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 ABSTRACT 

 

 

The advances in the wireless communication industry have paved the way for wide 

utilization of Wireless Sensor Networks (WSNs) applications. The main application of 

WSNs is environmental monitoring where sensors are cooperatively used to monitor 

physical or environmental events and report their sensed data to a central unit for 

processing, analysis and decision making. In other words, due to the distinctive capabilities 

of sensors to monitor different environmental parameters, WSNs can provide better 

solutions for monitoring abnormal events such as fire incident, gas leak and car accident. 

However, the existing WSN-based detection and tracking systems still suffer from 

efficiency and suitability for real-time data traffic control and management issues. These 

issues include network congestion, high energy consumption and communication overhead. 

In addition, the systems have poor performance in terms of tracking accuracy and prediction 

of the event’s future location, which means the systems do not provide accurate mechanism 

for tracking the event’s development. In order to deal with the above mentioned issues, this 

study presents environmental monitoring system to enhance network traffic in the sense of 

sensed data delivery and to ensure the accuracy of fire event detection and tracking in WSN. 

The proposed system relies on efficient enhanced routing protocol and accurate tracking 

mechanism. The enhanced protocol is based on cluster head selection method that aims to 

reduce the energy dissipation in the cluster construction procedure and prolong the network 

lifetime. Besides, a dynamic data transmission strategy is also presented by which the load 

of forwarding the sensed data packets is balanced among the cluster heads and the 

forwarding nodes in the data transmission procedure. Accordingly, the energy-hole problem 

is mitigated which in turn the energy efficiency and the throughput of the WSN are 

improved. By utilizing the communication overhearing in WSNs and some statistical 

concepts, a tracking mechanism to ensure the accuracy of the monitoring system in 

estimating the fire spread is thus designed. The simulation results show that, compared with 

the common routing protocol, the enhanced protocol decreases the energy consumption by 

about 30%. While in two different simulation tests, the network lifetime is increased by 

about 30% and 40% respectively. Moreover, more 1.11E+09 bits of data were received by 

the base station for the last 40 rounds of the network life cycle which indicates that the 

network throughput is improved. The dynamic data transmission strategy increases the 

network lifetime by about 22% compared to other existing method and the tracking 

mechanism is capable of accurately estimating the fire development. 
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 ABSTRAK 

 

 

Kemajuan dalam industri komunikasi tanpa wayar telah membuka jalan untuk penggunaan 

aplikasi Rangkaian Penderia Tanpa Wayar (WSN). Aplikasi utama WSN adalah 

pemantauan alam sekitar di mana penderia digunakan secara kolektif untuk memantau 

peristiwa fizikal atau alam sekitar dan melaporkan data yang dikesan ke unit pusat untuk 

pemprosesan, analisis dan membuat keputusan. Dengan kata lain, disebabkan oleh 

keupayaan penderia yang berbeza untuk memantau parameter alam sekitar yang berbeza 

WSN dapat memberikan penyelesaian lebih baik untuk memantau peristiwa yang tidak 

normal seperti insiden kebakaran, kebocoran gas dan kemalangan kereta. Walau 

bagaimanapun, sistem pengesanan dan penjejakan berasaskan WSN yang sedia ada masih 

mengalami isu kecekapan dan kesesuaian untuk kawalan lalu lintas dan pengurusan data 

masa nyata. Isu-isu ini termasuk kesesakan rangkaian, penggunaan tenaga yang tinggi dan 

jumlah pengguna komunikasi. Di samping itu, sistem mempunyai prestasi yang lemah dari 

segi ketepatan pengesanan dan ramalan lokasi masa depan kejadian, iaitu sistem tidak 

menyediakan mekanisma yang tepat untuk menjejaki perkembangan kejadian itu. Untuk 

menangani isu-isu yang disebutkan di atas, kajian ini membentangkan sistem pemantauan 

alam sekitar untuk meningkatkan trafik rangkaian dalam pengertian penghantaran data 

yang dikesan dan untuk memastikan ketepatan pengesanan dan penjejakan kejadian 

kebakaran di WSN. Sistem yang dicadangkan bergantung pada protokol penghalaan yang 

lebih baik dan mekanisma penjejakan yang tepat. Protokol yang dipertingkatkan adalah 

berdasarkan kepada kaedah pemilihan kepala kluster yang bertujuan mengurangkan 

pelesapan tenaga dalam prosedur pembinaan kluster dan memanjangkan jangka hayat 

rangkaian. Di samping itu, strategi penghantaran data yang dinamik juga dibentangkan di 

mana beban penghantaran paket data yang sensitif adalah seimbang di antara ketua 

kelompok dan nod pemajuan dalam prosedur penghantaran data. Sehubungan itu, masalah 

lubang tenaga dapat dikurangkan dan hasilnya kecekapan tenaga dan daya tampung WSN 

dapat diperbaiki. Dengan menggunakan komunikasi yang didengar di WSN dan beberapa 

konsep statistik, mekanisme pengesanan untuk memastikan ketepatan sistem pemantauan 

dalam menganggarkan penyebaran api itu dapat direkabentuk. Hasil simulasi 

menunjukkan bahawa, berbanding dengan protokol penghalaan biasa, protokol yang 

dipertingkatkan dapat mengurangkan penggunaan tenaga sebanyak kira-kira 30%. 

Sementara itu, dalam dua ujian simulasi yang berbeza, hayat rangkaian meningkat 

masing-masing sebanyak 30% dan 40%. Selain itu, lebih banyak 1.11E + 09 bit data telah 

diterima oleh stesen pangkalan bagi 40 pusingan terakhir kitaran hayat rangkaian yang 

menunjukkan bahawa daya tampung rangkaian telah ditingkatkan. Strategi penghantaran 

data dinamik meningkatkan jangka hayat rangkaian sekitar 22% berbanding dengan 

kaedah sedia ada yang lain dan mekanisme penjejakan mampu menganggarkan secara 

tepat perkembangan kebakaran. 
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                                                            CHAPTER 1 

 

                                                        INTRODUCTION 

 

1.1       Research background 

 

This research requires combined knowledge of the characteristics and applications 

of wireless sensor networks. This section lays out an overview of the most significant and 

concerning concepts. 

1.1.1    Overview on Wireless Sensor Networks (WSNs) 

 

Nowadays, Wireless Sensor Networks (WSNs) have been widely recognized as one 

of the most important technologies deployed in a physical area and networked through 

wireless links and the Internet since they provide unprecedented opportunities for a variety 

of civilian and military applications (Nikookar and Ligthart, 2016; Kocakulak and Butun, 

2017). WSN is defined as a combination or network of the sensor nodes (few to thousands 

sensors) that are used for sensing the environment, collecting information such as seismic, 

infrared, acoustic or magnetic information, and communicating the sensed or control data 

whether directly or via multi-hop connections to a sink node (also called Base Station (BS)) 

which in turn reports to the party that interested in the information (see Figure 1.1), 

provided that the forwarding nodes in the network are within the transmission range of 

each other (Zheng and Jamalipour, 2009; Younis et al., 2014) as shown in Figure 1.2. 

Sensor’s data make use of the radio transmission. These data can be of different forms 

including digital and analogue, spatial and temporal, alphanumeric or image, fixed or 

moving. As the sensor nodes are limited in computational and memory capacities, the 


