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Abstract—Today Wireless Sensor Networks (WSNs) are widely used and its utilization depends severely upon individual
sensor nodes which have limited energy. So energy efficiency is the main issue in WSNs which is needed to be improved.
Batteries in the sensor nodes are usually infeasible to be recharged or replaced. When whole of the energy of the sensor
node is consumed, then it dies out, then the data of that region of respective sensor node gets lost. So the energy efficiency
and data loss reduction in the WSN is one of the very important performance indicators. Thus, solving the efficient-energy
coverage and data loss reduction problem is an important issue for a WSN network. So scheduling the activities of the
devices in a WSN to save the network’s energy and loss of data in order to increase networks lifetime is done. Taking this
aspect into consideration, an Improved Cluster Chain Weight Metrics(ICCWM) approach has been discussed that selects
the appropriate cluster heads in the network and then forms the balanced clusters that balances load and then it sets some
threshold value for the non CH (Cluster Head) nodes. When a node in a cluster reaches that threshold level then the
neighbouring nodes of that cluster will share its data so as to prevent the data before the node dies out. Also the energy
that would be wasted for retransmission attempts and the time required by the CH (Cluster Head) to check the died out
node and acknowledgement procedure would be prevented. In the proposed work the energy efficiency is improved by
around 10% from the existing CCWM approach. This approach not only balances the load but conserves the energy of
the sensors so that the network can work for a longer time. Hence the data loss reduction is also done. The performance of
improved CCWM technique is carried out through simulation tests, which proves the effectiveness of this technique in
terms of Total Energy Consumed vs Transmission Range, No of Clusters vs Transmission Range and Total Energy
Consumption Over Time.

IndexTerms—CCWM, ICCWM, Wireless Sensor Network, Cluster Head

I. INTRODUCTION

Nowadays wireless sensor network is a popular research area due to its vast usage in different areas. A sensor network is
comprised of sensing, processing, communication ability which helps to observe, instrument, react to events and phenomena in a
specified environment [12]. This kind of network enables to connect the physical world to environment. By networking tiny sensor
nodes, it becomes easy to obtain the data about physical phenomena which was very much difficult with conventional ways.
Wireless sensor network typically consists of tens to thousands of nodes. These nodes collect, process and pass this collected
information to a central location. WSNSs have unique characteristics such as low duty cycle, power constraints and limited battery
life, redundant data acquisition, heterogeneity of sensor nodes, mobility of nodes, and dynamic network topology, etc [17].

Wireless networks require some creative medium access procedures to share the limited broadcast bandwidth in a fair and
efficient manner. WSNs are developing as both a vital new domain in the IT environment and a hot research including system
design, networking, distributed algorithms, programming models, data management, security and social components. WSNs are
rapidly picking up the popularity as they are potentially low cost solutions. The fundamental thought of sensor network is to scatter
minor sensing gadgets over a particular geographic zone for some specific purposes like target tracking, surveillance,
environmental screening and so on. These tiny devices are equipped for sensing a few progressions of parameters and
communicating with different units [4].

Each sensor of WSN collects data from the monitored area (such as temperature, sound, vibration, pressure, motion or
pollutants) which further routs data back to the base station BS. Data transmission is usually a multi- hop, from node to node
toward the base station. Wireless sensor networks consist of hundreds to thousands of small, cheap, battery-driven and low-power
multi functioning sensor nodes, operating in an unattended environment, with limited computational and sensing capabilities.
Sensor nodes are equipped with small, often irreplaceable batteries with limited power capacity[16]. These spread-out nodes bear a
wireless modem to accomplish monitoring or control task jointly. An important concern is the network lifetime: as nodes run out of
power, the connectivity decreases and the network can finally be partitioned. Routing in WSNs is a very challenging problem
which differentiates such networks from other wireless networks such as ad hoc networks and cellular networks. In recent years,
many algorithms have been proposed for the routing issue in WSNs. The main aim of routing approaches in these papers is to
minimize the total consumed energy [10]. As sensor networks have specific requirements on energy saving and data-oriented
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communication; therefore sensor network dedicated routing protocols may be required for energy efficient routing scheme. In WSN
there are many routing protocols that minimize the used energy, extending subsequently the life span of the WSN. Energy
awareness is essential in routing protocol design issue.

WSNs have achieved a widespread applicability in many application domains ranging from precision agriculture, office
automation and animal welfare to home. Although sensor network implementation have initiated to appear, the industry still be
prepared for the maturing of this technology to realize its full benefits [4]. Due to the limited communication range of sensors, large
geographical areas cannot be covered. In addition, a large number of Internet subscriptions are needed to connect cluster heads or
base station of each cluster to the Internet in order to relay data from fields to users through Internet. As each sensor network has an
individual Web interface, users do not have a complete view of different geographic sensor fields. A large scale sensor network
with a common application interface is, therefore, significantly required

1. ENERGY EFFICIENCY IN WSNs

Energy efficiency and sensing coverage are essential metrics for enhancing the lifetime and the utilization of WSNs. Many
protocols have been developed to address these issues, among which, clustering is considered a key technique in minimizing the
consumed energy [8]. However, few clustering protocols address the sensing coverage metric. The energy constraint in WSNs is a
major challenge to the development of many potential applications. Several research projects investigated such constraint.
Hierarchical routing protocols are considered among the most important routing protocols that are designed to reduce the energy
consumption in WSNs. However most of such protocols focused on reducing the energy consumption with no regard to the sensing
coverage achieved by the network [18]. The sensing coverage, which is an important metric in several applications such as military,
surveillance represents a good measure of how efficient the deployment of the sensor nodes was and how much the network
resources were utilized.

A sensor network consists of a large number of small, low cost devices with sensing, processing, and transmitting capabilities.
The main goal of the operation is to observe a region and relay information to a sink node or set of sink nodes called BS. There are
two ways to forward the data to the BS [21]:

Direct hop communication: In this type of communication every sensor transmits its data directly to the sink. The sink is the
BS where each node transmits its data using its energy hence leading to less energy efficiency utilization.

Multi hop communication: In this type of communication, the sensors are communicating with the neighbors that forward the
information in the direction of the sink. In this type the energy can be efficiently utilized. BS sets the route for the data transmission
from node to sink.

111. TECHNIQUES USED IN CORE WORK

The features of WSN includes: constrained resources (bandwidth and energy), data-centric application and dynamic
configuration and so on. There are many technical challenges associated with sensor networks, such as self organizing algorithm,
energy efficient routing protocols, data aggregation technology and network lifetime improvements [21, 22]. The energy for sensor
networks is very important. It is infeasible to replace battery of sensor. Therefore, conserving energy so as to prolong the network
lifetime is becoming is becoming one of the key challenges. Recent researches had addressed these topics such as power aware
channel access, routing and broadcasting, data aggregation protocol and so on. Data is a major application of wireless sensor
networks. Currently there are some efficient energy data collecting protocols:

e LEACH (Lower Energy Adaptive Clustering hierarchy): It is a clustering protocol, using randomly rotation of cluster head to
balance energy of network. The principal of LEACH is how to determine the cluster head and cluster. The cluster head accepts
data from other sensors in its own cluster and makes data aggregation then sends it to BS.

e TEEN (Threshold Sensitive Energy Efficient): It is a hierarchical protocol designed for sudden changes in the sensed
environment [14]. The response of the network in time-critical applications is extremely important, obliging the network to
operate in a reactive mode. The sensor network architecture in TEEN is based on hierarchical grouping. The nodes close to
upper level clusters are used to transfer data from other nodes that are further away, a process that goes on the next level cluster
until the sink is reached. The main advantage of TEEN is that it works well in conditions where sudden changes in the sensed
attributes occur. On the other hand, in large area networks and when the number of layers in the hierarchy is small, TEEN tends
to consume considerable amounts of energy, because of long distance transmissions. Moreover, when the number of layers
increases, the transmissions become shorter and there exists a considerable overhead in the setup phase, as well as the operation
of the network.

e SHORT (The Shortest Hop Routing Tree protocol): [15] efficiently collects useful data from a remote wireless sensor network
to the base station and provides energy efficiency. This protocol selects the node with the largest value of residual energy as the
leader.

e ECLH (The Extending Lifetime of Cluster Head): routing protocol [16] has self-configuration and hierarchal routing
properties. It elects cluster heads based on the votes that it collects from the network nodes.

IV. CLUSTER CHAINWEIGHT METRICS APPROACH (CCWM)

CCWM is an approach that takes the service parameters for enhancing performance of the overall network. In this clustering
based approach one of the main concerns is selection of appropriate cluster heads in the network and the formation of balanced
clusters. Cluster heads are selected first in a network based on weight metric and then cluster formation takes place. This approach
aims to conserve energy of sensors. In this a local clustering mechanism is adopted within the cluster to reduce computation and
communication cost. Here a rank based POS metric approach is suggested to select clusters from the set of sensors considering
network performance parameters that distributes load evenly in the cluster and consume minimum energy. CHs are selected first
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considering performance parameters in a random network and then the clusters are formed. Number of nodes that can be
accommodated in the cluster without degrading network performance is considered. For uniform load distribution, a local
clustering mechanism is proposed. This mechanism will be called in the cluster so that cluster head rotation can take place within
the cluster and that too when some specific condition is met. Data are transmitted through short parallel chains following
scheduling mechanism. A mechanism has been devised that selects CH based upon network service parameters such as residual
energy, path loss factor and node degree. But here the data lost when a node dies out is not considered due to which the efficiency
of the network to work for the longer time is reduced. And there is also the considerable data loss. Keeping in view the above
problem a new improved CCWM approach is designed that reduces the data loss due to dying out node and also improves the
energy efficiency so that the network works for the longer time.

V. IMPROVED CCWM APPROACH

In the existing CCWM approach the energy was wasted when once a node dies then its battery dies out. So a new improved
CCWM approach is proposed which enhances the network lifetime by improving energy efficiency of the network. A local
clustering mechanism is adopted within the cluster to reduce computation and communication cost and set some threshold value
above the zero level for all nodes so that when a node attains that threshold level the data of that node is shared by its neighboring
nodes before that node dies. This leads to save energy and time needed for acknowledgement process and data loss once a node
dies. It follows multi-hop routing to transfer the data to the base station.

V.l Basis of Approach

e CH’s residual energy should be more than 75% of its member nodes residual energy in its cluster.

e The transmission range for each node is set to 25m.

e  The threshold value for the non CH nodes is set to be the 20% of node’s initial energy.

e  The maximum number of nodes that a CH can accommaodate that is the node degree is taken to be 20.

V.11 Procedure of Algorithm

The cluster head is selected which will be having the higher calculated value of position metrics(POS). The two CHs cannot be
the member nodes that is they should not be the immediate neighbors of each other.

e For each node find out all the nodes that lies in its transmission range and they are to be stored in its neighboring table.

e Calculate the maximum node degree that a node can accommaodate. The maximum value of it can be taken as 20.

e To determine the total path loss for each node, sum of distances with all its neighbors is to be calculated using the

Euclidean distance formula.
Py=2. {dist(v,v")} @

Equation (1) will help in determining total loss. Here v is source node and v’ are the neighboring nodes

e Average energy of each node is to be calculated using equation (2).

EAVG = 1/NV . ZEV (2)

Here E, is the residual energy of all neighboring nodes.

e  Position function (pos) for each node is to be calculated using equation (3).

POS = A Nv + B.Eavg + C.(1/Pv) 3)
Where A,B,C are the weight factors.
And A+B+C=1
Nv is the node degree of the node
Eavg is the average energy of the node
Pv is the sum of the distances with all its neighbors.
The value of A,B,C are taken to be 0.3, 0.3, 0.4 respectively.
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V.111 Flow Chart

CH checks
whether its
remaining
energy> 75% of
its member
nodes residual
ENEergy.

yes |Continue to be CH
Hfor the next cycle

Broadcast reclustering
request to its cluster
nodes containing its
remaining energy

Member nodes compare
their POS value

POSi = POSi+1

All member nodes
pass data to their
newly electedCH

Yes

Mode selected as the CH for
the next cycle

Check non CH's energy

Yes

Meighbour nodes will
cover the area of that
respective node

Figure 1 Flow Chart of ICCWM

V.1V Simulation Parameters

During the simulation for any network some assumptions are taken into account. For the implementation of coverage techniques in
WSN, simulation parameters are used. ICCWM results are evaluated through several simulations. For this purpose MATLAB
R2008a is used to compare the results obtained from the proposed algorithm with the existing approach. The simulation
environment consists of 100 sensor nodes randomly deployed in a field of 100 * 100 m. All nodes are identical with transmission
range set to 25m. Base station is situated at the upper right corner of the field. On an average 10 simulations are performed to get
the approximate correct values for networking parameters. Sensor nodes are stationery for the lifetime. All the nodes have same
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initial energy of 2J. Nodes threshold value is set to 20% of initial energy i.e. 0.4J. the energy consumed in electronics for
transmitting and receiving Eelec is taken to be 50 nJ/bit. While the energy consumed by amplifier to transmit at a longer distance
Eamp is taken to be 100pJ/bit/m?. Data packet size is taken as 2000 bits.

VI SIMULATION RESULTS

In this section the results are calculated for number of clusters vs. transmission range, total energy consumption vs. transmission
range and total energy consumption vs. time. In this, ICCWM performance benefits have been evaluated through several
simulations. For this purpose, we have used MATLAB R2008a to compare the results obtained from the proposed algorithm with
the existing method.

VI.1 Total Energy Consumption Vs. Transmission Range

With the increase in transmission range, average number of CHs will decrease. This is due to the fact that nodes with large
transmission range will cover larger area. As a result, the number of clusters formed will be less. The cluster formation is non
uniform and the maximum nodes that can be accommodated for efficient energy utilization by any cluster is 20.Lesser the
transmission range more will be the number of clusters. Larger number of clusters results in more consumption of energy. ICCWM
consumes the energy in a more balanced way. As distances increase, energy consumption also increases. But by setting some
threshold value for non CH nodes total energy consumption seems to be less in proposed approach as compared to the existing
CCWM approach as shown in figure 2.
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Figure 2 Total Energy Consumption vs. Transmission Range

From figure 2 it is concluded that the total energy consumed is lesser in case of ICCWM. At the transmission range of 25m the
energy consumed by CCWM is 25J whereas it is just 22J in ICCWM. So there is on approximate 12% energy reduction in
ICCWM as compared to CCWM.

VLII Number Of Clusters Vs. Transmission Range

It is seen that with the increase in transmission range, average number of CHs will decrease. This is due to the fact that nodes with

large transmission range will cover larger area. As a result, the number of clusters formed will be less. The cluster formation is non
uniform and the maximum nodes that can be accommodated for efficient energy utilization by any cluster is 20. More CHs add
extra number of hops since the packets have to be routed through number of CHs before reaching destined node. It results an
increase in latency, more power consumption and processing cost. Thus, to maximize resource utilization, minimum number of
CHs should be selected that can cover up the whole geographical area. And energy efficiency which is the main concern will
increase if in the network there are lesser number of the clusters formed. Number of clusters vs transmission range is shown in
figure 3.
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Figure 3 Number of Clusters vs. Transmission Range

From fig 3 it is concluded that at the transmission range of 25m clusters formed are lesser in case of ICCWM as compared to
CCWM. In ICCWM clusters formed are approx. 12 while in CCWM clusters formed are 17 approx. so this approach proves its
significance in this aspect also.

VI.111 Total Energy Consumption Over Time

Energy consumed by a cluster can be found out by calculating the energy consumed by non-CH in transferring data to the CH and
the energy consumed by the CH to transfer the aggregated data to the base station. Energy consumed by a non-CH is the energy
used for signal transmission or reception and for sensor amplifier. While Energy consumed by the CH involves energy consumed
while receiving data from all the non-CH nodes, energy consumed during aggregation of data and forwarding of data to the base
station.

So total energy consumed in a cluster is:

Ecluster = ECH + E NON-CH 4
ICCWM reduces energy consumption of the network significantly as compared to CCWM. This is due to the fact that when a
node reaches that predefined threshold level then its neighbouring nodes of that cluster will share its data. So in this way data lost
by the died node is prevented and the energy wasted due to recollection of that data and retransmission attempts is prevented. And
also the time slot assigned for that node goes that went empty is prevented. In this selection criteria path loss factor has been
considered along with energy and degree. The CH can switch dynamically and consequently traffic load among all the nodes in a
cluster. Data transfer is done through multiple paths using scheduling, thus energy consumed by the nodes will be less. Thus a
fair approach is designed that balances well between inter-cluster and intra-cluster approach. Total energy consumption over the
time is shown in fig 4.
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Figure4 Total Energy Consumption Over Time
From fig 4 it is concluded that energy consumption is more in the existing CCWM technique. At the time of 500s, ICCWM
approach consumed only 90J energy while CCWM used 100J of the energy. While at 320 s ICCWM consumed 63J while CCWM
requires 80J. So energy efficiency of 10-21% is achieved in present work using ICCWM.
VIl TABULATION RESULTS OF ICCWM AND CCWM APPROACH

Parameter Total energy No of Total energy
consumption(J) | clustersvs | consumption(J)
Algorithm vs transmission | Transmission | over time(s)
range(m) range
ICCWM 22] 12 90J
CCWM[15] 25) 17 100J
Percentage Improvement 12 29 10

Comparative study of existing CCWM and ICCWM approach is shown in table 5.1. In this table we can see that at transmission
range of 25m total energy consumption in proposed approach is 22J while it is 25J in existing approach . Number of clusters
formed are 12 and 17 resp. At 500s the total energy consumption is 90J and 100J in ICCWM and CCWM respectively. Hence
energy efficiency is improved in present work using threshold level and the network work for a longer time.

VII1 CONCLUSION

In the proposal an approach is defined for energy efficiency in the WSN network. A modification in existing CCWM approach is
made to achieve the objectives of the research in which an energy threshold is set for each node. If any node attains the energy
threshold then that node’s data is replaced by neighboring sensors so there is a reduction in the energy dissipation and data loss.
Using this approach the number of clusters formed are lesser in number and total energy consumption has reduced. Data lost by the
died node is prevented and the energy wasted due to recollection of the data and retransmission attempts is prevented.
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