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ABSTRACT

Since the sensors have the characteristics of self-organizing and low cost and the
wireless sensor network develops rapidly, more reliable routing algorithms are required
to perform better forwarding. In wireless sensor network, due to the limited power and
the non-equivalence of the sensor nodes, it is necessary to reduce energy consumption
reasonably to prolong the network lifetime. In the traditional protocols, energy model is
adopted by LEACH with uniform distribution of sensor nodes and without the
consideration of residual energy, which leads to the large number of packets dropped
and instable network environment. When encountering the obstacles and voids, the
routing with perimeter and greedy algorithms are unable to proceed. In order to balance
and minimize the energy consumption, a Grid-Based Reliable Routing (GBRR) protocol
is presented. In this research, collaborated with clustering and grid-based routing
features, the proposed protocol uses a combination of clustering protocols and

geographical protocols with greedy algorithm to accomplish the scalability and



adaptability of the randomly deployed sensor networks in a dense and large-scale
network. By adopting right hand rule strategy, the packets walk around the perimeter
and voids are avoided. Simulation was adopted using MATLAB. The simulation results
show that the GBRR efficiently identifies the redundant nodes and reroutes them

avoiding obstacles and voids while improving network lifetime and energy consumption.

Key words: wireless sensor network, energy consumption, LEACH, GBRR, network
lifetime
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ABSTRAK

Sensor mempunyai ciri-ciri sendiri mengatur dan kos rendah dan rangkaian sensor tanpa
wayar berkembang pesat, algoritma penghalaan yang boleh dipercayai diperlukan untuk
melaksanakan penghantaran yang lebih baik. Dalam rangkaian sensor tanpa wayar,
disebabkan kuasa terhad dan kesamaan nod sensor, diperlukan untuk mengurangkan
penggunaan tenaga dengan semestinya memanjangkan hayat rangkaian. Dalam protokol
tradisional, model tenaga diadopsi oleh LEACH dengan pengedaran seragam nod sensor
dan tanpa pertimbangan tenaga sisa, yang membawa kepada banyak paket yang
dijatunkan dan menstabilkan persekitaran rangkaian. Apabila menghadapi halangan dan
lompang, laluan dengan perimeter dan algoritma tamak tidak dapat diteruskan. Untuk

pengimbangan dan meminimumkan penggunaan tenaga, protokol Grid-Based Reliable

iv



Routing (GBRR) dicadangkan. Dalam penyelidikan ini, kerjasama dengan ciri-ciri
routing berasaskan klustering dan grid, protokol yang dicadangkan menggunakan
gabungan protokol kluster dan protokol geografi dengan algoritma tamak untuk
mencapai skalaan dan sesuaian rangkaian sensor yang digunakan secara rawak dalam
rangkaian padat dan berskala besar. Dengan menggunakan strategi peraturan tangan
kanan, paket-paket yang berjalan mengelilingi perimeter dan lompang akan dielakkan.
Simulasi diguna pakai MATLAB. Hasil penyelakuan menunjukkan bahawa GBRR
cekap mengenalpasti nod berlebihan dan mengarahkan mereka mengelakkan rintangan

dan lompang semasa meningkatkan kehidupan rangkaian dan penggunaan tenaga.

Kata kunci: rangkaian sensor tanpa wayar, penggunaan tenaga, LEACH, GBRR, hayat

rangkaian
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CHAPTER 1

INTRODUCTION

1.1 Research Background

With the rapid development of modern sensor technology, wireless communication
technology, microelectronics technology and embedded computer technology, a very
meaningful and challenging research field - Wireless Sensor Network (WSN), has been
come into being (Pottie and Kaiser, 2000). WSN consists of multiple single sensors,
each of which can interact with the environment through sensing or controlling
parameters. By means of a wireless way (Lewis, 2004), nodes are able to communicate
with each other, self-organize into a network, cooperatively sense the multi-dimensional
information of monitoring objects (including temperature, humidity, noise, light,
pressure, etc.), and process and publish the collected data in the network, which is a new
type of sensor network. At the same time, it is also an interdisciplinary field, which is

known as one of the most promising technologies in the 21st century.

Since WSN has the ability to monitor in real-time environmental and acquire real-world
information, and does not require fixed network support and strong invulnerability
features, it has broad application value (Ramanathan and Redi, 2002). Developed
countries, such as the United States, attach great importance to the development of
WSN. The Institute of Eleetrical and Electronies Engineers (IEEE) is striving to promote
the application and development of WSN. Some universities, such as MIT and UC

Berkeley, have developed the basic knowledge and key technologies of WSN.



In many WSN applications, the power supply of sensor nodes in the network is often
unable to replenish. In this case, energy efficiency is a very important indicator, because
it usually requires the system to work as long as possible. In other types of networks
such as Ad Hoc networks (Chau, 2002; Ramanathan and Redi, 2002), power supply may
not be the focus of consideration, while parameters such as output accuracy may be
more important. In addition, in some WSN applications, factors, such as allowable size
and node cost should, also need to be considered. Because size is closely related to the
capacity of the battery, cost is directly related to the performance of the sensor, and
performance ultimately affects the accuracy of the results. Moreover, when a distributed
system with a large number of nodes is compared with a centralized system with fewer
nodes, factors, such as the number of nodes and the cost, are taken into account (Gungor

et al, 2010).

This study mainly considers that when the node structure is simple but the number of
nodes is large, the energy efficiency of the node can be realized and the network lifetime

can be prolonged.

1.2 Problem Statement

In the traditional routing protocol, energy model is adopted by LEACH with uniform
distribution of sensor nodes and without the consideration of residual energy, which
leads to the large number of packets to be dropped and instable network environment.
When encountering the obstacles and voids, the routing with perimeter and greedy
algorithms are unable to proceed. Therefore, based on these issues, in this study the

problems are summarized:



1) The residual energy of the nodes is not considered, it is possible that the
nodes with low energy will act as the cluster head, therefore, the data cannot
be transmitted to the Base Station (BS) and will be dropped if the head is
dead;

2) The traditional protocol based on LEACH protocol cannot guarantee the
uniform distribution of cluster heads due to large scale networks, which will
cause a large density of cluster heads in some regions;

3) Although the voids can be reduced by the dense deployment of sensor nodes,
obstacles and voids still exist due to an uneven terrain, therefore, the
separated clusters cannot communicate with each other, making the network

unreliable and instable, which leads to a number of packets dropped.

1.3 Research Objectives

The main objective of this research is to re-implement the GBRR protocol to balance

and reduce the energy consumption. Below are the details of this research objectives:

1) to develop an electing method of the cluster head:;

2) to develop a grid-based protocol to reduce the number of exhausted cluster heads
due to the unbalanced number of nodes;

3) to deploy greedy algorithm with right hand rule strategy to reduce the voids due

to the uneven terrain.



1.4 Research Scope

The scope of this project is to re-implement the GBRR protocol that was proposed by

Xiaoliang et al. (2016), which will improve communication in wireless sensor networks.

This simulation is in MATLAB and only restricted to wireless sensor nodes with and

without obstacles.

1.5 Thesis Organization

Five chapters are consisted in this thesis:

e Chapter 1 (Introduction): contains the research background and problem
statements, which describe research issues. Based on the issues, the objectives
are listed corresponding to each objective. Then the research scope is given.

e Chapter 2 (Literature Review): gives and overview of the WSNs and existing
typical protocols in WSN. Especially, the related work is described briefly and
different algorithms are compared.

e Chapter 3 (Research Methodology): illustrates the methodology used to develop
the GBRR protocol and describe the whole process. How to design and
implement this research are explicated in detail.

e Chapter 4 (Results and Discussions): consists of the output produced by the
simulation and discussions about the results. Residual energy and energy
consumption are analyzed in this chapter.

e Chapter 5 (Conclusion and Future Work): summarizes this research and gives the

future work.
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