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Wireless Sensor Network (WSN) has become a significant technology that is attracting
enormous research interest in the area of localization for sensor nodes. The localization
algorithms for sensor nodes can be classified into three categories; range-based, range-
free and hybrid. These localization algorithms are used to measure the actual distances
between nodes and eventually determine the respective locations. Distance Vector-Hop
(DV-Hop) algorithm has become the focus of studies for range-free localization
algorithms. However, existing works on DV-Hop localization algorithm held onto the
assumption that the placement of sensor nodes has been pre-determined before they are
being distributed. This has caused the tasks for each sensor node to be permanently
fixed, thus causing the overall process of the localization algorithm to be complex. In
addition, these works have limited the flooding process in localization to be mostly
done either by manual configuration or through the Global Positioning System (GPS),
both of which are used to estimate the position of the sensor nodes. This has caused a
complexity in the algorithm, along with the infeasible usage of GPS in the flooding
process which requires high power consumption and challenge the limited battery
powered sensor nodes. Thus, this research has proposed two ideas. First is the
intelligent nodes placement algorithm for sensor nodes in order to introduce algorithm
with low complexity and low localization error. The second idea proposed is the
improvement of the region area for sensor nodes placement to control the network
flooding associated problems, whilst increasing the network lifetime, reduce power
consumption and minimizing the localization error. Extensive Discrete Event
Simulation (DES) experiments have been conducted to the DV-Hop localization
algorithm as one of the typical representative of range-free localization algorithm for
the purpose of performance analysis strategy. The process in DES based on the
initialization, scheduler and events. During the events, the positioning process of the
DV-Hop happened. The performance metrics for the first idea are the average
localization error of the nodes and the event time for distribution of nodes inside the
area while for the second idea, the average localization error also calculated. The other
performance metrics are the power transmission of the nodes and the coordinate
accuracy. The acquired results have proven that the proposed algorithms have
successfully enhanced the DV-Hop localization algorithm with low complexity, and
low localization error, increase the network lifetime and reduce the power consumption
for a range-free localization algorithm.
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HOP-JARAK VEKTOR BERJARAK BEBAS BAGI ALGORITMA
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Rangkaian Sensor Tanpa Wayar (WSN) telah menjadi satu teknologi penting yang
mana menarik minat banyak kajian dalam bidang penempatan untuk nod sensor.
Algoritma nod penempatan boleh diklasifikasikan kepada tiga kategori; jarak
berpangkalan, jarak bebas, dan hybrid. Algoritma-algoritma penempatan ini digunakan
untuk mengukur jarak sebenar antara nod. Algoritma Hop-Jarak Vektor (DV-Hop)
telah menjadi tumpuan kajian bagi algoritma penempatan jarak bebas. Walau
bagaimanapun, kajian-kajian ke atas algoritma penempatan DV-Hop yang sedia ada
telah bersandar kepada andaian bahawa kedudukan nod sensor telah ditentukan terlebih
dahulu sebelum diagihkan. Ini membuatkan tugas untuk setiap nod sensor telah
ditetapkan secara kekal, yang mana menyebabkan keseluruhan proses di dalam
algoritma menjadi rumit. Tambahan lagi, kajian-kajian ini telah menghadkan proses
pergerakan dalam penempatan untuk dikonfigurasikan sama ada secara manual atau
melalui Sistem Kedudukan Global (GPS). Ini telah menyebabkan kerumitan di dalam
algoritma, bersama-sama dengan penggunaan GPS yang tidak praktikal di dalam proses
pergerakan kerana ia memerlukan penggunaan kuasa yang tinggi di dalam nod sensor
yang mempunyai had kuasa bateri. Maka, dua idea telah dicadangkan untuk kajian ini.
Idea yang pertama mencadangkan penempatan nod pintar bagi nod sensor untuk
memperkenalkan sebuah algoritma yang berkerumitan rendah dan mempunyai ralat
penempatan yang rendah. ldea kedua yang dicadangkan ialah penambahbaikan
kawasan penempatan untuk nod sensor bagi mengawal masalah berkenaan proses
pergerakan di dalam rangkaian, yang mana dalam masa yang sama meningkatkan
tempoh hayat rangkaian, mengurangkan penggunaan kuasa dan mengurangkan ralat
penempatan. Eksperimen simulasi berkeadaan diskrit secara menyeluruh telah
digunakan untuk algoritma penempatan DV-Hop ini di mana ia merupakan salah satu
wakil algoritma penempatan berjarak bebas bagi tujuan menganalisis prestasi strategi.
Proses yang dijalankan semasa simulasi berkeadaan diskrit ini adalah berdasarkan
penepatan permulaan, penjadualan dan acara. Proses untuk mencari kedudukan oleh
DV-Hop terjadi ketika acara berlangsung. Metrik prestasi yang digunakn bagi idea
pertama ialah purata ralat penempatan oleh nod dan juga masa yang diperlukan oleh
acara ketika pengagihan nod di dalam kawasan terjadi. Purata ralat penempatan turut
dikira untuk idea kedua. Metrik prestasi lain yang digunakan untuk idea kedua ialah
penggunaan kuasa oleh nod dan ketepatan koordinat. Berdasarkan keputusan yang
diperoleh, algoritma yang telah dicadangkan terbukti berjaya membuat
penambahbaikan terhadap algoritma penempatan DV-Hop yang berkerumitan rendah
dan mempunyai ralat penempatan yang rendah, lebih tempoh hayat rangkaian dan
penggunaan kuasa yang kurang bagi algoritma penempatan jarak bebas.
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CHAPTER 1

INTRODUCTION

1.1 Wireless Sensor Network

Wireless Sensor Networks (WSN) has become a significant technology attracting
enormous research interest (Potnuru and Ganti, 2003). WSN are composed of multiple
sensor nodes which monitor the physical real world entities by having communication
without devices i.e. wireless known as sensor nodes. The sensor nodes are deployed in
a designated monitoring field and form a multi-hop self-configured network by means
of wireless communication. Sensor networks represent a significant improvement over
traditional sensors, which are deployed either far away from the actual phenomenon or
several sensors that perform only sensing can be deployed. Sensor nodes are fitted with
an on-board processor. Instead of sending the raw data to the nodes responsible for
fusion purposes, sensor nodes use their processing abilities to locally perform simple
computations and transmit only the required and partially processed data.

Ad-hoc networks have mostly been studied in the context of high mobility, high power
nodes and moderate network sizes. An Ad-hoc network can be defined as a network
which deals with specific nodes under specific purpose. The Ad-hoc Positioning
System (APS) done by Niculescu and Nath (2001) is appropriate for indoor location
aware applications, when the network’s main feature is not the unpredictable, highly
mobile topology, but rather deployment that is temporary, and ad-hoc. The Global
Positioning System (GPS), which is a public service, can satisfy some of the above
requirements. However, attaching a GPS receiver to each node is not always the
preferred solution for several reasons such as cost, limited power, inaccessibility,
imprecision and the sensor size which is currently the size of a small coin.

WSN behaves as a digital skin, providing a virtual layer where the information about
the physical world can be accessed by any computational system. Recent advances in
wireless communications and electronics have enabled the development of low-cost,
low-power and multi-functional sensors that are small in size and communicate in short
distances. As a result, they are an invaluable resource for realizing the vision of the
Internet of Things (IoT) (Alcaraz, et al., 2010). In the upcoming loT, the objects that
surround us will generate and consume information. The elements of the 10T comprise
not only those devices that are already deeply rooted in the technological world (i.e.
cars, fridges, television), but also objects foreign to the environment (i.e. garments,
fresh food), or even living being (i.e. plantations, woods, livestock). By embedding
computational capabilities in all of the kinds of objects and living beings, it will be
possible to enhance significantly several sectors such as the healthcare, logistics,
domestics and entertainment.

One of the most important elements in the 10T paradigm is WSN. The benefits of
connecting both WSN and other 10T elements go beyond remote access, as various
information systems can be able to collaborate and provide common services. This
integration has received substantial support from the commercial sector. As an example
is the ‘A Smarter Planet’, a strategy developed by International Business Machines
(IBM) which considers sensors as fundamental pillars in intelligent water management

1



systems and intelligent cities. The other example of the rich WSN 10T is the Central
Nervous System for the Earth (CeNSE) project by Hewlett-Packard’s (HP) Labs that
focused on the deployment of a worldwide sensor network in order to create a “central
nervous system for the Earth”. It is clear that the potential of the WSN will be
maximized once connected to the Internet, and then becoming part of the loT.

Researchissuesin
Wireless Sensor Network

/’m

Network Nodes y Hop size Noges , Distance
Localization Energy
topology contro placoment manipuiation selection z estimation
Range Range Mobile
Even Random Hybrid Harvesting
based free synchronization
Centroid Amoephous
ACA RSS! TDOA DV-Hop 1 ) 25 APIT
algorithm algonthm

Figure 1.1 Research issues in WSN

Researches in WSN are intense and the areas stated in Figure 1.1 are among the
integral parts. First aspects that can be discussed are the network topology control
(Agashe and Patil, 2012; Bolin and Zengwei, 2011; Jiang, et al., 2012; Liu, et al., 2010;
Meng, et al., 2011; Paul and Wan, 2009; Rabaey, et al., 2002; Shu, et al., 2010; Teng,
et al., 2009; Vivekanandan and Wong, 2007; Zhang, et al., 2011). There are two
categories of sensor network topology which is even and random. The even topologies
distribute the sensor nodes and anchors over the deployment area in an exact grid,
whilst the random topologies trouble individual nodes positions on the grid with
random noise. There are several others classification of topology in WSN. There are
the isotropic and anisotropic topology (Vivekanandan and Wong, 2007), the triangle
shape topology (Liu, et al., 2010), the square region (Rabaey, et al., 2002), the square
region which divided equally into smaller square region (Bolin and Zengwei, 2011;
Meng, et al., 2011), the non-planar physical topology (Shu, et al., 2010), L-shaped
square (Agashe and Patil, 2012), the uniform grid, the irregular C-shaped grid square,
the irregular random C-shaped square and the uniform random square (Zhang, et al.,
2011), the rectangular region (Paul and Wan, 2009) and also the ring shape (Jiang, et
al., 2012). Figure 1.2 illustrates a few of the network topologies.

(a) ®) ©

Figure 1.2 Examples of topologies existed. (a) Isotropic topology, (b) Anisotropic
topology / C-shaped and (c) Multiple rings topology




The second aspect is the nodes placement (Agashe and Patil, 2012; Chen, et al., 2008;
Chen and Zhang, 2012; Hu, 2011; Li, et al., 2011; Ramazany and Moussavi, 2009;
Tinh and Kawai, 2010; Yassine and Safa, 2009). The placement of the nodes affect the
algorithm as the accuracy and location coverage are obtained when the anchor nodes
placed uniformly instead of the randomly and as more anchor nodes are placed, the
localization average error decreases (Chen, et al., 2008; Yassine and Safa, 2009). The
third aspect is the hop size manipulation (Chen, et al., 2010; Liu, et al., 2009). Hops are
used to measure the distances of the nodes inside the network to the landmarks. Hop
size used in Liu, et al., (2009) assumed to be an average, while in Chen, et al., (2010)
the hop-size calculated by adopting the Least Square Method (LSM) (Chen, et al.,
2008). The sensor nodes selection is the forth aspect that was raised in (Du and Yan,
2010; Fang and Yang, 2011; Hai-qging, et al., 2011b; Kristalina, et al., 2011; Ying, et
al., 2010; zZhu, et al., 2009). A typical WSN is built of several hundreds or even
thousands of sensor nodes (Yu and Jain, 2011).

The power consumption takes place as the fifth aspects for the issues in WSN research
area that is presented in (Ahn and Hong, 2011; Jiang, et al., 2011; Tang, et al., 2011;
Yang, et al., 2007). The multi-power sensor nodes used inside Ahn and Hong, (2011)
during the communication proved to estimate the distance between sensor nodes more
accurately. The energy consumption is considered as the main factor during the path
planning for the sensor nodes inside Jiang, et al., (2011) as to maintain the localization
accuracy. The density of the sensor node inside the deployment area is significant to
the performance of localization algorithm since high density of sensor nodes
contributes high energy consumption and communication overload between sensor
nodes. The energy during the sensor nodes transmission consists of 1 bit information
for 100 meter distance. To save the energy, the communication between sensor nodes
can be discarded during the information broadcasting (Tang, et al., 2011). By not only
controlling the power consumption of the nodes, the cost of buying the sensor nodes is
also reduced as lesser sensor nodes are needed inside the network (Yang, et al., 2007).

For the sixth aspect, the distance estimation and measurement which needs to be
considered and this aspect has been deliberated in (Al Alawi, 2011; Benbadis, et al.,
2005; Hu, et al., 2012; Jahangiry, et al., 2011; Liu, et al., 2012; Yin, et al., 2006;
Yinglie, et al., 2012; Yingxi, et al., 2012; Zhang, et al., 2011; Zhang, et al., 2012). The
shortest distances commonly take place to be the main reason on selecting the sensor
nodes because the shorter the distance, the lesser the energy consumption and the
higher accuracy can be produced (Hu, et al., 2012; Jahangiry, et al., 2011; Liu, et al.,
2012; Yin, et al., 2006; Yingxi, et al., 2012). The Unit Disk Graph (UDG) rules
considered to measure the distance estimation where the UDG states that if the sensor
nodes connected distance is lesser than 1 unit, then it is proved to be connected
(Kaewprapha, et al., 2011; Kuhn, et al., 2004; Kuhn, et al., 2008).

The last aspect is the localization of nodes (Chaurasiya, et al., 2009; Chen, et al., 2011;
Jiang, et al., 2012; Kumar, et al., 2012; Li, et al., 2012a; Li, et al., 2012b; Lim, et al.,
2010; Niculescu and Nath, 2003; Tian, et sl., 2007; Yu, et al., 2008). The nodes
localization algorithms can be classified into three categories that are range-based and
range-free which used to measure the actual distances between nodes. The hybrid
localization is the combination between of range-free and range-based method.
Centroid Algorithm (CA) and the Distance Vector-Hop (DV-Hop) algorithm use the
estimated distance instead of the metrical distance to localize the unknown nodes. For
the range-free category, the localization has considerable focus on the DV-Hop
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algorithm. Due to the high cost of hardware facilities and energy consumption required
by range-based approaches, the range-free algorithms attract more researcher attention.
The DV-Hop localization algorithm is one of the typical representatives of range-free
localization algorithm (Niculescu and Nath, 2001). DV-Hop algorithm has proven the
ability to reduce the localization error. The enhancement on DV-Hop is centric on
several elements. It is analytically proven that better accuracy can be achieved if the
anchors are uniformly spread on the parameter of the network. The basic idea of DV-
Hop is that the distance between the unknown nodes and the reference nodes is
expressed by the product of average hop distance and the hop count. At first, a number
of anchor nodes are properly distributed. The average hop distance is calculated in a
method in which not only the global property of average hop size and anchor nodes are
considered.

Most distributed localization algorithms demands less communication overhead than
centralized algorithms which require relaying the connectivity or range measurements
from every sensor to the base station. On the other hand, DV-Hop is the only
distributed localization algorithm that has a large communication overhead because of
the flooding algorithm which occurs in two phases. Thus, generating redundant
communication and power consumption. Furthermore, in DV-Hop as the network size
increases, the number of deployed anchors necessary for accurate localization
increases. This increase in the number of anchors together with the increased
communication makes DV-Hop not suitable for sensor networks used for the event
monitoring and other large scale WSNSs.

1.2 Problem Statement

DV-Hop is one of the range-free localization algorithms which are fundamental and

largely used until today by the researchers. Although there are lots of research has been

done, DV-Hop still can be improved. The problem statements found by this research
are as follows:

e  Existing works on localization in WSN for types of sensor nodes placement inside
the range-free localization algorithm are pre-determined before the nodes
distribution process. Therefore, causing the sensor nodes task to be rigid and fixed
causing the overall process of the algorithm to be complex.

e Existing preference methods that are used to control the sensor nodes localization
and flooding involves nodes which are irrelevant or which involvement are due to
redundancy. This redundancy causes a complexity in the algorithm, along with the
infeasible usage of GPS in the flooding process which uses high power
consumption and challenge the limited battery powered sensor nodes.

1.3 Research Objectives

The research objectives are as follows

e To propose and develop an enhanced localization algorithm by using intelligent
nodes placement algorithm for sensor nodes to solve the range-free localization
problems in WSN that produces low complexity and low localization error.

e  To propose and develop an enhanced algorithm that is able to improve the region
area for sensor nodes placement within the specific localization area to address



the network flooding associated problems, whilst increasing the network lifetime
and reduce power consumption while minimize the localization error.

1.4 Research Scope

Range-free is one of the self-localization for sensor node in WSN. This research
consists of localization algorithms which are of this category. There are lots of
applications of the WSN that requires the knowledge of the nodes position. Therefore,
algorithms that can compute the location of sensor nodes within a WSN form a central
focus of this research. The process for localization needs to be control as to limit the
sensor nodes performance during the sensor nodes movement inside the area. In real
WSN application, this research happened in network layer inside the Open System
Interconnection (OSI) model because the nodes communicate between each of them in
order to transfer the information from and to the sensor nodes. In this research,
localization will involve sensor nodes which are commonly used to represent two types
of nodes; the anchor nodes and the unknown nodes.

1.5 Thesis Organization

This thesis is organized into six chapters including this introductory chapter. Chapter 2
presents a detail review and analysis localization algorithms which have been
developed for range-free localization in WSN in particular hop based. The details of
the algorithms, their respective advantage and disadvantages are deliberated in detail.
Chapter 3 discusses the methodology pertaining to the developed simulation, control
parameters, events and definitions of performance metrics. Chapter 4 and 5 present the
details of the proposed and developed enhanced localization algorithms in WSN
respectively. Chapter 6 concludes the thesis with suggested future work.
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