Indian Journal of Science and Technology, Vol 8(16), DOI: 10.17485/ijst/2015/v8i16/61999, July 2015

ISSN (Print) : 0974-6846
ISSN (Online) : 0974-5645

Improving Energy and Network Lifetime using PSO
based Apriori in Wireless Sensor Networks
R. Vallimeenal* and K. Rajkumar
School of Computing, SASTRA University, Thanjavur - 613401, Tamil Nadu, India;
rvallimeenal@gmail.com, rajkumar@cse.sastra.edu

Abstract
In WSN, the sensor nodes can be placed in any area in the environment. The main work of sensor node is to sense and
collect data for forwarding data to a base station or sink. The Cluster formation with load balanced and Effective routing is
the key issue in WSN. In this study the problem is to be overcome the cluster formation by using the SEARCH (Sustainability,
Energy Aware Cluster Head) protocol, then routing is done by using the PSO (Particle Swarm Optimization) Multi-objective
Fitness Function with Apriori Algorithm and its Association rules. The SEARCH protocol helps to detect the energy level of
each node in the WSN and helps to form Energy based Clustering to balance the load. The PSO Fitness Function and Apriori
Association rules, helps to route the sensed data using efficient routing, by taking the amount of data transfer and the
energy efficiency of all routes in order to maintain the energy for long term transmission. As a result, here we implemented
this work in java platform. This will shows the better performance of nodes in the network. It will increase the lifetime of
network and energy efficiency of the node.

Keywords: Apriori Association Rules, Energy Efficiency, Network Lifetime, PSO (Particle Swarm Optimization) Algorithm,
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1. Introduction

In WSN’s generally used for sensing, collecting and forwarding the data. Wireless sensor networks grouping a
large amount of smaller sensor nodes. The sensor nodes
are placed randomly or manually into the specified area.
Power consumption of the sensor nodes and lifetime of
networks is the most challenging issues in the WSN environment.
In WSN, clustering is one of the most challenging
issues and it can be mainly focused on improving scalability and to enlarge the lifetime of the network. Initially
heuristic approaches are used. The main drawback of this
approach is it will select a node with a very low energy.
After that meta heuristics approaches are used, it will
selects it can deal directly with the gateways and it manages the gateways to maximum energy nodes.

*Author for correspondence

Sensor nodes are energy constrained. Once the node
is deployed it cannot be recharged further. The characteristics of WSN’s are Battery operated nodes, short range
communication, mobility of nodes and no limited central
manager.
In Recent years, sensor nodes are operated on low battery power and these leads to quick node failure. Normally
a WSN needs a required energy constrained node with
limited power supply. Instead of using cluster heads to
connect the nodes, here they use gateways. Gateways are
some special type of nodes which are operated in battery.
It is also energy constrained but it has more power than
a cluster head.
Clustering is designed for several effective energy
protocols in WSN. Previously LEACH protocol is used
to appropriate the load balancing among several clusters
in the network. Many clustering algorithms are used for
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load-balancing. The main drawback of these algorithms is
selected cluster heads with low energy nodes.
In order to improve the nodes energy and controls
the node fails, we are going for nature based algorithm
called as PSO (Particle Swarm Optimization) algorithm.
PSO algorithm mainly focuses on two phases like Cluster
selection and Cluster Formation.
For clustering, PSO based SEARCH protocol is used.
The SEARCH (Sustainable Energy Aware Routing and
Clustering Hierarchy) will find out the higher nodes for
data transmission. It will calculate the node energy and
will discard the low energy nodes in the cluster.
For routing, we have to find out the maximum shortest distance between the nodes and to minimize the
distance using multi-objective fitness function. Next,
apply Apriori Association rules to those nodes and select
the maximum energy nodes and forward data through
the selected nodes. This will reduce the node failures.

2. Related Works
Many clustering algorithms are used for developing WSN.
Focuses WSN in terms of node to node packet delivery
and lifetime of network1. The main aim of this approach is
to reduce the traffic delay of the data forwarding.
Uses dynamic clustering inorder to achieve better
energy efficiency of the nodes and monitor the power
resources of the network2. Focuses the PSO approach
inorder to achieve the optimal solution3,4. This will discusses so many approaches inorder to attain the better
solutions.
For the design of WSN9, Clustering algorithm is to be
used for selecting a Cluster head with maximum energy.
Both energy consumption and battery level can be used
to calculate minimum path cost. The minimum path cost
can be used for providing the lifetime of nodes to be more.
For improving the lifetime of the network5,14, ILP
(Integer Liner Programming) formulations are used. It
is used for load balanced clustering. Using ILP formulations, we can form cluster using sensor nodes as two tired
networks. Here the sensor node will act as a cluster head.
The first tier is used for routing and the Multi hop routing
function is used in the second tier.
For overcoming the energy efficiency and network
lifetime problem, we have to focus other problems such
as coverage area, delaying the nodes, Packet loss ratio, etc.
EEQR addresses power consumption and high end delay
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problem12. Comparing to the static and mobile sinks,
EEQR provides energy efficient, more and less end to end
delay. It will serve the lifetime of the network as well as
satisfying the other problems such as coverage area, delay,
packet loss ratio etc.
For design a Routing in an energy savings is a most
challenged issue in the WSN. Proposed energy aware
routing algorithm for clustering13. It mainly focuses on a
strategy of clustering technique. This algorithm uses linear time complexity to improve the energy of the cluster
head and also achieved a satisfied load balancing.
Some mathematical models are used for routing protocols. Here two types of rules are used11. The first one
calculates the distance between the nodes and the second
nodes can be used to check the energy available in the
network. The main aim of this approach is path can be
used effectively and to reduce the energy used by the network.
For improving network lifetime6 addressed maximum disjoint cover set problems. This paper is focused to
increase the disjoint cover sets, that would help to increase
the energy of the suitable sensors and those sensors from
the sets are further responsible transmitting and maintaining the data, and the remaining sensors are assumed
as weak sensors, it can be discarded. For balancing the
loads into a gateway is a challenging issue for a long operation in WSN. Proposed NP-Hard problem for WSN long
term Operation7. In this it will show the performance of
both equal and unequal balanced sensor nodes.
Proposed CEBCRA (Cost-based Energy Balanced
Clustering and Routing Algorithm)19 for reducing the
energy and to increase the lifetime of the network in
WSN. Here the algorithm mainly focuses on three stages,
namely, selection of cluster head, set up the cluster and
forwarding the data. It mainly used for single hop communication.

3. Proposed System
3.1 Network Model
Assuming the WSN model, the sensor nodes are placed
randomly along with the Gateways. The nodes become
stationary once they deployed. Then we have to find the
distance between each node and to assign those nodes to
the Gateways. After that to find out the distance between
each node and calculate the distance between the nodes
and the base station. Assume energy for each node.
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3.2 Energy Model
After initializing WSN, the next step is to calculate
Gateway energy. This calculation is used to check the
Lifetime of the network.

Let gn denotes the gateways with n nodes. L(n)
denotes the lifetime of gateway gn. If gn has residual
energy Eresidual (gn) and energy consumption per round
EGateway (gn).

Figure 1. System Architecture.

3.3 Particle Swarm Optimization (PSO)
Approach
PSO (Particle Swarm Optimization) approach is a metaheuristic approach and also a non-straight function
optimization technique. PSO is developed by the inspiration of the natural life of birds flocking. It can observe
from the nature of birds always travels in a group without
colliding.
The Particles can be present inside the swarm and
those particles are assumed for the specified problem.
Particles are traveling for searching the best path for the
given problem. Memory is available in each and every
particle in order to find out the best path visited by the
specific particle.
PSO techniques taken by the real number of particles.
Mainly there are two key steps followed in PSO optimization techniques.
•
Representation of solution.
•
Fitness function.
For clustering, particles are cleverly encoded to pro-
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duce a complete clustering solution. A different fitness
function is also used by taking care of those gateways
which inevitably consumes more energy by acting as a
relay node in packet forwarding. We perform extensive
simulation on the proposed methods and evaluate them
with several performance metrics, including a lifetime of
network, active sensor nodes, energy consumption, total
number of packets delivery and so on.
Each Particle can be computed by a fitness function
to check the quality of the solution to the given problem.

Sh - Stability of cluster leads (distance between the
cluster lead + distance between cluster lead and cluster
node + amount of energy dissipated in each transmission)/total no of transmission.
Sg - Stability of Gateway (distance between the gateway + distance between gateways and the cluster node +
amount of energy dissipated in each transmission)/total
no of transmission.
Tx - Transmission energy.
Rx - Receiver energy.
Ix - Energy dissipation in Idle State.
Tt - Total no of transmission.

3.4 SEARCH Protocol
In WSN Several Clustering and Routing Protocols are
used. Many Energy Aware protocols can be challenged as
the energy constraints of the sensor nodes. In this paper,
we are concentrating SEARCH (Sustainable Energy
Aware Cluster Head) protocol. This protocol mainly used
to sustain the energy of the nodes for long transmission.
Here the main aim of this protocol is, to calculate the
higher energy nodes for further transmission and discard
the lower energy nodes.

3.5 Apriori Algorithm
Apriori algorithm is the optimized approach to mine
association rules. It’s a level-wise search technique such
as hash function techniques and breadth-first search.
Association rule generation is broadly split up into two
separate steps:
•	
First, minimum support is performed for finding
all frequent item set in a database.
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•	
Second, these collected frequent item sets and
the minimum confidence constraint are required
to form rules.

3.6 PSO-Apriori
In WSN the data is transferred using energy efficient routing, with the selected nodes of PSO multi objective fitness
function. In this, the routing is not considered for the long
data transfer transaction, even though the node is satisfied with energy, it supports the average data transmission
and failed during the causes of Long Transmission. The
Apriori association rule is used to detect the interesting
relationship and form the strong rules. So the Association
rules are used for avoiding Long transmission failure.
This helps to enhance energy and performance in case of
long transmission.

4. Performance Results
In this section, we examined our proposed approach for
increasing the lifetime of a network and energy efficiency.

Our simulation results obtained in Java Net beans IDE.
Initially we assigned the network shown in Figure 2. The
PSO routing approach is used for determining the energy
of the entire network.
Figure 3 Shows that the existing route path between
the sources to the destination. Existing approaches provide the best path occasionally. Here we calculate the
maximum hop count and fitness for the overall area. The
number of iterations will be more; the main reason is that
it tries the path for all possible combinations. This leads
more time and the accuracy is to be less. Table 1 show the
Next Hop of each Gateways and it also shows the Hop
Count of Gateways to the base station.
In our proposed method, Figure 4 shows the best path
by using PSO with Apriori association rules. This method
reduces the number of iterations. Here we calculate the
fitness for the combined paths; in our existing method we
calculate fitness for the overall area. This will reduce the
performance time and the data can be forwarded quickly.
In the above Table 2 shows the comparison between
the existing and our proposed system. In existing each

Figure 2. Routing Path for WSN.

Figure 3. PSO Routing.
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Figure 4. PSO-Apriori Routing.

Table 1.

Gateways and their Hops

best path is found. Thus, it is an efficient system for finding the shortest path of the network.

Gateways

NextHops

NextHops Count

1
2
3
4
5
6
7
8
9
10

{3,5}
{1,3,4}
{5,6,7}
{3,6}
{8,7}
{7,9}
{8,9,10}
{10, BS}
{10, BS}
{BS}

2
3
3
2
2
2
3
2
2
1

Table 2.

5. Conclusion
In this paper, we proposed a new approach called PSO
based Apriori for an increasing network lifetime and
energy in wireless sensor networks. For using Apriori
algorithm we get alternative paths for forwarding the data
to the base station, which balances the energy. In Figure 4,
the performance improvement of our proposed approach
is shown. The final graph shows the best path, reduced

Routing comparison between Existing and Proposed Method
Existing PSO Routing

Proposed PSO with Apriori

Gateways

NextHop

Gateways

NextHop

1
2
3
4
5
6
7
8
9
10

{5}
{3}
{7}
{6}
{8}
{9}
{10}
{BS}
{10}
{BS}

1
2
3
4
5
6
7
8
9
10

{3}
{3}
{7}
{7}
{10}
{10}
{BS}

and every gateways has NextHop counts. In our proposed
system only a few of the gateways NextHop counts. In
previous work, the best path is found in any one of the
rounds. But in our method, on each and every round, the
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path cost and thus increases the energy level of the node
in the network.
In our Future work, the number of gateways is reduced
as the number of nodes increases in order to increase the
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network lifetime. It improves the energy efficiency of the
network in the WSN Environment.
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