_ipLe) X (tpropagation + tpreparation * tix))

Ej = ((Prapio_ipte + Pcpu_ipte) X (tpropagation + tpreparation)) + ((Prabio_active + Pcpu_active) X tix)

+ ((Prabio_iote + Pcpu_acTive) X toreparation) + ((Prabio_active + Prx(-ch) + Pcpu_acTive) X ti)
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Omnote Kat Eijch = E; +

Onwg SLOTUMTWOAUE KAl TILO TIAVW, YLoL UTTAPXEL CUUPEPOV OVOUETAS00NG LECW TOU
kOpBou j Ba mpémet va toxUeL: Eij.ch < Eich

Onwg Ba doUUE Kal OTIC TTPOOOUOLWOELS, YlA VO UTIOAOYIOOUME TNV oYU Tou
amatteital ya tn petadoon onupatog oe amootacn d Ba mpémnel kaboplooupe éva
povtého Stadoong kal cuUPWVA PE AUTO VO KAVOUHE TOUG UTIOAOYLOMOUG HaG. ZTLG
OLKEG LG TIPOOOUOLWOELS XpNnoLomotioape to free space model.

/12
RP=R-G G-
(47d)
Omnou Pr n Aappavopevn Loxug, Pt n eKMEUMOUEVN LOXUC, Gr To KEPSOC TNC KEPALOC

tou &¢éktn, Gt 10 KEPOOG TNG KeEpaAiog TOU TOMNOU, A TO MNAKOG KUUATOG TOU
EKTIEUTMOUEVOU CNUATOG KaL d N amootacn Twv KOPBwv.

Ztnv avootnta Eijcn < Eicn OO To pEYEDN €ival yvwotd Kot £XOuv OXEOn HE TO
hardware tou kdBe k6pBou (nAekTpovikd, acUpupato cuotnua, kepaia, CPU) kat
2 2 2
telkd maipvel T popdr: E + di,j +d ich < di,ch He to E otabepd mou efaptdrot

Qo Ta 1o MAVW cUCTAMATA.
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Ke@alawo 4 - TO EPTAAEIO TIPOXOMOIQXHX J-SIM

4.1 Elcaywyn

H avamtuén ocwotwv epyalsiwv mpooopoiwong Atav éva Bripa kKAswSL yla tnv
TIEPALTEPW £PEUVA KAL AVATITUEN TWV CUOTNUATWY. MEVIKA, N Tipooopoiwaon Umopel
VoL TIOPEXEL €va TPOTO WUEAETNG TWV EVAANOKTIKWYV TPOMwv oxediaong evog
OUOTAHOTOG, O€ EVA EAEYXOUEVO a0 OAEG TIG amoeLs epBAAlov. Etol eEAeyxeTalL TL
emupépouv ol Sladopeg pubuioslg oe €va ovotnuo Tou eivat  SUokoAo va
KOTOOKEUOQOTEL Kol va puBulotel emavelAnupéva. Emiong mapotnpouvtal ot
Sladopec aAANAETUOPACEL TOU OUOTAUATOG yla KaBes olvolo puBuicswv mou
epapuodletal, KAtTL mou pnopei va eival SUokoAo va avixveuBel og €va MPOyYUATIKO
cloTNUA.

Tétowa epyaleia mpooopoiwong eival oAU xprAowa kat ota Siktua acUppATWY
alobntpwy, Ta omoia Adyw tng PUONG KATOOKEUNG KOL EYKATAOTOONG TOUG Elval
SUOKOAO KOlL OLKOVOULKA oV OpOo VoL LEAETNO0OUV OE TIPAYHOTIKA KALLOKO, WOTE Vol
BpeBouv ot KataAANAeC puBuioelg TTou Ba T KAVOUV LKAVA va. PEPOUV OE TTEPAC TNV
OTTOOTOAN TOoUG. TETola epyalsia Ba MPETEL VO LITOPOUV VO LEAETOUV OUUTTEPLPOPEC
™G ePappoyng LEXPL TO XOAUNAOTEPO EMIMESO TWV CUCTATIKWY EVOG KOUBOU, Kabwg
eniong Ba MPEMEL v UIMOPOUV VoL XELPLOTOUV €va peyaAo TIARB0G KOUBWVY Kal TLg
oAnAerudpaoelg peta€l Toug oAAA Kal LE To TtepLBAANOV.

‘Evag e€opowwtng Ba mpémel va SLabeTel Ta €€ G XAPOAKTNPLOTIKA:

o) KAipakwoudtnta: Oa mPEMEL VoL UTIOPEL VO TIPOCOLIOLWOEL KOL VA XELPLOTEL Eval

peyaio AnBog aloOntipwv (ekatovtadeg ) kat XIALASEG).

8) MAnpdtnta: Oa MPEMEL VO KAAUTITEL 0G0 TO SUVATOV TILO TTOAAG CUCTAMATA, KAl VO
QvVTIAOBAVETOL KoL VA avoItapLloTd TG oUUTEPLPOPEG TOUug o OAa ta emimeda
Aemtopépetac (dnA. amnod to eninedo epappoync kot to enimedo SpopoAdynong wg To
TeAEUTALO CUOTATIKO TOU ALCONTAPA, KAl AUTO VO UMOpPEL va epapUooTEL yla KAOe

edappoyn).

y) Aoniotia: H cuumneplpopd tou Siktuou Ba MPEMEL va YIVETAL AVTIANTITH Kal va
avamnopiotatal o peyAAn AemTopépela kal pe akpifela. Emiong Ba mpémel va
QTOKAAUTITEL KAl N €EMOUUNTEG CUUTIEPLPOPEG TOU SLIKTUOU Kat OXL LOVO QUTEG TTOU
UTTOTTTEVOVTALL OL KATOLOKEUOLOTEG TOU.

6) Fepupwon: Oa mpemnel va yedupwvel To XAopa HeETaty Tng oxediaong twv
oAyoplBuwv Kal TG uAomolnong Toug, WOTE Ol KATOOKEUAOTEG KWALKA VoL UITOPOUV
Val TOV SOKIUACOUV TIPLV ToV EPOPUOCOUV O TIpayUATIKA Siktua. MoAU cuxva €vag
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oAyoplBuog daivetatl oAU KAAOG, aAAd N UAOTIOLNGCN TOU UMOPEL va améxel TTOAU
oo to BewpnTko oxEdLo.

To epyaldeio Tmou xpnoluomnoBnke otnv mapoloo pyacia yla Tnv TPOoouoiwaon
TIPWTOKOAAWV SpopoAoynong ivat to J-SIM to omoio Kal mapoucLAlETaL TILO KATW.

4.2 J-SIM

To J-sim [27], elvat éva avolxtol kKwdika meptBaAlov npocopoiwong Baolopévo os
OUOTATIKA TO omoio €xel avarmtuxBel oAokAnpwtikd o€ Java. ExeL xtiotel emdvw o€
ML QUTOVOUN QPXLTEKTOVIKN cuotatikwyv (Autonomous Component Architecture
ACA) koL TO ektetapévo TmAailolo epyaciag tou Swadiktvou (extensible
internetworking framework INET). Ot Baotkég ovtotnteg tou ACA sival T CUCTOTIKA
(components), ta omoila €mMKOWwWVOUV TO €va e TO GAAO péow amootoAng/Anng
b6ebopevwy otilg Bupeg toug (ports). O TPOTMOG CUUMEPLPOPAG TWV CUCTATIKWY
kKaBopiletal otov oxeSlopO TOU CUOTAUATOG Pe cupPBoAata (contracts), aAAd n
ouvdeon peTal Toug AapBAVEL Ywpa KATtd Tn ocuvbeon tou cuothuatoc. Me tov
Sloaxwplopd auto (tou OSeoipatoc twv oupPoAaiwv Kol tou Seoipatog Twv
OUOTATIKWVY), TO J-sim TTAPEXEL LA APXLTEKTOVLKN XAAAPA CUVOESEUEVWY CUOTATIKWY
(loosely coupled component architecture) 6nAadny éva ocuoTaTKO MMOpEl va
oxedlaotel, va vulomownBei, kat va dokipaotel avtovopa. Me autov Tov TPOTO TO
ACA EemUTpENEL O£ VEQ OUOCTATIKA VO €L0AYOVTOL OTO J-Ssim HE TPOMO QAUEONC
toroBétnong kat Asttoupyiag (plug-n-play fashion). tnv kopudr tou ACA Bploketat
to INET.

H yAwooa twv scripts mpooopoiwoncg eivat n Tcl i mo cuykekpipéva n Jacl (Java/Tcl)
HEOW TNG OMOLOG UMOPOUKE VA TIPOOTIEAACOUUE KOL VA XELPLOTOUE TO CUCTOTLKA
Tou J-SIM mpoKeLUEVOU VA SNULOUPYNCOUE CEVAPLO TIPOCOUOLWOEWV.

To J-SIM mpoodEpel Eva aVTIKELEVOOTPADr OPLOUO YLA :

o) KopPBoug otoxoug (target nodes), awoBntriploug kOpPBoug (sensor nodes) kot
OUYKEVTPWTEG KOpPoug (sink nodes). Ou kOpuPoL otdxol mapdyouv ta Sadopa
¢duolka cuppavta tou mepBAAloviog, Ta omoia avtiappdvovtal oL atcOntrplot
KopBol kal katomv emnefepyaciag ta otéAvouv wg Sedopéva TPOG TOUC
OUYKEVIPWTEC KOUPBOUG OL OmoloL Ta CUYKEVTPWVOUV yLa va T TapodwoouV oToV
TEAKO Xpnotn,

B) aloBnTRpLa KovaALa Kol KOVAAL 0.CUPUOTNC EMKOWVWVLIAG

y) duoLKA pHEoO OMWCE Elval T KOVAALO AtOS00NC TWV CELOULKWY KUUATWY, LOVTEAO
KLVNTLKOTNTAG KoL LOVTEAO eVEpYELOC (Kal 600V adopd oTNV Mapaywyn TS aAAG Kot
0TV KotovaAwaon tng).
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Ewova 39 - MovtéLo €vOG TUTIKOV GUGTI|LOTOS TPOGOUOIMGNS OIKTVOV
o Tpov

210 J-sim £Xouv eVvowUOTWOEL EMIONG KATIOLEG KAAOELC KAl LNXOVLIOUOL TToU €X0OUV Th
SuvatoTtnTa Vo EVOWHATWOOUV TO TIEPLBAANOV TNC TPOCOUOLWONG UE TIPOYHOTIKEG
OUOKEUEG, TIPOKELUEVOU va SleukoAuvouv Tnv afloAdynon tng anddoorn Toug o€
TIPOYHOTIKEG OAAQ eleyxOueveg ouvOnkes. To Baolkd MPOPAnUa o€ plo TETOLA
npooopoilwon €lval 0 OUYXPOVIOMOG TOU XPOVOU HETAEU TOU TIPAYHOTLKOU
OUOTINHATOG Kol Tou e€opolwtr) Kabwg autd ta SUo aAAnAemdpolv avTaAAACCOVTOG
naketa Sedopévwy. ITo [26] umapxel €vag TETolog cuvOUAOUOG EVOG UEANOVTLKOU

OUOTAMOTOG LAXNG.

4.2.1. ApXLTEKTOVIKT)

Onwg avadépdnke Kal mapamavw umapxouv 3 eldwv koppol otov eopolwtr J-sim.
OL kOpBol otoyol mou mapdyouv ta egpebiopata, ol atcOntrplol KOUPBoL mou Ta
avixvelouv Kal mapdyouv Kamola dedopéva. Ta dedopéva autd To OTEAVOUV HECW
€VOG 0OUPUATOU KAVOALOU TIPOG TOUG KOUPBOUC OUYKEVTpWTEC. Xtnv Ewova 39
anelkoviletal pa vPnAol emumEédou OYPn NG €V AOYW OPXLTEKTOVIKAG. MpEmel va
ONUEWBOel OTL petafl Twv KOUBWV OTOXWV Kol TwV oodNTApWY KOpBwv
napeUBANAETAL Eva EVTEAWG SLOPOPETIKO KAVAAL oo To poavadepBEV acUpuaTo,
TIou ovoualetal aloOntpLo KavaAl kat xpnotpomnoleital and tov e§opolwTA yLa TtV
peTadopd Twv epeBLOUATWY TIPOG TOUG aLoBNTAPLOUC KOUPBOUG. ZUVETMWE UTIAPYXOUV
6U0 povtéha dtadoonc (propagation models) a) To aoBnTpPLO Kot B) To acUpuaTo.

‘Evag atoOntriplog kopBog amoteAeital amo :
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o) ZtoiBa mpwTtokOAAou alo¥noEw , TIOU TOU ETUTPETEL VAL AVLXVEVEL Ta epebiopata
TIOU TIOPAYOVTOL OO TOUG KOUPBOUC OTOXOUC OTO aLoONTHPLO KAVAAL

B) ZtoiBa mpwTtokoAAou emikovwviag, TTOu XPELAIETAL YLIO TNV AIOCTOAN avadopwv
TPOG AAAOUG ACUPHATOUC KOUBOUC Kol TEALKA TPOC TOV KOUPBO CUYKEVIPWTI UEOW
TOU ACcUPUOTOU KaVOALOU.

Y) Movtédo evépyetag mou TepAABAVEL TOL CUCTATIKA TIOU TTOPAYOUV TNV EVEPYELA
(.. upmatapia) kot outd T omoiot TNV KOTAVaAwvouv (TX. oaoUpuatog A
enegepyaotnq).

6) MovtéAo KvnTIkOTNTAG TIPOKELUEVOU VO UTTOPEL VAL TIPOCOUOLWOEL KWVOURLEVOUG
KOUBOUG.

‘Evag kOuPog otoxog amoteAeital povo amo to (a), evw &vag KOUPBOG CUYKETPWTNG
povo amo to (B). Xtic ewoveg 40, 41, 42 amewovilovtal 6ca avadepdBnkav
TIAPOTAVW.

Evag KOpPBoC otOxoC eKkméumel  epeBiopata  ava  Tuxoia  Staothpota
TIPOCOUOLWVOVTAC KATIOLO PUOLKO datvopevo. AutoU Tou €idoug oL Kool prmopouv
HOvo va oteilouv aAAd OxL va AaBouv dedopéva MAvw oo To aoOnTHPLO KOVAAL.
Ta epebiopata autd pnopel va unoctolv €acBévion katd tn Sladoor Toug péoa
and 1o alebntplo kavaAtl. O atoOntiplog koppog Aappavel ta gpebiopata avtd
TWV omolwv n évtaon eival mavw amnod £va npokaboplopévo 0plo. O UTTOAOYLOUOC TNG
£€vtoong Tou AapBavopevou orpatog Yivetal amo to povtédo dtadoong to omoio
XPNOLUOTIOLE(TAL OTOV EEOOLWTN.

O awoBntnplog kopuPog, adol Adfel ta epebioparta, Oa oteilel Ta dedopéva mPog
€Vayv 1 TIEPLOCOTEPOUC OUYKEVIPWTEC KOUPoUG. Méoa oTov KOUBO O GUVTOVIOUOG
HETAEL TOU aLoONTAPLOU KAl TOU OLCUPHATOU KOVAALOU YiVETAL Ao ToV eMinedo TNG
edappoyng kat to emninedo petadopds. MNa mapddelypa, avaloya HE TNV
ekteholpevn edpappoyn, o KOUPoG pmopel va oteilel ta dedopéva apeoa POAL T
avtiAndBel N va ta enefepyootel KoL HETA va Ta ekMEUPeL. Ito emimedo NG
epappoyng pmopet va uAomolnBel omoLoodrTOTE TETOLOG UNXAVIOHOC.

76

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118



Sensor Function Model Power Maodel

1 i
: i
; i
i | Sensor Application i
i ¢ Y E
: : CPU i
i Middleware ‘ | nodel :
E Battery i

i
! Sensor Stack \ Model i
! Wetwork Stack i
‘ :
i Metwork Laver =ensor Layer !
F Radio |
! Idodel i
' WA Layer * > i
i 1
i 4 Sensor Physical Layer E
! ¥ i
E Physical Layer i
i [ E
| !

Wireleszs Channel Sensor Channel

Ewova 40 - Sensor node ar chitecture
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Ewoéva 41 - Target node ar chitecture
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Ewova 42 - Sink node ar chitecture

O OUYKeVTPpWTNG KOUPBOG pmopel va pnv elval auecog yeitovog tou alwoOntrplou
KOMBOU. JUVEMWC n emikowwvia Kal petadoon twv dedopévwyv Ba yivel péow
oA amAwv aApdatwy (multihop) kat Ba mapeufAnBouv dAlAol aoBntrpLoL KGpBoL ot
omoiol Aettoupyolv wg avapetadoteg. Auto efnyel TO yeyovog ylati €vag
aoBnTApPLo¢ KOUPOG MpEMeL va pmopet va Aappavel aAAd kot va HeTadidel makETa
O0TO aocuppato KavaAt. Eival mBavov kamolot kopBol va amotuxouv 1 va teBouv
€KTOC Asttoupylag Aoyw £€AvtAnong tng evépyelag Toug. TOTe n TomoAoyia Ttou
Siktuou aAAAlel SuvapLlka Kot Ba TPETEL TO MPWTOKOANO SpoHOAOYNONG Vo UmopEel
va avteneEAOeL og autrv TNV oAAayn.

O kOuPoG OUYKEVTPWTAG N omoloodnimote AAAo¢ kKOUPog oto Siktuo Ba AdBel ta
b6ebopéva mou otaABnkav amod kamowov aAAo KOuBo, av n oxug Andng toug eivatl
TAvw amno €va npokaboplopévo 6plo. O UTIOAOYLOUOG TNG LoXVOG Tou AapuBavouevou
ONUATOC YiveTtal amd TO XPNOLUOTOLOUHEVO HOVTEAO S1adoong Tou 0CUPUOTOU
kavaAloU. H teleutaia €kdoon tou J-sim xpnoipomolel 3 SladopeTikd HOVIEAQ
Sdwadoongc: free space, 2-ray ground kot irregular terrain. AvaAoya pLE TO TIEPLEXOLEVO
TwV S6e60UEVWY, O CUYKEVIPWTNG KOUBOG pmopel va oteilel ta dedopéva mpog to
TEAIKO XpNnotn N va Swoel KATOLEG VEEC EVIOAEC 1 EPWTNUATA TIPOG TOUC
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aoBnTApLoug KOpBoUC. AUTOG elval Kal 0 AOYOC TIOU TIPETIEL VO UTTOPEL vat AapBavel
oAAG Kal va arooTEAAEL SeSopéval.

To HoVTEAO evépyelag MepAAUBAVEL CUOTOTIKA Tapaywyng (m.x. pmatapia) Kot
KATOVAAWONG evEPYeLag (T.x. emefepyaotnc Kal acUpuato cuotnua). To poviéAo
Asttoupywwv Ttou atwoBntipa (6nA. o ouvbuaoudg NG otoifag mMPwTtokOAAOU
awoBnoewg, tng otoifag mpwtokOAAou Silktuou, Tou emunmédou edappoynG Kal ToOu
emunédou  PeETOPOPAG) UTIOKELTOL OTO HOVTEAO evépyelag. o mapadslypa, n
EVEPYELN TIOU KATAVOAWVETOL YLO TO XEPLOUO evog AndOévtog maketou Sedopcvwy
UTtayOpEVETAL OO TO HOVTEAO TNG CPU, evw n €VEPYELX TIOU KOTOVOAWVETAL KOTA
Vv anootoAn f AQPn makétwv Sedopévwy umayopeVeTALl and TO HOVIEAO TOU
aoupudtou. Xto J-sim kdBe €va amd ta TPOonyouueva 2 MOVIEAA UTOpEL va
Bpiloketal oe SLPOPETIKA KATAOTAON AELTOUPYLOC KATL TTOU £MNPEALEL AUECO TNV
KOTOVAALOKOUEVN eVEPYELO. Mo TTAPASELYUA TO LOVTEAO TOU QLCUPUATOU UIMOPEL va
glval 0 QO oMo TIG EMOUEVEC KATOOTAOELS Asltoupylag : adpavhg, Kataotaon
unvou (sleep), extog Aettoupyiag (off), exmouni R AMdn. H katdotaon Asttoupyiag
TOU MOVTEAOU (aouppdtou 1 emegepyaotr)) avadEPETAL OTO UOVIEAO AELTOUPYLWV
Tou aiwoBbntipa (sensor function model) kol To teAeutaio €XeL TNV LKAVOTNTA VA
oAAGLeL TNV KaTaoTtaon AelToupylog Tou ene€epyaoTr) 1) TOU LOUPUATOU.

4.2.2 lIAgovekTNHATA - MELOVEK T HATA

To J-SIM &LaBetel onuavilkd TAEovVeKTAMATO cOv €PYOAELlo Tipooopoiwong Kat
eldkoOTEPA O€ O,TL adopd Ta acUppata Siktua aoONTAPWY. ZUYKEKPLUEVAL

1. To yeyovog ot eivat ypaupévo €€’ ohokAnpou o€ JAVA 10 KAVEL cUPBATO UE
OAOL OUGLAOTIKA TOL AELTOUPYLKA CUCTHHLATAL.

2. Exel pa blaitepa avolytr opxLTEKTOVIKA Tou kdvel duvathi tn ouyypadn
OUOTOTIKWY o€ OAa ta emtineda (puaoiko eninedo, MAC, application, wireless,
antenna KAm)

3. Edka yla Siktua alodntipwyv, UMOPEl Vo EVOWHATWOEL TTOAU KaAd TNV
EVEPYELAKI cUpMEPLPOPA OAWV TwV cuoTatikwy (CPU, wireless)

4. Kavel KaAn xprion TG LVAKNG OTOTE KAl UIopoUV va MpocopolwBouyv diktua
He ekatovtadeg koppoucg [26].

ITO LELOVEKTIUATA TOU TTAKETOU Ba meplappavape ta e€nc:

1. Aoyw Ttou OTL eival ypappévo oe JAVA, n amddoor) tou amd TAEUPAG
toyutntag Sev eival WSlaitepa KaAr). MAALOTA OPATNPCAUE KOL CNUAVTKN
Sladpopa otnv taxUTNTa €KTEAEONG O AELTOUPYIKO cvuotnpo Windows oe
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ox€on e to Linux. Tpéxovtag to 8o script ota U0 AelTOUPYLKA CUCTHHATA,
n ektéAeon ota Windows ntav touldxloto 3 £€wc 4 GopEg Tio apyn).

2. H tekunpiwon dev sival 8laitepa AEMTOUEPNG LE ATIOTEAECUA VO OTTOLTELTOL
laitepn mpoomaBela TpoKewEvou vo  ypadtel KAToOo  KalvoUupylo
OoUOTATIKO (amatteital avayvwon Tou KwdLKA TwV UTIapXOVTWV CUOCTOTIKWY
yla TNV KATavonon Twv AELTOUPYLWY TOUG KAl TOU TPOTIOU GUVEPYAOLOG TOUG).

4.3 Avamtvény J-SIM components

la TIC avaykeg TnG mapouoag epyaciag avamtuxbnkav components mou UAOTOLOUV
KATtoLa TIpwTOKoAAa SpopoAdynong. Baollopevol oTnv apXLTEKTOVIKI Tou J-SIM Kal
o€ kamota ano ta nén dtabéoipa components [43] avantuxBnkav ta €AG:

1. NpwtdkoAo Multi-Hop

a. Sink application: to emninedo edpapuoync ywa to otabud PBaong.
YAomoloUvTtal OUCLOOTIKA 6ca avadEépOBnKav Kal o AvVW ylol ThV
edpapuoyn One-Hop.

b. Multi-Hop packet: mepiypadr tou mokétou Sedopévwy OHOLO HE TO
One-Hop packet.

c. Neighbor Query Contract: to cupfoAalo pe to omoio n edappoyn
€VOG KOUPBOU aloBnTApA, pWTA yLa TOV YELTOVIKO KOUBO oTov omoio Ba
umopovoe va oteilel Ta dedopéva, avti Tou otabuol Baong (6Aot oL
KopBol Eekwvouv pe next-hop neighbor to otaBuod Baong tou Siktuou
Hag).

d. Multi-Hop application: to TmpwtokoAAo Tmou KaBopilel TN
ocupneplpopa tou Siktuou. Méow NG 6Lag KAAONC UAOTIOLOUUE Kall
TO LEPOPXIKO TIPWTOKOAAO TIOU TIEPLYPAPNKE OTO TIPONYOULEVO
kepdAalo, He TG KOTAAANAeg MeBOdoug mou kaBopilouv 1n
ocupumnepldopd Twv KOUPwWY aodBNTApwWY KAt Twv KOUPwWV emikePalnig
ovotadwv (cluster heads) kot ™ O&popoAdynon twv SedSopévwv
peTalL Touc.

Ye kAOe mepimtwon n Slaxeiplon TNG evépyelag Twv KOUPwvV petadépBnKe oTo
eninedo NG £PopHoyng, WOTE VO UTAPXEL E£AEYXOC TNG EVEPYELAC KAl TNG
KATAVAAWONG TNG, avaAoya HE Tn AsToupyilo Tou MPWToKOAou (rtdte Asettoupyel o
enegepyaotn¢, mote AapPavel kal mote otéAvel Sedopéva TO CUOTATIKO ACUPUATNG
HETAS00NG KATT).
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To mpwtokoAMo amevBeiag petadoong pmopsi va nmpocopowwdei pe to Multi-Hop
TIPWTOKOAAO apkel va pnv kKAnBel n péBodocg setNeighbor(). ONoL oL kOpBoL ToU
SKtuou €xouv oav apxtki puBULoN To ZTabud Baong oav Next Hop Neighbor.

To LlEpapXlKO TIPWTOKOANO ToU TeplypAdnKe oTO TponyoUUevo Kedalalo
Tipocopolwvetal e to Multi-Hop mpwtokoA o BETovtag cav TEALKO TTPOOPLOKO yLa
kaBe KOuPo aleOntnpa, Tov emikePalnig tng ouddag otnv onoia avAikeL.

Mo tnv mpooopoiwon tou LEACH, xpnowuomotiOnke €tolun epappoyr e OCUOTATIKA
TapopoLog Soung Le TIG ePapPHOYEG TOU TEPLYpAdNKaY TILO TIAVW KAl N omola €XEL
petadepbel amod vAomoinon mou £ywve oto ns-2. EMUMA£ov, XpnoLlpomnotitnke Kol To
KATAAANAO MAC CUOTOTIKO HE TA QIMOPALTNTO XAPAKTNPLOTIKA (non-persistent CSMA
ue scheduled access).

TEA0OG, €ylvav OPKETEC SLOPOWOELG KAl TPOTIOTMOLNOEL OE CUOTATIKA Ta omoia Sev
elyav owoti N KAtdAAnAn yla TG TPOCOMOLWOELS pag cuunepldopd. Kupiwg ot
oAlayeg autég adopoucav ota cuotatikd SensorNodePositionTracker.java (6w
vAomoliBnke o aAyoplBuog elpeong tou next-hop-neighbor) kat WirelessPhy.java
(0,TL €xel oX€ON UE TNV acUppaTn petadoon).
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Ke@alawo 5 - MIPOZOMOIQXEIX KAI ATTIOTEAEXMATA

5.1 PvBuioeis kat Sedousva mpooouotwTi

Y€ OAEC TIC TIPOCOUOLWOELG TIOU £YLVaV, XPNOLUoTo)BnKav KowvEG pubuloslg woTte va

UTOPEL val YIVEL AECN GUYKPLON TWV OMOTEAECUATWVY. M0 CUYKEKPLUEVAL

= To povtého dladoaong mou xpnotomnolBnke sival to free space propagation

model

= Képbocg kepaiag eknopumnng Gt = 1dbi

= Képbog kepaiag AnPnc Gr = 1dbi

= To hardware mou npoocopolwOnke gival n mMAatpoppa LAMps Pe Ta e€NG

XOPOKTNPLOTIKA:
0 Juxvotnta AELTOUPYLOG TOU ACUPUATOU CUCTHMATOC elval ta 914MHz
0 Bandwidth petadoong 1Mbps
0 KatwdAt evawodnoiac Ajdne 6x10° Watts
0 KatwdAL evatobnoiag Carrier Sense (CSThreshold) 1x10”° Watts
0 AnattoUpevVn LoXUG EKTTOUTING
Pt = (2,408x10%/(Gr x Gt)) x bandwidth x distance®
0 loxUc Aettoupyiac NAEKTPOVIKWY aoUPHATOU cuoTtrpatoc 50x10° Watts
0 loxug Aettoupylag enefepyaotn:

» CPU_IDDLE = 2,9x10° Watts
» CPU_SLEEP = 1,9x10° Watts
» CPU_ACTIVE = 2,9x10° Watts

» CPU_OFF = 1x10”° Watts

= Hevépyela kaBe alobntriplou koppou eival 0,25 Joules

= MéyeBog nmakétou (pali toug omoloug headers) = 175 bytes (1400 bits)
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=  To mAnBoc twv KOpBwWV atedntripwyv Tou Siktuou eivatl 100

= Hneploxn avantuéng tou diktvou sivat r} 100m x 100m yia mukvo Siktuo )
200m x200m yia apalto Siktuo.

= 3£ OAEG TIG TPOCOUOLWOELG EKTOC Tou LEACH to MAC mpwtokoAAo Ttou
xpnowuomnounke ival to 802.11

= OLKOuBOL oTOXOL TapayouV aoBntnplaka dedopéva pe pubuo 1 event/sec

=  To povtélo dadoong Twv alcOntnplakwyv S€SopéVwy gival TO OELOULKO
HOVTEAO

5.2 NpwTtoKoAAx

5.2.1 One-Hop (amev0sciag petddoon)

Onwg €xoupe meplypael o mponyoUUevo KepaAolo n To omAf popdn
ETKowwviag eivat n ameuBeiag amootoArn &edopévwv oto otabuo Paongc.
TomoBetnoape 100 kOpPouC aoBNTAPEC He Tuxaio TPomo o MAEyua 100x100 omwg
dalvetal 0To MAPAKATW oXNUA:

100
A
4 A
= a A o A
A
o X A
i o A
A
80 A+
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A &
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&
A ' .
A A &
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Ewova 43 - Tomoroyia diktvov aisOntipov og wiéypa 100x100
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Ewkova 44 - Zovrtavoi képpor oto ypovo

Ewova 45 - Evépyela kopPov oto povo

Institutional Repository - Library & Information Centre - University of Thessaly
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Ewéva 46 - AprOpog Medéviov makéTov 6to ypovo

Ztatiotika Ztoxeia One-Hop SiktUou o€ meploxr) 100x100
100 nodes dead at 1247.0

Total packets dropped at Application layer: 0

Total packets dropped at physical layer: 77

Average Latency on BS is: 0.00219696869601

Total Packets sent from all nodes: 11500

Number of Dropped Packets: 77

Success Rate: 97.1043478261

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118
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Tuxaia tomoBtnon 100 awobntrpwv os MAéya 200x200

Ewoéva 47 - Tororoyia duktvov arsOntipov og aiéypa 200x200
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Ewova 48 - Zovtavoi képfor 6to ypévo

Ewova 49 - Evépyela képfov 610 (povo

Institutional Repository - Library & Information Centre - University of Thessaly
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Ewova 50 AprOpog ineOévrov nakéTtov 610 1povo

Ztatiotika Ztoxeia One-Hop SiktUou o€ meploxr) 200x200
100 nodes dead at 879.0

Total packets dropped at Application layer: 0

Total packets dropped at physical layer: 57

Average Latency on BS is: 0.00233019275189

Total Packets sent from all nodes: 7812

Number of Dropped Packets: 57

Success Rate: 40.2713773682

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118
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5.2.2 Multi-Hop

1. Aiktuo 100 kOpBwv os meploxy 100m x 100m

Ewéva 51 - I'pagog MultiHop diktdov pe metric tnqv andctacn

Institutional Repository - Library & Information Centre - University of Thessaly
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Ewova 52- Zovtavoi koppor 6to (povo

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118

90



Ewkova 53 - Evépyero kopfov oto povo

Ewkova 54 Ap1Opog AMneoivtov TakETmv 670 (povo

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118
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Ztatiotika totxeia Multi-Hop 8iktuou og neploxy 100x100 pe metric tTnv
anootaocn

100 out of 100 nodes dead at 229.0

Total packets dropped at Application layer: 0
Total packets dropped at physical layer: 53
Average Latency on BS is: 0.0216562640552
Total Packets sent from all nodes: 2072
Number of Dropped Packets: 53

Success Rate: 98.5038610039

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118
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metric tmv evépyeia

Ewéva 55 - I'pagog MultiHop dutvov pe



Ewkova 56 - Zovrtavoi képpor oto ypovo

Ewova 57 - Evépyeua kopPov oto ypovo
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Ewova 58 - Ap1Opiég Mn@divtmv TakéTOv 6To Ypovo

Ztatiotika toxeia Multi-Hop 8iktuou og neploxy 100x100 pe metric Tnv evépyeia

100 out of 100 nodes dead at 544.0

Total packets dropped at Application layer: 0
Total packets dropped at physical layer: 48
Average Latency on BS is: 0.00569471703546
Total Packets sent from all nodes: 5428
Number of Dropped Packets: 48

Success Rate: 99.1893883567

2. Aiktuo 100 koppwv os neploxn) 200m x 200m

Institutional Repository - Library & Information Centre - University of Thessaly
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Ewoéva 59 - I'pagog MultiHop diktdov pe metric tnv andctacn
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Ewova 60 - Zovtavoi képfor 6to ypévo

Ewova 61 - Evépyela képfov 610 (povo

Institutional Repository - Library & Information Centre - University of Thessaly
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Ewéva 62 - AprOpog \Medéviov Takétov 6to ypovo

Ztatiotika toxeia Multi-Hop 8iktuou og neploxy 200x200 pe metric Tnv
anootaocn

100 out of 100 nodes dead at 241.0

Total packets dropped at Application layer: 0
Total packets dropped at physical layer: 39
Average Latency on BS is: 0.0239991048468
Total Packets sent from all nodes: 2111
Number of Dropped Packets: 39

Success Rate: 71.9090478446

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118
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Ewéva 63 - I'pagog MultiHop diktdov pe metric tnv evépysia



Ewovo 64 - Zovtavoi képfor 6to ypévo

Ewkova 65 - Evépyero kopfov oto ypovo
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Ewova 66 - AplOpég Anedivtmv TakéTOV 6TO Ypovo

ZTOTLOTIKA ZTOLXELOL

100 out of 100 nodes dead at 5464.0

Total packets dropped at Application layer: 0
Total packets dropped at physical layer: 30
Average Latency on BS is: 0.0105698548653
Total Packets sent from all nodes: 8704
Number of Dropped Packets: 30

Success Rate: 38.1001838235

101

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118



5.2.3 LEACH
1. Aiktuo 100 kOpBwv os meploxy 100m x 100m

Ewkova 67 - Evépyero kopfov oto xpovo
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Ewévao 68 - Ap1Opiég makétov wov £6terhay ot Kopfor / aplOpuog TakETOV mov
éhafe 0 otaBpoc paong

ZTOTLOTIKA ZTOLXELOL

Xpovog wn¢ diktuou 3271.0

Total packets dropped at Application layer: 0

Total packets dropped at physical layer: 0

Drops due to collisions (discovered at MAC layer: 37
Total Packets sent from all nodes: 5176

Number of Dropped Packets: 37

Packet Sink/Node ratio (Success Rate): 5.56414219474

2. Aiktuo 100 kOoppBwv os eploxr) 200m x 200m
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Ewkova 69 - Evépyera kopfov oto xpovo

Ewoéva 70 - Ap1Opog moxéTov mov £6terhay oL Koppor / aplOpoc rokéTmv mov
éhafe 0 otaOpoc paong
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ZTOTLOTIKA ZTOLXELO

Xpovog wn¢ diktuou 3229.0

Base Station Received 235

Total packets dropped at Application layer: 0

Total packets dropped at physical layer: 0

Drops due to collisions (discovered at MAC layer): 18
Total Packets sent from all nodes: 5138

Number of Dropped Packets: 18

Packet Sink/Node ratio: 2.34110380554

5.2.4 Static Clustering with optimal energy routing

1. Aiktuo 100 kOpBwv (4 Cluster Heads) os meploxy 100m x 100m

Ewova 71 - Tomohoyia diktvov arecOntiipov o wréypa 100x100
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Ewova 73 - Zovrtavoi képpor 6to ypovo

Ewova 74 - Evépyeua kopPov oto ypovo
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Ewéva 75 - AprOpog Medéviov makétov 6to ypovo

ZTOTLOTIKA ZTOLXELO

94 out of 94 nodes dead at 601.0

Total packets dropped at Application layer: 0
Total packets dropped at physical layer: 14
Average Latency on BS is: 0.00490970182542
Total Packets sent from all nodes: 5927

Total Packets sent from all Cluster Heads: 257
Number of Dropped Packets: 14

Success Rate: 100.0
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2. Aiktuo 100 koppBwv (4 Cluster Heads) o€ mtepioxr) 200m x 200m

Ewova 76 - Tomoroyia diktvov aisOntipov og wiéypa 200x200
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Ewéva 77 - I'pagog Clustered dutvov (200x200)

Institutional Repository - Library & Information Centre - University of Thessaly

19/05/2024 15:57:30 EEST - 3.144.244.118



Ewova 78 - Zovtavoi képfor 6to ypévo

Ewova 79 - Evépyela képfov 610 (povo
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Ewoéva 80 - AprOpog Medévtov makétov 6to ypovo

ZTATLOTIKA ZTOLXELOL

94 out of 94 nodes dead at 1999.0

Total packets dropped at Application layer: 0
Total packets dropped at physical layer: 14
Average Latency on BS is: 0.00719606781881
Total Packets sent from all nodes: 5806

Total Packets sent from all Cluster Heads: 667
Number of Dropped Packets: 14

Success Rate: 99.9691024255
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0.0021967 97,0435

Multi-Hop
(distance
metric)

Multi-Hop 0.005695 99.1894

(energy
metric)

Optimal 0.0049097
Energy

Clustering

" Ta 70 LEACH 0ev petpdue moogoaToé emiuyiag aAAd Ty avahoyia apiBuol TakéTwy Tou £aTeIAav o1 KOURo!
pog ap1Bud makétwv ou éAafe o aTabuog Baong amo Toug Cluster Heads

113

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118



40,2714

Multi-Hop
(distance
metric)

Multi-Hop 0.01067

(energy
metric)

38.1002

Optimal 0.00719
Energy

99.9691

Clustering
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Ke@adaio 6 - LYMIIEPAXMATA - MEAAONTIKH EPTAXIA

6.1 Svunepaocuata lIpocouolwoewv

Onwg eldape OTIC MPOCOUOLWOELS, O €va SIKTUO QVETTUYUEVO OE HLKPH OXETIKA
€KTOLON, OKOMN KOl TO TIPWTOKOAAO NG ameuBelog petadoong Wmopel va anoteAéosl
pot oAU KA AUon pe e€alpetikd amAr) vAomoinon. e mo apald Opwg Siktua,
OTIOU QPKETOL KOUPOL UTopel va ameéxouv onuavtikd amnd 1o otabuo Bdong, ot
OMOOTACEL MEYAAUTEPEG TNG OKTivag EKMOMMAG Toug, n  aflomotioa Tou
TIPWTOKOAAOU TMEDTEL ONUAVTLKA.

Z€ MEPUTTWOELG OTIWG TILO TTAVW €pXeTal va dwaoel AVon to multi-hoping, pelwvovtag
TNV andotacon otnv omnola mPEmeL va ekmepPeL o0 KABe kKOUPog. ESw onuavtikd polo
nailel To KPLTAPLO EMAOYAG TOU eMOpEVOU-Yeitova (tou KOpBou mou Ba avaAdfet
v avapetadoon twv dedopévwy). To va Bpebel amAd €vag KOUBOC e anodotoon
and to otabuo BAong UKPOTEPN O AUTH Tou evlladePOUEVOU TIPOG EKTIOMTH
KOUBOU amoSelKVUETOL OUCLAOTIKA aoUUdOopN, UE EVEPYELAKN OMOS0CN XELPOTEPN
¢ aneuBelag petddoong, pe toug KOUPoug mou Bplokovtal Kovtd oto otabud
Baong va «mebaivouv» TOAU ypriyopa adou kaloluvtal va £EUTNPETOOUV TNV
npowOnon MoAAWV SeSopévwy AAwWY KOPBwWV. H avamapdotoon tou ypadou autou
Tou SIKTUOoU elbape OTL £xeL TN popdn SEvipou pe oAU peyaAo Babog, to omolo Kat
ennpealel tn dtapkela Lwng Twv KOUPwv. EmutAéov, o pEcog 0pog TNG KaBuoTEPNONG
adLenc Twv dedopévwy ival avénuévog oe oxéon e tnv aneuBeiag petadoon adpou
XPNOLOTIOLE(TAL N avapeTAdoon MpocBOEtovtac eMUTAEOV XpOVo o€ KABe Briua.

AvtiBeta, av Bécoupe cav KpLTpLO aVAUETAS0ONE TO EVEPYELOKO CUUDEPOV, TA
amoteAéopata Tou AapPBAavoupe sivol TMOAU KOAQ, HE LKOVOTIOLNTIKA aflomiotia
Siktvou kat oAU kaAn didpkela Lwng. O ypadog mou KataokevaleTal £XeL OTWE KAl
TPV TN Hopdr 6£€vdpou, avamtuooOUEVOC OUWC O TTAATOC Kot OxL o Babog. Akoun,
adol anodelyovtal oL AOKOTEG AVAUETASOOELG, TTETUXALVOULLE Kal TIOAU KAASO HUECO
0po xpovou aodiing Sedopévwv oto otabud Pdaong. AKOUn KL €Tol OHWG, TA
OTTOTEAECUOTO TWV TIPOCOUOLWOEWY, evw £6sav efalpetiky aflomiotia, Oev
EVTUTIWOLOOAV UE TNV eVEpYELaKA anodoon. Auto cuvéRn Adyw tou palvopEvou Tou
overhearing, tTng akouolac dnAadn AnPng amod kamoto KOUPBo, orjHatog mou v tov
adopd. Autd Balel toug KOuPBoug mou AapPdavouv «katd AdBog» onua, o€
KATAOTAON KATAVAAWONG €VEPYELAG. AOKLUATOVTOG VA LELWOOUUE TNV evacbnoia
ToUu ooUpUATOU cuoTApOTOC peyaAwvovtag to CSThreshold, eidape Besapatikn
puelwon otnv Katavalwaon evépyelag, aANA HeElwpEvVn aflomiotio Adyw avénong tou
TMANOBOUG TWV OUYKPOUOEWV. 2TO TPWTOKOAO TtNnG ameubesiog petadoong To
dawopevo autod bev ocupPaivel yati ot koupor dev mepyévouv va AdPBouv
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6ebopéva, al\a «akoUv» To HEGO HOVO OTOV TIPETEL VO HETASWOOUV, TIPOKELUEVOU
va armo¢pUyouV TIC CUYKPOUOELC.

Y10 TMPwWTOKoAAO LEACH, BA£moupe OTL yivetal TOAU KA €KUETAAAEUGN TNG
EVEPYELAG TOU SIKTUOU TO OToio Kot €xel peyaAutepn dlapkela {wNG amo TG AANEG
TIEPUTTWOELG. BEBaa To yeyovog otL yivetal cuvaBpolon dedopévwy kabe cuotadag
npwv autd petadobolv oto otabuod BAaong, KAVEL TO MPWTOKOANO akatdAAnAo yla
epapuoyEC OMOU 0 XpOVOG amokplong tou Siktuou ota aodntnplakd dedopéva
glval onupavtikoc. EmumAéov og apald Siktuo Omou n amootacn Twv KouPBwv (mio
OUVKEKPLUEVA TWV OPLoUEVWYV cluster heads, mou sivatl untevBuvol yla Tn petadoon
Twv dedopévwy) amo to otabud Baong eival peydAn, PAEmoupe O0tL To SikTUuo €XEL
HEWMEVN aglomiotio. Auto cupBaivel ylati to LEACH bev untootnpilel multi-hoping.
MapoAa autd, eywve epdaveg otL n cuotadormnoinon (clustering) amoteAel e€apetikn
TEXVIKN Yl TTOAU KaAn Staxeiplon kol €€0lKOVOUNON EVEPYELOC OE £va O.CUPLOTO
Siktuo alednTipwv.

T£A0OG, Ol MIPOCOUOLWOELG Tou e€eTalOpevou TIPWTOKOAOU Selyvouv OtTL €Xel TIOAU
KA evepyelakn cupmepldpopd, oAU KaAO xpovo adleng dedopévwy oto otadbuo
Baong kot e€alpetiky aflomiotia, eite MPOKeLTAL YL TTUKVO €lTe yla apatd Siktuo.
Eldikotepa oe apald Siktuo peydAng meploxng kailugng (200x200) n Iwn tou
SiktUou eival TIOAU LKOVOTIOLNTIK KOl EMUTAEOV €XOUME TIOAU XapunAo latency kat
oxebov 100% aflomiotia, pue HOALS 4 Cluster Heads yta cUvoAo 100 KOpPwv.

6.2 BEATLWOELS 6TO TPWTOKOAAO

‘Evog amo Toug TpOmoug ou Ba pmopoloe va LELWOEL N KATAVAALOKOUEVN EVEPYEL
oto SiKTuo elval n PElwoN TNG AMALTOUMEVNG LOXUOG EKTIOUMAC yla Tn HeTadoon
b6ebopévwy. Katt tétolo Ba NTav ePKTO PE TN XpAon «EEUTMVWVY KEpAlwV» (smart
antennas).

KaBwg ot kopPol awoOntipwv pikpaivouv oloéva oe péyebog Ba yivetal mio
6UoKOAO va TIETUXOUE AMOSOTIKA QCUPUATN ETIKOWWVIA AOYW TWV MAPAyOVTWV
TOU PEYEBOUC, TOU KOOTOUG KOL TWV EVEPYELAKWY TIEPLOPLOUWY. To ULIKPO UEyeBOC
TwV KOUPwv, Teplopilel Kal TO UEYEODOC TWV XPNOLUOTIOLOUUEVWY KEPALWV. AUTO
onUaivel OtL elvat eMBUUNTO VA LELWOOUUE TO HAKOG KUMOTOC KOl KATAL CUVETIELO VO
aUENOOUUE TN ouXVOTNTA AELTOUPYLOG TWV ACUPUOTWY CUOTATIKWY TWV KOMBWV.
‘Exoupe deL otL elvat Suvatdg o oxedLaoPOG Kal N KATAOKEUH €EUTIVWV KEPOLWY TIAVW
0€ TAQKETEC TUTTWHEVWY KUKAWHATWY, HUE HEYEDOC KATTOLWV XIALOOTWV avA OTOoLXElo
Kall TIOAU KOAQ XOpaKTnpLoTIKA kKEpSoug [29].
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Ewoéva 81 - AoPoi aktivoPoriog éEvmvng kepaiag 7 otoryeimv

Table 1: Examples of beams at different feeding patterns
Elements Elevation Azimuth Directivity
Fed peak (deg) | peak (deg) (dBi)
| S0 177 5.5
L3 90 57 6.23
1,4 90 330 6.37
1,34 57 87 7.21
14,5 63 21 7.91
1,5,6 81 336 8.56
1,4,5,6 63 0 7.2

Ewova 82 - Képon Aofdv g o Tave kepaiog

levikd, TO UTApXovia TPWTIOKOAQ Oewpolv Tn XPHon TMOVIOKATEUOUVTIKWY
KEpaAlwv. AuTO pmopel va eival meploplotiko, Wolaitepa ota multi-hop mpwtdokoA\a
Omou umopel va givat emBuunth N MopAdAANAn ekmoun and moAAoUG KOUBOoUG.
EmutAéov n omni ekmoumr ocuvelodEpel oto dawvopevo tou overhearing. Auto
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TIPOKAAEL TNV EMUMAE0OV KATAVAAWGN eVEPYELAG adOoU TO ACUPUATO CUCTNO UITALVEL
oe kotaotaon ANYNnG ywa toug KOUPBOUC TIOU TO OO EXEL TIEPACEL TO KATWPAL
evalobnolag. To dawvopevo auto, BéPBala dev SlepeuviBnke ota mAaiola TG
napovoag epyaciog kabwg EEdeuye amo Toug otoxoug TNG. AAAO €va GaLVOLEVO TTOU
amoteAel kot aduvapia Twv acuppatwv CSMA Siktuwv (l8IKA TOGO TTUKVWV 0G0 T
Siktua aloBntipwv) elval kot To dawvopevo tou ektebelpévou kopBou (exposed
terminal problem) 6mou Adyw tou MAC mMpwTOKOANOU, EVW HUMOPEL va ekMEUPEL
Tpog €va KOUPo, Sev To KAVEL ylati «OKOUEL» OTL TO UECO €lval KATEWANUUEVO ATO
Hla emkowvwvio mou dev pmopel va tov ennpedoel (Ewkéva 83, o kouPog C Sev
Hetadidel otov KOUPo D ylati «akoVE TNV KMo tou A otov B). Anotélecpa
elvat n kokn ekpetdAevon tou Stabgotpou bandwidth.

Ewova 83 - Exposed Terminal problem

Kat ta 0o mpofAnpata mou avadEpOnKav Lo MAVW UITOPOUV VO OVTIUETWITLOTOUV
HE TN xpnon &Eumvwyv kateuBuvtikwy kepatwv [28]. Eva mbavo oevdplo xpriong Ba
ATAV TO TILO KATW:
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Ewoéva 84 - Idle operation Omni (o1 képpor dgv yvopilovv v KotevOvven Tov
oTpatoq)

Ewova 85 - 'Eotm 611 0 S yvopilel Tnv katevOvvon tov D
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Ewéva 86 - Emkowvovia molhdv koppov (point-to-point)

Ewéva 87 - Multihop emikowvovia
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TéAog, AOyw TN tuxaiog avamtuéng evog Siktuou aocUpUaTwY aloOntripwv, pia
TIPOOEKTIKI) HEAETN TwWV TeploXwv KoAupng kabe kopPou, upmopel va pag
armokaAUPeLl otL n bla meploxn) umopel va efumnpeteital and Svo 1N Kat
TIEPLOCOTEPOUC KOUPOUG. Autd umopel va amoteAel omatdAn €evEpyelag ylo TO
Siktuo. Oa pmopoloape va SO0UHE 0 HEANOVTIKA gpyacia TNV avamtuén KAmolou
oAyoplBuou mpoypappatiopol (scheduling), wote amod tn pa va pnv umapxeL Ogua
KAAUPNC TNG MEPLOXNG TAPATAPNONG KOl armd TV AAAN va €mITuyxavetol BEATIOTN
olkovouia evépyelag. To KPLTAPLO yla TO TPOYPOUpA €vog TiiBavol aAyopiBuou,
umopel va eival gite n mepoxn kaAuypng kabe KOUPBOU WG MPOG TV aoUPUATN
ETUKOWVWVIA (QKTIVOL €KTIOUMNAG) €lte w¢ MPOC¢ TNV TEPLoXn KAAuyng tou TPogG
napotnpnon ¢oawopévou (aktiva aloBnong). INUavilka epyaleio 0 pla TETOLA
npoomndBetlo punopei va amoteAécouv ta Staypdupata Voronoi® [25]. Mapddetypo
€VOG Slaypappatog Voronoi pailvetal oTnv mo KATw ELKOVA.

o
!‘v“
S

A

5

'.I

S
/

Ewéva 88 - Avaypappa Voronoi

‘Eva mapadetlypo xprnong alyoplBuou mpoypappatiopol Ba pmopolos va gival to
TIO KATW.

2Eotw S = {p1, P2, ---Pi,---,Pn} a0voro onpeiwv ot EukAeidio didiaaTaro medio. Ta onyeia autd ovopalovra
ToTroBeaieg. To didypauua Voronoi dnuioupyei epioxég yipw ammo kabe Tomobeaia waTe dAa Ta anueia atnv
TiepIoxn YOpw amé T ToToBEdia Pi va Bpiokoval o kovtd aTo Pi amd kaBe Mo anueio Tou S.
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Ewéva 89 - Mapaderypa scheduling

Onwg daivetal mo mAvw, PE TNV apXk avamtuén tou SIKTUoU XPNOLUOTIOLOUVTOL
nievte (5) koppol yla tnv kAAuyn pag meploxng. Metd tnv eKTEAECN OUWG KATTOLOU
aAyopiBuou kaAuyng, n ibla meploxn KaAAUTITETAL Ao TECOEPLS (4) Le Tov KOuPo 4
va pmaivel oe kataotacn adpdavelog, £ite yla Aoyoug edpedpeiag eite péxpl TO
TipOypappa Tou adyopiBuou va tov evepyormolrost. Me Baon pla tétola prlocodia
Ba pumopouoe va avarntuxBel alyoplOpog mou va eAEyXeL T Aswtoupyla i pn KaBe
KOpBOU, HE oTOXO TNV KAALYN TNG TEPLOXAG TOPATAPNONG QMO TN ML KAl TNV
€€0LKOVOUNGCN EVEPYELAG IO TNV GAAN.
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IMMAPAPTHMA A - Kodikag TCL (simulation scripts)

One-Hop

HHAHH R R R H A A R R R R R AR
#

# Sample tcl file of a wireless sensor network simulation.

#

I T R R R

source "../../../..Itest/include.tcl"
cd [mkdir -q drcl.comp.Component /oneHop80211]

# TOTAL number of nodes (sensor nodes + target nodes)
set node_num 103

# Number of TARGET nodes ONLY
set target_node_num 2
# Hence, number of SENSORS = node_num - target_node_num

set sink_id 0
set sinkX 50.0
set sinkY 0.0
set sinkZ 0.0

#Maximum simulation time
set maxsimtime 15000

#FOR FILE WRITTING
set count O

# create the sensor channel
mkdir drcl.inet.sensorsim.SensorChannel chan

# Capacity of the sensor channel is total number of nodes (sensors +
targets)

# make simulation for $node_num nodes

I chan setCapacity $node_num

# create the propagation model
mkdir drcl.inet.sensorsim.SeismicProp seismic_Prop
I seismic_Prop setD0 0.2

# Grid dimensions
set gx 100
set gy 100

# create the sensor node position tracker

mkdir drcl.inet.sensorsim.SensorNodePositionTracker nodetracker
# maxX minX maxY minY

I nodetracker setGrid $gx 0.0 $gy 0.0

# connect the sensor channel to the sensor node position tracker
connect chan/.tracker@ -and nodetracker/.channel@

# create the wireless channel
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mkdir drcl.inet.mac.Channel channel

# Capacity of the wireless channel is number of sensors and sinks
ONLY

# which is equal to $node_num - $target_node_num

I channel setCapacity [expr $node_num - $target_node_num]

# create the node position tracker

mkdir drcl.inet.mac.NodePositionTracker tracker

#the dx and dy below represent 'how far' my signal travels

#s0 in this case any node located in my 100x100m grid will hear
#what a sensor broadcasts

# maxX minX maxY minY dX dY

I tracker setGrid $gx 0.0 $gy 0.0 $gx $gy

connect channel/.tracker@ -and tracker/.channel@

#*****************

# In order to graph total # of sensors still

# alive we created a new component that will

# have a connected port to a plotter

mkdir drcl.inet.sensorsim.AliveSensors liveSensors

set numNodesPlot_ [mkdir drcl.comp.tool.Plotter .numNodesPlot]
connect -c liveSensors/.plotter@ -to $numNodesPlot_/0@0

#****************************************************

# FOR THE SINKs ONLY, do the following
# SINKs have only a network protocol stack
for {set i 0} {$i < [expr $sink_id + 1]} {incr i} {
puts "create sink $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd n$i

mkdir drcl.inet.sensorsim.OneHop.SinkAppOH app
! app setNid $i

! app setSinkNid $sink_id

! app setCoherentThreshold 1000.0

# connect the sensor application to the wireless agent

# so that sinks can send through the wireless network protocol
stack

# create wireless agent layers

mkdir drcl.inet.sensorsim.WirelessAgent wireless_agent

# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@

mkdir drcl.inet.mac.LL Il

mkdir drcl.inet.mac.ARP arp

mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.Mac_802_11 mac
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# added 09-04-04
I mac disable_ PSM

mkdir drcl.inet.mac.WirelessPhy wphy
mkdir drcl.inet.mac.FreeSpaceModel propagation
mkdir drcl.inet.mac.MobilityModel mobility
set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]

! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID

# present if using 802.11 power-saving mode
connect mac/.energy@ -and wphy/.energy@

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
connect mac/up@ -and queue/output@

connect ll/.mac@ -and mac/.linklayer@
connect ll/down@ -and queue/up@
connect ll/.arp@ -and arp/.arp@
connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid

'l setAddresses $nid $nid

! mac setMacAddress $nid

! wphy setNid $nid

! mobility setNid  $nid

l'id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40

# disable ARP

arp setBypassARP [ expr 2>1]

I mac setRTSThreshold 10

connect mobility/.report@ -and /oneHop80211/tracker/.node @
connect wphy/down@ -to /oneHop80211/channel/.node@

! /loneHop80211/channel attachPort $i [! wphy getPort .channel]

# maxX maxY maxZ minX minY
minZ dX dY dzZ
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! mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0 $gx $gy

0.0
I'mac disable MAC TRACE_ALL
connect -c wireless_agent/down@ -and pktdispatcher/1111@up
cd ..

}

*

# FOR THE SENSORS ONLY , do the following

#

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

puts "create sensor $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd n$i

mkdir drcl.inet.sensorsim.OneHop.OneHopApp app
! app setNid $i

! app setSinkNid $sink_id

! app setCoherentThreshold 1000.0

! app setls_uAMPS 1

# create nodes
mkdir drcl.inet.sensorsim.SensorAgent agent

! agent setDebugEnabled 0

# create sensor physical layers

mkdir drcl.inet.sensorsim.SensorPhy phy
! phy setRxThresh 0.0

! phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

! phy setNid $i
I phy setRadius [expr sqrt($gx*$gx+$gy*$gy)]
#! phy setRadius 100.0

# connect phyiscal layers to sensor agents so that nodes can
receive
connect phy/.toAgent@ -to agent/.fromPhy@

# connect sensor agent and sensor application
connect agent/.toSensorApp@ -to app/.fromSensorAgent@

# connect the sensor channel to the nodes so that they can
receive

! /loneHop80211/chan attachPort $i [! phy getPort .channel]

# connect the nodes to the propagation model

connect phy/.propagation@ -and
/oneHop80211/seismic_Prop/.query@

! mobility setNid $i
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# create wireless agent layers
mkdir drcl.inet.sensorsim.WirelessAgent wireless_agent

# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@

mkdir drcl.inet.mac.LL Il

mkdir drcl.inet.mac.ARP arp

mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.Mac_802_11 mac

# added 09-04-04
I mac disable_ PSM

#*************

#Required to let the MAC802.11 layer
#be in charge of maintaining the
#radio modes and energy levels.
I'mac setls_ uUAMPS 1

mkdir drcl.inet.mac.WirelessPhy wphy
mkdir drcl.inet.mac.FreeSpaceModel propagation

set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]

! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID

#**************

#NICHOLAS

# create route configuration request for testing

#this is to define the interfaces. So in this case each sensor
#only has 1 interface (hence array size 1) and its ethO.
#another example is (which has 3 interfaces 0, 2, and 4:
#set ifs [java::new drcl.data.BitSet [java::new {int[]} 3 {0 2

41]]

set ifs [java::new drcl.data.BitSet [java::new {int[]} 1 {0}]]
set base_entry [java::new drcl.inet.data.RTEntry $ifs]

set key [java::new drcl.inet.data.RTKey $i 0 -1]
set entry_ [!!! [$base_entry clone]]

!'rt add $key $entry

#******************************

# present if using 802.11 power-saving mode
connect mac/.energy@ -and wphy/.energy@
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# * * * * * * *
connect app/.energy@ -and wphy/.appEnergy@
mkdir drcl.inet.sensorsim.CPUAvr cpu

connect app/.cpu@ -and cpu/.reportCPUMode@
connect cpu/.battery@ -and wphy/.cpuEnergyPort@

#******************************

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
connect mac/up@ -and queue/output@

connect ll/.mac@ -and mac/.linklayer@
connect ll/down@ -and queue/up@
connect ll/.arp@ -and arp/.arp@

connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid
Il setAddresses $nid $nid

I mac setMacAddress $nid

! wphy setNid $nid

I id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40

# disable ARP
I arp setBypassARP [ expr 2>1]

I mac setRTSThreshold 40

connect mobility/.report@ -and /oneHop80211/tracker/.node @
connect wphy/down@ -to /oneHop80211/channel/.node@

! /loneHop80211/channel attachPort $i [! wphy getPort .channel]

# maxX maxY maxZ minX minY minZ
dxX dy dz
! mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0 $gx $gy
0.0

I'mac disable MAC TRACE_ALL
connect -c wireless_agent/down@ -and pktdispatcher/1111@up

cd ..
}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk * * *

# FOR THE TARGET NODES ONLY , do the following
if { $target_node_num ==0 }{

puts "No target agents .... "
} else {
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for {set i [expr $node_num - $target_node_num]} {$i <
$node_num} {incr i} {
puts "create target $i"

set node$i [mkdir drcl.comp.Component ni]
cd n$i

# create target agents

mkdir drcl.inet.sensorsim.TargetAgent agent
I agent setBcastRate 1.0

I agent setSampleRate 1.0

# create sensor physical layers

mkdir drcl.inet.sensorsim.SensorPhy phy

! phy setRxThresh 0.0

I phy setNid $i

#! phy setRadius 100.0

I phy setRadius [expr sqrt($gx*$gx+$gy*$gy)]

I phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

# connect target agents to phy layers so that nodes can
send
connect agent/down@ -to phy/up@

# connect phy layers to sensor channel so that nodes can
send
connect phy/down@ -to /oneHop80211/chan/.node@

# connect the nodes to the propagation model
connect phy/.propagation@ -and
/oneHop80211/seismic_Prop/.query@

I mobility setNid $i

# set the topology parameters
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0

cd ..

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk * * *%kkk *

# for SENSORs and TARGETS only. Not SINKs
for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {

# connect the mobility model of each node to the node position
tracker

connect n$i/mobility/.report_sensor@ -and
/oneHop80211/nodetracker/.node@

connect n$i/phy/.mobility@ -and n$i/mobility/.query@
}

#***********************************************

#Positioning
#
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# set the position of sink nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord
I $node(0)/mobility setPosition 0.0 $sinkX $sinkY $sinkZ

I n101/mobility setPosition 0.0 0.001 [expr $gy-0.001] 0.0
I n102/mobility setPosition 0.0 [expr $gx-0.001] [expr $gy-0.001] 0.0

# for the sensors They will be randomly placed on the grid (2D only)
# set the position of sensor nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

I n$i/mobility setPosition 0.0 [expr rand()*$gx] [expr rand() *
$gy] 0.0
}

# for the target we can include random mobility They will be randomly
# placed on the grid (2D only)

#set the position of target nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord

#for {set i [expr $node_num - $target_node_num]} {$i < $node_num}
{incr i} {

# ! n$i/mobility setPosition 0.0 [expr rand()*$gx] [expr rand() *

$gy] 0.0

#}

#***************************************************

#fmakis
#make the sensors aware of the position of the sink in case it is not
0,0,0 (not taken into account in previous implementations)
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

I n$i/app setSinkLocation $sinkX $sinkY $sinkZ

}

#***********************************************

#routelnfo() to execute do:
# script "routelnfo" -at 0.35 -period 4.0 -on $sim
proc routelnfo { } {

global sim n1

puts "Current Route Table\n [! n1/rt info]"

#***********************************************

#Output remaining energy levels of the sensors to a plotter
set plot_ [mkdir drcl.comp.tool.Plotter .plot]
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

connect -c n$i/app/.plotter@ -to $plot_/$i@0
}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#Plotters for the SINK node

#Graph # 1
#To plot the total number of received packets at the sink
set sinkPlotl_ [mkdir drcl.comp.tool.Plotter .sinkPlot1]
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connect -c n0/app/.PacketsReceivedPlot@ -to $sinkPlotl /0@0

#Graph # 2

#Calculate the avg latency when the sink finally receives it
set sinkPlot2_ [mkdir drcl.comp.tool.Plotter .sinkPlot2]
connect -c nO/app/.latencyPlot@ -to $sinkPlot2_/0@0

#Graph # 3

#plot the actual phenomena being sensed.

I n$sink_id/app createSnrPorts $node_num $target_node_num
set sinkPlot3_ [mkdir drcl.comp.tool.Plotter .sinkPlot3]

for {set i 0} {$i < $target_node_num} {incr i} {

connect -c n$sink_id/app/.snr$i@ -to $sinkPlot3_/$i@Pi
if { $testflag } {
attach -c $testfile/in@ -to n$sink_id/app/.snr$i@

}

*kkkkkkk * * *kkkkkkk * *kkkkkkk

}

# *
#wsnLoop()
#

# This method is called periodically to check

# if the simulation should continue or not. If

# all nodes are dead or simtime>maxsimtime then stop the
simulator and

# display the cummulative statistics otherwise keep running

proc wsnLoop { } {
global sim node_num node sink_id target_node_num maxsimtime

#reset variables

set live_sensors 0

set dead_sensors 0
set total_packets 0

set dropped_packets 0

#check how many are still alive
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
if { [! $node($i)/app isSensorDead] == 0 } {
incr live_sensors
}else {
incr dead_sensors
}

script [! liveSensors setLiveNodes $live_sensors]
script [! liveSensors updateGraph]

#display statistics if they are all dead.
if { $dead_sensors == [expr $node_num - $target_node_num - 1]
[| [! $sim getTime] > $maxsimtime} {
#puts "All nodes dead at [! $sim getTime]"
puts "$dead_sensors nodes dead at [! $sim getTime]"
$sim stop
puts "
puts "Simulation Terminated\n"
puts "Results:"
puts "Base Station Received [! nO/app getTotalINPackets]"
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puts "Collisions at Base Station: [! nO/mac getCollision]"

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
set curr_packets [! n$i/app getelD]
puts "Sensor$i Sent $curr_packets Packets to BS"
set total_packets [expr $total_packets + $curr_packets]

}

set app_dropped [! n1/app getDropped_packets]
set wphy_dropped [! n1/wphy getDropped_packets]
#set mac_dropped [! n1/mac getDropped_packets]

puts "Total packets dropped at Application layer:
$app_dropped”

puts "Total packets dropped at physical layer:
$wphy_dropped"

#puts "Drops due to collisions (discovered at MAC layer:
$mac_dropped"

#set dropped_packets [expr $app_dropped + $wphy_dropped +
$mac_dropped]

set dropped_packets [expr $app_dropped + $wphy_dropped]

puts "Average Latency on BS is: [! nO/app getAvglLatency]"

puts "Total Packets sent from all nodes: $total_packets"

puts "Number of Dropped Packets: $dropped_packets"

puts "Success Rate: [expr ([! nO/app getTotalINPackets].0 /
$total_packets.0) * 100]"

}
}
# * * *% * * * * * * * * *% *
#sensorLocPrintOut()
# Goes throught all sensors and prints their

# (X,Y,Z) Coordinates
proc sensorLocPrintOut { } {
global sink_id node_num target_node_num target_node_num
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
script [! n$i/app printNodeLoc]
}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

#Output sensor location and status
#to a file for GUI to read from
proc file_output { } {
global sink_id node_num count target_node_num

#open a file for writting
set filename "sensorinfo$count.log"
set out [open $filename w]

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#get its x and y location
set Xloc [! n$i/app getX]
set Yloc [! n$i/app getY]

#get its energy
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set status [expr [! n$i/app isSensorDead] - 0]

#write it to the file
puts $out "$Xloc $Yloc $status”

}

incr count

close $out

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#Output sensor location and status
#to a file for GUI to read from
proc energy dist {}{
global sink_id node_num count target_node_num

#open a file for writting
set filename "energyDistrNode.log"
set out [open $filename w]

puts $out "TxCost RxCost IdleCost SleepCost CPUcost"

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#collect the data
set txCost [! n$i/wphy getRadioTotalTX]
set rxCost [! n$i/wphy getRadioTotalRX]
set idleCost [! n$i/wphy getRadioTotalidle]
set sleepCost [! n$i/wphy getRadioTotalsleep]
set cpuCost [! n$i/wphy getTotalCPU]

#write it to the file
puts $out "$txCost $rxCost $idleCost $sleepCost $cpuCost”

}

close $out

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#Strictly used for validation purposes. This method
#can be called to get the energy at any random
#point of a particular node.

proc getCurrEnergy { } {

puts "\n\n"

global sink_id node_num count

for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {
puts " "

puts "Sensor$i radio in Idle mode used: [! n$i/wphy
getRadioTotalidle] joules"

puts "Sensor$i radio in Rx mode used: [! n$i/wphy
getRadioTotalRX] joules”

puts "Sensor$i radio in Tx mode used: [! n$i/wphy
getRadioTotalTX] joules\n”

puts "Sensor$i Radio was idle for: [! n$i/wphy
getTotalRadioldleTime] sec"
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puts "Sensor$i Radio was Tx for: [! n$i/wphy
getTotalRadioActiveTime] sec"

puts "Sensor$i Radio was Rx for: [! n$i/wphy
getTotalRadioRxTime] sec\n”

puts "Sensor$i CPU active used: [! n$i/wphy getTotalCPUactive]
joules"

puts "Sensor$i CPU sleep used: [! n$i/wphy getTotalCPUsleep]
joules\n”

puts "Sensor$i CPU was active for: [! n$i/wphy
getTotalCPUactiveTime] sec”

puts "Sensor$i CPU was sleep for: [! n$i/wphy
getTotalCPUsleepTime] sec\n”

puts "Sensor$i CPU Total used: [! n$i/wphy getTotalCPU] joules

puts "Sensor$i has [! n$i/wphy getRemEnergy] joules remaining

}
}

H
H

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

puts "Simulation begins...\n"
set sim [attach_simulator .]
$sim stop

#******************Start the Sl n k************************

script {run n0} -at 0.001 -on $sim

frrrrrrrkkaakstart the sensorstrrttiikdkittk

for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {
script puts "run n$i" -at 0.1 -on $sim

}

greexkxxxnrint out all the node locations*****xxxkkkrxx
script "sensorLocPrintOut" -at 0.002 -on $sim

#*******Check If Sensor StatuS**************************
script "wsnLoop" -at 1.0 -period 2.0 -on $sim

#************For Matlab plotting************************
#script "file_output" -at 200.0 -period 150.0 -on $sim

greexkrxekkkQne-time Capture of where energy went****x*
#script "energy_dist" -at 3499.0 -on $sim

#the following line is only used in validation!
#script "getCurrEnergy" -at 10.0 -period 10.0 -on $sim

$sim resumeTo [expr $maxsimtime+5]
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Multi-Hop

H# HHHBHHHHH AR R R R
# Sample tcl file of a wireless sensor network simulation.

# This simulation uses a multi-hop method to communicate

# information back to the base station. The MAC layer is based

# on the 802.11 protocol.

H# HHHBHHHHH R R R R R R

source "../../../..ltest/include.tcl"

cd [mkdir -q drcl.comp.Component /multiHop80211]

# TOTAL number of nodes (sensor nodes + target nodes + cluster heads)
set node_num 103

# Number of TARGET nodes ONLY
set target_node_num 2
# Hence, number of SENSORS = node_num - target_node_num

setsink id 0
set sinkX 100.0
set sinkY 0.0
set sinkZ 0.0

#Maximum simulation time
set maxsimtime 10000

#to keep track of all the sensors neighbors and their
#location used in a subroutine further-on

set sensorList []

set delNodes []

#FOR FILE WRITTING
set count O

# create the sensor channel
mkdir drcl.inet.sensorsim.SensorChannel chan

# Capacity of the sensor channel is total number of nodes (sensors +
targets)

# make simulation for $node_num nodes

I chan setCapacity $node_num

# create the propagation model

mkdir drcl.inet.sensorsim.SeismicProp seismic_Prop
I seismic_Prop setD0 0.2

#! seismic_Prop setAtnFactor 1.0

# Grid dimensions
set gx 200
set gy 200

# create the sensor node position tracker (for target nodes)

mkdir drcl.inet.sensorsim.SensorNodePositionTracker nodetracker
# maxX minX maxY minY

I nodetracker setGrid $gx 0.0 $gy 0.0
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# connect the sensor channel to the sensor node position tracker
connect chan/.tracker@ -and nodetracker/.channel@

# create the wireless channel
mkdir drcl.inet.mac.Channel channel

# Capacity of the wireless channel is number of sensors and sinks
ONLY

# which is equal to $node_num - $target_node_num

I channel setCapacity [expr $node_num - $target_node_num]

# create the node position tracker
mkdir drcl.inet.mac.NodePositionTracker tracker

#the dx and dy below represent 'how far' my signal travels

#s0 in this case any node located in my 100x100m grid will hear
#what a sensor broadcasts

# maxX minX maxY minY dX dY

I tracker setGrid $gx 0.0 $gy 0.0 $gx $gy

connect channel/.tracker@ -and tracker/.channel@

#*****************

# In order to graph total # of sensors still

# alive we created a new component that will

# have a connected port to a plotter

mkdir drcl.inet.sensorsim.AliveSensors liveSensors

set numNodesPlot_ [mkdir drcl.comp.tool.Plotter .numNodesPlot]
connect -c liveSensors/.plotter@ -to $numNodesPlot_/0@0

#****************************************************

# FOR THE SINKs ONLY, do the following
# SINKs have only a network protocol stack
for {set i 0} {$i < [expr $sink_id + 1]} {incr i} {
puts "create sink $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd n$i

mkdir drcl.inet.sensorsim.MultiHop.SinkAppMH app
! app setNid $i

! app setSinkNid $sink_id

mkdir drcl.inet.sensorsim.WirelessAgent wireless_agent

# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@

mkdir drcl.inet.mac.LL Il
mkdir drcl.inet.mac.ARP arp
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mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.Mac_802_11 mac

# added 09-04-04
I mac disable_ PSM

mkdir drcl.inet.mac.WirelessPhy wphy
inject “set omnigain_dbi = 9?wphy/.antenna@
#************

! wphy setMultiHopMode 1 ;#turn on MH mode settings

#************

mkdir drcl.inet.mac.FreeSpaceModel propagation
mkdir drcl.inet.mac.MobilityModel mobility

set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]

! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID
#**************
# Above we inserted a permanent entry in the
# table going to the sink. Here this contract is
# needed so we can send directly to neighbors.

connect app/.setRoute@ -to rt/.service_rt@
#**************************

# present if using 802.11 power-saving mode
connect mac/.energy@ -and wphy/.energy@

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
connect mac/up@ -and queue/output@

connect ll/.mac@ -and mac/.linklayer@
connect ll/down@ -and queue/up@
connect ll/.arp@ -and arp/.arp@

connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid
I'll setAddresses $nid $nid

I mac setMacAddress $nid

! wphy setNid $nid

! mobility setNid  $nid

I id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40
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# disable ARP
Iarp setBypassARP [ expr 2>1]

I mac setRTSThreshold 0
connect mobility/.report@ -and /multiHop80211/tracker/.node@
connect wphy/down@ -to /multiHop80211/channel/.node@

! /multiHop80211/channel attachPort $i [! wphy getPort
.channel]

# maxX maxY maxZ minX
minY minZ dX dY dZz
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0
$gx $gy 0.0
I'mac disable MAC TRACE_ALL
connect -c wireless_agent/down@ -and pktdispatcher/1111@up

cd ..

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk * *kkkkkkk *

*

# FOR THE SENSORS ONLY , do the following

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

puts "create sensor $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd n$i

#*****************

mkdir drcl.inet.sensorsim.MultiHop.MultiHopApp app
! app setNid $i

! app setSinkNid $sink_id

! app setCoherentThreshold 1000.0
! app setNn_ [expr $node_num - 1]
# * * * * *% *

#fmakis

#Routing metric

#metric 1 = raw distance

#metric 2 = energy

! app setmetric 2

connect app/.getNeighbor@ -and
/multiHop80211/nodetracker/.multiHop@

#*****************

# create nodes
mkdir drcl.inet.sensorsim.SensorAgent agent

! agent setDebugEnabled 0

# create sensor physical layers
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mkdir drcl.inet.sensorsim.SensorPhy phy
! phy setRxThresh 0.0
! phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

! phy setNid $i
! phy setRadius [expr sqrt($gx*$gx + $gy*$gy)]

# connect phyiscal layers to sensor agents so that nodes can
receive
connect phy/.toAgent@ -to agent/.fromPhy@

# connect sensor agent and sensor application
connect agent/.toSensorApp@ -to app/.fromSensorAgent@

# connect the sensor channel to the nodes so that they can
receive
! /multiHop80211/chan attachPort $i [! phy getPort .channel]

# connect the nodes to the propagation model
connect phy/.propagation@ -and
/multiHop80211/seismic_Prop/.query@

! mobility setNid $i

# create wireless agent layers
mkdir drcl.inet.sensorsim.WirelessAgent wireless_agent

# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@

mkdir drcl.inet.mac.LL Il

mkdir drcl.inet.mac.ARP arp

mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.Mac_802_11 mac

# added 09-04-04
I mac disable PSM

#*************

#Required to let the MAC802.11 layer
#be in charge of maintaining the
#radio modes and energy levels.
I'mac setls_ UAMPS 1

#*************

mkdir drcl.inet.mac.WirelessPhy wphy

#*************

#fmakis
#set sensing area and bandwidth with the new method
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! wphy setsensingArea $gx $gy
! wphy setGr $Gr
! wphy setGt $Gt

#*************

! wphy setMultiHopMode 1 ;#turn on MH mode settings

#************

mkdir drcl.inet.mac.FreeSpaceModel propagation

set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]

! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID

#**************

#NICHOLAS

# create route configuration request for testing

#this is to define the interfaces. So in this case each sensor
#only has 1 interface (hence array size 1) and its ethO.
#another example is (which has 3 interfaces 0, 2, and 4:
#set ifs [java::new drcl.data.BitSet [java::new {int[]} 3 {0 2

41]]

set ifs [java::new drcl.data.BitSet [java::new {int[]} 1 {0}]]
set base_entry [java::new drcl.inet.data.RTEntry $ifs]

set key [java::new drcl.inet.data.RTKey $i 0 -1]
set entry_ [!!! [$base_entry clone]]

!'rt add $key $entry

#**************

# Above we inserted a permanent entry in the
# table going to the sink. Here this contract is
# needed so we can send directly to neighbors.

connect app/.setRoute@ -to rt/.service_rt@
# * * * * * * *

# present if using 802.11 power-saving mode
connect mac/.energy@ -and wphy/.energy@

# * * * * * * *
connect app/.energy@ -and wphy/.appEnergy@
mkdir drcl.inet.sensorsim.CPUAvr cpu

connect app/.cpu@ -and cpu/.reportCPUMode@
connect cpu/.battery@ -and wphy/.cpuEnergyPort@
# * * * * * * * *

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
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connect mac/up@ -and queue/output@
connect ll/.mac@ -and mac/.linklayer@
connect ll/down@ -and queue/up@

connect ll/.arp@ -and arp/.arp@

connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid

'l setAddresses $nid $nid

! mac setMacAddress $nid ;#set MAC

! wphy setNid $nid
!'id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40

# disable ARP
Iarp setBypassARP [ expr 2>1]

I mac setRTSThreshold 0

connect mobility/.report@ -and /multiHop80211/tracker/.node@
connect wphy/down@ -to /multiHop80211/channel/.node@

! /multiHop80211/channel attachPort $i [! wphy getPort

.channel]
# maxX maxY maxZ minX minY
minZ dX dY dz
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0
$gx $gy 0.0

' mac disable_ MAC_TRACE_ALL
connect -¢ wireless_agent/down@ -and pktdispatcher/1111@up

cd ..

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk * * *

# FOR THE TARGET NODES ONLY , do the following
if { $target_node_num == 0 } {
puts "No target agents .... "
}else {
for {set i [expr $node_num - $target_node_num]} {$i <
$node_num} {incr i} {
puts "create target $i"

set node$i [mkdir drcl.comp.Component n$i]
cd n$i

# create target agents

mkdir drcl.inet.sensorsim.TargetAgent agent

I agent setBcastRate 1.0
I agent setSampleRate 1.0
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# create sensor physical layers

mkdir drcl.inet.sensorsim.SensorPhy phy

I phy setRxThresh 0.0

I phy setNid $i

I phy setRadius [expr sqrt($gx*$gx + $gy*$gy)]

I phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

# connect target agents to phy layers so that nodes can
send
connect agent/down@ -to phy/up@

# connect phy layers to sensor channel so that nodes can
send
connect phy/down@ -to /multiHop80211/chan/.node@

# connect the nodes to the propagation model
connect phy/.propagation@ -and
/multiHop80211/seismic_Prop/.query@

I mobility setNid $i

# set the topology parameters
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy
0.0

cd ..

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk * * *%kkk *

# for SENSORs and TARGETSs only. Not SINKs
for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {

# connect the mobility model of each node to the node position
tracker

connect n$i/mobility/.report_sensor@ -and
/multiHop80211/nodetracker/.node@

connect n$i/phy/.mobility@ -and n$i/mobility/.query@
}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#Positioning
#

# set the position of sink nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord

#! $node(0)/mobility setPosition 0.0 0.0 0.0 0.0

I $node(0)/mobility setPosition 0.0 $sinkX $sinkY $sinkZ

# * *kkkkkkk * * *kkkkkkk *

#fmakis

#workaround for the target nodes: if we place them randomly they
might be elected as next hop neighbors

#and they cannot forward packets. Therefore we place them in
positions that cannot affect routing
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I n101/mobility setPosition 0.0 0.001 [expr $gy-0.001] 0.0
I n102/mobility setPosition 0.0 [expr $gx-0.001] [expr $gy-0.001] 0.0

# for the sensors They will be randomly placed on the grid (2D only)
# set the position of sensor nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

I n$i/mobility setPosition 0.0 [expr rand()*$gx] [expr
rand()*($gy-0.01)] 0.0
}

# for the target we can include random mobility They will be randomly
# placed on the grid (2D only)

#set the position of target nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord

#for {set i [expr $node_num - $target_node_num]} {$i < $node_num}

{incr i} {

# ! n$i/mobility setPosition 0.0 [expr rand()*$gx] [expr $gy-0.005]
0.0

#}

#***************************************************

#fmakis
#make the sensors aware of the position of the sink in case it is not
0,0,0 (not taken into account in previous implementations)
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

I n$i/app setSinkLocation $sinkX $sinkY $sinkZ

#***********************************************

#routelnfo() to execute do:
# script "routelnfo" -at 0.35 -period 4.0 -on $sim
proc routelnfo { } {

global sim nl1

puts "Current Route Table\n [! n1/rt info]"

}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

#Output remaining energy levels of the sensors to a plotter
set plot_ [mkdir drcl.comp.tool.Plotter .plot]
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

connect -c n$i/app/.plotter@ -to $plot_/$i@0
}

#***********************************************

#Plotters for the SINK node

#Graph # 1

#To plot the total number of received packets at the sink

set sinkPlot1_ [mkdir drcl.comp.tool.Plotter .sinkPlot1]

connect -c n0/app/.PacketsReceivedPlot@ -to $sinkPlotl /0@0

#Graph # 2

#Calculate the avg latency when the sink finally receives it
set sinkPlot2_ [mkdir drcl.comp.tool.Plotter .sinkPlot2]
connect -c n0/app/.latencyPlot@ -to $sinkPlot2_/0@0
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#Graph # 3

#plot the actual phenomena being sensed.

I n$sink_id/app createSnrPorts $node_num $target_node_num
set sinkPlot3_ [mkdir drcl.comp.tool.Plotter .sinkPlot3]

for {set i 0} {$i < $target_node_num} {incr i} {

connect -¢ n$sink_id/app/.snr$i@ -to $sinkPlot3_/$i@$i

if { $testflag } {
attach -c $testfile/in@ -to n$sink_id/app/.snr$i@

}
}
# * * *% * * * * *% * * * *% *
#wsnLoop()
#
# This method is called periodically to check
# if the simulation should continue or not. If
# all nodes are dead then stop the simulator and
# display the cummulative statistics... 0.w keep
# running

proc wsnLoop { } {
global sim node_num node sink_id target_node_num maxsimtime
ch_num

#reset variables

set live_sensors 0

set dead_sensors 0
set total_packets 0

set total_packetsCH 0
set dropped_packets 0

#check how many are still alive
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num ]} {incr i} {
if { [! $node($i)/app isSensorDead] == 0 }{
incr live_sensors
}else {
incr dead_sensors
}

script [! liveSensors setLiveNodes $live_sensors]
script [! liveSensors updateGraph]

#display statistics if they are all dead.
if { $dead_sensors >= [expr 1*($node_num - $target_node_num -
D] | [! $sim getTime] > $maxsimtime} {
#puts "All nodes dead at [! $sim getTime]"
puts "$dead_sensors out of [expr $node_num -
$target_node_num - 1] nodes dead at [! $sim getTime]"
$sim stop
puts "
puts "Simulation Terminated\n"
puts "Results:"
puts "Base Station Received [! nO/app getTotalINPackets]"
puts "Collisions at Base Station: [! nO/mac getCollision]"
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for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num ]} {incr i} {
set curr_packets [! n$i/app getelD]
puts "Sensor$i Sent $curr_packets Packets to the Sink"
set total_packets [expr $total_packets + $curr_packets]

}

set app_dropped [! n1/app getDropped_packets]
set wphy_dropped [! n1/wphy getDropped_packets]
#set mac_dropped [! n1/mac getDropped_packets]

puts "Total packets dropped at Application layer:
$app_dropped"

puts "Total packets dropped at physical layer:
$wphy_dropped"

#puts "Drops due to collisions (discovered at MAC layer:
$mac_dropped"

#set dropped_packets [expr $app_dropped + $wphy_dropped +
$mac_dropped]

set dropped_packets [expr $app_dropped + $wphy_dropped]

puts "Average Latency on BS is: [! nO/app getAvglLatency]"

#set total_packets [expr $total_packets + $total_packetsCH]

puts "Total Packets sent from all nodes: $total_packets"

#puts "Total Packets sent from all Cluster Heads:
$total_packetsCH"

puts "Number of Dropped Packets: $dropped_packets"

puts "Success Rate: [expr ([! nO/app getTotalINPackets].0 /
$total_packets.0) * 100]"

}
}

#***********************************************

#sensorLocPrintOut()
# Goes throught all sensors and prints their
# (X,Y,Z) Coordinates
proc sensorLocPrintOut { } {

global sink_id node_num target_node_num

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

script [! n$i/app printNodeLoc]
}

}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

#Output sensor location and status
#to a file for GUI to read from
proc file_output { } {
global sink_id node_num count target_node_num ch_num

#open a file for writting
set filename "sensorinfo$count.log”
set out [open $filename w]

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#get its x and y location
set Xloc [! n$i/app getX]
set Yloc [! n$i/app getY]
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#get its energy
set status [expr [! n$i/app isSensorDead] - 0]

#write it to the file
puts $out "$Xloc $Yloc $status"
}

incr count

close $out

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#Output sensor location and status
#to a file for GUI to read from
proc energy dist {}{
global sink_id node_num count target_node_num ch_num

#open a file for writting
set filename "energyDistrNode.log"
set out [open $filename w]

puts $out "TxCost RxCost IdleCost SleepCost CPUcost"

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#collect the data
set txCost [! n$i/wphy getRadioTotalTX]
set rxCost [! n$i/wphy getRadioTotalRX]
set idleCost [! n$i/wphy getRadioTotalidle]
set sleepCost [! n$i/wphy getRadioTotalsleep]
set cpuCost [! n$i/wphy getTotalCPU]

#write it to the file
puts $out "nodeSi - $txCost $rxCost SidleCost $sleepCost
$cpuCost”

}

close $out

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#Prints out each sensors neighbor at the present time
#
proc printNeighborList { } {
global sink_id node_num count target_node_num ch_num

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
script [! n$i/app printNeighborID]

puts "\n"

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#To call this do:
# script "getQueueSize" -at 20.0 -period 1.0 -on $sim

proc getQueueSize { } {
global sink_id node_num count target_node_num ch_num
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puts "\n------- \nQUEUE SIZES\n------- "
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
puts "Queue size of sensor$i is: [! n$i/queue getSize]"

}
}

#***********************************************

#Find next hop neighbor-- node to whom always send data.
#Choose closest node that is in the direction of the base station.
#NOTE! This algorithm assumes nodes know the location of all nodes
#near them. In practice, this would require an initial set-up
#phase where this information is disseminated throughout the network
#and that each node has a GPS receiver or other location-tracking
#algorithms to determine node locations.
proc setNeighbor { } {

global sink_id node_num count sensorList target_node_num ch_num

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num ]} {incr i} {
script [! n$i/app setNeighbor]

#we also need to store it in the script
#to maintain their next neighbor when a
#node dies.

set selfID [! n$i/app getNid]
set templD [! n$i/app getNeighbor_id]
set tempX [! n$i/app getNeighborX]
set tempY [! n$i/app getNeighborY]
set tempZ [! n$i/app getNeighborZ]
set tempDist [! n$i/app getNeighbor_dist]

#inner list: [nid, neighborID, neigh_X, neigh_Y, neighZz,
tempDist]

set iThSensor [list $selfID $templID $tempX $tempY $tempz
$tempDist]

#append it to the main list.
set sensorList [lappend SensorNeighbors $iThSensor]

}
#puts "Size of List is: [llength $sensorList]"

}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

proc neighborUpdate { } {
global sink_id node_num count sensorList delNodes

for {seti 0 } {$i < [llength $sensorList]} {incr i} {
#extract the current element
set current_node [lindex $sensorList $i]

set newSID [lindex $current_node 0]
set newNID [lindex $current_node 1]
set newX [lindex $current_node 2]
set newY [lindex $current_node 3]
set newZ [lindex $current_node 4]
set newDist [lindex $current_node 5]

#collect the data
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set remEnergy [! n$newSID/wphy getRemEnergy]

#*****************************

#fmakis
#leave just enough energy to the node so that it wont drop it's
own data
if { remEnergy <= 0.001 } {

for {setj 0 } {$j < [llength $sensorList]} {incr j} {

set currentID [lindex [lindex $sensorList $j] 0]
set neighborID [lindex [lindex $sensorList $j] 1]

#puts "Checking Sensor$current|D Neighbor Settings"
if { $currentID != $newSID } {

if { $neighborID == $newSID} {

#update the nodes neighbor in Java

script [! n$currentID/app setNewNeighborID $newNID]
script [! n$currentiD/app setNewNeighborX $newX]
script [! n$currentiD/app setNewNeighborY $newY]
script [! n$currentiD/app setNewNeighborY $newZ]
script [! n$currentiD/app setNewNeighborDist $newDist]

#update the nodes neighbor w/in script
set iThSensor [list $currentlD $newNID $newX $newY $newZ
$newDist]
#append it to the main list.
set sensorlList [Ireplace $sensorList $j $j $iThSensor]

}

}:#end inner for
#puts " inserting number $newSID into delNodes"
set delNodes [lappend delNodes $newSID]

}#end if energy = 0

} ;#end outer for
#Now remove the elements from sensorList
for {set k 0 } {$k < [llength $delNodes]} {incr k} {

set dellD [lindex $delNodes $k] ;#which node is it
# puts "getting index of $dellD"
for {set z 0 } {$z < [llength $sensorList]} {incr z} {
set currentID [lindex [lindex $sensorList $z] 0]
if { $currentID == $dellD } {
setindex $z

}
} _ e _
set sensorList [Ireplace $sensorList $index $index]

set delNodes [] ;#clear that temp list.

}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

#Strictly used for validation purposes. This method
#can be called to get the energy at any random
#point of a particular node.

proc getCurrEnergy { } {

global sink_id node_num count target_node_num
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puts "\n\n"

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#puts "

#puts "Sensor$i radio in Idle mode used: [! n$i/wphy
getRadioTotalidle] joules"

puts "Sensor$i radio in Rx mode used: [! n$i/wphy
getRadioTotalRX] joules”

#puts "Sensor$i radio in Tx mode used: [! n$i/wphy
getRadioTotalTX] joules\n”

#puts "Sensor$i Radio was idle for: [! n$i/wphy
getTotalRadioldleTime] sec"

#puts "Sensor$i Radio was Tx for: [! n$i/wphy
getTotalRadioActiveTime] sec"

puts "Sensor$i Radio was Rx for: [! n$i/wphy
getTotalRadioRxTime] sec\n"

#puts "Sensor$i CPU active used: [! n$i/wphy getTotalCPUactive]
joules”

#puts "Sensor$i CPU sleep used: [! n$i/wphy getTotalCPUsleep]
joules\n”

#puts "Sensor$i CPU was active for: [! n$i/wphy
getTotalCPUactiveTime] sec"”

#puts "Sensor$i CPU was sleep for: [! n$i/wphy
getTotalCPUsleepTime] sec\n”

#puts "Sensor$i CPU Total used: [! n$i/wphy getTotalCPU] joules

\n

puts "Sensor$i has [! n$i/wphy getRemEnergy] joules remaining"

**

#***********************************************

puts "simulation begins...\n"
set sim [attach_simulator .]
#$sim setDebugEnabled 1
$sim stop

#******************Start the Slnk * * * * *% *
script {run n0} -at 0.001 -on $sim

#***************Start th e senso rS************************

for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {
script puts "run n$i" -at 0.01 -on $sim
}

greekeekprint out all the node locationg*****rxskkkiik
script "sensorLocPrintOut" -at 0.03 -on $sim

greexxkrxdatermine who their neighbors argxxrs*rxrikii
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script "setNeighbor" -at 0.2 -on $sim

greexkxnrint off each of their respective neighbors****
script "printNeighborList" -at 0.3 -on $sim

grrxreaxxCheck if Sensor Statug**** xkkirttiiikiokokok
script "wsnLoop" -at 1.0 -period 3.0 -on $sim

#*******TO m al ntal n ne Ig h bo r Settl ngs*******************

#script "neighborUpdate” -at 15.0 -period 0.5 -on $sim
script "neighborUpdate" -at 15.0 -period 0.5 -on $sim

#************ FO r M atlab pl Ottl n g************************

#script "file_output" -at 1.0 -period 100.0 -on $sim

#the following line is only used in validation!
#script "getCurrEnergy" -at 150.0 -on $sim

#$sim resumeTo 10000.1
#Maximum simulation time as defined in wsnLoop()

$sim resumeTo [expr $maxsimtime+5]
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LEACH

# kkkkkkkkkkkkkkkhkkkkkkkhkkkkkkhkkkkkkkkkkhkhkkkkkkkkkkkkkkrk

# Sample tcl file of a wireless sensor network simulation.

# Author: Nicholas Merizzi

# Date: 12/23/2003

#

# This script will simulate a sensor network which utilizes

# the hierarchichal routing protocol called LEACH. J-Sim was
# modified so that clustering can occur, as well as complete
# power control over the radio components.

#

#

#**********************************************************

source "../../..I../test/include.tcl"
cd [mkdir -q drcl.comp.Component /LEACH]

# TOTAL number of nodes (sensor nodes + target nodes)
set node_num 103

# Number of TARGET nodes ONLY
set target_node_num 2
# Hence, number of SENSORS = node_num - target_node_num

setsink id 0

set sinkX 50.0

set sinkY 0.0

set sinkZ 0.0

# * * *% * * * *
#NICHOLAS

#FOR FILE WRITTING
set count O

# create the sensor channel
mkdir drcl.inet.sensorsim.SensorChannel chan

# Capacity of the sensor channel is total number of nodes (sensors +
targets)

# make simulation for $node_num nodes

I chan setCapacity $node_num

# create the propagation model
mkdir drcl.inet.sensorsim.SeismicProp seismic_Prop
I seismic_Prop setDO0 0.2

# Grid dimensions
set gx 100
set gy 100

# create the sensor node position tracker

mkdir drcl.inet.sensorsim.SensorNodePositionTracker nodetracker
# maxX minX maxY minY

I nodetracker setGrid $gx 0.0 $gy 0.0

# connect the sensor channel to the sensor node position tracker
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connect chan/.tracker@ -and nodetracker/.channel@

# create the wireless channel
mkdir drcl.inet.mac.Channel channel

# Capacity of the wireless channel is number of sensors and sinks
ONLY

# which is equal to $node_num - $target_node_num

I channel setCapacity [expr $node_num - $target_node_num]

# create the node position tracker

mkdir drcl.inet.mac.NodePositionTracker tracker

#the dx and dy below represent 'how far' my signal travels

#s0 in this case any node located in my 100x100m grid will hear
#what a sensor broadcasts

# maxX minX maxY minY dX dY

I tracker setGrid $gx 0.0 $gy 0.0 $gx $gy

connect channel/.tracker@ -and tracker/.channel@

#*****************

#NICHOLAS

# In order to graph total # of sensors still

# alive we created a new component that will

# have a connected port to a plotter

mkdir drcl.inet.sensorsim.AliveSensors liveSensors

set numNodesPlot_ [mkdir drcl.comp.tool.Plotter .numNodesPlot]
connect -c liveSensors/.plotter@ -to $numNodesPlot_/0@0

# * *kkkkkkk * * *%kkk * * *kkkkkkk *

# FOR THE SINKs ONLY, do the following
# SINKs have only a network protocol stack
for {set i 0} {$i < [expr $sink_id + 1]} {incr i} {
puts "create sink $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd nSi

mkdir drcl.inet.sensorsim.LEACH.SinkAppLEACH app
! app setNid $i

! app setSinkNid $sink_id

! app setCoherentThreshold 1000.0

# connect the sensor application to the wireless agent

# so that sinks can send through the wireless network protocol
stack

# create wireless agent layers

mkdir drcl.inet.sensorsim.LEACH.WirelessLEACHAgent
wireless_agent

# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@
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mkdir drcl.inet.mac.LL Il

mkdir drcl.inet.mac.ARP arp

mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.CSMA.Mac_CSMA mac
mkdir drcl.inet.mac.WirelessPhy wphy

#*************
#NICHOLAS

! wphy setLEACHMode 1
connect wphy/.channelCheck@ -and mac/.wphyRadioMode@

#************

mkdir drcl.inet.mac.FreeSpaceModel propagation
mkdir drcl.inet.mac.MobilityModel mobility

set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]

! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID

#**************

#Nicholas --> Here this contract is
# needed so we can send directly to neighbors.

connect app/.setRoute@ -to rt/.service_rt@
# * * * * * * *

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
connect mac/up@ -and queue/output@

connect ll/.mac@ -and mac/.linklayer@
connect ll/down@ -and queue/up@
connect ll/.arp@ -and arp/.arp@

connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid
'l setAddresses $nid $nid
I mac setNode_num_ $nid ;#set the MAc address

#let it know we are running LEACH for SS
I mac setLEACHmode 1

I mac setMacAddress $nid ;#set MAC

! wphy setNid $nid

! mobility setNid  $nid

!'id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40

# disable ARP
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I arp setBypassARP [ expr 2>1]

connect mobility/.report@ -and /LEACH/tracker/.node@
connect wphy/down@ -to /LEACH/channel/.node@

! [LEACH/channel attachPort $i [! wphy getPort .channel]

# maxX maxY maxZ minX
minY minZ dX dY dz
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0 $gx
$gy 0.0

connect -c wireless_agent/down@ -and pktdispatcher/1111@up

cd ..
}

#****************************7\'***************************************
*

# FOR THE SENSORS ONLY , do the following

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

puts "create sensor $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd n$i

mkdir drcl.inet.sensorsim.LEACH.LEACHApp app
! app setNid $i

! app setSinkNid $sink_id

! app setCoherentThreshold 1000.0

#******

#Nicholas

'app setNn_ [expr $node_num - 1]
I'app setNum_clusters 5

! app setTotal_rounds 5

# create nodes
mkdir drcl.inet.sensorsim.SensorAgent agent

! agent setDebugEnabled 0

# create sensor physical layers

mkdir drcl.inet.sensorsim.SensorPhy phy
! phy setRxThresh 0.0

! phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

! phy setNid $i
! phy setRadius 200.0

# connect phyiscal layers to sensor agents so that nodes can
receive
connect phy/.toAgent@ -to agent/.fromPhy@
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# connect sensor agent and sensor application
connect agent/.toSensorApp@ -to app/.fromSensorAgent@

# connect the sensor channel to the nodes so that they can
receive
! [LEACHY/chan attachPort $i [! phy getPort .channel]

# connect the nodes to the propagation model
connect phy/.propagation@ -and /LEACH/seismic_Prop/.query@

! mobility setNid $i

# create wireless agent layers
mkdir drcl.inet.sensorsim.LEACH.WirelessLEACHAgent
wireless_agent

# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@

mkdir drcl.inet.mac.LL Il

mkdir drcl.inet.mac.ARP arp

mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.CSMA.Mac_CSMA mac
mkdir drcl.inet.mac.WirelessPhy wphy

#***************

#NICHOLAS

I mac setLEACHmode 1 ;#let it know we are running LEACH for
SS

I'wphy setLEACHMode 1  ;#let it know we are running LEACH for
SS

I'wphy setMIT_uAMPS 1 ;#turn on MH mode settings
connect wphy/.channelCheck@ -and mac/.wphyRadioMode@

mkdir drcl.inet.mac.FreeSpaceModel propagation

set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]

! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID

#**************

#NICHOLAS

# create route configuration request for testing

#this is to define the interfaces. So in this case each sensor
#only has 1 interface (hence array size 1) and its ethO.
#another example is (which has 3 interfaces 0, 2, and 4:
#set ifs [java::new drcl.data.BitSet [java::new {int[]} 3 {0 2

4]
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set ifs [java::new drcl.data.BitSet [java::new {int[]} 1 {0}]]
set base_entry [java::new drcl.inet.data.RTEntry $ifs]

set key [java::new drcl.inet.data.RTKey $i 0 -1]
set entry_ [!!! [$base_entry clone]]

!'rt add $key $entry_

#**************

#Nicholas -->Above we inserted a permanent entry in the
# table going to the sink. Here this contract is
# needed so we can send directly to neighbors.

connect app/.setRoute@ -to rt/.service_rt@

# * * * * * * *

#NICHOLAS

connect app/.energy@ -and wphy/.appEnergy@
mkdir drcl.inet.sensorsim.CPUAvr cpu

connect app/.cpu@ -and cpu/.reportCPUMode@
connect cpu/.battery@ -and wphy/.cpuEnergyPort@

#******************************

# * * * * * * * *
#NICHOLAS

connect mac/.sensorApp@ -and app/.macSensor@
#******************************

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
connect mac/up@ -and queue/output@

connect ll/.mac@ -and mac/.linklayer@

connect ll/down@ -and queue/up@

connect ll/.arp@ -and arp/.arp@

connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid

'l setAddresses $nid $nid

I mac setNode_num_ $nid ;#set the MAc address
I mac setMacAddress $nid ;#same as above
! wphy setNid $nid

l'id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40

# disable ARP
I arp setBypassARP [ expr 2>1]

connect mobility/.report@ -and /LEACH/tracker/.node@

connect wphy/down@ -to /LEACH/channel/.node@
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! [LEACH/channel attachPort $i [! wphy getPort .channel]

# maxX maxY maxZ minX minY minZ
dx dy dz

! mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0 $gx
$gy 0.0

connect -c wireless_agent/down@ -and pktdispatcher/1111@up

cd ..
}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk * * *

# FOR THE TARGET NODES ONLY , do the following
if { $target_node_num == 0 } {
puts "No target agents .... "
}else {
for {set i [expr $node_num - $target_node_num]} {$i <
$node_num} {incr i} {
puts "create target $i"

set node$i [mkdir drcl.comp.Component n$i]
cd n$i

# create target agents

mkdir drcl.inet.sensorsim.TargetAgent agent
I agent setBcastRate 1.0

I agent setSampleRate 1.0

# create sensor physical layers

mkdir drcl.inet.sensorsim.SensorPhy phy
! phy setRxThresh 0.0

I phy setNid $i

I phy setRadius 200.0

I phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

# connect target agents to phy layers so that nodes can
send
connect agent/down@ -to phy/up@

# connect phy layers to sensor channel so that nodes can
send

connect phy/down@ -to /LEACH/chan/.node@

# connect the nodes to the propagation model

connect phy/.propagation@ -and
/LEACH/seismic_Prop/.query@

I mobility setNid $i

# set the topology parameters
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0

cd ..
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}

#****************************7\'***************************************

# for SENSORs and TARGETS only. Not SINKs
for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {

# connect the mobility model of each node to the node position
tracker

connect n$i/mobility/.report_sensor@ -and
/LEACH/nodetracker/.node@

connect n$i/phy/.mobility@ -and n$i/mobility/.query@
}

#***********************************************

#Positioning
#

# set the position of sink nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord
I $node(0)/mobility setPosition 0.0 $sinkX $sinkY $sinkZ

I n101/mobility setPosition 0.0 0.001 [expr $gy-0.001] 0.0
I n102/mobility setPosition 0.0 [expr $gx-0.001] [expr $gy-0.001] 0.0

# for the sensors They will be randomly placed on the grid (2D only)
# set the position of sensor nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

I n$i/mobility setPosition 0.0 [expr rand()*$gx] [expr rand() *
$gy] 0.0
}

# for the target we can include random mobility They will be randomly
# placed on the grid (2D only)

#set the position of target nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord

#for {set i [expr $node_num - $target_node_num]} {$i < $node_num}
{incr i} {

# ! n$i/mobility setPosition 0.0 [expr rand()*$gx] [expr rand() *

$gy] 0.0

#}

# make the sensors aware of the position of the sink
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

I n$i/app setSinkLocation $sinkX $sinkY $sinkZ

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#routelnfo() to execute do:
# script "routelnfo” -at 0.35 -period 4.0 -on $sim
proc routelnfo { } {

global sim nl1

puts "Current Route Table\n [! n1/rt info]"

}

#***********************************************

#Output remaining energy levels of the sensors to a plotter
set plot_ [mkdir drcl.comp.tool.Plotter .plot]
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for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

connect -c n$i/app/.plotter@ -to $plot_/$i@0
}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

#Plotters for the SINK node

#Graph # 1

#To plot the total number of received packets at the sink

#red line-> actual packets received

#blue line-> what the sink actually would have received if it

# wasn't for CH aggregation

set sinkPlot1_ [mkdir drcl.comp.tool.Plotter .sinkPlot1]

connect -c n0/app/.PacketsReceivedPlot@ -to $sinkPlotl /0@0
connect -c n0/app/.theo_PacketsReceivedPlot@ -to $sinkPlotl /1@0

#Graph # 2

#Calculate the avg latency when the sink finally receives it
set sinkPlot2_ [mkdir drcl.comp.tool.Plotter .sinkPlot2]
connect -c nO/app/.latencyPlot@ -to $sinkPlot2_/0@0

#Graph # 3

#plot the actual phenomena being sensed.

I n$sink_id/app createSnrPorts $node_num $target_node_num
set sinkPlot3_ [mkdir drcl.comp.tool.Plotter .sinkPlot3]

for {set i 0} {$i < $target_node_num} {incr i} {

connect -c n$sink_id/app/.snr$i@ -to $sinkPlot3_/$i@Pi
if { $testflag } {
attach -c $testfile/in@ -to n$sink_id/app/.snr$i@
}
}

#Graph # 4 --Instead this graph is combined into Graph#1 to

#see exactly how fewer the number of incomming packets are

#at the base station.

#set sinkPlot4_ [mkdir drcl.comp.tool.Plotter .sinkPlot4]

#connect -¢ n0/app/.theo_PacketsReceivedPlot@ -to $sinkPlot4 /0@0

#*************************************************

#wsnLoop()
#

# This method is called periodically to check

# if the simulation should continue or not. If

# all nodes are dead or simtime>maxsimtime then stop the
simulator and

# display the cummulative statistics otherwise keep running

proc wsnLoop { } {
global sim node_num node sink_id target_node_num maxsimtime

#reset variables

set live_sensors 0

set dead_sensors 0
set total_packets 0

set dropped_packets 0

#check how many are still alive
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for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
if { [! $node($i)/app isSensorDead] == 0 }{
incr live_sensors
}else {
incr dead_sensors
}

}

script [! liveSensors setLiveNodes $live_sensors]
script [! liveSensors updateGraph]

#display statistics if they are all dead.
if { $dead_sensors == [expr $node_num - $target_node_num - 1]
[| [! $sim getTime] > $maxsimtime} {
#puts "All nodes dead at [! $sim getTime]"
puts "$dead_sensors nodes dead at [! $sim getTime]"
$sim stop
puts "
puts "Simulation Terminated\n"
puts "Results:"
puts "Base Station Received [! nO/app getTotalINPackets]"
puts "Collisions at Base Station: [! nO/mac getCollision]"

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
set curr_packets [! n$i/app getelD]
puts "Sensor$i Sent $curr_packets Packets to BS"
set total_packets [expr $total_packets + $curr_packets]

}

set app_dropped [! n1/app getDropped_packets]
set wphy_dropped [! n1/wphy getDropped_packets]
set mac_dropped [! n1/mac getDropped_packets]

puts "Total packets dropped at Application layer:
$app_dropped”

puts "Total packets dropped at physical layer:
$wphy_dropped"

puts "Drops due to collisions (discovered at MAC layer:
$mac_dropped"

set dropped_packets [expr $app_dropped + $wphy_dropped +
$mac_dropped]

puts "Total Packets sent from all nodes: $total_packets"

puts "Number of Dropped Packets: $dropped_packets"

puts "Success Rate: [expr ([! nO/app getTotalINPackets].0 /
$total_packets.0) * 100]"

}
}

#***********************************************

#sensorLocPrintOut()
# Goes throught all sensors and prints their
# (X,Y,Z) Coordinates
proc sensorLocPrintOut { } {

global sink_id node_num target_node_num

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

script [! n$i/app printNodeLoc]
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}

#***********************************************

#Output sensor location and status
#to a file for GUI to read from
proc file_output { } {
global sink_id node_num count target_node_num

#open a file for writting
set filename "sensorinfo$count.log”
set out [open $filename w]

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#get its x and y location
set Xloc [! n$i/app getX]
set Yloc [! n$i/app getY]

#get its energy
set status [expr [! n$i/app isSensorDead] - 0]

#write it to the file
puts $out "$Xloc $Yloc $status”

}

incr count

close $out

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#Output sensor location and status
#to a file for GUI to read from
proc energy dist {}{
global sink_id node_num count target_node_num

#open a file for writting
set filename "energyDistrNode.log"
set out [open $filename w]

puts $out "TxCost RxCost IdleCost SleepCost CPUcost"

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#collect the data
set txCost [! n$i/wphy getRadioTotalTX]
set rxCost [! n$i/wphy getRadioTotalRX]
set idleCost [! n$i/wphy getRadioTotalidle]
set sleepCost [! n$i/wphy getRadioTotalsleep]
set cpuCost [! n$i/wphy getTotalCPU]

#write it to the file
puts $out "$txCost $rxCost $idleCost $sleepCost $cpuCost”

}

close $out

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk
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#Strictly used for validation purposes. This method
#can be called to get the energy at any random
#point of a particular node.

proc getCurrEnergy { } {

puts "\n\n"
global sink_id node_num count target_node_num

puts "last update time was at: [! n1/wphy getLastUpdateTime]
seconds”

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
puts "
puts "Sensor$i has [! n$i/wphy getRemEnergy] joules
remaining\n"

puts "Sensor$i idle radio used: [! n$i/wphy getRadioTotalidle]
joules”

puts "Sensor$i Radio was in idle mode for: [! n$i/wphy
getTotalRadioldleTime] sec\n”

puts "Sensor$i CPU active used: [! n$i/wphy getTotalCPUactive]
joules”

puts "Sensor$i CPU was active for: [! n$i/wphy
getTotalCPUactiveTime] sec\n"

puts "Sensor$i CPU sleep used: [! n$i/wphy getTotalCPUsleep]
joules”

puts "Sensor$i CPU was sleep for: [! n$i/wphy
getTotalCPUsleepTime] sec\n”

puts "Sensor$i CPU Total used: [! n$i/wphy getTotalCPU] joules

\n

}
}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

puts "Simulation begins...\n"
set sim [attach_simulator .]
$sim stop

#******************Start the Slnk * * * * *% *
script {run n0} -at 0.001 -on $sim

#***************Start th e senso rS************************

for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {
script puts "run n$i" -at 0.1 -on $sim
}

greekeeiprint out all the node locationg*****rxskkkkik
script "sensorLocPrintOut" -at 0.002 -on $sim

ek Check if Sensor Statug**  rtrrttttitttttiiiik
script "wsnLoop" -at 1.0 -period 2.0 -on $sim

greeixkrxekkEor Matlab plotting*** skt
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#script "file_output" -at 200.0 -period 100.0 -on $sim

greekeekOne-time Capture of where energy went***+x*
#script "energy_dist" -at 500.0 -period 200.0 -on $sim

#the following line is only used in validation!
#script "getCurrEnergy" -at 4.99 -on $sim

$sim resumeTo 100000.0
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Static Clustering with optimal energy routing

# R R B B B B B B R B B T R
# Sample tcl file of a wireless sensor network simulation

# with static clustering

# HHH R R R R

source "../../../..ltest/include.tcl"

cd [mkdir -q drcl.comp.Component /fmRP]

# TOTAL number of nodes (sensor nodes + target nodes + cluster heads)
set node_num 103

# Number of TARGET nodes ONLY
set target_node_num 2
# Hence, number of SENSORS = node_num - target_node_num

# Number of Cluster Heads
setch_num 6

setsink id 0
set sinkX 50.0
set sinkY 0.0
set sinkZ 0.0

# Grid dimensions
set gx 100
set gy 100

#Maximum simulation time
set maxsimtime 10000

#for the sensors
set Gt 1.0
setGr 1.0

#to keep track of all the sensors neighbors and their
#location used in a subroutine further-on

set sensorList []

set delNodes []

for {set i [expr $sink_id +1]} {$i < [expr $ch_num + 1]} {incr i} {
set chlist$i []
set tchlist$i []

# * * *% * * * *
#FOR FILE WRITTING
set count O

# create the sensor channel
mkdir drcl.inet.sensorsim.SensorChannel chan
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# Capacity of the sensor channel is total number of nodes (sensors +
targets)

# make simulation for $node_num nodes

I chan setCapacity $node_num

# create the propagation model

mkdir drcl.inet.sensorsim.SeismicProp seismic_Prop
I seismic_Prop setD0 0.2

#! seismic_Prop setAtnFactor 1.0

# create the sensor node position tracker (for target nodes)

mkdir drcl.inet.sensorsim.SensorNodePositionTracker nodetracker
# maxX minX maxY minY

I nodetracker setGrid $gx 0.0 $gy 0.0

# connect the sensor channel to the sensor node position tracker
connect chan/.tracker@ -and nodetracker/.channel@

# create the wireless channel
mkdir drcl.inet.mac.Channel channel

# Capacity of the wireless channel is number of sensors and sinks
ONLY

# which is equal to $node_num - $target_node_num

I channel setCapacity [expr $node_num - $target_node_num]

# create the node position tracker
mkdir drcl.inet.mac.NodePositionTracker tracker

#the dx and dy below represent 'how far' my signal travels

#s0 in this case any node located in my 100x100m grid will hear
#what a sensor broadcasts

# maxX minX maxY minY dX dY

I tracker setGrid $gx 0.0 $gy 0.0 $gx $gy

connect channel/.tracker@ -and tracker/.channel@

#*****************

# In order to graph total # of sensors still

# alive we created a new component that will

# have a connected port to a plotter

mkdir drcl.inet.sensorsim.AliveSensors liveSensors

set numNodesPlot_ [mkdir drcl.comp.tool.Plotter .numNodesPlot]
connect -c liveSensors/.plotter@ -to $numNodesPlot_/0@0

#****************************************************

# FOR THE SINKs ONLY, do the following
# SINKs have only a network protocol stack
for {set i 0} {$i < [expr $sink_id + 1]} {incr i} {
puts "create sink $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd n$i

mkdir drcl.inet.sensorsim.MultiHop.SinkAppMH app
! app setNid $i

! app setSinkNid $sink_id

mkdir drcl.inet.sensorsim.WirelessAgent wireless_agent
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# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@

mkdir drcl.inet.mac.LL Il

mkdir drcl.inet.mac.ARP arp

mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.Mac_802_11 mac

# added 09-04-04
I mac disable_ PSM

mkdir drcl.inet.mac.WirelessPhy wphy
#! wphy setBandwidth 250e3
inject “set omnigain_dbi = 9?wphy/.antenna@

#************

! wphy setMultiHopMode 1 ;#turn on MH mode settings

#************

I wphy setRxThresh 1le-10
! wphy setCSThresh 1le-10

mkdir drcl.inet.mac.FreeSpaceModel propagation
mkdir drcl.inet.mac.MobilityModel mobility

set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]

! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID
#**************
# Above we inserted a permanent entry in the
# table going to the sink. Here this contract is
# needed so we can send directly to neighbors.

connect app/.setRoute@ -to rt/.service_rt@
# * * *% * * * *

# present if using 802.11 power-saving mode
connect mac/.energy@ -and wphy/.energy@

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
connect mac/up@ -and queue/output@
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connect ll/.mac@ -and mac/.linklayer@
connect ll/down@ -and queue/up@
connect ll/.arp@ -and arp/.arp@

connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid

'l setAddresses $nid $nid

! mac setMacAddress $nid

! wphy setNid $nid

! mobility setNid $nid

!'id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40

# disable ARP
I arp setBypassARP [ expr 2>1]

I mac setRTSThreshold 0
connect mobility/.report@ -and /fmRP/tracker/.node@
connect wphy/down@ -to /f/mRP/channel/.node@
! fmRP/channel attachPort $i [! wphy getPort .channel]
# maxX max¥Y maxZ minX
minY minZ dX dY dZ
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0
$gx $gy 0.0
' mac disable_ MAC_TRACE_ALL
connect -¢ wireless_agent/down@ -and pktdispatcher/1111@up

cd ..
}

BHAR AR AR R AR R R R R A AR R R
BHARHHHHHHHHHHHH AR R AR

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk *

# FOR THE Cluster Heads ONLY, do the following

# CHs have only a network protocol stack

for {set i [expr $sink_id +1]} {$i < [expr $ch_num + 1]} {incr i} {
puts "create CH $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd n$i

#*****************

#fmakis

mkdir drcl.inet.sensorsim.MultiHop.MultiHopApp app
! app setNid $i

! app setSinkNid $sink_id

! app setCoherentThreshold 1000.0

'app setNn_ [expr $node_num - 1]
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! 'app setCH

! app setfmRP

! app setNewNeighborID $sink_id
! app setls_uAMPS 0

! app setmetric 2

connect app/.getNeighbor@ -and /fmRP/nodetracker/. multiHop@

#*****************

# create nodes
mkdir drcl.inet.sensorsim.SensorAgent agent

! agent setDebugEnabled 0

# create sensor physical layers
mkdir drcl.inet.sensorsim.SensorPhy phy
! phy setRxThresh 0.0

! phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

! phy setNid $i
! phy setRadius [expr sqrt($gx*$gx+$gy*$gy)]

#connect phyiscal layers to sensor agents so that nodes can
receive
connect phy/.toAgent@ -to agent/.fromPhy@

#connect sensor agent and sensor application
connect agent/.toSensorApp@ -to app/.fromSensorAgent@

#connect the sensor channel to the nodes so that they can
receive
! ffmRP/chan attachPort $i [! phy getPort .channel]

#connect the nodes to the propagation model
connect phy/.propagation@ -and /fmRP/seismic_Prop/.query@

! mobility setNid $i

# create wireless agent layers
mkdir drcl.inet.sensorsim.WirelessAgent wireless_agent

# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@

mkdir drcl.inet.mac.LL Il

mkdir drcl.inet.mac.ARP arp

mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.Mac_802_11 mac
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# added 09-04-04
I mac disable_ PSM

#*************

#Required to let the MAC802.11 layer
#be in charge of maintaining the
#radio modes and energy levels.
I'mac setls_ uUAMPS 1

#*************

mkdir drcl.inet.mac.WirelessPhy wphy
inject “set omnigain_dbi = 3?wphy/.antenna@

#*************

#fmakis

#set sensing area with the new method

! wphy setsensingArea $gx $gy

#inject "create SwitchedBeam Antenna" wphy/.antenna@
#inject "azimuthpatterns = azimuth-simple" wphy/.antenna@

#*************

! wphy setMultiHopMode 1 ;#turn on MH mode settings

#************

I wphy setPt 0.5
I wphy setRxThresh 1le-9
I wphy setCSThresh 1e-9

mkdir drcl.inet.mac.FreeSpaceModel propagation

set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]

! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID

#**************

#NICHOLAS

# create route configuration request for testing

#this is to define the interfaces. So in this case each sensor
#only has 1 interface (hence array size 1) and its ethO.
#another example is (which has 3 interfaces 0, 2, and 4:
#set ifs [java::new drcl.data.BitSet [java::new {int[]} 3 {0 2

4]]

set ifs [java::new drcl.data.BitSet [java::new {int[]} 1 {O}]]
set base_entry [java::new drcl.inet.data.RTEntry $ifs]

set key [java::new drcl.inet.data.RTKey $i 0 -1]
set entry_ [!!I! [$base_entry clone]]

!'rt add $key $entry

#**************

# Above we inserted a permanent entry in the
# table going to the sink. Here this contract is
# needed so we can send directly to neighbors.
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connect app/.setRoute@ -to rt/.service_rt@
# * * * * * * *

# present if using 802.11 power-saving mode
connect mac/.energy@ -and wphy/.energy@

# * * * * * * *
connect app/.energy@ -and wphy/.appEnergy@
mkdir drcl.inet.sensorsim.CPUAvr cpu

connect app/.cpu@ -and cpu/.reportCPUMode@
connect cpu/.battery@ -and wphy/.cpuEnergyPort@

#******************************

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
connect mac/up@ -and queue/output@

connect ll/.mac@ -and mac/.linklayer@
connect ll/down@ -and queue/up@

connect ll/.arp@ -and arp/.arp@

connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid

'l setAddresses $nid $nid

! mac setMacAddress $nid ;#set MAC

! wphy setNid $nid
! id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40

# disable ARP
I arp setBypassARP [ expr 2>1]

I mac setRTSThreshold O

connect mobility/.report@ -and /fmRP/tracker/.node@
connect wphy/down@ -to /fmRP/channel/.node@

! fmRP/channel attachPort $i [! wphy getPort .channel]

# maxX maxY maxZ minX minY
minZ dX dY dz
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0
$ogx $gy 0.0

I'mac disable MAC TRACE_ALL
connect -c wireless_agent/down@ -and pktdispatcher/1111@up

cd ..
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# * *kkkkkkk * * *kkkkkkk * *kkkkkkk * *kkkkkkk *

*

# FOR THE SENSORS ONLY , do the following

for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

puts "create sensor $i"
set node($i) [mkdir drcl.comp.Component n$i]

cd n$i

#*****************

mkdir drcl.inet.sensorsim.MultiHop.MultiHopApp app
! app setNid $i

! app setSinkNid $sink_id

! app setCoherentThreshold 1000.0
! app setNn_ [expr $node_num - 1]
' app setfmRP

# * * * * *% *

#Routing metric

#metric 1 = raw distance

#metric 2 = energy

! 'app setmetric 2

connect app/.getNeighbor@ -and /fmRP/nodetracker/. multiHop@

#*****************

# create nodes
mkdir drcl.inet.sensorsim.SensorAgent agent

! agent setDebugEnabled 0

# create sensor physical layers

mkdir drcl.inet.sensorsim.SensorPhy phy
! phy setRxThresh 0.0

! phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

! phy setNid $i
! phy setRadius [expr sqrt($gx*$gx+$gy*$gy)]

# connect phyiscal layers to sensor agents so that nodes can
receive
connect phy/.toAgent@ -to agent/.fromPhy@

# connect sensor agent and sensor application
connect agent/.toSensorApp@ -to app/.fromSensorAgent@

# connect the sensor channel to the nodes so that they can

receive
! fmRP/chan attachPort $i [! phy getPort .channel]

175

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118



# connect the nodes to the propagation model
connect phy/.propagation@ -and /fmRP/seismic_Prop/.query@

! mobility setNid $i

# create wireless agent layers
mkdir drcl.inet.sensorsim.WirelessAgent wireless_agent

# connect the sensor application to the wireless agent

# so that sensors can send through the wireless network
protocol stack

connect app/down@ -to wireless_agent/up@

# connect the wireless agent to the sensor application

# so that sensors can receive thru the wireless network
protocol stack

connect wireless_agent/.toSensorApp@ -to
app/.fromWirelessAgent@

mkdir drcl.inet.mac.LL Il

mkdir drcl.inet.mac.ARP arp

mkdir drcl.inet.core.queue.FIFO queue
mkdir drcl.inet.mac.Mac_802_11 mac

# added 09-04-04
I mac disable_ PSM

#*************
#Required to let the MAC802.11 layer

#be in charge of maintaining the

#radio modes and energy levels. ! mac setls_ uUAMPS 1
#*************

mkdir drcl.inet.mac.WirelessPhy wphy

# create a switched beam antenna for the node and initialize
the azimuth patter
#inject "create SwitchedBeam Antenna" wphy/.antenna@
#inject "azimuthpatterns = azimuth-simple-g4db" wphy/.antenna@

#*************

#fmakis
#set sensing area and bandwidth with the new method
! wphy setsensingArea $gx $gy

! wphy setMultiHopMode 1 ;#turn on MH mode settings

#************

mkdir drcl.inet.mac.FreeSpaceModel propagation

set PD [mkdir drcl.inet.core.PktDispatcher  pktdispatcher]
set RT [mkdir drcl.inet.core.RT rt]
set ID [mkdir drcl.inet.core.ldentity id]
! pktdispatcher setRouteBackEnabled 1

$PD bind $RT
$PD bind $ID
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#**************

#NICHOLAS

# create route configuration request for testing

#this is to define the interfaces. So in this case each sensor
#only has 1 interface (hence array size 1) and its ethO.
#another example is (which has 3 interfaces 0, 2, and 4:
#set ifs [java::new drcl.data.BitSet [java::new {int[]} 3 {0 2

41]]

set ifs [java::new drcl.data.BitSet [java::new {int[]} 1 {0}]]
set base_entry [java::new drcl.inet.data.RTEntry $ifs]

set key [java::new drcl.inet.data.RTKey $i 0 -1]
set entry_ [!!I! [$base_entry clone]]

!'rt add $key $entry

#**************

# Above we inserted a permanent entry in the
# table going to the sink. Here this contract is

# needed so we can send directly to neighbors.

connect app/.setRoute@ -to rt/.service_rt@
#**************************

# present if using 802.11 power-saving mode
connect mac/.energy@ -and wphy/.energy@

#*****************************

connect app/.energy@ -and wphy/.appEnergy@
mkdir drcl.inet.sensorsim.CPUAvr cpu

connect app/.cpu@ -and cpu/.reportCPUMode@
connect cpu/.battery@ -and wphy/.cpuEnergyPort@
# * * * * * * * *

connect wphy/.mobility@ -and mobility/.query@
connect wphy/.propagation@ -and propagation/.query@

connect mac/down@ -and wphy/up@
connect mac/up@ -and queue/output@

connect ll/.mac@ -and mac/.linklayer@
connect ll/down@ -and queue/up@

connect ll/.arp@ -and arp/.arp@

connect -c pktdispatcher/0@down -and ll/lup@
set nid $i

! arp setAddresses $nid $nid

'll setAddresses $nid $nid

I mac setMacAddress $nid ;#set MAC

! wphy setNid $nid
!'id setDefaultiD $nid

I queue setMode  "packet"
! queue setCapacity 40

# disable ARP
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I arp setBypassARP [ expr 2>1]
I mac setRTSThreshold 0

connect mobility/.report@ -and /fmRP/tracker/.node@
connect wphy/down@ -to /fmRP/channel/.node@

! fmRP/channel attachPort $i [! wphy getPort .channel]

# maxX maxY maxZ minX minY minZ
dx dy dz
! mobility setTopologyParameters $gx $gy 0.0 $gx $gy 0.0
$gx $gy 0.0

' mac disable_ MAC_TRACE_ALL
connect -c wireless_agent/down@ -and pktdispatcher/1111@up

cd ..

#***********************************************************

# FOR THE TARGET NODES ONLY , do the following
if { $target_node_num == 0 } {
puts "No target agents .... "
} else {
for {set i [expr $node_num - $target_node_num]} {$i <
$node_num} {incr i} {
puts "create target $i"

set node$i [mkdir drcl.comp.Component ni]
cd n$i

# create target agents

mkdir drcl.inet.sensorsim.TargetAgent agent
I agent setBcastRate 1.0

I agent setSampleRate 1.0

# create sensor physical layers

mkdir drcl.inet.sensorsim.SensorPhy phy

I phy setRxThresh 0.0

I phy setNid $i

I phy setRadius [expr sqrt($gx*$gx+$gy*$gy)]

I phy setDebugEnabled 0

# create mobility models
mkdir drcl.inet.sensorsim.SensorMobilityModel mobility

# connect target agents to phy layers so that nodes can
send
connect agent/down@ -to phy/up@

# connect phy layers to sensor channel so that nodes can
send
connect phy/down@ -to /fmRP/chan/.node@

# connect the nodes to the propagation model
connect phy/.propagation@ -and /fmRP/seismic_Prop/.query@
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I mobility setNid $i

# set the topology parameters
I mobility setTopologyParameters $gx $gy 0.0 $gx $gy
0.0

cd ..

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk * * *%kkk *

# for Cluster Heads SENSORs and TARGETSs only. Not SINKs
for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {

# connect the mobility model of each node to the node position
tracker

connect n$i/mobility/.report_sensor@ -and
fmRP/nodetracker/.node@

connect n$i/phy/.mobility@ -and n$i/mobility/.query@
}

#***********************************************

#Positioning
#

# set the position of sink nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord

I $node(0)/mobility setPosition 0.0 $sinkX $sinkY $sinkZ

I n1/mobility setPosition 0.0 [expr 0.50*$gx] [expr 0.80*$gy] 0.0
I n2/mobility setPosition 0.0 [expr 0.50*$gx] [expr 0.22*$gy] 0.0
I n3/mobility setPosition 0.0 [expr 0.80*$gx] [expr 0.75*$gy] 0.0
I n4/mobility setPosition 0.0 [expr 0.80*$gx] [expr 0.33*$gy] 0.0
I n5/mobility setPosition 0.0 [expr 0.22*$gx] [expr 0.75*$gy] 0.0
I n6/mobility setPosition 0.0 [expr 0.22*$gx] [expr 0.25*$gy] 0.0

I n101/mobility setPosition 0.0 0.001 [expr $gy-0.001] 0.0
I n102/mobility setPosition 0.0 [expr $gx-0.001] [expr $gy-0.001] 0.0

# for the sensors They will be randomly placed on the grid (2D only)
# set the position of sensor nodes args=> (speed(m/sec),
xCoord,yCoord,zCoord
for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

I n$i/mobility setPosition 0.0 [expr rand()*$gx] [expr rand()*$gy]
0.0

}

# make all sensors aware of the position of the sink
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

I n$i/app setSinkLocation $sinkX $sinkY $sinkZ

}
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#for sensor nodes only find the nearest cluster head

#

for {set i [expr $sink_id + $ch_num +1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {

set nX [! n$i/mobility getX]

set nY [! n$i/mobility getY]

set nZ [! n$i/mobility getZ]

set tempX [! n1/mobility getX]

set tempY [! n1/mobility getY]

set tempZ [! n1/mobility getZ]

set mindist [expr sgrt(($tempX-$nX)*($tempX-$nX) +
($tempY-$nY)*($tempY-$nY) + ($tempZ-$nZ)*(StempZ-$n2))]

set destCH 1

#puts "$i $mindist"

for {set j [expr $sink_id + 2]} {$j < $ch_num+1} {incr j}

set tempX1 [! n$j/mobility getX]

set tempY1 [! n$j/mobility getY]

set tempZ1 [! n$j/mobility getZ]

set mindistl [expr sgrt(($nX-$tempX1)*($nX-$tempX1)
+ ($nY-$tempY1)*($nY-$tempY1) + ($nZ-$tempZ1)*($nZ-StempZ1))]

if {$mindistl < $mindist} {
set mindist $mindistl
set destCH $j

}

set chX [! n$destCH/mobility getX]
set chY [! n$destCH/mobility getY]
set chZ [! n$destCH/mobility getZ]

I n$i/app setch_nid $destCH

I n$i/app setdistanceToCH $mindist

I n$i/app setchPosX $chX

I n$i/app setchPosY $chY

I n$i/app setchPosZ $chZ

I n$i/app setNewNeighborID $destCH
I n$i/app setNewNeighborX $chX

I n$i/app setNewNeighborY $chy

I n$i/app setNewNeighborZ $chz

I n$i/app setNewNeighborDist $mindist

switch $destCH {
1 {lappend chlist1 $i}
2 {lappend chlist2 $i}
3 {lappend chlist3 $i}
4 {lappend chlist4 $i}
5 {lappend chlist5 $i}
6 {lappend chlist6 $i}

}

#lappend chlist$destCH $i
#puts "appending $i to list chlist$destCH"
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#puts "node $i's destination is Cluster Head CH$destCH
with coordinates $chX $chY $chz"

#puts "node $i's neighbor is Cluster Head CH$destCH"
#puts "node $i's distance to Cluster Head CH$destCH is
$mindist”

}

lappend tchlistl 1 $chlistl

lappend tchlist2 2 $chlist2

lappend tchlist3 3 $chlist3

lappend tchlist4 4 $chlist4

lappend tchlist5 5 $chlists

lappend tchlist6 6 $chlist6

set chlist []

lappend chlist $tchlistl $tchlist2 $tchlist3 $tchlist4 $tchlists
$tchlisté

for {set i 0} {$i < [llength $chlist]} {incr i} {
puts "Cluster [expr $i+1] members: [lindex $chlist $i]"

}

# * * *% * * * * *% * * * *% *
#routelnfo() to execute do:

# script "routelnfo" -at 0.35 -period 4.0 -on $sim

proc routelnfo { } {
global sim n1
puts "Current Route Table\n [! n1/rt info]"

}

#***********************************************

#Output remaining energy levels of the sensors to a plotter
set plot_ [mkdir drcl.comp.tool.Plotter .plot]
for {set i [expr $sink_id + $ch_num +1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
connect -c n$i/app/.plotter@ -to $plot_/$i@0
}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#Plotters for the SINK node

#Graph # 1

#To plot the total number of received packets at the sink

set sinkPlotl_ [mkdir drcl.comp.tool.Plotter .sinkPlot1]

connect -c n0/app/.PacketsReceivedPlot@ -to $sinkPlotl /0@0

#Graph # 2

#Calculate the avg latency when the sink finally receives it
set sinkPlot2_ [mkdir drcl.comp.tool.Plotter .sinkPlot2]
connect -c nO/app/.latencyPlot@ -to $sinkPlot2_/0@0

#Graph # 3

#plot the actual phenomena being sensed.

I n$sink_id/app createSnrPorts $node_num $target_node_num
set sinkPlot3_ [mkdir drcl.comp.tool.Plotter .sinkPlot3]

for {set i 0} {$i < $target_node_num} {incr i} {
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connect -c n$sink_id/app/.snr$i@ -to $sinkPlot3_/$i@Pi

if { $testflag } {
attach -c $testfile/in@ -to n$sink_id/app/.snr$i@

}
}
#*************************************************
#wsnLoop()
#
# This method is called periodically to check
# if the simulation should continue or not. If
# all nodes are dead or simtime>maxsimtime then stop the
simulator and
# display the cummulative statistics otherwise keep running

proc wsnLoop { } {
global sim node_num node sink_id target_node_num maxsimtime
ch_num

#reset variables

set live_sensors 0

set dead_sensors 0
set total_packets 0

set total_packetsCH 0
set dropped_packets 0

#check how many are still alive
for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr $node_num
- $target_node_num ]} {incr i} {
if { [! $node($i)/app isSensorDead] == 0 } {
incr live_sensors
}else {
incr dead_sensors
}

script [! liveSensors setLiveNodes $live_sensors]
script [! liveSensors updateGraph]

#display statistics if they are all dead.
if { $dead_sensors >= [expr 1*($node_num - $target_node_num -
$ch_num - 1)] || [! $sim getTime] > $maxsimtime} {
#puts "All nodes dead at [! $sim getTime]"
puts "$dead_sensors out of [expr $node_num -
$target_node_num - $ch_num - 1] nodes dead at [! $sim getTime]"
$sim stop
puts " "
puts "Simulation Terminated\n"
puts "Results:"
puts "Base Station Received [! nO/app getTotalINPackets]"
puts "Collisions at Base Station: [! nO/mac getCollision]"

for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr
$node_num - $target_node_num J} {incr i} {
set curr_packets [! n$i/app getelD]
puts "Sensor$i Sent $curr_packets Packets to the Cluster
Head"
set total_packets [expr $total_packets + $curr_packets]

}
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for {set i [expr $sink_id + 1]} {$i < [expr $ch_num + 1 ]}
{incr i} {
set curr_packets [! n$i/app getelD]
puts "CH$i Sent $curr_packets Packets to BS"
set total_packetsCH [expr $total_packetsCH +
$curr_packets]

}

set app_dropped [! n1/app getDropped_packets]
set wphy_dropped [! n1/wphy getDropped_packets]
#set mac_dropped [! n1/mac getDropped_packets]

puts "Total packets dropped at Application layer:
$app_dropped"

puts "Total packets dropped at physical layer:
$wphy_dropped"

#puts "Drops due to collisions (discovered at MAC layer:
$mac_dropped"

#set dropped_packets [expr $app_dropped + $wphy_dropped +
$mac_dropped]

set dropped_packets [expr $app_dropped + $wphy_dropped]

puts "Average Latency on BS is: [! nO/app getAvglLatency]"

#set total_packets [expr $total_packets + $total_packetsCH]

puts "Total Packets sent from all nodes: $total_packets"

puts "Total Packets sent from all Cluster Heads:
$total_packetsCH"

puts "Number of Dropped Packets: $dropped_packets"

puts "Success Rate: [expr ([! nO/app getTotalINPackets].0 /
[expr $total_packets.0 + $total_packetsCH.0]) * 100]"

}

# * * *% * * * * * * * * *% *
#sensorLocPrintOut()

# Goes throught all sensors and prints their

# (X,Y,Z) Coordinates
proc sensorLocPrintOut { } {
global sink_id node_num target_node_num
for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
script [! n$i/app printNodeLoc]
}

}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

#Output sensor location and status
#to a file for GUI to read from
proc file_output { } {
global sink_id node_num count target_node_num ch_num

#open a file for writting
set filename "sensorinfo$count.log”
set out [open $filename w]

for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#get its x and y location
set Xloc [! n$i/app getX]
set Yloc [! n$i/app getY]
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#get its energy
set status [expr [! n$i/app isSensorDead] - 0]

#write it to the file
puts $out "$Xloc $Yloc $status"
}

incr count

close $out

}

#***********************************************

#Output sensor location and status
#to a file for GUI to read from
proc energy_dist {}{
global sink_id node_num count target_node_num ch_num

#open a file for writting
set filename "energyDistrNode.log"
set out [open $filename w]

puts $out "TxCost RxCost IdleCost SleepCost CPUcost"

for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
#collect the data
set txCost [! n$i/wphy getRadioTotalTX]
set rxCost [! n$i/wphy getRadioTotalRX]
set idleCost [! n$i/wphy getRadioTotalidle]
set sleepCost [! n$i/wphy getRadioTotalsleep]
set cpuCost [! n$i/wphy getTotalCPU]

#write it to the file
puts $out "$txCost $rxCost $idleCost $sleepCost $cpuCost"
}

close $out

}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

#fmakis: find the nearest Cluster Head
proc findCH { } {
global node_num node sink_id target_node_num ch_num

for {set i [expr $sink_id + $ch_num +1]} {$i < [expr $node_num
- $target_node_num]} {incr i} {

set nX [! n$i/mobility getX]

set nY [! n$i/mobility getY]

set nZ [! n$i/mobility getZ]

set tempX [! n1/mobility getX]

set tempY [! n1/mobility getY]

set tempZ [! n1/mobility getZ]

set mindist [expr sgrt(($tempX-$nX)*($tempX-$nX) +
($tempY-$nY)*($tempY-$nY) + ($tempZ-$nZ)*($tempZ-$nZ))]

set destCH 1

#puts "$i $mindist"

for {set j [expr $sink_id + 2]} {$j < $ch_num+1} {incr j}
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set tempX1 [! n$j/mobility getX]

set tempY1 [! n$j/mobility getY]

set tempZ1 [! n$j/mobility getZ]

set mindistl [expr sqrt(($nX-$tempX1)*($nX-$tempX1)
+ ($nY-$tempY1)*($nY-$tempY1) + ($nZ-StempZ1)*($nZ-$tempZ1))]

if {$mindistl < $mindist} {
set mindist $mindistl
set destCH

}
}
script [! n$i/app setch_nid $destCH]

#script [! n$i/app setNewNeighborID $destCH]

set nX [! n$destCH/mobility getX]
set nY [! n$destCH/mobility getY]
set nZ [! n$destCH/moability getZ]

#script [! n$i/app setCHLocation $nX $nY $nZ]

#script [! n$i/app setNewNeighborX $nX]
#script [! n$i/app setNewNeighborY $nY]
#script [! n$i/app setNewNeighborZ $nZ]
#script [! n$i/app setNewNeighborDist $mindist]

#script [! n$i/app setch_nid $destCH]

#script [! n$i/app setdistanceToCH $mindist]

#puts "node $i's destination is Cluster Head CH$destCH"

#puts "node $i's neighbor is Cluster Head CH$destCH"

#puts "node $i's distance to Cluster Head CH$destCH is
$mindist"

}

#***********************************************

#Prints out each sensors neighbor at the present time
#
proc printNeighborList { } {
global sink_id node_num count target_node_num ch_num

for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
script [! n$i/app printNeighborID]
}

puts "\n"

}

#***********************************************

#To call this do:
# script "getQueueSize" -at 20.0 -period 1.0 -on $sim

proc getQueueSize { }{
global sink_id node_num count target_node_num ch_num

puts "\n------- \nQUEUE SIZES\n------- "
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for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
puts "Queue size of sensor$i is: [! n$i/queue getSize]"

}
}

#***********************************************

#Find next hop neighbor-- node to whom always send data.
#Choose closest node that is in the direction of the base station.
#NOTE! This algorithm assumes nodes know the location of all nodes
#near them. In practice, this would require an initial set-up
#phase where this information is disseminated throughout the network
#and that each node has a GPS receiver or other location-tracking
#algorithms to determine node locations.
proc setNeighbor { } {

global sink_id node_num count sensorList target_node_num ch_num

for {set i [expr $sink_id + $ch_num + 1]} {$i < [expr $node_num -
$target_node_num ]} {incr i} {
script [! n$i/app setNeighborCH]

#we also need to store it in the script
#to maintain their next neighbor when a
#node dies.

set selfID [! n$i/app getNid]
set templID [! n$i/app getNeighbor_id]
set tempX [! n$i/app getNeighborX]
set tempY [! n$i/app getNeighborY]
set tempZ [! n$i/app getNeighborZ]
set tempDist [! n$i/app getNeighbor_dist]

#inner list: [nid, neighborID, neigh_X, neigh_Y, neighZ,
tempDist]

set iThSensor [list $selfID $templID $tempX $tempY $tempz
$tempDist]

#append it to the main list.
set sensorList [lappend SensorNeighbors $iThSensor]

}
#puts "Size of List is: [llength $sensorList]"

}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

proc neighborUpdate { } {
global sink_id node_num count sensorList delNodes

for {set i 0 } {$i < [llength $sensorList]} {incr i} {
#extract the current element
set current_node [lindex $sensorList $i]

set newSID [lindex $current_node 0]
set newNlID [lindex $current_node 1]
set newX [lindex $current_node 2]
set newY [lindex $current_node 3]
set newZ [lindex $current_node 4]
set newDist [lindex $current_node 5]

#collect the data
set remEnergy [! n$newSID/wphy getRemEnergy]
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if { remEnergy <= 0.01 } {
for {setj 0 } {$j < [llength $sensorList]} {incr j} {

set currentID [lindex [lindex $sensorList $j] 0]
set neighborID [lindex [lindex $sensorList $j] 1]

# puts "Checking Sensor$currentID Neighbor Settings"
if { $currentID != $newSID } {
if { $neighborID == $newSID} {
#update the nodes neighbor in Java
script [! n$currentlD/app setNewNeighborID $newNID]
script [! n$currentiD/app setNewNeighborX $newX]
script [! n$currentiD/app setNewNeighborY $newY]
script [! n$currentiD/app setNewNeighborY $newZ]
script [! n$currentiD/app setNewNeighborDist $newDist]

#update the nodes neighbor w/in script
set iThSensor [list $currentlD $newNID $newX $newY $newZ
$newDist]
#append it to the main list.
set sensorlList [Ireplace $sensorList $j $j $iThSensor]
}
}

}:#end inner for
# puts " inserting number $newSID into delNodes"
set delNodes [lappend delNodes $newSID]

}#end if energy = 0

} ;#end outer for
#Now remove the elements from sensorList
for {set k 0 } {$k < [llength $delNodes]} {incr k} {

set dellD [lindex $delNodes $k] ;#which node is it
# puts "getting index of $dellD"
for {set z 0 } {$z < [llength $sensorList]} {incr z} {
set currentID [lindex [lindex $sensorList $z] 0]
if { $currentID == $dellD } {
setindex $z

}
} _ e _
set sensorList [Ireplace $sensorList $index $index]

set delNodes [] ;#clear that temp list.

}

# * *kkkkkkk * * *%kkk * * *kkkkkkk

#Strictly used for validation purposes. This method
#can be called to get the energy at any random
#point of a particular node.

proc getCurrEnergy { } {

global sink_id node_num count target_node_num
puts "\n\n"

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
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#puts "

#puts "Sensor$i radio in Idle mode used: [! n$i/wphy
getRadioTotalidle] joules"

#puts "Sensor$i radio in Rx mode used: [! n$i/wphy
getRadioTotalRX] joules”

#puts "Sensor$i radio in Tx mode used: [! n$i/wphy
getRadioTotalTX] joules\n”

#puts "Sensor$i Radio was idle for: [! n$i/wphy
getTotalRadioldleTime] sec"

#puts "Sensor$i Radio was Tx for: [! n$i/wphy
getTotalRadioActiveTime] sec"

#puts "Sensor$i Radio was Rx for: [! n$i/wphy
getTotalRadioRxTime] sec\n"

#puts "Sensor$i CPU active used: [! n$i/wphy getTotalCPUactive]
joules”

#puts "Sensor$i CPU sleep used: [! n$i/wphy getTotalCPUsleep]
joules\n”

#puts "Sensor$i CPU was active for: [! n$i/wphy
getTotalCPUactiveTime] sec"

#puts "Sensor$i CPU was sleep for: [! n$i/wphy
getTotalCPUsleepTime] sec\n”

#puts "Sensor$i CPU Total used: [! n$i/wphy getTotalCPU] joules
\n

puts "Sensor$i has [! n$i/wphy getRemEnergy] joules remaining"

}
}

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk *

#fmakis: for validation print the transmiting power
proc getPt { } {
global sink_id node_num count target_node_num ch_num

for {set i [expr $sink_id + 1]} {$i < [expr $node_num -
$target_node_num]} {incr i} {
puts "node$i TX power = [! n$i/wphy getPt]"
}

puts "
}

**

# * *kkkkkkk * * *kkkkkkk * *kkkkkkk

puts "simulation begins...\n"
set sim [attach_simulator .]
#$sim setDebugEnabled 1
$sim stop

#******************Start the Sl n k************************

script {run n0} -at 0.001 -on $sim

fprrxmixkixkixkRxgtart the Sensorg**  xwxkkiikikx ik

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:57:30 EEST - 3.144.244.118

188



for {set i [expr $sink_id + 1]} {$i < $node_num} {incr i} {
script puts "run n$i" -at 0.01 -on $sim
}

greexkxxxnrint out all the node locations*****xxxkkkrxx
script "sensorLocPrintOut" -at 0.03 -on $sim

#*********fmakis: flnd nearest CH***********************
#script "findCH" -at -0.1 -on $sim

greexxkrxdatermine who their neighbors argrxrs*rxriki
script "setNeighbor" -at 0.2 -on $sim

greekxnrint off each of their respective neighbors****
script "printNeighborList" -at 0.3 -on $sim

#script "getPt" -at 20 -on $sim

#*******Check If Sensor StatuS**************************
script "wsnLoop" -at 10.0 -period 3.0 -on $sim

#rexxxxTo maintain neighbor settinggs* s rxrikikkiik
script "neighborUpdate" -at 100.0 -period 0.5 -on $sim

grrrrrreeea Eor Matlab plottingkkottiikk
#script "file_output" -at 1.0 -period 100.0 -on $sim

#the following line is only used in validation!
#script "getCurrEnergy" -at $maxsimtime -on $sim
#$sim resumeTo 10000.1

#Maximum simulation time as defined in wsnLoop()

$sim resumeTo [expr $maxsimtime+5]
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