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Abstract The efficient node-energy utilization in wireless sensor networks has been studied
because sensor nodes operate with limited power based on battery. To extend the lifetime of the
wireless sensor networks, maintaining balanced power consumption between sensor nodes is more
important than reducing total energy consumption of the overall network. Since a large number of
sensor nodes are densely deployed and collect data by cooperation in wireless sensor network, keeping
more sensor nodes alive as possible is important to extend the lifetime of the sensor network. In this
paper, we submit an efficient energy aware routing protocol based on AODV ad hoc routing protocol
for wireless sensor networks to increase its lifetime without degrading network performance. The
proposed protocol is designed to avoid traffic congestion on minor specific nodes at data transfer and
to make the node power consumption be widely distributed to increase the lifetime of the network. The
performance of the proposed protocol has been examined and evaluated with the NS-2 simulator in
terms of network lifetime and end-to-end delay.

Key words ' energy aware routing, wireless sensor network, AODV

1.ME

T4 Ax dEYA(Wireless Sensor Network):
HAF Yo B e 24, AXY AnE A

T ostslg

A

I

ERHS
AAEE

© adsn AEE A}

mania2k @kangwon.ac.kr

C AN g AR ele Fudy ug

choolee @sangji.ac.kr

© Zddga AfE AN w5

ychung@kangwon.ac.kr
20068 8¥Y 232
2007 49 6¢

A xcE=2 FAHY 4 Ad Hoc B%olth o5
24 A4 dEHdIE fuddez 879 g4 242
A oF g8 Zobd HE JHed ez déEd
AN =2 Y, 4, 2% 49 & AT 5 3
T AAMsh ZAE ARE T 7 e ZRANE
7IAH, olE A%Y F de FA B VIS #AE &
F ARl

24 AA YEYaE dutiez A4 AFn
A F9e] SFAE A3 dtEe] AN ==ER T
Aot olHF uFE UEND FAHdME FAY %



A AN MEQZAN FUALEE

g W3l A2 & A= A7) FA(self-organizing)
9 2 =E=E 79 A3 9 s9¢l 584 Ho
[1]. =& g T/ A o) &X8 A9 3
RE $3(Sink) ==olA Bth EgHo= Agsr)
A A77} olFAAR Stk '

A A4 YEYA 7Ied Fo IF2E duvix &
£4€ 1EP YENT Z2ES A4, IR AR
(Localization) 719, %-713HSynchronization), &3¢l
tjolel E8(Data aggregation) 211 M 7Y F&
E F Stk HEYA A dod= A7 A
(self-organizing) &8, ATE A, dojg} F44A
B4 € 1 Udd Hes Z2EER dojg §
 71gel A= QIrH2,3].

24 AN HEQIGME 2L £ AM =25 2

dsA 2XHe|, 03 F(multi-hop) WEYZ B3 &
olFH z} AA k=& HjEE] 7§t AFE AR
FaAdh = WEYIY Fde 4 =52 U
o 487 2HH 9L T FAzER o
H =27 qURE 25 AHEA HE § o) YE
e FostA) B3 Hi ojgd =l F73H
A= vESZ HEHdo] dAeA Hol FYHA B
o] E7V3A Bt wetA BA AA HES=ZS] 13
< A7 9 FA8 duAY 52&H H A5
Fa% 47 FAojnH4,5).
B4 AA MEAIAMS 298 ZIeEZe F2
14 ==oA ZAE dHolgtEg Az =22 H$3
g Z|HEo] A=A AT AN HEHNAE A
EEE 9 A7 £, A4 92 B A8 494
T UGS 38 Borl A4y ddMe =25 7Y
FUAZE Felo] EAlo] Hasith AA WEYAA
=E AP FAE A% #§98 ZEEES
AODVI6,7], DSR[8] 59 T4l o= & %& %
SR Z2EIZS ARSI ot SR ojd #heH
ZREZEL AYAE mHET YA ¥7] dEd A
A HEQZe) adl2 H43Pd ouA &g W
A FA o] LA HTh

B =R 24 A4 YEYIA =231 5AS
#13) on-demand Ad Hoc 9% TREZQ] AODV
g 7oz =29 Ao AquxE uAH A2 44&
TP YR E&FHQ) F9E ZZEEZS ARMSA
o} Ao TR EZAME wojel AT H2o AT
B3 x=52 EdYo] IFHo EFFA A7}
2AEE AL ARG A WEYZ FEe dFo)
7bs st ‘

E =89 7L U 2ok 23 71E Al
¢t® AQODV 48 Z2EZJ di3] 7lssty 54 A

fiid

R R

=

Ag oA BELHQ B9H Z2EE 263

A YEAIANNY 2AHE B4, 3FdMT =&
9] o} oUXE i HPHE wIIEE AXFET
4AAME NEFHA e B A% Hlm £42
s, 53N 28 2 FF I7HEE Vet

2 ma o7

AX HEY=Y F3S AF3) 93 A EE
A3 #ag o B39y dnEge] AdHRer,
¥ o2 Directed Diffusion[9}% Energy Aware
Routing (EAR){10] T°| 9t} Directed Diffusione A
3 w=¢ A wid Jkg F dolel F4F FF
8 ez s 44 dg Ade &4% % &
02 FAEE interest®2 FAFHo VIEYA AA &
253, Aed E&H= HolgE ot 84 =2
%37 93 AZE 98 gradient’t AFHh o] ),
dolele o A2E F3f AgHTY 42 FoA A
% EAol Fo 2 /MY w=FBo| BiH, o] A2E
E34 dolg} Aol $3Ht Directed Diffusion®
AR A4 we HolEE 833 =xvt d4F 7t
St oo Risle dHolgE aTde Ade 3
e AN Eo gL 77 Bttt AgHE FH
9] Ao AR ¢& EAL 713k EAR(Energy
Aware Routing)& dUXg] E&AL ¥0]7] AT W
49 BH AMUEHDY BeE ZREIEAM FF
Az 9 e dA AEE Fold MY e &
4 e AR Fo] FEA 93 ZAA=HE FEE Ho|
e Ef9E Afsta] duA AHE E2AAIH wE
A EARS 9 729 AFHA auiA ngd #dE
e 4 AT 9 F(single-hop) BE ARTZ o)
£3te] dolgg ASIEE 4 kSN 4 ==
72 Hlelgts Afsed AAsE AHend-to-end
delay)e] ZA 718 4 Yok~

AODV(Ad hoc On-demand Distance Vector) 2
EZ.2 10990 CPerkinsol] 23] A" Ad Hoc HWE
e 2 YA FeH TIZEFZEAM == h Ho
B A4 9737 98 W A2 BA(oute discovery) A
A S5y, ¥5H AE ARG FX3 dHolgE
A43= On-Demand 3ol #$8 ZzEFo|tt
AODV #-$8l Z2EZL Farlde #eue 44t
= Whgez 7|Ed 48R EE A2 d AEE
AAn HHe A2E B3 DSDV(Destination-
Sequenced Distance Vector) 2H$-8 Z2EFZRo #
28 ARE oy 93 BITIAEY] 8 A Y
4 gtk ®F AODVE 7 k=oA 298 EHolEE
A5 Holet FHZlo] AE ARE TFH3T 3lo] H
olel A% Ao Be 2WIH=E 7FAx DSR(Dynamic

HO
P~
HI
it



264 ARAI=ER  JREA A 4 A A 4 320078

Source Routing) W49 AL A /s Ach
AODV9 72 gA2 FeAmitt £y, a3
gt FAHE g =EE o]R=E9] 9 Wiy}

g Wkt 37k €4 WES RART, o ¢4
W5t A2 ol 9% weid 2 329 B2oh
H9" & A ok AODV 2% T2EZe DSR

7 vixd A2 g4 HE AMEEAT BeE Hols
< fA #Yde Wge] t=Zo. DSRE 424 kE9
A EF =Ze HA B2 ZRE fAEAW
AODVE 71BRoz 7} oA 7ra3dt 898 Ho
£ AMEEe A2E A%k 29H Holgde &
AA A U3, BE3A 294 Of §9 F471 A%
Ho] Aok S8 HolE U9 Z IEoe BRI} AL
22 oot AAHE FEAZHifetime)o] o A
g AR FAEXNT Yol AMSERA gdetd EEdq4
AbAlEc) o]@A AR K| U F& RS 23H
th. AODVE $H HolEL 29387 H3ld #7134
o2 HAXE n#ste 7HE gEES AT @
Aol A A=z AAALE Fo F4E 3=
EEE Abold W23 74X A2E AT

AODVY 7=z 24 33L& DSR# FARE HA4&
At BEAXAAY AZE 27 §3 22 =EE
RREQ(Route Request) M -& HZ ARG o]
=EE5L& RREQ sfzlo] E3Ad gt HZ A= AR
E 74 #F37Hintermediate) == B 2o =28 nj
744 RREQ HZ1& oA BEe=sxgiicl g PR
2 71 7 ==} XX x==r RREQ #HAL 4
A3, RREQ #z& 4413 &2 x=9 RREP
(Route Reply) HIAIRIE A43). ol 23A) ==&
449 A7t §¢ EE RREQ WAINE $4Alsn o] F
7t 2& hop 48 zZte ZAEE M=dle RREP w4
Ag A& =ER AT

RREQ o} AB2 MEE Algsld X FA4L
WRsln, 27 =251 HAE A2 ARATD SHElEE
. 2 7+ ==71 RREQ AL ol% =S84

g

Destination

et Propagation of RREQ

Source =3 Reverse Route Entry

¥ 1 RREQ "X A8 A< (flooding)

o

AL w, RREQ #AHE £33 =tE ol e
=EE go|&d 7E3t) o] FRE o]83t4 RREP
HZo] Qe A= (reverse path)E £ 22 =E7
] Ag"ck. RREPE 4% ==& o AT ==
£ gl VEFgoen ek HZ(forward path)
g MRS o) TARZ A& =59 BEAR =7
9] A=t A€ 319 =&t Y& RREQ #Al
AZ FEAoT F£AH AL A2 FUE AT A
itk AE e E3 gaoN F77F A% AS A
949 A2 AYY AE $FAY, E= RERR
(Route Error) HIAIANE AMASY 224 =22 HE3
q a2 x=71 A2 AR HAE AFEA §ch
RERRE #A% k=& 077 24T Had dd=

S
o
(O

O

Source ool Reverse Route Entry

[0

B

=—p  Propagation of RREQ

EEPRSE REEEEDELIRE:

AODV 898 Z2EZL Zux|9} EAX Aol
E 4l 349 ARE AAIEE FG ol dolE
AY Al AFA7Hend-to-end delay)g HA33 =

AR AM xZoM 7 & AuA £ARE 873

Ao] dlolg} AEY] AODVE A= 23 Fo

Hol AE3} A0 HHSHEE o] HAA oA
2 ZHME T EA4E et AT BX I
o HINF o) ¥AFYH £ H2a9 Hole

Ao o]FolX7] W I FH2 Y ==ELS
zZ719 MR BF 2EHE o] RAEA Hu
AIR7E 22" =27} Uk HE AL JAA A
A MES =9 HEAo] dAsA Brth 7 e &
3 ==% zte] doje} Afo] EVMFIER AA HE
39 FH(ifetime)o] B¢ RAolgtn & # Uk 1
Hraz A YEHZY £9& AF57 AiAe 4
A x=E9 FYF dquA 4£E7} BHoEn T 4
JoHl. AODVY] A2 43 WAUZIME 42 44
Aol 7k =29 Zo quiAE nHIFA F1 LA F
418 distance metric. 2 AHFEE 7t k=9 B
HH oz &8 @do] HzaA vEhdTh

S

o3P



74 AM EHIAGA FUA2E

reactive ¥4]2] Ad Hoc 2He-8 Z=2
AM dELab H4d o AN ==
E 42525 43l8l= =29 T oy
g Eﬂ?‘} B9 Z2ESS Atk At
A= 7]&4 AODVS} slwdty 2 AA3F A%
& A AENTA Fon 2 A =29 FUT
iE'— feste A vESAY $FEE 9%
g % 9.

3.1 Higtst alpel Z2EE0| HIAIX] &4

A TREIZL AODVY AR A=74 7y
€ FYsin], A2 A4 FHNAM FE A e ==
9] Ao IR} F F£E mEist I F2E A
AaA Ak ol 3 27 39 RF RAAME RREQ
W AAs}  Min_RE(Minimum Residual Energy)$}
TRE(Total Residual Energy) %9 717} $a3sict
Az 4R HA|A4 RREQ HAAE ALY W A=
9] =x=2] o ogxle] A4S Min RE 35, +
HgE TRE 8o 753k 22 x==71 A2
RREQ "INXE %% We Min RE @& -1, TRE
#e 022 A%t

Type J'RlGlD U ReservedI Hop
Count

RREQ ID
Destination IP Address

Destination Sequence Number J
Originator IP Address

Originator Sequence Number

a9 3 Algtshe =2EZe| RREQ wAIA 44

A2 =27} RREQ #AIAE Z&Y(flooding)dte
I T WMAA7 ASEe A2 A= T3
EZo] RREQ WAIAE #4138 § F(Hop Count)E
1 #7712 TRE #ol A49) 2o oA s ¥4
ato] 7A@ 32 Min RE ol -1olAu A4l
A Ao A B & A9ols Al Fo od
A Foz uXFHn Al HEEAAEIT. o) i F
xz7l A =Ex9) B2 JRE 7ML JdE
E ANoaRy BAA R=EnAe] B2 49 e =
=59 Zd R FRE £ A ASHA =
HA) =Z7A) RREQE J=2gth

el k=g AX A8B vuitt §F 5, 4249
A R R FH 2o oA e AAEA =

9% YA E&FY #4EB ZEZEEF 265

rr

o 7t Z7+ :=E9M9 RREQ A2 #B<
L]

g 4
o Fu}

Mo

update_RREQ()
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{
if Node receive RREQ message then
{
RREQ.Hop_count < RREQ.Hop_count + 1
RREQ.TRE < RREQ.TRE + Res Energy;
if (RREQMin_RE=-1 or RREQMin_RE>Res_Energy) then RREQMin_RE < Res_Energy;
}
re-broadcast RREQ

}
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reply_RREP()

if first RREQ message received then
£

start timer_RREQ; ..

i<0;

while (timer RREQ is not expired) do

{
/# calculate ARE, alpha and store forwarding node 1D for each route.
ARE + RREQ.TRE/(RREQ.Hop_count-1);
alphafi] < (RREQ.Min_RE*P+ARE*(1-P))/(RREQ.Hop_count*k);
forwarding_node[i] < RREQ.forwarding_node_ID;
i« i+l
Wait for next RREQ;

}

Find index value n for maximum alpha value;

Send RREP message to forwarding_node{n];

}
}
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