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Abstract — Cluster based routing in Mobile AdHoc
Networks (MANETSs) improves performance of routing by
maintaining route information within a cluster head (CH).
However, due to the movement of CH, new CHs are required to
be selected from time to time and hence introduce additional
overhead. If the frequency of CH changing could be reduced
then the cluster based routing would be a better choice for
routing in MANETS. This paper proposes an Improved Cluster
Maintenance Scheme (ICMS) primarily focused on minimizing
frequency of CH changing process. The proposed method
makes cluster more stable. The proposed ICMS is simulated in
ns-2 and simulation result is compared with Least Cluster
head Change (LCC), (CBRP) and Incremental Maintenance
Scheme (IMS) in conditions of clustering overhead, cluster
member and cluster head changing by applying different range
of speed and pause time for all mobile nodes. The simulation
results show that ICMS perform better over LCC, CBRP and
IMS.

Index Terms - Cluster, MANET, Routing Overhead, Clustering
Scheme, AdHoc.

I. INTRODUCTION

In MANET, mobile nodes (MN) form a self-configured
network without help of any pre-existing infrastructure or
centralized management unit. The main characteristics of
such networks are dynamic topologies, limited achievable
bandwidth, heterogeneous communication links, and limited
battery power. Due to above characteristics routing play an
important role in MANET.

In MANET there is no hierarchy of nodes defined and all
mobile nodes are equally capable. They are free to move
randomly on multi hop communication. The basic need of
computer network in general, and wireless network in
particular is to transfer the data from sender mobile node to
receiver mobile node reliably with minimum delay. Because
of limited transmission range of shared wireless link,
absence of fixed infrastructure, dynamically changing
topology causes some restriction on maintaining routes for
sending data in MANET. Several protocols [l, 2] are
proposed in the address the issues of routing in MANET. In
many of the proposals, and other literatures related to
MANET routing, have divided these protocols into three
types: reactive, proactive and hybrid. The reactive finds a
route while there is a need for packet transmission. So, this
class of protocol is called on-demand routing protocol.
Proactive protocol on the other hand maintain a routing table
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and hence known as table-driven protocol. The hybrid
protocols combine the characteristics of table driven
protocol and source initiated protocols. It is also known as
cluster based routing. As the clustering protocol exhibits the
advantages of both the other classes and hence considered as
a suitable way for developing efficient routing protocol in
MANET. Cluster algorithm is based on the implementation
of a hierarchical approach [14, 16, 17] in which the network
is organized into subsets of nodes, each subset is known as
cluster. A cluster contains N nodes and one cluster head.
The routing protocol should be such that it can cope up with
the changes in the network topology. Clustering algorithms
are proved to be scalable and efficient bandwidth utilization
which arranges mobile nodes in a hierarchical architecture.

Cluster-based routing [6] is a clarification to address
nodes heterogeneity, and to minimize routing information
which broadcast inside the network. The idea behind
clustering routing protocol is to arrange different mobile
nodes into a single region; such regions are known as
cluster. In clustering algorithms path are created in between
cluster instead of in between mobile nodes.

The protocols which are based on clustering minimize
routing information that propagates inside the network by
forming group among themselves and selecting a cluster
head (CH). This increases the routes lifetime and decrease
the amount of routing control overhead. The ordinary node
within a cluster communicates via the cluster head.
Gateways are nodes that connect two or more than two
cluster and able to make communication between two or
more cluster heads. Cluster member send the packets to their
cluster head or distributes the packets inside the cluster to
send data within same cluster. If the destination node is
outside the cluster then cluster member send message to a
gateway node via cluster head which will deliver to the
member of other clusters. By grouping different mobile
nodes with in a cluster, existing routing protocols can be
directly applied to the network. Only gateways and cluster
heads participate in the propagation of routing
control/update messages. In thick networks clustering
minimize routing overhead, as a result it solve scalability
problems for routing algorithms in large ad hoc networks.

Despite of having many advantages of cluster based
routing protocols, there are certain disadvantages.

e The node in MANET is moveable in nature.
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e Frequent changes in CH
overhead.

If a cluster head moved from a cluster than it is
required to recreate a cluster head for the cluster.
Frequent change of CH makes the cluster unstable and
increased routing overhead because cluster head
manage and store routing information which causes
changes in the route between two nodes and change the
performance of protocol. This paper is to suggest an
algorithm which minimizes CH changing thereby
making the cluster structure stable, and hence
minimizes loss of routing information which improves
the performance of routing protocol.

The paper is organized into V steps which are as follows.
In section I introduction and literature survey is explained
for clustering algorithms for mobile ad hoc network.
Previous works related to various clustering schemes are
explained in Section II. Section III covers proposed
improved cluster maintenance scheme for mobile ad ho
network. In section IV simulation various simulation
parameter and performance matrices are described.
Conclusion and future work is explained in section V.

increase clustering

I RELATED WORK

There are many cluster maintenance algorithms found in
literatures of MANET research. Few of such protocols
related to our proposal are described in this section.

A. Least Cluster head Change (LCC)

There is a protocol know as Lowest ID node Count (LIC)
in [11]. In LIC, a mobile node with lowest ID among its all
neighbors of a cluster is elected as CH. When a CH find
another mobile node with lower ID than the cluster head
with highest ID is forced to handover its charge to the new
node and act as cluster member within the same cluster.
Another variation, HCC proposes similar method with a CH
having highest node degree for maintaining the cluster. In
HCC, extra calculation is required to check the local highest
node degree of a cluster head periodically. When a cluster
head find another mobile node with highest node degree, it is
forced to hand over his charge to other mobile node having
highest node degree in a cluster. Because of frequent
changes in cluster head by mobility of nodes in the network
both LIC and HCC increased cluster overhead. A new
clustering scheme was proposed to avoid frequent changes
in CH, which is known as LCC.

Least Cluster head Change (LCC) is proposed as an
improvement of LIC [11] and High Cluster head Change
(HCC) [12]. In LCC clustering algorithms are divided into
two phases, in first phase of algorithm cluster formation is
done and the second phase cover cluster maintenance. First
phase follow LIC method to select a CH for a cluster.
Second phase, that is the cluster maintenance phase is event
driven and executed only for the below two conditions.

e If two cluster head are within the same radio range, then
the cluster head with lowest ID will work as cluster head
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and the mobile node with highest ID will release its role as
cluster head to cluster member. Other simple members of
the cluster are not allowed to participate in cluster
maintenance scheme to change the cluster head even if
they have lowest ID.

e If there is no cluster head in a cluster, the new cluster head
will be formed according to LIC method.

Thus, LCC improves cluster stability by minimizing the
changes in cluster head for a cluster in first phase by
providing some specific attribute to a cluster head. But in
second phase if a cluster head movement occur, it require
complete re-calculation for a cluster structure. This involve
large amount of communication overhead, when two cluster
heads are within the same radio range for short duration.

B. Cluster Based Routing Protocol

Another cluster changing method is reported in [8] defined
as Cluster Based Routing Protocol (CBRP). In this method,
each cluster observes the following rules for changing the
cluster head:

e A member of same cluster never challenges to the
cluster head to form a new cluster head.

e [ftwo cluster heads are within the same radio range over
an extended period of time then only one of them will
act as cluster head second will hand over its role from
cluster head to cluster member.

When a CH listens a HELLO message from another CH,
having a bidirectional link, it sets timer to a predefined value
CONTENTION PERIOD given in seconds. After timer is
expires, both the cluster head again checks that whether both
are still in same radio range, if both CHs are still in same
radio range, then they will compare its own ID with each
other’s ID. The CH with smaller ID will continue to act as
cluster head and other will force to act as cluster member.
Such rules provide some short of stable clustering by
delaying the CH change for certain time specified by the
timer.

C. Incremental Maintenance Scheme (IMS)

The IMS as proposed in [9] uses lowest ID clustering
algorithm, in which the node with lowest ID in its neighbors
elected as cluster head. IMS addresses the disadvantages of
LCC, CBRP and delay timer is increased to minimize CH
change. In IMS when two CH are within same radio range,
then they will wait till delay period is less than or equal to
maximum limit. As delay period reaches up to maximum
limit, both cluster head will check whether they are still in
same radio range, if both cluster heads are still in same radio
range than the cluster head with lost ID will act as cluster
head and other will hand over its charge and act as member
within the cluster.

Performance of IMS according to [9] is better as
compared to LCC and scheme used in CBRP. But in IMS,
cluster head change is delayed up to maximum limit time
duration, which is calculated by dividing two times
transmission range by speed. The CH change in IMS is not
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possible even if any emergency situation arises and need a
CH change. A cluster head with high priority will also wait
till Delay period not equal to Max limit. However, there
are certain situations where delaying CH change cannot be
extended to maximum limit.

With this overview of existing cluster head (CH) change
algorithms, in next section we are presenting our proposed
algorithm to address few issues observed in other proposals.

11 PROPOSED IMPROVED CLUSTER MAINTENANCE
SCHEME (ICMS)

The aim of the proposed ICMS algorithm is to minimize
the CH selection cost by delaying the process up to
acceptable time period. It will not immediately change the
CH as and when two CH comes closer, it will also not delay
beyond a time limit which is very long at all. Further, the
algorithm computes a priority of cluster head in order to
select a new one. The working of the algorithm is described
as follows:

e If two cluster heads are within the same radio range,
cluster head change will be delayed till delay timer
expired. After delay timer expire if both cluster head
are still within the same radio range then priority of
each cluster head is calculated. If newly arrived cluster
head has high priority over old cluster head then newly
arrived cluster head will act as cluster head and other
will hand over its charge and act as member of the
cluster.
e [f newly arrived cluster head has low priority over old
cluster head then ICMS follow IMS method to delay
cluster head change
e Priority factor of a cluster head is calculated by addition
of maximum degree of cluster head and battery life.
e If there is no cluster head in a cluster, the new cluster
head will be formed according to LIC method.
e Maximum limit is calculated by dividing transmission
range two time by speed.
The cluster formation in proposed ICMS depends on the
priority of both CH which are within the same radio range
and method of IMS. The algorithm is given below:

Step 1 Received Hello from Other_CH

Step 2 Delay_timer=delay_period

Step 3 Delayed clusterhead change for delay_timer.

Step 4 IF [delay_timer expire]

Step 5 IF[ Is still in the same radio range]

Step 6 Old_CH_Priority= Max_degree_CH+Battery_life

New_CH_Priority=Max_degree_CH+Battery_life

Step 7 IF[New_CH_Priority>Old_CH_Priorityr]

Step 8 GOTO STEP 13

Step 9 ELSE IF[delay_time<=Max_limt]

Step 10delay_time=delay_time+hello_interval

Step 11 60TO STEP 3

Step 12 ELSE IF[MYch_ID<=Other_CH_ID]

Step 13Send Triggered Hello as CH

Step 1460TO STEP 21

Step 15END IF

Step 16ELSE
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Step 1760TO STEP 13
Step 18END IF
Step 19END IF
Step 20Send Trigggered hello as CH.
Step 21 END
The algorithm is simulated in ns-2. In the next section
simulation environment is described with observed results.

IV.INPUT PARAMETERs AND PERFORMANCE
METRIC

This proposed improved cluster maintenance scheme
(ICMS) and LCC, CBRP, IMS are implemented in network
simulator version 2 [13]. To create mobile nodes movement
set-up, node movement generator is used. It used random
way point model. Movement generator takes total number of
mobile nodes, simulation area, time for simulation, pause
time, speed for mobile nodes, and transmission range as
input parameters. Two ray ground model is used for
propagation. Complete simulation is divided into two stages.
The first stage simulation is carried out by changing the
mobility (pause time) and in second stage by changing node
speed.

TABLE-I: INPUT PARAMETERS

Parameters Values
Total Mobile Nodes 150
Simulation area 2000m*500m

Time for simulation 240 (s)
0,60,120,180,240 (s)

5,10,15,20,25 m/s

Pause time

Speed for mobile nodes

Transmission range 25m

Performance metrics to measure performance of proposed
ICMS over LCC, CBRP and IMS is as below.

1. Cluster Head change.

2. Cluster Member change.

3. Cluster Overhead
Above factors are calculate by changing pause time and
speed of mobile nodes. Number of messages sent by each
node in a cluster to form a cluster head and to maintain the
cluster head, is known as clustering overhead. Identifying
the scalability of protocol is very important factor for any
protocol in mobile ad hoc network. Simulation and Results
are presented in the next section.

A. Cluster number change

The pause time were varying from 0 to 240second in
steps of 60. When we change pause time after each 60
second it was noticed that the performance of ICMS is better
in term of to minimizing number of cluster head change,
number of cluster member changes, and clustering overhead.
Figuresl shows the comparative result for LCC, CBRP, IMS
and ICMS.
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Fig. 1. Cluster Head change over pause time
Fig. 1 shows the cluster head changes for varying pause
time. For all the protocols for lower pause time increase in
cluster head changes is also low. It has been observed that
proposed clustering scheme perform better then LCC, IMS,
and CBRP. In Fig. 2 as pause time increases in steps of 60,
performance of ICMS is better than IMS. At 240 pause time
the performance of LCC, CBRP, IMS and ICMS are similar
which shows that as pause time increase the performance of
all above schemes will perform better.
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Fig 2. Cluster member change over pause time

In Fig. 3 performance of ICMS is compared with LCC,
CBRP and IMS for varying MN speed. The analysis of result
shows that the ICMS is better clustering scheme over other

schemes.
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Fig. 3. Cluster change for varying MN speed
2120

From the figure it is clear that as speed of mobile nodes
increases the cluster head change also increases. Further, it is
observed that from 0 to 20 mps cluster head change
increases and after 20 mps cluster head change starts
decreasing in IMS and ICMS but CBRP and LCC increased
CH change is noticed. It is concluded that the proposed
cluster scheme ICMS perform better then IMS as speed of
mobile node changes.

B. Clustering overhead

In Fig. 4 clustering overhead with respect MN speed is
shown. It shows that as speed increases total number of
cluster member changes also increases but increment of
cluster member changes in ICMS is slower then LCC, CBRP
and IMS. ICMS performance is better than the other three
schemes as speed of mobile nodes increase.
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In Fig. 5 clustering overhead of ICMS is low as compare
to LCC, CBRP and IMS. In ICMS initially up to pause time
50 cluster overhead reduced very fast and as soon as pause
time increases cluster overhead is in reducing order but from
Fig. 3 IMS initial decrease cluster head up to 100s pause
time and then again it increase cluster overhead. This shows
that ICMS is better the LCC, CBRP and IMS.
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Fig. 5 Clustering overhead with pause time

As fig. 6 clearly indicate the performance of ICMS is far
better in compared to LCC, CBRP and IMS in term of
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clustering overhead by increasing speed of a mobile node.
From the figure it is clear that the clustering overhead is low
in ICMS as speed increases. As soon as speed of a mobile
node increase clustering overhead is decreasing in ICMS.
When speed is near 15 clustering overhead is increasing in
LCC, CBRP and decreasing in IMS but ICMS is
continuously decrease. So the proposed ICMS scheme is
better as it shows reduced clustering overhead.
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Fig. 6. Clustering overhead for varying MN speed

V. CONCLUSION

This paper presents an Improved Cluster Maintenance
Scheme (ICMS) for mobile ad hoc network. Results are
clearly indicates that proposed ICMS performed better and
minimized the cluster head change as compared to LCC,
CBRP and IMS in term of cluster head changes, cluster
member changes, and clustering overhead. The main
objective of proposed ICMS is to improve clustering
algorithm in MANET by delaying cluster head change, when
two cluster heads are within the same radio link. Selection of
new cluster head is based on the priority factor of cluster
head and delayed time. Simulation results show that ICMS is
better cluster maintenance scheme as compared to LCC,
CBRP and IMS.
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