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ABSTRACT 

In the past decades, wireless sensor networks (WSNs) progressed with more advanced and 

sophisticated wireless technologies and sensors, predominantly for high-risk applications 

such as oil and gas pipelines remote monitoring. In the refinery area of oil and gas, a large 

scale of multi-points of sensing is required due to the wide distribution of pipeline network. 

WSN accommodates the collection of the gathered sensory data to the sink station with 

quality of service proportional to the network density. A larger amount of data are generated 

into the traffic as more number of sensor nodes introduced in the network. Since oil and gas 

pipeline monitoring application requires continuous data gathering, every sensor node will 

have to continuously transmit its data to the destination node. Consequently, the network 

will be experiencing bottleneck and performance degradation state due to the accumulation 

factor of the packets in the queue. Apart from that, due to different data rate area, the network 

resources have been utilised by the nodes without fairly manner, where the nodes closer to 

the destination point consume more resources and energy as compared to the nodes further 

from the sink point. The purpose of this research is to develop an enhanced routing algorithm 

suitable for oil and gas pipeline application in the refinery area. The second purpose of this 

research is to analyse the performance of the developed algorithm. A reactive routing 

algorithm, known as Odd-Even for Grid (OEG), has been developed for grid multi-hop 

topology to ensure the network is applicable for an application that requires wide coverage 

area, such as oil and gas refinery pipeline integrity monitoring. OEG algorithm implements 

load balancing features to lessen the contention of the packets in the traffic by separating the 

traffic into odd and even traffic. With the exception of the sink point, a node with even/odd-

numbered address will only communicate with the rest of the respective nodes with 

even/odd-numbered address. By using OEG algorithm, the amount of broadcast packets also 

can be reduced. In accordance with IEEE 802.11, the tested and observed results in different 

simulation environment have shown an improved overall network performance in terms of 

packet delivery ratio (1–60%), throughput (1–19kbps), passive nodes (1-48%), fairness 

index (0.04-0.19), and energy consumption (0.01-1.48J). The improvement on packet 

delivery ratio using OEG algorithm has satisfied the benchmark of packet delivery ratio used 

by the other researchers for industrial applications. Hence, as compared to AODV and 

OLSR, OEG algorithm can suit better for continuous sensing application such as oil and gas 

pipeline monitoring. The research has highlighted the incompetency of the deliverable of the 

fairness index as the lacking point of OEG algorithm. 
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PEMBANGUNAN ALGORITMA PENGHALAAN BAGI SATU RANGKAIAN 

JEJARING WAYARLES UNTUK RANGKAIAN TALIAN PAIP MINYAK DAN GAS 

 

ABSTRAK 

 

 

 

Pada dekad-dekad sebelum ini, rangkaian sensor wayarles (WSNs) telah maju dengan 

adanya teknologi wayarles dan sensor yang terkini dan canggih, terutamanya untuk 

aplikasi-aplikasi yang berisiko tinggi seperti pemantauan jauh talian paip minyak dan gas. 

Didalam perkarangan loji penapis minyak dan gas, titik pengesanan berganda yang 

berskala besar amatlah diperlukan kerana taburan rangkaian talian paip yang luas. WSN 

memudahkan pengumpulan data sensor yang telah diperolehi ke stesen destinasi dengan 

kualiti servis yang berkadar kepada ketumpatan rangkain. Lebih banyak bilangan data yang 

dijana di dalam trafik disebabkan bilangan nod sensor yang diletakkan di dalam rangkaian 

juga lebih banyak. Oleh kerana aplikasi pemantauan talian paip minyak dan gas 

memerlukan pengumpulan data yang berterusan, setiap nod sensor hendaklah menghantar 

data secara berterusan kepada nod destinasi. Akibatnya, rangkaian tersebut akan 

mengalami kejejalan dan degradasi prestasi kerana faktor pengumpulan paket di dalam 

baris-gilir. Selain itu, disebabkan kawasan yang berbeza kadar data, sumber rangkaian 

telah digunakan secara tidak sekata dan tidak adil, dimana nod yang lebih dekat dengan 

nod destinasi menggunakan lebih banyak sumber dan juga tenaga jika dibandingkan dengan 

nod yang jauh dari nod destinasi. Tujuan kajian ini adalah untuk membangunkan sebuah 

algorithma yang tertingkat sesuai untuk talian paip minyak dan gas di perkarangan loji 

penapis. Tujuan kedua kajian ini adalah untuk menganalisa prestasi algorithma penghalaan 

yang telah dibangunkan. Sebuah algorithma penghalaan dikenali sebagai Ganjil-Genap 

untuk Grid (OEG) telah dibangunkan untuk topologi grid multi-loncatan untuk memastikan 

rangkaian dapat digunakan untuk aplikasi yang memerlukan liputan kawasan yang luas, 

seperti pemantauan keutuhan talian paip di penapisan minyak dan gas. Algorithma OEG 

mengimplementasikan ciri-ciri pengimbangan beban untuk mengurangkan persaingan 

paket-paket di dalam trafik dengan memisahkan trafik kepada trafik ganjil dan trafik genap. 

Tanpa mengambil kira nod destinasi, nod yang beralamat nombor genap/ganjil hanya akan 

berkomunikasi dengan nod-nod selebihnya berdasarkan alamat mereka yang bernombor 

genap/ganjil. Dengan menggunakan algorithma OEG, jumlah paket siaran juga telah dapat 

dikurangkan. Berdasarkan IEEE 802.11, keputusan kajian yang telah diuji dan diperhati 

menggunakan pelbagai persekitaran simulasi telah menunjukkan peningkatan prestasi 

rangkaian dari segi nisbah penghantaran paket (1-60%), truput (1-19kbps), nod pasif (1-

48%), indeks kesaksamaan (0.04-0.19), dan penggunaan tenaaga (0.01-1.48J). Pembaikan 

terhadap nisbah penghantran paket menggunakan algorithma OEG telah mencapai 

penanda aras nisbah penghantran paket yang telah digunakan oleh pengkaji-pengkaji yang 

lepas untuk aplikasi industri. Oleh itu, jika dibandingkan dengan AODV dan OLSR, 

algorithma OEG lebih sesuai digunakan untuk aplikasi pengesanan yang berterusan seperti 

pemantauan talian paip minyak dan gas. Kajian ini telah menegaskan bahawa 

kebolehcapaian indeks kesaksamaan yang tidak cekap sebagai salah satu kekurangan 

algorihma OEG. 
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INTRODUCTION 

1.1 Background 

Operating on increasingly narrow margins and emphasised on maximising 

production from the existing resources, oil and gas industries are implementing wireless 

sensory devices that offer up to 80% fewer infrastructure costs as compared to wired 

solutions (Anonymous, 2018; Rao et al., 2012). As the demand and the exploration of oil 

and gas continue to rise, the implementation of wireless sensor networks (WSNs) constantly 

increasing for essential applications. Figure 1.1 summarise the expansion of their capabilities 

and productivity. Besides, environmental regulations are continuously amended and 

becoming stricter every year. In 2008, rather than releasing the residue back to the 

operational area, a set of rules has been amended by the Office of the Comptroller of the 

Currency (OCC) for compliance of oil and gas companies to haul the highly polluted water 

and soil to permanent wastage disposal areas (Akhondi et al., 2010). Due to the stricter 

penalties, oil and gas companies are urged to employ feasible solutions that best fit the 

enforcement of the new regulations while at the same time minimising the risk without 

affecting industrial production. 

WSN progresses with more advanced sensors and various network architecture that 

offer modern generation solutions for linking assets in remote areas as well as facilitating 

the deeper exploration of hydrocarbons material in challenging environments (Ali and Choi, 

2019). Further, transportation of crude materials requires critical infrastructure monitoring 

including the oil and gas pipeline to prevent the occurrence of unwanted tragedies that have 
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a great impact on the economy and environment (Shukla and Karki, 2016). Being a critical 

element in materials transportation, these pipelines could easily be sabotaged and pose a 

serious threat from terrorist attacks (Henry and Henry, 2015), particularly in this period of 

2020 Russia-Saudi Arabia oil price war. In addition, infrastructure defect including cracking, 

corrosions, or external environment could lead to pipeline failure (Sundaram et al., 2018). 

However, numerous studies have shown that the percentage of reported incidents due to 

pipeline failure are lower as compared to the other types of transportations. Pipeline 

transportation is also relatively safer, more reliable and cheaper as compared to the others. 

Safety and environmental 

monitoring, machine health 

monitoring

Tank level monitoring, emissions 

monitoring  

Vehicle and asset tracking, 

materials condition monitoring

Human tracking, access control 

and monitoring

Vibration monitoring, condition 

monitoring
 

Figure 1.1: WSN applications in oil and gas industry  

The oil and gas industry separates its process into three sectors, which is downstream, 

midstream, and upstream, as shown in Figure 1.2. The upstream sector includes all the 

processes involved in the exploration and extraction of hydrocarbon materials that can be 

found in the underground or underwater environment (Johnson et al., 2017; Shafiee et al., 

2019). During this timeframe, sophisticated technologies, equipment, and techniques are 

used to draw the materials to the surface. Intrusive-type of upstream process involves drilling 

and seismic contractors, engineering firms, and service rig operators. Non-intrusive-type of 
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the upstream process involves surveying experts, such as geologists, scientists, and 

geophysicists (Boul and Ajayan, 2020). 

The raw materials will then undergo field processing and temporarily stored in 

refinery tanks, bulk terminals, and holding tanks (Gülen, 2016). However, as a part of the 

safety measures, material that poses extremely high pressure, such as natural gas, must be 

kept in the underground reservoirs (temporary storage). Apart from storing and processing, 

the midstream sector predominantly responsible for accommodating the transportation of the 

materials from upstream to downstream sector via barge, oil tanker, or pipeline (Eissa, 2020; 

White et al., 2019).  

Once the oil and gas materials arrive at the downstream sector, they will be processed, 

refined, and converted into finished products before they can be commercialised (Azman et 

al., 2019). These products include gasoline, synthetic rubber, liquefied natural gas, heating 

oil, lubricants, plastics, pesticides, fertilisers, and antifreeze. As compared to the midstream 

sector, a smaller scale of transportation is used in this sector to move the materials between 

plants (Lee et al., 2019). Laboratory testing, including research and development, 

specification of International Organization for Standardization (ISO) standard, quality 

control, and laboratory outsourcing, is performed in this sector as well.  




