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ASST. PROF. CHAIYACHET SAIVICHIT, 147 pp. ISBN 974-17-3683-5.

This thesis proposed several routing protocols for ad hoc networks which
enhance power consumption efficiency of the network and consequently increase the
network lifetime. There are 3 categories of routing protocols that are proposed in this
thesis. The first is the minimum energy consumption routing protocol which aims at
minimizing energy consumption or achieve energy-efficient utilization of network to
extend network lifetime. The new energy-based route discovery mechanism to find the
optimum path with consideration of total reliable energy consumption (including the
energy consumed by transmitting, receiving and overhearing) and the effect of channel
quality are considered. The second routing protocol is the best proposed protocol for
maximizing network lifetime. It considers the current battery remaining in various nodes,
focused on balancing energy usage among nodes by avoiding nodes that have low
level of remaining battery. This will as a result, maximize the network lifetime. In the
proposed network lifetime calculation, the energy consumed by packet sending in the
buffer and the energy requirement of source node are considered. The last proposed
protocol is a hybrid-aware routing protocol, which combines the advantages both of
energy-aware and battery-aware routing protocols to achieve in parallel. The hybrid-
aware protocol gives better results among the energy efficiency and the quality of

service consideration,
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(Megryidedaniliasainivuiioiay)  uddnszazine d dArdaandn d, Aazldaunied
2.1)  (Megan@udnnlueaniaang) e ldAruommfiderasd o o lazu o fiafu
atn9lafin g lENUAE LU TR a8 IR AN LHUEN 0 anUN130lFnT ] Bnunnidy

al o o

LUUATS 29N EURL NIA T8I Okumura LAZLUUANa0917 Tn 589 [21] tludiu feuuuanang

1 d”a = o % a QI 4? dl a a ré’ M v Ul = QI
wiaHnaNANTUdauluni1INaNTUANINE 9T U snﬂmwmuwuﬁuiuimLLﬂhW@qu

1 d”d a dl 1 o Y o
@N??mﬂuﬁ’auu@\wﬁ’]?m’]L'ﬂ‘W’]::g‘]JLLUUW1NN@QWN%U%@HNWﬂuﬂ
2.3 LULIIRBINTF LEWRIIU (Energy Consumption Model)

dl o o % k73 o d‘ o dl J v Y dl o
mnNﬂuvl,mmﬂumumﬂmwmmummmmmemmiumm\mnmﬂumm@w 21 M

Iidsziauniseyfndndseuvzanisaanisldndewnudmiuliasetrauanaanladiumans
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aulaiunnau lneindda lfseainuaestlym A unasuaugn “easaealamend

1 i
=

BiTuadergnisldelduiuiign” anvantindds lHARnNan e HilasaI nnasIuann
S 9 o= > = & v
wummesaviiauivatgnsldeuredunlnenss seuuaniaudladyyviiuuundag - a1mie
o vy " K dd o as < W ¥ o
V18 2 wwanneAe nsNANqTesLLaEesNerin I umaeTa NI 14 IAuuuaz LR
A 173 o % 1 dl Yo o/
a93ma N19aANNT nANuresgUnanilFany wiunoniehaeslifuanaulauazimmnnn
1 ' P ' | aca [54 1% p :l/
atnvsaiiannszdnduisnlisiesauuin Inanisudladymiainuuoniesiae s
dousnniilunisesnuuuinsnasansniienu m usazdunisdeaisaesluniie iluainig
Tindsuanavive lindaueeellszAnEanw wineunisnazna1aiaaan1asng < Hs
ArgarfassasAnILaringtuuunsldndsnuaasiunainupuisasdailszanulassane

(Network Interface Card, NICs) #8991lnsnidaanslsane

[ % dl dl v a b 1 b~ ] [ %3 dl 3
WANULLRARaIsasgauide l deunanuacann soutsIiduaudau waseun 14
Tunsuszunanareeniaatlszinana (Processor) daunaaailunasantine bl lniae
Tginsaliuanunsaldsansenduadnsaiaulauazuiugaineiundssunldlunng
a ] dl v dI [ dl a 1 dll ?.’/ d%/ (% [ % o asa
Ansiadadsdaya Tewas W i lun1sfnsade a1 iuIueg AUANHOILN 1IN INIBILAZNATD

o/lls/dsza 1

lun1rdmanisnaaa el usassatlszaiuinseing tnadaqiulafignanuruieasse

a

Y a [3 =

Uszanmlnsedretusnldemnnngag Feudazgindniaciinieiivuagtuuunisldnden
LAZNARENNIsANNINE sy A B amean gl uanansiueanly Tnavialiuda
B8N0 wuuns ldnaNuAINTNGA (mode) nasvineaueaniiu 4 Tun [13, 14] Aa
TNANN9AY (Transmit mode) tHAN135L (Receive mode) IAan112374 (Idle mode) was
goienflulunaniuzuiy (Sleep mode) tagusaztunfiazdnisdndanuiiunnsnetu dau
Tulupgnusila (Power-off mode) uaglilfinnsldndsnuaeiununeiaeiestln #9a0n
miﬁﬁmusl,ul,wimimmm%umu@m’miﬁqﬁmmq (Medium Access Control, MAC) 284
LLsJumwi'aﬂa:mu‘ﬁma*ﬁﬂm:ﬁmiv‘mmﬁL%Mmﬁuﬁqmelugﬂﬁ' 23 Teuanails

stuunmisrinemluusiaziun Inelunaniuzdiasniuionawdesidestesiulungy
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i Y
Mo Signal detected | e

Signal detected | T |
| |
MAC layer
Siahiichange 2 has data to gend |
Requested by q:, Active
MAC layer %ﬁ
|
|
Y e
[ TX ]

51 2.3 Tuagaauznisnnanuluduacuaunisdnaianateee NICs

dl a o ! Y o dy QI ¥ d‘ !
A1ngU 2.3 wanmngnadunanisienluusazina lFA Gusuniueaniuzdng
foduluaitupaunsafiasyianisiuvzededeyarls Waluaiidayaazdslunfiazilasusa

[ U (-3 < o 1

gananiuzdniuluanisde waziledidayaninaiaaiafaznaunnag luaniuzang
] a 5% %I/ 1y ! o dl W yva A o -dl dl
uAN weidnauriulun lifldeyaazdslidelunauus laguiensanudy i nilunay
denn Tuafiazilasunuedatesllagdluluanisfunazazndunneg luanusiBun1amay
anfudeyasinanaiaiadu deaziinlidnluanii o) ldannsonazetluaniuenisinam 2
Tuanfeniulwnanheaiuiume 2oieiluanis 7 vanisdedeyaegiudaduieefily
dl ° s v dl v ] o 3| dl 1 °
anunsanazinisiudeyaannlunduld douluaanisznduuluaniualiaunsmazsin

v
nsfuvsededayala o laundiazdidayaynamindunisaaugunisdniesonanasnsssu

D

o o v

i’/ Y Y o a =S 1 1 1 o dl U 9/?-//
INTZDEUULAIBINANTUN DN AINALADS KE LULAAS TN A LUBEUITNAIIUNAEFDa L T1I1
dlanazuansneiuaanlliainanaza1nni1nilaqan wasaunldlulnanisgeasfaduinngn
wasun i lulunnsiu doundsunldluiueaniuznisduinasddesngn uenainiii

U o a o dl U al dl 1 o dl al 1 d”d 1 v
wantainasunazaaas lunisaguslasaniue winasnungoide ludouiiiendas

nﬁl = o =l -dl dl o Y a 'S 1

Nnwalneununisgeyidd lulinauiaziveanmandutanlunisiiasaginawuasnglung
ann131ENA1 TuAnsdnuseatiuiaranidunisiarsannasanwlugauilna s 1

o PR = a0 @ - " 1 | o
wasundelunadasuwdasanuziandugued Tnapnsng - waiiauesiuniseanuuy
gunsnfaefnanuduwassiolszaulasadawsazse G9lunn99n 2.1 uaneAiNaNIua

T luusiacTuansinsuaesueglnsniuiunsassatszaulaseiranlafuanutanaes

©3°e

nanuiazae Tnayndalduinsgauluniseenuuunisineuineaiume lduinsgiu

IEEE802.11
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A15197 2.1 A I luusiazTuanisinauaesgnaniuiuigassdatszaulasetng

NICs Transmit(watt) | Receive(watt) | Idle(watt) | Sleep(watt) | Mbps
Aironet PC4800 [31] 14-19w 1.3-14w 1.34 w 0.075 w 11
Lucent Bronze [13] 1.3w 0.97 w 0.84 w 0.066 w 2
Lucent Silver [13] 1.3 w 0.90 w 0.74 w 0.048 w 11
Cabletron Roamabout 1. 4w 1.00 w 0.83 w 0.130 w 2
Lucent WaveLAN [33] 1.82 w 1.80 w 0.18 w - 2
ORINOCO 11b [26] 1.425 w 0.925 w 0.045w - 11

d‘ 1 7 L2 o v o k7% o 1 o dj
AINANAIN TN LI @ N3 nAK N i WA WL Az Tu AN IR 19T

1Fsnaaun19N (2.4)

o all o :j/
A0UZNINULATIIANT BT TN luTmTiu 7

E =P 2T

Toeidl E, waseunlupazdasdsidenieues luluaaniue s (3a)

P 1ilue

1%

1
o =

NIANTUN

6

Bg (AAYHAINNInATUInlAaINgRT P=V 1 vi3a M

a

SN e NN B .
N9 uN Tua L luusarATaiuaue s iy nnasn 4 luusiazlun

(2.4)

Tupazsaudamenieauet lulunaniuy s wisenflu

o o S e
aNNQoULALNINU

ANENNANE x nezua Telaavialiludamnvivassanuisounlsanndaya

SRl

a

a o % 1 o e A :J/ o 1 o
‘1/]NNNMIWN’W‘W?@NﬂU@ﬂﬂ?MM?ﬂUWQﬂ?\i‘ﬂ’?@@ﬁiﬂ’]ﬂuﬂﬂqﬂq

'
o A

AN

- o P A |
aryReNn e tunuanslumnignein 2.1)

Winaldlunnamngny o leganuy s dAutasndduduni (Huenaue

e®_

e

AU uIAewRNINATNUssuaNauardnIINsdauAninAaedgnaal 49

ansnsaunleann T =Packet Size/Transmission Rate )

v
s WuluAan11EN19N19UNe 4 Tuaktl Ien1950 Tuensde Tuadnuzqng

LAz INAADIUSUAL
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atnslafimuluumannu [13, 22, 23] levinnimasesdinAndsnungndsinemnss

anudugassialszaulasstneienieuet luluauenaen (Ad hoc mode) nnalénis
a: o d' . y o . o . s
wWasuulasReulandinansznusanisldwasnumy auinaeawining dnsnisdedaya
waznnaadarasiunusi 1w [12] Feeney uaz Nilson  lAuamnesieasidenaednisid
NAWUVe9gLnInd “Lucent WaveLAN 802.11 PCMCIA (Silver and Broze)” anelsinng

n1euzesginanllulunsine - (Tx, Rx, IDLE waz SLEEP) Wana1niun1siansunnig

1
al

a [ 1 ! ¥ dal 14 =2 o dl
Q%L@HW@QQWHSLHINQM’N | °1I‘ﬂﬂLLG]@%I‘LL@LL@QIM‘UVIﬁQWNHVLWN@QQQW@QQ”IuWQQ_JL?NEIL?J@LLIF]

R

[
= ]

I [ d%’ dl a 1 1 o
azlupiinasvineuduszuuninau laanisnaziansandnTuned lulunaniuslniuauaeg

a

[

a) dl A dl 4 % a o
AuaneuzraanWinn ki lunisdaans LL@ZI@WHWH’WN@?’W\?@J LUUNITH LA NANINU

D

unntnglfauaiflugliuuannisdady E=mxsize+b 1Hea E Aa A1fuud iy
dfiAnuluwsiaziun size Aaawinacuinnaildlunisdesisuas mb Ae AU UAIL

WAz A U uAd iU iR uluwrazluanna AL anannisdesueaiunsadn

a 1

azfansuuentian el 2 dquae dauusnidussiuunulasunlasls (Variable Cost)

' !
] =

siludaunulsdumuauisnansdayanldlunisdeansuazdaunaaaiiudausuyuasd (b)
d! [~ 1 o/ dl 1 U 73 1 dl a 1 El o U dg/ v
fdaduArndsunudasiunazdeslduineuiiainisdevseiudeys luunaauils
o v o dl P £ dl [~ [ dl 73 o ] (3 ZJ/

nnua N9 uin 1 ludrusunuasiidunasaun ldnsiudauininaluduasununig
SRR RGN (Request To Send (RTS), Clear To Send (CTS) waz Acknowledgment
(ACK) )angiin 2.4  Wuasssiudrsiudiunilsnasdsnisinnaznantiainnisinl

UNAAINN [12]

50 'y = 50 e div

(n) gUuuuN13dANaRINAINNIIdetaya (1) WASUNgruAeluluasing d

51171 2.4 nMedawAnINALLIL Unicast (UDP/IP) 2110 256 i

[ % o

AREIANNIETT 2 Mbps (qmﬁmm)

1 ] 1 o -dld o dl o o
wHKRgagsalsraulasedneuanasunNA Na NITn luN1TUS Ul aaun1a9ds

(annsnliunlasuszeznisdedayals (Variable Transmission Range)) Tnansasdayalil
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o o

undegluszazing - dudenazdiagldindedangemuldfaeiierinlilundatenied
Iifudayantiegnsies daeteresglnsniilacinainnsnilidu Aironet PC4800 PCMCIA
d! o dl o o/ v [ %4 d! o Qo ] !

FeaNNI0UFUIABUAAIARNS 4 956U 1 MW 5 mW 20 mW uay 50 mW BeinAsdausiay

srALtuAazgrudandsununnseiueenly Tnantsdasaanndega o uineudiazsieg

a o 1

grudenAsuNINNdINIsdeinasilas o) iesnzdesldwasnuine llunsaenadeyayasli

q @

=

HAnuussay Tuunaonx (23] TEMn1amageun1g o RanAININeeINIFALNAYINNNg

waguulasingedeann 1 mw flu 50 mw waznudinisgaydendasnulunisdaiianau
500 mW slaxnluumann [24] lanmualindswaungo@adinisulasuwlasnussaznng

A9989TUARTNANNNT E , =t xar’ 18 E_, AIN13MWAsIudmiunisdedaya t

send — “send send send

Hunanldlunisdeteya o iudrainlunisdsya (3a/Auniwns’) uay rofluszaznng

detays anantlisfazinlidanasliniasdernuenainazannsadosannisldnasanuls

Q

%

¥ ] o o d’ dqja [ 2 dl Qddl
BRENATHITOTILAANITTUNIUNVUBIA T TN gatnLduanuuanuielunanaasn

aunsntaaudilynlunastiaeignislanuedlun

aeinglsAmN AR LELNasFatlsvanulaseding (Network Interface Card, NIC) 2184

al

a a dl M v o dl o o ] o b4 o
NARANUane ° ’j"]HvaﬁJlmﬁ"ﬂﬂﬁ‘ﬂﬂ’]i‘Lﬂ@ﬂuLLﬂ@Qﬂ’]@ﬂﬂﬂ (ﬂ’]ﬁ%ﬁiﬁﬂﬂﬁ@

o 1 dl = 1
JAIANN) KTANANT

D e3P

1 o A a

anegnalidnlualszaznnsdans (Fixed Transmission Range) Aaiulilafansanaunisnig

1 o

Tdwasanuluumannu [24] Aaznalienludau ar? daipsndeiazadioiugluuunisgoy
4 .

-~ o a ; = R p = ° )
L@@W@QQW%WLL@@QELH@NTH?W (2.4) ﬂﬂqQ1?ﬂ[ﬂf]llﬂqﬂq@\‘lﬂqmL@ﬂﬂ@ﬂiuﬁiuﬂqﬁmqﬂqusluum

azlumiuAazl A ALANANAUaanA LA LAR< I 11RY319% 2.1

dl 1 dzj a o a o 1 va Y aa dl o

e lduuunt Jnideanaving leAAAUR S A1 TaenNININNNg WelFuLlpauay
Wntsraninnaesiassdasuaasen AN WAL 7] 10U Tneianizn1swimug
y A N29:19 L ] VS, y y
mummmwmmummm‘lﬂjLW@memmﬂmmummmeLm@ﬂuumziumlmmm%mu

dl nl/ dl dl 1% o v 1 I a a 9:/ =
4 Talnasialiniseanuuiinenazldnasanuldatrelidss@ninindu azin1saanuuy

Qe =b_

v
o

usifunnsd@eansniannw (Physical layer) llaunsdusaaistszans (Application layer)

h3]

IpeAardua9IN19aa4179 898 lun13WmLn ludouaaan1 N WA U uansaiwlyl @9
Gda( % £ 1 :j/ dl 1 ol/ 1 aal U
Aruatiunisldausesusazdusnsnisdaaans wilaavialilazaiuisauiiaisnisananisld
wavuraslasstnauanganaaniilu 3 WUAR N3ATLIANANAY (Power control) LULNASY
A8 N139ANNTNNAY (Power  management) WA ULLIUBINTYARTTEUNIUUL AT

n14aq (Power aware routing)
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NN3ANLIANANAY (Power Control) WAGANENEuALANYTaLSUNIREUA A4 91D

] i v
deann 9 lwasIu fedenaesnisdiulasundsaulunisdeduazdonsienigaas

Y v 1
a & a o o a

oA luusas e N uE Y AN RuuLLMnTLAZA ATa LRI ST LT AL WA
iu%ﬂgwﬁqﬁu ueaiwinnsaAunEunsdeasinlfaudetefianas fdnem
AAnanATesdinfinTy (Error Bit Rate, EBR) meﬁammﬁqﬂmmmiﬁ@mﬁimmmmﬁmma
(Bidirectional) LW’;"W']'”]LL[ﬂ'ﬂtium’ﬂtﬁﬁ‘tﬂtﬂ’]?@'ﬂimﬂ@ﬁLLﬁlﬂﬁi’Nﬁuﬁ]’mﬁme\ﬂugﬂﬁ 2.5
mngﬂ‘ﬁ' 2.5 () LﬂumwﬁlLmqﬂmmﬁmmrﬂmﬂﬁium A @ransonmnsedeanstuiun B 14
wilunnanssdnatun B llanunsninsededns selunsdiiasinlua A dnladnlus B 14

Sudayamsizandalun B lifudaygaainlun A udauslianisanazdsuininanayiulil

vantun A lidnldiudeyantnegneies

. A E N

i B ——aff 4 | —— k3 )
P Wi ] -p— |
(N) NN9ABANTULILIABIT AN %) NN9ADRTULLNANIILALI

5191 2.5 n1sReansveslunmaNszazNIAATINGL (2.5-n)uazliviniu (2.5-2)

TWATNTULL N199AN1IN1A94S (Power  Management) iuuuan1eniunazfiag
o % o o o 1 dl o £ o 1 = }7%
Avuaan uunzaudviunisinanulusazluamanilinimauluusiaz luainisld
wasueenedllss@nsnmiaglaiinsgrui@anassulas it Tu [25] wwasvidauds
Basic Energy-Conserving Algorithm (BECA) lanansinuualfiuadsznavlddag 3 Tua
A luAN1IUaL (Sleep mode) Tuan3ie (Listen mode) wazluauanyin. (Active mode) Tng
nuuaantazeuled ldlunniddguudasainTuanilalddednluanils uai liuanadn
annsnaaslssndandsnulitafesas 35 Tunstiing wilngs - wanaintiu [25] daiaus
seiflends Adaptive Fidelity Energy-Conserving Algorithm (AFECA) Wl sz @nsnaw
Tunstsendandsnuainssideudsuuy BECA Tnsnnuusdaanatniunazeluluanig
o 9Jd? [ o v = d! = o dl al o U =
wau luet fuauInzeslund RN linanni1sng Weluadauuluadapeauiniug
pananaiuaasarat luluan1sudunuIuay wazuan Wi liaunsadoatlssudanaseny

P o A N Y & S
WHAUTRENE 5-10 LLZ\]tﬁlxﬁN’ﬂﬂﬁ@ﬁﬁllﬁ/]ﬂﬁl’]lW]Z\iuﬁl@iuﬂﬁﬁimﬂﬂam’]uuﬁ]@ZLLﬁlﬂﬁl’NﬂuW’Jﬁiu
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NINUUATNANNINIIULAZITE a1 lWN19 19 WHesannswATiy i 1esuuan el
é’ [ IS rai o ¥ ' ' 1 1 [
AuagAumalulatiaasginaniniiunldeumanzunsuiusasdatlszarulasedng ldsa ey
n9vieuluustun aadumgranannananinuseiunliiaeiuwamieiungoa sl
flymifnu wanainiuazwiuldan lunisninualiluasunsnad luluanisuaulsduly
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Pnsznilinaziaeniazinuuadngasnanlalunmsaziuainnisag luluanisuduuazaos

g Tulnariuuihndaeaslillandss@ninanduau o 1edlasedie

=

N139AAITAUNILLLANNDNNNEY (Power-aware routing) {1AS

=

d‘?/ < I |
NejieuwinIu
dl 1=l o Y 2 |é’ 1 o IS 1 !
w9 i avndudenlunasuniimuaz ldawed fumaluladassuiuiassatlsyai
Tassane Nazinunldfian s wanandudaivuwimieidlsc@nsnwdaiauiuisaes

aday v v oy o ) °o R R o o @@ ada
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Anasnidunisluduezetng Tnadnieanisliwassnaeslunvisanignisldauaelunuay

L4
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adeau i 1/1Lﬂmm\‘mumﬂ‘nwmmumLﬂuwﬂu%ﬂumﬂ@@ﬂL@umqmﬂmm a1

=

AN lENAINUat 9N UssAnE nwriTans e TN ranLatLEUN 19N dssnausng Tuana

1 '
= & o

FLAUANNATBILLALABINAN T4 lAneInusiandnag lunnaanisuiiloyuiil Taeliiaue
niseenuuuinsinAsanisdnassduntniettnangnisldauesiunuaslasdnads

= 1 = ZJ/ dl
IEAZIBLARZNANANATILLLNT 3

angduuunisldndsnuinldnaianadaesiu anliiudenuardeiduaaddssiig o

o ZJ/ a a o o d’j ¥ o o ¥ o g |dl % a a
muulmmmwuﬁ@uuuimmuummemmmﬂmwmmumumluuLW@lﬂﬂizmmﬁﬂﬂw

A
=KX ¥ o 1 o

wazmnzaniuaNiiuage sonldfsdanvunuazatasiising o Aldluanadnutaiuil

D

z// 43 1 = v Y
Inevianuailaznatnmaaziaaa luiadedn 2.3.1

2.3.1 wuudataasnsldna s uninaualud e fiwus

[ %

e inwusiniualiuayniua lulassinadnnAsdsasiuasviniuianuaiun

£ '
o o [ % =

wnngAneN lesrernsdausiazluafaensoaiduiu Asdundsunlusazsiesgode

Tunnsdefiazauagiiuszazinan ldlunisdedayawintu (muaunish 2.4) adnglsfinnaly

u
¥

a a '8 v A o 1 ] = dl dl 1 a
meninusatuidiasideluaniminaueenitdu 4 Tuamieunuanslugin 2.3 usazl
AMNLANA1AWINAWa9lNAN195U (NANd lutantindall) wanainiunisazinansaunan

Tuaineuatlulualaiuaziarsunanansuensdinnldluntsfinsadaasiu u
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ansetii Anmzaaan i lulpssdnawuusanaanainisauwtaleniu 3 Usznn nandin
LULLLWINFzAne (Broadcast Traffic) mwxlﬁ?xlmmuqmﬁimm (Point to Point Traffic or

Unicast) wazgavineiilunswinuuulétiu (Overhearing Traffic) [12]

®  NINANUULWNINIZAnel (Broadcast Traffic)

Waluasadainnisdauininauuuuninszatseantl Tuaneluszaznisdan

upazfanInIsfuwRninAsanaiatin liilssuna WasanuRnnaLLLuNInszanefly

=2 A

= Al My va Y ¥ a = = o Na
LL‘WﬂLﬂmwimim&zuﬂ\i%ﬂﬂﬂj'ﬂ\mﬁ‘uLﬂ’ﬂ"g QWW@’TJ‘M’IMTH?L‘]J@EMINmﬂﬁi%WﬂﬁquﬂiEuﬂﬂz

kTl U
1

uerlsnnsslinsennae Tuannanisdawininafiazseanlasusaesainiag lulunaniue
drelhiflulumntsdaiiaduininaiaziesds douluaynlunietluscaznisdafiazdiag

dl o o [ % dl v a ?/ o 4
waguanuzninululinnigiu Inendsiunluaazsiesgydaniaesainnsaniuanls

AINANNIN (2.4)

(n) NTNANNULUL Unicast @) NI WANNLLL Overhear
51171 2.6 nsAnsadessing i mARLLLGNS
o yaAnkLUansieqn (Point to Point Traffic or Unicast)

a 1 dl dl ¥ a 1 A . i’/ ] o
NNsFAnAadaa19N kNnINANLULAAARYANTE Unicast Wun1eludauianes
wininalanuaetaesgniuwinnailiatasdniau favansannisdeanslugiln 2.6 (n)
Walua A sinnsdauwininauuy Unicast Tnaszydnazdelinniun B Tun A Aazilasuun
Mmaululuanisdeuaznianasainiilua B azaadudyyinuainnisdewininaaasiun A
Tun B Aazninisasaagauduininaduluuuninszatavisauuy Unicast  dflunuy
wwinszanafazaiiuniamiaunnanalidnesiu udduiunsiivasiun B fazsasmionig

o= TN, o = = Xy o o
RIaadaUINLANINAAINATUdIuuAesTeld SelunsdiiAedeanmnlun B aetulun

B flazag luluanissumeiuuininaiulillszuianastinsausialyl
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o yAnuuLlAg (Overhearing Traffic)

lunsmin13da4717808n W ANLLL Unicast N1 lenannldd1asiuazninunleil

1
[ 1 =

4 - o o o ~ ot mt
nisdagsiianiclunndeiazluaniudayaatinanuandlugin 2.6(n) wiluanansiniiug

a

A o (=3 ¥

4 . . do o, da , e
au 7 agluszaznisdeeslunnnndedaizaiuuininanin1sdeasuuy Unicast  ASN1A
wanalugiln 2.6 (@) angiilalun A ianisdauwininauuy Unicast hlfalun B Insluszey
nsdaraslun A asaupgulum C uay D g wazaziiiialun C uaz D Aaanudnyoynod
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dquaniaalunisnicunsaziuef ldluanadnuseiluilazd19a8aAiasaann
wt{unaassiatlsyanulngadng ORINOCO 11b PC Card [26] @an1uualiA1nadanui 14l

N19ds (R) Winiu 1.425 3m6 ANNASun I lun1950 (P.) Wi 0.925 SRsaynasnun
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1dantluluaaniuzdng (P,, ) Wi 0.045 406 aninaen 1 luluaanuzdadrtaaiiie
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= o o dl o i’/ a a el o v o 1 df 1 % Cd
Weudundsnululusagu q dedulu@naniinusinauualdrnndaludauilvindugud
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Tuall dauniasn i luluanisladgu (P) nladuaustunnludnaninusariuifidudnan

pilanldlannisnuua 1yl [26] ws o R lanivualdaisanatanininniaeinldlunnsg

Futlszannu 2 Wi (P, = 0.46 366 ANMENNNUWA LAHAIANTNNNZINASWA 14 ludouil
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e unaaun 19 lunnsauusininatasninisauinnang ldalugfaslssunana
sall uarnenlulnanasfuiuialasuuininauatazfasldnasanulunisdszuaans

wAnnmtiuse
24  nmsUszannuAIANNRANRIALRINaLdaNTed (Estimation of Link Error Rate)
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241 WISNRBIANNAANAIATIELEanle (Link Error Rate Model)
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1 1
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(Signal to Noise Ratio, SNR)nagLadiis (Modulation) wasanisidinsiadnynyios (Code

Scheme) [27]
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NdtyILNIUIA AT URF S LAz s N INATY U MILUNAULLILI e LA (Thermal noise)
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uazdnyoynnsunauuuLunannasy (Platform noise) Nasl@anuduassalszaulaseng
dl Y < O o U 1 1 1 1 [ @ ©° Y o

Nazun ldaundnAny anzanuauagassalszanulanssdneseiuinn o lddyoyraisunau
wusunaaNefusaiULazILaNdIn I deiaaanIn19d9meiuiasin WAyt nesunaui
Tanazuansnefiy naludnendnusaiiuilagnedeann ORINOCO 11b PC Card [26] A1
MM IEEE802.11b tnel IEEE 802.11 [28] ilunmsguindnAryduiuiasednelians

a a [ % s

(WLANs) degniisnldlaedndnuansusignsalifaetulaseelfang  dejudngazes
mmgﬁﬁﬁ@ IEEE 802.11b fignidaniumnanisindn Wi-Fi- (Wireless Fidelity) 1nsg1u
IEEE 802.11 milunnsdmnassendnedudaansnianan (Physical Layer) Lazdudaanseias
MAC (MAC Layer) Fatinnaeunslug 1997 %'qmmgmlEEE 802.11 ilfananeildlu
F T R A STV L L R PR SE{TS LT %qgmmmwﬂﬁumm%quwm (Infared) uaz@NAs
gﬂLLuuﬁu@gjuuﬁuﬁmmmmmﬁtymﬁmﬁm (Radio.  Transmission) FMANN13104
Iﬂﬂmﬂfa@%u?ifamimﬂmwﬁugﬂLLﬂqmmﬂummmu Aa Physical Medium Dependent
Sublayer (PMD) and Physical Layer Convergence Protocol (PLCP) Tm?_l‘?ll PMD Lﬁ;m%’m
AUNI3LdN99a nanIia N1INagAATYIINM WATNITAANITALANEALNAYRIA ey

pxg1en197sey 13l ORINOCO 11b WuddnsN1sdedaya 4 926U 1 Mbps (Differential

Binary Phase Shift Keying WNUA2E DBPSK), 2 Mbps (Differential Quadrature Phase Shift
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Keying unidng DQPSK), 5.5 way 11 Mbps (Complementary Code Keying Wniang
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CCK) @dmanisdetayauwansinaiufiazlduagadununnsieiueanilsion

a

\agann IEEE802.11 laildfiansunnisdnsianaldlunisudladiadayaiinaan

[ % % ] %

Hawann nsnzariudnsauianaainfiazluag udnsnaqudyinsadnyyin
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suNIuLAzNagaduTadnIIN1sdedays (Data Rate or Transmission Rate) I9AN8HIN
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ANNEANAIATAAINITDN IAAINTNIN ] [27]  4ATNINNIFIAAINNITINUATITEY
1 ' ' dl o ¥ o I = =
wHRasaalsratulasedne NN g Iﬂﬁlﬂ’]?ﬂ’?%’)ﬂ«lﬂ’?@’m%ﬂﬁ{]@?&ﬂ’&Nﬂ’??ﬁluﬂ’]?
° s o AL = o v = o Yy
AurunalFREn sneguadunuanstsiuaenty aelaainldudainany o negaduls

WAANANNNENRUSAINANATT (2.5)

LxP
R, aerfc| |=—L 2.
° ( Nfo (2.5)

Wa P, ludnsamniauianatands (BER)

p \flupnasiila

'
14 @ o o

P upuusstesd ) nundn e a siasudtyoyn
N flu noise spectral density (noise power per Hz)

f 1Judnsndanisdeteya (Data Rate) way

erfc(x) 1w Harfiu complementary Aidnuanslfian erfe(x)=1-—=[ e dt

BPSK (1 Mbps)
QPSK (2 Mbps) L
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] a a & o dgj U4 A QI a a dl o = ]
wai aneninuseiiuildldaulavseiiulsz@aninnluizasnisnagiaduineaus

a

AnuazanlannuduiugseninednaanuianatadnuazszAuaesdynnd (Wra SNR)
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¥ 1 A Y a

U Fa5U wanzaztiuludnanusiaziaan A nneduanalnaileninisdnnalfaniay

u Q

1199171971234 TAEATAINANAUTIZNINIBRTIANRANAIATALA LA NFTIAIUWTENIN
Frusunausiedtynynausunau (BER vs SNR) nalénanisuaguamuuusinglauansldlunisng

1 2.2 vivawanslugii 2.8 [27]
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WINNLN (Packet Error Rate, PER 98 Frame Error Rate, FER) maimu 'mﬁ 99A1 SNR
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wiusae p ldannaunnam (2.6)

p=1-(1-p,) (2.6)
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242 nmsanulaslisungu Network Simulator 2 (NS2) \WBSRISLNANSENUNLAA
MNNITNATUIAUNINANELTaNTES
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Tdsuneununun I lun1sa1809019N199BARIAIN ANV INUFRITUL A Network
Simulator 2 (NS2) a5 2.8 [29] @saldsunsuldlunasduildlfrasdinanseniues
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1
(5 a a

(P <RxThresh_) Tupazrinnisszysnuininailiduuininaiiinlanaialasaauinningsia
Wdunauaunisidnnedananesely wddrdoynyrundalduanndaAn RxThresh_
(P >RxThresh_ ) Tupfiazdauiininain esialifaduaaununisdniesiananslasliinissey
Ala ] MendsdurauannisdaneianaeldFuwRnInaAsnaaduAninaiulEinsezy
a 14 <3 = &l/ QD o A (% 1= 1 ?.l/ 1 o
puianaald Tunfazauuininaiuieiud widilddinisszyenlaannduaislunazin
NM9ANUIERTIANRANAAWANINARNTUR LT LANa 9 1T ludouringaesiaden 2.4.1
] o/ é’ U d’ ¥ . % o/ dl ] 49/ Y v 1
wazazgduaniatunnAuilalagldnisnszanauuy Uniform  dnsaiaanguausnladaandn
ANBRINANNEANAIAWANINETNAIWINT I uRninatiufazgnszydnlauianaauazas
gnauiednly wsilunmssdruuininaiuiasiadn lfiuatsgnaasuazinlilszuaanalu

douau 1 Tuste

RSN 2.2 ANNANALEIEM1N BER Uaz SNR nnglfinsuagiamniuysig 7]

SNR (dB) BPSK QPSK CCK CCK
(1Mbps) (2 Mbps) (5.5 Mbps) (11 Mbps)
5 5.00e-2 6.00e-2 4.00e-2 1.20e-2
6 5.00e-2 6.00e-2 1.30e-2 6.00e-3
7 1.20e-2 1./0e=2 4.10e-3 2.00e-3
8 4.10e-3 6.00e-3 1.30e-3 7.00e-4
9 1.10e-3 1.70e-3 3.30e-4 2.50e-4
10 2.20e4 4.00e-4 8.00e-5 8.00e-5
11 4.00e-5 6.30e-5 1.50e-5 2.70e-5
12 2.90e-6 8.90e-6 2.70e-6 8.00e-6
13 3.60e-7 1.30e-6 5.00e-7 1.90e-6
14 4.00e-8 2.70e-7 5.00e-8 3.90e-7
15 3.00e-9 4.00e-8 1.00e-8 1.02e-7
16 1.80e-10 4.00e-9 1.10e-9 3.00e-8
17 1.80e-10 4.00e-9 1.10e-9 4.00e-9




31

243 MSuNlUANNRANRIALLL Automatic Repeat Request (ARQ)

N1M91g1U [EEES02.11 ﬁmumlﬁ%umu@umm’ﬁlﬁﬂim ”mmqmﬁuﬁﬂﬁiuﬂﬂa‘iﬁ
mfmmFn"a‘luﬂf]im’fwmiﬁ@m'aLmuamﬁi@ﬁgm (Point-to-Point Connection) wazléiutianis
N9 ueanyly 2 Ium Ae Tm DCF  (Distributed Coordinate Function) 1l1Aan131dn0g
ganatauuulildgudnanslunisasuaunisdinesanane Iy DCF azldnsinaas

CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance) FAUAL binary

. 4 o o > Y R o = =
exponential back-off W LTIUNI7AANIFTUAUABITANA A21NITNDNAINAINAN LTI

a

£
KX o =

(381191 PCF (Point Coordinate Function) ilunastdnfesonaraunuiiilunisdndeuwnld
Audnandlunisaauaunisdiiie Savmzdmunsdedasauuy real time taensinenu
wuwenaanazseslding DCF LW@W&ﬂ‘LﬂﬂNﬂ’]ﬁﬁM@"ﬁLﬂuﬁ@ﬂ%mmﬁgmlumiv‘mm
e tnsinaeafiindunifediapanuddelunsdsdioyaie csMaca duilulnsineeai

1 1 v
nua lilusn lsFudeyaazfasiinisneiiy (Acknowledgement, ACK) e liiudayariu

e, a o 1

atgnsiesndulldsiunndsdeyanaliine ligdelanaudndeyanacldiudiulazuang

U a a

v 1
a o XK

v Y v M Yo 3 [~3 o | B4 a 96/ . .
AN GWN@\‘IVLNVLG]?ULL‘WﬂLﬂm ACK NATNINTTAILBL ALANTN (Retransmission) 8NAIN G4

2

o o ]

TnsTneaealianina LB INIT49T9UaZANIANNAZ NI ENUTNTUAGINIMAIAIN

AUIUTRINFAITUAUATIATALE LS
WATNANIIALIANAHAANAIANAI91EE NG Automatic Repeat Request (ARQ)
Tngluinaninusiarian s L LA a89n19 49 NANF9 1Y 2 g1luuuAe n9dadn

721919199 2N A (Hop-by-Hop Retransmission or HHR) Bazn1349117213191a18m14

(End-to-End Retransmission or EER) WAAZWLLATNANHUSNLANFANNA WA [10, 28]

® n9datnszwinatiaianse (Hop-by-Hop Retransmission or HHR)

o

Waufazanedenleeresiinisdesiaatnetin@ane (Reliable forwarding) lild

v
%

doagensedn lUinelEn1sdeuininmganieli (Localized packet retransmission) 14A8

X

(33

n1zdetnazdasgelne luaidanininmnaanldudaianNEANAIATAIURNNATY AT

(34

@"mmm’mﬁmwmmmﬂhﬂL%u‘imquﬂu%m:@ﬂﬂmﬂﬁuumz’ﬁumwﬁa ] WTERSUU

o A

AuURNINENATazgnaslne sz iuaLuEun AN lHANaNnIen (2.7) A9l

Nreq
N, =" (2.7)

i,i+l
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18 Ny, tusruauuininafeanisds pit iludnsmuianainaes

o ' = ' Y . 0 @ g =~
wninauudnenganTasszudnelun i dulum i+1 wag N, U UIBLANINATINN AN

azfesdesaeTun i andnatnalugy 2.9 d1lua s Fasnisds 1,000 winne ldsTun o an

dl o < zl/ dl 1 o ! o
ANNNIN (2.7) AruanuinineisuuangsaIniua s ludslun b azwinfy Ny, = 1,030.9(Ng)

total

v
1 o

+1,052.6(N; ) + 1,041.7(N,) + 1,041.7(N;) ~4,164 WANLNGA WTARIUIULANLNATH AT

AU 164 WANLNA

& 3% @ 5% 9 4 % ;‘; 4 % 9
S 1 2 3 D

5191 2.9 n1sAeansaniun S lulfsTun D daearntanaauRnnaLUINeTex e

® nN9detinIzuanelaeNnIg (End-to-End Retransmission or EER)

uuuae
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WantsdAuuAnnaRAaAINTaNaIauWEUNIS (ldd1aziia

dl 3 1o a ¥ o £ d’ L 7 = o ! o 1
L‘H@NIEQI@ﬂ[ﬂWN) IuﬁLWIZNﬂ’]Luﬁ‘ﬂZZ[?]@\W]’]ﬁuﬁmiuﬂqiﬁﬂﬁlﬂﬂﬂﬂsﬁ’]ﬂﬂﬂ?\‘l NTULLASUNE

danlealdlfseafun1991WlLL Link-layer retransmission iNs1zasiun1sdaLininanne
AHEANAIAT LU e nlesla o LudunIsazgndsias Tuaunaenma e
o é’
i

v
AnsdauRnnmanNaanTuauvaan e lddaluatananieaunsann s s

o

anyAdausiaz N dreidenleauudunigle o 1Rdns1ANRanaIawRnnAf

dudaszannfiudu piie fedupeiniiasiilugesn sdauininan AN 1A AaaATIUEUNI

dlu p amnsoAualdannasnnisi (2.8)

N

pzl—H(l— plii}imzl) (2.8)

i=1

$119U0901 989390 T e 28991 AT e 11 sdelRininmannlus
wasiie (S) lsTualatemne (D) agherinidedeainisnanslédos ﬁQLLﬂ@zﬁuﬁﬁmi
N3LANELlYU Geometric LATNAIANNAIANID (Mean) U899 WILNTEILARZWANLNANAN
dlu 1/@- p) me:@:i’fuﬁmquuﬁmﬂmLaﬁﬂ%\mmﬁmmmﬂm&’wLLﬁi@z‘EumuuLz’ﬁumq

o a

RLANN1IDUN IHRANNANNTIN (2.9) Aail
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N =" _ req
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angeenelugiil 2.9 d11438 EER a1naunisi (2.9) S1uauuRninaianuni

d9anTum S ldefaTum D azwindu N, = 1,177.5* 4 ~ 4,710 wwnine diluuininanay

total

FRIRT NI UAIUIY 710 WANLNRA

SeuReufeusansuny HHR §U EER  u&aasnudnnnsdaanisuu HHR ay
wnnzguiunslfaululasnauenganuindiiesanndnaidenlalanadensainy
NANANAADULN94 FeRansunfandsnuiusiazisazfocdiiu ansaedneiiuansdnadi
LanalILIARNNIULIL EER aslddnuanuininmfidesdeniiiusiuausinnduy HHR
FRARNNULL HHR azgnansngaelssvdandanuannnduuy EER wazdaldinanlunis
@'qLw'"iﬂmmiﬂﬂ“ﬁumﬂmmﬂwgﬂﬁmrﬁlﬁﬂdﬁ mnm&;m@ﬁmzhﬂuﬁwmﬁwuﬁr@ﬁuﬁﬁwum

Tuald3snsdednsendndaamensie (HHR) Tun1sauANANEana I AfIinTY

25  InslnAaanisandssidun1edinsulassdnguiunangan (Routing Protocol
for Mobile Ad Hoc Network)

=

TasetnauenaandailnmaniAau o enuanuiandnansenufelssdnsninaes
Tassdne Tnantininsvineuidrdnnniualulassinaasaasianaiunsnlunismneu
X o s =< o Yy & o oA = 1=l
iAa n1sdnasndunvtaduntihnudnaesiuesetnaninaniinanssy Ol Wasanlud

= 4 o - - I~ o o Ao o o P
anfigrumieuiusruumdgatfuasluniszazaenidagenandn tlunldiacuainism

Hhagldinanimm1anuludneuzlans LA EaN LN

TnslneeanisdnassidunisuuuiengengnutnInAuantimndie o eanidu 2
UszANA® WULNNTEZENIEUN a3 (Proactive) HAZLLUNNIAALEUNILHAFARINTS
defaya (Reactive or On<demand) taelugtluuiunasszasidunieldaomiiugniunas
diuilgadayadunismesiassinuatvdaiiosnazidalunniialun ladiasn1sfazdusinine

%Y ayyva v v o :j/ Qdd” B Y a a o k% 1 [~1
Wunari 3Faudasudn suitnsiazlinalifinanigdszasnanlun1sdnidunig asnglsd

o & aa = ~ a el P P o o 6

pNAWTUILuuLNRNY s A uRRtuANEs NawaNdundacsuiazin i nauaan
o o dl Ul 9/45I ¥ dl v 73 v 1 dl o/ 1
Anuruninensnazldlunslildaadunisinfanarldeuldagnaaninan desnat1smas
InstnaaaniINIeuLLL Proactive Wiy IwsTnaaa link state routing (LSR) wazinsinaaa
Distance vector routing (Bellman-Ford) #ldimaigniinunldlulassnaiaaaui wszan
wstnepaaantilaanui ldinasnasanisdasuulasnanalatiaaslagadne anniwlad
nisnenantnnsinAeaiugIuivaes (Link state routing, distance vector routing) §7

WaunialfdniulasednauenaenmelnsinAeawuy Destination-Sequenced Distanced
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2

Vector Routing (DSDV) andszinnuilane Inslnasani1sdnassduniaiesiasnisdedoya

a

¥

(Reactive or demand) H35n13119114A8 L'guVI’Nf%QﬂMWLﬁI@ﬁﬂQﬁNﬁ@QﬂﬂﬁﬁluﬂWM\W@Nﬂﬂ
Fouleneslan1edn1saeansazanad uiazidanistlisianaiiiesannnisdnasdunig
TaefnatnsraainsABATT N ULLLARE Ae TnstnAes Dynamic Source Routing
protocol (DSR) wazanuuuae IwsinAeauuy Ad hoc On-demand Distance Vector

routing protocol (AODV) SApSTAY

esanluinginusilaula ﬁlmmﬁwﬁ*ﬂﬁwﬁqmu Tnseanuuuinsinaaanis
ﬁmmﬂﬁumaLﬁ@v‘iﬂﬁ‘miqﬂﬂﬂﬁ@mﬂwl%muﬁuﬂu%u wezaziliAnginuiaaien
suuunnsineusesinslnagauuy On-demand tiadusuuuslunswaunlfussaaia
Hvsng wauaidentnatnaeaLLL On-demand wanzdndumeilafdusz@ns el
AUN AN UAT AN TIUE A A (Throughput, Data Delivery Ratio, etc.) luumnaau [4, 5]
Tinagaunisinevaesinginaaaiuy On-demand  fid Proactive A nnnsiatsaunls
Wi s Tnaeawut On-demand Walszavsmwlaa s lumenea Sy
(Throughput) 18L85LaAT99N199nd394&1NS (Overhead  Routing) LL@zLLﬁﬂmmﬁ@;tyLﬁﬂ
(Packet loss) wsiflaiisg@Angnanludiuniseuingndsanusdiae Inatwsinaaanisdnass

WUN19UL On-demand  Mldsuariuaulataziilss@ansninludunis dnasauias

a

14

Faefu 2 uuLAe eTnAANNI8AgInALNILLL AODY Lax DSR luAneniinusaiiula
Aantnsinaeauun AODY  uflugunuinielflunsimunlfaunssesiuludantg
ayinNENATIUNIIzI N InARaLLL AODV AUt uise LAz NsThinae
Faaznanluumi 3 uaz AODV  saldndsanutiasndninstnaeauus DSR  lumana I
gonuznsnd [14] Wefiansanldudainas 14 nsinaeantsdnassdumisuuy AODY Tudau

v
dnldaznanndunannisnaIuasing inAaanI9s A a9 EUNINLLL AODY  Lazlseiiung

1
=

nsenupaeInsnAaansUNNA TN WA TULAL AU NI a9 T e Tyunnu (A1H9IANNg
saudaslalsunsy NS2 - Reduasldluiadatiasi 2.4:2) iansuiy AODV | A luAansun

WANURAT AN N TRITRNR Ty BNl IMAAeY
251 TWslnAaan1sAanasTLEUNIGLLL Ad hoc On-demand Distance Vector (AODV)

NsTnARaN133AATTEAUNINLLL Ad hoc on-demand distance vector (AODV) 14
WMARARINANNABINIFAINFTUNIAARITAUNINUFDNANI BT LEUN 9T TR AR A1 7aY

y X oo, A N - . o . d . o
gnadauisailaluasun1elausaInisasissegeatsiulualananis lnalnsinaaan
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Hnszuaunisinanulndiaeaiuinslneaes Bellman-Ford Distance Vector usiléiunis
Uudgeldanunsatianldenlunsdiglduinieiinisntaud uenaNtu AODV  £4l4
UNNLLAUUAAIATALITBILA1EM4 (Destination Sequence Number) 1115Usz13114un1410
Dudunefiluiign Tnadauansasmdn q ssudnainsinaeanisdaasnduniauun AODV
fulns TeAeannsAuMNIELMILLIL Dynamic Source Route (DSR) A dunnefildannnis
Fuvndunie azgniddn i ugawinsesuininadeyaynuininaneufiluadunisazinnis
dwininadagyaeanlldelundnllaaadunis feluanieiinsinaeauuy AODV Tundiumng
wazTunsendnamg (Intermediate node) aziniaiivdagaduniianiziundnalivzanann
1é’dmﬂ‘£um1ﬂf5ﬁLﬂu%rﬁl’mLﬁuﬁmﬂ@Lz’ﬁ’um’mﬁwumwdw‘ﬂumr?fum\iLL@::‘Eumﬂmuvm way
Tnslnmealdl4 Destination Sequence Number Munnsiadudndunialaifudumnedilug

A14ATTNINA A Uil ]

nsnAaan19anAITEWNILLL AODV TuininmA119a15%nnig (Hello message)
TAgaLNnINITuNgnIzane L iudas s aziaa i imnvasinedattiagllselunsaudig ivald
dl I % v = a 1 2:/ al v dl dl 1 o
A7924aLN1 I NARNUTHATAUI191FANAITNI1 s BUN 1WA IATI 9N A TN TR NFAaT U
AULAILULVINT @ ansAa la TN Uanaintiugad 18010 1dn 08 a0 A UL NN TIT AN ARURS

o

dumnafinngeldemes o daati S ludasnaniinime lualdlEFuwininminaansinnie
anlunsaudims Tumc%“\‘mzWJﬁfﬂmugﬁf.iW‘Eumﬁuiﬁmﬁlﬂu'ﬁ'@@ﬂu@ﬂﬁqu:mﬁ‘f&'wm
fapavialundonanslifindeuanuumnes Bldnuuds wasdlunfiegssudnanianaa
nusndunellddunaatdiiamnsaldenld Wassnanneminnstuiinddnadentes
ﬁm@'wﬁwmmexﬁﬁmﬂw’iﬁmg@mmLﬁﬂmiﬂﬁamjmummgﬁﬂhﬂL%'ﬂuimﬁaﬂdmiﬂ
deluntanenslnanisdeuininaudsnanideie Tnslnaeanisdnassdunisuuy AODV
anunsnutduneunasiueanin 2 daufe nrvueauntsdumadunng (Route Discovery
Process) mem‘zmuﬂ'\?@umiumq (Route Maintenance Process) %\‘li’mmﬁﬂmﬂwﬁi

avnzuannIslusesalyl
2.5.1.1 NFEUAUNITAUNILEUNIS (Route Discovery Mechanism)

A3XUAUNNIALNEUN9Ta TUAnTazf At a laR AN A TUARWNIFa9IN199 R AFe
sedsdoyalilfaluntatenislulasing udnmalinuidunsiazasdeyalidalunlaneng
1UmR13799n1991LEUNG DU TLLATAUE LANTELN IUARNTIIANLIEUN NN AN MU lFAgnnn

dl )Y ¥ dl Y o dl Y 1 % ¥
mmwmﬂ@iﬂmuLmumwmmimmum‘[mﬂiummmumxmummummumq TeIR1919NNg
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AndunresusiazTuaivaslideyanaaiulustlatamis Tuadalinazdesdsuinneeanti

faluatanemng nazsauaniNrzezinaINaun s M & un1als

AFLUIUNTABUNEUN AL RN TUAFTUN9AE LA NN ANI95918L 81N (Route
Request, RREQ) enieluuininmlsznavlidaadeyasiig o dAwiuAundunisdauandly

~ < 9 P = ° oAl - |
97 2.10 Tedana ULAAZAIUAZN AMNUNIELAZNNTANUUAAILANF 1N UAH

a a

® WNELATINALIBIFUN (Source address, SrclD) unnneananIANLTY
[ %3 s 1 al Qll 1 o 1 1 [~
wnansnirasisazluanaziAnuanasiulaagaulunjasldidununsaa 1P

adsuLandinnasanane lasluaunelunisgdauinng

®  PUNLATLARNAIALIRIALNIY (Source Sequence Number, SrcSegNum) 1%
NUEILATUD 1A AN 1 N B LBNINLFWNaT B un 19 lusvizamna Taaasd

R - L i 4 o 9
ﬂW?LWNﬂwunﬂﬂNLWﬂMﬂ’ﬁ‘m RREQ 1172N19ARLTULALNIN

®  WUELAUITYUNNNANIIWNINIZAT (Broadcast Identifier, BeastiD) Hlusaiaw
ANUIUTLIDIUFAZ TUANAZNNAINAL 17 YNATINENINITUNINIZANLLANINA

RREQ

®  UNELATLANIANAUURILANENI9 (Destination Sequence Number,
DestSegNum) iumingaazesiunlarenianevandtduniadudunnen lug
WranELIALANY SrcSegNum tagAziNIaINNANTIWY NATILHENNNIEY RREQ

A o 9 1 [J 1 9 dal % [
WIBN1IAALTLAUNIT  ws lunaenauumstasludeyall Tussun1sasldan
DestSeqNum angnaadiuatanenieinuamsu uwidn linsuaeasinvua i

ALY “0”

o  ‘AuutaensimaNsa (Hop Count) I iNatianaUeUATMLANMA RREQ gAY
o . KOO . Ld o ) | 5 (R
AaN1UIUARG 7 IngaziuA ey “17 iWeruluanilealun T9AnEusununsy

nadluginvusie “0”

Source | Source Sequence | Broadcast | Destination Destination Hop

address number ID address Sequence number | Count

519 2.10 Taseaigzasuininan1sfesreLdunie (Route Request)
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memdsaniituafunsairuininanistessedunisuazussqansing ) fldnan
afaduufes Tuafunisaziansunsnszaraufining RREQ lddalundnaieasiiedlu
92212n1984 (Transmission Range) mﬂﬁfmﬂ'ﬂﬂugﬂﬁ 2.11 Tupdiunia A diaansasdayalil
Faluntlanante B Tnelua A Sunszusunisdunidunielnenisunsnazansusining RREQ
lléisTuasandng o AinAetun C uaz D uaziiiala C uaz D IE5uLANINA RREQ A ntundis

NLAIRAANTUANNTZUIUNNTA s LT

(1) Tupazianismavagaudeya <SrolD, BeastiD> FaifluAnfiledmenanaty
endneaftesusiazuinng RREQ dsgninldifieansruamuininafifinisunsnszataann
nuANALy Tmﬂ‘ﬁumzﬁﬂmﬂﬂ?ﬂuLﬁﬂumﬁaamﬁm’ﬂummﬁmﬂamuﬁwmLufi@z
Tun ilemsaaginuininad lisuaggniszunanalldauni (peldfuuinng RREQ 1
WA9) WA2YID b FrlEszananaliliountng lunaziinisauuininainedluazasld
a1iiungle o el uddweelATU NN RREQ ifupfousnfasinnistufingn <srciD,
BcastiD> ﬁlﬂglumuﬁwmLLﬁﬂmmiﬂummﬁﬂgamuﬁqLﬁ@iﬁ’lumiman@mura%ﬁifrﬂﬂ

HaldFuuininm RREQ Mnun feldavadiunssuaunisninda (2)

) TuanInIsRadaudfeaiulunilananng (DestiD) wisald  Imenng
WEsLnIUMNN AN aga99601BeLAY DestD luuining RREQ W65 drmsariuuansdn
foeaiulunlarananlundunissesnisasinsedeans luatazidngnszuaunisneuiy

Wunemaaznanaliunienaa widamaee ldldlunlanenag lunazadiinnszuaunisi (3)
sia

3 dlelunlildluntatenie lunazfasinnismsaseudifiesiidunilld
‘Eumﬂmﬂmqﬁ’mﬂLL@:mmmiﬁmﬂmummqLﬁumuamm%’@wﬁ (Route Table) vi7ali
ma‘%@fmﬂmé’umﬂmﬁu %@mnm’mmmmmezﬁqﬁwmﬂmmmqﬁLﬁm@ﬂuma"m
dumaAuesdeyarusstiaTadn i dLtesaen s ueeluinnn RREQ &0
mﬁmﬂummqmmdﬁﬂﬂwhﬁuﬁhﬁ@gﬂiluuﬁﬂmmﬁmmdﬂLé@’um\iﬁmﬂmﬁumaﬁhﬂ W
lunamsaiudng dunisfivanseglumaedadndudunisiiildanunanian ey
wanzaztudnluaiidunislmiuazanansaldondls luaazAniiunszuaunsmeusdunig
Tne/lifeatinmsunsnszanauiining RREQ sialtl usidn i idunedazliindumeusioly

(Tunaun 4)
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o? P ¥

/ /

@@CD@@@

@ @ ; @ @ @
@ @ @

(n) T2ETNITANTDYAUATNTT @) nsaFaduniedesndy  (A) Anendsannilue K F

WASNEZANBUNNINGA RREQ 4 sqqqnl@sudyuanuin-  uaz E 5udyoiouinng

103lUn A inA RREQ RREQ

Transmission
range

— - - —  Network Link
+—— Feverse Route

< -.- Route Request

(49) MemAsanuiining RREQ usnllieds  (a) dydnwaiiazaoumaneildlugy

Tuadananiy B 211 (M) - W)

519 2.11 nszuaunsAuIEunaedinglnAean1sdnassIdUNISIIL AODV

4)  neunlumazunnszatawininm RREQ lufalunsaudeaaasdiaies lunavdaa

2

Mniafindaya Hop Count lilanniinan “17 sansivasdayaannuining RREQ nliifiu

a

¥

Blumredunabudayainaiiunldlunisadadunnsdaundy (Reverse Route) o
Wunnafaunauilazinun e lfuininanauiudunie (Route Reply, RREP) #13190
wunenauldsalunsuniares RREQ THwszaziuinsnaaaily AODV avfiadninisli

ansusNdredenlasianuulauiuiclduaznay (Symmetric  Link) Taaitdunng
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faundutlazgninuunszazinatlunisldanuld drludasnanininuualiinisdawininaey

3
Sudunaidunnein luefagiinsaudeyaneadunisdaunduiiiig

angaeenalugi 2.11(a) anymnTun C uaz D Tdnsudunislileslun B (lad

o

¥ ¥ A = v [T ¥ dl ! 1 14 % ¢ ?:/ [=3 %
°]J‘ﬂ3>lu@L’&HVI’NM?@N“H‘M\I@LLﬁ]LﬂuL@uVl’]\‘W] mﬂummm%mﬂm) aztiulunivgasfiazasg
X

u

[ 1
aAad [ %

dumnadiounduiiinguluisTunfideufinng RREQ 1l au iimeinaUlldislun A #ail
meﬂugﬂﬁ' 2.11(a) LATLLA Hop Count flu “1” WEaNTIUNINsTANLRNINA RREQ 7
IFunisufududa il tunsaudasaesdaias uining RREQ a1nlun C axgnaalidsiug
E uaz F anusiilun F uay K agldsuusfininaigaunanntun D daiulun £, F, uag K azaing
dumnafiaunduuaziiiua Hop Count u@avinnnsngnszanauining ldgelunsaudnasaly
Faugadlugddl 2.11(a) angdimunliiua F - 185uufining RREQ antun G riaw
(3za1zn19senIlun C NuF Fundnszaenieszdnelun Dy F) A92LUNNITINAN217
frafuaziniulaunssialuailaiemie B EFuuininanisfeseduneiauanslugli
2.119) Twadangnie B nasmnavduestaenisaalininmeaausy RREP emaLsUId NN
RN %ﬂmftﬁuﬁqmﬂgﬂﬁ 2.11(9) Snanym e J neudunslialundaranie B

uazifudun1enaungnldawls daiulug J fazninimauiuidun1an ldsasaannlngnig

dquininm RREP nau e lumfunig A dufy

Source | Destination Dicstination Hop
i Lifetime
address address | Sequence number | Count

gﬂﬁ 2.12 TA398519199uANINANIIABLILLEL NS (Route Reply 78 RREP)

FupeulunnaneusdunsanAFetennti Suafiasinnnsre UL saaing
WANINARALTULEWNG (RREP) §4 gﬁﬁ' 2.11(3) Patun B Inalassadrsnasuininauandlugil
7 2.12 TpafiAn SrclD, DestlD l#annnnsdniunann RREQ lugdau DestSegNum aziiluan
Anuantuagaredium B 1ed 491 Hop Count axgnniuuaan il “07 Tnsiuazgevinafe
ANDNE NS M9 URUEUNIS (Life Time) %'qLﬂuﬁqﬁmummmﬂ%ﬁmmmLz%umqﬁﬁ@u‘ﬁl
Tupaziuiindudunnei bignunsnldendld defmassing 1 a9 luUANINA RREP waalun

o ! (3 d” o o % 1 ¥ o dl 49{ I
azynisdauininainauldgalunsuniadaainuniaduniesdaundaun ldafrsauunney

il Tunsiifnatineasinudunieaaslun B > H->F > C -> A
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Tuszndnaiufinng RREP enuluasing o ndulidsiun A Tuanegszndiadunieay

o 1 3 =3 ¥ dl ¥ a ¥ dl
NINTTATINADUUDYAUDILNNLNE LL@&LﬂU%@H@VIiﬁMWﬁ’N Wunahuresdayaina il

a

'
aa

nsiFauideyalud Inalunaziinistiunndayaluivsed fullgsdayaiinnieg dduldl
puReaulataladaniafssalily (1) ldpaideyanasiunlatenis B lunise dai (2) Aa
AN DestSegNum &uiuTuntatenie B luuiining RREP Arxinndaanfifiulumngs (3)
' a | e | = i ) 4 =
A1 DestSeqNum HAntviniuusdunielusifszazniandund uanaintuluay
TiFuuAning RREP  favairadunnsdaunaulddsiuandauininauniguiudsisnigan
Wun19iqndlu idunaelidneusin (Forward  Route) iiatleaanumuduaunudunia
dl 1 ! £ dg, ?:/ dl k% Vo (-3 =3 o I

reverse route INaNaNNNaUUEIE A ntiudeluasiunigldfuuining RREP Aiududnay
dupaunszusunnAuEUnINaesiuaAung lwandainnsadawininadayalidituadall
punsryldluidunng forward route  adsdeyaliuatlarenie B usnsiinilun
1FFuuininm RREP snnduieuiining @ mauiainduneiuansudasyadunielldsiun
Ua1emn1e B arnsivatinglugii 2.11 auy@liiun J naruudunnanszaniu luasunie A
Aarlpf RREP MHAUNNIANNEWNN J > | -> K = D -> A) lunsiiilunazniinisnsagau

dunslaiszozneliialasamnng B idundnnazadulldidunisivlunisdsdayauny
2.5.1.2 NFEUIUNMTAUALAUNIS (Route Maintenance)

4 A 4 a ' o o N

nistrdeunedeaaszaadtun lulasednaienaanvii Wisduuaeananalaginig

dl 1 ] o P2 £ o b % dl %3 dl 1 1
wanuwlaset naannaiuarldarnnsariounglianann ialilanandunisiiagsynang
nnsdeansseudiunle o a1N190a11ANTBLAAARINEANA A TUIARAaANAT ey
wstnaeanfAsiasnsguanzaudsaaianatanliunlualulassdnanauivaaznisden
\ = ' P Py @ Y o P I3
winvzenIdun1elng uenannnisedauiudatuaienaarldnasnuainuunnesunaf

@ = & o Ao gy = Hdo olgy | a ~ = )
Wudnilsziinuilainnlidemanlaannadsldsnvet inngaausanaui@auny (Link

Failure)

naztaunsguaLdun1sazgnaiulalainium lussunigraeuiieanuanszes
nnsdenestundnliresdunis annstinilede Tuasedreiiogluiduntannnasldaues
4 d - o ” : . o
iaeuNeanuandunIsiTanuawesresiuagnlduaunnn (lWatunsaazsinnisle < 14
S = 2 v o = > 3 S Y
ansialy) Taelunsdiuaniiu TuasunivazinnisEunszuaunsAundunIainana 1ily
o ¥ dl

Wadan 2.5.1.1 usinadi 2 TuafimsaanuauEanan (Tualdansnsndedayalidslun

dnlil5dn15a) azudstayananui@avisvesdnaimanlasfaawininauansaaui@amis
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o

(Route Error, RERR) sananaliluanyniuanauntiriluazlunsaudneandeineuet (Active

[ I

neighbor) Iaen13ldvsneaudnea1sUA ViR ATTNIELATLAASANALANINNINANAN

v
o 1

agl “1” WAYAaIUIL Hop Count azgnavAnliilueiiug (Infinite) dmiuluaildeust e

Tupsiunelazudayanaud@anis arnluainsaanuau@annandn Tuasiun1sanaazii
AI 1% ¥ a ?/ Y o L4 dl a I dl o a

NN3BNNITUIUNIIAUULEUNWBNATIENfaAsFaInIsNasAnsadessiuTunlananiean

WIBNEANIIN N

natleariuldlilun ldidunisiauhlfun e desloifiadatanaindenanngn yn
TupilifananaInuining RERR azsiasin1inmadas lumnsaduniamuaesdeyaes

Ay dliz £% o 1 d‘ o 1% 2
puiegdniidunielaunsidesldiunsinaanelildsiundatenis damseanudnidunig
panatnTunaziinisauidunaauuigl ludowdunaulunisnsasgauaniuzaesang
dl 1 a al A 1 Zj/ a v [ aad }7
danlaednfinAanuidenase lduddeuiu 2 38Ae nasldAananisnzeanszuauni

v 1 v
FutnendanTaaLazdulATane

® JFusnme MnTunInIzaNLANNALN813RNNNe (Hello message) luaazin

1 o b4 ¥ dl ¥ ¥ o
nMsuNgNszang hello message lugialuadngsaudnsivilsznaulidae deyaanizianes
Tuptduuasunearwansanduaasliun InanA1uutsaanansarfsuaesluaazlign
iazuulaeduiunnsds hello message agl hello message legnilasiulailidnigyianig
unsnszanawininase llanafaudadan lesuna lupsiusnsaennssasn Time To Life (TTL)
winAy 1 anamdsaaniiuasatdnslAiuunninassnanuatuafasfiasinnisliuildeya

A Y a - 5 M Yo @ o

N7 aNAaNedny (Local  Connectivity) wigtualadlasu hello message LTuAUAU
allowed_hello_loss AARABALUTATARAN NN MUARNNTUATALENS Tlldna lHiuINiN1g

= = . ~ , = a = - P
wWasulasnindeusevesdiuaimaneanty (dadenlaainmainudsuiavzaliinng

' o

dl d! 4 dd‘ M Yo v dl ¥ k4 1 =3 v a
@ansefiv) feddunsiin lilasuaaniuasaudnanldnulunisdedeyant Tuafiazsndu

drhedenlasdnliiiaauid@anslddnnsndedoyasial1s

® 757iaesAn N3l link-layer notification TuiflunszuaunsilAaINNIRIgIN
IEEE 802.11 [28] Inaiwsiazaisndnisaswining lldstuadalinnnasldanuas Tunazsioad
n1IATIAdaLNIdaNAe LY b lATULRNINANIAaLSUANNN19da (Acknowledge) 13a lu

1A5UUANINR Clear to send (CTS) nasanyds Ready To Send (RTS) aan'il
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M) vawalagvaslazedne (@) Tua H deudieenuen (A) Tua H  ldwassnuann
NRIAINLASARUNIZLIUNIG  LEUNIN948477 WURALARTUNATLNINGNIT

Y 4
AL NAWN 4947

Route Error, RERR

Route from A -> B

Node down
Battery Depletion

Broken Link

X RTs

y a k4 1 o e dl dl
() Tup F udsanui@emeiiintivaestng (/) dyanealiazmnuvniafldlugln 2.13

Taules F — H 1AL TusRnaadag (A1) -1(9)
5191 2.13 nszuaunsguadurivzesinginaganisdnassdunisuuy AODV

a a ' o dgj A ] A Y (=3 ] o o

Tuanenfinusaiiutiaziaanldisusnae N7 lEwRnINAI198199 N8 l1N17mA 99944
ANHEANAIAUDIANEILTAN (LN LAY ATINRALANIULUAINTTANADLLLVAID HIa9an3 Tl
M TUAZINIDATIATUANNEANAA LA aLiN9TALTILANAINAINA 5 N4 a9 AL fa17881N97

al o ] =3 1 é’ a =) [ Y a 9/46I o 1

AzinsfudauininAsEndalunauass o asazanunsansaadudeinnanld Tanadenans

o v a =l (=3 U [~1 [ dl al o ada (<3
a1aaziin liinan19goyRsresuininadeyaiiudiuuiinile e uiuisnisuuuuinng

1 o dl 4 Y o o (~] é{ d} o
1198199 nN1anazaasldaruiulanasian (Overhead) WANLNANINTULNDFATIAAUNNT
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] o 1 Zj/ add‘ [ Qdd‘ 1 a 1 [~
NNIUAINEIR UBNANLUAENFa 1A TN LR AN N7 Tun1sRaN s Tua ot ulue
saudne (Enadenmeiuuiesiv) dudusaudsidAnylunminldinsinaeanisinass

= a a 4 o s d? dl 1 a a ?/
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ABLNNNITUIUNIIALALAUNINes N TnAAN199AdI T dUN 19U AODY 218 lH
fasnunsietinaudnanslugln 2.13(n) wslua H wasuaanuanidunie (3U7 2.13(1))

) Y 1

M?@Iumi%ﬁwﬁqmmmmeL@ﬂ?@ummm:ﬁﬁmw@g@ﬂq (g‘]ﬁi 2.13(p)) M linanalat
aslpsvinaifapuddeunasuazinlilus F Tdannsndetioyalildalun H e li
daneme B flalua H aeanudidadentasszdnetun H uag F iRaaaudewslun H
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2.6.1.2 Power-Aware Routing in Mobile Ad Hoc Networks [9]
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® nN9dat1zUINNUaNeN19 (End-to-End Retransmission or EER)
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2.6.1.4 Energy Efficient AODV Routing in CDMA Ad Hoc Networks Using Beamforming
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2.6.2.1 Power-Aware Routing in Mobile Ad Hoc Networks [9]
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2.6.2.2 A Fully Distributed Routing Algorithm for Maximizing Lifetime of a Wireless Ad
Hoc Network [16]
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2.6.2.3 DSR-based Energy-aware Routing Protocols in Ad Hoc Networks [17]
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2.6.2.4 Non-Blocking, Localized Routing Algorithm for Balanced Energy Consumption in
Mobile Ad Hoc Networks [18]
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Node Steps
Broadeast a ROUTE_REQ: wait for the first arriving ROUTE_REPLY; select the

Source node o _ )
source route contained in the message; ignore all later replies

Upon receipt of a ROUTE_REQ message:
If the message is not the firsttrial and E; < Th,, lower Th, by d;
If it has the route to the destination in its cache,
If E, > T, forward (unicast) ROUTE_CACHE & ignore all later requests;
Else, forward DROP_ROUTE_CACHE & ignore all later requests;
Else;
Intermediate node If E; > Th,, forward (broadcast) route-request & ignore all later requests;
Else, forward (broadcast) DROP_ROUTE_CACHE & ignore all later requests
Upon receipt of a ROUTE_CACHE,

If the message is not the first trial and E; < Th,. lower Th, by d:

If E; > Th,, forward (unicasty ROUTE_CACHE & ignore all later requests;

Else, forward (unicast) DROP_ ROUTE_CACHE & ignore all later requests; and
send backward (unicast) CANCEL_ROUTE_CACHE

Upon receipt of the first arriving ROUTE_REQ or ROUTE CACHE, send a
Destination node
ROUTE_REPLY to the source with the source route contained in the message

2.6.2.5 Routing Mechanisms for Mobile Ad Hoc Networks Based on the Energy Drain
Rate (MDR)
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At Source Node at Destination node

Y ¥

Need to send data to

[ START ROUTE DISCOVERY ] [ START I

destination node Receive first RREQ packet
Bu;ferkD?ta Set Timer (Ts);
a; € T =Ts + current time;
Calculate '
Energy Consumption of Waiting other RREQ T —

Control packet £
Data packet E

Y

Econiof ? Eda!a L and j\‘rfofd

and audit Total Energy cost

confrol

data

CT = current time

into RREQ and Broadcast

NO

YES

Waiting RREP
from destination node

Receive

Choose the optimal route from
RREP

?"=min(&™)
Wped

Update +
Routing Table, Send RREP back to
Local Table source node
Send Data packet *
through route to next hop [ END j

END

51U 3.2 fsunszuunTAunIdunIgTes gU% 3.3 densruiunisAunduNIaTes
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wu WA WA N4A (Proposed-Energy) Eun 1wy WA UANN4 A (Proposed-

Energy)
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[ START ROUTE DISCOVERY j

v

‘ Receive Broadcast RREQ

No

Calculate
Energy Link Cost £,

7,0+l

Total Energy Cost £,
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EHI EJ’+1

Lt “data * Loontrol

i+l i+ Todal
Append E;‘m b E:om‘of ? Epoa
node ID,... into RREQ

J//EETANN

' Update it routing table

Local table

'

l Re Broadcast RREQ
[- END j
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Amdunsnaeansdnassduneuu I AR Mgn (Proposed-Energy)

3.1.3  TaLANAINSSUININTEUINVNITAUN VA UNNNUNARVANUNTZUIUNITAUUN

LAUNNTRIINS INARR AODV

N3UNUNNTALUNEUNITZUI TN AR aNLN R T U TN TNARANI99 A ATTLEUNIY
= ¥ 1 [ % ] dl Y 1 dl o 1 )
WUL AODV azdidaumnsteiuagusilsznis aedaunnsisaedinsinpeantiiauaaydaeii
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Y % v -ﬂl Y ‘dl 1 o Y gl/ 1 v dl
WuneanTupsiunisliitasannidunieiag luansenisdnduniaiuesneaziiudayad

ALAZAN8a L WA UHINTUA IR DN M LA UNINFINAI9

2. NTTUIUNITAUUNLEUNIIT89INTINARa AODV Az lduNnnANNNIg (Hello
packet) Waldlun1smsaaeuvirennninnisdenmeiuiuadnaAee lnan1sunsnszans
dugaaszazinannasane wilulnslnaeantiigueuenainazldnsageusananaudnd
1 uRNLARI NN AN IUN L ANEFINAIINEAAN AN AR NN ALBIU T AN TeT 2199 FRLe9A L
Tuadnameann < Tua wanainuininanmeudatnsinpeantiiauedarsionun luluann
1 walle ldFuuininnazlaininfazsaninnisdiudgasdnaanuianainuAnnmzes

] dl [ dl 1 F2 v
gnenmanTeiUlunNdsdanan 19

a

3. NITUUNITAUUNLEUNIsEa N InAaa AODY Auualiluallaraniaile
IA5ULANINATa9aLE UN LT AN AALINARLARININITABUSTULEUNITUA (wenziilu
42 4 4 A\ N Y Y
Eun1endungaludewaangd) widnivinsinaeantinausiniunlaranisazsiesseriiv
2L ATUTNUAIANN LA FUUR NN AF AU ALEUN N URN AR LIN TN N AT UR NN ANI95 D9
uniesanidunieau i lilupainisasaduladendunianin lilasednagoyde
WANUAINGA Ins1zdmauiuuininalaeiunduni1en lfiuanaasldnasanuuinng

ey o Adhannnevdsfidulifls

32  Iwslnaaanisdanassidunisuuudnaignisld9iuaaslinsatinaninngn

(Maximum Battery Lifetime Routing Protocols)

! 1
= o

Tnslnaaanisdpasadunisininaus luidetdnlddnag lunguaasinsinaaanis
An@ITEUNULTITAMIANUUALASRIUAT IAnd0 1T Tuinden 2.6.2 Taaqailszasd
Aufuinsinasanisdanassidunieaniaaueiling “wne1gnsldiuaeslasese 1duan
= 1 %, as ° ! ¥ = . . i
nga - Ipgtaauenaninavundteenisldauainiunnessediug (Battery lifetime) A1

Tudiieun Ul sandunssuauni1sArnIdun1aniinnalnnisdsz3anan (Delay

mechanism) 1a9hAninAFasaadun1aliunusasiun  Fadunieiangaazlilfiduniain

q

1%
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Ao o A - S A o o A
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2

ZJ/ :l/ 3 ¥ 1 dl % 1 vy %
1 L‘W‘J"]$'ﬂ$uu°ﬂw§l@u‘ﬂ’ﬂ\iﬂﬁ‘ﬁﬂ%i&ﬂ’]ﬁ‘ﬂ%ﬁ’]LZ\)‘LW]’]\?’QZLLMT]ﬁ]qﬂﬂﬁﬂﬂiﬂﬂﬂﬁﬁi’mﬂﬂ R



79

321 NISAININAIRIENNS LEIIUAINLUALARTIRlUA (Battery Lifetime

Computation)

Tnslnaaanisdumdunicluunaangnegs [9, 16, 17, 18] A munliangnisld

ey e o o | v a %
NUANMULARETHANYINTLIZALANATBIULALAE IR wazluLnANEEs [15] 16
NNMUAAINAIIHATBIULIALARTNIMABUAZERTINTTIENANWIMad T walwinentinug

o dnae : " o A -

atiuildninunAtangnisldnuanuumnesresiuaiuandisiueanly Tnaaziansun
o S A oA = o = v o o |
ANITITALAIINRLBUARETNIMABAEWFAAz A Tu DanawnunTunazsadlfinenazds

uwiinnaluinineslfaluntlatenisasuininmlasnasnugeganunassesgodaineds

] o

(1 ¥ o o d’ o < :j/ dl ¥ ¥ a
LWTILN mmm@iﬂmiummiﬂ (sn\‘u,ﬂummul,mﬂmmmumm‘ﬂummumqmmmi%mmm U

[

Tuailanenng) anwniinanunainAggangzdn Tualinsudntuadalilaasdunieia

dl A £ L% = o = L% k74 v o dl 1 dl
NqnnalunlamszestiuazaeiaIsa A Iunasesddedayalildeiunnag inah
gausat luscarnisdedayamenaziiunassunldgeganiuies andresiuisnaiunsn

AuuariegnIslduanuUaeesIadiua liaanaunia (3.14)

BL(i,t) = Residual Energy(i,t)— Energy consume, max{E{™}

queue
Vjeneighbor of nodei

= RE(i,t) B Eci|ueue P maX{Eis,ejnd} (3 1 4)

Vjeneighbor of nodei

dl . = £ d‘ . 1 1 i =
e BL(i,t) AB ‘ﬂ’]ilqﬂ’]?sl,‘ﬁﬂ’]u@’]ﬂLLU[F]LG]@??I@QIM@ I ULNa1 t a9UAN E AR

queue

[ % -dl - i < Q; i o rtﬂ. (=3 A =3
WA UNTUA | slﬂiﬂuﬂ’ﬁﬁx‘iLLWﬂLﬂﬂﬂﬂ%iuUWLW‘ﬂﬁ‘ Gﬁ\‘i‘ﬂq’ﬁﬂzLﬂuLLWﬂLﬂﬁlﬂﬂ]‘].l@llﬁﬁ“ﬂ BNNLNA

foyaTaa1u1InAUIUIAAINANNIST (3.15) uaz max{EX} udAndeanunlun i
Vjeneighbor of nodei

AzFagryiAnaInnisdegegaseuanalun i lldluadanes j yndanesluscaznisdsvas
Tua i anduluandewnning RREQ $nlilup | Fenawmungoyidsainnisdeszndnelun i

waztug j o o asnsaAtuenlfainasniei (3.16)

Ndala

Ei = NrreqX(Psgnd ><Tsend) + Z Pstejnd XTk
k=1

queue send

Pe xL Naag L
=N, < () 4 P x—da__ 3.15
q ( f ) é d (1_ pL’J)xf ( )
sen c ere Noa XLaa
Ei,,-d = PS¢ x4 4 pd i __total 7 dat (3.16)

send f send m
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AYINMNIETR96UL969 7 TuaNnIeh (3.14) D9 (3.16) AN1T0UAAS LA LUANT9T

= ° | 1% Ls' o X ° v 1 Al v
3.2 Fennsnmuaeiangnislduainuuanessesiua ludnsustazin i nlddaonu
wluguazgniasinndn insmasaninauanewluLnANgn98s [9, 15, 16, 17, 18, 19]

o q % o = dl o Aaa o a a X
LL@:‘V]ﬂ‘VIﬂW?Iﬂm&u%L@ﬂﬂL@MV]NV]@VI@mmﬂﬁ‘MWﬁﬂWWSﬂﬂﬂwu

q

ﬁl’]%"‘l\?‘ﬁ 3.2 ANUNNEURIALLLTFNS ] Tuaunisn (3.14) 5\12\13Jﬂ"]ﬁ‘ﬁ (3.16)

pd ﬁﬁqﬁlﬂummmﬁﬂmm%’mﬂ@ (Watts)

Pe ﬁ’]ﬁqﬁliﬁumimLLﬁﬂmmmuqm RREQ (Watts)

T a7 lunnsdausining (sec)

TX, AL daui g k (sec)

Ly mmmmmLLﬁﬂmmiﬂsﬂ@ﬁﬁmm?m (Bits)

L., PUIALBILANINATRYA K ﬁ@gﬂuﬁWLWﬂﬁf(BitS)

Lrreq PUIAVBIUANNAAILAN (Bits)

Nireq AMUIULANLNA RREQ ﬁmmmﬂuﬁw was (Packets)

Ny fﬁmfsuuﬁﬂmm%’@g@%wmﬁﬂgiuﬁmmf (Packets)

Ny, SR NN AT AT LAF UM F B934 (Packets)

f 8m91 N9 AuAnNA (Mbps)

ph FMsANNE NG N INALLENENT e s sTun | LAz j

pi] SRIIANT AN AUTIANATEIURARNA k undnedenTaerzidnalue |
uaz j leglun j duluadanenisaasuining k

322 NSEUAUNTAUMILAUNTG (Route Discovery Process)
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2881 (ariTunginiraneusellldneauaeannnis@aeansseudneluasuntanazliun
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=3 ng dj 14 1 173 dl
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[ START ROUTE DISCOVERY |
l Al Source Node

‘ Mead 1o send dala o ‘ START
castination node at Destination node
Buffer Data +
Packel .
Receive first RREQ packet
Append N *

into RREQ and Broadcas! Update Routing Table

v

o Send RREP back to

- ﬁcmwu Wailing RREP source node
r“--x_ RREP .~ erum dastinalion nodae *
.\-‘-I..\. ___.-"f — =
* [ END J
Lipdate |
Routing Tabla,
Local Tabla |

' Send Data packat
through route to next hop o [
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[ EnD
519 3.5 faunszuaunisAundn1eTes U 3.6 feunsruaunsAunIEUnIgTes
Tuasiuntedniuinsinaeanisdnass luntlaranisdmivinsinaeanisdingss

¥ A 3 1 A b3 1
L’&‘LWI’NLL‘]_I‘]_I?;Iﬂﬂ’]ﬂqﬂ’ﬁl“ﬁ\ﬂuﬂlﬂﬂtﬂ?ﬂﬁl’]ﬂ L?’{‘HVI’NLL‘LI‘LIF;I@‘ﬂ’]ﬂqﬂ’]ﬁ‘i‘ﬁﬁ’]u“ﬂﬂ\‘iiﬂ?\‘m’]ﬂ

mnﬁzﬁm (Proposed-Battery) mnﬁzﬁm (Proposed-Battery)

3.2.3  Wandun151s23912a1 (Delay Function)

1
=

ﬂMﬂmﬁJﬁ‘z’iqLfsm%Lﬂ?‘ﬂmmﬁ@uﬁuﬁqﬁ-ﬁuﬁLLﬂmmﬂmﬂqm@‘Hﬁmmmu:umme
asTuAT LAAIFIEANNATR (3.14) ThifluszazinanfilFlunnsmiaeuRining RREQ faufiay
AU “ vield ﬁﬁlqﬁumaﬁqﬁﬁuﬁgﬂﬂﬁmmu@"luuwmmé’w'ﬁq [17] w3 Linear
Convex ua¥ Concave slriduiun Concave linadnslunsdnaagnasldaesinsetnela
Afiqe Ine7 Yu uas Lee [17]  IHiauafsfiunislsziananing o ilatunldeuded
Fnenraesiaidungaslugunigd (3.17)

_E*D (3.17)
e, +E

it

e d;, Ae dosnanTualdlunismdesuining RREQ 284lun i o4 1981 t Huos
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(Joules) D ilwaa1nldlunisdscianaiuininmngaga (Maximum delay) uae e, Ae

o =

wasunmaeagradiun i o nan t Seazwinlddndeiduluaunisi (3.17) famadiloymn
AB ANANQATBINITNUIAANINARE D/2 AnuiaANdndauddnlunasinaseuann

[ ]
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u

Warduntnun 1 ldaasiarinnsniaaaininiiuaarnaniulunsin lua I nasanuann
LURLABTANTRAT BL(I,t) WinfuAImasugegarasiuaingzataazyinlianssnuzanu
A 5 , a A < o =

AU ) 1899z ULAARIaLdUY N19dsEanatedaaasuininadayaaindanafslany
(Average End-to-End Delay) tnaTnsinaaaniianeasdensldiaiduuuy Concave @il

anwaszaasiafdunanslugnnisi (3.18)

2

—(BL(i,t) - E)? (3.18)

e | ((\DAPER
o LD 2D

START ROUTE DISCOVERY

Y

Receive Broadcast RREQ

No
Yes

Calculate Battery Lifetime of node; at time t

BL(i,t) =RE(i,t)- E, max {E,7 }
wieneighbor of nodel

Delay RREQ packet by Delay mechanism

DyE ((DPaERY , . |
w=—on T 5D —(BLG.6)-E)

No I = d  +currenttime,
O = currant time, O'T = current time,
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Append LEC, TEC, node ID,... into
RREQ and Rebroadcst

]

Update it Routing table
Local table

b

DISCARD RREQ
PACKET

ugue
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o o 1

Tnafe T uNIE U A ARAEIANNIUUIUANING LAZIANANNLANFAINTAIIAT
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Lifetime Routing Protocols)
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mazaziuinsinaeanazinaus luidetaziieninsinsnealdndsesusngn
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EREG!
3.3.1  NSEUAIUMTARMILAUNTG (Route Discovery Process)
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m@@;f-‘iﬁmul,l,ﬁﬂmm%’mﬂ@‘ﬁiumﬁ’fum\iE’T@qmm:?ﬁ‘@m@ﬁuiumﬂmﬂmqmu%\iﬂ'w E

control

WAy E, . AIndunii (3.4) a2 (3.9) AANAAL mea;mﬁwﬁfa NVUAAT TN AU E;"“"
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Abstract — A novel energy-efficient routing protocol
(on-demand technique) is proposed here in order to utilize the
energy consumption in mobile ad hoc network. Our protocol
proposes a route discovery technique based on energy cost. The
energy cost represents energy consumption of the network in
order to sustain all connections between source and destination
nodes. The proposed algorithm was evaluated through realistic
energy consumption modeling, which used the channel quality to
decide whether each packet is successfully received. Simulation
results show that the proposed algorithm outperforms other
reviewed algorithms, Shortest-Path (SP), Re-transmission-Aware
routing protocol (RA) and Condition Min-Max Battery Capacity
Routing (CMMBCR). By using the proposed algorithm, the
energy consumption of network is reduced by 9.84 % compared
to RA in high mobility scenario.

Keywords — Energy Efficient, Power-aware Routing, Ad hoc
Networks, Route Discovery.

1. Introduction

The mobile ad hoc networks (MANETS), each mabile node
runs by its energy source having limited energy lifetime,
energy-efficient schemes [1] are keys in MANET in order to
save this limited energy. However, saving too much energy
may cause a network topology problem since a link between
any pair of nodes is considered to exist, if each node has enough
energy and signal to noise ratio (SNR) at receiving nodes are
greater than a specified threshold. Therefore, managing limited
energy resources to maintain network performance (throughput,
delay, and overhead) poses a challenging research topic-on
designing and evaluating energy-efficient protocols for mobile
ad hoc networks.

In generally, the routing protocols in MANETSs may be
classified into two types [2], proactive and on-demand based
routing protocols, which are different on the timing of the
routes update. Since on-demand routing protocols react quickly
to topology changes, they perform better than proactive in term
of routing overhead and data delivery ratio [4]. However, most
of routing protocols consider only the shortest-path (SP). This
may cause the nodes on any route to have short lifetime as it is
frequently used high energy for data transmission. Therefore,
routing protocols should be well designed to consider this
limitation then it can help network on spending node’s energy
worthy and making nodes long live.

Power-aware routing protocols can be classified into 3
categories which aim at maximizing the network lifetime. Some
efficient techniques but not very complicated are shown as
follows:

Battery-Aware Routing Protocols: This scheme considers
the current battery remaining at different nodes focuses on
balancing energy usage among the nodes by avoid nodes that
have low level of remaining battery in order to maximize the
network lifetime [5, 6].

Energy-Aware Routing Protocols: These routing protocols
[5, 7, 9] select the optimum route that minimizes total
transmission power or transmission energy required to deliver
data packet from source to destination.

Hybrid-Aware Routing Protocols: In [5], hybrid-aware
routing protocols combined the advantage of the both
Energy-Aware and Battery-Aware routing protocols to achieve
two goals simultaneously such as Condition Max-Min Battery
Capacity Routing (CMMBCR) which used the Minimum Total
Transmission Power Routing (MTPR) [7] when all nodes in some
possible routes between source and destination nodes with
remaining battery more than battery protection margin ( 7 ).

Otherwise, the optimum route is selected by Min-Max Battery Cost
Routing (MMBCR) algorithm [6]. The drawback of thisapproach is
network performance depends on the value of threshold; it
obstructs implementation in real systems.

In paper [10], the performance of power aware routing
protocols in these three categories mentioned above is
compared. Battery-Aware routing protocols give a good
effective_on extending network lifetime; however, they are
weak on energy usage and management. In contrast to
Battery-aware ‘routing- protocols, Energy-aware routing
protocols well perform on energy usage and management but
they do.not well-achieve-on extending network lifetime. The
last category, Hybrid-aware routing protocol, gives better
results among the former two categories depending on the
threshold value. Our protocol is the energy aware routing
protocol which proposes the route discovery based on the
energy cost. The energy costs represent the energy
consumption of network in order to support all of connections
between source and destination node. The channel qualities
have taken into account our energy link cost. The optimum
route is the route having the lowest energy consumed by the
network - not the energy only consumed by the node in the



path. Some of these routing schemes, similar to the proposed
protocol, will be explained as the following:

The MTPR protocol was proposed in [7]. This protocol can
reduce the overall energy consumption by selecting a route
having lowest overall transmission power. Therefore, in case
of the node can adjust its transmitted power, the selected path
may have many of intermediate nodes since the node close to
its neighbor usually have low transmitting power. However,
some node equipments transmit their signal with a constant
power since they cannot adjust their transmitted power. In this
case, also used in our simulation, the chosen route selected by
MTPR will be the shortest path like which is chosen by
AODV protocol.

Inaddition, MTPR does not concern about link quality. Therefore,
the minimum energy paths for reliable communication have been
proposed in [8, 9] in order to solve problems on link quality
problem. In [8] proposed Retransmission-Aware (RA) schemes,
which compute the total effective energy from each path which
isspentforasingle packet across the link and in retransmission
packet to achieve reliable packet forwarding.

Comparing the technique presented in [8] and MTPR, [8]
confirms that its proposed algorithm will save more utilized
energy than MTPR. Moreover, the RA with hop-by-hop
retransmission scheme can normally save the consumption
energy than RA with end-to-end retransmission scheme
because end-to-end scheme take more times and increase the
number of packets used for keeping reliable transmission. The
RA scheme is similar to the proposed algorithm but RA
scheme consider only energy consumed by nodes in the chosen
route while the proposed one considers usage energy of the
network. Moreover, the algorithms mentioned above are not
take the energy due to receiving packets and overhearing
packets into account, which these energy consumptions are
significant and should be aware.

To address the deficiency of the exiting approaches, in this
paper, a new energy-efficient routing protocol is proposed in
order to minimize the total reliable energy consumed by the
network. We firstly modify energy consumption model in
order to gain the accuracy and realistic implementation. After
developing these more accurate energy consumption models,
we proposed new link costs deployed in our route discovery
process. The cost of energy consumption does not consider
only the energy consumed by transmission but also consider
the energy consumed due to effects of link quality in the network
(including energy consumed by - retransmission, overhearing and
receiving). In order to simulate the real situation, we implemented
the link quality of channel uses the packet error probability to
decide whether each packet is received successfully or not for all
mobile  nodes. Our evaluation shows that the proposed protocol
performs better in terms of the total energy consumed for every
data packet successfully received, network lifetime as well as data
delivery ratio comparing to the existing schemes.

The rest of this paper is organized as follows. In section 2,
we describe the background of wireless link quality and
energy consumption model that used in this paper. In Section
3, we describe the details of our proposed energy-efficient
routing protocol. In Section 4 describes the simulation model,
including the mobility, traffics, and performance metrics.
Performance comparisons between our proposed and other
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routing protocols are presented in Section 5. Finally, conclusion
is given in Section 6.

2. Theoretical Background

A. Wireless Link Quality

In wireless communication, when the receiver have received
transmission signal power, which lower than the power when
transmitted caused loss. The loss in signal strength affected
from several factor such as attenuation, noise interference, and
fading etc. Many wireless channel models have been proposed
to predict the received signal power. In this paper, we use
Two-Ray ground model and do not consider effect from fading.
In such model, uses the free space path loss model for the near
sight and plane earth path loss for the far sight. The received
signal power (Pr) is calculated as follows:

PtxGt xGr x 42 g 2x7ZxHrxHt 1)
(4x7)’xd?xL 4
Pr= )
Hrx Ht
Pththrx[ e j d>4><7rxHr><Ht

A

where Pt is the transmitted power, Gt and Gr is the antenna
gains at the transmitter and receiver, respectively, d is the
distance between transmitter and receiver, Htand Hr are the
heights of the transmitter and receiver, L is the system loss
factor (In this paper, L =1), and A is the wavelength (m).

The bit error rate (BER) of wireless link is determined by
link quality, modulation and code scheme. The link quality can
be represented by signal to noise ratio (SNR) of packets at the
receiver. Since IEEE802.11 has no error correcting code (it
used Automatic Repeat Request or ARQ for retransmits the
correct packet). Thus, BER of wireless channel is determined
by SNR and modulation scheme or transmission rate. Several
modulations to perform the general relationship between BER
and SNR is:

BER «erfc(v/ex SNR ), SNRzloxlog(%J @

where BER is bit error rate, erfc(x) is complementary

function, ¢ is constant, Pr is received signal power can be
calculated by equation (1), and N is noise signal power.

In this paper, we use the characteristics in IEEE802.11b that
the transmission bit rate is 11 Mbps for data packet transmission
and 2 Mbps for control packet (CTS, RTS, etc.). The different
transmission bit rate takes different modulation scheme (11
Mbpsuse CCK modulation and 2Mbps use QPSK modulation),
so the calculation of bit error rate will be different. In generally,
the BER can be derived from both theoretically or empirical
with real product when modulation and SNR are known. To be
close to the reality, we use ORINOCO11b [11] empirical
curves to simulate the relationship between BER and SNR, as
show in figure 1.

As mentioned above, nodes use ARQ technique; therefore,
when a transmitter send packets to receiver and does not receive
acknowledgments, the transmitter must retransmission packet
to receiver again. However, for limiting data and time spent in



the network, IEEE802.11 has limited the number of retransmission
trials for a packet. Moreover, modes of retransmission also a factor
for network performance. Retransmission can be classified into
two modes [8] as follows: First, Hop-by-Hop Retransmission
(HHR) - where each link guarantees transmission reliability
packet to next hop by using localized packet transmission and
second, End-to-End Retransmission (EER) - where
intermediate nodes will not have ability in error recovery
reliable packet. If source does not receive acknowledgement
packet from destination, source will retransmit this packet
again.
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Figure 1. The relationship between BER and SNR & Modulation

In this paper, only the HHR scheme is considered since it is
appropriate to the characteristic of ad hoc network such as
having lower number of packet retransmission and implies a
low energy consumption than those of EER scheme.

B. Energy Consumption Model

The current energy consumption model of general network
interface card (NIC) defined by four states [12] as show in figure
2a: Transmit Receive, Idle, and Sleep state. In Transmit state is the
energy consumption for transmitting packet, Receive state is the
energy consumption for receiving packet, Idle state is the
energy consumption while the NIC ready to transmit or
receive, and Sleep state is the energy consumption while the
network interface card is not able to transmit or receive (Sleep
mode). The energy consumption of each state is calculated as:

ES = PS * TS (3)

where E_ is energy consume while in state s, P, represents

power consume in state s, which depends on the specification
of wireless network interface card and typically available from
the data sheet, and T_ is the necessary time spent in state s

and it depends on the number of packet size and transmission
rate. The state s can be transmitted, received, idle, and sleep.

Steep - " " \Dverhear
T% —
i At

(a) Convention state model (b) Proposed state model

Figure 2. Energy consumptions model
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In practice, when the transmitter send unicast packets to its
receiver, packets will be overheard by all neighboring node;
hence, all neighboring nodes will loss energy even though the
packet transmission was not directed to them. Therefore, a
node should be “Overhear state” ( P, ) to reduce energy

consumption. In our algorithm, we augmented energy consumed
by taking an additional overhearing state as show in figure 2b.

The work in [5, 7, 8, 10] assumed that the power
consumption of actual “receive” nodes are the same as the
overhear nodes, but in this paper we assume that the power
consume of an overhearing P, is about two time lower than

the power consumed by actual receiver [13]. Because the energy
consumption of idle and sleep states are very low, in our
simulation the energy consumptions of both states are
assumed to be zero.

3. Proposed Algorithm

In this paper, the novel energy-based route discovery mechanism
is proposed to achieve efficient utilization of network energy. In
the proposed protocol, the route which spends lowest reliable
energy consumption of network will be selected. To calculate the
energy consumption of the network more precisely, a new link
costs used by our route discovery process is proposed. We
enhanced our scheme by modifying Ad hoc On-Demand Distance
Vector (AODV) routing protocol previously introduced in [3].

A. Proposed algorithm
Al. Reliable Energy Link Cost

In the proposed algorithm, the reliable energy of reliable
transmission represents the energy spent by each node for total
packet across the link and energy spent in retransmission
packet to achieve reliable transmission, which both receiving
and overhearing energy consumption are considered. The
retransmission energy depends on packet error rate of each
link. Here, HHR scheme for retransmission packet is used.

Firstly, in order to predict the cost of energy consumption in
the network, the source node is assumed to know the number
of packets to communicate with the destination node. Then,
that information is added into the overhead of RREQ packet to
make other nodes to be able to calculate the energy cost. The
reliable energy link cost function can be calculated by the cost
of transmission data and control packets (we consider only
RREQ packet), it'can-calculate as following

_ (Pt + Pr + Pd x Narea(S—D))>< Ldata
(1_ pi,j)>< fdata

data
Eilj

(4)

_ (Pt + Pr x Narea(S))>< Lctr
f

ES Q)

ctr

where Eidj."a and EY are energy link cost of dataand control

packet between node i and node j, respectively. p, p. and
P, are power consumption of transmitting, receiving and
overhearing, N area(s_p) is the number of neighbor nodes
except the receive node in coverage area of source node and



N is number of neighbor nodes in coverage area of
area(s)

source node, L, and L are the length of data and control
packets (bits), respectively. p, j is packet error rate over link

between node i andnode j, f, . and f, are transmission

bit rate of data and control packets (bps), respectively. The
packet error rate can calculated from: p, . =1-(1- BER;)°;

where s is packet size (bits).

Unlike data transmission, packet error rate is not considered
in control packets transmission since it uses broadcast scheme,
which is not necessary to consider the characteristic of links.
Thus, the reliable energy link cost can be calculated as:

Efy = Ef +E° ()

where EFS- is the reliable energy link cost between node i
and node j .

A2. Route Discovery Mechanism

When the source node initiates the route discovery, it first
broadcasts a RREQ packet to its neighbors. Its neighbor node
will check this packet whether it is first received, if it is not, it
will increase the hop count in the header of RREQ by one and
calculates “reliable energy link cost™ (using equation 6) of
itself and the previous node which sent RREQ and appends
this value into “energy route cost” in the RREQ header. After
that, the intermediate rebroadcast the RREQ to its neighbor.
The energy route cost can be calculated as follows:

d-1

B =2 BN 0

i=1
where E" @' is energy route cost of route r , which is

summation of the reliable energy link cost of all link in route
r . This process will continue until RREQ packets reach only
the destination node. In our protocol, any intermediate nodes
are not allowed to generate a RREP packet instead of the
destination node because the route in routing table of
intermediate node may be out of date. That is the main
difference from the conventional AODV [3]. Which
intermediate nodes can reply RREP, if it has an active route in
route table.

In AODV, when the destination node has received the first
RREQ packet, it immediately replies RREP back to the source
node. But, in our protocol the selected path is based-on energy
cost. Thus, the destination node should receive multiple
RREQ packets from different paths. The destination selects
the optimum route (r”) based on lowest energy route cost
among these possible route defined as follow:

r=min (E) ®)

where s is the set of all possible routes between source and
destination nodes. In the proposed algorithm, the optimum
route has the least reliable energy consumption of network.
Therefore, the proposed algorithm will make network have
more effective energy consumption of network.
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4. Simulation Model and Performance Evaluation

We consider a network topology with 50 mobile nodes
random placed over a 1000 x 1000 m?. All node moves
according to a random waypoint mobility model, which each
node moves toward a random destination, another random
destination is targeted after some certain pause time. In our
simulations, the maximum mobile node speed is varied to
simulate different degrees of mobility and fixed pause time
(100 sec). Each simulation run takes 900 seconds simulation
time. Each point in the plotted results represents an average of
twenty simulation runs.

In our simulation, twenty constant bit rate (CBR) sources
and their corresponding destinations are randomly set. Each
CBR source sends four packets every second for a specified
duration. The packet sizes are fixed as 512 bytes.

In order to simulate the real situation, we implemented the
link quality mechanism in NS2.28 [14] which used the packet
error probability to decide whether or not each packet is
received successfully based on the BER and packet length
deduced by SNR and modulation scheme used at the
transceiver (if the packet error rate is greater than a random
number generated, then the packet is dropped). The physical
radio characteristics of each mobile node’s are chosen to
approximate and set parameter based on one of real product —
Orinoco 802.11b Card [11] such as Receiver Sensitivity,
Receiver noise floor, etc. In [11] operate a nominal radio range
of 180 m (for transmission bit rate 11 Mbps) and range 270 m
in control packet (transmission bit rate 2 Mbps). For the
energy model, we assumed that the power consumed in three
states (in section 2-B) of radio interface, p, = 0.6635 watts for

transmit state, P. = 0.395 watts and P, = 0.200 watts for

receive and overhearing state, respectively. All simulation, we
let the initial energy of each node to be 10 joules and assumed
that when the energy level goes down to zero, no more packets
could be transmitted or received by the node.

A. Performance Metrics

To study the performance of our propose protocol, we
implemented and observe four routing algorithms: Shortest-Path
(SP - the original AODV routing protocol that selects the route with
the minimum latency) [3], Retransmission-Energy Aware (RA)
with. EER-scheme[8]; Conditional Max-Min Battery Capacity
Routing (In this paper, » equal 25 % is used to perform that
the CMMBCR gave results close to MTPR protocol), and our
energy-efficient routing protocol. To evaluate the efficiency of
proposed energy-efficient routing protocol, we investigated
four metrics, which can be classified into 2 types: energy
performance metric and non energy performance metric
(traditional performance) as following:

e Data Delivery Ratio, DDR: The ratio of the data
delivered to the destinations to the data sent out by the
sources.

e Average End-to-End Delay, AE2E: The average time it
takes for a packet to reach the destination. It includes all
possible delays in the source and each intermediate
node, caused by route discovery, queueing, etc. We only



consider successfully delivered packets.

e Energy Consumed per Good-put, EPG: the total energy
consumed for every data packet successfully received.

o Network Lifetime, NLT: the time taken for a first node in
simulation dies due to battery resource exhaustion.

5. Simulation Result and Analysis

To comprehensively measure the performance of a protocol,
various network contexts are considered. We present the
results for Mobile Random Topology, in which nodes are
allowed to move using the random waypoint model and Static
Random Topology, in which nodes are immobile and
uniformly distributed over simulation area.

A. Mobile Random Topologies
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In this experiment, the maximum mobile node speeds are
varied (i.e. 2, 6, 10, 14 m/s) to simulate different degrees of
mobility and a fixed pause time (100 sec). Figure 3 show the
data delivery ratio, this metric reflects the throughput of the
supported network. Our protocol outperforms other protocols
because of the efficiently energy consumption of the network.
Moreover, the selected path of our algorithm is the path with
lower transmission packet error rate and lower node density.
From figure 3, it shows that the proposed protocol has higher
data delivery ratio than RA about 7.28 % and 12.03 % higher
than that of SP (14 m/s). Although, the proposed protocol
uses more number of hop, but figure 4 shows that the
proposed protocol has a little higher average end-to-end delay
when compare with SP due to our optimum path has low
packet error rate and low congestion.

Figure 5 and 6 show the energy performance of network as a
function of the maximum speed. The energy consumption per
good-put represents energy efficiency of network. Our
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protocol shows the best energy efficiency of network at all test
speed because the link quality of network is being considered;
thus, when topology changed rapidly (link quality change
overtime), it does not effect our protocol, Moreover, the
proposed algorithm does not consider only energy consumed
by nodes on the chosen route, but also consider the lowest
energy consumption of network (including energy consumed
by retransmission, overhearing, and receiving). As shown in
figure 5, our protocol has higher energy efficient than RA
scheme about 9.84 %, and about 16.98 % higher than
CMMBCR scheme at 14 m/s. In SP and CMMBCR schemes
show lower energy efficiently than energy-aware scheme (RA,
and Proposed), since there are not guarantee minimum energy
consumption. The simulated results show that the energy
consumption of overhearing and receiving dominate the total
energy consumption of network, which can degrade the
network performance and energy efficiently.
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In figure 6, the results show that guarantee of the network
lifetime is extended when the routing consider total reliable
energy consumption. Although this metric does not reflect to
lifetime of 'node ‘directly, if the network has energy
consumption efficiently, it can extend a little bit of network
lifetime. In figure 6, the network lifetime of the proposed
protocol outperforms other protocols for all mobility speed
because all connections in the selected path is lowest network
energy consumption which extend about 5.02%, 4.81% and
5.97% at 14 m/s compared with SP, RA and CMMBCR
respectively. When threshold of CMMBCR is assumed to be
25%, the result becomes very close to that of SP because most
of the selected path is the shortest path. As mentioned, the
value of threshold affects the performance of the network.
However, the network lifetime of RA is extended, but less than
that of our protocol.



B. Static Random Topologies

In this simulation, performance of routing protocol was
evaluated under static random topology scenario shown in
sensor network.

Table 1. Simulation results in static random scenario

Protocol SP CMMBCR RA PROPOSED
Metric
DDR (%) 17.02 16.83 17.67 18.29
AE2E (msec) 159.50 178.20 132.40 166.10
EPG (mJ/packets) 132.10 134.67 126.98 111.86
NLT (sec) 421.82 419.84 423.24 449.41
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Figure 7. Energy consumption depending on network card activity

In table 1 confirms that our protocol outperforms both of
energy and non-energy performance like in mobile random
topology. Moreover, how the network interface card
consumed the energy is also evaluated in each energy
consumption state model. Figure 7 shows that mast energy
consumed in receiving state, and overhearing state consumes
more energy than transmitting state. The result shows that
overhearing state spends very significant energy consumption
of the network. Our protocol can reduce the energy
consumption of overhearing state by about 43.57 % compared
with RA because our path is the path with low node density
and low packet error rate, which can reduce more energy
consumption as well as extend network lifetime. As mentioned,
to reduce energy consumed by overhearing state can improve
the performance of the network.

6. Conclusion

The performance of ad hoc network can be evaluated in
many ways such as node mobility, channel quality, traffic load,
and routing schemes, etc. In the aspect of effective energy
consumption of network, ‘using the minimum-hop-is not
always necessarily best for saving the energy of the network.
In this paper, we presented new energy-based route discovery
mechanism (on-demand technique) to find the optimum path
between sources and destinations with consideration of the
total reliable energy consumption of the network (including
the energy consumed by transmitting, receiving, and
overhearing).

In our simulation, we evaluated our protocol using ns-2
simulator. In order to simulate the realistic scenario, we
integrated the channel quality mechanism in all mobile node of
simulation. In addition, we modified the energy consumption
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model in ns-2 to support the energy consumption due to
overhearing in our energy consumption model.

Simulation results show that our protocol outperforms not
only in the aspect of effective energy consumption of network
and network lifetime, but also enhances the data delivery ratio
(throughput) more than other reviewed protocols. In additional,
the energy consumption of overhearing will dominates the
total energy consumed of network. Therefore, well-designed
routing protocols should be developed to consider this energy
consumption issue. Then, it can help network in dissipating
node’s energy wisely and extends nodes’ lifetime. Although,
we implemented the algorithm on AODV, our technique can
be used with any on-demand protocol.
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