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Abstraet-OLSE B a well-known  proactive rowting  protocol
designed Tor mwliile sl boc netwarks (MAMNETs) OLSE adopts a
concept of an MPR mechanism where ondy uroblle nodes selected
ax MPR nodey can vefransmit broadeast packets recedived from
wdler molile nodes. Although OLSI reduces the number of
broadeast packets, MPR nodes consume more engrgy thinn otler
mobile nodes. Since mobile nodes in MANETs are powered by
battery wilh lindted energy, energy efficiency = a critbcal issue in
designing # routing protocel that affects the overall network
performsance. This paper proposes a resldunl energy-hased OLSE
protoce] mamed RE-OLSK, The RE-OLSE takes recidual eneray
level of each node lnto acooont fo select MPR modes. The RE-
OLSR also considers the repchability and the degres of ome-hop
neighhar nodes, The alm of RE-OLSE Is fo avold selecting mobile
mirdes with sanall residual energy as MPR modes and concentrating
eneryy eomsumpdion in specific nodes. The periormance of RE-
OLSR ix evalumted through simulation experinvents. The resulis
ghow that the proposed scheme Improves energy effickency and
enhances nedvark throaghpod @ Ticienely.

Keypwerdi-ALANET; D058, MR selection; Endirgy afffciency

L INTRODUCTION

A mokile ad hoc network (MANETE 13 ad vmamc
cellection of mobile nodes that wre inlercommected  over
witeless links. BAANETS have no centralized communication
coptrellers or hase stations, Mdobile nodes gan freely and
dynamically move &nd organize themselves into arbitrasy &nd
temporary nevwork opelegies &s shawm in Fig, 1, Thus, the
netwark tepologies may change rapidly asx] unpredictably. Due
1o the absenee of any fixed communication infrastrocture, cach
node i MANETs must be capabble of fsetioning not only as a
host but also as 2 router in order to lorward packess (o [urther
o,

The limited resources and highly dvnamic natore of
RIAMET: have made a very challenging issue in designing an
efficient and reliable routing protocol strategy. A large munber
of pouting protocols heve Been proposed for MANETs in the
past. Such protocols can be cateporioed as prosctive, reaclive,
and hybrid prodocels [1] The preactive routing protocols (also
known ws table-dnven routing proteccls), such as QL3R
{optimized  link state routing protocel) [2] and DSDV
(Drestination-Sequenced  Distance-Veddor)  [3]  pericdically
exchange information on e ach nodz to maintain upto date
rewting table for all nodes throughout & necwork Thus, they
provide st responses in the sense that when 4 message needs
to be sent, a sender node immediately uses paths which are
suleulated in advance Cm the other hand, the reactive routing

[lnlh,lpnf:s {iabso Known 8% on demnnd r|.u.||i1|,k|, |1|u|v|u:t:l|$}_ siely a3
ADDY (Ad hoc On-demand Distance Vector) [4] and DSR
(Dnamie Sowce Boatmg) [5]. do oot nead  penodic
transimssion of wglogeal information, The resclive oating
protociE@sinblish puting information for a path 1o destination
nodes enly when re sequiied. The hybod  pltmg
prafocols. such as TORA (Temporally. Ordered  Rowhng
Algerithim] [8] and ZIEER7 one Rouling Protocal ) [T]. integrate
some charactenstics of both reactive and proactive routing
Jratooals

The charactenistics of routing protocols affect snergy
consumpiion  behamvics, Bobile nodes oflen consume  heir
enerzy due 1o venous achons such s transmitting packets and
receiving paciets. Since mobile nodes in MIANET: are supplisd
by battery with Lmuted energy. enerpy efliciency s a serious
prolrlem  that affects the averall systam  pertormance of

MANETs.

Cne of well-known routing protocols for MANETS is OLSR.
The COLER 15 a prozetive routing protoesl as mentioned earlier.
The OL3K has heen developed at TNRIA and standardined by
the IETF MANET working group in the deafl Request for
Comment RFC3626 (2] In OLSE, the routing table of each
rrohile node is consructed by periodically performing ficeding
of brosdeast peckiets, In erder 1o reduce the number of browdeast
packets, DLIR uses the iden of multipoint relay (MPRE) 8]
Each mobile nude selects ene-hep neishbor nodes ms WPR
nodes hesed on therr reachability and degree. Becawse only
WFE nodes can forward broadeast packets received from other
reobile nodes, OLEKE reduces the number of brozdeast packets
TMote that MPE nodes transmit morg packets than other mobilz
nosdes, so Ut they comsume more encrzy. I order o ellciently
uze the energy rescures of each mohile node, we have te sclect

PR nodes carefully.

Fnergy efficiency is an important issee in OLEE Tn the past,
several schemes considening enerzy elficiency in OL3E have
been proposed [9]15]0n (9], the authors extended OLSRE to
OLER EA by selecting paths based on the foial energy cost
including the transmiasion power and residual energy fevel of
interediate sodes.  The anthors i [10] combined PR
sclectiom and path detenmination mechamams which fake into
congideration of epergy efficiency in order o enhance the
perfomence of CLSE

by [11], the research s1ud1|.m|u=r MPE selection policies
numed E, MIE, and M2E The E policy eonsiderdhily residial

energy of one-hop neighbors. Theld1E policy considers the
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weighted residunl enerey of an Be candidate ind itz cne-hop
neighbors. Also, theb28 policy censiders the weighied residual
energy of an MPR cndidate and is one-hop and two-hop
nighbors

In [1Z2], the authors proposed an encrov-efficient broadeast
pm‘ml,‘kl] taied Efm.ﬂ-ﬁ. whish i.r.lupl‘_'k the MIFE @ the
brondenst domoin. Inoorder to moximeze the boadensting
notwirk ]ifelliﬂu;. e authors take  rescdoal “nergy ol
neighhoring nodes into considertion when sdeciing MIPE
nondes.

The anthors of [13] proposed  dwo MPE  sclection
mechanisms named E-OLS: 1 and EAJLSK: 270 hey vse the
amount of ressdual energy and cost o send packels as oetoc in
opder 1o select MPR nodes, The autlors shovwed that the nundse
of active podes iz increased by their mechanizms. In [14], the
authors gratad a modificd MPIR zelection schome of [13]
with o puth determination algonthm based o the residm
cnergy level of cach link.

The authors of [15] proposed Eneroy-Elficient ﬂ.SR (EE-
OLSR) The EE-OLSE introduces the energy aware wi]ling,um
seftme. The energy oware  willingness selling  decides
M _wal ess, which a5 i ]._'rg.!l‘alill.:'tul of OLER, of each nude
based o its botteny aity and predicied Lifeime In particular,
ilie batiery capacily is divided into three levels: fow, medinm
and bigh. Also. the predicted Bifetime consists of shost, medinm,
and |4.'||'|¥. A Ilqi:r ﬁ:|||.1.T¢r_|,'. lifetinmed is associsted o value of
Wowillingness!WILL DEFAULTAILEL LOW, and
WILL HIGH)

fiv thiz paper, we propose o fosdisl encigy-hased 155
protocal for MANETs named REOLSE, which prossdes oo
MPR selection  mechanism e existing  MPR - selection
mechenisms mamly eonsider residual energy of esch node. O
mnﬂmr hand. RE-OLER selects MPR nodes based on nof only
the resdunl onergy of Bc-bicp neighbors but aflso their
reachabilioy and degree,. The aim of RE-OLSR s fo avoid
selecting mobile nodes with =mall ressdual energy as MPR
iobes and concentrating mgy sodistnplicn if speshc nodes,
RE=OLSE 12 expected w0 reduce energy. consimplion  and
<n e the throughput performance of MANETs.

The: test of this puper s organized g3 follows. Seetion 2
deseribis the concepl of LS In Seaton 3, we explan RE-
{H SR, Sechion 4 discusses peformance of RE-018R wiih
results ol simulation experiments. We conclude the paper m

Seclion 3. d—zhm
AN TN

] 3 § d

LT

Figel %iu—;ﬂ lgsnemmak

I

Fapere Idby Flonding wath BIR

[ 1]
. OPTIMIZEDLINK STATE ROUTING (OLSE)
PROTOCT

DLSE s provichive muhing profocel which was deseloped
for MANET=. In OLER. each mobile no ; Mowosding of
broadeast packets which contain Traffic Contral (TC) messages
i order to construct its roufing table. TC messages have
topalogical mifomation. collocted by exchange H HELLD
messipes between ench por of sbscent nodes. In order 1w
rediige e number of brosdeast packets, OLSH vies the idea of
BAPR [, in which each mobile node sclects some of one-hop
neighbor nodes as a MPR mﬂulm&uﬂ nodes as an MPR el
are called MPR nodes and an MPR 221 consistz of MPR nodes
ol n mobile node, Also, for MPR pedes. a mobile node which
selects them as MPR nodes is called an BB sdector. The
IRP set of @ mobile node covers all its twao-hog neighbor nodes.
Fig. 2 shows the concdgll of MPE. As shown i Fig 2(a) in
floodmg without MPE., e-lop neghbor nodes foreard the
tlooding packets te two-hop neighbor nodes O the other haod.
in OLSE, only EPR nodes forwand the fooding packets.
Although the one-legs neighber nodes which sre not a member
of the MPR set recerve and process 10 messages. they donol
vetvmtsanil them o foecher podes, Thaelse, the number of
flooding paekets e reduced. I whiat lollows, we cxplan
HELLCY messages and TC messames momore detail, 'We alao

i how 1o select MPE nodes

A HELLO Mesvope

In osder to detect EERs and neighbors, HELLD IEEEATES Are
porodically sont by each node 1o its one-hop neghbor nodes
eeordhng b the elloanteral time. HELECY messges are wi
foraarded o funher nodes. FLIO message of a mobile
nodde contams infomation on b= ene-hop neghbor nodes ad
links sla1m1'l:|u 5, this mechanism enables each node to detect
n only their one-bop negghbor nodes bl wlso ther two=hop
neighhor o Ttis miormation 15 wsed by cach node w
independently select s own MPE nodes among (s svmmelric
one-liep neighbor nodes.
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B TC Massages

T messages perform a task of topoloay declaration. T
messages are broadeasted by cach ile nade tor advertising
its own topological information colfected by exchanpe of
HELLD messages. Each mobile pode generates fhe TC
messages perodically sl every relreshing penod culled TC-
mtcrval exepl that there we u'lmngr:s detecred e the mohle
node belore the TC-mterval. A TC  message  conlains
infarmation: on its MPR. sclector set :mincludm thie gequence
nunber associated to the [ message. Unly the nodes whach are
selected as MPR nodes o dasseimanate TC | agis. Based on
thi information ditfsed by TC messages each midtale nide
creates i5 own routing tkle.
. MPR Salesion

Each mobile node has a pammeter named ™ willingness
which imdicates the imtention of the node 10 forward pockets,
Specilically, mobile nodes wath large ™ wallingness are Hkely
(1] ﬂmn_c MPR nodes. The N wallingmness of a node is set 1o be
0 (WILL MEVER), | (WILL LOW), 3 (WILL DEFAULT), 6
(WILL G, or 7 (WILL ALWAYSY. The default value of
the ™ willingiess gz WILL DEFAULT, . WILL NEVER
indicates that a mobils node does not wish 1o forward messages
to the next hop, and hiis it a5 not selected as un MPE node,
WILL ALWAYS indicates that a mobile node s olways
selected as an MPRE node,

The hewsistic For stendard  MPR computation e cach
EEsbile node 15 as follows [2], whire Ma wnd Mb deniote a se1 af
one-hop neighbor nodes and a st of two-hop neighbor nodes,
respectively:

1) Seleci nodes. each of whose  Wowallingness s
WILL ALWAYS. from .:‘lr'nnﬂ:_mhnm_nf an MPR set (ie.,
MPE nodes) Then, nemove twoshop nesghbor nodes which
s covisod By selocted nodes from N,

2y For cach node v ind. caleulate the degree Dy, which is
defined s the number of syrmmetne gne-hop netghlons,

Ej-] Add podes in .’ﬂwhi,cil. are the only nodes o provide
renchability to o baofiEp neighber node i Ao io the MPR
sol, Then, remove wi-hop aaghbor modes which ame
covered by the »ﬁ]u:l-::lﬁks o the BIPE. sel Meom Wy,

43 Unless Ni s empty, the following steps: a) and b)) are
nepented:

a1 For each node v N, calculate the reachabelity R,
where the reachabiliy denctes the number of nodes m Ay which
are nol vet covercd by at least one MPR node in the MPR set,
wned whach are reschable through node v,

mlf] Select node v with ihe highest W owillingness Nion
uodes with mon-zere reachability i A, 1 case of multiple
chotces, select a pode wich highest 800 I there are multiple
nodes with highest reachability, select one with largest £330
from (hose noddlial hen sid the sdected node 1o the MPR ot
and remove the two-lop seighbor nodes which are eovened by
the szlected node frem X
5) For optiniation, MPR nodes il he memoved from (e
MPR set if the remaining MPE nodes in' the KPR zet still
cover all two-hop neighbor fodes

Fiygsre+, Moches walh gnurgy son=imint

We show an exsmple of MPR selection with Fig.3, whore
nocke WO s an MPE sedector and W owillingness of esch node
1IBWILL DFAULT. According o the above proceduwre, MPH
nodes ane selected as (ollows, More that Teble | shows status of
Fig. 3. The one-hop neighbor nodes are N1, N2, N3, and M4,
Becanse theme s noo oneshop  neighBE node with
WILL ALWAYS, step 1) isamitted In step 23 DI IYHZE
XA and DX} ave d, 5.3 and 3, respectively, Step 3) Onds
that M3 is eovered by only W1, Thus, N1 is selected ag an MPR
nodde Inostep 4 1) for M2 N3 and N4, machabality Biv) is
calculated. In tas case, B2, PR3 and KN4 pare 2, 3, and 3.
respechivel v, baoayse Mo, MY, md Niareolready covered by |
Iherefore, M3 and B4 are candidates for MPR nodes, Bocause
KM I:M' than [Py, M3 5s selecied as an MPR pode
After that, all two-hop neishbor nodes are eovered by MPR
noddes, This the proeedure steps and MPR nodesare N | and M3
as shown - Table 1.

Taklzl  MPESELECTEING OF OLSR PROFTOLGL

'_ﬁ:cm | oNE-HOP Twohop | MPRNodes
2 Neighbors | Neighbors
‘E EE T
My My M
Hll

M. RESIDUAT ENERGY-RASEINGL.SR

As shown an Figo 4, we now add encrgy constraimnis to the
nodes in Fiz 3 0o Fig 4, we assume that nodeMiis selecimp s
MPR set When the OLSR standard 18 uzed, the MPR set of MO
is (WL N3E s shown in Table | Therefore, anly nodes W1 and
M3 e foovanals fleeshng packets. Himswver, as i can he sean
trom Fig 4. the residual enerey ofM3 (2 jeales) s smaller than
that oft2 4R joules) and W46 joules) In such o case, we should
select other nodes as MPR nodes because encr, " Hdmay o
ot gaickly. In particulas, it iz not desirabie that podes wath Jow
resicual energy are selected as MEPR nodes in fenms of energy
clficieney. Furthermore, wo should consider reachability and
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degree. Spoetheally, we should pvoidd sclecting mobile nodes
with levw reachability and depree as MPR nodes cven il the
encbile nodes have much encrav. This idflicavse MR nods
may smcrease when we consider onlgl residual” energy of 3
mebile nede. Mote that & s prefiemble (ot the number of MPR
nodesis small in lerms of eneroy ellicigaey.

Based on the sbove considernion. RE-CLER tkes residunl
energy level indo scoount woornder to-select MPR nodes The
BE-OLSR also considens reachability and degree of ope-hop
nsi_glﬂmu' nodes. To do so, the heunsie of RE2DLSR modifies
the step 43 of the MEE, sclechon in OLSE standard as Lallows;

41 Unless &y is empty, the following steps a ob ) and e b ave
repeated:

u)  Foreach node yin N, cofculate the reachabalite R

by For esch nm_wu N, valenfate the residunl cnesgy
Fird Let gy, deaotes the node with the Tughest 'residusl oongy
whose renchability 15 more than O, Le. B0

al o I E Gy =B = o e any mecle v &, mdd thie node 1y
to the MPE sct. where ais a parameter: Chheraise, selecta node
with the bighest Byl from nodes cach of whose residual energy
Ly igeer than (Rive) —e m A IF there are maltiple nodes
with highest neachubility, select one with Jargest £00 lrom
those nodes. [0 X7 s of those nodes are also the sami, seleot
one rondomly. Then add the selected node o the MPR set; and
reiove nodes which are eovered by the sdected pode From N,

Trblell  MWPRSELECTER BY HE-JLER

M e
Axesd iTEEh (LR
Py Ny N My Ny, Wi
Tabl=lll  SIMLULT N FARAMETERS
Siidadican Pavaame b
hiea wies I -H'ililm‘t BiMEn |
il F il =l
Mlax mode speed 10 pes
Simailnmnm 201 4
Fanmnbior ol fralfle siiroes all
Traffic type Ci
et sine Sibvis

FPropagation muodel Tia-Biay Grownd
Pfushiiliay arvilel Rasbanan Waypaan
Mheddin gaguss pomival IEEE 320G 11
Chaeun lempeh el
M willlimprnss af each mke m
Tramsmissiom pover 2%
Heewiving pever o W
Idle power W

We show an example of RE-OLSE with Frg 4, where ms
sef i he 3, BecanseN3 can be rescled through enly N1, Niis
selected as an MPE node. AfterM1 has been selested as an MPR

ki, Thereachabaliny of N2, M3, tnﬂilhuc:untu: 23 and 5,
respectivielv. Mext, BE-OLSE linds the node vh with the fighicst
residusl energy. In this case. vi i3 M2 whose sesidual encegy is
coquil to B joules, RE-OLSE thea caleulates E (vh) —Eiv) oo
cach node. Beciose a1s =2 tobe 3. W3 does nof sansly Efyh)
Efyl = a On the ocher hand, M4 satisfics if. Thus RE-OLSR
compares.  B(N2Y with RiN4). RN 15 smaller  thon
BiN4pwhich (a3 Taerdiile. RE-OLSE sclects node 144 a5 an
MAPR nesle As g vesult, all tpa-hop pneighbon nodes ane covered
by MPFR nodes: o) M1 and ¥4 Thus, the procodune stops.
Table 2 s bowws the sefationship betvaeen WPE nodes amd the
walve of o in this sifcalion.

IV, TPERFORMANCE EVALUATION

A Ml

To ewlume the ]'l-url"nrmuncu of FIE-OFER, we . gondoal
simlation experiments with ME2.34 network simalator [16]
with UM-OLSER ioplementation prosades by [LT], Svsiem
parametcrs-arc listed in ab]-: 3. Ihereare 50 mobibe nodes in an
arga of 800 m - BO0m Esch node mndomby moves mihis e
The maximum speed of mobile nodes s 10 m/'s. There are 20
randomly selected pars which send CBR tralfic ever LIER
Each scurce node continuously transmits 3 packets's the
#ize of each packet is 317 bates. The guece lagth of sach
mobile node i e o be 50 The N willingness of each node =
sl o he 3, e WILL DEFALULT. The trmsmssion power, the
receiving power. and the idle poser are set to be 1.2, 006, and 0
W, respechrely, Weoe lleet 10 mdependent samples from
simulation experiments, and the duration ol cach simukation is

200 secemmds
B -

Funb
[ 1] 1
rmnn
b LT

g |

Througkge (paeketsy

NN -+

BT 1 — PE— — —

([ (P S PO . SR O L. 1, B b L
WVarintean of pammeter o

Figire, Meroooek thioa ghpar

B Sénnlaiion Reals

First, we examize the optimal value of o for KE-OLSE n
o expermental seenario, Fig o Zshows the totel daouglpoi,
numely the numbefhe delivered packels, a5 (inetien of
paremeter 1, where the ininal en of each node iz set 1o be
10 joules. Mote tha: when o = 0, eich node selegts o node wath
highest vesidual engrgy in Step 4.3) i the algoritlae of RE-
OLSE. On the other kand, when o 15 larse, RE-OLSE tends'to
select MI'R noddes based on e eachabiline Weuhsm that the
throughput 15 about 21,500 when o = 0. We also observe thal
the throughput ncresses wath the valve of o when o< 1,5, When
= Lache throaghput decreases with thoe incaease oo

EFLS}{: shoms the total thronghpat of sach protocol, where
bl energy of cach node s s o e l00 joekes We abaeme
that throughput of RE-AOLSR with o =10 is almest the same as
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thal af OLSE. Ax m'nm'-lm:! ahiye, uhl.m i is Iu.m:. RE-CLSI
tends 1o cheose w noede with larpest reachability as an MPE node.
regardless of residual encegy. Bpecilically, RE-OLER with lasge
i b5 sisar o COLSR. We alse observe that the progesed scheme
with approprete valees of ¢ enhanees the theoaeghput becase i
HNPToves CTersy con sumpiion.

5
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Fig 7 shows the throwghput as a function of the inifial
energy of sach mobie node. As we can see from this Dgere,
BE-CM.SF  enlances the l;|1n|ug,l1]'|ul urﬁr_:it,'nﬂ:.-' Thes  sesali
unplies that BE-OLSRE improves ererey efliciency of mahile
nodes.

Fig. &shows the number dl active nodes-as a function af
time an the simalation, where imitml ey of each node 15
1o be 1530 joutes and o= [ 5% i RE-QLSR, We observe that the

number of aciive podes in REAOLSE % lurger than ihai of
CLSE. This 15 because that RE-UDLSE avoids selecting MPKE

mikies which havwe small residual eneray Thes, the mubile nodes
arcstill alive for a lenger ime dunng broadessting messiges. in
this neswoik.

Vo CONC LnilE}N

In thas peper. we propesed residual energv-based OFSR
protocol pamed RE-OLSR in MAMETs. The REZOLSHE allows
the mobile nadey s ceate MPR a5 wath coasidenng the
combination of the residl enerzy, the reachability und the
depree of thar symmeine oae-hop neiphbor nodes Companng
tor e convelfional OLSE, e simulation reauits showed that
RE-OLSE  smproves  eiérgy efficiency and alwnees 1he
netwoek threughpat perfommance cificiently.
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