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ABSTRACT 

In recent years, the growing requirement for a static multi-hop wireless sensor network 

(WSN) has dominated remote supervision of the integrity of oil and gas pipelines. In the 

pipeline network, the sensing points are linked via wireless nodes connecting inspection 

points remotely to a centralised monitoring station. The introduction of the WSN to the 

pipeline network has critical factors leading to the deterioration of the overall network 

performance corresponding to the density of the network. In the selected application, the 

midstream of the oil and gas industry, the nodes must be arranged in a linear architecture to 

cover the length of the pipe. Such geographically diverse network configuration has a major 

effect on the disintegration of network stability, throughput unfairness, higher latency and 

energy usage from improper exploitation of network resources due to competitive data 

transmission, resulting in data snowballing effect on the destination node. Node starvation 

is also a factor that seriously affects the network performance of a large scale WSN multi-

hop linear network. Unbalanced allocation of network resources between source nodes leads 

to the starvation of the node, which is a comparatively intensified factor overproduced data 

packets and source node distance from the destination node. Energy improvement in a static 

multi-hop linear topology is also linked to the lifetime of the network and is essential to the 

heterogeneous energy consumption nodes in the network. To decipher the mentioned 

problems, this thesis highlighted the challenges faced during the deployment of WSN in a 

large-scale network. The objective of this research is to develop a reliable AODV based 

multi-hop linear routing algorithm in accordance with IEEE 802.11 and to analyse the 

network performance implementing the proposed technique. This thesis highlighted two 

proposed routing algorithms namely Ad-hoc On-Demand Distance Vector Even, and Odd 

(AODVEO) and Ad-hoc On-Demand Distance Vector Triple Interleaving (AODVTRI) 

benched marked with commercial routing protocols Ad-hoc On-Demand Distance Vector 

(AODV) as well as Distance Sequence Distance Vector (DSDV). In AODVEO, the load of 

the traffic is reduced by splitting the traffic into two different routes (1) even-path and (2) 

odd-path with the consideration of x-axis. On the other hand, in AODVTRI, the traffic is 

divided into three different routes (1) alpha path, (2) beta path, and (3) charlie path with 

consideration of x-axis. Results showed that when the proposed technique is compared to 

the existing routing protocols in different simulation environments in conjunction with IEEE 

802.11 standard, AODVEO showed improved network reliability (delivery ratio) as high as 

19% and 15% in comparison to AODV and DSDV. In contrast, AODVTRI presented up to 

26% and 22% of improvement when compared to AODV and DSDV, respectively. In terms 

of capacity (throughput) as well as energy, AODVEO showed up to 9 kbps more with 0.038J 

less energy consumption per packet and up to 13kbps more with 0.095J less energy 

consumption per packet when compared to AODV and DSDV. AODVTRI, on the other 

hand, showed up to 18 kbps more throughput with 0.082J less energy per packet when 

compared to AODV and up to 22kbps more with 0.140J less energy consumption per packet 

when compared to DSDV. 
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PEMBANGUNAN ALGORITMA PENGHALAAN LELURUS BERBILANG HOP 

STATIK BERDASARKAN AODV MENGGUNAKAN RANGKAIAN PENDERIA 

WAYARLES 802.11 UNTUK SALURAN PAIP MINYAK DAN GAS 

ABSTRAK 

Sejak kebelakangan ini, permintaan yang meningkat untuk rangkaian sensor tanpa wayar 

multi-hop statik telah mendominasi pemantauan jarak jauh terhadap intergriti saluran paip 

minyak dan gas. Dalam rangkaian saluran paip, titik sensor dihubung menggunakan nod 

tanpa wayar yang menghubungkan titik yang diukur dari jarak jauh ke stesen pemantauan 

berpusat. Pengenalan WSN pada jaringan paip mempunyai faktor kritikal yang 

menyebabkan kemerosotan prestasi keseluruhan rangkaian seiring dengan kepadatan 

rangkaian. Dalam aplikasi terpilih iaitu aliran tengah industri minyak dan gas, nod mesti 

disusun dalam linier untuk meliputi jarak yang jauh. Geografi senibina rangkaian yang unik 

ini mempunyai kesan besar terhadap ketidakstabilan rangkaian, ketidakadilan daya 

pemprosesan, latensi dan penggunaan tenaga yang tinggi disebabkan penggunaan sumber 

rangkaian yang tidak tepat kerana penghantaraan data yang kompetitif yang mengakibatkan 

kesan bola salji data pada nod destinasi. Kelaparan nod adalah faktor lain yang secara 

serius mempengaruhi prestasi rangkaian dalam WSN linear multi-hop skala besar. 

Peruntukan sumber rangkaian yang tidak seimbang antara nod menyebabkan kebuluran 

nod, yang merupakan faktor yang meningkat kerana penghasilan paket data dan jarak nod 

sumber dari nod destinasi. Pengoptimuman tenaga dalam topologi linear multi-hop juga 

dikaitkan dengan jangka hayat rangkaian dan penting bagi penggunaan tenaga berbeza di 

nod dalam rangkaian. Untuk menguraikan faktor-faktor ini, tesis ini telah mengetengahkan 

cabaran yang dihadapi semasa penyebaran WSN dalam rangkaian berskala. Objektif 

penyelidikan ini adalah untuk membina algoritma peralihan linear multi-hop berasaskan 

AODV dengan piawaian IEEE 802.11 dan menganalisasi perstasi rangkaian yang 

menggunakan teknik yang dicadangkan.Tesis ini mengusulkan dua algoritma penghalaan 

iaitu Ad-hoc On-Demand Distance Vector Even dan Odd (AODVEO) dan Ad-hoc On-

Demand Distance Vector Triple Interleaving (AODVTRI) yang ditanda aras dengan routing 

komersial Ad-hoc On-Demand Distance Vector (AODV) serta Disnatnce Sequence 

Disntacne Vector (DSDV). Beban lalu lintas di AODVEO dikurangkan dengan 

membahagikan lalu lintas kepada dua laluan yang berbeza (1) laluan genap, dan (2) laluan 

ganjil dengan pertimbangan paksi-x. Sebaliknya, lalu lintas di AODVTRI dibahagikan 

kepada tiga laluan iaitu (1) laluan alfa, (2) laluan beta, dan (3) laluan charlie dengan 

pertimbangan paksi-x. Apabila teknik yang dicadangkan dibandingkan dengan protokol 

komersial dalam persekitaran simulasi yang berbeza seiring dengan piawaian IEEE 802.11, 

AODVEO menunjukkan peningkatan kebolehpercayaan rangkaian (nisbah penghantaran) 

sehingga 19% dan 15% berbanding AODV dan DSDV. Sebaliknya, AODVTRI menunjukkan 

peningkatan sebanyak 26% dan 22% jika dibandingkan dengan AODV dan DSDV. Dari segi 

kapasiti (throughput) dan juga tenaga, AODVEO menunjukkan 9kbps lebih dengan 0.036J 

kurang penggunaan tenaga setiap paket dan 13kbps lebih dengan 0.095J kurang 

penggunaan tenaga setiap paket jika dibandingkan dengan AODV dan DSDV. AODVTRI 

pula menunjukkan throughput sehingga 18kbps lebih banyak dengan 0.082J kurang tenaga 

per paket jika dibandingkan dengan AODV dan 22kbps lebih dengan pengurangan 

penggunaan tenaga setiap paket sebanyak 0.140J jika dibandingkan degnan DSDV.
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INTRODUCTION 

1.1 Background 

The oil and gas industry is known as one of the world’s largest conglomerates 

involving complicated and critical crude oil refining methods. The oil and gas pipeline is a 

well-known and cost-effective means of transportation worldwide for the distribution of 

various liquefied or gas supplies such as raw or refined oil products and gas. In a large 

scale implementation, pipeline transportation is an interdependent networking system that 

transfers millions of liquefied supplies every day around the world (Ali et al. 2015, Green 

and Jackson 2015a). The pipeline is one of the leading transportation modes for the oil and 

gas industry that could be laid both offshore and onshore. Pipeline transportation requires 

close monitoring as a failure in pipelines causes disruption of supply, loss of precious 

commodity, and not to mention irreversible environmental damage (Ali et al. 2015). 

However, pipelines are known to be one of the safest transportation media in the oil and 

gas sector (Green and Jackson 2015b, Strogen et al. 2016).  

As demand for oil and gas exploration continues to rise, remote monitoring of 

pipelines using wireless sensor network (WSN) has gained popularity. Remote pipeline 

monitoring has become more prevalent due to the rapid enhancement of communication 

protocol technology, sensing capabilities, energy-efficient wireless devices, and lower 

implementation costs for broad applications. (Al-ghamdi et al. 2010, Carlsen and Asa 2010, 

Ali et al. 2015, Subramaniam, Khan, et al. 2017). WSN is a collection of sensors that can 

sense, process, and communicate, forming a network for monitoring the physical world 

(Khan et al. 2017). By implementing wireless sensor devices that reduce infrastructure 
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costs by up to 80% compared to wired technologies, the oil and gas industry would be able 

to maximise their production. Since the pipelines are located in a remote area, accidents or 

unwanted tragedies are highly possible to occur. For example, on April 12, 2019, The 

Straits Time reported that two people were injured during the explosion at Petronas oil and 

gas complex in Kampung Lepau, Johor, Malaysia (Explosion at Petronas oil and gas 

complex in Johor injures two, damages houses, SE Asia News and Top Stories - The Straits 

Times 2019). These pipelines were also exposed to terrorist attacks (Bjerga and Aven 

2016). Moreover, infrastructure defects such as cracking due to corrosion or external 

climate may reduce the pipeline’s performance (Arun Sundaram et al. 2018). A secure and 

reliable system is highly needed to track, control, and manage the integrity of the pipeline 

remotely to minimise risk without affecting industrial production.  

The oil and gas industry is divided into three major sectors, upstream, midstream, 

and downstream, as described in Figure 1.1. In the upstream sector, the exploration and 

extraction of raw materials that can be found either underground or underwater took place 

(Cordes et al. 2016). This sector is usually located in the middle of the ocean. There are 

three types of methods used to extract oil and gas: primary recovery, secondary recovery, 

and enhanced recovery. Primary recovery uses the underwater pressure to move fluids to 

the surface and uses artificial lifting techniques such as pumping to carry the materials to 

the surface. 

On the other hand, secondary recovery is the most used recovery strategy where 

water is pumped back into the oil-bearing reservoir to get more oil out of the ground during 

the drilling process. Enhanced recovery is typically used to retrieve the leftover oil from 

the area. One solution is thermal recovery, where the steam is pumped into the reservoir, 

and the elevated pressure brings the products to the surface. 
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Before moving the raw resources to the next sector, they will undergo field 

processing and be stored temporarily. Several processes will be done, including the 

separation of crude oil, natural gas, and water. After separation, the raw materials are stored 

in various storage containers, such as floating roof tanks, pressure tanks, and liquefied 

natural gas (LNG) tanks (Abdel-Aal et al. 2015). Besides processing and storage, it is 

mainly the responsibility of the midstream to transport materials from the upstream to the 

midstream sector through pipelines, ships or oil tankers.  

Upon entering the downstream sector, the resource must be processed, stored and 

converted into finished products before being marketed. The commercialised commodity 

includes diesel fuel, gasoline, synthetic rubber, home heating oil, lubricants, kerosene and 

plastics. The developed product undergoes various evaluations, including the International 

Organization for Standardization (ISO) test before they are commercialised. The 

distribution mechanism utilised in midstream is typically on a smaller scale, primarily to 

transfer materials between storage and refinery plants. 

 

Figure 1.1 Upstream, Midstream and Downstream 
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While there are different types of transportation modes, such as trucks and oil 

tankers, which are more flexible in terms of the pathway, pipelines remain the most reliable 

and secure way of transporting valuable materials. Several reports have shown that pipeline 

failures do occur, but the number of recorded incidents is minimal compared to other forms 

of transport (Gilbert and Zalik 2019). Nonetheless, there are several factors, such as climate 

change, that can affect the proficiency of the pipeline. As a result, pipelines demand a 

dependable and consistent monitoring system to detect any irregularities so that the 

authorities can take precautions to avail themselves of any disastrous event. 

Midstream sectors, typically situated between the upstream and downstream sectors, 

generally consist of a wide range of distances. According to Mordor Intelligence, pipeline 

capacity in Malaysia is around 5.2 billion cubic meters per year. In contrast, the length of 

the pipeline is roughly 2500 kilometres (Malaysia Oil and Gas Midstream Market Growth, 

Trends, and Forecasts (2020 - 2025) 2016).  As a result, the transportation of the materials 

in midstream requires lengthy coverage of pipelines, as illustrated in Figure 1.2. Sensors 

nodes will be mounted at various points of the pipelines to ensure that the state of all the 

pipelines is covered and monitored. With the availability of the various type of sensors that 

can be integrated into the network, the safety, reliability, integrity, health and security of 

the pipeline can be significantly improved. 




