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Thesis Title Cross Layer Energy Aware for AODV Routing Protocol
Author Mr. Waris Chanei
Major Program Computer Engineering
Academic Year 2012
ABSTRACT

Wireless sensor networks consist of several tiny sensor nodes which were largely
deployed to monitor the environmental conditions. Each sensor node forwards the sense data
wirelessly to a base station using IEEE 802.1.5.4 standard. The wireless network management can
be different depending on the applications.

In wireless sensor networks, the network protocol has to be employed in order to
manage the route. However, the nature of wireless sensor networks causes a route discovery oftenly.
This lead to have a large number of control messages. Therefore, the network performance is
decrease. According to those problems, we propose the Cross Layer Energy Aware for AODV
(CLEA-AODV) protocol base on Ad-hoc On-Demand Distance Vector (AODV) protocol for the
route discovery using the power parameter consideration. The cross layer technique (Physical and
Network Layer) is also applied. By using our techniques, we can achieve a higher performance of

throughput and packet delivery ratio compare to the original AODV.



(7

PnAnssulsema

'
¥ A

a I a a s Ay Y
Yoo NIz A3.dna 1w ylyaana 01915805 nu1Inetinus 1la
= Yo (= ¥ 4 o a o a a ¢ = o
@oaaza lums Inafsne wieunsuuzihuuraalumsmiIngtinussaudanuzii
am Y A A @ o A a 4 U a a s Y
Fsmsud lvilymiinednunsiiane1inus aaeasuasisaouuazun lvIne1inus 14
o A ] 1 4
aniinllogregareauysol
1 J [ v A o {
YOUDUNTZAW AIIOAAATI158 A5.25505% FuAeusiia Nnjundeday
I a a d -4 a a IG YA ESY d%‘
pantlunssumsgouInertinus dnneasremuuazud lIneinus Hianuauysaleey
o { <
YDUOUNILAM AT.NUA 1YNLTIH NnjaunFodaznanunssumsaoy
a a = g’/ a a /G Y A d’!
Ineriinus onnsasaemutazud lvanendinus Hiawauyseissy
YOUDLNTLAY VUNAINGISY Wi AINedoasvaruauns Inenvariialva
~Aq ¥ o o Aw ] ' A [y '
nlimssivayunulumsinite uazlnanuamae lumsdszauaudiunie
a 4 a @ a ¢ A
YDYOUNITZAY AMZIAINTTUAIAAT UnIInerdeaavaruasuns nlims
1y a d' 9 a
advayuRunuie 15 lumslsegImnms
J v K = o =K
YDVDUNIZAY AMIITE Yaans unaAny Ty uen uaztinany Sy In
a a a 4 AN Y9 Yo = I o w o I 1 =
MAIrITnssuaeuimesnaud 1aInas o nazidlumaslylumsiauiuedd
MEVRETY

9 9 =] =X a

1 Y 1
uazeNgail Sdwerdonsidntanszamuesdauisal uazasounsIn

Y A 9 Y

1 a @ o 0 <
AUFTY uamuuﬁuu%wmﬂunﬂq Lﬁﬂﬂ‘ﬂuﬂigﬂﬂﬂl]WL%Tﬁ]Li%ﬂTiﬁﬂ‘H]



®)

ey
9
i
TTIRATD oo e oo e e e e s e e e e e e e e s e e e e e e e e e e s e e e e e e s e e s e e (5)
AN T T TEM NP oo s s s e s e es e @)
TVTUT v (8)
FUINNTOTT I cerroeeeeeeeee oo e e e e e s e e e e s e e s e e s e e s s s e s s s e s s e e s s e e s e s s e e s s s s (10)
FAUNNT AU TENOU e e s e s s s e es s e s 1)
a [ '
DI T VAT oo e e e e s e s s s e e s s ee s e s eee s ee s s ee s s s s e s e er s (13)
LTI L UTIMY oo s e e s e e e s s es s e s es e s s es e ees e seeeees 1
1.1 AMUEAYUAZAUIUDIINONTINUT ..o 1
12 DTN DU DT TRINTTH oo s e s e s eee s s s s es s ee e s s seesses s s e s s esseseoe 2
[ 4 a a 4
1.3 30 UTEAIAUDININTINUT e 7
LA UDULURN YT IVY e e e e s e e s e s e s e s s e es e s ee e s eseees e seesseessees s seseoe 7
g‘/ asl o =) a o
1.5 UUAD WAL IO TTUQIUIVY oo e e s s s s s es e 7
1.6 UTE T OB NN TI0L BT oo 8
4 cia [
1.7 QUATAAZADTUNITY oot 8
VNN 2 NOBYUAZHENNT covvvvvveeeeeeeeseesesossssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 9
2.1 UATTTU IEEE 802.15.4 ..o 10
2.2 TS TNADAMIT UM T UM oo 12
d’ 9 @ g’.l
2.3 MITADTITUTHTERUBU oo ee e s e s s e s e s es s 23

2.4 MIMANAUITAULUALUTEANTMNAITIIOIUYDITEUATOVIE v 25



)

CAENGTRGE)

9

!

UNT 3 MITWAHUIINT INADA AODV .o 31
31 UUIAAUALHANNITODNUY coveoeeeoeeeeeeeeeeeeeee oo 31

v Y
3.2 MIUA IUBANDINU TASIFNITAO ATV IMTEAUTU oo 36
o a K Y Y
3.3 9an03 NN UM TAUHNUFUNIVDI INT INADA CLEA-AODYV ..oooooeooeeeee, 54
TNT B AN TTNATDU oo e oo e oo s e e e e e e e eeees e e e e 60
v Y
4.1 nfieuiioumstaesmsnaulussuuns oo U UFUA AN 63
4.2 1FouMsuns91asan s UL UUAS OVISUUUNTA oo 70
NN 5 UNAFU T WAZTOUTUBUUL oo 78
5.1 UNAFUUDIMITIVINGIINUT oo 78
o A a 4

5.2 Ty azUassAv0IMIITIINGIINUT ... 79
53 T DUBUDIUS oo 80
UTTOIUNTU oo eee oo ees s eeeeesseene 81
PIPIIU N oo e e s e s s e s s e s e s s s s e s e e e s e e e s e e s e 87
AAHUIN D AT IFIUTUTUNTI NS 2 oo 88
AARUIN U AT AN WEHIINT INIVTNUT oo 91



(10)

S1UMIATN
9
Wi
= v ¥ Ao 2 2 1 o A )
M350 1-1 Tng Inpeamsaunudunienmiladimwoanainulums@endunn............. 3
A1 2-1 ANVHWIBVBIAIUVDITOYA TUTOADIN RREQ....ooosooeeeeseeeeseeeeeeen 14
A9 2-2 ANVHNIBVBIAIUVDITONA TUTOADIU RREP.....ooooooeeoeeeeeeeee 16
A3 2-3 ANWHIIBUBIAIUVDITOYD TUTOADIU RERR ....ooooeeeeeesese 17
{ v I 1
A9 2-4 ANVHWIBVBIAIUVDITOYA TUAITIUAVAUTUNI e 17
d' 1 a n’d’ [
A9 2-5 ANWHWIBVBIATIITIAD TN IFIUMTTINOU.c. .o 29
A ' J @ v As o awv A
AT 3-1 HAAIAUNUNVBITZAUNAINUNTAITIDINNUITID oo 40
= o 1 a s ° =
M13197 3-2 Mruaas e N1 TuMsMTIUTHUATIHINZ AN oo 42
~ o 1 a A I3 ° =
M15199 3-3 MrueAMNINME TN 19T UM T80T IUIU THUATIHIN TN ..o 48



(In

emInmlseneu
9
nii
A ' Y ¥
MW52noU 2-1 JUNVUVOITZUVIATOVIIFUIFOT 13A18 ..ooooeeeeeeeeeeeee e 11
amwilsznou 2-2 JUUUTAIIY Route Request (RREQ)........oooooeeveeesseeeoveesseoveeees s 14
Mwiiznou 2-3 5UNUUTOAIN Route Reply (RREP)..........cooovoeeee oo 15
MW5znoD 2-4 JUBVUTOAIIN Route BIror (RERR) ......oooevvevessveeerssossrsssssssrsssnssessssnsere 16
I J
AMWUTZNOU 25 ATTIUAUAUTUNIN oo 18
Y 9y A 9
MWUTENBY 2-6 NTZUIUMITAUNWTUNIUTHAU oo 19
MW3ZNOU 2-7 NTZUIUMITABUNAUMTAURUEUNI oo 21
) '
ANUTENB 2-8 ANHUZMTNNUUBIIAAL TZAUTUTOTT ooooeeeeeeeeeeeeeeeeeeee 23
[ 9
MWUTZNOU 2-9 NTZUIUMTTOTITTITEAUTU oo 24
A Y
MWY3ENBY 3-1 MIADNAUNIVBITNT INADA AODV ..oooovoon 34
mwilsznen 3-2 madendumaieldeyaludeniiu RREQ illoui......vcrceceeen 35
=2 a P o 9 o & A
MWsEnau 3-3 MRS VOINAINUINTF I UTEAVFUATONIY o 36
MW5znoD 3-4 MINUToYaUINAIUTUTOADIY RREQ ..ooseeee e 37
MW3znou 3-5 IFUNNTOAIINTTEAUNAIUGINIUEUNI oo 39
MWUTZNOV 3-6 MAUUAGWHUUDI THUAUUUGN coooooo oo 43
"o 4 A, 2
AM1lsznen 3-7 uaaan1ens 1S INa oI INIU THUANINUY ooeeee 44
1 s 3 o 1 o & A A o 2
Ailszney 3-8 uaaanuesuan s dIduTuNoNNTIUIUTHUANINIY oo 45

v T ] Y
Alsznou 3-9 taassiuuteaNudoas luszuunI oD T IUIU THUAUINAY .. 46

v P '

Muisznou 3-10 HAAITINIUT0YANYNNUHBIVINAAMITFUNY ..oorseeeeeee 47
Y 4 1 Jd o ;

AMNYU5ENBY 3-11 LAAIAIOATIL T MIBNTUNOMIAUNBTWNATITUR Yeeereeee e 50
J J 2 1 1 o d A ' J o °

Aseno 3-12 eIl S UAN T AT UTUNOHIAUNUNAWAIITUAT oo 51

MW3znvY 3-13 uaAITINToANYADANT INTLUIAT RN A UAUNNAIN UM .....52

AN52AY 3-14 MIAMNUAAINGINTUTUTDAIIN RREQ eeooeeeeeeeeeeeeeeeeeeeeeeeee e 54

A 9 Ay A o ! P
ﬂ'l‘]/‘ll]i%ﬂﬁ]‘ﬂ 3-15 ﬂ'limf]ﬂ!.ﬁu‘ﬂ'Ncl‘l!ﬂﬁiIWILﬁu‘ﬂNLL?ﬂ‘JJﬂ'IWﬁQ\TIM?ﬂﬂﬂ'J'I 20 LTJE]?L“H‘L!G]....57

A 9 ad y A o ) ' sl o
ﬂﬁ/‘lﬂi%ﬂ’ﬂ‘ﬂ 3-16 ﬂTiLﬁ’ﬂﬂlﬁu1’]”Iﬂl!ﬂi‘ELW]LE‘TL!‘VINLLiﬂiJﬂWWﬁNWMHE’JfJﬂ’N 20 Lﬂﬂilcﬁuﬁ .58



(12)

emsmnlsznay (Mo)

9

Wi

ANUTENO 4-1 ANBUZVOIFUNUUIZUUATOVIOUUDTUA WAL e 64
AMlsznoy 4-2 uaaan1onT S uanu lus U0V TUAWAUL oo 65

H v i1
mwlsznow 4-3 uaasiiudeyaigniaiioaninaunuluszuuns otnennguiume.66

awilszneu 4-4 naasnlesiduamsdediFalusz o otnouuugud g ... 67
amisznen 4-s uarassuauten e a s s UUAT OB UFURWNU oo 68
Mwlszneu 4-6 LLamﬁwmwﬁ’agaﬁgﬂ‘ﬁ”qGluszumﬂ%ﬂhmmuduﬁnmm .......................... 69
MNUTZNOU 4-7 ANHAULVOITZUUATOUIIIDUNTA .oooeeooeeeeoooeessssosseees s 70
ANUTENOD 4-8 1AAIABRT1TINRNUTUTZDUIATOUIBUUUNTA oo 71

1 Pl '

mwilsznou 4-9 udassiudoyangniuiiesnnmsuiuluszUDATeNIBUUUNIA ...... T3
1 s I 4 1 o A [} a

ﬂ'l‘V‘ﬂJigﬂE]‘U 4-10 Llﬁﬂ\?ﬂ'llﬂﬂil“lﬂ!ﬁﬂ'liﬁ\?ﬁ'lﬁﬂiuigﬂﬂlﬂiﬂ"lﬂmlﬂﬂﬂﬁﬂ ............................ 74

AMNUTENOV 4-11 HAAITIUIUTDANUTO AT TUTLUUAT DUIIULLINT Ao 75

'

=

Y
amilsenou 4-12 Llﬁﬂ\i5111!’31‘!!!,@'@]\1511‘!’31‘!61‘7@11@1%3ﬂﬂiiuizﬂﬂlﬂfi@"lﬂﬂu‘ﬂﬂﬂiﬂ ............... 76

U U



o d
BNTIUANN
:’J a [ Y k4
ANNHNEAIUAN mﬁ“lmm

Wireless Sensor Networks

A 1 S Y
mﬁamwwumaﬂsma

Mobile Ad hoc Networks

A 1 A Agy
Lﬂi@ﬂJTﬂLﬂﬂﬂuV]ﬂiﬁmLm‘Uu@ﬂ?IElﬂ

Cross Layer

! v
ﬂigﬁﬁuﬂ1i§®ﬁ1i‘l§l)1lligﬂﬂ%u

Neighbor Nodes Tnuadrafes

User ﬁﬁ%}ﬂu

Address ﬂﬁ‘ﬁ@ij

Transmission Range iz&&’ﬂl@iﬂﬁf"{ﬁi}@y‘a

Multi Hop

MIAOATUVUHANIF M TIFOUAD

Latency

szoznarlumsdavoya

Control Message

AoAUAILAN

Y A A ]
VoANNTIET IUTLUUIATOUY

Overhead

Throughput mons1lsuuau
I 1

Routing Table MI1UNUAUFUN

Sequence Number

HuavaIa

Broadcast MIUNTNTLAY
. . [ L 4 1 0o
Packet Delivery Ratio Antlesuamsaeduso
Delay AU
Energy AMNAINY
H v
Packet Drop Joyangnig

(13)



L1 anu@mAeznvesIneniinus
A S ¥ . I3 A A
mimnmc]mwm"limﬂ (Wireless Sensor Networks) Wumsaeaisndsznen

Y ¢ 7o o o "y & g A o
ﬂ'JEJQﬂﬂiml“ﬁul%@iﬂ’]u’)uu’lﬂﬂ’]ﬂ'ﬁTﬂllagﬁxﬁl@yﬁ GﬁﬂigﬂﬂﬂiglﬂﬂuﬁqN]iﬂﬁ@ﬁ’]iﬂul@ﬂ

A

A 1 9 ] 4 d o d‘ ] Y 2 o d‘ Y ] A
‘Hiaﬁwegamuqﬂﬂimwm%im@umgalﬂamm"lﬂmﬂawmwmmmi WIUNITE AT
¥ o w A ' ¢ ¢ a o & A
LL“U’UUlif;’f'IEJ [1-2] ﬁWﬁiUﬂWiﬁ@ﬁ?ii%ﬂ’ﬂ\?@qﬂﬂiml“ﬁulcﬁ@i NTWiT‘ﬂﬂﬂﬁclu5$ﬂU°Humiﬂ"U1fJ

(Network Layer) 1#1Ndamsnedsumsaunudunieaions uazaeuusidunaiions

a 1A =\ =< [ ?:lz A [} A ) 9 [ A 1

aanedea1sldayn ¥elwsInnealuszauFuniedroiannsaiunldnuiumieiie
4 [

wues 13ane'ldiarens Inaea 1ALA Destination Sequenced Distance Vector (DSDV)[3],

Optimized Link State Routing (OLSR) [4] tt @ ¢ Dynamic Source Routing (DSR) [5] Tuaru

a a

s A ¥ . o ¥ A
INeUNUTY 1aon 19 Ins InAea Ad-hoc On-Demand Distance Vector (AODV) [6] 11#11119

< v 9 ' Y a o o o
AuTns TnaeamsAunIaUNI 1 Ins Innea AODV HDUALAN gneenuuuNId 111y

v A '

wAseemasuN 13aauuuueagon (Mobile Wireless Ad hoc Networks) [7] G’]?Qflﬂqmﬁllﬁa

fnanannnmieiioued 13aoluGesveinineinsuazndnuiliogediessina [s]

D.

9
[ Y

4 o o 1 4 1 4
auiuio Ins Innoa AODV m1iszgnd lsaulumseewwaes 13a1e sznuinile
wasnuvod Inualuduntadeaisviuaad azaanansznuaoszULIAT0U1e 11970

[ g’/ a Aa u’gd Y o (% 1% a <R
aussouzanad aanuluauineiwusi 39ldviimseenuuunezlSuilysdanesiulums
v A Y v A A 9
AUNIMAZIADNAUNIIUDI INT INADa AODV Iagn1s l¥mananszuIUNITaoa1591Y

Y A
FZAUTU (Cross Layer) 1azison s 1nAoaild Cross Layer Energy Aware for AODV (CLEA-
AQODV)
I { o [ a
TnsInaea CLEA-AODV 1 uIns Inaeanwmuisanesnulunisiden
o 1 a 4 1Y [ [ gjl
iWun19veaIns Inaoa AODV Tagn1511A TIN5 10903 UBITAUNAIIUIINTEAU U
. a : o & I @ o

Physical #2833msaeastnszausu i lniudndslumsdendunie Taslivanns

o A A 1 oAy A ' Y Yy v =
NNIU A “H1ﬂ1uigﬂﬂmﬁﬂﬁll'lfliJ!ﬁuVl'Nﬂ1iﬁE]ﬁ"IﬂJ'lﬂﬂ'J'l 1 LFUNIN !Lﬁ'JLﬁ"LWINLLiﬂVIE]ﬂ

'
9 = @ @

@ONNAITZAVNAINUTEIRDNTNNAINUIZHUAD MINTIFUNIDUNTATZAVNAINUFA

v v
ISP U 4 = 1

v Y
nIduneneunthigniden 35msilezrhmsidonduneadiisseaundsauigandi uaz

o = Y 9 & ¥ ' Y a & ° o '
‘w1mmJaEJullﬂslf’maumq’daamau“lwmmumumqmm HIVINNITINADINTITININIUNUIN



Tws Inasa CLEA-AODV @ 131309528MuA1)52anTAnuaz aussouzue3zUAT 018
A [ = 1 S 3 4 1 o g}l o Y
TuSoaveeanons S viaanu uazauloSFuanNIaId s FIUNIETINITIAATIUIUYDANY

4 [ 4
o huasevemuaes 15aeld

1.2 MSNUNIUITIUNTIY (Literature Review)
a a Pt o o A= v A Y
Tunaneunust aulamsianoanss UM IAUNILAZIADNITUNIIVDY
o 1 @ § ] 1 4 Id
TwsInaoa AODV Tamhamasnuiiaesgueuaas lvua ludunndeats suiludoya
Tumsdaaguloudondunie vnmsdududoyanuidonyan Tauidduneanumsnau
Y Y { o ' [ ) 1 @ 4 ]
Tus Inavasunuduniaimiladnmasaudiuiumnn uavziinglssaesfvouaaz
uana1anu 1y dedrauru nsldnadeanued1eslidse@nEn1n (Energy efficiency) N13aafn
#1291981 (Delay) MIANDIYNMTTINIUVDITZUDIATOUIY (Network Lifetime) N5IANAIOATT
A 1 I < 4 1 o . . I
YF112197% (Throughput) tazA o5 IFuAN13a9d 159 (Packet Delivery Ratio; PDR) 11Ju@u
a a a’dy [} Y A = o A A 1 a a
TunuAnendinusil yasiunezAnuinawau Ing Inaoa AODV Nyriualscansain
o I3 1w 1 S I o 1 0o
tazaussouemMsau lulszduaesmonitsnanu audesisuansadedusa uazms
o 9 A A [} é (= a o d' @ <3 d‘
AATIUIUTOANNTOAT TUTEULIATEUIY FInUNUNUITeNaTInUlszaunaulasuse
asllidwaaslumsiei 1-1
A Y Av A o o 1 @ I 1
NNMTAVAUNUITBANMU TN Inaea AODV Tagihminasauuuiludiu
= v a A 9 "o a R v 9 A 9 A Y] =
nidlumsaagula@enaunie nunganosnulumMsAUnUTUNINEUAY TANUAAIBART
o a A Y d' Y U 9 =3 o
nulnsInaoa AODV 1N Ap THUAAUMILBABINIIEITBYADY TnuALa1en13 9ziinms
! 9 Y Y ' Y ak A '
LWINTL18 (Broadcast) 10114 RREQ 11 Tnuadnufes diusanesnunuana199in
a [ A <3 [
Tws Innoa AODV iy Ao Tudruvesdendiu RREQ imsud luTaaiunsimudoyaseau
o J 9 A A o (3 a R A 9
wasnuvesuaas Inualudaune@oans uazlianyazuesoanssnulunms@endunieues
] 2 g 1 A 1 o o A ]
usiaz Ins Tnaea Fuiludiunuanaany aeaglana1sen 1-1 awnsonualssinnves
o o a J @ I @
TnsInaeamudnsazyedanssnulumsldamasnwiudiugslumsdemdunia

ponidlu 3 Usznn Ae



= Y Y Ao =& &2 1 o A ]
ATTNN 1-1 T‘WiTVIﬂaamiﬂuﬁWl,ﬁu‘nN‘VlﬂmmdﬂWm‘wmﬂmslumimﬂmaumﬁ

Algorithm MAC IEEE Compare with AODV Performance (\/) = Better, (X)=Lower
Protocol Tool Modify Non- Cost & Energy
802.11 | 802.15.4 PDR | Throughput | Overhead | Delay | lifetime
Delay Broadcast | Equation efficiency
ALMEL-AODV [9] NS-2 4 v v v
DEEAR [10] NS-2 v v v x x v v
EAAODV [11] NS-2 v v v v
EADV [12] OMNET++ v v v
EAODV [13] MATLAB v v
E-AODV [14] NS-2 v v v
ECB-AODV [15] NS-2 v v v v v
ELBRP [16] NS-2 v v x v
GEANDMRA [17] NS-2 v v v v v v
LSEA [18] NS-2 v v v v v v
ME-AODV [19] NS-2 4 v v v v
PAMP [20] GlomoSim v v v v % v
SQ-AODV [21] NS-2 v v v v v v




1. ud luA111i791981 (Delay time) Y0499A211 RREQ 1ioNseAuNaaaui

uana19nu 1aun InsInAea Enhanced AODV (E-AODV) [14] 1182 Energy Level Routing
o ° A A Y A Yo Y

Base Protocol (ELBRP) [16] H&AM13%191% A9 1o THuav19fea 145090213 RREQ 910

THUARUNIY 9211A1TATIVADUILAVNAINUVDIAUIBD HINTTLAUNAINUAINIIAIN

¥uA (Threshold) dgyhimstiinAmana i udon11M RREQ Ngndisen 1 iiedoniu

RREQ MU Tuaniiszaundsnuios danalivonnu RREQ aananuddInuaalenia

IS v (2 '

[ 1 9
Na970n21N RREQ NF 1 Ivuaniszaundanuuinndl aariuIvuatateniees 1asy

'
' [ 1 A

T9A713 RREQ 910 Iruaniimnasnuganeu s Inuatarenaldsuden11u RREQ 3944

u

v ]

9 [ Y Y =< A A @ a SR ci’ =) A 1
VDNINN RREP ﬂaﬂqﬂﬂﬂiﬁuﬂ@uﬂ%‘] FUUDWITTUIINDANDINUU NWUINUUDLITY AD AN

MUV TN InAoadina1 UAgandIng Innea AODV 1Ay
2. MUUATNVBITZAUNANU (Threshold) Noyanaliamnsodsnedonau
RREQ 1aun TwsInnoea Energy Aware AODV (EAAODV) [11], Energy Constraint protocol
Base on AODV (ECB-AODV) [15], Grid-based Energy Aware Node-Disjoint Multipath Routing
Algorithm (GEANDMRA) [17] tta ¢ Link Stability and Energy Aware (LSEA) [18] annais
o A A Y Yo Y ) o o
NINIU AD LaJﬂTﬁummmlelﬂﬁiJﬂJﬂmm RREQ ﬁ]]ﬂiﬁuﬂ@]uﬂWQ ENINITATIVADUISAY
[ = v v o 1 I o 1 Y U 1
NAWNTHUDNAULIDY HINUITSAUNAINTIUATINIUNUNNNTINUA ﬂglluﬂiéiyl'lﬁalﬁuﬂ'ﬁﬁ\?ﬁ@
Y] o & A~ ) o Ay ' ]
UMY RREQ muuiwuﬂwmzﬂuwmﬂmmaauaﬂ %31%@’(1%139?[\1‘5]@‘1]@?]31% RREQ Ul‘]J
=2 Y o ° 1 @ @ o Y o
ﬂﬂiﬁuﬂﬂa’lﬂﬂ’mulﬂ Iﬂmﬂﬂ!"ﬂiu‘ﬂ’]iﬂ'lﬁﬂﬂﬂ'ligﬂﬂwa\i\i']u ﬂ']“l(fu@vlﬂi]'lﬂﬂ'liﬂ'lu’)ﬂ!ﬁuﬂ'li
NAAAMAA3 [11] 1az [17] 1aza1nMINAaIsananIsiia [15] uag [18] dmsudeide
% Aa K [ 1 A a9 d' d' Aa 1% [ 1 1 P
VDNDANDINUAINATI AD ﬁWﬂlllliJLﬁuVH\iﬁ'ﬂﬁwiﬂu NUATEAUNAINTUFINIAUNUNN
o W Yo 9 4 Y o Aa o %
NrUa T'ﬁuﬂﬂﬂ1ﬂ‘ﬂ1\ﬁ]$llllllﬂﬁﬂ"]]’ﬂﬂ'ﬂll RREQ lu@ﬂﬂ1ﬂ1ﬂuﬂ‘ﬂ’]\uﬂﬂﬂﬂuizﬂﬂwaﬂxﬂu

) ' 7 o ' vy YR 1 9 ¥ '
uﬂﬂﬂg’]lﬂﬂ!cﬂwﬂ’]ﬁuﬂuluﬁ’]ﬂ1iﬂﬁ\jﬂﬂm@ﬂa1u RREQ Ulﬂ Gﬁﬁﬁﬁwaiﬁiﬁuﬂﬁuﬂﬁquﬁnﬂiﬂ

a " W Y 91 o = v A A =K o k4
ﬁﬂ@]@ﬂﬂiﬂuﬂﬂﬁWﬂﬂNqﬂ LLlJ'Jﬁ]ZENW@?J‘WﬁQQWUVI’GTHJ']iG’GT'Oﬁ'IiﬂQﬂullﬂ

3. smuamarnimin 1@ Fundazidunia (Cost Routes) 1uszuuin ot
18un TwsInaoa Alternate Link Maximum Energy Level AODV (ALMEL-AODV) [9],
Distributed Energy Efficient AODV Routing (DEEAR) [10], Energy Aware Distance Vector
(EADV) [12], Energy aware AODV (EAODV) [13], Multipath Energy Aware (ME-AODV) [19],

Power-Aware Multi-Path Routing Protocol (PAMP) [20] ttaig Stability-base QOS-capable AODV



v 3 o ] @ @ 1
(SQ-AODV) [21] ¥ianN1TNINU ﬁ'ﬂ mmimu%yaﬂlﬂﬁmuwawmmmzmaﬂwwﬂu
1 [ g°; o 1% 1
!,’Ggf}u‘ﬂ'l\? Lléjﬁﬂ'lﬁuﬂ1§'1/'|1\°1ﬂi1!G]ﬁ']ﬁ'@]‘;N']ﬁ'luﬁ]ﬂ!ﬂ?ﬂ?ﬂuTWUﬂiﬁ}ﬂUu@azlﬁu‘ﬂ’]ﬂiu53ﬂﬂ

A 1 F) d’d 1 1 g o G Y d' 4% [ z& 1
IAI9vU18 IﬂfJLﬁ‘L!VI1\WINﬂ?ﬂ’J\‘lMWﬁUﬂ‘JﬂﬂWi@uﬂﬂﬂf}ﬂ VYHDYNUNDU "ll"llENLW]ﬁ%TWiTVIﬂ@ﬁ

U

v
AR A A o 9

IS Y A A ] Y A o o '
i]$Ll]UL?I'U‘VI'N‘VIQT‘IL'Q@ﬂL'lIum'u‘Vl’Nﬁ@ﬁ’]i ANHUSVDNDANDINUU UAITUSUSEDUNINNI 2

9 1

HUUTN #nAIBE1NFY Tws InAva ALMEL-AODV ims@endunaniananugaga
£ n n-1 i+1 o ° ' o A
Tagldaunis Max E(") =Z E("Y) [9] Tws Innoa PAMP #1013 A1UIMAINEI91U A
i=1
a3 lF 1Al dUN19T0mT MINTUMT Eqvan = Emax — 3, Eresy(i) [20] udn@onduma
ANl W 1 A I FY v o ' AN Y o U 1
limaenangaiga Wudu maansmsmavvesaaz Tns Inaoah Iavau Tagaulng
o =S v a = d’d U
mmsnfseumneunyIns Inaea AODV 1@y taglimMaussauzNaNI

[

{ 1 a 1 o o 1 J s
%1ﬂ9ﬂiN°ﬁ I-1 Wy \’111/!’3ﬁ]fJE‘T’JLlGlTiiyji%ﬂ'ﬁiﬂﬁﬂﬂﬂ1§‘1/l'l\‘1'IUWWUGﬁEJWG]LL'Ji
A

. . . 9y I
Network Simulation version 2 (NS-2) tiaztaon 1411035914 IEEE 802.11 1fluTws Inaealu

o & . 1 a v A A 9y
JZAUFY Physical 1Ay MAC ualiu1991u398 [12],[16] uag [19] Naenlduiasgiu IEEE
[ a a (g o o A l s Y =<
802.15.4 ludiuvesnuInginust aulediasinsmiauuumnsovgumos 15ae 34
@onl9¥u1Asg U IEEE 802.15.4 Tumssianemsviau
N1 1-1 ugazande ldimaideniaslseansmwiazamaussouy

v Y
msihauisanasiuesn il YuegriugaauvedIns Innea uazanuaulvveuaas
Aawv é = Aa a d‘ Aav 1 " o o 9 [ - 4
Nt Felimaussouguazlszaninmnauiteaaulvaiihmsia 1aun andesidudans
1 o & [ =Y 1 ] o
dad 159 (PDR) A19A511/3019197U (Throughput) A111291281 (Delay) S1UUTDAUAIUAN
(Overhead) A1019%191U D 1AT 018 (Network Life Time) tazlsuiavosnasaiui 141
(Energy Usage) Tagnaawimimiuaas aulvaviimsnSeuiiounuIng Inasa AODV 1w
yazidenuanIn1lsz@nsanmsinaunanI ualvianuIsenuaanilssaninninue
A 13 Tnava AODV a3 153 Ins InAoa DEEAR [10] HHadwiveaa1onsfSunaaiy uay
Amunaend Ins Inaea AODV 16 TnsInaea PAMP [20] ii1uiudeanuaiunulu
1 a I Y av 1 [} " Y 1 a A
szuunn1Ins Innea AODV Ay udu nuidediulng bilduaasailszaniamasy
[ 1 [ a A P X Aa v a a u’dy 1 [
N9 uadenuaauamgalszaninwiauly Fauideluinertinusil yaniuludin
A ] A a ° A 1 J 2 4 1 o
YRIMINNAIYTZANTAMNLazaNTIaunTIau luisesvesamosduanisaads

(PDR) 1975115119491 (Throughput) uazaﬂﬁmau%mmmuqu (Overhead) Tuszuy

A ]
IAI9U1Y



a J

Y
Ineninuiaaiuil vuauemswan Ins Inaea AODV Tagud ludans3nu

Y

Tumsnurazidendunialvi uazisenIns InAeailin Cross Layer Energy Aware for

F4

AODV (CLEA-AODV) af3sumeudanssnun1sniiauved Ins InaeaiinuIns Innoa

] ]
A =

Y o o 1 [ 9 = Y

dua nldwauinianIns Inaea AODV waziiianasnuu lslunisidondunia
FUAGINY WU NTHann13 Iumsud v Ins Inasa AODV Nad1eadany Ao n1ud
9 A A 3 "9 o @ 9 A =
99A21 RREQ tiVoriymsinuamiayavedseaunadnuyed lnualudunad@oas uazimg
A o a =R v a A 9 J Y 1 o o ' 1
mudanesnulumsdaauludendunis Tesldioyaveimszaunaianu dIuauana 1
vo1InsInaea CLEA-AODV 11 Tws Inaoadu Ae ArszaunasnuvedInualidunian
Tws TnApa CLEA-AODV 1hniinisan lilsamasaumaevesnng Trnualudunie uag 'l

v A P ° v 3 o Y A ' g 3 '
IFaumIn1eadiamans IMsMUUAAININITAVDUFUN T TS Tl UNTIAUMWIZAN

a K

o 9 A ~ A [ Y = = o A 1
WmﬁwumT‘Viuﬂslumummamwmaawawmuaﬂmjﬂ FuuoanosnuNuAINNY

'y [ o ° 1 o I
(Simple) lududon luaiuvesnanmamauiimsuaInuamssinaueoniy 2 Tnua fe

= A

9 A ) ) a ' I o Y] ]
WU nigniaen IA190952ADWAIU (Threshold) AunIunasinfua’ly oz 14
o a R kY A Y A 1 1 o @ °
panesnulumsaurmuaz@endunarieu Ins Inaoa AODV LAWINAITLAUNAIIUA

Vo s Ly 9 w w & o A ) @
anaunanas 1y sz ldmszaundsnuuiduals lumsaondumauny Taamnas

o 1 @ o A ~ 1 ~ o o Qld' A [

MIMMUAATLAUNGINUNTANWT I MINNAINUIZTHYAAL f1vua 13N iWoszau

o Y] A Ao ' - o ° ' o o A
waa U lwdunadoa1sia1dIng 20 oS iFua (NN IUMTMHUAAITEAVNAINIUDTUY

A Y A o o Ay ' P-4 A 1A

13uunh 3) mnduniausn Uaszaundaanumastiosndi 20 osiFud azdouaw

a4 Ay A A ) o v ¥ Ay A
ammﬁummams%zGUmmmmmﬂTwuﬂGlmaumﬂwamuwmm ANUUNINULTUNINOU

-

]
' [ [ 1

NNAITLAUNEINUNINNI oansInulunTaenduniavedIns Inasa CLEA-AODV 2
wasu T 1fidunaluiunudunady Feornnsdududeyanundluiiauiselanly
o a R dy Y] 1 =Y Y
danesnuilunmsiiann Ing Inaea AODV luainvedsisazideanisoonuuuIng Inaoa Ia

o318 13 luunn 3



[y d a a J
1.3 'Jﬂi;ll]igﬁﬂﬂﬁllﬂﬂilﬂﬂ]u‘wuﬁ
A o v 9 9 2
LW@Wﬁllu1ﬂ§$1J'Juﬂ]iﬂu’ﬁﬂﬁuﬂ"l\iluTWiI‘ﬂﬂ@ﬁ AODV 38U
4 [ g‘/ 1 [ Jd o o a
ﬂi$ﬂ3uﬂ1§ﬁ@ﬁ1i%1ﬂi$ﬂﬂ"]fu uaﬂ%’mwawmmmﬁmjmmuwmammmawmam1

A )
DAL UNI

1.4 YOUIVANSIVY
9 A 9 [ g}) o o =
141 lgnszurumsaearsiinszausulunmsdivlyedanainulunis
1 9 A A A a ° Yo A &
AU UFUNI9Va TN Inava AODV emniszansmnlumsmauldnumnTeviawuses
130
I 9 ) 4 @ = ' o & . o
142 Wumslgmnimesvosnaaanudiegluszauyy Physical 11911
1 @ Y g‘/ A 1 z§ ] ) o [ A k) A
52unu Ins Inaealuszausunsovie moselumsaaauladmsviaenduniadoans
o o ' o d' Y] d' 9
1.43 mItasamsnauudazuuy aeslugluuuin lnuaegiun uagld

4193374 IEEE 802.15.4

1.5 TuAdUIAZISTAMHUINIUIY

%’, o a a a 4 ] Id g‘/ A
VuaoUMsAUHUIUINGITNUTuUIeomilu 13 Tunou giummﬁau

[

Y Vv Y
UQUIYU 2553 LIagTUGA Paunueey 2555 lasliseazideatuaeumIa iUl

ee

UN 1: ADBIWUINI HALITMIAIUNUIY

=

E4
%

H o [} 4 [ 3’, ] [ 3’,
6U‘L‘!‘i/ﬁl 2: ﬁﬂ‘kﬂﬂ'ﬁ‘i/l"l\ﬂu"llﬁlxﬁgU‘]Jlﬂ‘%E]"ll'lfJL‘*“]fuL‘*H@ﬁll%}ﬁ'lﬂsluizﬂﬂ‘lfum%@"lﬂﬂ TEAVBU MAC
9
UDTIEAVYU Physical

= A 9 o ¥ A A S Y
3. ANHINISUIUNMTADFITVINISAUYU LWﬂu’]u’ﬂ%}‘lulﬂ3@%18&%“&%@3136’18

=D.

4: d@nw1m3 1991 T1/51n51 Network Simulation version 2 (NS-2)

2
=).

= [ Aa R o
5: ANY19ANBI NUNITNIUVDA 1N Inaea AODV 1uTisunsuy NS-2

2
=h.

- ponuuVtazud ludanesnumsAurndunavedIns Innoa AODV

2
=D
=

Sud lyanesnumsrauvedIng Inasa AoDV luTisunsy Ns-2

=D
~

See éee See See Zee See

2
=h.

8: ?JE)ﬂLL‘U‘]JgTJLl‘]JUEUENﬂﬁiﬁaﬁ]\iﬂﬁ‘ﬁ%ﬂu

9: naaeVszaANTMNMITNINUVeI 1N InAoa AODV

2
=D

e

J

YU 10: WSeumeunadnt mMIisiaoin1siian vedIns Inaean ldsinseenuuulnunuy
Tns InnoaunsgIu

) 1 a J o o
VUM 1 1: 3&ﬂ51$ﬁlla$ﬁ§ﬂWaﬂ1§§na’l‘)\1ﬂ1§‘ﬂ1\ﬂu



UNN 2

nguuazHaNMs

G l IS ¥ Yo o 4’@' ' = o
izumﬂsa"mmumai"liﬁw”lm‘umiwwuwummumw 10 ‘1J ‘]ji]i]‘ﬂug]ﬂ

o Iq 9 9y ' Y 2 J < 9
1!1thﬂiﬁgﬂ@]i%ﬂuiuﬂﬂTﬂﬁﬁWﬂﬂWH LYY f‘ﬂiWhi%’NfﬁJﬂWWV]NfﬂiLE‘WVIEJ NInNuUYBYa

Y o wvAa I 9 A ] S Y
NNATUINHAT uazﬂﬁmuauwium‘luiﬁwm 1uau izummamwmumaﬂﬁma

9 =

J <} { 1 { U o '
Usznoualeginssiviaaniiiendt Tvua Nawnsodesioyadanuriuniaing Inaoa

U

o o [l o 1 o =S

a3 oo 13 a1eUuNIAT§IU IEEE 802.15.4 uaiiion1nginsal Inuaiivuia

3 ) A g ' o A 9y a ¥ ]

antazlsuuawes tluurasnasauie Wazainlumsaaaauaz 1¥aunsiz Ivua luszuw
AN Y o v & o Y A 2 Y =

asal 1A U uNIn AITUMTERNUUULALHAUINIAIUIAS DV BIHUIEDS 15 a1874

9 o = 2 o o g ' 2 2 Aq ¥ o o
W@\Tﬂ’]LN'ENﬂ’]§ﬂ§'$ﬁﬂﬂwa\1\1’]u‘ﬂ\11uaauﬁuﬂ\1a’liﬂll?ﬁllagiv‘ﬁiﬂﬂ@aﬂiﬂf [22] 15U

Y
[ v A

gilnsal Tnualaomlilisznoudvauiddnsail [23]

e ieszuana (CPU) Usznoudle daiszuana tag i1 M

9y A 9
wum"lumiﬂizmawamay’a

v
=)

4 @ o d' 1Y @
® uwasAT1TUTDYA (Sensor) MrNATIN AT oATIUVOYA T AU T
1 a 1 4 I~ [ d' o 4 d’Q d'
® dIUYDINIIAAADTDETS (Transmitter) 1 udIUNTIMUARIUANINDINGR ]S
4 o A I v o @ 1
Tums@teas smdhnidudaiuuazdasdoya
{ o § I 1 o o 4 4
® LuAAes (Battery) Wimihiiiuunasnasnuldnugunssiimumes
A A S0 Y 9 A ' o v 2
ioaan laseviesiaes 13 e Iduuameduuvaanagsany aariuly
[ A = A 9 A [ = U Y 9
5EH9MIaeas dleman IHua ludUn19@oaITNaINUITHNADY FITINa 19 IHUAAY
1 1 o [ =y 1 < 1
mehigwnsaasdeyadsInuatlaromald mldardasSunaauuazanlesidudmsda
o < a a u’y o o ) 1
dusvanas Tuainertdwust 3¢ldimalsudgaIns Inneanmsaunudunis Tagiiien
) A A ' 9 A 3 o Y A Y] A A
Waanunmaeegued lvualudunia@eas vutludnlsnialums@eniaunadoss o

udyidanan aeldeTuneseaziBeavesmsdiulyeainiInaea 1 luuni 3



10

A A sy ¥ |
msdaeda1snieluniedrommaes 13a10vziuliaiuuinsgiu IEEE
~ A o [ a a d’dy

802.15.4 Tagn Tns Inavasurndunandenlddmsuanuineinusiae InsInaea Ad-
¥ Y
hoc On-Demand Distance Vector (AODV) Llamaﬂﬂsl‘%}mﬂuﬂﬂi&‘u%l‘umi?’fﬁ]’c’fﬁ%ﬂﬁ%ﬂﬂ‘l{u

' o Y Y] A o 1 o A A
(Cross Layer) 119528 Tun31501/59 Tns Inaoadun udun 1 amihmnaiauauiaoune s
A ] A A A a ° Yo A S Y A
omdunia amuadszansainnsiianuldnussuwmaseviosuisos 15a1e Tagh

d" d'd' 9 a a 4 @ dy Y a 1 v Y J
WominenvesluanuIneinusativil Ulﬂﬁ]‘ﬁﬂﬁﬂ'ﬂu&ma%ﬂﬂ"llﬂﬁﬂllﬂ

2.1 A3 1 IEEE 802.15.4

11A5§1U TEEE 802.15.4 [24] Tianiumiinzausundovomuiyes 13ae &4

'
o

< A ] A o vy 9 ~ U H
WUMSFRAITUDUANNTIA 11@@511“?7']5@7\1611’03{@1‘!@8 HAZHISYSUDINTHAIVDY AT Y

Y '
= v

anvazgduuumsmau ﬁﬁ’qgﬂgguumﬂﬂmﬁ«hm%%aﬂﬁmej uit nagguuiigUnsal
e fansandoud1d dmfuinasgandl WMUUAMNIZNIZVIUMITINURY Y
izﬁm?u Medium Access Control (MAC) 1182 Physical
Tusydusu Physical InthAlun1ssanisinersuaduaudnaz s
Foadan Tnelidnyasfivanaii 3 aduadd 1dun
o AduAND 868 MHz I} 1 Foadayana sasimsdatoya 20 kbps Tszesly
Maagszunal 1 km
® ARuUAWE 915 MHz i1 10 Fesdayana Sasimadadoya 40 kbps Hazeszly
Mseatlszana 1 km
e AFuUAWE 2.4 GHz T 16 Feedqyana sasimsdadoya 250 kbps Hazezly
msaetoyailszunm 220 m
luszavsu MAC imihiilumssamsdersumsidildgesdoana nazns
AT19AUANUYNABIVEITOYA dsaTesfuvaudinng lagega 128 Tud neunisds
%ﬂyﬂﬁmﬂ%ﬁh AB3NY Carrier Sense Multiple Access/Collision Avoidance (CSMA/CA) Ao 9
fimaasandeu sesdyanudenie i ieandymmasuiuvesdoya (Collision) Tav
2 TuuAn53119U Ao 11UA Beacon-enabled 1 111UAAINA1 (PAN coordinator) ADEIANT AT
111950 edy1a uaz Tnua Non beacon-enabled liifidanarsiinessanisnisidrld
Fosdamna dMTUNIATEIU IEEE 802.15.4 uigiuuvvesszuumiedtveenidlu 2 jauy

aannilsene 2-1 [25]



11

Star Topology Peer-to-Peer Topology

o o O

O
O<—-—-——;
/O}) o _,'0

=0

O Full Function Device
O Reduce Function Device

<> Comununications Flow

A [} S ¥
ailszneu 2-1 JUuUVYeNTZULIAT RV BT |5 d 1Y
[ A ] A <3 1
- Star Topology N1 @UAUTLULLATBVIOATVUIALAN T2oza1lunsdas
oy (Latency) A1 Tael Tnuadinanesianms msihldvesdyain
- Peer-to-Peer Topology MingaunugUnuvnsedtentvmalug naziinm
v Y 1 1o R = "9 o I 1
Fudouves Trnuags ua limiladeszeznalumsdadoya mhawilunuuvaiseey ua
A o L4 v v a9 .
az InuaauIsadoasnuee Famsaeas lugluuudainan szaseldniteanuiilums
3 9 S 1y . A 1y Y} A
INUVOYAUDIANTIUNUANFUNN (Routing Table) tio 1 lunisdamsiduniedons
a N Pt A 1A v @ s
Tuaninetinust aulagduuwasevienilszneualeginsalsuisos
o 1 d' 1 4 o I ] z§ [
NUIUINNI 2 Tvua MIAeATIzHINGUNIals 0 T UIIURAI8FNMITONAD LAz
o Y (=1 d' A & 1% A [} [ g‘.l =3
dmuald Tnualulinisindoun ¥3a590u51uVIATU10 Peer-to-Peer Topology AU
A Y [ A Al (=
1019 InuaAn131191UUY Non beacon-enabled 11193910 lun1snaaoasiinTvua liiians
' ' ) ' v
AADUN 1A IUTZUUIAT 0BT ULEDS TIUIULIN DNNITLHINMIToasimTilasu Tnua
Y A A A 1 9 A [ Y = Y
aun1d uazlunsainy Ivuasouas IFUN T ITNAINIUNUADT ADINNITAUN
9 "o & a a :{dyd Y Y Y o 9 A
Wunmaluy asduluauInerdnusndddg ns Inaeamsaurudunia lunisiinih

Y a ) A ' % 7
Eﬂﬂﬂ'l‘ilﬂﬂ’)ﬂﬂLﬁuﬂ’lﬂﬁ@ﬁ1iiZW’JWQQﬂﬂimlcﬁulcﬁﬂi



12

2.2 N5 INALAMSAUHITHNS
=\ o @ (% ] I'4 4
Tus Inpoamssunudunie Ianudnyiumieniesuses 15ae tioann
oA t4 J o
luszuunsevrenlsznov ludreginsalimwaesiuiunin minTvuaduniaas Inua
Ua1en1a Uszezi1anununi15zez909n15d990ya (Transmission Range) 801 Tia1uso
4 o P2 9 9 Y I o ] v
fomisnenuldlasass Vedeld Inuadrufouiludinanlumsasaedoya Fanszuiums
yana1n doald Ins Inaeanmisaunudunislumsaeninez 1 nualaie imihnasse
doya lldiTnualarenie dmsulszinnvesIns Inaeamssunndunicduniodis
4
w3 13 a1l 2 Uszian A Tns Inava Proactive taz 13 InAoa Reactive [26]
. = @ Y V9
Tn3InA®a Proactive UNTLVIUNITAITIANITIAUNI Tz a0
A o Y I A Al =
A2UAY (Control Message) tionooasndouuazliulsadumaiiuniunaind wiiee Lill
[ 9 [ 4 4 [ 9
msdesveyasznineginssimuaes TnsInnoavzassasradounazliulgudunig

9
v @

AapAnal #3911 NI INABA Proactive 3¢ UV0ANNADANT 1UTLVUIATOUNY (Overhead) 11U
11N ualidod Ao iedoansdidoya awisodetoya laiui 1dun TnsInaea Destination
. .. . . <3|

Sequenced Distance Vector (DSDV) wag Ins Innoea Optimized Link State Routing (OLSR) Wy
Y
A

TnsInaoa Reactive Un5zUIUMTAUHUFUNII Tasldn1sunInIze
) A Y Y] = ° Y v A 9 v
Yoanuaeasoon l/auridunia Faezinmsdunudumanmzies IMuadun1adeans

9 Y 1
detoyalUdi Tnuataremamniu duiuddidennudodrsluszunifosninins Innoa
. Ny A Ay 9 Y v ' A "y =< o
Proactive LaNY0ITe AD Ao l9szazallumsaurudunia neunazasoadoyadany
18 3TwsInasatszandanaird 1dun TwsInasa Ad-hoc On-Demand Distance Vector
I
(AODV) ttaz Ins InAva Dynamic Source Routing (DSR) (Hudu
¥ Y
WONIITUINIAUAANITNINIUUYBI TN INADANITd0IVY TNT INAoa
. 2 A o A 9 Y A = Y o

Reactive 391ANMHINZAUNUIATOIBS MRS 13 aneu1nn iieanniims lamSwens uag
A o 9 A A 1 Y 1 . a a (dy
Uuuvennudeas luszuunseu1eteani11ns InAva Proactive 1HIUINGITNUTI

A

I 1 @ 1
wonldIns Inaoa AODV 1iluIns Inasanmssunudunia mitzaIns Inasasanalnd U
8ane3 NUIUMTAUNUFUNIUTUAY (Route discovery) WarH11191n Ins Inaoa DSR uas
o a Y . o [
danesnulumsnsrsaaudunia (Route Maintenance) UHMann151@e171 Tns Inaea DSDV
= 1 = 1 9 A’ A’ Y a
HANANWUANAINATIN MU TUAITUNTATLIEVRANNTOEAITINOATIVAD LA UNI
] d' A as [ 1 ] vyq Y Ja 4 ] s
aruarluasnmiiouIns Inaea DSDV A5a15aana1d $a8ldlduvudiariod el

Aa A @ o 4 ] 1 ] <
Uszaninm vazdiauisaaadiuiudennuaeas luszuaievie Idonale uand1alsn



13

a3 Ing Inasa AODV Fegneenuuumdimsuasevienaoui ¥mouuuteagon 11
1% 1 4 < =\ [y 4 @ { 1 o

I¥unTeures s 13 ae FaitlaseluEosuoandsnuunedes 019 luansashauld
1 < a a a a rﬁg = Y o o [ a R 9y A

pgruavdszaninw lunuineiinusi 3¢1dhmsdsuleanesiumsauniaziaon

@ o v 4 A 2
dunmaldianummngausumsii ldaulweseveauses 13aeung sy

2.2.1 Ad-hoc On-Demand Distance Vector (AODYV)
TnsInaoa AODV [6] An Tns Inasamsaunudunialunsevremaounls
= A A 1o & Yy A = .
menuuneagen Jgluuumsaeds flusuiludedianiigiv (Base station) AosAILAUNIG
o ! A = o P P o < v ¥ o
o ludmvesmseastanu gunsalauyesuaazad amnsodluldnalvuasy Trua
' A ' Y A o A o Y Y A A g9
a9 uaz Tnuaouns WinNvanyed Ing Inasa AODV Ao MMIAUnIFUNI T A S uaAY
U Y d' A ] a Y Aa A =

yazsourUIdUMIoTzULIRT e atTaRaNaIa luMsToa1s Tng Inaea AODV UANY

o A 1 Aa o v ¥ A oA
L“riﬂJw’cT%Jﬂ“]JLﬂiE]“UWVI%JMU’JUWﬁW"]I‘Him llagﬁ’n\"ljﬂﬂ1Q1u1ﬂw31ugﬂlluulﬂiam1ﬂ(ﬂ

=\ A ~ a ?{, T oA =\ [ o j’ Y
Tnuaumsmasuiuaz Ivuananeenun lagIns Inasa AODV HHanmIN1aIUoIay

QU
Y
[

=
ail
o k) k) t& Y ()
- hmssunidumanmziedoimsdedoya
o (3 Y yY 9 =
- himsasdeuinuudunalaslddeyannTvuadiafios
o 12 9 Y & 9 A = o !
- hmsdSulysdeyaveudums e Tnuaseudnsiimsn/asunilasdwmis
- lFnszuaumsunsnszatedearualruquiienuniuazdSuludunis

A
aoag

222 FeanumivaNtazmNUiUANTEHMIluInsIinnea AODV
TwsInaoa AODV Unszuiumslumsaunitazsanisdunialasly
A9AWAIUAN (Control message) 183 INTdIADTOANUAIU InUAT10Ree l)aud Tnua
v 1 ~ I o [ <3 oA [
Yarons Fauaag Inuanldasudeanuniuay aziinisasiadeutazdanuanne iy
51002198AVUFUNIIAOAT 1HU 1AVAIA VTN (Message ID) 1AVA1ALVDIVOAIY
(3 o oA 1 I 1 @ o VoA
(Sequence Number) Htaz@taud 11111 9Nog (IP Address) 1Hudu Tudivvesdnavdmmiiah
[l Y a I o a 1 o
g 1NENA1561904 [6] iuaravluinasgiuves IPva e 32 da uanszuaumsinaulu
J 4 o o PRy o w I @ A ' 9
gaaLdsMItiaeIn s ldduaviiny (p) Wudnavheguewaas Tnuaunu Yoya
o A 3 v 2 1y . =2 9
asnnarn sgganu ludeanuaiugu nazasrunuandun1 (Routing table) Fedon1u

aruaululnsInnoa AODV Usznouaao 9A210 Route request message (RREQ) ¥0A21



14
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Route reply message (RREP)
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+

+

+

+

+

+

+

+

+
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+
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+
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1 2 3
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+

+

+
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B T S e S T S s s e
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-t — =+ =+ — +

o ' Y '
49A210 RREP [6] Huua 20 Tud vzilsznevulUdredruvesdoyainuai
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aIuvesloya ANNHME
a 9 <3|
Type riaveIvanNNIlu 2
Hop Count F1IUV980 MINAUNNIUD AN
Destination IP Address vneay lefives Tnuataemaludunmemsdadoya

Destination Sequence Number ineavaau Tuduma

Originator IP Address ey ledfived Tnuanad1ateny RREQ

Lifetime nngavaay o Jagtiunarluniielaaivuimi nlvua

vzdoalasudoni1y RREP imodududunianleluns

1
A

HRGEE

Route error message (RERR)
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Node | Routing table
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Enhanced Mobile Ad hoc Routing Protocol
Uring Cross layer Design in Wireless Sensor Networks

Waris Chanei & Sakuna Charoenpanyasak
Center of Excellent in Wireless Sensor Networks, Department of Computer Engineering,
Faculty of Engineering, Prince of Songkla University, Hatyai, Songkhla, Thailand
E-mail : c.waris@hotmail.com, jsakuna@coe.psu.ac.th

Abstract - Wireless sensor networks consist of several tiny sensor nodes largely which were largely deployed to monitor the
environment conditions. Each sensor node will forward the data wirelessly to the base station using IEEE 802.1.5.4 standard. The
wireless network management will be different depending on the applications. In wireless sensor networks routing protocols, there
are many control messages. Because of the limited resources in wireless sensor networks, routing protocol has to design to consider
the energy. This paper proposes the new method based on AODV routing protocol to find the route using cross layer design. The
proposed routing protocol can save the energy and reduce overhead compared to the original AODV.

Keywords - Wireless sensor networks, Routing Protocol, Mobile Ad hoc Networks, AODV, Cross layer design.

I. INTRODUCTION

Wireless sensor networks (WSNs) have witnessed a
growing interest in deploying. Sensors are expected to
be low cost and can be applied to many applications. In
the network having many sensors using multi-hop
communication is required the routing protocol for to
find the communication path and maintenance the route
[1]. There are many routing protocols in propose for
WSNs depending on their applications. In this research
focus on multi-hop communication, therefore choose
AODV routing protocol. But AODV designed for
mobile ad-hoc network (MANETS). This protocol is not
appropriate for WSNs because of there are still many
limits of energy and resource [2]. Sensor node to send —
receives packet low remaining energy than other sensor
node. AODV protocol use route discovery to find a new
path. But in route discovery is not energy parameter. If
AODV choose low energy path. When some node in
path is power off. AODV broadcast message control to
find a new route. It effect to high routing overhead,
waste energy and bandwidth.

This paper proposes the new algorithm to improve
AODV for WSNs applications. Modified AODV the
route discovery called Energy Weight —~AODV (EW-
AODV)  has used the cross layer design technique for
routing layer to access the energy parameter from the
lower layer. The Network Simulation 2 (NS-2) is

employed to analyst the results between EW-AODV and
AODV.

This article describes the operation of wireless
sensor networks on IEEE 802.15.4 standards, AODV
routing protocol and Cross layer design method in
Section 2. The EW-AODV describes in Section 3. The
simulation parameters and network topology using NS-2
network are presented in Section 4. The performance
analysis and comparison are present in Section 5. The
conclusion is described in Section 6.

II. THEORY
A. IEEE 802.15.4Standard

IEEE 802.15.4 [3] is a standard which specifies the
physical layer and media access control (MAC) for low-
rate wireless personal area networks (LR-WPANSs). The
basic framework conceives a 10-meter communication
range with a transfer rate of 250 kbps. Trade-offs is
possible to favor more radically the embedded devices
with the low power requirements, through the definition
of not one, but several physical layers. The transfer rates
of 20 and 40 kbps were initially defined, with the 100
kbps rate being added in the current revision. This
standard supports topology one-hop star and multi-hop
with the frequency band at 2.4 GHz or 896/915 MHz.
size of payload 104 bytes and address length 64 bit or 16
bit (support 65,000 node. The sensor can communicate
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using multi-hop and also required a routing protocol to
manage the path and send the information.

B. Ad hoc On-Demand Distance Vector (AODYV)
Protocol

AODV [4] Routing is a routing protocol for mobile
ad hoc networks (MANETs). AODV is a reactive
routing protocol, meaning that it will establish a route to
a destination only on demand. AODV find a routing
path independently of the usage of the paths. At that
point, node has to broadcast a request for a connection.
The advantage of AODV is that there is no overhead
traffic for the communication along the existing links.
Also, the distance vector routing is simple, and doesn't
require much memory or calculation. However, AODV
still requires more time to establish a connection, and
the overhead of the initial communication to establish a
route is heavier than some other approaches. Fig. 1 show
AODV Route Discovery, Node 0 is source node and
Node 7 is a destination node. Nodes 0 start to broadcast
a route request packet (RREQ) to the neighbors node,
When the neighbors receive RREQ, it will check in the
route table. If there is no route to a destination, AODV
will broadcast to other neighbor nodes. When the
destination node receives RREQ, it will send a route
reply (RREP) to the source node. As we can be seen, the
AODV protocols produce a large amount of control
message when the route discovery is activated.
Therefore, the energy is consumed. In this research, the
energy saving routing protocol using cross layer design
is proposed.

& R\
.,’?é?gg Des Next hop ] S
4 P 7 4 Y
B i 7
RREQ [} Ly
% e g *
% 0 6
€S
&

Figure I. AODV Route Discovery.

C. Cross layer Design

By using cross layer design technique, each layer is
allowed to exchange the data across layer [5]. Cross
layer can solve some problems and improve the
performance of WSNs. Cross layer allows a protocol to
share and access the information from the different
layer. Information exchange is not required in the

adjacent layers for example; MAC layer can exchange
information  between  Transport layer.  The
communication layer interfacing is shown in Fig. 2.

o Figure 2A shows a new interface call “Upward”
information Flow by creating a tunnel forwarding the
information from lower layer to the upper layer. In
contrast, the “Downward” information flow as show in
Figure 2B is created to allow the lower layer to gain the
data from the upper layer. For example the routing layer
can set some parameter in mac layer for data
transmission. Figure 2C shows the Back and Forth
information flow link between two or more of non-
adjacent layers. A combination of the adjacent layer can
be merged as show in Figure 2D This paper uses the
upward information flow between the network layer and
lower layer for the energy information. The energy
parameter has been used in route discovery and will be
described in the next section.

Upward Down ward
ion flow

Back and forth Merging of
flow adjacent layer

A B C D

Figure — 2 : Cross Layer design.

III. PROPOSE ENERGY WEIGH - AODV
PROTOCOL

The routing protocol for WSNs should be low
complexity and use less resource. AODV is routing
protocol designed for MANETs. AODV is reactive
protocol, it has lower routing overhead than proactive
protocol. Thus AODV suitable for WSNs. Although
AODV has low routing overhead, the route discovery is
still wasted a large amount of energy due to its control
message. So that, the routing protocol is designed to
minimize the broadcasting overhead [6]. In WSNs,
energy is the most importance. Unfortunately, AODV
has no energy parameters. Cross layer design technique
can allow the higher layer to access the data from the
lower layer. In this research AODYV routing protocol can
access the energy parameter from the lower layer as
show in Fig. 3
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Figure 3 : Cross Layer to access energy parameter.

The modified AODV protocol is called Energy
Weight- AODV (EW-AODV). In original AODV, when
a source node sends the information to a destination
node, it has will broadcast Route Request (RREQ) to
neighbor nodes. When the destination node receives
multiple RREQs. AODV will compare and choose
RREQ with higher sequence number or less hop count
to send RREP. However EW-AODV adds the energy
field in RREQ as can be seen in Fig. 4.

T e S S

D e S s et S B T o o
| RREQ Energy |
D T et s S Tt St S S S S S S S O SIS

Figure 4 : Modify Route Request Message.

The energy field in RREQ will show the remaining
energy of each node in the path using our algorithm
RREQ Energy use for get lower current energy node in
path with RREQ passes to Destination. It have algorithm
to add RREQ Energy value to RREQ as show in Fig. 5

Compare RREQ
energy(100%) with
Node 1 remaining
energy {20%)

Node 1 Set RREQ
energy = 20%

Initial RREQ
Energy 100%

1

Remaining
energy = 20%

Set Routing table
RREQ Energy

Compare RREQ = ey

energy{20%) with
Node 2 remaining
energy (30%)
Node 2 Set RREQ
energy = 20%

RREQ

RREQ Energy 20%

2

Remaining
energy = 30%

2

RREQ Energy 20%

Figure : 5 Set energy in RREQ Message.

.From Fig. 5, source node (S) sent the information to a
Destination node (D). At the beginning source node will
broadcast RREQ and set energy parameter in RREQ
message to 100%. When node 1 receives RREQ
message, it will check the routing table. If the route is
not found, node 1 has the energy at 20%. The energy in
RREQ has been update to 20% when the energy in Node
1 is less than the energy in RREQ. Then the RREQ is
broadcasted to the neighbor nodes. When Node 2

receives RREQ from Node 1, there is no need to update
the energy in RREQ due to the remaining energy in
node 2 is larger than RREQ. When the destination
receives RREQ message from Node 2, it will set energy
in routing table and sent RREP back to source node (via
node 1,2). If the destination receives multiple RREQ
messages in the same time, the algorithm of energy
update will be explained in Fig. 6.
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Figure 6 : EW-AODV choose the path when the previous RREQ has RREQ Energy greater than 10%.

The destination receives the first RREQ message
from Node 2. After that it receives the second RREQ
message from Node 4. In the original AODV, if a
destination receives RREQ the same source it will
discard the second RREQ message. In EW-AODV, the
destination node will check both RREQs and choose the
first RREQ if the remaining energy is still more than

10%. However, the destination node will choose another
route if the RREQ energy in the first RREQ is less than
10%. In case previous RREQ have RREQ Energy lower
than 10% EW-AODV has algorithm to choose path see
in¥ig. 7.

RREQ Energy 40%

i Remaining ‘, /
1 ¢ !
. energy=9% / L]
N / L9
N ; %

{/ 3 % ’___J__I\\ o
initial RREQ Remaining RRE B
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! &
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Fig. 7 : EW-AODV choose path when previous RREQ have RREQ Energy lower than 10%.
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From Fig. 7, the destination receives the first RREQ
from Node 2 and has RREQ Energy 9% the energy will
save in routing table. When the destination receives the
second RREQ from Node 4, the RREQ from Node 2 is
discarded because the energy in RREQ from Node 2 is
less than 10%. In this case, the destination sends a new
RREP to the source node (via node 4, 3). EW-AODV

considered the energy parameter to choose the route in
contract with the original AODV. Rath EW-AODV ant

AODV have been simulated using NS-2. The

performances in term of throughput, delay, PDR and
energy are analyse in the next section.

1V. 1HE DIMIULAIIUIY

We have compare performance of EW-AODV and
AODYV base on IEEE 8UZ.13.4 standard with 04 SCisul

nodes in area 600 m’ as see in Fig. 8

QW YR
ORORDRTRORNEDR
®© @ W e @ @ @

Tiguic 8 . Oct pusitiva 64 nude.

Because of the random position in the simulation,
Wwe cannot Know the cause OI packet arup. TUC 1casun ufl

packet drop can be out of transmission rang, collision,
run out of onergy, na rauta tn cend and any reacons In
this research we focus only on the energy cause. The

situation has been set for the experiments. Grid topology
can make sure that the source has a route to destination.

The constant bit rate (CBR) application is set to 64 bytes

aud Jdata r1ate at 10 KbUpo cinve a high data rate wwill have
a high probability for collision. Which we don’t prefer

to ocenr in the simulation. The simulation time will be
5,000 second and only has one source node in a time.

Source will change every 1,000 second in order to force
the network changed the route. we Set uie scenaiiv fui

comparison between having energy 50 joule (ini) in

every node and random onoergy tn nadac in rang of 0-50
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joule (rdm). The simulation parameters have set as

following:

*  Number of Node 64 nodes

« MAC IEEE802.15.4
+  Area 600*600 m’

¢ Transmission Rang 60 m

Routing Frotocol

Initial Energy

EW-AUDYV, AUDV
50 joule (ini),

Random 0-50 joule
(rdm)

*  Simulation time 5000 sec
*  Lonnecuon CDR 1 vuiuicutivu
*  Packet Size 64 bytes
* Rate 10 Kbps

V. RESULT AND PERFORMANCE ANALYSIS

The performance of EW-AODYV and AODV in term

of average throughput, average delay, Packet Delivery
Katio (YUK), rouung overnead and cncigy aic used fui

comparison two scenario are deployed. In first scenario,

the camo initial onorgy ic cot ta all cencar nadec at S()
joule. In second scenario, the random initial energy is

set to all sensor node value 0-50 joule. The results of
simulation are show in Fig. 8 — 12. Note that ‘i1’ mean

initial energy to all sensor nodes S0 joule ‘rdm’ that

micail 1auduin iuidal vuvagy all oviocor modeo O 0
joule.
Throughput
_ 10000
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g {000
§ 6000
4000
# 2000
0

LVW-RUUY i AoUY_n Cvv-mo e

Fig. 9 : Average throughput

In the simulation we set the data rate to 10 Kbps,

tiud i maainuim tluvughput io 10 Kbpo in oconaria 1

We found that the throughput of both EW-AODV and

AODV is not difference. While the random energy
initialization gives a lower throughput when compare to

the other.
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Delay
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Fig. 10 Average Delay

In Fig. 10, the average delay of EW-AODV is
slightly greater than AODV because of the discovery
modification. .

H
H

Packet Delivery Ratio
100 =
i 0 ;
| 50
70 : :
50 . !
0 £
0
120 :
{ 2
10 -
o i
E£W AODV_ini ACOV_iri EW ACDV _rdm AODV_’dm

Fxg 11 Packet Delwcry Ratlo

In Fig. 11, our EW-AODV produces the best PDR
compared with the original AODV. This is because the
route is change before running out of the energy.
However, the random initial energy of node has less
PDR than other.

Routing Overhead
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SN ADDV ini AODV in: [W AODV rdm AQDV sdm

Fig. 12 : Routing overhead.

In Fig. 12, our EW-AODV has a low routing
overhead nearly 50% compare to the original AODV in
both two scenario. The reason is in EW-AODV, the

.altemative route is activated before node runs out of the

energy. This can avoid the link failure and the network
has no need to do a new route discovery.

Energy Use
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Fig. 13 : Energy usage

In Fig. 13, we can see our EW-AODV gave the
lower energy usage than the random energy. The
original in both scenarios. However, our EW-AODV
with energy initialization uses the lowest energy at 56%.

VI. CONCLUSION

The simulation result shows that both scenario of
EW-AODV and AODV has the similar throughput,
PDR and delay. However, our EW-AODV give the
good result in term of overhead and energy usage when
compare with the original AODV. Therefore our
protocol appropriates for wireless sensor networks
which energy is its resource constrains.
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