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Abstract: Routing in Mobile Ad-hoc Networks has received & lo
of attention due to the challenges posed by th&osganizing
nature of the network, the dynamic topology, and timreliable
wireless medium. One of the most critical issuasMANETS is
how to increase network lifetime, since nodes gpécally battery
powered. In this paper we consider the proactiveNEA protocol
OLSR to improve the network lifetime, we proposso&el multiple
metric routing scheme for MANET, based on enerdicient and
path reliability metrics, integrating it to standa®OLSR, named
Energy Efficient and Path Reliability OLSR (EEPR-OLSR)
which we investigate cross layer parameters tHatethe network
lifetime and a prediction-based link availabilitystienation is
introduced. Simulation results, by NS3 simulatdipw that the
proposed EEPR-OLSR provides significant performagams in
both the network lifetime and packet delivery ratigPDR),
compared to the standard OLSR.
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The use of mobile wireless networks is growing fasta
result of the emergence of wireless local area omkw
technologies, these technologies are impose nellenpas
such as connecting mobile wireless nodes without
infrastructure. Mobile Ad-hoc Networks (MANETS) i
self-configured, infrastructure-less, network of bile
devices connected by wireless links. Individuavides in
a mobile ad hoc network are free to move dny
direction and frequently devices links changesuocThe
MANETSs are differentiated with other wireless netiwwdue
to their characteristics like dynamic topologynfiguration,
mobility of nodes, infrastructure-less, frequgntnode
failure, distrusted multi-hop forwarding and liett energy
power. Since MANETs are infrastructure-less,f-sel
organizing, rapidly deployable wireless netwotkey are
highly suitable for applications involving spaicioutdoor

events, communications in regions with no wirele
infrastructure, emergencies and natural disastensd

military operations [1]-[2]. Routing is one of tlkey issues
in MANETs due to their highly dynamic and distribdt
nature, in recent years, many routing protocolsehbeen
proposed for MANETS. These protocols can bessified

into three different groups: proactive, reaetiand hybrid.
In proactive routing protocols such as DSDV [3] @dSR

[4], the routes to all the destination (or tparof the

network) are determined at the start up, raadhtained
by using a periodic route update process.rebttive

protocols such as AODV [5] and DSR [6] routes ar
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determined when they are required by the sourcaguai
route discovery process. Hybrid routing protocaisnbines
the basic properties of the first two classes otgwols into
one.

Several works have been focused on the problema8 Q
routing for mobile Ad hoc networks. Generally thauting
protocols for the MANETs don't consider QoS while
generating routes from sources to destinations. ridmber
of hops is the most common criterion adopted byhsuc
proposed routing protocols. For some applicatiadhgse
kinds of routing protocols are inadequate, suchvidgo
conferencing, which often require guaranteed Qo8S Q
routing requires not only finding a route from ais® to a
destination, but a route that satisfies the endr-QoS
requirement, often given in terms of bandwidth,agebr
energy. Due to MANETS characteristics such as sbatie
wireless bandwidth among adjacent nodes, chandieg t
nodes topology as the node change and limited gnerg
power. QoS is more difficult to guarantee than iostrother
type of networks [7]. A survey of QoS aware routing

alngotocols for MANETs show that most of them takéoin

consideration one or two metrics. But this is noffisient
since the topology of the MANET is determined bynyma
factors such as link stability, node mobility andttbry
power of the mobile devices [8]. The network mustdble
to adaptively alter the routing paths to alleviaty of these
QoS requirements, the important feature in MANETtds
support robust and efficient operation by incorpioma
routing functionality into mobile nodes. Such nethk® are
forecasted to have dynamic, sometimes rapidly dhang
random, multi-hop topologies, which are likely campd of
relatively bandwidth constrained wireless links. Benefit
from these different metrics, the different layefsthe IP
stack and the way in which they exchange infornmatio

SBetween each other have to be modified. With regauthe

latter point, it has been recognized that crosserlay
optimization represents a mechanism which can bring
several benefits in terms of performance [9]. Glagsr
optimization is an approach consisting in breakimg inter-
layer communication approach of the Open System
Interconnection model, and allowing protocols ate th
different levels to share information.

Our insight for this work is to determine a widet ef cross-
layer parameters, based on energy measuremeritgniale
effective prediction of low energy paths, and adjrton-

Based link availability estimation, because thea#®n of a
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reliable path in MANETSs that can last longer isractal wireless ad hoc networks by formulating and solvthg
issue for routing, since mobility may cause raditkd to corresponding optimization problem. They proposedLd
break frequently. The reliability of a path deperais the formulation that minimizes the total transmissionwer
availability of the links constituting the path [LO'he link needed by nodes to construct a topology that caast me
state routing approach makes available detaileatnimition Quality of Service (QoS) requirements between sowancd
about the connectivity and the topology found ire thdestination node pairs with less computationalrefio [14]
network. Moreover, it increases the chances thadde will Castellanos et al proposed a new QoS routing pobtzassed
be able to generate a route that meets a speaBedf on AODV (named AQA-AODV), which creates routes
requirement constraints. OLSR protocol is an omation according to application QoS requirements. Thegodced
over the classical link state protocol for the netAd hoc link and path available bandwidth estimation meddras
networks. and an adaptive scheme that can provide feedbadketo
In this work, we present a novel multiple metriauting source node about the current network state, twwathe
scheme for MANET, based on energy efficient andh patapplication to appropriately adjust the transmissiate. In
reliability metrics, integrating it to standard ptnized Link the same way, they proposed a route recovery apiprioto
State Routing Protocol (OLSR), named Energy Effitend the AQA-AODV protocol, which provides a mechanism t
Path Reliabilty OLSR (EEPR-OLSR), to examine itgdetect the link failures in a route and re-estéblibe
effectiveness. The EEPR-OLSR combines these metricsnnections taking into account the conditions ofSQhat
between each node and its neighbors having diradt ahave been established during the previous routeodésy
symmetric link. These metrics information are stioine the phase. In [15] Ghouti proposed a neural learnimeta
routing table and used to select the optimal paths. solution to the problems associated with the mibibf
The remainder of this paper is organized as follolms MANET nodes where future changes in the network
section 2 we shortly describe the related work.ti8ec3 topology are efficiently predicted. Using synthedied real-
discusses our proposed routing scheme EEPR-OLSR. TWorld mobility traces, the proposed predictor daes only
performance of the EEPR-OLSR is evaluated by ektens outperform existing mobility prediction algorithmbut
simulation; which is presented in Section 4. Finalhe achieves accuracy scores higher by an order of itoaign
conclusion remarks are given in Section 5. The attained accuracy enables the proposed mobility
predictor to improve the overall quality of servide
2. Related Work MANETs. In [16] Chaudhari and Biradar adopted an
One of the most challenging issues related to MABIESTby intelligent software agent called Cognitive Age@®Aj, for
no doubt represented by QoS support. To betterratadel the accurate resource prediction. They proposeé-badSed
the capabilities of routing on a given network tilggy, a Resource Prediction mechanism considering Mob{IGy-
pre-requisite is to know the bounds that can béeaeld with RPM) that predicts the resources using agents gfrdbe
respect to multiple performance criteria. Thesengsucan resource prediction agency consisting of one stajent, one
highlight the interdependence and compromises iagist cognitive agent and two mobile agents. Agents piettie
between the performances metrics considered. As traffic, mobility, buffer space, energy, and bandtki
consequence, defining a unified framework capable effectively that is necessary for efficient res@uadlocation
capturing the trade-offs existing between multipléo support real-time and multimedia communicatiohbe
performance metrics of the routing problem becomeanobile agents collect and distribute network trafftatistics
predominant. Most of the works proposed in theditere on over MANET whereas a static agent collects the lloca
the performance evaluation of wireless ad hoc nedsvo statistics. CA creates static/mobile agent durimg process
usually consider one or sometimes two objectivestahe. of resource prediction. The designed time-seriesvaléa
In [11] Basarkod and Manvi proposed a mobility ajuality Neural Networks (WNNs) predict traffic and mobility
of service aware anycast routing scheme in MANETBuffer space, energy, and bandwidth prediction tise
(MQAR) that employs three models: (1) node movememredicted mobility and traffic. In [17] Ngo and @hoposed
stability, (2) channel congestion, and (3) linktewexpiry a tree link state routing protocol in which a mibil
time. These models coupled with Dynamic Source iRgut management protocol builds topology information tlag¢
(DSR) protocol are used in the route discovery @secto Internet Gateway (IG) as well as manages mobileesod
select nearest k-servers. A server among k-seivaedected using tree topology and a routing protocol expldite
based on less congestion, route expiry time, nurabbops, topology information, tackling the inherent problerhthe
and better stability. In [12] Mandhare and Thoabgmsed a excessive control overhead which appears in lirktest
new approach for cache updating using distributedter routing protocols. The activities of routing prodbincluding
cache update algorithm. In conventional approadly tre the delivery of data packet and control messagefaip the
nodes involved in the routing path knows about thete update of the topology information. In their wayplnlity
error and those node only update their cache. Buhéir management and routing protocol collaborate witlthea
updating scheme applied in Dynamic Source Routingther to increase convergence speed of topologyreshace
Protocol, by following distributed cache replacemencontrol overhead. In addition, the progressive mhskovery
algorithm, source node broadcasts the route enformation and the message aggregation technique based ckahed
of size 60 bytes to all its neighbors. Hence alighkors wait time assignment are employed to reduce control
replace the stale route in their cache. In [13] iMakand overhead of the nodes near the Internet Gatewaytbaess
Idrissi explored the energy-aware Topology Contmol much more data packets and control messages. |h [18
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Carvalho et al proposed a new cross-layer
mechanism is set out to make an improvement inntaa
routing protocols. This involves adding decisiontnies to
all the network layers in a fuzzy-based mechanisth @oS
and QOE guarantees, mobility
parameters, by choosing the best path with aniefiovay
to use energy. The proposal has been evaluatedétvark
simulator which demonstrates the efficiency of @aging
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routingptimization approach for multimedia traffic in MAN's.

They use Knapsack algorithm for buffer management t
maximize the in-order packets and minimize theafttrder
packets simultaneously, this approach exploits kbéfer

indexes and energgternals and dynamically adjusts the buffer ussgehat a

node transmits the packets in the desired orderitsto
successive nodes. Careful estimation of packet aizé
buffer size helps in minimizing the delay, imprayithe

energy awareness and maximizing the life time of thcapability of receiving packets in the correct ardand
network. In [19] Kumar and Satyanarayana proposed raducing out-of-order packets in the buffer at rimediate

Multipath QoS Routing protocol for traffic splitgn in
MANET. In this protocol, multiple disjoint paths ear
discovered and the data packets are transmittedighrthe
path which satisfies the routing constraints based
bandwidth, delay and path stability. If the patheslonot
satisfy the routing constraints, then the traffiancbe
distributed along the multiple disjoint paths, @sthe Traffic
Splitting algorithm. In [20] Bhardwaj in order tov@rcome

nodes, this approach also controls the loss ofimettia data
packets during transmission. In [25] Bakhouya et al
evaluated and compared an adaptive information
dissemination (AID) algorithm with other MANETSs
broadcasting protocols with respect to the eneffigiency.

In AID, each node can dynamically adjust the valakgs
local parameters using information from neighboriragles
without requiring any additional effort, such asstdnce

the problem of limited power supply in MANETs, hemeasurements or exact location-determination ofesoth
presented a technique to wirelessly charge thetiegis [26] Ramachandran and Dinakaran proposed a signal
network and Energy-Efficient Position Based Routingtrength and residual power based optimum Trangmiss

protocol (EEPBR) using Backpressure technique fobilé
Ad Hoc Networks. The protocol deals with four paetens

Power Routing approach which use variable transamss
power model with measured Received Signal Streagth

as Residual Energy, Bandwidth, Load and Hop Coont flow residual power parameters to achieve energyiefty,

route discovery. The problem of the link failure the

and to increase the network lifetime and connegtivn [27]

channel during the call in progress thus leads He tAbdulwahid et al proposed a scheduled-links mudtica

degradation of the QoS (Quality of Service), tharkvuses a
Witricity and Backpressure Technique. In [21] V.Soya
Devi and Nagaratna P.Hegde presented an energyeeffi
multipath routing protocol for MANET for enhancin@oS

routing protocol (SLMRP) based on mobility predicti
SLMRP constructs multiple scheduled paths between
multicast sources and receivers. SLMRP scheduldts @ae
subject to reliability and quality of service recaments in

and QoE metrics (EMRP-QQ), in order to decreas&giac load-balance strategy. Multiple loop-free and nddgeint

loss and hence there liability of the mobile nodesl the
overall network, in their proposed method an eneffjgient
clustering is performed using particle swarm opaion
(PSO), where all the nodes are clustered withoutrasidual
nodes left in the system, using the appropriatectien of
CH and SCH the overall networks overhead utilizatis
reduced and hence the QoS of the network is entarce

paths are constructed for each source—receiver chaing
route discovery process. To control the activatiamd
deactivation of these paths, they introduced madticouting
activation timer (MRAT) and path timeout timer (PTT
MRAT and PTT are computed according to the route
expiration time for the set of the discovering gath

To improve the routing performance, we need to icenghe

[22] S. M. Kamruzzaman et al, proposed an energgraw impact of node mobility on link availability in rting

on-demand multipath routing (EOMR) protocol for riteb
Cognitive radio networks, to ensure the robustrass to
improve the throughput, taking into account the st@ints

protocols, link availability [28] is used to efféatly reduce
the frequency of route discovery, average packktydend
link instability under different mobility models. ink

on residual energy of each Cognitive Radio user arabailability can be estimated at real-time so thdt quality

reliability, their proposed routing scheme involvesergy
efficient multipath route selection and spectruriocdtion
jointly. In [23] Tyagi et al examined the basic AGWDa
reactive routing protocol of MANET, with all its pitive and
negative characteristics. AODV is also examinedQaoality
of Service (QoS) provisioning. They proposed a &glity
aware variant of AODV, This reliability aware vartaof

can be maintained during routing. For example, ¢hes
protocols can significantly reduce the link bread®gaused
by mobility, and thus the number of error messages over
the network, the amount of control traffic, and time spent

in reestablishing a connection once a link brebkthis way,
routing performance can be significantly improved.

In [29] Hu et al predict the link duration and st of

AODV (RA-AODV) is based on conferring stability to nodes in MANETSs. They find link duration (for howueh

routes. The chosen routes are constrained witht&iithd
Delay and Bandwidth parameters to provide quaktyises
to application layer. After that to enhance theiatslity

speed of intermediate nodes is taken into accadfimpde
moves with slow speed stability of route is not paned but
if not, high speed node has to adjust some ofaighioring
node which can act on its behalf as a part of orgyooute
part. In [24] Ahmad et al established the depengenic
delay on buffer size and packet size, and presemtddlay

time link is available between nodes) of nodes afgb
calculated the mean duration. On the basis of dinkation,
they found link stability of nodes keeping one neddixed
position while other is moving with relative veltciln [30]
Wang et al revealed the prediction of link stapilihrough
the changes in link connectivity. Further comparihg link
connectivity, based prediction schemes with othepeps.
They proposed a scheme, derived analytically using
probabilistic model in MANETS.
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In our contribution, we propose a new approach diecs
more stable, durable path with the help of resicarargy,
gueuing capacity of the node, node degree and dtalbility,

when node movement is predicted corresponding herot

nodes. To demonstrate our contribution, we intreduthis
approach in OLSR protocol, which is proactive itune.

3. EEPR-OL SR Routing Algorithm

After analyzing the related work, we eventuallyharat the
core contribution of this paper. We herein propaseew
module we designed and implemented in the OLSRopodt
so as to enable it to perform both link stabilitydaenergy-

aware routing. We have investigated a combinatidn o

multiple network parameters that indicate link digband
energy depletion, in order to enable effective mtamh of
path availability. We aim to modify OLSR to makeuting
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formula as given in [31]. Let i and j be two mobiiedes
within the transmission range r of each other(tgty;) and
(x;,y;) be the coordinate of i and j. Also let;,6;) be the
speed and the moving direction of the node i, @nd;) be
the speed and the moving direction of the nodeig. (E).
then the amount of time two mobile nodes i andlj stay
connected LET(i,j) is predicted by:

—(ab+cd)+ (a2 +c2)r2—(ad—bc)?
a?+c?

LET(,j) =

@)

Where
a=v;cosf; —vjcost;, b=x —x,
c=v;sinf; —v;sinb;, d =y, —y,.
This information can be obtained if the mobile r®dee

decisions according to these parameters and medalsere equipped with a GPS system. Note that wheks v; and
performance improvement of our approach comparetl wig, = 6;, LET(i, j) becomeso.

the standard OLSR, using various performance ngetric
The OLSR [4] is table-driven protocol, developed ffwbile
ad hoc networks. Nodes exchange topology informatiith
other nodes of the network regularly. Nodes deteentheir
one-hop neighbors by transmitting Hello messageisthen
selects a set of them as "multipoint relays" (MPR)
OLSR, only these nodes forward topological inforiowat
providing every other node with partial informatiabout the
network. Furthermore, only these MPRs will geneilaik
state information to be forwarded throughout théwoek.
MPRs provide an efficient mechanism for floodinghtol
traffic by reducing the number of transmissionsuresl.
Nodes, selected as MPRs, also have a special 1sbpity
when declaring link state information in the netiwdndeed,
the only requirement for OLSR to provide shortesthp
routes to all destinations is that MPR nodes dedlak-state
information for their MPR selectors. Additional #able
link-state information may be utilized, e.g., fedundancy.

]
y U
(xil yl)

y N

j

(x5, ¥:) 8

Figure 1. Link Expiration Time Architecture

When a source node sends a request packet, thetpack

appends its location, direction and speed. The ey

Nodes which have been selected as multipoint relays neighbor of the source node that receives the stqarket

some neighbor node(s) announce this
periodically in their control messages. Thereby @den
announces to the network, that it has reachabibitythe
nodes which have selected it as an MPR. In routelledion,
the MPRs are used to form the route from a giveteno
any destination in the network. Furthermore, thetqwol
uses the MPRs to facilitate efficient flooding oéntrol
messages in the network.

By these optimizations, the amount of retransmissi®
minimized, thereby reducing overhead as comparelihko

informatiowill be able to compute the duration of time betwétself

and the source node.

Assume that P is a routing path between source and

destination, andR(, P,, ..., B) is the set of all the links along
P. then we try to estimate the probabilifL.LET(j, j)) that the
link between two nodes i and j will last IET(,j), with
regards to the randomly changes in the nodes’ memém
occurring during LET period. It is difficult to giv an
accurate calculation oL(LET(i,j)), however we think a
reasonable estimation &{LET(i,j)) can be still helpful for

state routing protocols. Each node will then usés thlink selection in terms of reliability. The basissamptions
topological information, along with the collectedelld for the proposed estimation algorithm are simiarthose
messages, to compute optimal routes to all nodethen used in the literature such as [32] and [33], tlsatthe
network. The protocol is particularly suitable farge and mobility epoch lengths, during which a node moiesa
dense networks, since the MPRs technique works inell constant direction at a constant speed, are expialign
such as context. distributed with mean™, i.e.,

Since the dynamic topology changes frequently inNEA's,
the reliability of a path depends on the stabitifyeach link
of this path, we adopt the duration of time betwéan
neighbors in order to estimate that two neighba@main
connected or not by using the motion parameterf sic
speed, direction and distance. We use this definition to estimate the probabilftgt a link
The measure used in this research to represerinteefor petween two mobile nodes i and j will be continupus
which two mobile nodes can remain in contact widltle ayailable duringLET(i,j). Since nodes’ movements are

other is the link expiration time (LET). To findetrestimated  jndependent of each othé(LET(, j)) is given by
LET in our proposed routing metric, we used thdofeing

E(x) = P{Epoch length < x}

=1—eM )
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L(LET(,))) = [1 — E(LET (i, ))]?

= o—2ALET(i,)

®3)

The path stability S(P) is the minimum of th¢LET(P))
along the pathi(e (1,2, ...,,k) )

S(P) = mine(1 2,1 (LET (P)) 4)
With regard to energy aware, for increasing thewnet
lifetime without loss of performance, we take iocount
cross layer parameters which contain residual gnefgy
nodes and network congestion parameters, and ttoglifym

OLSR in order to make routing decisions accordmghese
parameters. We combine these metrics to compute

energetic cost for each node i, as shown in Equdtio
NP; RE;
EC= Soma T (1 - IEmax) ®)

26
Vol. 9, No. 1, April 2017

entry is added to the routing table for the desiimanode of
TC with cost equal to the sum of the cost corredpanto
route to the originator node and the link cost frone
originator node to the final node. The second caseurs
when there are entries for both the originator dhd
destination node of the topology tuple. Then, tlgor@thm
chooses greedily the new path detected through
originator node or it maintains the old path, bynparing
their costs. Finally, in the case where there arentries
neither for the originator node nor the destinatimte, no
new entry is created.

the

4. Simulation Resultsand Analysis

We used NS3 network simulator to evaluate our niedlif

version of OLSR. We considered three performancticse

®levaluate this proposition, which are:

 Average Node Residual Energy:
energy[J]/number of nodes

» Packet Delivery Ratio (PDR): the ratio of the numbé
packets delivered to the destination nodes over the
number of packets sent by the source nodes.

total residual

WhereNP; is the number of packets in the MAC queue and  Nenyork Lifetime: the time until the battery of aobile

RE; is the residual energy at each timeQ,,,, is the
maximum considered MAC queue size afg,,, is the
initial energy of a node.

The path energetic cost EC(P) is the surBGfalong the

path (i € (1,2, ...,,k)),
+(1-

EC(P) = Yk A

=1 MQmax

(6)

RE; )
IEmax

We intended to select a more stable path with lower

consumption energy cost to achieve reduction irkgialost
and prolonged lifetime of the network along with 0
support. The stabilityS(P) of the path is obtained from
Equation (4) and lower cost based on Equationt@yet the
best possible path with higher link stability anodwér
energetic cost, we represented the path cost hgadithe
energetic cost of the patC(P) by the path stability S(P),

when as th&C(P) decreases and the S(P) increases, the path
costcost(P) will increases. The path that minimizes the cost

valuecost(P) is preferred.

gl Py (1 REL)
=1MQmax IEmax

MiNje(1,2,...k) (LET (Py))

cost(P) = @)
In order to not increasing network overhead, we exhinks
costs to the TC packet that are periodically gerdray each
node. So TC packet is extended to include the fieiche
updated costs, which is locally computed using Eqgoa (3)
and (5) of the originator node. And the Topologplés are
also extended to take a new field for the coshefdriginator
node. In the last step, based on the path costputeh from
the links costs, routing tables should be upda#tider than
on number of hops. And should also include pathscsthe
destination address instead of the number of hapere
path cost is define as shown in Equation (7), hemcew
algorithm have been proposed that assigns cost amdato
paths towards the 1-hope neighbors. Next is exanihe
topology tuples given by the topology table andk¢hcases
are considered to update the routing table. Thet fine
occurs when there is an entry in the routing tdblethe
originator node of the topology tuple. In this gasenew

node depletes.
We simulated a MANET with 30 nodes in a dense 1500
1500 meter square area. There are 5 UDP sourcesagjeq
packets of 512 bytes with different data rates. é¥ecuted
the simulations to evaluate the performance ofroadified
routing scheme compared to the standard OLSR. The
common simulation parameters of the two variatiane
summarized in Table 1 below.
Table 1. Simulation Parameters

Parameter Value
Area 1500m x 1500m
Nodes 30
Traffic Sources 5
Traffic Type CBR /UDP
Packet Size 512 bytes
Start of Traffic 50 seconds
Transmission Power 7.5 dbm
Link Bandwidth 2 Mb/s
Initial Node Energy 0.4 Joules
11 5 seconds

In the first setup, to evaluate the change of therage
residual energy over time, we consider a mobilenade
where mobile nodes move in the area based on adrRand
Walk-based Mobility model, In this model, a nodesffi
selects a direction uniformly from a given spacd arspeed
uniformly from an interval of speeds for its nexbvement,
then the length of the epoch for the above movenent
selected according to an exponential distributioth vinean
A~1, during which a node moves in a constant directiba
constant speed, that we can specify with this moaled a
node is allowed to move beyond the boundary ofditen
space. But the direction of its next movement felltg a
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‘moving-out’ is forced to the given space in order
maintain node density. With the parameters desdriive
Table 1, in this first simulation, the source nodesd 10
packets/sec, the simulation time is set to 300 aad, the
speed is between 0 and 20 m/s. The purpose igforpean
energy analysis of the behavior of our modified esoh
EEPR-OLSR in comparison with standard OLSR. Henee,
examine the Average Node Residual Energy vs Time.

We present the results in Fig.2. It's obvious thatr
modified scheme get the most average residual gnéve
notice that at the end of the simulation, by ouotgcol
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which exclude low energy nodes and the more staike as
much as possible to avoid the break link that tssldst
packets and rebroadcasting which request more gnerg
consumption, we notice that, in case of energy-awar
routing, nodes are exploited for the data forwagdin an
almost uniform way. In the other case, some nodesised
more than others and this reduces the networkinfiést
although the chosen path maybe longer that anathéarh
have less sum residual energy of their nodes.rin t& PDR
we have also a bit little improvement that may het 8%
as observed in Fig.3a, due to the fact that theegnof the

EEPR-OLSR there are about 24% energy savings C@®UPar, .ok congestion which was taken on consideratiban

to the standard OLSR, Thus, this indicates thatFEEER.SR
achieves more uniform utilization of network resms by
adjusting the paths costs and dispersing the dréffiough
different paths to reduce energy consumption. G@nather

hand, the standard OLSR selects the same pathketo E)

destination nodes and utilizes the same intermediaties,
which leads to fast depletion of their energy.

0.35
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% 0.25 -
o EEPR-OLSR
g 02
E N
© 0.15
(7]
& \“*x._
w 0.1 \
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Figure 2. Average Residual Energy

Note that the efficiency of a protocol is to nohance the
performance of a specific at the expense of thersthn the
second setup we aim to evaluate the increase dof that
network lifetime and the PDR value. For that we sider
three different scenarios in terms of mobility: lomedium
and high mobility. In the low mobility scenario, bite

nodes move based on a Random Walk-based Mobilietno

with speed varying randomly in a range of 0 to 1/8ew. In

the medium mobility scenario, nodes move with aespe

varying randomly in a range of 10 to 20 m/sec. Amdhe

high mobility scenario, nodes move with a speedyingr

randomly in a range of 20 to 30 m/sec. These smnhave
common parameters described in Table 1. The sifonkt
are done with 3 different traffic rates, which ar&0

packets/sec, 15 packets/sec and 20 packets/sstjdyp the
effect of traffic rate. For network lifetime measorent, we
execute the simulations until a node is compledelyleted.

In Fig.3b we observe that EEPR-OLSR outperform th

standard OLSR in network lifetime, in the case oWl
mobility scenario, thus we obtain a gain that aabéeover
24% compared to the standard OLSR, The reasoraighb
native version uses the hop-count metric, withaling into
account the residual energy of the nodes in thearét with
EEPR-OLSR instead, each node in the network sepatts

we make the cost of node through the MAC queue
utilization, thus larger cost was assigned to nosiigis high
MAC queue utilization, which means the congestedeso
moreover the EEPR-OLSR tries to choose the motaesta
ath by Prediction-based Link Availability Estimat] and
we know that the congestion and break links arentiost
important cause of packet loss. In the medium ntgbil
scenario case ( Fig.4) we attain closely the sawselts as in
the low mobility speed, with a bit little decreaseboth gain

in network lifetime and PDR due to the fact that tiodes
move faster. In the high mobility scenario (Fig.B
obviously expected that the performance be lower in
comparison with the precedent cases, the packetdgrate

is reduced with increasing mobility due to morekIbreaks.
This resulted in both the protocols. When the nityhig low,

the broadcast structure was mostly static and finereghe
packet delivery ratio is high. When the speed iases, the
links between two nodes more often break, thenetlze
more packet losses and thus, fewer packets detiver¢he
destination. In standard OLSR hop count is considl@s the
only QoS metric for routing decision. Whereas inPEe
OLSR the paths with less congested nodes are taen
account and the most stable path is also identifidtth
maximumS(P) which in turn increases the packet delivery
ratio 2—8%compared to standard OLSR.

m Standard OLSR MW Standard OLSR

EEPR-OLSR

EEPR-OLSR

Lifetime (in sec)

10 15
UDP packets/sec

20

10 15 20
UDP packets/sec

(b)Network Lifetime for various
traffic rates

(a)PDR for various traffic
rates

Figure 3. Low Mobility Scenario
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(a)PDR for various traffic

(b)Network Lifetime for
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can be avoided. In fact proposed scheme EEPR-Olz8Rah
= Standard OLSR W Standard OLSR positive impact both on network lifetime and PDR |
EEPR-OLSR EEPR-OLSR particular, energy-aware routing allows for a pnged
100 duration of the network nodes, when compared tntieve
90 400 OLSR implementation based on shortest path routig.
80 350 evaluated the modified OLSR under a range of dfier
300 scenarios, varying traffic load and mobility patterwe
— 0 compared the EEPR-OLSR, in terms of network lifetiamd
°\=° 2250 PDR, with the standard OLSR. Our simulation showext
';:-— 7._7 200 our EEPR-OLSR is able to prolong network lifetimetpy
o £ more than precedent work without significant Io6®DR.
e B 150 Different extensions can be considered as futurkwbhe
5 100 most natural one is to find a way to consider epeligk
stability and delay, in the path selection polithis requires
50 defining a multi-objective model and subsequen#gigning
0 a proper heuristic to solve it in a feasible way.
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