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Abstract

With the rapid increase in the usage of wireless sensor networks, it is emerging as
a technology for monitoring various physical activities. The essential characteris-
tics of wireless sensor network are coverage, cost, connectivity and lifetime which
are dependent upon the number and type of sensors being used for the required
task. A random deployment strategy of sensor nodes may cause coverage holes
in the sensing field. The work presented here shall mainly focus on deployment
strategy of WSNs which will improve the coverage area that poses the biggest
challenge to the developers. Most of the problems related to WSNs are modelled
and approached as multi objective functions through various genetic algorithms.
PSO is one such technique that is efficient and computationally efficient in ad-
dressing various issues such as optimising sensor deployment and localization of
sensor nodes. A modified particle swarm optimization (PSO) technique using
grid based strategy has been proposed for sensor deployment which is capable
of efficiently deploying the sensors with an objective of maximizing the coverage
ratio. It will determine the optimum location of the mobile nodes after the ini-
tial random deployment .The optimality rate of this approach is also higher as

compared to other genetic algorithms.

Keywords: [Wireless Sensor Networks, particle swarm optimization, area cover-

age, optimal deployment]
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Chapter 1

Introduction

Wireless sensor networks are a group of spatially dispersed and dedicated sensor
nodes which are used for monitoring and recording data of various physical con-
ditions such as light, temperature, sound, pressure, humidity etc. and organizing
these collected data in a central data sink. Each of the sensor node is composed
of a battery, radio transreciever, memory, processor and a sensor. These low-cost,
battery operated nodes are targeted to achieve certain tasks, and depending on
the type of application they are responsible for sensing, computation and com-
munication tasks. Major applications of wireless sensor networks are structural
monitoring, habitat monitoring, disaster management, healthcare as well as other

tactical and surveillance applications.

One of the vital points in the fabrication phase of a WSN that pertains
to the sensing attribute of the sensor is the coverage of the ROI. The way area
coverage protocol is used to maximize area coverage of the ROI similarly the
target coverage assumes the sensing field to be divide into a number of target
points based on grid based topology. In context to target coverage, coverage can
also be referred as the ability of the sensor nodes to reach the data sink. If there
is no route for the sensor node to reach the data sink, the data collected by the
sensor node cannot be processed. Each node in the WSN has a communication
range which defines the area within which another node can be placed. In this

a swarm of sensors are deployed in such a manner such that the data from any



node can be routed to the destination sink node .Therefore the major objective

in the thesis is to maximize the target coverage.

The coverage issue depends on various parameters such as the topology
of the network, sensing model and the most important is the deployment strat-
egy. The sensors can be deployed using any deterministic algorithm (predefined
manner) or randomly. In most situations the only option available is random
deployment. However random deployment of sensors may lead to coverage hole
formulations and our required objective of efficiency in terms of coverage may not
be achieved. Therefore in this paper we mainly focus on deployment of sensors

in order to maximize the coverage.

Such problem solving has both theoretical and practical significance.
Since aerial deployment to cover a required region is very expensive, deploying the
necessary sensors for desired connectivity and coverage is of utmost importance

for various economic reasons.

1.1 Motivation

Wireless Sensor Networks (WSNs) in practice are hybrid in nature. They consist
of both mobile sensor nodes and stationary sensor nodes to reduce cost and energy
consumption [14]. A WSN consisting of both mobile and stationary nodes is
called a Hybrid Wireless Sensor Network. The position of the sensor nodes play
a very important role in deciding how effective the WSN is. The positioning of the
sensor nodes is referred to as the deployment of the network. The main objective
of sensor network deployment is to determine the positions of the sensor nodes
which in turn affects the coverage of the region of interest (ROI). In dynamic
deployment of sensors, initially they are deployed in a random manner in the
ROI and the mobile sensors change their position by moving from one place to
another by using the position knowledge from other neighbouring sensors. The
purpose of this movement is to increase the coverage ratio of the sensors. The

initial random deployment generally does not result in effective coverage. Many



deployment strategies based on Genetic Algorithms (GA) have been proposed.
But the algorithmic simplicity of Particle Swarm Optimization (PSO) gives it
an edge over GA and other biologically inspired techniques. Therefore we are
motivated towards finding an efficient deployment strategy based on PSO which

results in maximum coverage for a given number of sensors.

1.2 Objective

The present work focuses on the deployment of sensor nodes in wireless sensor
network which seeks to maximize the coverage for a given number of sensors.
First the problem is analysed and a mathematical model is given to depict the
coverage problem in wireless sensor networks. The main objective of this work
is to give a PSO based deployment strategy for hybrid sensor networks that

maximizes the coverage.

1.3 Organisation of the Thesis

This thesis is organised into 6 chapters:

Chapter 1: Chapter 1 provides basic overview of the Wireless Sensor
Networks and its application, with our main focus being the maximization of
coverage area in the sensing field and the limitations associated with it during
deployment. Here we also represent our basic Problem statement and our main

objective.

Chapter 2: Chapter 2 discusses the related work done in this field and
points out major factors that need to be taken into consideration while defining

the system and the proposed algorithm.

Chapter 3: Chapter 3 discusses the various assumptions which are made
in the current work. It also presents a mathematical model for the system based

on the probabilistic sensing model which takes into account the environmental



conditions and gives a probabilistic distribution function for coverage. It then
formulates the given problem in the form of an optimization problem. It also
specifies the objective function that needs to be maximized in the optimization

problem.



Chapter 2

Related Work

WSNs have recently become a popular research area because of their promising
application in numerous areas, especially in district monitoring. Each sensor has
a sensing range, and with some sensors combined as WSNs, they can then detect
an extended area. Therefore, WSNs are widely used in environment monitoring

6, 1].

However, there are some challenges in using WSNs because of their
properties. For example, each sensor has a limited communication range and
lifetime [2]. There-fore, the sensors need to be placed within a certain range
for communication. For area monitoring, coverage is a problem. The sensors in
WSNs are used for monitoring a region of interest (ROI). Therefore, an increase
in the number of points detected in the ROI ensures better coverage effect of
the sensors deployment. Meanwhile, the deployment algorithm should have an

appropriate convergence speed considering about the computation time.

Numerous studies have been conducted to optimize sensor deployment.
PSO algorithms are frequently used as an optimization algorithm to solve the
deployment of WSNs [9]. Parallel particle swarm optimization (PPSO), which
divides the ROI and the sensors equally into several parts, is proposed in [17],
and it is used when there are large numbers of sensors to be deployed. Thus,

the dimension of the searching space is partitioned to save time. In [13], a



PSO-LA algorithm is proposed, and the velocity is changed by using learning
automata (LA). In [16], an improved co-evolutionary PSO algorithm is proposed

that combines virtual force and PSO with a co-evolutionary mechanism.

There are some computational geometry methods based on Delaunay
triangulations and Voronoi diagrams [1, 2, 8]. In [12], a grid deployment algorithm
is proposed with environmental factors in order to minimise the number of mobile

nodes needed for deployment.

Earlier most researchers assumed the sensor nodes to be static for the
coverage area problem. However, these days the mobile nodes used, have limited
repositioning abilities after deployment, due to limited power supply. Various
algorithms, such as [10, 7, 18, 5] have been proposed to optimize the coverage
and time. One such is the method proposed by Howard et al. [7], which uses
the iterative method for determining the positions each node in the WSN should

move , for better coverage.

In this paper, the coverage problem is discussed, and an improved al-
gorithm based on PSO is proposed. Because in most of the papers, they have
implemented the binary model which is not practical because it does not take
the interference due to environmental noise and the decrease of the signal in-
tensity into account. Some important issues investigated are coverage rate and

convergence speed.



Chapter 3

System Model

This work deals with optimization of sensor node deployment in wireless sensor
networks with the aim to achieve maximum coverage of the ROI. In this section
we show how the sensor node deployment can be optimized by optimization of
the coverage ratio. First we formulate the given problem and then we propose a
mathematical model. The central idea is to find a better solution to the problem

using PSO.

3.1 Assumptions

The following assumptions have been taken into consideration while developing

the model for the proposed system:

1. The wireless sensor network consists of sensor nodes and a cluster head
sensor node which acts as a base station — collects data from all the sensors

and passes out commands to them.

2. All sensor nodes remain in the communication range of the cluster head

after the initial random deployment.

3. The cluster head is able to execute the proposed algorithm and manage the

one-time movement of mobile sensor nodes to the desired locations [19].

7



4. All the sensors in the network have similar sensing radius.

5. Each sensor uses a mechanism such as Global Positioning System (GPS)

by which it can find its location.

6. The ROI is assumed to be a two-dimensional plane that is divided into
uniform square grids. The grid points are either used in the measurement

of coverage.

7. In a two-dimensional plane the sensing area of the sensor is assumed to be

circular.

3.2 Sensing Model

Two types of sensing models are used in WSNs: the Binary Sensing Model [4]
and the Probability Sensing Model [15]. The Binary Sensing Model considers
only the sensing radius of the sensor with the assumption that an event can be
detected if it occurs within the sensing radius of a particular sensor. But in actual
practise the sensing ability of the sensor is affected by environmental noise and
signal strength. Therefore we have used the Probability Sensing Model in this

work which takes these factors into consideration.

Assume that n sensors are deployed in the ROI with each sensor s;
positioned at point (x;,y;) with sensing radius r;. The probability that a point
P positioned at (z,y) will be detected by a sensor s; is given as [15]

0 ifri+r.<=d(s;P)
Cmy(si) — e—(a1>\151/(>\252+a2)) ifr; —r, < d(Si, P) <714

1 ifr;—re>=d(s;, P)

Where d(s;, P) denotes the Euclidean distance between the point P and

the location of the sensor s;.

d(ss, P) = \[ (i — )2 + (y; — y)?



re(0 < 1o < 1;) is the uncertainty in sensor detections.ay, ag, 81, B2, A1

and A, are parameters related to characteristics of sensor nodes [15]:
)\1 :re—ri—i-d(si,P)

Ay =re+1;+d(s;, P)
The use of this model results in different probabilities of coverage at different
points. Low coverage will result at a point that is covered by only one sensor.
In order to compensate for the low coverage the points that are at a greater
distance from a sensor node need to be covered by multiple sensors whose sensing
area overlap in that region. The coverage of the overlapped area S,, which is
overlapped by a set of k,, sensors is given as [15]:

Coy(Sow) =1 — H (1 — cay(si)

Siesov

The objective function of the PSO can be determined as: [11]:

Neffective

Objective Function, CR=Coverage Ratio= =5 .

where Nej fective 15 the number of points in ROI that are effectively covered and

N,y is the total number of points in the whole ROI.

3.3 Problem Definition

The coverage problem can be defined as; given a set of N number of hybrid
sensors, S = {s1, $2, ..., sy} and a ROI, the coverage problem is how to position
the sensors in the ROI so that the coverage percentage is maximized and coverage
holes is minimized [3].

The optimization problem can therefore be stated as:

Neffecti'ue

Maximize: CR=Coverage Ratio= i



Chapter 4

Proposed Work

4.1 Method

The basic PSO is easily trapped into a local minimum and has some problems such
as premature convergence or the curse of dimensionality. A non-linear dynamic
adaptive control inertia weight PSO improves to better balance global search
ability and local development capability of the particle swarm. Therefore we
dynamically control the variation range of inertia weight according to the best
and worst coverage values obtained by the particles after each iteration and this
inertia weight value is used for updating the velocity of the particles in the next

1teration.

In this work, we use a probabilistic deployment model for the mobile
sensor nodes of the WSN, that gives the best locations that these nodes should
move after their initial deployment, to improve the network coverage of the WSN.
This algorithm will overcome the disadvantages of the PSO algorithm with early
convergence and time consumption. This algorithm is a modified version of the

traditional PSO but with improved, faster and more optimized global solution.

In our proposed work , we assume that there are n sensors in the re-
gion of interest(ROI) .The location of each sensor is described using coordinate

system as (z;,y;). Therefore each particle in the PSO can be represented as

10



(T1,Y1, T2, Y2, T3, Y3, ..., Tn, Yn ). Therefore if there are n sensors , then each particle

in it is 2n dimensional.
The velocity update function in the PSO is represented as follows:
Via(i + 1) = w * vig(i) + c1 * rand() * (Divest — Tia) + 2 * rand() * (Dgbest — Tid)

where, v;4 represents the velocity of the iy, particle in the dy, dimension.

c1 and ¢y are the cognitive and social factor which corresponds to local and global
best solutions.

rand() is a random number between 0 and 1 to give the algorithm a stochastic
approach.

w is the inertia weight factor which indicates that the direction of motion of the

particle is affected by its former velocity .The value of W is given as follows:

Coveragepesi(iy — Coverageyorsi(i

W(; ==
(i+1) Coveragepes (s

Where, Coveragepes ;) is the coverage obtained by the best particle in the ith
iteration and Coverage,orst(iy is the coverage obtained by the worst particle in

the " iteration.

We used the probability sensing model and the area coverage is used as
a terminating condition or when the maximum iteration is reached. We initially
divide the sensing field into a number of grid points .Each grid point denoting a

potential sensing position of data.

To get the coverage rate:

1. Calculate the coverage rate of each grid point to each sensor node.
2. Calculate the overall coverage rate of each grid point using equation 4.

3. Repeat Step 1 and Step 2 to calculate the overall coverage rate of each grid

point .
4. 4. Calculate the area coverage using equation 6.

11



4.2 Deployment Flowchart

The optimization algorithm is described as follows:

o

r Yes

personal best fitness = current fitness

Max iterations

No

Figure 4.1: Algorithm Flowchart

12



Chapter 5

Simulation and Results

5.1 System Specifications

In order to test the performance of our algorithm, we performed several simu-
lations using MATLAB. For this purpose, we implemented it using a Intel Core
i7-2670 CPU (3.2 GHz) PC using MATLAB R2013a.

5.2 Deployment Performance

We have assumed the sensing field to be a 2020 square meter area, in which each
intersecting grid point is a potential sensing point. We have initially considered

n = 20 sensors, which means the dimensions of each particle in PSO will be

d = 2+ n = 40. The parameters for simulation experiments are:

Number of Sensors

Number of Particles

Area

o

%)

A

2

Te

Iterations

20

10

20x20

1

0

1

0.5

0.5%r

200

Table 5.1: Simulation Parameters
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5.3 Simulation Results

As the result of our simulation, our deployment algorithm ran successfully each
time finding the best optimal solution. Our goal for maximizing the coverage

area of the sensing field by our deployment algorithm is fulfilled.

As shown in Table below we can observe that the as the sensing radius
of the sensor nodes increase, the coverage rate of the sensing field also increases.
Even, when the sensing radius increases, the number of iteration required to

calculate the optimal coverage area decreases.

Radius of Sensor Nodes 1.5 |2 2.5 3 4 5
Initial Random Coverage % | 20.1 | 31.4 41.9 51.8 66.7 75.9
Coverage % Standard PSO | 29.7 | 45.793 | 70.986 | 81.668 | 97.524 | 99.962
Coverage % Modified PSO | 30.2 | 50.205 | 72.669 | 91.433 | 99.825 | 100

Table 5.2: Simulation Results

One more fact that we observe from the result is that, as we increase
our radius from r = 1.5 to r = 2.5, the coverage rate increases with an increasing
slope. While as we move from r = 3 to r = 5, the coverage rate increases with
a decreasing slope, and it continues decreasing for the rest of the datasets (for

r > 3, slope of the coverage rate decreases).

Since the initial positions of the node are declared randomly, there may
be a slight probability that our initial configuration might turn into our optimal
solution. However, our objective is met by implementing the algorithm, which is

to find the best deployment strategy to improve our coverage rate.
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Chapter 6

Conclusion and Future Work

Wireless sensor networks have provided a basis to future technologies and has
made a huge influence on our day to day life. As developers face various challenges
which arises due to coverage holes, limited energy and computational constraints

needs to be addressed.

Therefore we used Particle swarm optimization which is a bio-inspired
optimization technique and has been a popular technique that is preferred for
solving various WSN problems due to its simplicity, highly optimal solution and

negligible computational burdens.

This thesis presented an approach to tackle the area coverage problem
using PSO. We have considered the probability sensing model to evaluate the
performance of the network. We found that the optimal coverage result is found
using the PSO deployment strategy to search the global. Finally, the effectiveness
was proved with the simulation conducted by MATLAB.

This thesis presented a deployment strategy with a motive towards im-
proving it, in the context to convergence. Although this algorithm provides an
optimal deployment positions, but the sensing model still needs to be optimized.
However due to high computational overhead and iterative nature of PSO, it can
prohibit its use for high-speed real-time applications, especially if optimization

needs to be carried out frequently. Our future work shall be related to optimizing
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our algorithm so that the solution can be achieved with minimum iterations and

quick convergence.
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