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ABSTRACT 

 

Mobile robot path navigation is a subject that has been a crucial study in the 

robotics field. The ability of robots to navigate successfully demands high performance 

path searching algorithms. The room for improvements to raise the potential of 

autonomous path searching is far from seeing its limits. Any approach that bears 

potential needs to be explored. Thus, the objective of this study is to investigate the 

performance of a combined set of numerical techniques based on Laplacian potential 

values in producing path searching algorithm for mobile robots. This technique set 

comprised of Quarter-Sweep approach (QS) for complexity reduction, family of Two-

parameter Overrelaxation iterative method (TOR) for reducing the cost of 

computations, and 9-Point Laplacian operator (9P) for improving computational 

efficiency. This study is conducted in a robot path searching simulator, namely Robot 

2D Simulator. The configuration space in the simulator is set up accordingly to 

resemble a 2D heat transfer environment, and numerical analysis via Laplace’s 

equation can be applied to the resulting heat distributions. The proposed numerical 

techniques are used to solve and obtain Laplacian potential values, and their 

corresponding path searching algorithms are tested for their performance. Results 

show that the proposed numerical techniques outperform their predecessors. 

Integration of family of TOR-9P iterative method and QS approach, i.e., Quarter-

Sweep Two-parameter Overrelaxation 9-Point Laplacian method (QSTOR-9P) has 

produced the best results. The method succeeded in reducing the number of iteration 

and CPU time to approximately 62.27% to 87.64% and 83.30% to 95.20%, 
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respectively compared to the standard. Thus, it is concluded that the proposed 

numerical techniques have the potential to enable higher path searching performance. 
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ABSTRAK 

 

 Navigasi laluan robot boleh gerak adalah subjek yang penting dalam bidang 

penyelidikan robotik. Keupayaan robot boleh gerak memerlukan algoritma pencarian 

laluan yang berprestasi tinggi. Setakat ini, kajian bagi penambahbaikan terhadap 

keupayaan pencarian laluan masih perlu dilakukan. Malah, sebarang kaedah yang 

mempunyai potensi yang tinggi perlulah dikaji dengan lebih lanjut lagi. Sehubungan 

itu, objektif kajian ini adalah untuk mengkaji keupayaan gabungan set bagi kaedah 

berangka berdasarkan nilai potensi Laplacian terhadap penjanaan algoritma pencarian 

laluan robot boleh gerak. Kaedah berangka ini merangkumi pengunaan pendekatan 

Sapuan-Suku (QS) untuk mengurangkan kerumitan, kumpulan kaedah lelaran 

Pengenduran Berlebihan Dua-parameter (TOR) untuk mengurangkan kos pengiraan, 

dan 9-Titik Laplacian (9P) untuk meningkatkan kecekapan pengiraan. Kajian ini 

dilakukan dengan menggunakan sebuah simulasi pencarian laluan robot boleh gerak 

yang dinamakan Simulator Robot 2D. Ruang kerja dua dimensi dalam simulasi ini 

dibina bagi menyerupai sebuah persekitaran meliputi proses pemindahan haba, dan 

analisis berangka ke atas taburan haba yang terhasil boleh dilakukan melalui 

persamaan Laplace. Suatu kaedah berangka telah dicadangkan dalam kajian ini 

bertujuan untuk menyelesaikan dan mendapatkan nilai potensi Lapacian, dan prestasi 

algoritma pencarian laluan yang terhasil telah diuji. Kaedah tersebut berjaya 

memberikan keputusan yang cemerlang dalam menghasilkan navigasi laluan dan 

mengatasi prestasi kaedah terdahulu. Penyepaduan kumpulan kaedah lelaran TOR-9P 

dan pendekatan QS, iaitu QSTOR-9P telah menghasilkan keputusan yang baik. 

Kaedah ini telah berjaya menurunkan bilangan lelaran dan masa CPU masing-masing 
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daripada 62.27% kepada 87.64% dan 83.30% kepada 95.20%. Oleh itu, berdasarkan 

keputusan yang diperoleh daripada kajian ini, kaedah berangka yang dicadangkan 

dalam kajian ini mempunyai potensi bagi membolehkan prestasi pencarian laluan yang 

lebih tinggi. 
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CHAPTER 1  

 

 

INTRODUCTION 

 

 

1.1 Background 

 

A robot is essentially a machine that functions by computing pre-installed 

programming to make decisions. It usually consists of three main components, which 

are the sensory element, control system, and actuators. The sensory element of a robot 

usually consists of various sensors for detecting image, sound, and obstacles. The 

sensor will transmit input information into the second component that is the control 

system. Here, the input will be used for the decision-making process of the robot. 

Finally, the third component of the robot, which is the actuator will produce the 

actuation action as an output from the robot decision-making process. 

 

Robots have been introduced in earlier years to carry out repetitive tasks that 

can be automated. The first robot employed in the manufacturing industry was 

Unimate (Spectrum, 2018), which was basically an arm of hydraulic manipulator that 

was able to perform repetitive tasks, shown in Figure 1.1. It was first installed in the 

General Motors plant in New Jersey in 1961. The inventor of Unimate named George 

Devol described the Unimate as ‘an autonomous machine that could store step-by-step 
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digital commands to move parts in factory’. Unimate received warm welcomes from 

the manufacturing industry and was mostly used by car manufacturers for automation 

of metalworking and welding processes. From here, the operational basics of a robot 

can be observed, which is to perform under the governing digital instructions pre-

installed in the robot.  

 

 

Figure 1.1  Unimate 

 

Following the success of Unimate, robots become increasingly significant in 

human life.  The application of robots eventually receives popular demand and is 

integrated into various industries. These industries include agriculture, education, civil 

defence, military, and medical. In recent events, during the global health emergency 

in 2020 due to the COVID-19 outbreak, robots were deployed in the medical facilities 

in China (Figure 1.2). They were mostly used as automatic disinfectors, as part of the 

effort to fight the virus outbreak (Network, 2020). 
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Figure 1.2  A disinfection robot developed to fight against COVID-19 in Qingdao, 

East China’s Shandong province 

 

 Perhaps, one of the most active promoters of the robotics field nowadays is the 

military. As robots were used in industries to reduce hard human labours, the military 

was utilising robots mostly to reduce human casualties on the battlefield. A division 

of US Department of Defence, known as the Defence Advanced Research Projects 

Agency (DARPA) is one of the biggest pioneers in military robotics research agency 

and has been in the field since 1958. The agency has been actively studying robotics 

in the military field, some of the studies and innovations include Unmanned Aerial 

Vehicle (UAV) surveillance drones, exoskeletons, and most recently the Battlefield 

Extraction-Assist Robot (BEAR). BEAR is a humanoid robot with the main objective 

of rescuing wounded soldiers from the battlefield while reducing human deployment, 

thus reducing casualties (Figure 1.3). 

 


