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ABSTRACT

Wireless sensor networks are a family of networks in wireless communication system
and have the potential to become significant subsystem of engineering applications. In
view of the fact that the sensor nodes in wireless sensor networks are typically
irreplaceable, this type of network should operate with minimum possible energy in
order to improve overall energy efficiency. Therefore, the protocols and algorithms
developed for sensor networks must incorporate energy consumption as the highest
priority optimization goal. Since the base station in sensor networks is usually a node
with high processing power, high storage capacity and the battery used can be
rechargeable, the base station can be utilized to collect data from each sensor node in
the sensing area by moving closer to the transmitting node. The main objective of this
research is to propose an energy-efficient protocol for the movement of mobile base
station using particle swarm optimization (PSO) method in wireless sensor networks.
Simulation results demonstrate that the proposed protocol can improve the network
lifetime, data delivery and energy consumption compared to existing energy-efficient

protocols developed for this network.
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ABSTRAK

Rangkaian pengesan wayarles tergolong dalam kumpulan rangkaian di dalam system
komunikasi wayarles dan mempunyai potensi untuk menjadi subsistem yang berkesan
di dalam aplikasi kejuruteraan. Berdasarkan fakta nod pengesan di dalam rangkaian
pengesan wayarles kebiasaannya sukar diganti, maka rangkaian ini perlulah beroperasi
dengan tenaga yang seminima mungkin untuk meningkatkan tahap kecekapan tenaga.
Oleh yang demikian, protocol dan algoritma yang dimajukan untuk rangkaian pengesan
mestilah memasukkan penggunaan tenaga sebagai sasaran optimisasi yang perlu
diutamakan. Disebabkan stesen pengkalan dalam rangkaian pengesan kebiasaannya
adalah nod yang mempunyai kuasa dan memori yang tinggi serta baterinya boleh dicas
semula, maka stesen pengkalan ini boleh digunakan untuk tujuan mengumpul data
daripada setiap nod di kawasan pengesan dengan cara bergerak mendekati nod yang
sedang menghantar data. Objektif utama kajian ini ialah untuk mencadangkan protocol
yang cekap tenaga untuk pergerakan stesen pengkalan di rangkaian pengesan wayarles
menggunakan pengoptimuman kawanan zarah (PSO). Keputusan dari hasil simulasi
telah menunjukkan bahawa protocol yang dicadangkan berupaya meningkatkan jangka
hayat rangkaian wayarless, menambahkan jumlah data yang berjaya dihantar dan pada
masa yang sama mengurangkan penggunaan tenaga berbanding dengan protocol cekap

tenaga yang dimajukan untuk rangkaian ini.
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CHAPTER 1

INTRODUCTION

1.0 Motivation

Wireless sensor networks are a family of networks in wireless communication system
and have the potential to become significant subsystems of engineering applications.
Sensor network is composed of a large number of low cost and low power sensor nodes
that can be spread on a densely populated area and a base station in order to monitor
and control various physical parameters [1]. These sensors are endowed with a small
amount of computing and communication capability and can be deployed in situation

that wired sensor systems couldn’t be deployed.

The applications and benefits of equipping existing and new infrastructures with
intelligent sensor strategies are wide ranging. Random deployment of sensor nodes in
inaccessible terrain such as environment monitoring, military application and even
health monitoring can be set up. In environment monitoring for instance, wireless
sensor network can be used to monitor the environment such as chemical pollutants or
detecting early warning of disaster incident such as wildfires and earthquakes. These
sensor nodes can also be used to monitor animals and plants in a wildlife habitat.
Wireless sensor network can be deployed in a military battlefield to sense enemy
targets and to track their movements in real-time. This application can be very critical
as the area is almost impossible to approach and it has a very limited access of
infrastructure. Another type of application is the health monitoring where sensor nodes
can be directly attached to intensive care patients and doctors can closely monitor their

health progress.

Wireless sensor network should operate with minimum possible energy to
increase the life of sensor nodes. Protocols and algorithms in sensor network must
possess self-organising capabilities in order to achieve this target. The challenges in the
designing and managing of sensor network rely on combination of the constraint in
energy supply and bandwidth, and deployment of large number of sensor nodes [2]. The
design of sensor network seldom includes it's sensor nodes and base station. The base

station usually collects data and exploits data in which way it prefers. In other words,

7| End report Vot 77957



the base station also known as a sink node in sensor networks. Positioning the base
station of the network is one of the interesting issues to investigate. The focus of this
research is to design wireless sensor network with carefully positioning its’ base station

in order to improve the network lifetime in critical environment.

1.2 Problem Statement

Recently, base station replacement has started to be considered as one of the
approaches to improve the performance of wireless sensor network in terms of energy,
throughput and latency [5-9]. Normally, the base station is located far from the sensing
area. Therefore, all other sensor nodes will use high power to transmit its data to this
far base station and this will result in higher energy consumption. In some situation, the
base station can be placed in the middle of a sensing area. However in this case, a sensor
node that is located at the edge of the sensing area will consume more energy to
transmit data to the base station compared to sensor nodes that are located near the
base station. This will create unbalanced energy consumption among all sensor nodes
and furthermore reduce the network energy efficiency. To improve the situation, the

optimal location of the base station is the main issue in this case.

Since the base station is usually a node with high processing power, high storage
capacity and the battery used can be rechargeable, the base station can be utilised to
collect data from each sensor node in the sensing area by moving closer to the
transmitting node. The main concern here is how this base station finds its way to the

transmitting node that can be based on the following factors:

1. Optimised path of the base station to move to a transmitting node
2. The sojourn time for the base station to be at one place

3. The moving pattern of the base station.

1.3  Objectives

The fundamental challenge in the designing of wireless sensor networks is to extend the
network lifetime, hence, all the network layers should be carefully designed in order to
minimise the energy consumption in each sensor node. The objectives of this research

are outlined as follow:
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1. To study an efficient moving pattern of mobile base station in wireless

sensor networks.

2. To define a new cost function to optimize the moving path of mobile base
station.
3. To implement Particle Swarm Optimization algorithm for designing the

moving pattern of mobile base station.

4, To investigate and analyze performance of the proposed algorithm in

terms of network lifetime, energy efficiency, data throughput and delay.

Project Outcomes

The major outcomes of this project can be summarized as below:

A new protocol for mobile base station in wireless sensor networks has been
developed and tested in several network scenarios using extensive simulations.
Results from simulations have shown that the proposed protocol can prolong the
network lifetime and increase the energy efficiency as well as maintain the good
data throughput compared to other existing protocols.

A conference paper was accepted and presented at the Fourth International
Conference on Modeling, Simulation and Applied Optimization, Kuala Lumpur.
The title of the paper is “Prolonging Lifetime of Wireless Sensor Networks using
Particle Swarm Optimization”. The paper has been published in IEEE Explorer
and can be accessed via this link:

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5775487

A conference paper was accepted and is due to be presented at the IEEE
Symposium on Industrial Electronics & Applications, Langkawi. The title of the
paper is “Extending Wireless Sensor Network Lifetime with Base Station
Repositioning”. This paper will be indexed and published by IEEE.

An undergraduate final year report was submitted by Mohd Mazuan Harimon
from 4SET, FKE. The title of the report is “Development of Mobile Robot as Base

Station for Data Collection in Wireless Sensor Networks”.
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CHAPTER 2

LITERATURE REVIEW

This review of literature focuses on positioning of base stations in wireless sensor
networks. The component of sensor networks and sensor nodes characteristics are
considered in designing distributed sensor networks. This literature review starts with
the architecture of wireless sensor networks communication, followed by
characteristics of wireless sensor networks, and methods of base stations positioning in

wireless sensor networks.

2.1  Wireless Sensor Networks Communication Architecture

In designing this intelligent network, it is important to study the architecture of self-
organizing wireless sensor networks. Recent advances in low power radios and sensor
technology have enabled the pervasive deployment of sensor networks consisting of
sensor nodes that are very small in size and relatively inexpensive [1]. This large
number of nodes, that can also be called sensor nodes, must have the characteristics
such as low cost, low power and able to communicate wirelessly in short distances and
unattended. Wireless sensor networks can be defined as wireless ad hoc networks that
are connected with embedded sensors, actuators, and processors. This combination of
wireless and data networking will result in a new form of computational paradigm that
IS more communication centric than any computer network has seen before [2].
Wireless sensor networks are part of a growing collection of information technology
construct, which are moving away from the traditional desktop wired network
architecture towards a more ubiquitous and universal mode of information

connectivity.

Wireless sensor networks consist of a group of sensor nodes that are connected
by a wireless medium to perform distributed sensing tasks; several base stations or sink
nodes to collect data from sensor nodes and internet or satellite to transfer the data to

the task manager mode (Figure 1). Significantly, a sensor network must be able to
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operate under very dynamic conditions. For instance, this type of network usually used
for tasks such as surveillance, widespread environmental sampling, security and health
monitoring. They can also be used in any environment, even those where wired

connections are not possible, the terrain inhospitable, or physical placement difficult.

Infrastructure
Network

Base Station

I

User Sensor Field Sensor Nodes

Figure 1: A sensor network

The network protocols must be able to enable network operation during start up,
steady state, and failure. The requirement of operation under these conditions must
satisfy as the sensor networks, in most cases, operate unattended. Once the sensor
nodes have booted up and a network is formed, most of the nodes will be able to sustain
a steady state of operation; that is, their energy reservoirs are nearly full, and they can
support all the sensing, signal processing, and communications tasks required [3]. The
bulk of the nodes will be formed into a multihop network through this mode. The nodes
begin to set up routes by which information is passed to one or more base stations. A
base stations may be capable of connecting the sensor network to existing long-haul
communications infrastructure network. The base station may also be a mobile node
acting as an information sink, or any other entity required to extract information from
the sensor network. A local network is built to facilitate the necessary signalling and

data transfer tasks in order to extract information about a specific target.

Figure 1 is the example of a sensor network with several sensor nodes, a base

station, a transmission medium and a user to handle a task manager mode. These
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sensor nodes, usually hundreds and thousands of nodes, are scattered in a sensor field.
All sensor nodes are able to collect data and route data back to the base station. The
main task of sensor node is to detect events, perform quick local data processing, and

then transmit the data to the sink. Figure 2 below shows the components of sensor

nodes.
Battery
Power
Mobilizer
v
v
Memorv
y
AC/DC Y .
Sensor Converter »  Processor » Transceive

Figure 2: Sensor node architecture

Advances in VLSI and MEMS technology create small and cheap nodes with low power
computation that are capable to operate in high volumetric densities. The components
of sensor nodes are shown in figure 2 which consist of a battery, a sensing unit, a
processing unit, a transceiver and a mobilizer which are needed to move sensor nodes
when it is required to carry out the assigned task. When a sensor node senses a
phenomenon, analog signals that produced by sensor based on the observed
phenomenon are converted to digital signals by the analog-to-digital converter. The
signals are then sent to the processing unit. The processing unit manages the
procedures that make the sensor node cooperate with other nodes to carry out the
assigned sensing task. The transceiver such as radio is used to connect the node to the

network. In some circumstances, a power unit such as solar cell can replace battery.

2.2  Base Stations Positioning in Wireless Sensor Networks

There are different kinds of applications in which sensor nodes perform a broad range
of activities. Usually, these applications share some basic characteristics. However, in
this wireless sensor networks, there is a clear difference between sources of data and
base stations, which are also known as base stations. The definition of a source is a

sensor node that can sense the data and provide information to the base station. In

12 | End report Vot 77957



some cases, it is also an actuator node that provides feedback about an operation [4]. On
the other hand, a base station is defined as an entity that needs the information and acts
as a destination for the delivered data. There is a situation where the base station is part
of the sensor network or it can also be an impartial system outside the network. For
instance, the collection of data made by base station can be a handheld device or PDA
that is used to interact with the sensor networks. In general, the base station has
characteristics of high processing power, large storage capacity and an unlimited
amount of energy as well as being able to connect to another larger network for

transmission of useful data.

Recently, research on optimizing the positioning of the base station is explored
for the purposes of increasing the lifetime of wireless sensor networks with constrained
sensor nodes [5-8]. In [5], the investigation of the potential of base station repositioning
for enhanced network performance in terms of energy, delay, throughput and the safety
of the base station deployment has been done. Ubiquitously, there are two types of base
station positioning in wireless sensor networks, which are static positioning and
dynamic positioning. The option of having a single or multiple base stations applies to
both types of base station positioning. In static base station positioning, the base station
is not moving and the optimal location of base station is calculated before deploying the
base station to the network area. The indicator of a network life span that has been used
in positioning of base stations are first sensor node to die and percentage of the failed,
dead or unreachable sensor nodes. In most cases, it is assumed that each sensor node
transmits a certain amount of data at a fixed rate. The authors in [6] have proposed an
integer linear program to determine new locations for base stations and a flow-based
routing protocol to ensure energy efficient routing that can increase the lifetime of the
sensor networks considering the base stations are static and the number of base

stations is known in advance.

In [7], the mobility of the base station has been proposed in order to prolong the
network lifetime. It is found that there is two ways to reduce the energy used in wireless
sensor network, which are minimizing the amount of data transmitted and shorten the
communication range. Three strategies have been presented for moving the base

station such as minimizing the average transmission energy, minimizing the maximum
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transmission energy and minimizing the maximum relative consumed energy for active
sensor. In [8], the authors have proposed the derivation of the optimum path of a sink
node in a fixed sensor network considering practical difficulties such as the limitation in
the sink movement. It is understood that this technique is proposed to have a new sink

placement using an evolutionary computing technique based simulator PSO-SIMSENS.

Akkaya et al. found that the differences between published papers in this area
are the considered network model, the available network state information, the metrics
to be optimized and the assumption made by the researchers. The authors have proven
that the reposition of the base station while network is operational can improve the
network performance in [9]. It has been understood that if sensor nodes within the base
station area become dysfunctional due to various reasons, it is better for the base
station to reposition itself to become easily and reliably reachable to data sources. This
repositioning of the base station can improve the network longevity and reduce the
effect of packet drops that is caused by link failure. In this dynamic base station
positioning, there are critical issues to be considered such as when should the base
station relocate itself, where should the base station positioned and how should the
data been routed while the base station is moving? For this reason, the paper has
presented heuristics approach that can improve the network performance in terms of
repositioning for increased network longevity, enhancing timeliness of delay-

constrained traffic and protecting the base station.

The main idea in improving the energy consumption of wireless sensor networks
is to move the base station toward the sources of the greatest traffic. This can be done
by using PT*ETR, where PT is traffic density and ETR is transmission power, metric. The
base station will relocate to a new position when PT*ETR value is greater than a certain
threshold. When routes to the base station is congested, request for establishing new
paths for real-time data may be denied and this will increase the data delivery delay of
the sensor networks. Consequently, the repositioning of the base station can be valuable
to spread the traffic by increasing hops and the feasibility for meeting the timeliness
requirements. In critical environment such as military deployment, not all location of
the base station is safe. The base station must be protected, where all the important

data is gathered. In [9], a stochastic approach or a cognitive formulation has been
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proposed. This method is to track the base station safety levels at different locations and
use them to define the parameters of the base station safety model. The proximity

function, that is threat implication is estimated to reported events.

2.3  Particle Swarm Optimization

The optimization of a given objective, while working with limited resources is a
fundamental problem that occurs in life and important in many area such as
engineering, computer science and business industry. Optimization algorithms can be
broadly classified into two categories: exact algorithms and approximate algorithms.
Particle Swarm Optimization or PSO belongs to approximate algorithms which also
known as heuristic method. This method is a problem solving using exploration and
trial and error method. The PSO algorithm is a member of the wide category of Swarm
Intelligence methods for solving optimization problems. Kennedy and Eberhart [10]
first introduced it in the mid 1995 while attempting to simulate the choreographed,
graceful motion of a swarm birds as part of a sociocognitive study investigating the
notion of “collective intelligence” in biological populations. It is proven in [12] that the
PSO is easy to implement and has been successfully applied to solve optimisation

problems such as continuous nonlinear and discrete optimisation problem.
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CHAPTER 3

METHODOLOGY

The research was conducted in five phases:

1

2)

3)

4)

Literature review

a Identified base station positioning problems and base station
moving patterns in wireless sensor networks.

b. Explored and looked into current and state-of-the-art protocols
proposed for prolonging the sensor networks lifetime.

C. Studied the effect of sojourn time, network energy level, and
moving patterns of the base station on the lifetime of sensor
networks.

Development of the proposed algorithm:

a Developed a cost function for optimizing the base station moving
problems in sensor networks.

b. Designed a protocol based on Particle Swarm Optimization (PSO)
algorithm to optimize the moving pattern of base station.

Modelling and simulation:

a Developed the source code for the proposed protocol in C++.

b. Simulation of the proposed protocol in various network scenarios
using NS-2 software. NS2 is an event-driven network simulator
used for networking research purposes [13]. It is broadly used tool
for simulating inter-network topologies to test and evaluates
various network protocols. This software is based on two
languages that are, an object oriented simulator, written in C++
and an OTcl interpreter that is an object oriented extension of Tcl
used to execute users’ command scripts. Perl language is used to
extract useful information in the trace file during post processing.

Verification of simulation data:

Results from the simulation were compared with other existing protocols

for moving base station problems. All the analysis were done using

MATLAB software.
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5) Testing and implementation on hardware
A mobile robot was developed using TelG mote developed by TRG group,
combined with motor circuit to enable its mobility. However, the
incorporation of the proposed protocol into the hardware is beyond the

scope of this research.

The figure below depicts the methodology used for this project.

Literature Review

A 4
Development of Cost Function

A 4
Network Planning

A 4

Software Development using PSO algorithm
for the proposed Cost Function

A\ 4
[ Simulation in Several Network Scenarios ]

A 4
[ Performance Analysis ]

A 4
[ Simple hardware implementation ]

Figure 3: Research methodology flow chart
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1  Protocol Description

In the context of mobile base station problem, a single particle in PSO represents the K
candidates among feasible sites that a base station should visit in one round trip. Thus,

each particle xiis constructed as follows:

Xi = [Mi, ..., Mik, ..., Mik] (1)

where mj refers to the coordinates of kth sites of the ith particle, and k € S.

4.1.1 Fitness Function

The fitness function in this algorithm measures the quality or performance of a specific
sensor network design. This function is minimized by PSO in the process of
optimization. With regards to the problem under consideration, the goal is to find the
optimal coordinates of sites that a base station should visit for data gathering, and
organize sensor nodes into K clusters in such a way that a sensor node should belong to
only one cluster. Given that the energy expended by sensor nodes for data transmission
depends heavily on the distance between the sender and the receiver, the fitness
function used in the proposed algorithm is based on the distance between sensor nodes
and base station location. Let (xx,yx) denote the coordinates of the base station location,
and (x;, y;) the coordinates of the jth sensor node (j € Z). Assuming that the free space
propagation model is utilized, the distance between the sensor node j and the base

station location k is given as:

d(mk, ) = [(xx— x))2 + (Y — ;)2 ]2 @
Since energy expended by a sensor node is a function of distance, we need to minimize

the total distance of all sensor nodes to the base station location. In other words, the
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base station needs to move to the site where this sum is the smallest, i.e., the cost

function is defined as:

K_[C

f= argminzzd(mk 1”1)

k=1 j=L (3)

where |Cx| is the number of sensor nodes that belong to cluster Cx. Therefore, the
equation above is defined as the fitness function that needs to be minimized by the PSO

algorithm.

4.1.2 Setup Phase

The base station is generally a node with a large amount of energy supply and
rechargeable. Taking this fact into account, the operation of the proposed protocol is
based on centralized control algorithm in which the PSO algorithm is implemented at
the base station. In this work, the setup phase at base station only occurs once and
followed by rounds of steady state phase where data transmission takes place. Because
all sensor nodes are deployed randomly, it is assumed that the base station does not
have the information on sensor nodes’ locations. Thus, all sensor nodes must send the
information regarding their locations to the base station at the starting of setup phase.
Based on this information, the base station runs the PSO algorithm to determine the
positions of data gathering points, and subsequently which cluster the sensor nodes

belong to.

4.2  Experimental Setup

The performance measurement of the proposed protocol is accomplished via simulation
using Network Simulator (NS2) version 3.34 [10]. A wireless sensor network consisting
of 100 nodes that are placed randomly within an area of 100m x 100m is modeled in the
simulation. Each sensor node is supplied with 10 Joules of initial energy. The base
station is placed in the middle of sensing area with coordinate (50,50) and has
unlimited amount of energy. In this work, it is assumed that the base station can move
with constant speed, which is 20m/s. Once the base station reaches the intended

destination, it will stop for a certain period, ti for data collection. After the end of TDMA
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schedule in one cluster, the base station moves to the next cluster to collect more data.
Each round, T is set to last for 100 seconds, while the number of visiting sites is 5. There
are 81 base station feasible sites which are organized on a bi-dimensional square grid
composed of same-size cells. The distance between each feasible site is 10 m, as shown
in Figure 4. Throughout the simulations, several random network topologies were
considered to get the average results. The simulations continued until all the sensor
nodes in the network had consumed all their energy. The network parameters are

summarized in Table 1.
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Figure 4: Sensor nodes and base stations feasible sites

Table 1. Network Parameters and Values

Parameters Value
Number of nodes 100
Areasize 100 m x 100 m
Base station initial location (50,50)
Base station speed 20m/s
Radio propagation speed 3 x108m/s
Processing delay 50 ps
Bandwidth 1 Mbps
Data size 500 bytes
Number of visiting site 5
Length of each round 100 seconds
Initial energy 10J

The values for parameters used in PSO algorithm are problem specific and empirically

determined by simulations. These values are listed in Table 2.
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Table 2. PSO Paremeters

PSO Parameters Values
Swarm size 30
Maximum iterations 500
Xmin, Xmax 0, 100
C1, C2 20,20
W 0.72

In order to evaluate the capability and efficiency of the proposed algorithm, the
performance of the proposed protocol is compared with another PSO-based energy
efficient protocol proposed in [14]. Furthermore, a variation of the proposed protocol is
developed for comparison purposed. All the simulated protocols are described as
below:
e PSO-C1: This is a clustering protocol using PSO algorithm as presented in [14].
In this protocol, all sensor nodes send the data to the base station through their
cluster head that are selected by base station.
* PSO-C2: A sensor network is clustered using PSO algorithm as in [14]. During
data collection phase, the base station moves to a feasible location that is nearest
to cluster heads and the order of location is determined by nearest-neighbour
algorithm.

* PSO-MBS: This is the proposed protocol as described in Section 4.1.

4.3 Results and Analysis

Figure 5 shows the number of sensor nodes alive over time for PSO-C1, PSO-C2 and
PSO-MBS. As shown in the figure, the lifetime of the proposed protocols PSO-MBS is
significantly increased compared to PSO-C1 and PSO-C2. The network lifetime for PSO-
MBS can be extended up until around 41,000 seconds which is 14 times longer than
protocol presented in [14]. The improvement made is due to the closer distance
between sensor nodes and the base station and therefore less energy is taken for data
transmission. Since the sensor nodes in a cluster transmit the data to the base station in
single hop communications without relaying through the cluster heads as in PSO-C1 and
PSO-C2, the total energy usage in the network is reduced and hence prolonging the

network lifetime. PSO-C2 shows better result than PSO-C1 because the cluster head
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sends the data to the base station when the base station moves to the nearest feasible

site and this further reduce the energy dissipation for communication.
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Figure 5: Number of nodes alive over time

Next, the performance of PSO-MBS is analyzed in terms of how well it maximizes
the number of data messages that can be sent over a network before all sensor nodes
run out of energy. Figure 6 depicts the result of total data delivered to the base station
within simulation time. The plot clearly indicates the effectiveness of the proposed
protocol in delivering more data messages compared to PSO-C1 and PSO-C2. PSO-MBS
offers improvement over PSO-C1 by the factor of 100 percent. This is a significant
improvement which proved that the proposed protocol can optimize the network
performance not only in terms of network lifetime, but also data delivery. Meanwhile,
despite the fact that some sensor nodes remain alive for longer time in PSO-C2 than
PSO-C1, a much smaller amount of data has been transmitted to the base station.
Nevertheless, the figure also indicates that the proposed PSO-MBS is more suitable to a
delay tolerant type of network. As it can be observed from the figure, PSO-C1 gathers
data more quickly than other protocols due to the fact that cluster heads send the data
to the base station once it performs data aggregation. In the PSO-MBS and PSO-C2, the
sensor nodes have to wait until the base station moves to dedicated feasible sites before

they transmit the sensed data. It is thus can be said that this approach trades data
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delivery latency for the reduction of energy consumption and moreover, longer network

lifetime.
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Figure 6: Number of data delivered to the base station

There are around 600,000 data messages are received at the base station when
all 100 sensor nodes are still alive for PSO-MBS. This is clearly shown in Figure 7 which
depicts the number of nodes alive as a function of data delivered to the base station.
Given that the network lifetime for PSO-C1 is shorter than the proposed approach, only
around 100,000 data messages are sent to the base station for 100 nodes alive. Finally,
the performance of the proposed protocol is measured in terms of energy efficiency as
depicted in Figure 8. The networks in protocols PSO-C1 and PSO-C2 consume the energy
more quickly compared to PSO-MBS. In PSO-C1 and PSO-C2, energy in the network is
mainly being utilized for data communication between cluster heads and base station,
as well as between sensor nodes to the base station. This is because, direct
communication occurs between cluster heads and the base station for data transmission
and between the sensor nodes and the base station for location update purposes.
Therefore, these sensor nodes consume higher energy to communicate with the base
station due to the longer distance between them. On the contrary, sensor nodes in PSO-
MBS consume lower energy to transmit the data to the base station since the base

station moves closer to them.
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4.4  Hardware Implementation

Mobile robot that was developed in this project used TelG mote, originally created by
Telematics Research Group (TRG). This mote has been modified by attaching a double
gear for the purpose of adding mobility characteristic to the mobile robot. In order to
meet the requirement of sensor node with low power, low cost and small size, the
arrangement of components and the design were taken into account. The final design
was implemented by using donut board. The reason of choosing donut board is because
it is more convenient to be used and can be fabricated during a short period due.

Besides that, donut board is less complexity as compared to PCB board fabrication.

Figure 9 shows the developed mobile robot for this project. As can be seen from
the figure, the mobile robot consists of two decks. The top deck is the circuit of the
sensor node developed by TRG. The bottom deck is the added relay circuit of the motor
where it includes the motor unit. FigurelO depicts the top deck while Figure 11 shows
the bottom deck of the mobile robot. On the top deck, there are four LEDs functioning as
the indicators for the user to understand the behaviour of the mobile robot. Any error
occurred is shown by these indicators, such as communication error and reset. Castor
ball is attached to the mobile robot to balance its stability as it has only two wheels to

stand on. It is very handy as it assists the mobile robot to make a turn to the right or left.

Figure 9: The mobile robot
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Figure 10: The top deck of the mobile robot

Figure 11: The bottom deck of the mobile robot
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CHAPTER 5

CONCLUSION

Having discussed on the above matter, this research has focused on creating a new
algorithm for the base stations movement. In this project, an algorithm called PSO is
utilized as the optimization tool in selecting the optimal sites for base station to visit
based on distance between base station and sensor nodes. Results from the simulations
have shown that the proposed protocol can prolong the network lifetime significantly
compared to other energy efficient protocols. Furthermore, the proposed protocol is
also able to increase the data delivery at the base station compared to other protocols.
In addition to that, we have successfully designed and implemented a simple mobile
robot using TRG mote. Future works will include simulations of the proposed protocols
in different network density and study of effect of base station speed to the network
performance. Moreover, more hardware projects will be done which include the

incorporation of the new proposed algorithm in the mobile robot.
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