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Abstract - Wireless networks are getting popular due to their ease of use. Mobile Ad Hoc Network (MANET) has become 
an exciting and important technology in recent years because of the rapidly increases of wireless devices. Mobile Ad Hoc 
Networks are distributed systems consisting of mobile hosts that are connected by multi-hop wireless links. Such systems are 
self-organized and facilitate communication in the network without any centralized infrastructure. Mobile devices in 
MANET are battery operated nowadays. So, battery power is important parameter in MANET. Clustering in MANET has 
evolved as an imperative research domain that enhances system performance such as throughput, PDF, delay and it increases 
system capacity in MANET in the presence of mobility and large number of mobile terminals. In clustering, mobile nodes in 
a MANET are divides into different virtual groups. Election of cluster head is very much important in clustering. It effects 
on cluster stability and life-time. Our proposed algorithm considers battery power parameter for election of cluster head. By 
selecting most suitable node as cluster head we can increase stability of cluster. Our proposed algorithm forms cluster by 
selecting all the nodes which are nearer to CH in one Cluster. If CHs’ energy falls below predefined threshold value; our 
algorithm elects other node as CH who has highest energy in Cluster. We have implemented proposed algorithm in ns-2.33 
simulator 
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I. INTRODUCTION  
 
Wireless technologies have become popular as they 
have ubiquitous features, satisfying the demand of the 
network communication anywhere, at any time. Since 
portable devices like laptop computers, personal 
digital assistance (PDA) and mobile phones require 
fix infrastructure such as base station or access point. 
Therefore they need an access to a static network to 
support their mobile device services. To provide a 
solution to this problem Mobile Ad Hoc Network 
(MANETs) have evolved. MANETs are autonomous 
systems consisting of mobile hosts which are 
connected by multi-hop wireless links. A mobile ad 
hoc network (MANET) is created by mobile hosts. 
There is no stationary infrastructure; for instance, 
there are no base stations. In MANET, Some mobile 
hosts are willing to forward packets to neighbours. 
These types of networks have no fixed routers; every 
node can behave as a router, forwarding data packets 
for other nodes. All nodes are able of moving and can 
be connected dynamically in an arbitrary manner. The 
individual terminals are allowed to move freely in the 
network. 
All nodes are able of moving and can be connected 
dynamically in an arbitrary manner. The individual 
terminals are allowed to move freely in the network. 
In this type of networks, some pairs of terminals may 
not be able to communicate directly with each other 
and have to rely on some other terminals so that the 
messages are delivered to their destinations. Such 
networks are often referred to as multi-hop networks. 
In mobile ad hoc network (MANET), nodes are 
connected together by wireless links without any 
fixed infrastructure. The growth of laptops and  

 
802.11/Wi-Fi wireless networking has made MANET 
a popular topic for research in recent time. 
Clustering is an important research topic for Mobile 
Ad Hoc networks (MANETs). In a clustering scheme 
the mobile nodes in a MANET are divided into 
different virtual groups, and they are allocated 
geographically adjacent into the same cluster 
according to some rules with different behaviours for 
nodes included in a cluster from those excluded from 
the cluster [1]. This enables the network to become 
manageable. Clustering makes it possible to 
guarantee basic levels of system performance, such as 
throughput and delay, in the presence of both 
mobility and large number of mobile terminals [1]. 
A Mobile Ad hoc Network as shown in Fig.1 is a 
wireless ad hoc network, and is a self-configuring 
network of mobile routers connected by wireless 
links. The routers are free to move randomly and 
organize themselves arbitrarily; thus, the network's 
wireless topology may change rapidly and 
unpredictably. Such a network may operate in a 
standalone fashion, or may be connected to the larger 
Internet. 
In MANETs the nodes communicate over reliable 
wireless links with in the transmission range of the 
each other. If two hosts which are not within the 
transmission range of each other want to 
communicate, they have to depend on the nodes lying 
between them for forwarding data packets from one 
host to another host. Flooding is the cause of the 
routing in MANETs which leads to degradation of 
bandwidth and depletes battery power of the nodes. 
So, many clustering schemas have been proposed 
where the nodes in the network are divides into the 
clusters. 
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In Clustering, the mobile nodes in a network are 
partitioned into distinct virtual groups. Nodes are 
assigned geographically adjacent into same cluster 
according to some rules [3]. 
The MANET Clustering problem is to partition M 
into a set of Clusters, C = {c1, c2, c3, ..., cn} such that 
c1 ∪ c2 ∪...∪cn= M. 
The Cluster based network introduces three types of 
nodes in MANET: 
1. Cluster Head: 
Cluster Head serves as a leader node for its Cluster. It 
performs communication among various mobile 
nodes in a cluster. It performs inter cluster 
transmission; data forwarding and so on. 
 
2. Cluster Gateway: 
It is a non Cluster Head node. It is also called as 
Border node in Cluster. It is responsible for 
communication among neighbouring clusters. 

 
Figure 1: Clustering in MANET [1] 

 
3. Cluster Member: 
It is also called as Ordinary nodes in the Cluster. It is 
neither Cluster Head node nor Border nodes. 
 
Advantages of Clustering in MANETs: 
 
1. It increases system capacity by spatial reusing 

available resources. If two clusters are not 
neighbouring clusters and they are not 
overlapped then they can use same set of 
frequency [12]. 

2. Cluster Head and Border nodes form a virtual 
backbone for routing among neighbouring 
clusters. So generation and spreading of routing 
information is minimized to this set of nodes [12, 
13].  

3. Resource allocation can be done in efficient 
manner among mobile nodes [12, 13].  

4. MANETs appear stable and smaller in view of 
each mobile node. When mobile node moves to 
another cluster, only nodes present at that cluster 
need to update the information. In this manner 
local changes need not be seen and updated by 
entire network. So information stored by each 
node is reduced [14].  

 

5. Cluster can better coordinate its transmission 
events with the help of the special mobile node, 
Cluster Head, residing in it. This can save much 
resources used for retransmission resulting from 
reduced transmission collisions [3].  

 
Disadvantages of Clustering in MANETs: 
 
1. To maintain the cluster structure in a 

dynamically changing environment often 
requires explicit message exchange between 
mobile nodes. When the underlying network 
topology changes quickly and involves many 
mobile nodes, the clustering-related information 
exchange increases drastically. Frequent 
information exchange may consume considerable 
bandwidth and drain mobile nodes‟ energy 
quickly [12].  

2. Some clustering schemes may cause the cluster 
structure to be completely rebuilt over the whole 
network when some local events take places e.g. 
the movement or “die” of a mobile node, 
resulting in some cluster head re-election. This is 
also called as ripple effect of re-clustering [15].  

3. Most schemes separate the clustering into two 
phases, Cluster formation and Cluster 
maintenance. During cluster formation, it is 
assumed that all nodes are static in nature. 
However this assumption is not applicable in 
actual scenario [15].  

4. The rest of this paper is organized as follows. In 
section 2, we briefly describe AODV routing 
protocol. Section 3 presents the related work in 
literature review, Section 4 discusses about our 
proposed algorithm for Clustering, Section 5 
discusses about experimental result. We 
conclude in section 6 with future work 

 
II. II. AN OVERVIEW OF AODV ROUTING 

PROTOCOL  
 
AODV routing protocol is based on DSDV and DSR 
algorithm and is a state –of – the – art routing 
protocol that adopts a purely reactive strategy. It sets 
up a route on demand at the start of communication 
and use it till it breaks after which a new route setup 
is initiated [2]. This protocol is composed of two 
mechanism (1) Route discovery (2) Route 2 
maintenance. AODV use Route Request (RREQ), 
Route Reply (RREP) control messages in Route 
discovery phase and Route error (RERR) control 
messages in Route maintenance phase. The header 
information of this control message can be seen in 
detail in [3]. 
The nodes participating in the communication are 
classified as source node, an intermediate node or a 
destination node with each role, the behaviour of a 
node actually varies. When a source node wants to 
connect a destination node, first it checks in the 
existing route table as to whether a fresh route to that 
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destination is available or not. It uses the same 
otherwise the node initiates a Route discovery by 
broadcasting a RREQ message to all of its 
neighbours. This RREQ message will further be 
forwarded by the intermediate nodes to their 
neighbours. This process will continue until the 

destination node or an intermediate node having a 
fresh route to the destination. At this stage, RREP 
control message is generated, a source node after 
sending a RREQ waits for RREPs to be receive. Fig 1 
shows the control messages. 

 

 
Figure 2: AODV control message [3] 

 
III. LITERATURE SURVEY  
 
We have reviewed various clustering algorithms. Each algorithm considers different parameters for election of 
Cluster Head node. Election of Cluster Head is difficult in Clustering. We present each algorithm with its 
advantages and drawbacks in tabular form. Algorithms like Lowest ID, Highest degree connectivity, K-hop 
connectivity, MOBIC, LCC, WCA etc are studied from various research papers. 
 

Clustering 
Scheme 

Cluster Head 
Selection 
Criteria 

Benefits Drawbacks 
 

 

 

 

Lowest ID Node with minimum 
id which is distinct Simple to implement 

1. Certain nodes are prone to 
power drainage due to serving as 

CH for longer time 
2. Generates more CH than 

necessary 

 

 

 

 

 

 

 

 

 

Highest 
Degree 

Node with highest 
Connectivity value 

among its neighbours. 
Less hop to fulfil a 

request. 

1. Due to high mobility frequent 
change of topology occurs. 

Hence Congestion in 
Cluster head and erratic 

Exchange of CH occurs. 
(2) Numerousties between nodes. 

(3) Only one hop connectivity. 
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Max Min d 
cluster 

(1) Node participates 
in CH selection based 

on their node id. 
(2) Once the CH 

is selected sender 
node determines the 

shortest path. 

(1) Less number of 
CHs and hence less 

traffic. 
(2) Operates asynchron 

ously. 
(3) No. Of messages 

Sent from each 
Node is limited 
to a multiple of 

d rather than „n‟. 

(1) How to select value of d is not 
specified. 

(2) Number of members 
Increased in a cluster So, 

CH drains rapidly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K-hop 
Connectivity 

Node with higher 
connectivity is chosen 

as  CH, in case of 
tie ID is considered 

to select CH. 
Each node 

(1) Obtain minimum 
no. Of clusters and 

smaller size of 
dominating set. 

(1) Number of nodes will be 
Increased in a cluster so CH will 

drain rapidly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Comparative analysis of Clustering algorithms 
 
IV.PROPOSED ALGORITHM FOR 
CLUSTERING 
 
In a Clustering schema the mobile nodes in a 
MANET are divided into different groups. Clustering 
is separated into two phases. 
1. Cluster Formation  
2. Cluster Maintenance  
 
Algorithm for Cluster Formation:  
 
Step 1: Deploy the nodes in the Network. We have 
selected 20 nodes, 30 nodes, 40 nodes and 50 nodes. 
Step 2: Each node determine its position and energy. 
Initially each node is assigned 100J energy for 
simplicity purpose. Each node energy level (battery 
power) is updated using below calculation. 
Energy is required for each operation like 
transmission of packet, receiving of packet. Energy is 
also required for calculation of its position. So, 
energy consumed by node can be calculated as: 
Econsumed =  
Where Mij= Energy required to route packet from 
node i to node j 

Ep=Energy required to calculate the position of node 
ERemaining = ETotal ─ EConsumed 
Step 3: We have to select Source nodes for each 
Cluster. Means if we want to form two clusters than 
initially we have to select two source nodes from all 
deployed nodes. But they must not be neighbouring 
nodes. 
Step 4: Select node which has lesser distance from 
source node as Cluster Head. 
Distance can be calculated by Euclidean distance 
formula. 
Step 5: Cluster Head will send Hello message to all 
nodes which are in its transmission range. Nodes will 
replay to Cluster Head for Hello message. Nodes will 
send their battery power and position information to 
CH in replay message. All those nodes that had send 
replay to Cluster Heads‟ Hello message will become 
part of that Cluster. Means they will play role of 
Cluster Member. 
Step 6: Stop. 
 
Algorithm for Cluster Maintenance 
Step 1: After formation of Cluster, periodically CH 
sends Hello message to all member nodes and will 
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collect each nodes‟ remaining energy.Each node 
energy level (battery power) is updated using below 
calculation. 
 
Energy is required for each operation like 
transmission of packet, receiving of packet. Energy is 
also required for calculation of its position. So, 
energy consumed by node can be calculated as: 
Econsumed =  
 
Where Mij= Energy required to route packet from 
node i to node j. 
Ep=Energy required to calculate the position of node 
 
ERemaining = ETotal ─ EConsumed 
 
Step 2: When (CHs‟ Energy<Threshold) 
 
CH sends a life_down message to all the Cluster 
Member nodes; 
All the member nodes participate in the re-election 
procedure; 
The node which has highest energy will be selected 
as Cluster Head now. 
Step 3: Stop. 
 

 

 
Figure 3: A Screenshot for calculation of co-ordinate position 

and energy 
 
Above figure shows screen shot for calculating co-
ordinate position and energy of each node. From it we 

can find all nodes which are nearer to CH in one 
Cluster. Next figure shows screen shot for 
cluster20.nam file at time=10 ms for two Clusters. 
 

 
Figure 4 : A Screenshot for Clustering_2 for twenty nodes at 

middle stage 
 

Nodes Normal AODV With  

AODV two Clustering  
  
    

20 96.53 97.02  
    

30 97.14 97.4  
    

40 97.3 98.44  
    

50 97.5 98.77  
    

Table 3: comparison of PDF of normal AODV, AODV with two 
Clustering 

 

 
Figure 5: No. of nodes Vs. PDF for two Clusters 

 

Nodes 
Normal AODV With  

AODV three Clustering 
 

  
    

20 96.53 99.74  
    

30 97.14 99.49  
    

40 97.3 99.52  
    

50 97.5 98.77  
    
Table 4: comparison of PDF of normal AODV, AODV with two 

Clustering 
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Figure 6: No. of nodes Vs. PDF for three Clusters 

 
 AODV 

AODV With 
 

Nodes with two 
 

three Clustering 
 

 
Clustering 

 
   
    

20 97.02 99.74  
    

30 97.4 99.49  
    

40 98.44 99.52  
    

50 98.77 98.77  
    
Table 5: Comparison of PDF AODV with two Clusters, AODV 

with three Clusters 
 
From above results, we can conclude that with the 
help of Clustering in MANET Packet Delivery 
Fraction (PDF) increases compare to Normal AODV 
routing protocol. Following table shows comparison 
of PDF for two Clusters in AODV Vs. three Clusters 
in AODV. By increasing number of Clusters in the 
network of nodes, PDF also increases. 
 
Packet delivery ratio: the ratio of the number of 
delivered data packet to the destination. This 
illustrates the level of delivered data to the 
destination. 
PDR = ∑ Number of packet receive / ∑ Number of 
packet send. 
 

 
Figure 7: No. of nodes Vs. PDF for two, three Clusters 

 
CONCLUSION 
 
Mobile Ad Hoc Networks are self organized 
networks whose nodes are free to move randomly. 
Mobile nodes can communicate with each other 
without the help of the existing network 
infrastructure. Clustering is an important research 
topic for mobile ad hoc networks (MANETs). In a 
Clustering scheme the mobile nodes in a MANET are 
divided into different virtual groups. In this report, we 
have provided fundamental concepts about clustering, 
including definition of clustering, the necessity of 
clustering for a large Dynamic MANET, and side 
effects of the clustering. Then we presented related 
research which has already done in clustering topic in 
MANET. We have also presented comparative 
analysis of some existing clustering algorithms with 
its pros and cons. Then we presented efficient 
algorithm for cluster formation and maintenance. In 
cluster formation phase, node which has higher 
battery power will be elected as Cluster Head. And all 
nodes which are nearer to Cluster Head will become 
part of that Cluster. So Cluster will be formed. We 
have presented efficient cluster maintenance scheme, 
our goal is to keep cluster head changes as least as 
possible to make cluster structure more stable. 
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