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SENSOR NETWORKS

By

MUKHTAR MAHMOUD YAHYA GHALEB

November 2014

Chairman: Assoc. Prof. Shamala Subramaniam, PhD
Faculty: Computer Science and Information Technology

Data gathering is among the issues constantly acquiring attention in the area of
Wireless Sensor Networks (WSNs) due to its impact and ability to transform many
areas associated with the human life. There is a consistent increase in the research
directed on the gains of applying mobile elements to collect data from sensors, espe-
cially those oriented to power issues as compared to multi-hop technique. There are
two prevailing strategies used to collect data in sensor networks. The first approach
requires data packets to be serviced via multi-hop relay to reach the respective Base
Station (BS). The second strategy encompasses a mobile element which serves as
the core element for the searching of data. These mobile elements will go to each
transmission range of each respective sensor to upload its data.

In this research, a Mobile Data Gathering based Network Layout (MDG-NL) algo-
rithm is proposed. This algorithm enables shortened tour length for the respective
mobile element. In addition, a certain number of nodes work as a temporary BS
by aggregating the data packets from affiliated sensors via multi-hop. Furthermore,
strategically divisioning the area of data collection, the optimization of the mobile
element can be elevated. These derived areas are centric on determining the com-
mon configuration ranges strategically placing the collection point. Thus, within
each of these areas, the multi-hop collection is deployed. This research presents
a Zonal Data Gathering based Multi-hop and Mobile Element (ZDG-MME) algo-
rithm to enhance the network lifetime. ZDG-MME algorithm is able to segment the
deployment field into two divisions and forward the tailored data to the BS. First,
the inner division which is the closest to the BS reports the sensed data directly
through multi-hop. Second, the outer division reports the data to certain nodes



selected as polling nodes. ZDG-MME algorithm is designed to ensure minimizing
both the energy consumption and the data gathering latency whilst avoiding the
hotspot area. The third proposed algorithm achieves an adaptive data gathering
strategy. In this algorithm, the user has to tune an appropriate variable which di-
rectly affects the power consumption and the data gathering latency. This variable
is a trade-off parameter that balances between the energy consumption and data
gathering latency. The selection of this parameter is based on the application re-
quirements. Minimal Constrained Rendezvous Node (MCRN) algorithm is designed
to ensure that the number of pause locations for the mobile element is minimized.
In MCRN, the selecting of rendezvous nodes is based on three factors: 1) bounded
relay hop 2) number of affiliation nodes 3) distance of the respective rendezvous
node to the BS. The algorithm is proven to minimize the number of rendezvous
nodes which ensure that the tour length and the data gathering latency are both
minimized. The performance evaluation of the proposed data gathering algorithms
has been done through a detailed and extensive discrete-event-simulation analysis.
The acquired results show that the MDG-NL scheme significantly improves the per-
formance over SPT-DGA up to 12.5%. The results obtained by the ZDG-MME
shows an enhancement on the performance up to 15.21%. The results have proven
the enhancements achieved by the proposed algorithms through the performance
metrics of tour length, data gathering latency and total energy consumed.
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ALGORITMA PENGUMPULAN DATA MUDAH ALIH UNTUK
RANGKAIAN WAYARLES SENSOR

Oleh

MUKHTAR MAHMOUD YAHYA GHALEB

November 2014

Pengerusi: Assoc. Prof. Shamala Subramaniam, PhD
Fakulti: Sains Komputer dan Teknolologi Maklumat

Pengumpulan data adalah antara isu yang sentiasa mendapat perhatian dalam
bidang Pengesanan Rangkaian Tanpa Wayar (Wireless Sensor Networks /WSN).
Ini adalah kerana bidang tersebut banyak memberi kebaikan dan impak kualiti
rangkaian kepada pengguna rangkaian tanpa wayar. Terdapat peningkatan yang
konsisten dalam penyelidikan yang diarahkan ke atas keuntungan daripada meng-
gunakan unsur-unsur mudah alih untuk mengumpul data dari pengesan rangkaian,
terutamanya yang berorientasikan kepada isu-isu kuasa berbanding dengan teknik
berbilang gelang. Terdapat dua strategi yang lazim digunakan untuk mengumpul
data dalam bidang pengesanan rangkaian. Pertama strategi memerlukan data paket
diservis melalui teknik relai berbilang-gelang untuk tiba di Stesen Pangkalan (BS)
masing-masing. Strategi kedua merangkumi unsur mudah alih yang berfungsi se-
bagai elemen teras dalam pencarian data paket. Unsur-unsur mudah alih ini akan
merentasi setiap julat penghantar di setiap pengesan untuk memuatnaik data paket
tersebut.

Dalam kajian ini, satu algoritma pengumpulan data mudah alih berasaskan rekale-
tak rangkaian atau ringkasannya MDG-NL telah dicadangkan. Algoritma ini mem-
bolehkan jarak penjelajahan untuk setiap unsur mudah alih dipendekkan. Di samp-
ing itu, melalui teknik berbilang gelang, dengan menjumlahkan data paket daripada
pengesan rangkaian yang bergabung dapat menjadikan beberapa nod berfungsi se-
bagai stesen sementara. Tambahan pula, dengan membahagikan kawasan pengumpu-
lan data secara strategik, pengoptimuman unsur mudah alih boleh dipertingkatkan.
Pembahagian ini dapat membantu dalam menentukan julat konfigurasi umum titik
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pengumpulan data secara strategik. Seterusnya, teknik berbilang gelung untuk
pengumpulan data ini dilaksanakan dalam ruang lingkup kawasan tersebut. Ka-
jian ini juga memperkenalkan algoritma zon pengumpulan data yang berasaskan
berbilang gelang dan unsur bergerak atau secara ringkasnya ZDG-MME. Objektif
pertama algoritma adalah bertujuan untuk meningkatkan jangka hayat rangkaian.
Menerusi algoritma ZDG-MME, ia mampu untuk membahagikan kawasan liputan
rangkaian kepada dua segmen. Seterusnya, data yang telah disesuaikan dengan
BS akan dikemukakan. Langkah untuk melaksanakannya adalah seperti berikut ;
pertama, melalui teknik rangkaian berbilang gelung, kawasan liputan yang paling
dekat dengan BS, akan mengesan data secara terus. Seterusnya langkah kedua,
kawasan luar liputan pula akan melaporkan data kepada nod tertentu yang telah
dipilih sebagai nod pengundian. Algoritma ZDG-MME ini, juga direkabentuk un-
tuk memastikan penggunaan tenaga dan perlengahan pengumpulan data dimini-
mumkan di samping dapat mengelak daripada kawasan hotspot. Objektif ketiga
algoritma ini adalah untuk mencapai ciri mudah suai kepada strategi pengumpulan
data. Menerusi algoritma ini, pengguna perlu membuat menala pembolehubah yang
sesuai. Seterusnya,pembolehubah ini secara langsung memberi impak kepada peng-
gunaan kuasa dan kependaman pengumpulan data. Pembolehubah tersebut adalah
satu parameter keseimbangan yang mengimbangkan penggunaan tenaga dan per-
lengahan pengumpulan data. Pemilihan parameter ini adalah berdasarkan kepada
permohonan keperluan aplikasi dalam rangkaian. Algoritma Minimal Kekangan
Nod Rendezvous (MCRN) direka untuk memastikan bilangan lokasi jeda untuk
unsur mudah alih dapat dikurangkan. Dalam MCRN, pemilihan nod pertemuan
adalah berdasarkan kepada tiga faktor laitu 1) hophad gegelang relai, 2) bilan-
gan nod gabungan, dan 3) jarak antara setiap nod pertemuan kepada dengan BS.
Algoritma ini terbukti dapat meminimakan bilangan nod pertemuan yang seterus-
nya mengurangkan jarak penjelajahan dan perlengahan. Untuk menilai prestasi
algoritma yang telah dicadangkan, simulasi acara-diskret telah dilaksanakan. Hasil
simulasi telah dikumpul, dianalisis dan dibuat perbandingan dengan algoritma lain.
Simulasi ini menggunakan jarak penjelajahan, perlengahan pengumpulan data dan
jumlah penggunaan tenaga sebagai paramater penilaian metrik. Hasil simulasi me-
nunjukkan bahawa skim MDG-NL telah meningkatkan prestasi lebih tinggi sehingga
12.5% berbanding dengan skim SPT-DGA. Hasil simulasi skim ZDG-MME juga
telah menunjukkan peningkatan prestasi sehingga 15.21%. Ini telah membuktikan
bahawa algoritma algoritma yang telah dicadangkan berjaya meningkatkan prestasi
pengesanan dalam rangkaian mudah-alih.
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CHAPTER 1

INTRODUCTION

Wireless Sensor Networks (WSNs) have gained substantial and critical attention over
the last few years due to their impact and ability to transform many areas associated
with the human life such as vital sign monitoring (Chang et al., 2012), long-term
surveillance of elderly patients, and postoperative and intensive care (Alemdar and
Ersoy, 2010; Huang et al., 2009). WSNs have positioned itself within the revolution-
ary network technologies as a credible member. This is mainly due to the enormous
benefits on WSNs in multitudes of fields such as disaster relief operations (Chen
et al., 2013), biodiversity mapping (Garcia-Sanchez et al., 2010), intelligent build-
ings or bridges (Yeh et al., 2009), precision agriculture (Sutar, 2012), earthquake
early warning (Wang and Ni, 2012), medicine and health care, logistics (Becker
et al., 2010), and so on. It is becoming increasingly difficult to ignore the successful
usage of WSNs in different areas that affects human civilization.

WSNss consist of hundreds or even thousands of sensors which are tiny, low powered
and have limited storage and transmission. These sensors are used to acquire data
which generally pose a challenge or threat to the element of human accessibility and
safety. Once the sensors are deployed they are indeed unreachable (Mahajan and
Mahotra, 2011; Wang et al., 2010) due to their placement in hazardous environments
such as in a volcano or unreachable terrains or due to the issue of inaccessibility of a
dense forest. In addition, these sensors which are powered by battery implies a clear
finite energy sources. Thus, factors such as inaccessibility and constrained power
supply have made energy consumption one of the primary issues in sensor networks.

Data transmissions and aggregation constitute a major portion of sensor energy
consumption (Zhao and Yang, 2012). There is a rich and a heterogeneous spectrum
of solutions to maximize the network lifetime. The related strategies are discussed
in Chapter 2. The power of WSNs lies in three factors, 1) the ability to deploy large
numbers of tiny nodes that assemble and configure themselves after deployment, 2)
the deployment cost would be minimal unlike the traditional wired network, and 3)
the ability to adapt dynamically to changing environments (Buratti et al., 2009).

1.1 WSNs Overview

WSNs generated an increasing interest in multitude type of fields. A WSN can be
generally described as a network which encompasses number of distributed nodes
that sense the environment and enabling interaction between the end users/computers
and the surrounding environment. In this section, an overview of WSNs is presented
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encompasses a sensor node architecture, applications and tasks, and limitations of
WSNEs.

1.1.1 Node Architecture

A sensor node in WSNs is a node that is capable of performing some tasks such
as sensing environment, gathering data and communicate with other nodes within
its range. This node is composed of multiple layers, each one performing a specific
function of the node. The layers encompasses sensing, power supply, processing and
communication (i.e., transceiver). In addition, it consists of one or more sensors that
detect any change in the surrounding environment. Analog-to-Digital Converter
(ADC) used to convert the detection analog event to digital and sent it to the
embedded microprocessor. The required energy for sensing, processing and data
communication is supplied by the power supply unit. Figure 1.1 illustrates the
architecture of a sensor node.

1.1.2 Applications and Tasks

WSNs have existed for decades and used for diverse applications ranging from med-
ical care to military battlefield, and from home to industry. This emerging is aimed
to show the increasing of numbers of society who depend upon reliable sensor net-
works. Possible applications of sensor networks are of interest in the most diverse
field. The following applications are only some examples of WSNs.

o Disaster relief operations such as wildfire detection (Bouabdellah et al., 2013;
Manolakos et al., 2010).

» Biodiversity mapping which gain an understanding about plants and ani-
mals (Mainwaring et al., 2002; Szewczyk et al., 2004).



« Intelligent buildings, bridges, and industry which focus on measurements about
temperature, energy wastage, monitoring of mechanical stress level, and earth-
quake (Akhondi et al., 2010; Kurata et al., 2005; Petersen et al., 2007).

o Precision agriculture which includes precise irrigation and fertilising of fields
and temperature and brightness monitoring (Bencini et al., 2010; Shah et al.,
2009).

The main tasks which are performed in a generic WSN application can be described
as follows.

e The first step to be performed is the node deployment either manually or
randomly such as thrown from an aircraft.

e The second step is network initialization to set up the whole network such as
self localization and node clustering.

e The third step is the main step which is sampling the monitoring environment
and process their data.

e The final step is to deliver the data to the final destination in cooperate with
other nodes to be available to the end users through internet as example. It
includes multiple sending and receiving packets during the transmission period.

1.1.3 WSNs Limitations

WSNs have positioned itself within the revolutionary network technologies as a
credible member. This is due to the enormous benefit on WSNs in multitudes of
fields that affect human life. In addition, WSNs consist of a large number of sensor
nodes which are tiny and low-cost and are distributed randomly over a specified area.
These sensors typically used for sampling the surrounding environment, processing
and may temporally storing the collected data and transmit the data to the specific
point such as the sink or the Base Station (BS) (Akyildiz et al., 2002). Several
limitations and challenges are emerged in the area of WSNs. These limitations are
as follows:

e Sensor node is a tiny device with limited storage, bandwidth, processing, and
communication range.

o The criticalness of power management as each sensor node is powered by low-
energy batteries (Hoang et al., 2010).

o The design of sensor networks are influenced by many factors such as, energy
consumption, cost, security issues, data aggregation, topology, communication
paradigm, and data delivery to the BS.



1.1.4 Data Gathering in WSNs

Data gathering is among the issues constantly acquiring attention in the area of
WSNs.  Gauging the various research area to sensing the environment and tem-
porarily store the sensed data, the energy consumption for passes the data from
each sensor to the BS is a more the pertinent issue in WSNs (Rooshenas et al.,
2010; Shebli et al., 2007; Zhao and Yang, 2012). This is because the data must be
transmitted via multiple nodes before reaching the BS for subsequent processing.
This process is called the data gathering process. In this process, each sensor node
is responsible to gather the raw data from their surrounding environment. Subse-
quently the data is stored temporarily before being forwarded to the BS. Based on
the type of method applied and the carrier for data gathering in WSNs, there are
three predominant strategies used to gather data in WSNs namely, static multi-hop,
mobile, and hybrid (i.e., static and mobile).

1.1.4.1 Multi-Hop Data Gathering

The first strategy requires data packets to be delivered to the respective BS via
multi-hop relay (Farooq et al., 2010; Jiang et al., 2010; Sun et al., 2010; Yan et al.,
2008; Yi et al., 2007). Thus, nodes will send their packets through other interme-
diate nodes. However, this strategy has proven to consume high and a substantial
amount of energy due to the dependency on other nodes for transmission. It is also
not preferred to send data packets directly between nodes and the BS as it costs
nodes faster energy depletion. This is due to the correlation between distance and
the energy consumption. In this correlation, increasing the transmission distance
(i.e., long-range communication) leads to increase the energy consumption and vice
versa (Teixeira et al., 2004). Thus, sensors are preferred to send their data to the
BS through other sensors within their ranges and in the way to the BS. Figure 1.2
illustrates one of the multi-hop technique used to deliver the data to the BS based
on constructing spanning tree to the BS as root. In this figure, shortest path is
ensured based on the minimum hop distance between each node and the BS.

1.1.4.2 Mobile Data Gathering

The second strategy encompasses a Mobile Element (ME) which serves as a tem-
porary BS. The ME will traverse each transmission range of each respective sensor
to upload its data. The ME then returns to the respective BS after the completion
of data gathering tour. This strategy has proven to reduce the energy consumption
substantially as compared to the previous strategy (i.e., multi-hop). However, it has
a trade-off which is the increase of delay incurred and is constrained by the speed



Figure 1.2: Multi-hop Data Gathering

of the respective ME. In addition, some sensor may lose their data due to overflow
while waiting for the ME. In the last few years, many researchers have employed
ME to gather data via short range communications in WSNs (Almi’ani et al., 2010;
Kumar and Sivalingam, 2010; Ma et al., 2013; Shah et al., 2003; Wang and Ma,
2011; Zhao et al., 2011). These MEs will be responsible for gathering data packets
directly from sensors which minimizes/eliminates traversing packets among nodes.
Figure 1.3 illustrates the tour path of ME which roams to reach every sensor node in
the deployment area as an extreme case of mobile data gathering. The tour path of
ME starts from the BS in the center of the deployed field, then consequently visits
each sensor node before eventually returns to the BS. In addition, as an advantage
of adopting ME in data gathering process, sparse networks are no longer considered
as a problem due to covering the whole network by the respective ME.

1.1.4.3 Hybrid Data Gathering

The third strategy is combining the multi-hop forwarding approach with the use
of mobile data gathering in order to ensure a balance between energy consumption
and latency of data gathering which is called a hybrid approach. In this approach, a
trade-off between latency of data gathering and energy consumption are presented
by select some sensor nodes as caching points (i.e., Sub Polling Points (SPPs)) (Jea
et al., 2005; Ma and Yang, 2007; Sheu et al., 2010; Vupputuri et al., 2010; Xing
et al., 2012; Zhao and Yang, 2012). These nodes are responsible for gathering the



Figure 1.3: Mobile Data Gathering Tour Path

data from other nodes via multi-hop fashion and communicate directly with mobile
data collector when reaching their transmission range. Figure 1.4 illustrates the tour
path of mobilr data collector and the SPPs including the BS. Each SPP gathers the
data from affiliated sensors via multi-hop.

Figure 1.4: Hybrid Data Gathering



1.2 WSNs Challenges and Research Issues

WSNs consist of hundreds or even thousands of sensors. These sensors are tiny, low
powered and have limited storage and transmission (Bhattacharyya et al., 2010). In
addition, these sensors are used to acquire data which generally pose a challenge
or threat to the element of human accessibility and safety. Once the sensors are
deployed they are indeed unreachable and cannot be easily recharged (Wang et al.,
2010). This is due to their placement in hazardous environments such as the Volcano
or due to the issue of inaccessibility of a dense forest. The sensors are powered by
battery have a finite energy. Thus, factors such as inaccessibility and constrained
power have made energy consumption a primary issue in sensor networks. In addi-
tion, data transmissions and aggregation constitute a major portion of sensor energy
consumption (Rooshenas et al., 2010; Shebli et al., 2007; Zhao and Yang, 2012) and
is rich in its heterogeneity of solutions which includes the maximization of the net-
work lifetime. The related strategies which are classified based on the type of data
carrier are divided into two approaches, which are either static multi-hop or mobile.

The static approach focuses on routing using cooperative static sensor nodes. In this
approach, data packets are forwarded to the data sink via multi-hop relay among
sensors. The deployment of the shortest path solution, has not been able to prolong
the network lifetime (Zhao and Yang, 2012). This is because some sensors may serve
many paths due to their unique position which causes the depletion of their energy
faster as compared to others and further causes non uniform energy consumption.
Thus, this static approach causes emerging the hotspot areas near the BS due to
unbalanced energy consumption. Nodes which are physically located closer to the
BS impose a higher burden.

Migrating towards more innovative solutions and diversifying the nodes (or subset of
nodes) design is becoming a prevailing strategy to ensure effectiveness. This trend
has also impacted mobile data gathering as a revolutionary solution. This strategy
applies one or more mobile data collectors that are elements which are equipped
with powerful transceivers and batteries.

A generic scenario in this context will involve a ME traverses the deployment field
and uploading the data from all sensors via short range communications whilst
moving or pauses at some selected points. This approach has led to the remarkable
reduction of the energy consumption inquired due to data gathering. This reduction
is due to the mobility of the ME which enable shortened the transmission range
and may eliminating the need and burden of relay hop for sending packets to the
BS. Obviously, to have an ultimate energy saving, a ME should visit each sensor
node to upload their data via short range communication. However, a constraint of
this mobile approach will lead to higher data gathering latency resulting from the
limited velocity of the ME which constraints the mobility pattern. Thus, this is not
a preferred solution in some applications that are sensitive to latency.



Thus, there are two conclusions which can be drawn. First, power consumption
increases dramatically when the multi-hop data gathering approach is applied. Sec-
ond, latency increases when the mobile data gathering approach is applied via a
single hop. However, remarkable energy is saved when an appropriate data gath-
ering approach is applied. Thus, increasing the number of nodes that are visited
by the ME causes a long tour path which implies increasing latency. It is, thus,
obvious that there is an intrinsic trade-off between energy consumption and latency
in correlation to the properties of the mobile collector.

1.3 Problem Statement

In analysing the various discussion deliberated in the previous section, the following
pertinent problems have been identified for this research. They are as follows:

o Mobile data gathering incurs high latency during data gathering process. The
ME fails to increase the throughput of data delivery to the BS due to its limited
velocity. In addition, some nodes may lose their data due to buffer overflow
while waiting for the ME. Thus, the shortened of ME tour path is better
to increase the data gathering throughput and minimize the data gathering
latency. However, the power consumption should be minimized to a certain
level.

o Multi-hop data gathering incurs high power consumption due to multiple for-
warded packets among nodes. The nodes near the BS deplete their energy
faster than the other due to serving other nodes located far away from the BS.
Thus, emerging the hotspot area near the BS is high which leads to discon-
nected network. However, latency to deliver data to the BS is minimized due
to fast forwarding data packets among nodes.

o The applications of sensor networks are of interest of the most diverse field.
The diversity leads to vastly varying requirements and characteristics. As a
consequence, it is becoming increasingly difficult to have an identical require-
ments for all applications. For example, delay intolerant applications would
prefer to minimize the latency to the lowest level. In contrast, delay tolerant
applications would prefer to minimize the power consumption to the lowest
level.

1.4 Research Objectives

The main objectives of this research is to propose and develop an enhancement data
gathering approach with minimizing the tour length of mobile collector, minimizing



the energy consumption, minimizing the data gathering latency, minimizing the
pause location for the ME, and eliminating the hotspot area near the BS. Below are
the details of our objectives:

o To propose and design an enhanced data gathering path algorithm that short-
ened the tour length of ME to a certain level by visiting some selected sensors
and avoiding visiting each one separately. This predetermined path of mobile
data gathering in WSNs based on network layout minimizes the data gathering
latency and maintains the energy consumption at certain level.

o To propose and develop an algorithm which will be able to provide intelligent
data collections capturing the unique nature of nodes. The algorithm should
be able to segment the deployment field and forward tailored collection to the
BS with respect to, shortens the tour length of ME, minimizing both the data
gathering latency and energy consumption, and eliminating the hotspot area
near the BS.

e To develop an adaptive algorithm which provides a solution based on the ap-
plication requirements which ensure a trade-off between mobile data gathering
latency and the power consumption during data gathering process.

o To propose and develop minimal constraint rendezvous node algorithm. The
algorithm is able to select some certain node as rendezvous node for the ME.
The selection is based on the location of rendezvous node, number of affiliation
nodes, and relay hop bound. Thus, minimizes the number of pause location
for the ME is ensured which implies a shortened tour length.

1.5 Research Scope

This research focuses on the data gathering techniques as a main task in WSNs. It
concentrates on two types of data gathering, the multi-hop data gathering and the
mobile data gathering. More focus is given to minimize the tour length of mobile
data collector which implies the minimization of data gathering latency. In addition,
the power consumption at each sensor node during the forwarding data packets to
the BS due to the communication process is studied too. Thus, minimizing tour
length, enhancing the power consumption, and reducing the data gathering latency
are the targets of this work.

Applying an appropriate data gathering scheme result in enhancing the network
lifetime (Zhao and Yang, 2012). Thus, the use of ME as a data collector traverses
the deployment field gathering the sensed data leads to minimize the power con-
sumption. In addition, due to low mobile velocity the local data aggregation based
multi-hop minimize the data gathering latency by avoiding visiting each sensor node



separately. The proposed schemes based on mobile and multi-hop data gathering are
tested under the various environments of WSNs. These schemes enhance the data
gathering process by balancing the power consumption and data gathering latency.

1.6 Research Contributions

The use of mobile element of gathering data proves to be an enhanced method that
could save more energy at each sensor node due to short communication range. On
the other hand, multi-hop data gathering proves to be a faster way to deliver the
data to the BS. However, even with minimized latency the power consumption at
each sensor node drain faster due to serving other nodes during a data transmission
stage. In this research, mobile element and multi-hop data gathering are jointly
considered. Four algorithms are proposed to enhance data gathering in terms of
tour length, latency and energy consumptions. The significance of this work stems
from the challenge of design a data gathering scheme that minimize the energy
consumption, minimize the tour length of mobile element, and minimize the data
gathering latency.

1.7 Thesis Organization

This thesis consists of eight chapters. Chapter two presents and discusses in details
the related work of mobile data gathering as well as the multi-hop data gather-
ing. Chapter three discusses and presents the details of research methodology which
encompasses the performance analysis tool in the area of WSNs, the developed Dis-
crete Event Simulator (DES) and its related components. A detailed discussion
on Mobile Data Gathering based Network Layout (MDG-NL) algorithm to mini-
mize the latency of ME is presented in Chapter four. Chapter five presents Zonal
Data Gathering based Multi-hop and Mobile Element (ZDG-MME) algorithm. It
shows and discusses the ability to segment the deployment field into two divisions
and assign appropriate data gathering scheme to each division which enhance the
power consumption. Chapter six presents the adaptive segmentation of the deploy-
ment area which based on the application requirements. Chapter seven presents
the minimal constrained rendezvous node algorithm. The algorithm is searched the
minimum pause locations for the ME. Chapter eight concludes the work and state
the recommendation of promising directions for the future research.

10
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