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Wireless Sensor Networks (WSN) are widely used in many applications. However, it still 

suffering from many issues such as packet loss, idle listening, high delay, and distance 

between nodes which all contribute to increase energy consumption and dissipation in 

WSN. In order to reduce this energy dissipation, this research concentrates on the 

Hierarchal routing Medium Access Control (MAC) protocols on how to solve the 

aforementioned problems. This research proposes the Grid Mediation Device (GMD) 

Node to minimize the idle listening of the active dura- tion for each node, the nodes are 

put to sleep mode for a reasonably long period of time and they wake up for a short 

time only to receive data. This behavior reduces the energy consumption for each sensor 

while minimizing the delay since the clusterheads will not wait for the sleeping nodes 

that have no data to send. Thereafter, the active clusterheads will be also put in the 

sleeping mode once they finish their data transmission. Simulation and mathematical 

model of the proposed GMD protocol have confirmed that the proposed GMD can 

improve the lifetime for all sensor nodes in the network, due to minimizing the idle 

listening time for each node. Moreover, adding Multi-levels of grids and Multi-level of 

MD node to the GMD protocol that will minimize the distance of sending data from each 

level cluster grid to another level until reach to the base station instead of sending data 

directly from any cluster to the base station, because the path between nodes and cluster 

head is not reliable and the nodes are far from each other in different grid. This research 

leads to reduce packets lost problem as well makes the network more reliable which is 

another contribution of this study. Lastly, this research adding Fuzzy logic system to 

the grids to minimize the problem of the distance between nodes as using three fuzzy 

logic criteria for each node will lead to choosing the optimal location and energy for 

each clusterhead and each node. The three pro- posed protocols have been compared to 

the Two-Dimensional Technique Based on Centre of Gravity and Energy (TDTCGE) 

protocol which is used two-dimensional technical centers (energy Centres and Gravity 

Centres) that will help to reduce the energy consumption and distances between nodes. 

Moreover, some of the proposed protocol derives better system performance such as end-
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to-end delay, throughput, lifetime, and energy saving. The Grid Mediation Device 

(GMD) protocol with Mathematical model has improved the lifetime around 88% as 

compared with the TDTCGE. In addition, The Fuzzy Logic grids (FLG) protocol saves 

more than 8% energy battery by adding the Fuzzy logic with the three criteria’s 

(Distance between nodes, distance to the basestation, residual energy) that will minimize 

the radius competitions between nodes and the clusterhead, and between the nodes and 

BS by 52% more than TDTCGE protocol. GMD Simulation protocol de- creases the 

mean of delay by 40% because of the sleeping mode, and which node has data that it 

has the turn to transmit data only. In addition, Multilevel GMD Proposed protocol 

reduces the packets lost by 65%. This Research Work improves the lifetime and saving 

more energy which is also more reliable and efficiency for the wireless sensor network. 
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Rangkaian Sensor Tanpa Wayar (WSN) digunakan secara meluas dalam banyak 

aplikasi. Walau bagaimanapun, ia masih mengalami banyak masalah seperti Pelang- garaan 

paket, pendengaran tidak aktif dan kelewatan transmisi menyumbang kepada pembaziran 

tenaga dalam Rangkaian Sensor Tanpa Wayar (WSN). Bagi mengu- rangkan 

kehilangan tenaga, kajian ini memberi perhatian kepada protokol yang dinamakan 

sebagai Kawalan Capaian Medium Pengalhalan Bertingkat (MAC) untuk 

mengurangkan penggunaan tenaga, kelewatan dan juga memperbaiki peng- hantaran serta 

jangka hayat bagi WSNs. Dengan menggunakan nod Mediation Device (MD) bagi 

meminimumkan pendengaran tidak aktif semasa tempoh ak- tif bagi setiap nod, nod-

nod diletakkan dalam mod tidur untuk satu tempoh masa yang munasabah.Nod-nod 

ini akan hanya bangun dalam tempoh yang singkat untuk memerima paket. Proses ini 

memperbaiki jangka hayat untuk se- tiap sensor dan pada masa yang sama 

meminimumkan kelewatan kerana Ketua Kluster tidak akan menunggu nod-nod yang 

tiada penghantaran data. Dengan ini juga, Ketua Kluster akan berada dalam keadaan 

tidur. Grid Mediation De- vice (GMD) yang dicadangkan akan menggunakan nod MD 

dengan grid di dalam rangkaian dua dimensi di mana paket beacon digunakan untuk 

meletakkan nod- nod dalam mod tidur apabila nod-nod ini tiada penghantaran data. Ini 

akan membantu menjimatkan penggunaan tenaga dalam rangkaian. Selain daripada 

simulasi keputusan dipaparkan, satu formula matematik juga telah dicadangkan untuk 

memperbaiki jangka hayat untuk semua nod-nod sensor di dalam rangka- ian 

menggunakan protokol GMD. Malahan, penambahan grid pelbagai tahap dan MD 

pelbagai tahap kepada protokol GMD membantu meminimumkan kehilan- gan paket 

dan kelewatan. Ini membuatkan rangkaian lebih boleh dipercayai and seterusnya 

menjadi satu lagi sumbangan dalam kajian ini. Ini kerana laluan di antara nod dan 

Ketua Kluster secara umumnya lebih boleh dipercayai dan nod- nod adalah jauh antara 

satu sama lain. Akhir sekali, kajian ini menambah sistem logik Kabur kepada grid bagi 

menentukan nod sensor yang optimum dan juga lokasi Ketua Kluster. Selain itu, kajian 
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ini mengaplikasikan sistem logik Kabur kepada grid-grid. Ini juga membantu 

mengurangkan masalah yang dikaitkan den- gan jarak komunikasi nod-nod sensor (secara 

bersama) dan juga kehilangan tenaga oleh nod-nod sensor dan cluster heads mereka. Tiga 

protokol yang dicadangkan telah dibandingkan dengan protokol Two-Dimensional 

Technique Based on Centre of Gravity and Energy (TDTCGE) di mana ia menggunakan 

teknik dua dimensi (i.e. pusat tenaga dan pusat graviti) untuk mengurangkan penggunaan 

tenaga dan jarak antara nod. Malahan, sesetengah protokol yang dicadangkan 

menghasilkan prestasi sistem yang lebih baik dari segi kelewatan hujung ke hujung, 

penghan- taran, jangka hayat dan penjimatan tenaga. Protokol GMD dan model 

matem- atiknya memperbaiki jangka hayat TDTCGE dengan anggaran 88%. 

Tambahan pula, protokol logik kabur grids (FLG) menjimatkan lebih 8% tenaga bateri 

hasil daripada penambahan logik kabur kepada ketiga-tiga kriteria (iaitu jarak antara 

nod, jarak antara styesn utama, dan baki tenaga). Mekanisma ini meminimumkan radius 

persaingan antara nod dan Ketua Kluster mereka, dan nod-nod dengan BS sebanyak 

52% bila dibandingkan dengan protokol TDTCGE. Simulasi pro- tokol GMD 

mengurangkan purata kelewatan sebanyak 40% kerana ia melibatkan mod tidur. 

Tambahan juga, protokol GMD pelbagai tahap yang dicadangkan ini mengurangkan 

kehilangan paket sebanyak 65%. Kajian ini berjaya memperbaiki jangka hayat 

rangkaian dan menjimatkan tenaga serta menyediakan rangkaian yang boleh 

dipercayai dan ceka. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Research Background 

Recent advances in micro-electromechanical systems, tiny microprocessors, and low 

power radio technologies have led to the creation of low-cost, low-power, multi- 

functional, miniature sensor devices that can detect and react to changes in the physical 

phenomena of their surrounding environments. Wireless Sensor Networks (WSNs) 

typically consist of a base station or sink node and some wireless sensor nodes. Each 

sensor node is a unit with wireless networking capability that can collect and process 

data independently. Figure 1.1 shows a sample sensor node [1]. These small system plat-

forms which integrate sensors, processors, and transceivers have also been referred to 

as motes [5, 6]. 

 

Figure 1.1 : Small sensors devices [1] 

 

 

WSNs are envisioned for a wide range of applications, from environmental surveil- 

lance, inventory tracking, health monitoring, and home automation to applications as 

diverse as even networking in or around a human body. Sensor networks mon- itor 

phenomena as diverse as moisture, temperature, speed, and location using optical, 

motion, and piezoelectric detectors. 

 

 

For many of these applications, the sensor networks will share some common fea- tures. 

Since small batteries will power nodes, the radio itself, together with the protocol stack 

design must be energy-efficient. 
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The term “energy efficiency” is regarded as a major consideration and one of the most 

important requirements in WSN. Sensor nodes are expected to operate for long periods 

of time, running off batteries or ambient energy sources. Because the biggest consumer 

of energy is the radio, many researchers have focused on creating energy-efficient or 

low-energy-consuming routing MAC protocols [3, 5, 6, 7, 8]. 

The most important challenge for all WSNs is to minimise energy consumption. 

Increasing the energy efficiency of the network leads to prolonging the battery and 

network lifetime. This may be achieved by considering energy awareness issues in all 

aspects of the design and operation of each sensor node. Moreover, energy-saving 

protocols and techniques need to be designed for collective groups of communicating 

sensor nodes to have better overall performance and improved energy efficiency in 

many WSN routing MAC protocols. 

1.2 Problem Statement 

Energy efficiency is considered to be the main challenge for WSNs, and it has a large 

impact on a given system’s lifetime. Each sensor, within a WSN, consists of different 

energy consuming parts, namely the Central Processing Unit (CPU), the 

microcontroller, the transmitter, and the receiver. The current research is done in the area 

of hierarchy routing Medium Access control (MAC) protocols in WSNs. Specifically, 

there are some of the proposed hierarchical routing MAC algorithms that does not 

satisfy all these requirements of previous protocols. Previous re-searches have 

extensively studied and proposed different Hierarchy routing MAC protocols. One of 

such is the Two-Dimensional Technique Based on Centre of Gravity and Energy 

Centre in WSN (TDTCGE) protocol that aims at addressing the problem of energy 

consumption by choosing the nearest node to the basesta- tion as a clusterhead. 

Although the TDTCGE effectively reduces this distance, it has left several other issues 

unsolved. These include: 

 The TDTCGE research has not solved the problem of idle listening for each

cluster head. Idle listening consumes a lot of energy in the TDTCGE because the

cluster head radio transceiver is always ON which consumes a lot of energy

which leads to minimize lifetime for each sensor in the network.

 The research of the TDTCGE has not minimised the radius distance between each

node. This increases the energy consumed during clusterhead selection.

Furthermore, clusterheads are far a way of basestation and centers.

 At the same time, the TDTCGE research focused on single hop routing,

However, the incurred delay in sending data between clusters for routing the data

to the basestation have not been addressed. Also, farther away from the cluster

head incur delay when sending data to the basestation which warrants an

improvement in throughput performance.
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 The TDTCGE research loses many packets because clusterheads sends data 

directly from far away distance which leads to packets loss; additionally, the 

TDTCGE research needs to minimise the distance between nodes to choose a 

suitable node position and optimal path. 

 

 

1.3 Research Objectives 

The primary goal of this research is to propose an efficient protocol with a mathe- matical 

model that increases the network lifetime for wireless sensor networks and improves 

the performance of the WSN. To achieve this aim, the following are the main objectives 

to be accomplished in this thesis: 

 To propose a GMD mathematical model to reduce idle listening on the radio 

transceiver. This will improve the lifetime of the network. 

 

 To propose a multiple criteria’s selection strategy with grids to minimise the 

radius distance between nodes in the TDTCGE protocol in order to save 

energy. 

 

 To propose a GMD protocol that minimizes the sensor node transfer delay to 

the basestation and improves on the throughput performance. 

 

 To propose a protocol of Multilevel GMD that minimises the loss packets from 

the source node to the destination node more effectively than in the TDTCGE 

protocol. 

 

 

1.4 Research Scope 

As previously mentioned, the major sources of energy dissipation are those of idle 

listening. Many routing protocols have been proposed to overcome these energy- 

wasting processes. In this work, we focus on enhancing the TDTCGE Routing 

Protocol. 

This work particularly falls under the Wireless Sensor Networks routing protocol. WSN 

routing protocols are divided into four parts: route processing, network structure, 

network operations, initiator of communications. 

Network Structures are divided into three parts: flat protocols, hierarchal protocol, and 

location-based protocol. Our work falls under the category of the hierarchical protocols 

(see Figure 1.2). 
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Figure 1.2 : Wireless Sensor Networks routing protocol 

 

 

1.5 Research Contributions 

The main contributions of this research are described as follows: 

i. Developing an efficient protocol by adding fuzzy logic with grids to choose an 

optimal cluster head by using three criteria (distance to BS, the distance between 

sensor nodes and residual energy) to minimise the radius distance between 

nodes and save their energy in WSN. 

 

ii. Developing an efficient protocol by adding an MD node with grids which 

introduces sleep beacons to minimise the idle listening and delay in the 

TDTCGE protocol and improve its throughput performance. 

 

iii. Designing a mathematical model for an MD node will improve the lifetime by 

using mathematical formulas. 

 

iv. Designing a GMD Multi-level protocol which reduces the packet loss of the 

TDTCGE protocol. (see Figure 1.3). 
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Figure 1.3 : Research Contributions 

1.6 Thesis Organisation 

The rest of this thesis is organized as follows: Chapter 2, introduces the WSN 

challenges, and techniques aimed at achieving energy efficiency. Related works have 

also been discussed with comparisons. Chapter 3 describes the methodology of the 

research work explaining all the processes in details. It focuses on two main energy 

consuming consumption and proposes a technique to overcome these problems. 

Chapter 4 discusses the proposed fuzzy logic system with grids and clarify all the 

phases and the stages of this fuzzy logic system. Chapter 5 presents the proposed the 

GMD protocol. Here the functional procedure of the MD node with its impact on 

message transfer delay and throughput are described. This chapter also explores the 

GMD mathematical model with grids and the effective formulas on the network life 

time. Chapter 6 illustrates the GMD Multilevel protocol and the optimal reliable path 

with its effect on reducing the packet loss. Chapter 7 concludes this research and 

recommends some promising directions for future research. © C
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