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Abstract:
interconnected by wireless manner that are able@bigquitously
retrieve contents such as video and audio strestitismages, and
scalar sensor data from the environment. MANET joles low
power in hazardous environment where replacementfaoft
evaluation in the MANET is impossible. Hence, depehent of an
energy efficient network is essential in MANET, wiéhe cost of
network depends on the energy consumption of eaathilennode.
Overutilization of energy by a mobile node cannmttdbute to the
utility or the network as a whole. Hence to optienthe utilization
of energy at each node, we propose an energy eftichultipath
routing protocol for MANET for enhancing QoS and B)metrics
(EMRP-QQ), which can eventually minimize the datessl and
hence there liability of the mobile nodes anddterall network. In
our proposed approach an energy efficient clugjeisnperformed
using particle swarm optimization (PSO), whereth# nodes are
clustered without any residual nodes left in thetem. Using the
appropriate selection of CH and SCH the overall neks/overhead
utilization is reduced and hence the QoS of thevost is enhanced.
The result obtained through NS-2 simulation showat tthe
proposed algorithm performs better than FQ-MP-OLB@ach in
terms of reduced energy consumption of each nodiout
affecting QoS and QoE metrics.

Keywords: Mobile ad hoc network (MANET), Multipath routing,
Clustering, Cluster head (CH), Super cluster head (S@Hijticle
swarm optimization (PSO), Quality of service (Qo®uality of
experience (QoE), Network simulator2 (NS-2).

1. Introduction

Next generation wired and wireless networks ardvawg to

accommodate a variety of services, including voilzga and
real-time or streaming video/audio. Different apations
come with diverse Quality of Service requiremeiristerms
of data loss, delay and throughput [1-3]. The ‘leock” in

such networks is the wireless link, not only beeawsreless

In mobile ad hoc networks (MANET) the devices argorotocols, such as OSPF QoS Extension [4]. Howditte,

work has been done so far to put QoS informatidaa the
context of inter-domain routing. In this paper, édon the
de facto inter-domain routing standard, the Bor@ateway
Protocol (BGP) [5], we will discuss the mechanisarsd
extensions to enable QoS information advertising) rauiting

in the inter domain level. The Internet consists of
Autonomous Systems (AS). Interior Gateway Prot@t®P)

is used inside an AS, such as OSPF. BGP is esberdia
hop-by-hop distance vector routing protocol for ledtging
network reliability information between AS. The werk
reliability information, which is formatted in thePDATE
messages, can advertise or withdraw a route totworle
destination. The UPDATE messages, also called
advertisements, mainly contain the address of #tevark
destinations, the paths represented in AS numbAS (
PATH), and the next hop address (NEXT HOP). Each AS
calculates the degree of preference for each rduteas
received according to some path selection polidiestalls
the most preferred one into the local forwardingldaand
propagates such routing decisions to neighboringB &P is

a policy-based routing protocol. Some BGP pathcsiele
rules from Cisco Systems are presented in [6], sashhe
number of hops in terms of AS, the multiple exit
discriminator, etc. In general, the relationshipween AS’s
play an important role in BGP route selection, eout
exporting and route importing policies. These pesaeflect
the business relation between different domains &fid
some of them are also essential to prevent BGPingut
divergence [8] [9]. For example, the route from the
customers is preferable to the routes from thespard the
providers. Recently, in order to increase netwaliability,
multipath routing becoming more and more practiced

resources (bandwidth and power) are more scarce aigghnique in the Internet community.

expensive than their wired counterparts, but akstabse the
overall system performance degrades markedly due
multipath fading and time-dispersive effects introed by
the wireless air interface. Unlike wired networkee if large
bandwidth/power is allocated
connection, the loss and delay requirements may beot

There are mainly three advantages in bringing QoS
igformation into BGP. First, it will optimize theter-domain
packet forwarding performance. By properly using @oS
routing information in BGP messages, we can idgmttites

to a certain wireles®ith higher available bandwidth or lower trafficald to

forward data packets. Second, it will make interdmn

satisfied when the channel experiences deep fadd@ffic engineering [10] more effective. Local IRaffic can

Therefore, judicious schemes should be developsdpport
prioritization and resource reservation in wirelestworks,
in order to enable guaranteed QoS with efficierstouece
utilization. QoS routing is essential for providiegd-to-end
QoS guarantees. The Internet routing is divided itwo
levels hierarchically, the intra-domain routing aheé inter-
domain routing. Routing protocols have to be Qo&fawn
both levels in order to provide end-to-end QoS supp
There are many solutions for intra-domain QoS rmuti

be better controlled if the global Internet traffiondition is
known. Third, it can provide necessary informatfonother
inter-domain related protocols which need QoS sttpijpem
the routing layer. For example, in the inter-doma@source
reservation protocol i.e. border gateway reserumagimtocol
(BGRP) [11], the block rate will be decreased #& #ignal
messages are distributed according to appropriats Q
metrics. However, there are two major difficultigsen QoS
information advertising is introduced into BGP. gEjrthe
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extension has to be scalable. BGP is originallyigihes! to
exchange pure reliability information. If QoS metriare
added, the scalability of Internet routing shouldt rbe
compromised by the dynamic nature of the QoS iné&tion.
Second, the QoS representation should be ableniéchghe
heterogeneity of links or routes in the inter-domaiuting.

The connections between BGP routers may be ofrdiite
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mobility. Buffer space, energy, and bandwidth pcédn use
the predicted mobility and traffic.

Santiago Gonzaleet al. [13] have evaluated the scalable
video streaming over mobile ad hoc network by two
schemes. In the first scheme, video is transmittganeans

of maintaining a constant transmission rate andlisgnthe
information of all layers. The other scheme incogbes an

types. For example, some connections may use dirextaptive model in which the source of traffic ehates

physical links, while some may use the paths prexidy the
intra-domain routing, i.e., IGP routes. Moreovére troute
refreshing periods may vary in different domainbug, the
QoS information obtained from different AS’s haffatient
degrees of precision.

layers from SVC stream in order to adapt to theilavke
bandwidth. Two complementary tools for the studySMC
traffic over data networks. The routing protocolthwinter
layer communication used to estimate and informsthgrce

In order to cope with the twoesources available on the network (in terms ofilalvie

difficulties described above, QoS metrics have te bbandwidth).

appropriately selected. As we know, there exist types of
QoS metrics: the static QoS metrics and the dynames.
The static metrics are deterministic all the tirsech as the
link capacity and AS hop count. The dynamic metxiasy
according to different traffic loads, such as thaikable
bandwidth of a link or a path. Routing using statietrics
has low message overhead. After the routing tabket up,
QoS information of routes will not be further exobad,
because the values of the static QoS metrics anstanot.
However, static QoS metrics usually can not refldet
instantaneous network status. For example, evémeiflink
capacity is high, the real available bandwidth doloé low
due to high traffic load. On the other hand, dyrai@ioS
metrics can represent the instantaneous netwotksstaut

Lyes Khoukhiet al. [14] have explored an integrated new
intelligent cross-layer QoS solution based on fulogyc for
wireless mobile ad hoc networks. This choice igiflasl by
the fact that fuzzy logic is well adapted to sysiem
characterized by imprecise states, as in the chsal doc
networks. Fuzzy QoS, used to improve the contrataffic
regulation rate and congestion control of multinaedi
applications. Fuzzy QoS integrates three mechaniams
different layers: a fuzzy logic approach for beffp traffic
regulation (FuzzyQoS-1), QoS decision making faffic
regulation (FuzzyQoS-2), and a fuzzy logic approdch
threshold buffer management (FuzzyQoS-3). The delay
feedback information received from the networklie key
parameter used in FuzzyQoS-1 and FuzzyQoS-2, torens

high routing message overhead is incurred due ®® tkhat best-effort traffic coexists well with reaire traffic in

fluctuation of dynamic QoS metrics over time. Rogtbased
on the instantaneous QoS metrics without any cbigroot
scalable in the global Internet. Some simple gtesidased

the multimedia applications. The feedback measunéme
represents the packet delay measured by the IEEELBO
MAC which is integrated as a part of the Fuzzy QoS

on the instantaneous values, such as average laeailaarchitecture.

bandwidth, can reduce the message overhead, bytatiee
too coarse-grained to model the instantaneous rirgtion
well.

In this paper, we propose energy efficient multipatuting

Stefania Colonneset al.[15] have proposed sender-assisted
HTTP streaming strategy that avoids unnecessanardim
rate adaptation using an efficient scheduling & HT TP-
GET request underlying the streaming session. Spaity,

protocol for MANETs without affecting QoS and QoEthe sender proactively foresees upcoming underfeents

metrics (EMRP-QQ). In multipath routing energy efincy
is achieved by clustering techniques.

The remainder of the paper is organized as foll@estion 2
presents the recent works related to our contobsti The
problem formation and solution with the system niode
describes in Section 3. We propose energy efficieating
protocol details and its mathematical formulatianSection
4. The performance of proposed protocol is presesgction
5. Finally, the paper concludes in Section 6.

2. Réelated works

using information on the encoded video contentlakte at
the sender side, and it uses this information taptdely
control the duration of intervals between conseeutiideo
segment request performed by the client. The slyate
enables efficient and flexible management of thpidig
varying random fluctuations of the packet delayt thee
caused by the interplay of the characteristicsheféncoded
content and of the network conditions.

Jun-Li Kuo et al. [16] have presented cross layer approach
for P2P live streaming tailored to MANET, called M-
P2P (Cross layer Overlay for Multimedia Environmemt

Chaudhariet al. [12] have proposed central authority based/iréless ad hoc P2P). It motivate live streamingtigh data

resource prediction mechanism considering mobil®A-

RPM) that predicts the resources using agents gtrdbe
resource prediction agency consisting of one stagent, one
cognitive agent and two mobile agents. Agents ptettie
traffic, mobility, buffer space, energy, and bandithi
effectively that is necessary for efficient res@uadlocation
to support real-time and multimedia communicatiofike

mobile agents collect and distribute network trafftatistics

rate and time sensitivity on P2P-MANET for scalépil
extensibility, and persistency. The COME-P2P used t
achieve the high smoothness for live streamingshorten
the routing propagation delay, and to reduce tl@ating
overhead. Scheme consists of three algorithms,t firs
algorithm maintains the application layer overlahieh is
proximal to physical layer topology; the secondoailihm
provides an efficient routing via IPv6 to achielie high data

over MANET whereas a static agent collects the lloc&ate; and the last algorithm handles the interactib cross

statistics. CA creates static/mobile agent durimg process
of resource prediction. Initially, the designed dinseries

layer messages to keep an optimized shortest goyidth.
The integration of P2P overlay and MANET routingnca

wavelet neural networks (WNNs) predict traffic and/Pdate the cross-layer information to reduce siggal
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overhead (control overhead), speed up recovery, tane
improve streaming stability.
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into zones led by reliable leaders that are mostdyic and
have plentiful battery resources.

Chhagan Laét al.[17] address aforementioned limitations ofChettibiet al.[23] have proposed dynamic fuzzy energy state

the existing QoS-aware routing, and the multi c@mst QoE
centric routing technique for efficient transmissicof
multimedia traffic in MANETs. In large scale emudat
setup, human-in-loop and hardware-in-loop QoE etan
and real-time video transmission using multimedigveare’s
with reactive MANET routing protocol. The weightetktric
based link quality estimation method considersetfects of
shadowing and network mobility during its QoE-centoute
discovery process. A bi-objective mathematical nhode
introduced to calculate the joint route-quality andte-delay

based AODV (DFES-AODV) routing protocol for MANETS.
In DFES-AODV route discovery phase, each node wses
Mamdani fuzzy logic system (FLS) to decide its sout
requests (RREQs) forwarding probability. The FLPUts
are residual battery level and energy drain ratamobile
node.

3. Problem solution and System model

In this section, we first describe the problem ofitmg
protocol inBoushabaet al.[19] and propose solution for that

over candidate routes. A test bed used to test_ing aproblem. We then describe the system model for gsegp

evaluating the performance of real-time video shiag
(generated and captured by physical machines).

Ying Baoet al.[18] have presented, to improve the quality o
experience (QOE) in terms of network media transiors
service, and QoE evaluation basis for
transmission control mechanism. Therefore, a kihd)oE
collaborative evaluation method based on fuzzy tehirsg
heuristic algorithm is used, which is concentratedservice
score calculation at the server side. The sernds sollects
network transmission quality of service (QoS) paztan
node location data, and user expectation value fetiemt
feedback information. Then it manages the histbdeda in
database through the “big data” process mode, aadiqts
user score according to heuristic rules. On thisishait
completes fuzzy clustering analysis, and generatgsice
QoE score and management message, which will ladiyfin
fed back to clients.

Shivashankaet al.[19] have proposed an efficient algorithm
for MANETs, which maximizes the network lifetime by
minimizing the power consumption while establishipath

solution.
gl Problem I dentification and solution
The instability and limited resources in mobile &dc

adjusting theetworks (MANETSs) make the video transmission csigch

networks a challenging task. Transmission of videeams
through multipath routing protocol in MANETs canhamce
the quality of video transmission. In [24], auth@m®posed
extension of MP-OLSR (multipath optimized link «tat
routing protocol) [25] [26], named FQ-MP-OLSR (fyzz
based quality of service MP-OLSR), which integrates
fuzzy systems.

1. The first receives as inputs three quality of smrvi
(QoS) links metrics: delay, throughput and sigieal t
interference plus noise ratio (SINR) and returns as
output multi constrained QoS metric used to fing th
best paths.

Then the fuzzy system is applied to adapt cost
functions used to penalize paths previously
computed by Dijkstra’s algorithm.

2.

with the help of modified DSR. The proposed worklo schedule multimedia traffic among heterogeneous

minimizes the energy consumption per packet andmiags
the network lifetime. The design objective of mgdify DSR
is to select energy efficient paths.

multiple paths, FQ-MP-OLSR integrates also the WweEd
round-robin (WRR) scheduling algorithm, where thathp
weights, needed for scheduling, are computed usirg

Jamali et al. [20] have proposed routing protocols callednulti-constrained QoS metric provided by the fifazzy

BPSO-TORA which offers high degree of scalabilBynary
Particle Swarm Optimization algorithm (BPSO) is dige
improve the energy awareness feature to the TORKN®D
protocol. The protocol considers route length & ribute
selection process and also includes routes enexgy in its
calculations. It formulates the routing

system. These mechanisms allow FQ-MP-OLSR to inmgrov
video QoS and QOoE, against the MP-OLSR that uses
classical mechanisms such as hop count as singkingo
metric, cost functions without adaptation and rcuoioin
(RR) as scheduling algorithiihe research in MANETSs with

issue as athe QoS routing focused on energy consumption. hia t

optimization problem and then employs BPSO to choas establishment of a network in the linked hierarcliye
route that maximizes a weighted function of thetedength clustering mechanism forms an efficient topologyntcol
and the route energy level. methodology which stabilizes the traffic load angproves
Ravi et al. [21] have proposed energy aware span routintpe overall performance and also increases théntiée of

protocol (EASRP) that uses energy-saving approasheh
as span and adaptive fidelity energy conservatigarighm
(AFECA). Energy consumption is further optimized using
a hardware circuit called the remote activated dW{RAS)
to wake up sleeping nodes. These energy-savingpapipes
are well-established in reactive protocols.

Basurraet al. [22] have discussed zone based routing wit
parallel collision guided broadcasting protocol (Cthat
uses parallel and distributed broadcasting teclenidor
reducing redundant broadcasting and to acceleh&tepath
discovery process, while maintaining a high reabilita
ratio as well as keeping node energy consumptian BCG
uses a one hop clustering algorithm that splits néwvork

MANETs. FQ-MP-OLSR approach is not fulfiled our
quality routing requirement, because the following
limitations are involved. They consider only thi@eS links
metrics: delay, throughput and signal to interfeeemplus
noise ratio (SINR). The QoS define cost functiont/pand

it is calculated from the Fuzzy rules and sets. The
multipath Dijkstra’s algorithm with some modificatis like
“without eliminating nodes or links” used to computhe
paths. Finally, the authors only focus on the soraditional
link metrics such as, packets loss ratitelay, jitter and
routing cost.

A node wants to send information to another nodbas to
select an optimal path such that the obtained Qu8ld be
optimal. The QoS of the received information mainly
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depends on the available energy, bandwidth, stabdf
established path and the time delay of the respeptith. In

this paper, we propose an energy efficient multh pauting (‘?/C \)\\I‘
protocols, which the main contributions are follows \E\‘A\
1 An efficient clustering is performed using PSO [27]
where all the nodes are clustered without any uesid » . ¢ L e,

nodes left in the system.

2 Using the appropriate selection of cluster head )(CH .
and super cluster head (SCH) [28] the overall netaio  *
overhead utilization and energy consumption iscedu  +
and hence the lifetime of the network is enhanced. M

3 The nature of traffic also plays an important rale =
establishing an optimal path between source node ah 0 0
destination node. Generally, the traffic is catemt as =
real time traffic and non-real time traffic. Reainé %,
traffic (multimedia information) having more datgo, .
multipath routing is preferable for real time tiafto

o©

reduce the time delay improve throughput with 2
reducing energy consumption. The performance of the 0 QO v o) o
proposed routing approach validated by using be#h r s, (0] 5 %, (o] R
time (videos) and non real time (constant bit rases) ’o.. O": “tagant’
vectors.(CBR is not considered in our paper) The Treest

proposed EMRP-QQ routing protocols compared with O vonile @ Cluster @ Siner cliste

FQ-MP-OLSR  routing protocols  considering
parameters which include packet loss ratio, energy
consumption, routing cost, mobility, delay, and
throughput. Then QoE is validated Ipgak signal to 4. Proposed routing protocol
noise ratio (PSNR), structural similarity (SSIM)dan
video quality metric (VQM) of proposed routing
approach is compared with the FQ-MP-OL&Riting
protocaols.

3.2 System model

The system model for our proposed network modsh@wvn
in Figure 1. The network consists of base statiBi$)(
mobile nodes (MNSs), cluster head nodes (CHs) amkrsu
cluster head nodes (SCHs). BS employed to collket t
information from the mobile nodeduring an event if
interest (such as flooding, earthquake...etc) tbeilm nodes

deployed unevenly and with mobility must send thead , given quality measure A solution to the problef o

efficiently to its BS with high efficiency apd rability. The complex non-linear optimization has been propossitgu
every clusters have a CH node, which collect ak thogg py means of imitating the bird flocks behavie&O

informa}ti_on from .other nodes in_own clluster. Thewe simulates the behavior of flocking birds, whereraup of
only eligible to directly communicate with the nielmring birds randomly search food in a given area
CHs node. Then the collective CHs are togetheekecs the '

best node i.e. SCH from among the CH such that 8ali is
eligible to directly communicate with the baseistat

Figure 1. System model for our proposed work

The proposed routing protocol consist of threeesaguch as
cluster formation, cluster head selection (CH) ager
cluster selection (SCH) and the process steps aeflyb
described in the following sub sections.

4.1 Cluster formation using PSO algorithm

In the proposed protocol Particle Swarm Optimiza{iBSO)
is employed for efficient clustering of nodes witbast
redundant (un-clustered) node in the network. # imndom
optimization technigue based on population and
computational technique that optimizes a probleitnggon)
using series of iterations to enhance the possitligtion for
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Initialize the MN¢

y

lps=0

Ipso++

>
Initialize the position and velocity of
each MNs

y

Calculate fitness valiuditnesa
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new_positionvalues are updated. The first best maximum
value is known as thpBest.Then the second best value is
evaluated keeping the best value so far obtaingkeirwhole
swarm population as tlgBest(global best).

The working flow of PSO algorithm during clusterrfation

is shown in Figure 2, some of the nodes which viefteout
without being a member of any cluster which resiutts
residual node formation, clustering is carried oniil all the
nodes become a member of any of the present duster
Initially, when all the nodes are deployed in tlework, the
base station broadcasts BMITIATE_MSGfollowed by an
INFO_COLLECT messagé&rom all the mobile nodes in
network.

The hello and information collective message formsat
shown in Figure 3 and 4 respectively. The nodeegr aft
receiving INITIATE_MSG and the INFO_COLLECT
messagerom the base station starts to communicate with
every other node in the given region, by broadngstn
HELLO messaggein theircluster region.

If fitness

No Yes

Hello Message

better than
pBest

Previous fitness = Current fitness

Band
width

Residual

energy Connectivity

Node’s ID

nBes

= pBest
| ,@‘ I
\ 4

Best (pBest) =
gBest

y

Update pBest and
gBest

y

Update the velocity and position
of each MNs

v

PSO > bso max

-

Figure 2. PSO algorithm for cluster formation phase
Consider there is only one piece of food in theaarksearch
and no birds know that where the food is. But tkiegw how
far the food is in each iteration. Hence, the lséisitegy is to
follow the bird which is nearest to the food. PS@isrly
utilizes the strategy where each “bird” represéméssolution
in the given environment (for the proposed envirentpi.e.
“particle”. Particles are considered using the pesameters
position and velocity. Each particle have velociynd
position values, which represent the directionhgit flying.
In each iteration, velocity of each particle is aftl using
the current velocity and the previouscal best and
global_best position. Based on thanew_velocity and

Figure 3. Hello Message format

After the broadcast of the HELL@nessge every mobile
node sends aiNFO_COLLECT reply messadge the base
station. HELLO_messagecontains information about the
nodes id and its residual energy, bandwidth andhectivity.
INFO_COLLECT reply messageent from thenth node to
the base station contains the information sucH ppdsition
(un,w,) of the node (2) velocit{v,, w,,) of the nodes. (where
vy, is the current velocity of nodeg wis the average velocity
of noden) and (3) EnergyH,) of thenth node. Hence for
each node the value of position, velocity and eneare
maintained and updated at the base station.

INFO_COLLECTMessag

Position
(u,w)

Velocity

(Vi \5) Energy €)

Node’'s ID

Figure4. INFO_COLLECT message format
In this proposed algorithm, each node is consider®dhe
particle. Here the base station make the nodesetfonm
cluster formation, which is carried out using PS@xing
PSO, the fitness of each particle is calculatedhoose the
cluster particles (cluster member selection). Bisnealue in
our proposed approach depends on:
e The energy of the node (particle).E
e Connectivity (Gy)
« Distance of node/particle (n) within the radio
range ‘a’ from node m
* Energy of the node/particle (n) within the radio
range ‘a’ from node m
Based on the fitness value clustering is carried ou
considering the entire network and hence elimiwgatine
presence of residual nodes in the network. The s\odth
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maximum number of connectivity and residual eneagy The upper bound of the number of clusters formedain

considered as the cluster particle (member). network can be:
Fitness value =
X*Y X Y
D En 1 ={( )+(—)+(—)} )
(2™ )+ (e 2= (ke )) @ xy ' xy

Where,Dpq= \/(um -u,)? +(w, —w,)? i.e. the distance Substitutingx=y = uandX=Y in Equation (5)
between noden andnth noden={123...1 }be the number of
i otithe g (X*) +(@v2* xa)
nodes (particles) reachable by the nodthe given sample N =
spac < k; <1, 0<k, <landk; =1-k, —K,. 2a? (9)

a
Fitness value of each node is calculated duringryev
iteration and the maximum fitness value obtainethken as /2

the local_best The maximum value among all the fithess

values obtained is taken global_bestPosition and velocity

updation is carried out in PSO for every partiddalows: 1 ]
I

V_update =W velocity p+ y/2

W, (Pervious position o f node p-current position of n ode p)+ Figure5. Pythagoras theorem
. . N .
W, (precious position of node p* current po sition of node p) 4.2 Cluster Head Selection

2

(@) The modified energy efficient CH selection techmichased

on parameters like residual energy, distance taéighbor,

density, maximum distance and angle .The core dithis

technique is to minimize the heavy data traffic drgh

Where, Vvvelocity =weight of nodes velocityW; and W,=  €nergy Copsumption in the network. The _develo_pment
P technique fixes each CH near to the base statientevhile

weight of nodes location. the remaining set of the CHs are appointed in tiddi® of

each cluster to achieve the highest level of eneffigiency.
As shown in Figure X, Y)is the assumed workspace and « Residual energy (RE,): A cluster head should have

P_updatg=Previousposition é node p ¥_updatg 3

‘a’ is the coverage of each nodes. The total number o enough energy to perform packet transmission,
clusters formed in the considered area can belesdclias: Witness data flow and process the data.
CHge>Threshold
total network area (X*Y) ¢+ Maximum distance: is the maximum distance
N=—T—"— ) — between noden and nodeni.e. Dy,
individual cluster irea (x*y) (4) * Angle: Angle of the noden to its neighboring node
n
Where, (X, y) be the coordinates of the cluster in the region, <+ Density (,0): Density (0 ) represents the number
(X, Y)be the coordinates of the sensing region of nodes (mobile nodes/particles) in a given region
From the Figure 5, using Pythagoras theorem theeval ‘a’ p =1 for thick reg|on'0 =2 for thin region
can be written as: » Distance to the Neighbor (Dnm): A CH must have
smallest transmission distance to all its member
2 > nodes in the given densely deployed cluster. Hence,
a= _+Y_ the CH must efficiently cover the given region with
4 4 (5) least amount of energy consumption.

Active nodes in a regiora’ around a node to select itself as

i the CH can be calculated using:
Let us assumex= y = u and X=Y. Equation (4) and (5)

becomes: Active nodes =

RE,

u
ﬁ 6 Y D / D i - [D'j
( ) ; nm nm(max) + p 100

(X*Y)  (X*Y)
N="———= 2
u 2a

>0 nodeg10)

a=

()
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4.3 SCH Selection using Fuzzy logic SCH =PLR+RC+T+D+M+E (11)

eligibility
Mobile nodes send the data in a given environméiar a

detecting an event (interference). CH collectsitifiermation ~ Where SCH, i, is the SCH eligibility factor. Since
and aggregates the data before sending it to theshstation. during each information exchange, a node consumesgyg,
As the CH consumers more energy in broadcasting thg,

i maining battery power of a node decreases. Wheaantta
message the lifetime of CH decreases and hence tad ,,;,y inputs are considered to be an additive fasiace the

reduction in the usefulness of the cluster (whiohtains the yistance of SCH from the BS increases or decreasdbe
CH with low residual energy). Hence to increaselifieéme -~y moves.

of the cluster and to increase the lifetime of ¢hester head,
we propose to elect a super cluster head (SCH)hé&n tThe membership function is used to define the cimgut
considered region. These Super Cluster Head aeeted| into fuzzy inputs. In our case, the crisp inputs BLR, RC,
among the selected CH and can directly send theediectly T, D, M and E are described by the fuzzy inputserms of

to the BS using fuzzy interference engine (Mamdanile) three levels such as low (L), medium (M) and high. (The

by choosing fuzzy descriptors such as remainingehat membership functions of all inputs are describeigure 7
power, the BS, the centrality of the cluster, amergy a-f respectively. Centrality value depicts the cectivity of
dissipation ratio. As only SCH can directly send thata to the CH with respect to other CHs in the given ragio
the BS, bandwidth utilization is effective. Herestiead of SCH value of a node depicts the chances of a node
utilization of multiple CHs, only a single SCH itlized, this
can hence enhance the energy efficiency and rethee
energy consumption, to account to increase in theral SCHeligibility

eligibility
being an SCH in the given network. The output of
is composed of three membership functions

lifetime of the network. such as low (L), medium (M) and high (H) is shown i
Figure 7g.
Fuzzy 1
INPUT - Fuzzy block ouTP
/Al IIF 1=
Packet loss SCH :}ﬁ: 0.75 =
ratio Rule Evaluation selecti E
Routing (Member on % 05 =
cost Function) from E
Throughput eligibl 5 i
Delay o= e CHs = 0325
Mobility
Energy De-Fuzzy block
consumptio 1 0 02 05 .0'75 1
n Packet loss ratio (FLE)
A (a)
Figure 6. Fuzzy Interference system for SCH selection
process 1 ELCITEY
The Mamdani’s fuzzy model consists of four stepd #re
working functions are described in Figure 6. Tharfeteps o
are as follows: i 0.75 =
1. Fuzzification- In fuzzification, inputs are given '; L
with crisp value and changed into fuzzy sets. g —_——
2. Rule Evaluation- The fuzzified inputs are taken § 05 =
and applied to the antecedents of the Fuzz g seesmneee H
rules. It is then applied to the consequen =
: . = 025
membership function.
3. Aggregation of the rule outputs- This involves i >
the merging of the output of all rules. 1
4. Defuzzification- Defuzzifier transforms the 0 025 05 075 1
fuzzy set into a crisp value. Fouting cost (RO

The linguistic variables for the fuzzy set arelset, medium

and high. Both trapezoidal and triangular membershi

functions are employed for low, high and mediumialzles (b)
respectively. The fuzzy rules are driven by fuzaplt sets

such as packet loss ratio (PLR), routing cost (R@k

throughput (T), link delay (D), mobile node mohjlitM) and

energy consumption (E) and the relation as follows:
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Figure 7. Membership function for (a) Packet loss ratio (PIIB) Routing cost (RC) (c) Link throughput (T) (dnk
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A CH has a high chance of being an SCH only if theetwork overhead and minimal power consumption.sThi
conditions in Table 1, from among multiple conditoare leads to reduce the data loss and route cost, whitbrn
satisfied. Hence, using this fuzzy logic the bedi @ enhance the throughput, delay of the MANETS, winerdes

selected as the SCH, with a reduction in utilizatiof are  provided  with  minimal  battery  power.

No PLR RC T D M E Output | No PLR RC T D M E Output
SCH SCH
1 L L L L L L M 248 M L L L MM M
2 L L L L L M M 249 M L L L MH M
3 L L L L L H M
4 L L L L M L M 393 M L H L L L H
5 L L L L M M M
6 L L L L M H M 486 M H H H H H L
487 H L L L L L M
192 L L H L L L H 488 H L L L L M M
243 L H H H H H L 675 H L H L L L H
244 M L L L L L M
245 M L L L L M M 727 H H H H H L L
246 M L L L L H M 728 H H H HHM L
247 M L L L M L M 729 H H H H H H L

Table 1: Fuzzy Rule for selection of SCH from multiple CHs

5. Simulation results AODV [23]. Then the quality analysis of proposediting
] ] ) protocol EMRP-QQ is compared with the previous Qo#8

The Network_SlmuIator (NS2) is used to simulate tthE aware routing protocol FQ-MP-OLSR [24]. We wamt
proposed routing protocol EMRP-QQ. The performaote now how our protocol reacts at different mobilitgses by
routing protocol is analyze_d by three d|ff9rentt tBEenarios yarying node speed. We set up the simulation imra of
such as energy consumption, QoS metric analysisQutl 1000 square meters for a random waypoint mobile ehod
metric analysis. Energy consumption of propo_sednmgu with varying number of nodes and IEEE 802.11 MAC
protocol EMRP-QQ is compared with the previous gyer nrotocol is used for our implementation. The twg gaound

aware routing protocols described in section 2 a&EDSR  ransmission model is used with the transmissioge®250m
[19], BPSO-TORA [20], AFECA [21], ZCG [22], and DEE
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and 11 Mbps bandwidth. The test scenario for preposused for performance analysis. The proposed roptiatpcol

routing protocol is described in Table 2. used to avoid the multimedia source loss in hybetivork,
the quality of multimedia sources in EMRP-QQ andM®-
Table 2. Test scenarios OLSR is analyzed byifferent QoS metrics such as packet
loss ratio, routing cost, throughput, delay and rgye
Scenario Number  Node Multimedia data consumption.
of nodes  speed
. 90
1 100-500 10 m/s Low (352x288) and DC/
high (1080x720) S 70
alit a
quality 5
2 100 1050  Low (352288) z°0
m/s quality video >
S 30
o —— EMRP-QQ —&8— EDSR [19]
3 100 10-50 Low (352x288) and c —&— BPSO-TORA [20] AFECA [21]
m/s high (1080><720) L 10 i 7CG [22] =@ DFES-AODV [23]
quality 100 200 300 400 500
Evalvid tool [29-30] is used to convert the multifiee data Number of nodes

(audio/video) frames in to NS2 input source filehieh
handles the information of multimedia data (audi#e)
frames. The converted source file then convertedtoin
MPEG-4 codec format and forward to destination fronfPacket (multimedia source) loss ratio is the ratio between
source. The multimedia source fikiyo_cif.yuvwith 300 number of dropped multimedia data packets/frames in
frames in 352288 low quality and 1080x720 high quality destination and total data packets/frames sent founce. It
formatis used for performance analysis. is analyzed by varying node speed with constantenisd
shown in figure 9a. The plot clearly depicts theks loss
ratio of proposed protocol EMRP-QQ is very low cargto

It is the amount of energy consumed by the source 5Q-MP-OLSR routing protocol.

intermediate nodes to transmit the data packetsésato the
receiver. It is analyzed by varying the number ofies,
constant node speed with the video quality of>x@88B (low)
and 1080x720 (high) and simulated result psoshown in
Figure 8. The plot clearly depicts the energy comsiion of
proposed routing protocol EMRP-QQ is very low conepia
EDSR [19], BPSO-TORA [20], AFECA [21], ZCG [22],@an Throughput is the rate of successful message delivery over
DFES-AODV [23]. routing path. It is usually measured in bits pexose (or data
packets per second or data packets per time $la$).|
analyzed by varying the node speed with constade rie

Figure 8 (b) High quality video source file

5.1 Energy consumption comparison

Routing cost is number of hops between source to
destination. It is analyzed by varying the speedade with
constant node is shown in figure 9b. The plot ¢jedepicts
the routing cost of proposed routing protocol EMRR-is
very low compare to FQ-MP-OLSR routing protocol.

= shown in figure 9c. The plot clearly depicts theotlghput is
= very high in proposed routing protocol EMRP-QQ cangp
250 to FQ-MP-OLSR.
Q.
% End to end delay is the amount of time taken to transmit the
Z multimedia data packets/frames from the source rtodbe
830 destination in the given network. It is analyzed Jarying
) the node speed with constant node is shown indi§dr The
o e EPSOAORA [20] = plot clearly depicts the end to end delay of prepomuting
w 10 —=—2CG[22) —&— DFES-AODV [23] protocol EMRP-QQ is very low compare to FQ-MP-OLSR
routing protocol.
100 200 300 400 500 b
Number of nodes Energy consumption is the amount of energy consumed by

the source or intermediate nodes to transmit th&a da
packets/frames to the receiver. It is analyzed &nying the
Figure8. (a) Low quality video source file node speed with constant node is shown in figureToe
plot clearly depicts the energy consumption of psHa
routing protocol EMRP-QQ is very low compare to MP-
In this subsection the QoS metrics of proposedimgut OLSR routing protocol.
protocol is analyzed by the multimedia data stresm
transferred from the source to destination, thestort bit
rate (CBR) is used as background traffic sourceke T
multimedia source fileakiyo_cif.yuvwith 300 frames in
352x288 low quality and 1080x720 high quality forniat

5.2 QoS metric analysis
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Figure 9 Quality analysis (a) Packet loss ratio (%) (b)
Routing cost (¢) Throughput (Mbps) (d) Delay (Sg)
«+ FO-MP-OLSR Energy consumption (J)

5.3 QOE metric analysis

In this sub section to analyze the QoE metrics oltimedia
data packets/streams by using three metrics suchpeak
signal to noise ratio (PSNR), structural similai85IM) and
video quality metrics (VQM).

Routing cost

10 20 30 40 50 ) . _
Node speed (m/s) PSNR The received and original video streams are congpare
by frame by frame format. First compute the meanasg
(b) error (MSE) of each pixel of both original and reee video
frames. Then the PSNR between the source (S) tmdisn
7 (D) is computed from following relations and it is
BTG5 |~ EVRP-QQ *++Mess FOMP-OLSR represented in dB (decibels).
2 6
255 Vinaxpixel
=he PSNRS, D) = 20log— el
g > MSHS, D)
%3”4'5',.......‘... e : (10)
g 3; . where V., pixel IS the maximum possible pixel value. It is
=3 analyzed by varying the node speed and constard wnatth
10 20 30 40 50 two different video streams such as 8288 low quality and

Node speed (m/s) 1080x720 high qualityis shown in figure 10a and 10b

respectively. The plot clearly depicts the PSNRpafposed
(©) routing protocol EMRP-QQ is increased compare teNHS
OLSR in both low and high quality.

50

A5 | EMRP-QQ* ¥ +* FQ-MP-OLSR

40

x 35
7 30
0 g EMRP-QQ ++ ¢ s+ FQ-MP-OLSR o 25
20

10 20 30 40 50
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Figure11l. SSIM index (a) 352288 low quality video
stream (b) 1080x720 high quality video stream
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Figure 12. VQM (a) 352288 low quality video stream (b)
1080x720 high quality video stream

VQM used to measure unwanted things present in video
stream between source to destination. The unwdatgdrs
include blurred effect, motion effect, differentis® and
distortion effect. The result of combined thoseeefffis close
to 0 means the processing video quality is good tnis
analyzed by varying the node speed and constard wnatth
two different video streams such 262x 288 low quality and
1080x720 high qualityis shown in Figure 10a and 10b
respectively. The plot clearly depicts the VQM abposed
routing protocol EMRP-QQ is reduced compare to FR-M
OLSR in both low and high quality videos.

6. Conclusion

In this paper we present energy efficient routingtqcol for
MANETS to enhance the QoS and QoE metrics (EMRP:QQ)
The energy efficient PSO and fuzzy optimization rapph
used to compute the next node with specific gocgleash as
low mobility, packet loss ratio, routing cost, dgl&nergy

SSIM index measures the correlation between the somde &onsumption and high throughput. The energy consiomp

destination end using distortion of video streanmt iacludes
contrast, luminance. The SSIM index values areiugrwith
0 to 1, if the result values near to 1 means, liteiger quality.
It is analyzed by varying the node speed and cohstade
with two different video streams such as 8388 low

of the proposed routing protocol is very low cong#o the
previous energy aware routing protocols. The Qo%iose
analysis indicates the proposed EMRP-QQ maximiz th
QoS metrics compare to FQ-MP-OLSR routing protochke
quality analysis indicates the proposed EMRP-QQimie

quality and 1080x720 high qualig shown in Figure 1la ihe QoE metrics compare to FQ-MP-OLSR routing proto

and 11b respectively. The plot clearly depictsS5M index
of proposed routing protocol EMRP-QQ is

increased

compare to FQ-MP-OLSR in both low and high quality

videos.
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