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Abstract

Energy conservation is becoming the main critical issue in wireless sensor
network and also the main research area for most of the researchers. For im-
proving the energy efficiency, sink mobility is used with constrain path in
wireless sensor network. In order to solve these optimization problems, inter
cluster Ant Colony Optimization Algorithm (ACO) is used with mobile sink
(MS) and rendezvous nodes (RN). The proposed algorithm will improve 30%
more network lifetime than the existing algorithm and prompts high accurate
delivery of packets in highly dense network.
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1. Introduction

Wireless sensor networks are a special kind of Ad hoc networks that became one
of the most interesting areas for researchers. Typically, a wireless sensor network
comprises of hundreds or thousands of low cost sensor nodes. A sensor node
consists of small sensors able to detect light, sound, temperature and motion, an
intelligent computing device that enables the processing of raw data collected
from the sensors and communication capabilities with other nodes through
wireless networks. There are many practical applications of wireless sensor net-
works. Some of the most promising application areas are environmental moni-
toring, battlefield tracking and disaster recovery operation, building control sys-
tems and smart entertainment devices that adjust audio and video signals based

on their surroundings. A sensor node consists of four basic components: a sens-
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ing unit, a processing unit, a communication unit and a power unit. The sensing
unit comprises one or more sensors and an analog to digital converter. Envi-
ronmental parameters are sensed by the sensors and analog signals are gener-
ated. An analog to digital converter (ADC) converts analog signals to digital
signals and sends them to the processing unit, which is composed of a micro-
controller or microprocessor with memory and is responsible for sensor node
control. The communication unit contains a short-range radio used to transmit
and receive data over radio channels. The power unit includes the battery sup-
ply. To perform other tasks, systems such as a global positioning system (GPS)
unit can be added to identify the sensor node location [1].

Data Aggregation: the purpose of aggregating the data is to minimize the
power consumption by reducing the number of information transmissions. Data
aggregation is defined as the method of aggregating the data from multiple sen-
sors to remove redundant transmission and provide fused information to base
station. All the aggregation nodes collect data from base station. All the aggrega-
tion nodes collect data from the leaf nodes and calculate the value of aggrega-
tion. Then only the calculated aggregated values are forwarded to the data sink.
The aggregate value can be average, maximum, minimum, summation, etc. It is
calculated as per requirements of the application. Data generated from neigh-
bouring sensors is usually redundant and highly correlated. The amount of data
generated in large sensor networks is usually huge for the sink to process. The
data aggregation often involves the fusion of data from multiple numbers of
sensors at intermediate nodes and the transmission of the aggregated data to the

base station [2].

2. Paper Organization

The rest of the paper is organized as follows. Section 3 describes the brief intro-
duction of related work. The problem formulation and its solution are described
in Section 4. Section 5 describes the overview of ant colony optimization algo-
rithm. Section 6 explains the proposed methodology. The simulation results and

its explanation are given in the Section 7 before the conclusion in Section 8.

3. Related Work

Clustering is used in wireless network in order to collect the data from different
groups of nodes. These nodes elect the cluster head, if the respected node satis-
fies the threshold condition. The role of cluster head is data aggregation and in-
forms it to the base station. This technique is used to reduce the energy con-
sumption by nodes and to improve the routing of data packets which further
reduces the cost of system. From routing perspective, clustering splits into two
parts intra-cluster and inter-cluster routing. a) Intra-cluster Routing: Intra clus-
tering routing, uses a single hop communication between different nodes and
elected cluster head. The clustering takes place within the cluster. b) In-
ter-cluster Routing: Inter cluster routing; there is a direct communication be-

tween cluster head and base station. All the nodes within a cluster collect the data
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and send it to the cluster head. Cluster head route the data packet to the base sta-
tion with a single hop. Inter cluster routing is used for long communication.

There are two type of clustering network: first is heterogeneous sensor net-
work and second is homogeneous sensor network. In homogeneous sensor net-
work, all the sensor nodes are same in term of battery energy and hardware
complexity while in heterogeneous network two or more different types of nodes
with different batteries and functions are used [3].

A mobile sink (MS) is an alternate way to reduce energy consumption. The
MS moves inside the environment to collect node data. Sink movement may be
controlled or uncontrolled. In controlled methods, the MS trajectory is pre-
defined, uncontrolled MS, the sink moves randomly in a predetermined envi-
ronment. Moving the sink close to normal nodes decreases the transmission dis-
tance. MSs have been studied to increase lifetimes WSNs used MS to examine
total tour distance, the maximum distance between two consecutive movements,
and the minimum sojourn time at each sojourn location. Therefore, one idea has
been developed, which is called Rendezvous Points (RPs). The RP is a point near
the trajectory of a MS and node (rendezvous node; RN) located nearby. This
node transmits data to the MS as it passes nearby. Previous studies have demon-
strated the effectiveness of RPs on the performance MSs studied the effect of MS
movement (like a bus) on a predetermined trajectory and the use of RN for data
collection. The MS sends signals called beacons that notify the RNs of the MS

arrival [4].

4. Problem Definition & Solution
4.1. The Problem

Energy conservation is becoming the major challenge for researchers. Many op-
timization techniques and protocols are used in order to conserve the energy
and for improving the routing of data packets. The major drawback of existing
technique is that the nodes dead too early. So by using the energy in good man-
ner will help in increasing the network lifetime. Sensor nodes have negative
properties which reduce the efficiency of a system and the system cannot achieve
its peak values. Therefore, it becomes important to collect the complete data and
transfer it to the mobile sink in order to decrease the energy consumption. Dif-
ferent techniques have been studied to reduce the power consumption by nodes
like rendezvous leach and many other leach protocols. Rendezvous leach shows
better results but it has the problem for example the use of the inter cluster data
aggregation has been neglected in the most of existing protocols. The use of
ACO for efficient path selection has also been neglected by the most of research-
ers. However the rendezvous nodes based LEACH outperforms over the LEACH
in terms of the network lifetime, but has very poor stability period ie. the first
node become dead too early.

4.2. Solution

Ant Colony Optimization is used in optimizing the network lifetime. This work

18

2
19
XA

0% Scientific Research Publishing



A. Ghotra

has focused on evaluating the performance of existing rendezvous nodes based
LEACH protocol and proposed inter-cluster Ant Colony Optimization algo-
rithm using mobile sink and rendezvous nodes. The proposed technique has
been designed and implemented in the MATLAB using data analysis toolbox.
The comparative analysis shows that the inter cluster ACO data aggregation

performs better than the rendezvous Leach.

5. Ant Colony Optimization

Ant Colony Optimization (ACO) is a meta-heuristic used for solving the opti-
mization problems and it is inspired by a pheromone left behind by the ant; such
pheromone is used as a communication medium by the ants. Particularly im-
portant for some ant species is the trail pheromone. By sensing pheromone trails
foragers can follow the path to food discovered by other ants. This collective
trail-laying and trail-following behaviour whereby an ant is influenced by a

chemical trail left by other ants is the inspiring source of ACO.

Ant Colony Algorithm

Input: weighted graph, neighborhood info

While termination not met do

Compute-initial pheromone, node dist potential Schedule activities
Ant based solution construction

Pheromone update

Node distance potential update

End activities Best <-best solution in population of solution

Output: Best, candidate to optimal solution

The sensor network modeled as weighted graph G (V, E) where multiple
source src € V and a single destination d € V. The cost of edge indicates
nodes within direct communication range and cost is an estimate measured as
Euclidean distance. The input to algorithm is list of source nodes src € V. The
algorithm assigns ants to source nodes. The ants search the routes and commu-
nicate with other through pheromones. The node potential is an estimate of dis-
tance to destination. Each ant iterates to construct aggregation tree where inter-
nal nodes are aggregate points. The ants either try to find shortest route to des-
tination and terminates or finds closest aggregation point of the route searched
by previous ants and terminates. The algorithm converges to local best aggrega-
tion tree. In order to find the global optimal aggregation nodes, the algorithm
iterates on different permutations of source nodes with cost associated with each
to converge in minimum cost. The algorithm converges to minimal cost aggre-
gation points of aggregation tree. In order to converge with early aggregation,
weight is given to search the closest aggregation point.

To search shortest path to destination weight is given to the distance estimates
to destination. The node potential remembers estimate closest aggregation point

or shortest route to destination. The traced edges are weighted using pheromone
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which communicates with other ants. The optimal path edges converge with
minimal weights of pheromone. The non-optimal edges gets evaporated their
pheromone. Thus, algorithm is governed by pheromone trails and node poten-
tial. The algorithm runs in two passes: Ants from source moves forward to des-
tination searching the route to destination and ants takes reverse pass from des-
tination to source updating pheromone trails over the edges and updating node
potential as estimate for reaching closest aggregation or destination. The gov-
erning equations for passes are given below: an artificial ant placed randomly in
nodes and during each iteration, chooses next node which is governed by fol-

lowing formula:

o/

Xe, fd,

a: relative importance of pheromone trial.

R(i,j)= ged(i), (1)

[ relative importance of the distance.
& neighborhood of current node 7.
d;; node potential, gives estimate of early aggregation or shortest route to desti-
nation [5].
In the reverse pass each ant updates pheromone trails and node potential. The

governing equations pheromone trials are follows:

7, = (1-p)7; + p*Q/total cost )

where pand Qare ACO parameters and total cost is obtained from first pass.
For other nodes i.e. not visited in first pass pheromone evaporates more rap-

idly for lower values:
7, =(1-p)7;. (3)

The node potential is weighted function of either reaching nearest aggregation
point or shortest route to destination or having high correlation updated as fol-

lows:

+n*cost + Kk *cost

destination

— o *
dij =7 COStreachingfaggregation ij_correlation (4)

where yand 5 are weights of choosing early aggregation or choosing route to des-

tination Ze. distance estimates and x is the weight for choosing data correlation.

6. Inter Cluster Ant Colony Optimization Algorithm

Following are the various steps required to successfully simulate the proposed
algorithm. The design and flow of implementation and step by step description
of the proposed algorithm is detailed as follows.

Step 1. First of all initialize WSN with their respective characteristics.

Step 2. For each sensor node, 7repeats the following steps.

Step 3. If given node has energy more than 0 that means it is alive node only
then repeat upcoming steps else move back to Step 2.

Step 4. Select node as a CH if it holds the properties of improved node waiting

based cluster head selection.
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Step 5. Now association of the nodes will be done with their nearest CHs by
using ACO.

Step 6. Update the remaining energy of each node 7.

Step 7. Check if there is any dead node, if NO, then move to the Step 2 else
count the no of dead nodes and show the network lifetime.

Step 8. Evaluate energy dissipation and move to Step 2.

Initialize WSN

[ For each node (1) ]

>

no v

yes

Select node as CH based

on T(n) function

v
[ Associate member nodes with ]

respective CH using ACO

}

Update remaining energy of

each node (1)

l

Is any node
dead

no

[ Count no. of dead nodes ]
‘[ Evaluate performance metrics J

7.Simulation Results & Discussion

The Inter cluster ACO data aggregation based rendezvous and mobile sink algo-
rithm is simulated in MATLAB R2013a by varying the number of nodes and
fixing the number of rounds. The figures below are showing the comparison of
LEACH, rendezvous nodes based LEACH and inter cluster ACO based data ag-
gregation algorithm.

First Node Dead and Last Node Dead

Figure 1 below is showing the comparison of existing RZ LEACH & proposed
ACO RZ LEACH algorithm. In case of existing RZ LEACH the first node dead at
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31 round and last node dead at 60 round while in proposed ACO RZ LEACH the
first node dead at 56 round and last node dead at 92 round. Therefore, the first
node dead time is improved in the proposed algorithm.

Average Remaining Energy

Average remaining energy means the residual energy left behind in each sen-
sor node. Figure 2 below is showing the comparison of existing RZ LEACH &
proposed ACO RZ LEACH algorithm. The average remaining energy in case of
proposed algorithm is 2.7 x 10~ Joules while in existing technique the remaining
energy is 1 x 107 Joules. Therefore, the remaining energy in proposed ACO RZ
LEACH is more as compared to the existing RZ LEACH.

Average Throughput

Average Throughput means the large number of packets send to base station at
high speed. Figure 3 below is showing the comparison of existing RZ LEACH &
proposed ACO RZ LEACH algorithm. The number of packets send to base station
in proposed ACO RZ LEACH is more as compared to the existing RZ LEACH.

8. Conclusion and Future Scope

Inter-cluster Ant Colony Optimization algorithm has been used along with ren-
dezvous nodes for transferring the data packets in the wireless sensor network.
The improvement has been made in order to reduce the efforts wasted in routing
the data packets sent by the nodes, which lies very close to each other in a
densely deployed network. This work has not considered any compression algo-
rithm to enhance the results further, so in near future, we will use Huffman
coding, run length coding, LZW compression etc., algorithms to find best suit-
able compression technique for WSNs. The proposed technique has been de-
signed and implemented in the MATLAB using data analysis toolbox. The com-
parative analysis shows that the inter cluster ACO data aggregation performs

better than the rendezvous Leach.

100 T T T T T
RZ first node dead : : : : :
—#—RZ Last node dead

Aco RZ first node dead
—#—Aco RZ Last node dead

90
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50,

40
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20 i I i l i i I i
100 200 300 400 500 600 700 800 900 1000
Number of nodes

Figure 1. First node & last node dead evaluation in existing RZ LEACH & proposed ACO
RZ LEACH (1000 nodes vs. no of rounds).
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Figure 2. Average remaining energy evaluation in existing RZ LEACH & proposed ACO RZ
L E LEACH (1000 nodes vs. energy in Joules).
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Figure 3. Average throughput evaluation in existing RZ LEACH & proposed ACO RZ
LEACH (1000 nodes vs. no of packets send to BS).
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