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 Wireless Sensor Networks have been widely used in many domains, such as scientific 
explorations, industrial applications etc. Sensor nodes are dedicated to perform 
functionalities such as relaying, sensing and aggregation, which quickly drain energy of 
the node. Due to relay traffic, nodes closest to sink tends to deplete energy faster than 
others due to heavier relay traffic. Thus Un-Even energy depletion phenomenon is 
defined as energy hole problem. Clustering enhances network lifetime but achieving 
even energy depletion is challenging. Energy-aware head rotation is used to balance 
energy depletion and more clusters are constructed with each cluster being smaller, 
towards the sink. 
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 INTRODUCTION 

 
 A Wireless sensor network (WSN) is a network suite compromised of sensor nodes which are deployed in an 
unattended environment. A sensor is an interface that exposes information about the state and state transitions of a 
managed resource. WSN consists of spatially distributed autonomous sensors to monitor a wide variety of real-
world phenomena such as temperature, humidity, sound, vibration, motion, and pressure and so on and transmit 
the collected information as a data packet to the Base Station (BS) or sink node. In a decentralized network, the 
sensor devices often sense the medium for change; transmit data over longer distances by passing the message 
through the intermediate nodes to the monitoring location. 
 Sensor node can be configured to perform sensing operations such as data collection and event collection. 
Sensors are deployed to collect data for short periods of set times of the day. Any significant change in the state 
of a system resource, network resource such as fire detection, radioactive imbalance or successful completion of a 
task is detected and reported to the managing resource. Each autonomic node in a sensor network consists of a 
radio transceiver, a processing unit which can be a micro-controller, sensing unit, and energy source may be a 
alkaline battery. The size of a single sensor node varies from shoebox-sized node to devices the size of grain of 
dust. Sensor nodes can change their position dynamically or even leave the network coverage area. Self 
protection can be achieved by changing network routes dynamically, monitoring voltage levels and controlling 
each node by an agent or base station and upon failure activating redundant nodes to replace damaged ones.    
 The network will not work with pre-programmed configuration. Self-configuring nodes can set up network 
connections; identify any dead nodes and self-heal detecting false positives in their sensor readings instead of 
transmitting them to base stations. Sensor nodes are generally exposed to much harsher conditions that may leads 
to incidental damage. Battery failure can result in lost sensor node and creates a coverage hole in the network. 
Self protection can be achieved by changing network routes dynamically, monitoring voltage levels and 
controlling each node by an agent or base station and upon failure activating redundant nodes to replace damaged 
ones.    
 Sensing, processing and data transfer phases require lot of energy so each node should be able to sense 
process and transfer data intelligently. Energy savings can be achieved by putting the nodes into low power sleep 
mode, and activated when needed. The objective is to transfer data to the sink node with less power usage and 
efficient routing to avoid the delay in relaying event. 
 Sensor networks have a variety of applications include environmental monitoring, habitat monitoring, 
earthquake detection, military surveillance, inventory tracking, and smart spaces and so on. The design factors 
includes fault tolerance, adaptability, reliability, power consumption, network efficiency, data aggregation, 
intelligent routing. Dynamic behavior of sensor nodes should be adaptively managed and available resources need 
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to be optimally utilized for extending working of each node connected in the sensor networking region. The main 
contribution of the paper is that we provide the first unequal cluster based routing protocol to mitigate the energy 
hole problem and thus prolong the network lifetime.  
 
Related work: 
 The key features for an autonomic system are self-configuration and optimization of lifetime by means of 
routing into a WSN. The basic mechanism of clustering concept in WSN is properly adapted to design Optimal 
Clustering architecture for enhancing network lifetime. The EEHC [1] can be an effective tool for gathering data 
in a variety of environments. The data gathered by each sensor is communicated through the network to a single 
processing centre that uses all reported data to determine characteristics of the environment. EEHC is a 
distributed, randomized clustering algorithm to organize the sensors in a wireless sensor network into clusters. 
 Energy-aware management for cluster-based sensor networks [2] proposed work presents a novel approach 
for energy-aware management of sensor networks that maximizes the lifetime of the sensors while achieving 
acceptable performance for sensed data delivery. Assign routes dynamically and arbitrate medium access in 
order to minimize energy consumption and improve sensor life. Addressed for network clustering and assigns a 
less-energy constrained gateway node that acts as a cluster manager. 
 Stable Election Protocol (SEP) [3] proposed a heterogeneous-aware protocol to prolong the time interval 
before the death of the first node is important for many applications where the feedback from the sensor network 
must be consistent enough. SEP is based on weighted election probabilities of each node to become cluster head 
according to the remaining energy in each node.  
 Energy-Efficient Distributed Unequal Clustering (EEDUC) introduced in which it provides a new way of 
creating distributed clusters. The wireless sensor networks have been extensively deployed and researched In 
EEDUC, each sensor node sets a waiting time for considering the function of residual energy, number of 
neighbor nodes. EEDUC uses waiting time to distribute cluster heads. Unequal clustering mechanism also 
proposed to solve the hot-spot problem. This is a mechanism for periodical data gathering applications in 
wireless sensor networks. It is suitable for WSN using EEDUC, where cluster heads are chosen by localized 
competition, which is unlike LEACH and with no iteration, which differs from HEED. It focuses on relay traffic 
balancing and distributed clustering and solves the hotpot problem with considering the number of neighbor’s 
node and the residual energy of node. EEDUC successfully balances the energy consumption, and significantly 
network lifetime has improved. 
 Energy efficient clustering scheme [8] the periodical data are gathering. In the cluster head (CH) election 
phase, a constant number of nodes are elected and compete for cluster heads according to the node remaining 
residual energy. The competition process is local and without repetition, thus it has much reduce message 
overhead. 
 Design of a distributed energy efficient clustering algorithm [6] evaluates a new distributed energy-efficient 
clustering scheme for heterogeneous WSN. Analysis of strategies for mitigating the sensor network energy hole 
problem scheme is to characterize many-to-one traffic patterns, problems related to uneven energy depletion 
among sensors often appear. Energy-efficient clustering solution proposes a distributed clustering algorithm for 
wireless sensor networks that determines suitable cluster sizes depending on the hop distance to the data sink, 
while achieving approximate equalization of node lifetimes and reduced energy consumption levels. 
 
III. Unequal clustering to maximize sensor lifetime: 
 In UCR the nodes are grouped into clusters and a greedy geographic and energy aware routing protocol is 
designed for the inter cluster communication. The cluster head aggregates the data received from its members 
into a fixed length packet however which is not feasible for many applications with massive sensing 
environments. Different cluster sizes produce non-uniform distribution of sensor nodes. In reality however, it is 
difficult to put those deployment strategies in many harsh environments. Although energy hole problem has 
been investigated in recent literature, most work focuses on either monotonic architecture or the improvement of 
energy efficiency without consideration of the network scalability. 
 Clustering-based data aggregation has been widely used and proved to be very powerful it implements 
different efficient resource utilization strategies to achieve network scalability and even energy consumption. In 
sensor networks in-network data aggregation operations can eliminate redundancy to improve bandwidth 
utilization and energy efficiency of sensor nodes, thus prolonging the network lifetime. 
 
Optimal Clustering Architecture: 
 The key problem in WSN is the limited battery power which has direct impact on the network lifetime. The 
existing algorithm does not achieve even energy depletion among the sensor nodes. The optimal clustering 
architecture is constructed to balance the energy consumption to maximize the lifetime of the system. 
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Fig. 1: Step by Step Process. 

 

A. Sensor and Network Model: 

 The sensor nodes are homogeneous with the same processing capabilities, including CPU, storage and the 

maximum transmission range. Each node can adjust its power depletion level according to the transmission 

distance to its desired recipient.  

 

B. Architectural Design: 

 
 

Fig. 2: Flow graph. 

 

C.Pseudo code 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. Module description: 

 The sensors should adapt to the dynamic changing topological network so that depletion in battery power is 

balanced. The OCA architecture consists of 3 modules, each module communicates with one other to provide 

efficient power consumption and data transmission. The modules for the implementation of Optimal Clustering 

Architecture Scheme are given as follows: 

 

A. Dividing Sensor Network into Unit based Network Architecture: 

 The rectangular subset of the network will be divided into equal-size square units. Each unit contains a 

certain number of clusters for simple deployment purposes; clusters within a unit have the same size. However, 

  Input: 

 N : Number of nodes 

           C : Square root of Simulation area 

               D : Constant 

 J  : Unit Number  

  Output:   

               O u : Optimal No. of Units  

 T C : Total No. of clusters 

 iU  : No. of clusters in each Unit  

 Method: 

 O u  = N/C 

 T C  = O u * D  

 iU  = T C * (J/10)   
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clusters in different units will have different sizes in order to avoid the energy hole problem. Division of 

network area into units is based on the number of nodes and simulation area.  

Calculating Optimal Number of units, 

O u   = Total Number of Nodes                                (4.1) 

                           Constant C 

 The optimal number of units is obtained by finding one that minimizes the total energy, represented as TE , 

of all sensor nodes in a transmission round. And the total energy cost is obtained in equation (4.2) 

TE = 


m

i

TE
1

( i )                                (4.2) 

 Here m is the optimal number of units. To find the optimal unit number to minimize total energy cost TE , 

compute the TE with regard to m. The units are maximized when the sensing area is minimized, and the total 

energy cost is minimized. 

 

B. Algorithm that determines number of clusters within each unit 

The Clusters are constructed on the basis of the number of clusters should strictly increases as the distance 

towards the sink decreases. The total number of clusters is calculated using the equation (4.3).  

Total Number of clusters (T C ) = O u  * Constant D              (4.3) 

Number of Clusters in unit i = (T C ) * (J/10)                 (4.4) 

J = Unit Number 

i = J,J-1,J-2,J-3 ,…… up to i becomes 1  

 The   number of clusters in each unit is calculated using the equation (4.4). That is the unit which is closer 

to the sink will have more clusters of smaller sizes so that energy depletion among nodes can be balanced. 

 

C. Energy aware head selection and cluster construction: 

 The cluster head selection within the units is based upon the residual energy and id  (average distance from 

a cluster head in unit i  to a head in unit i +1). The id  is calculated using the equation (4.5). The average 

distance is the expected Euclidean distance between any two points in a set of points that are individually and 

uniformly distributed in two adjacent squares.  

id = 088.1 l                                                           (4.5) 

 Here the l  is the optimal length of a square units. The selection process works as follows. Each node will 

first broadcast its own residual energy in turn (e.g., based on their IDs). Since each node in a unit is able to hear 

from all the other nodes, the first c i  (c i was initially broadcast by the sink to every node) nodes with the higher 

residual energy can claim themselves as the new heads. 

  After receiving those broadcast claiming messages, all nodes in unit i except the heads, need to choose and 

join one of the c i  heads based on the signal strength and the distance. That is, a node will chose one of its head, 

from which it receives the strongest signal with the smallest distance. Once the c i  heads are chosen, all of the 

other n-c i    non-head nodes will send a join-in response to their corresponding heads.  

 Each head will send a confirmation message to its members after collecting all join-in responses. The 

Cluster members communicate cluster head via intra cluster communication and the cumulative aggregated data 

will be sent by a cluster head to a head in a neighboring unit closer to the sink. Each cluster head could 

randomly chose heads in neighboring unit as routing candidates; the head will select the  

 one that has the largest amount of residual energy to forward its data in its communication round. 

Experimental Setup: 

 The hardware required for the experiment is Intel Core i5 processor, 4 GB RAM and 20 GB hard disk drive. 

The like software required are Ubuntu 14 Operating System, NS2 simulator tool for running simulation and the 

language used is TCL and C++. The parameters used for simulation is listed below 

 

VII. Performance Evaluation: 

 The following parameters considered to measure the lifetime of the network  
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A. Network Lifetime with respect to Cluster Head Reselection Frequency: 

 Network Lifetime is the time difference between the time at which node boots up and enough number of 

nodes which has the probability to act as an cluster head to forward data to the base station. 

 
Parameters Specifications 

Simulation Area (m × m) 1000× 750 

No. of Sensor Nodes 50 

No. of Sink Node 1 

Transmission Range of  node 50m 

Simulation Time 50 seconds 

Antenna Type Omni Directional 

Radio Propagation Model Two Ray 

 

B. Nodes Remaining Energy: 

 Nodes Remaining Energy is the difference between the initial energy assigned to the node and current 

energy in the node. The formula for calculating the nodes remaining energy is given in Equation (4.6).   

where 
iE  is the initial energy and jE  is the current energy. 

Nodes Remaining Energy =  iE 

jE        (4.6) 

RESULT AND DISCUSSION 

 

 This work presents the constructing an optimal clustering architecture to maximize the network lifetime in 

wireless sensor network. By minimizing the total energy consumption of all sensor nodes. To avoid energy hole 

problem, the number of clusters in unit areas should strictly increase as the distance towards the sink decreases. 

This technique used handles the load balancing during data transmission, which is evenly distributed within the 

nodes, optimizing the energy consumption by reducing signaling.  

 

 
Fig. 3: Remaining Energy. 

 

IX. Conclusion and Future Work: 

 This protocol extends the network lifetime in two to three times of the one achieved in unequal cluster-

based routing. In the cluster-based sensor network research, sensed data is normally aggregated into one 

package or by a fixed aggregation ratio, developing a suitable aggregation model, combined with proposed 

approach for large-scale networks is a future work. And decision of the head rotation frequency to find optimal 

value for large-scale sensor networks is another challenging work. 
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