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Abstract
Multicast protocols in MANETs must consider contoderhead
for maintenance, energy efficiency of nodes andimgutrees
managements to frequent changes of network topoldgw-a-
days Multicast protocols extended with Cluster Haspproach.
Cluster based multicast tree formation is stileggsh issues. The
tree reconstruction of cluster-based multicast inguiprotocol
will take place if any link of the trees has malftion or the
nodes move out of the link, therefore, its robustfgrmance is
unsatisfactory. The mobility of nodes will alwaysciease the
communication delay because of re-clustering andtet head
selections. For this issue we proposed the newnsehdaptive
Fuzzy System (AFS), its fuzzy based clustering pretlicting
the next cluster head (CH) based their locationatgsl with
clustered group. A new location management schemeoposed
to handle the mobility of cluster members, basedaohybrid
strategy that includes location updating and lecaprediction.
In a clustered zone predicts movement of membet<ahbased
on Kalman filtering of previously received updasesl based on
location updates CH will selected. Here locationnagements
will leads to reduce cluster head selections. Wl us2 for our
AFS.We present simulation results that demonstaatignificant
reduce the communication delay over the traditichater based
MANETSs deployments.
Keywords: Fuzzy Clustering, MANET, Kalman Filter,

Location Management.

1. Introduction

The recent advances
technology is evident from the fact of widespreadge of
mobile and wireless devices such as laptops, paknto
personal digital assistants etc. The emergenceraiipg
oriented real-time applications such as IP telefhatideo
conferencing, and video gaming has generated timauoe
for group communication support in wireless and ieob
networks. The parameters such as delay, througfifbei,

packet loss etc, are very important in these aidioa [1].
A mobile ad-hoc network (MANET) is a multi hop

wireless network, where nodes communicate with each
other without any pre-deployed infrastructure. Witte
absence of pre-established infrastructure (e.g.ronter,

no access point, etc.), two nodes communicate wit&
another in a peer-to-peer fashion. Two nodes conuate
directly if they are in the transmission range a€te other.
Otherwise, nodes can communicate via a multi-hajero
with the cooperation of other nodes. MANET is self-
creating, self-organizing and  self-administrating.
Examples include battlefield scenarios, disastkefrand
short-term scenarios such as public events [2]. The
frequent changes in network topology, scarce badfitiyi
limited storage and processing capability of MANETs
have opened up several challenges for computeronietw
researchers. One of the important challenges [gduide

a support for real-time multicast communication [1]

Now-a-days Multicast protocols extended with Cluste
based approach. Based on the topology the existémba

multicast routing protocols are classified into two
categories i.tree based ii.mesh based. The treedbas
routing scheme has only one path between the sdarce
receiver. MAODV, AMRIS, AM Route are the best
examples for the tree based scheme. But, the mestdb

in wireless and' mobile routing scheme has multiple redundant paths between

sources to receivers. ODMRP, CAMP is the typical
examples of mesh-based scheme [2]. Both are gsonge
salient features to mobile ad hoc network. In eariays
multicast routing protocols are designed with thdtiple
unicast system [9]. After that it had extended astioast
system, which has only one source in a multicastgfi3].
Recently, some prominent researchers have beensedp
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the cluster based multicast routing scheme for ad h implemented to generate the fuzzy cost of each. lkk

networks. By this admissible work we can shareedéiit degree clustering algorithm based on a mobilitydjmtéon
kinds of services or applications simultaneouslytiie ~ scheme was proposed in a scalable manner [2].

multicast group.
R. Pandi Selvam and V.Palanisamy have designed a

Problems in Cluster-Based routing are the tree cluster-based multi source multicast routing protogith
reconstruction of cluster-based multicast routimgtgcol new cluster head election, path construction and
will take place if any link of the trees has malftion or ~ maintenance techniques. They compute the maximum
the nodes move out of the link, therefore, its mtbu Performance of proposed routing protocol in various
performance is unsatisfactory. So disconnectionomé environments, gnd also it compared with Multicadthfoc
link may not affect the transformation of multicpsickets. ~ ON-Demand Distance Vector (MAODV) and On-Demand
And another one is Cluster heads have high Multicast Routing Protocol (ODMRP) to prove the

communication task, So Cluster head will failuresdo performance of delivery ratio, control overhead and
' forwarding efficiency [3]. XUE-MEI SUN, WEN-JU LIU,
lack of energy. However, the stability of the ckrsheads g y i3l

_ . _ ZHI-QIANG ZHANG and YOU ZHAO have developed a
is very important to the networks and non idealstdu Cluster-based On Demand Multicast Routing

heads is possible to the *bottle-neck” of the neksd4] Protocol ( CODMRP ) to the lack of extension of flat
multicast routing protocols in Ad Hoc networks afde

The Kalman filter is the best possible (optimalireator
P (op b scale. [4].

for a large class of problems and a very effectwel
useful estimator for an even larger class. Withew f \/enkata Subbaiah and Dr. M.M. Naidu have propose
conceptual tools, the Kalman filter is actuallyweasy to a cluster head election scheme using fuzzy logtesy
use. By using kalman filter we can predict the tmr®& (£ S) for mobile ad hoc wireless networks. Theydise
updates within clustered groups, each CH gets theirinree descriptors: distance of a node to the alestetroid,

neighbors locations.CH also exchange their position s remaining battery capacity, and its degree obitity.
members.CH keeps tracks of nodes position it wdlds to  The Jinguistic knowledge of cluster head electiaséd on
predicts the new cluster head based on mobilityal$¢  tnese three descriptors is obtained from a groupetfiork
predict neighbors’ future directions. experts. [5]. Bey-Ling Su, Ming-Shi Wang and Yueh-
Ming Huang proposed the fuzzy modified AODV (FMAR)

Based on the above analysis, thg paper T“a"es PTOPEL, Liticast routing protocol to select two comparastigble
improvement to Cluster-based multicast routing qaot,

gnd proposes the Adaptive Fuzzy Based Ro_uting (AFMR ;gziﬁ]sg t;); l(;(;r:rp:étlcig edoygflrzw:r:n:g;;g].hfenme for rrusst
in large scale mobile ad hoc networks. Design daspeic
our system are Protocol Model, Cluster Formation, Jong-Myoung Kim, Seon-Ho Park, Young-Ju Han and
Location updates by Kalman Filter, Multicast Tai-Myoung Chung presented a cluster head election
Transmission and Simulation and results. mechanism—CHEF. They evaluated CHEF compare with
LEACH using the mat lab. The simulation resultsvgho
2. Related Works that CHEF is 22.7% more efficient than LEACH. Thés
because the energy and local distance is considared
Shekhar H M P, Arun Kumar M A, and K S electing cluster heads. [7]. Roberto Carlos HincBpinca
Ramanatha have presented an efficient Mobile AgentSA]icia Correa and Laura Ospina investigated a suiwe
Aided Multicast Routing (MAMR) protocol which  clustering techniques for MANET. Some preliminary
overcomes these limitations. The prOtOCOl was arldyb Concepts that form the basis for the deve|0pment of
protocol where intelligent mobile agents can been clystering algorithms are introduced. These reléedes

integrated with existing on-demand multicast rogitin  have to do with the network topology, routing sceem
protocols such as Multicast Ad Hoc On-demand Distan  graph partitioning and mobility algorithms [8].

Vector (MAODV) routing protocol, On demand Multitas

Routing Protocol (ODMRP) routing protocol and Rajendra V. Boppana and Xu Su presented quangtativ
others[1]. ZHAO Chun-Xiao and WANG Guang- Xing €valuations of false positives in monitoring-based
investigated the use of fuzzy control techniques. dach  intrusion detection for ad hoc networks. They shiret,
metric, a fuzzy membership function was defined to even for a simple three node configuration, an acta
predict a more stable link. A fuzzy-inference roese was  hoc network suffers from high false positives. They
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validated the experimental results using discriete-t

Markov chains and probabilistic analysis [9]. Ruiidhg

proposed protocol is three phases; cluster basdticast
tree formation, localized clustering and data tiensThe

and Gergely V. Z Aruba proposed a mechanism thatcluster formation is by the calculating the weightactor

allows non-GPS-equipped nodes in the network toveer
their approximated locations from a limited numhodr
GPS-equipped nodes. In their method, all
periodically broadcast their estimated locatiorteirm of a
compressed particle filter distribution. Non-GPSde®
estimate the distance to their neighbors by meagttie
received signal strength of incoming messages. riicpa
filter is then used to estimate the approximatezhtion,
along with a measure of confidence, from the secgier
distance estimates [10].

Zhaowen Xing, Le Grunewald and K.K. Phang preseated
robust weighted clustering algorithm, called PMVéWer,
Mobility and Workload), to form and maintain mottalsie
clusters. In PMW, the weight of each node is catimd by
its power, mobility and workload, which can be &asi
collected and computed locally and cover the migctors
that cause re-clustering. Clustering overhead ofAPM
analyzed [11]. J. D. Mallapur, S. S. Manvi and D.R#o0
have proposed a scheme for constructing a multicast
based on a spanning tree by employing a fuzzy cobetr
Fuzzy controller uses three fuzzy input parametarsely,
link bandwidth, link delay and link reliability fothe
construction of multicast spanning tree [12].

Byung-Jae Kwak, Nah-Oak Song and Leonard E. Miller
proposed measure is consistent because it hasear lin
relationship to the rate at which links are estdgd or
broken for a wide range of mobility scenarios, veher
scenario consists of the choice of mobility modéle
physical dimensions of the network, the number adeas.
[13]. Dewan Tanvir Ahmed discussed different

of each node has to become the cluster-head by
considering two fuzzy memberships like its remagnin

nodes battery capacity, and its degree of mobility nodehw

respect to the entire cluster.
The nodes send data to the respective cluster sheduich
in turn compresses the aggregated data and trangnt
the group members. For a MANET we make the follgwin
assumptions:

¢ Due to node mobility cluster tree formation and
cluster head selection is consider heavy contretimead.

« Location based cluster evaluation is considering
for future multicast routing.
In our protocol approach, Considering MANET'S are
meant to be deployed over a geographical area thith
main purpose of sensing and gathering informatiee,
assume that nodes have minimal mobility, thus senttie
location information during the initial setup phase
sufficient.

Fuzzy Clustering

Location Re-Clustering

management

Next Cluster Head

Fig. 1L AFMR Protocol Architecture

multicasting protocols, their deployment issues and 4, Fuzzy Cluster Formation

provides some guidelines for the researchers m fibld
[14]. Shahram Nourizadeh, Y.Q. Song and J.P. Theenes
proposed a decentralized algorithm to organizechhax
sensor network into clusters by using Fuzzy Logach
sensor uses a Fuzzy decision making process totliied
best Cluster Head. Simulation showed that thisquaitis
able to dynamically adapt to network mobility anidoa
shows that with fuzzy logic we have stable clusterd so

a cluster head have greater lifetime [15].

3. Protocol M odel

We propose new Adaptive fuzzy multicast routing
(AFMR) is solve reclustering delay in MANETs. Our

We evaluate the cluster formation is based on the
following two fuzzy membership functions:

¢« Node Remaining Energy - energy level available
in each node, designated by the fuzzy variableggner

¢« Node Mobility - a value which classifies the
nodes based on how central the node is to theeclust
designated by the fuzzy variable mobility.

The linguistic variables used to represent the node

energy and node concentration, are divided inteethr
levels: low, medium and high, respectively, andr¢hare
three levels to represent the node mobility: cleskequate
and far, respectively. The outcome to representnthae
cluster-head election chance was divided into eisels:
small, very small, rather medium, medium, largel aery
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large. The fuzzy rule base currently includes riikes the

following: if the energy is high and the centraligyclose
then the node’s cluster-head election chance ig lagge.
All the nodes are compared on the basis of chaamtgshe

node with the maximum chance is then elected as the

cluster-head. Each node in the cluster associtgel to
the cluster-head and starts transmitting data.

To do this, we averaged the centroids of all the

responses for each rule and used this averageaae mif
the rule consequent centroid. Doing this leadsutesrthat
have the following form:
IF remaining battery capacity (wl) of node F1 1d dts
degree of mobility (x3) is FI 3, THEN the possityilthat
this node will be elected as a cluster head (ch) &g,
where | == 1, 2, 3...9.

Cl

= Yisle! ¢
Yi=lw;'

5. Location Updates by Kalman Filter

In general, location management may follow two
strategies: location updating and location predicti
Location updating is a passive strategy in whicthe@H
periodically broadcasts its position to the neigirmp
nodes. Location prediction is a dynamic strategwimch
cluster members proactively estimate the locatibtheir
neighboring CH. In this case, the tracking efficgn
depends on the accuracy of the mobility model amthe
efficiency of the prediction algorithm. We use Vood
diagrams to limit the scope of CH initiated locatio
updates. The Voronoi diagram of a set of discrétiess
partitions the plane into a set of convex polygsmsh that
all points inside a polygon are closest to only site. For
their properties and ease of computation, Voronoi

diagrams have been previously applied to the afea o

MANTS.

The Kalman filter provides a computationally
efficient set of recursive equations to estimate gtate of
such process, and can be proved to be the optittealif
the minimum square sense. The joint use of Kalniger f
at the cluster head and members sides enablesmgdhe
number of necessary location updates. In factfittes is

m in i's Voronoi cell updates the state (that reprgs
position and velocity of the ch) based on the dqnat
The position observed by the actor at step k medlto
the state by the measurement equation
al k T

z; = Hx; + Cvy, @
Where represents the observed position of the attstep
k, and where H =[1 ,0], C=B. | =[10; 0 1]. B[&/ B];

5.1. LOCATION UPDATESIN CLUSTERED
GROUPS

By using kalman filter we can predict the location
updates within clustered groups, each CH gets their
neighbors locations.CH also exchange their position
members.CH keeps tracks of nodes position it widks to
predicts the new cluster head based on mobilityat
predict neighbors’ future directions. It will leatts fuzzy
membership function, here it reduces re-clustetimgng.

5.2.CH TO CH GROUPS

Cluster head to cluster head scenario location
management scheme updating position of neighbors’
nodes will exchange each other. Like if any nodevimp
out of clustered groups.CH will predict the futaliesction
and exchange to direction based CH.While applytmg t
new CH selection this information will leads eféni
fuzzy membership formation. In networks with mobile
nodes and multiple recipients, however, it depesrdshe
ability of location management schemes to effidient
provide relevant nodes with the position of molitales
at any time. Each member will thus expect to rexeiv
location updates from the actor it is dominated \hjth
respect to delay, the energy consumption for looati
updates is drastically reduced.

6. PERFORMANCE EVALUATION

As far as multicast communication is concerned,
implement the clustering and location management
scheme described in Section 3. The MAC layer iethas
IEEE 802.11. The monitored area is a 500 m 500 m
square, with 50 randomly deployed nodes. The maximu

used to estimate the position at the actor based orffansmission range of nodes is set to 50 m and the

measurements, which is a common practice in robotic
and to predict the position of the CH (i) at thennmbers,
thus, reducing the message exchange. The positi@Ho

can be estimated and predicted at the memberssin it

Voronoi cell, based on the measurements ziK takdhea
actor and broadcast by the actor. At step k, eamimiper's

bandwidth to 250 Kbit/s. We perform terminating
simulations that last 100 s, average over differantiom
topologies. The mobility experiment consisted dfdfic
sources and 20 receivers chosen randomly. Eacltesour
transmitted 10 Kbps and thus the overall netwoddlwas
50 Kbps.
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6.1. METRICS
We use the following metrics

performance of the different multicast routing pals.

Packet delivery ratio is computed as the ratio aihlt
number of unique packets received by the receitetbe
total number of packets transmitted by all souribe®s

the number of receivers.Routing overhead is thé rat

between the numbers of control bytes transmittethé

number of data bytes received. In AMFR, controlelsyt

account for Join-Query and Join-Table packets.

Delivery Ratio Comparision
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Comparing AFMR to CBRP, we notice that at lower

speeds the difference in packet delivery ratio ésmMeen

in evaluating the
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Figure 3 plots control overhead per data byte fearex

as a function of mobility. Note that AFMR overhedaks
not change with mobility as only data header packet
contribute to overhead.

7. Conclusions

In this paper, we reported on simulation-based
experiments evaluating two different approachesteting

to multicast communication in mobile ad hoc netvgork
(MANETS), namely AFMR and CBRP. One of the chief
contributions of this work is our objective analysif these
two multicast routing protocol categories in order
characterize their behavior under a wide range ANET

5% and 7%.However,at higher speeds the gap in packemopbility. We present a cluster head election schesieg

delivery ratio starts widening.
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fuzzy logic system for mobile ad hoc wireless nakso
Three descriptors are used its remaining battepadity,

and its degree of mobility. Kalman filter used taedict

the future clusters and cluster heads, its incngashe
performance of clustering phases and reduce the re
clustering delay and control packets. One possiblation
would be to develop specialized multicast solutidos
each type of network and the means for integratinge
solutions. We believe that an adaptive, integrajggioach

to routing may be the best means to tackle thiblpm. In

this approach nodes can dynamically switch routing
mechanisms based on their perception of the network
conditions. The future direction is focus on enlagc
fuzzy clusters delay in large scale networks.
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