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ABSTRACT 

The phenomenon of Unidentified Flying Objects (UFOs) has long intrigued the 

public and scientific community alike. While traditionally discussed in speculative 

contexts, the recent release of official military and aviation data has provided an 

opportunity for scientific scrutiny. This study aims to explore the engineering 

implications of UFO sightings by analyzing their reported flight dynamics, structural 

profiles, and propulsion characteristics. The main objective is to extract and assess 

patterns from a selected dataset of 120 documented UFO sightings recorded between 

2000 and 2023, focusing on those with technical data such as estimated speed, altitude, 

and maneuverability. The scope includes high-reliability sightings sourced from 

declassified military reports, pilot testimonies, and radar-confirmed events. 

Methodology involves statistical analysis of flight parameters, reverse-engineering 

based estimations, and CFD (Computational Fluid Dynamics) simulations to compare 

observed performance against conventional aerospace benchmarks. Key findings 

indicate that approximately 12% of the analyzed cases exhibit acceleration beyond 

100G, with instantaneous directional changes unachievable by current aerospace 

technology. Around 8% of the sightings involved objects traveling at estimated speeds 

exceeding Mach 15 without visible propulsion or sonic booms. CFD analysis on 

hypothetical disc- and tic-tac-shaped models revealed aerodynamic anomalies under 

conventional physics assumptions. These findings suggest the presence of 

unconventional propulsion or control mechanisms, warranting further investigation. In 

conclusion, the study highlights the importance of integrating credible UFO flight data 

into aerospace research. While the majority of sightings align with known technology, 

the outliers present opportunities for disruptive innovation in materials, propulsion 

systems, and flight control architecture. The research proposes the need for open, 

interdisciplinary frameworks to systematically explore unexplained aerial phenomena 

from an engineering perspective. 

  TIPS	FOR	WRITING	AN	ABSTRACT	
	
Keep	it	concise	–	Around	150–300	words.	
State	the	objective	–	What	is	the	purpose	of	your	study?	
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ABSTRAK 

Fenomena Objek Terbang Tidak Dikenal (UFO) telah lama menarik minat masyarakat 

umum dan komuniti saintifik. Walaupun sebelum ini sering dibincangkan dalam 

konteks spekulatif, pendedahan data rasmi oleh pihak tentera dan penerbangan baru-

baru ini telah membuka ruang untuk kajian saintifik. Kajian ini meneroka implikasi 

kejuruteraan daripada penampakan UFO dengan menganalisis dinamik penerbangan, 

profil struktur, dan ciri-ciri pendorongan yang dilaporkan. Objektif utama kajian ini 

adalah untuk mengekstrak dan menilai corak daripada set data terpilih yang 

mengandungi 120 penampakan UFO yang didokumentasikan antara tahun 2000 

hingga 2023, dengan tumpuan kepada data teknikal seperti anggaran kelajuan, altitud, 

dan kebolehan manuver. Skop kajian merangkumi penampakan yang diperoleh 

daripada laporan tentera yang telah dinyahklasifikasikan, testimoni juruterbang, dan 

kejadian yang disahkan melalui radar. Metodologi melibatkan analisis statistik 

terhadap parameter penerbangan, anggaran berasaskan kejuruteraan songsang, serta 

simulasi CFD bagi membandingkan prestasi objek yang diperhatikan dengan penanda 

aras teknologi aeroangkasa konvensional. Penemuan utama menunjukkan bahawa 

kira-kira 12% daripada kes yang dianalisis menunjukkan pecutan melebihi 100G, 

disertai perubahan arah secara serta-merta yang tidak dapat dicapai oleh teknologi 

aeroangkasa semasa. Sekitar 8% daripada penampakan melibatkan objek yang 

bergerak pada anggaran kelajuan melebihi Mach 15 tanpa pendorongan yang kelihatan 

atau gelombang bunyi. Analisis CFD ke atas model berbentuk cakera dan "tic-tac" 

menunjukkan keanehan aerodinamik yang tidak selaras dengan andaian fizik 

konvensional. Penemuan ini mencadangkan kewujudan mekanisme pendorongan atau 

kawalan yang tidak konvensional. Sebagai kesimpulan, kajian ini menekankan 

kepentingan untuk mengintegrasikan data penerbangan UFO yang boleh dipercayai ke 

dalam penyelidikan aeroangkasa. Walaupun majoriti penampakan selaras dengan 

teknologi yang diketahui, kes-kes luar jangka membuka peluang kepada inovasi 

disruptif dalam bidang bahan, sistem pendorongan, dan seni bina kawalan 

penerbangan. Kajian ini mencadangkan keperluan untuk rangka kerja terbuka dan 

antara disiplin bagi meneroka fenomena udara yang tidak dapat dijelaskan secara 

sistematik dari perspektif kejuruteraan.  

The	Malay	abstract	must	be	translated	on	a	sentence-to-sentence	basis.	If	the	
English	abstract	contains	10	sentences,	the	Malay	abstract	must	also	contain	
10	sentences.		
	
Use	the	“Kamus	Kejuruteraan”	by	Dewan	Bahasa	dan	Pustaka	for	the	
translation	of	scientific	terms.
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CHAPTER 1 
 

 

 

INTRODUCTION 
 

 

The ever-increasing demand for sustainable and efficient energy solutions has positioned 

solar energy at the forefront of renewable energy sources. However, the effectiveness of 

solar energy systems is often hindered by the fixed positioning of solar panels, which limits 

their ability to capture maximum sunlight throughout the day. This dissertation explores the 

design and development of a solar tracking system aimed at optimizing solar panel 

alignment to enhance energy collection. By dynamically adjusting the angle of the solar 

panels in accordance with the sun's movement, the proposed system seeks to overcome the 

limitations of traditional fixed solar installations. This study delves into the background of 

the problem, clearly articulates the issues faced by static solar setups, and establishes the 

objectives and scope of developing a more adaptive and efficient solar tracking solution. 

Through this work, we aim to contribute to the advancement of solar technology by 

providing a feasible approach to maximizing solar energy utilization, thereby supporting 

broader goals of energy efficiency and environmental sustainability. 

 

This chapter will talk about the Problem Background, Problem Statement, Objective of 

Project, Scope of Project and the Significance of Study. 

 

 

 

 

  

This	is	a	main	chapter	and	must	begin	on	a	right-hand	page.	
Ensure	that	the	page	number	is	an	odd	number.

Odd-numbered	pages	on	the	right-hand	page.



2  

1.1 Problem Background 

 

 

The need for green energy, especially solar power, arises because we must deal with 

environmental, economic, and social problems linked to regular energy sources. Fossil 

fuels, which have been the main energy sources for many years, greatly contribute to 

climate change by releasing gases like carbon dioxide. The harmful effects of global 

warming, like higher temperatures, extreme weather events, and rising sea levels, highlight 

the importance of switching to cleaner options. 

 

Green energy, like solar power, is crucial for combating climate change and 

reducing our carbon footprint. Unlike fossil fuels, solar power produces electricity without 

releasing harmful substances, offering a sustainable way to fight air pollution and reduce 

our reliance on limited and environmentally damaging resources. Moreover, solar power 

can be used locally, which helps communities become more self-reliant and better equipped 

to handle energy problems and uncertainties. 

 

 

Solar panels operate on the principle of converting sunlight into electricity through 

the photovoltaic effect. Each solar panel consists of multiple solar cells made from 

semiconductor materials, typically silicon. When sunlight strikes these cells, photons from 

the sunlight energise electrons within the semiconductor material, allowing them to move 

freely. The movement of these energised electrons creates an electric current, generating 

direct current (DC) electricity. 

 

The sun's position changes from sunrise to sunset, reaching its highest point at noon 

when it is directly overhead. Solar radiation is minimal at dawn (0%), peaks at 100% at 

noon, and decreases to 0% in the evening. The variation in solar irradiation, ranging from 

30% to 40%, is a key factor leading to energy losses in photovoltaic panels 

 

The Incidence Angle Modifier (IAM) is a parameter used in solar energy and 

photovoltaics to account for the effect of the angle of incidence of sunlight on the efficiency 

of solar panels. The angle of incidence refers to the angle at which sunlight strikes the 

surface of a solar panel. When sunlight hits a solar panel at an angle, rather than directly 

perpendicular, the effective sunlight reaching the solar cells is reduced. Solar panels are 

It	is	appropriate	to	begin	this	subtopic	
at	the	top	of	the	page	as	it	is	an	
important	subtopic.
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most efficient when sunlight hits them directly at a perpendicular angle, maximising the 

absorption of photons. Installations that allow for adjustments in the tilt and orientation of 

solar panels can optimize their exposure to sunlight throughout the day and across different 

seasons. 

 
Figure 1.1 Comparison between Incidence Angle Modifier 

 

Solar panels come in two main varieties: fixed systems and tracking systems. A 

solar tracking system is a mechanism designed to orient solar panels or solar collectors in 

the optimal direction to follow the sun's apparent movement across the sky. According to 

Hafez, Yousef, and Harag (2018), solar tracking systems provide significant benefits in 

solar energy applications, including increased power efficiency and economic advantages 

compared to fixed systems. Its primary purpose is to maximise the absorption of sunlight by 

ensuring that solar panels or collectors are always positioned at the angle that allows for the 

most direct exposure to sunlight. By dynamically adjusting the orientation of solar devices 

throughout the day and across seasons, a solar tracking system enhances the efficiency of 

energy capture and, consequently, the overall electricity generation from solar power 

systems. The goal is to keep the panels perpendicular to incoming sunlight, thereby 

optimising the conversion of solar energy into electricity and improving the overall 

performance of solar installations. Nsengiyumva, Chen, Hu, and Chen (2018) describe solar 

trackers as systems that improve solar energy collection by tracking the sun's position 

throughout the day. 
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Solar trackers come in various types, each designed to optimise the orientation of solar 

panels or collectors for enhanced energy capture. Two primary types are single-axis trackers 

and dual-axis trackers. 

 

 

 
Figure 1.2 Types of Solar Tracking System 

 

At present, the market offers numerous dual-axis tracking systems for solar energy 

tailored for industrial applications. However, a notable gap exists as there is a lack of 

similar systems specifically designed for residential or home use at an affordable rate. This 

project aims to address this gap by leveraging the versatility of the Arduino microcontroller 

to create a cost-effective control system for a dual-axis tracking solar setup. The objective is 

to develop a straightforward mechanism that effectively controls the movement of solar 

panels, making solar tracking accessible and feasible for homeowners. This initiative not 

only brings advanced solar tracking technology to residential settings but also strives to 

make it economically viable, thereby contributing to the broader adoption of sustainable 

energy solutions at the household level. 
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1.2 Problem Statement 

 

In the world of renewable energy, solar power is a standout player because of its 

immense potential and positive impact on the environment. However, a crucial problem 

exists when it comes to the effectiveness of solar energy systems, especially in homes. The 

commonly used fixed solar panels in residential setups operate at less than optimal 

efficiency. This inefficiency is due to their stationary position, which doesn't adapt to the 

sun's movement across the sky. Consequently, these panels miss out on capturing the 

maximum solar energy available throughout the day. 

 

The main issue lies in the angle between the solar panel and the sun's rays. The best 

energy absorption occurs when the sun's rays hit the solar panel perpendicularly. However, 

fixed panels can't maintain this ideal alignment due to the Earth's rotation and the sun's 

apparent motion. This misalignment leads to significant energy losses, worsened by 

seasonal changes in the sun's path. 

 

While solar tracking systems exist to tackle this problem, they are mostly designed 

for larger-scale applications and can be too complex, bulky, and expensive for home use. 

They might also require intricate maintenance and installation, making them impractical for 

regular homeowners. There's a noticeable gap in the market for a simple, cost-effective, and 

efficient solar tracking solution designed specifically for homes. 

 

The challenge is to create a solar tracking system that not only boosts the energy 

output of solar panels but also meets the practical needs of residential settings. This system 

should be small, easy to install and maintain, and affordable for the average person. It 

should also work with different types of home solar setups and be environmentally friendly 

in its design and operation. 

 

Referring to the study that was conducted by Chowdhury, K. I., Alam, M. I. U., & 

Bakshi, P. S. on Performance comparison between fixed panel, single-axis and dual-axis 

sun tracking solar panel systems ,the results demonstrated that the dual-axis system 

produces an additional 27.64% of energy, and the single-axis system generates 23.28% 

more energy when compared to fixed solar panels[2]. 

 

 

It	is	appropriate	to	begin	this	subtopic	
at	the	top	of	the	page	as	it	is	an	
important	subtopic.
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1.3 Objectives of Project 

 

 

i. To design and develop a prototype of a solar tracking system using Arduino, suitable 

for residential solar panels. 

 

  

 

 

 

1.4 Scope of Project 

 

i. Design a reliable and secure mechanism to facilitate the motion of solar tracking 

systems. 

ii. Implement an Arduino Microcontroller as the control system for the solar tracking 

system. 

iii. Develop the system for residential use, ensuring its applicability and focus on 

reliability while minimising the need for frequent maintenance. 

iv. Collect the data of Solar Radiation at Taman Perling from 8.00 a.m. to 6.00 p.m. 

v. Conduct a comprehensive analysis comparing power generation from the solar 

tracking system and fixed solar system 

 

 

 

 

 

 

 

  

ii. To correlate a simple and reliable mechanical tracking system.

It	is	appropriate	to	begin	this	subtopic	at	
the	top	of	the	page	as	it	is	an	important	
subtopic.
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1.5 Significance of study 

 

 The significance of study derives from the crucial need to solve the inefficiencies 

in the residential setups. Solar power has a huge potential in energy landscape, Fixed Solar 

Panel (FSP) are generally used in residential, and it does not achieve the maximum 

efficiency. Many solar energies are wasted during the energy conversion process to 

electrical energy. This is because it is in stationary position, which does not follow the sun’s 

movement, resulting in wasting the opportunities to gather the most solar energy throughout 

the day. 

 

 The primary challenge lies in the misalignment between fixed solar panels and the 

sun's rays, with the best energy absorption occurring when the rays hit the panel 

perpendicularly. The existing solution, solar tracking systems, is designed for larger 

applications and proves impractical for homes due to complexity, bulkiness, and high costs. 

Recognizing this gap in the market, the significance of this study is to design a simple, cost-

effective, and efficient solar tracking solution designed specifically for residential use. 

 

 The objective is to design a solar tracking system that not only maximizes energy 

output but also meets the practical needs of homeowners. This system must be compact, 

easy to install and maintain, and reasonably priced for the typical individual. It should be 

flexible to many types of residential solar setups and environmentally friendly benign in 

both design and operation. 

 

 

 

 

 

 

 

 

 

 

 

 

It	is	appropriate	to	begin	this	subtopic	at	
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CHAPTER 2 
 

 

 

LITERATURE REVIEW 
 

 

  

2.1 Introduction 

 

 
Many factors have contributed to an increased interest in solar energy as a viable 

alternative. People are actively seeking alternatives to reduce reliance on depleting fossil 

fuels like gas, oil, and coal. Additionally, solar energy has become more reliable and cost-

effective over time. As fossil fuels deplete rapidly and become scarcer, their prices rise, 

subsequently increasing electricity costs. This has prompted utility companies and 

consumers to explore alternative energy sources. 

 

Alternative energy comes in various forms, including solar, wind, geothermal, and 

tidal waves. Among these, solar energy is widely accepted as it is less environmentally 

destructive to harness, and the excess of these sources aligns with green technology 

principles. According to Racharla and Rajan (2017), the power intercepted by the Earth 

from the sun is approximately 1.8 × 10^11 MW, which significantly exceeds the current 

consumption rate of all other in-use commercial energy sources combined. This project 

proposal focuses specifically on solar energy, known for being an infinite and limitless 

source. Achieving high efficiency in a solar system depends on harnessing maximum solar 

irradiation and the cost of the photovoltaic (PV) system. 

 

 

Solar tracking systems play a pivotal role in enhancing the efficiency of solar energy 

harvesting, particularly as the demand for sustainable and renewable energy sources 

continues to rise. The primary goal is to maximise the output of solar panels, addressing the 

challenge of optimising alignment with the sun throughout the day. 

 

 

This	is	a	main	chapter	and	must	begin	on	a	right-hand	page.	
Ensure	that	the	page	number	is	an	odd	number.
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The significance of solar tracking systems is rooted in their ability to significantly 

improve the overall energy yield of solar installations. In contrast to fixed solar panels 

positioned at a fixed angle, solar tracking systems dynamically adjust the orientation of 

solar panels to effectively track the sun's movement across the sky. This dynamic 

adjustment ensures that the solar panels receive maximum sunlight exposure, leading to 

increased energy production. 

 

In this project, we're focusing on creating a simple solar tracking system that is 

suitable for residential use. Unlike regular solar panels on rooftops that stay in one position, 

solar tracking systems adjust to follow the sun as it moves during the day. This flexible 

movement helps capture more sunlight, making it a better and more efficient choice for 

houses. 

 

To understand this better, let's look at how photovoltaic cells work. These cells 

change light into electricity. When light hits the top part of the cell, electrons in the bottom 

part soak up the energy. These charged-up electrons then move to the top, creating a 

difference in voltage. The energy made by these cells is in direct current (DC), and we 

usually use an inverter to turn it into alternating current (AC), which is suitable for 

household use. 

 
  

 

    

      

 

    Figure 2.1 Working Principle of Solar Panels

Ensure	that	the	figure	or	image	is	clear,	sharp,	not	blurry,	and	meaningful.	Please	
include	appropriate	labels	to	enhance	reader	understanding.	Borders	or	frame	lines	
are	not	required	for	figures,	images,	or	graphs.

The	caption	for	a	figure	must	be	
placed	below	the	figure.	 11  

 
2.2 Solar Irradiance 

 
Understanding solar irradiance is important in numerous fields, particularly in solar 

energy applications, where it plays a crucial role in determining the feasibility, potential 

output, and overall performance of solar power systems. Additionally, solar irradiance data 

is valuable in meteorological and climate studies, renewable energy planning, and even in 

agriculture for assessing sunlight availability and its impact on crop growth and 

photosynthesis. Instruments like pyranometers or pyrheliometers are commonly used to 

measure solar irradiance, providing essential information for various scientific and practical 

purposes related to solar energy utilisation and environmental studies. 

 

Solar irradiance, in the context of solar panels and their ability to generate 

electricity, refers to the amount of sunlight hitting a surface at a particular angle. This is 

crucial for using sunlight to produce energy. It's different from related terms like solar 

radiation and solar energy. Whether we're using sunlight for electricity or heating water, 

having enough sunlight at our location is essential. 

 

The sun is not only a source of heat but also provides the light we need to live. We 

can use its energy in various ways, but when it comes to solar panels, we need to know if 

there's enough sunlight for them to work well. Measuring solar irradiance means figuring 

out how much sunlight reaches a surface, usually measured in watts per square meter 

(W/m²) or kilowatts per square meter (kW/m²). The direct distance between the Earth and 

the Sun changes throughout the year, causing variations in the sunlight we receive. 
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Figure 2.2 Changes of Solar Irradiance in different time and season 

 

NASA tells us that, on the edge of space outside our atmosphere, there's an average 

value called the Solar Constant, about 1,370 watts per square meter (1.37 kilowatts). This 

value helps determine how much sunlight we get on the Earth's surface. However, the actual 

sunlight we get is less than this because the atmosphere scatters and reflects sunlight, 

affecting how much reaches the Earth. 

 

Understanding these variations in solar irradiance is crucial when planning and using 

solar energy systems. It helps us design systems that work well in different conditions, 

making the most of the sunlight available. 
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2.3.3  Single-Axis Solar Tracking System 
 
 

Single-axis tracking systems (SATS) allow solar panels to move along one axis, 

typically rotating from east to west to align with the sun's daily path. While less complex 

than their dual-axis counterparts, these systems significantly enhance energy capture 

compared to fixed panels. They strike a balance between increased efficiency and cost-

effectiveness, making them a practical choice for applications where a moderate level of 

precision is sufficient. However, they may exhibit limitations in adapting to certain seasonal 

variations, affecting efficiency during specific times of the year. 

 
  

 

 

  

       

  

     

   

   

 

    

          
 

         

               

             

               

           

    

 

Figure 2.3 Illustration of the types of single-axis solar tracking systems: 
(a) upper left, (b) upper right, (c) lower left, and (d) lower right.

         

               

             

               

           

   

(a)                                                          (b) 
 

(c)                                                          (d)

When	presenting	four	images,	each	image	should	be	
labeled	as	(a),	(b),	(c),	and	(d).	Each	label	must	be	
clearly	explained	in	the	corresponding	figure	caption	to	
ensure	clarity	and	understanding.
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CHAPTER 3 

 

 

 
RESEARCH METHODOLOGY 

 

 

 

 
3.1 Introduction 
 
The design and development process for the residential solar tracking system is 

presented in this chapter. A thorough and effective development process is ensured by 

the methodology's systematic approach. This chapter's flow chart shows the steps in 

order and offers a clear path from the original idea to the completed implementation. 

 
Figure 3.1 Flow Chart of Methodology 

Start

Identify Objectives 
and Goals

Literature Review

System 
Design

Component 
Selection

Material 
Selection

Proposed Concept

Prototype 
Development

Testing and 
Validation

Analysis and 
Optimization

Result

End

Please	construct	the	flowchart	
properly,	as	each	shape	
carries	a	specific	meaning.	It	is	
recommended	to	include	
decision	boxes	(diamond	
shapes)	where	appropriate.	
Discuss	the	design	with	your	
supervisor.

Quick	overview	of	common	flowchart	
symbols:	
	
Oval:	Start	or	end	of	a	process.	
Rectangle:	A	process	or	operation.	
Diamond:	A	decision	point	(yes/no,	true/
false).	
Parallelogram:	Input	or	output	(data	entry	or	
display).



  

3.2 System Design 
 

  Developing an effective solar tracking system for residential use depends 

significantly on the phase of system design. This stage consists in converting the 

objectives and requirements of the project into a practical and efficient design. By 

systematically addressing the mechanical, electrical, and software aspects, this stage lays 

the foundation for a functional and reliable solar tracking system. 

 
 
 
3.2.1 Design Requirements and Specifications 

 
   The design requirements and specifications for the solar tracking system define 

the important requirements and constraints that guide the development process, ensuring 

that the system meets its functional objectives and is suitable for residential use. The 

system must precisely track the sun's position throughout the day. It should allow solar 

panels to tilt and rotate to maximise solar energy capture, as well as support dual-axis or 

single-axis tracking of azimuth and altitude angles. The system must function without 

manual intervention. Furthermore, the design must be compatible with residential solar 

panel installations, with dimensions and mounting mechanisms that match standard 

configurations. 

 

  The mechanical specifications require for the use of electric motors, such as DC 

motors or stepper motors, to control panel movement, as well as a long-lasting and 

weather-resistant frame structure made of aluminium or coated steel. The structure must 

be able to support the weight of residential solar panels. Electrically, the system should 

operate using a solar panel, battery backup, or grid power, with an Arduino 

microcontroller serving as the control system, complete with sensors and drivers. 

Sensors should include LDRs or photodiodes to detect the sun's position, and all 

electrical connections should be weatherproof and UV resistant. 

 

        

  

    

 

   

    

 The software specifications include an efficient control algorithm for calculating 

the sun's position and adjusting panel orientation, features for recording tracking 

performance and energy generation data, The performance requirements emphasise 

energy efficiency, with the goal of increasing solar energy capture by at least 20% over a 

fixed setup while minimising the tracking system's own energy consumption to ensure a 

net energy gain. The system should operate reliably with minimal downtime or
 20   

maintenance, with a target operational lifespan of at least ten years with routine 

maintenance, and it must withstand a variety of weather conditions such as rain, wind, 

and extreme temperatures while using corrosion resistant materials and components. 

 

  Cost considerations are among the design constraints, with the goal of achieving 

a total system cost (excluding solar panels) that is affordable for residential users and 

prioritising the use of standard parts to reduce cost. The design must be compact and 

simple to install on existing residential rooftops or ground mounts, taking into 

consideration typical space constraints in residential environments. It should also be low 

maintenance, with features that allow for easy periodic inspections and repairs. 

Thorough testing under a variety of conditions will validate tracking accuracy, 

reliability, and energy efficiency, with a comparison to fixed solar panel setups to 

quantify performance gains. The system design phase is an essential part of creating an 

effective solar tracking system for residential use. This phase entails converting the 

project's objectives and requirements into a functional and efficient design. 

 

3.2.2 Conceptual Design 
 

3.2.2.1 Morphology Chart 
 

Table 3.1: Morphology Chart 

Function Option 1 Option 2 Option 3 
Actuating 

Mechanism DC Motor Servo motor Stepper motor 

Tracking Axis Single Axis Dual Axis Azimuth-Altitude 
Frame Structure Fixed Adjustable Movable 

Rotation 
Mechanism Gear System Belt and Pulley Lead Screw (Linear 

Actuator) 

Control System Microcontroller 
(Arduino) 

PLC 
(Programmable 

Logic Controller) 
Raspberry Pi 

Power Source Solar Panel 
(Direct) Battery Grid Power 

Material Aluminium Mild Steel PVC 
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3.2.5 Material Selection 
 

    

 

 

Table 3.4 : Material Comparison  

Property Aluminum Mild Steel PVC 
Density ~2.7 g/cm³ ~7.85 g/cm³ ~1.38-1.43 g/cm³ 
Tensile Strength 90-690 MPa (varies 

with alloy) 
400-550 MPa 40-50 MPa 

Elastic Modulus ~69 GPa ~210 GPa ~3 GPa 
Corrosion Resistance Excellent Moderate (can 

be improved 
with coatings) 

Excellent 

Melting Point ~660°C ~1370-1510°C ~100-260°C 

Workability Good (easy to machine, 
weld, and form) 

Good (easy to 
weld, form, and 

fabricate) 

Excellent (easy to 
mold, cut, and join) 

Weight Lightweight Heavy Lightweight 
Cost Moderate to high 

(depending on alloy) 
Low to 

moderate 
Low 

Durability Good (especially in 
non-corrosive 
environments) 

Excellent 
(strong and 

durable) 

Moderate (can 
degrade under UV 

exposure) 
Environmental 
Resistance 

Good Moderate Excellent 

UV Resistance Moderate Excellent Poor 

 

  Mild steel was selected as the primary material for the frame and structural 

components. Mild steel possesses a remarkable tensile strength, enabling it to easily 

support the weight of solar panels and experience the mechanical strains caused by 

tracking movements. Its long-lasting nature ensures that the system maintains its 

structural integrity over time, even when faced with different weather conditions, 

making it a sensible option for outdoor use. One major advantage of mild steel is its 

cost-effectiveness. It is more affordable than other metals such as stainless steel or 

aluminium, making it a more manageable option for residential users in terms of overall 

system cost. The workability of mild steel is an important factor to consider when 

choosing it. It is quite simple to machine, weld, and fabricate, making manufacturing 

and assembly processes straightforward. With this feature, you can create customised 

frame designs and perfectly fit components, resulting in a strong and accurately aligned 

structure. While mild steel may not naturally resist corrosion, it can be improved with 

protective coatings or galvanization to increase its resistance to rust and environmental 

 Choosing the right materials is essential to ensure the solar tracking system's 

durability and long-term performance, as shown in Table 3.4.
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CHAPTER 4 
 
 
 

RESULT AND DISCUSSION 
 
 
 
 
4.1 Introduction 

 
 

  This chapter showcases the results of experiments and comprehensive analysis of 

solar tracking systems. This chapter explores the comprehensive results from comparing 

the performance of fixed solar panels with a newly developed solar tracking system in 

different environmental conditions and operational scenarios. The discussion explores 

into the implications of these findings, analysing the various factors that affect energy 

generation efficiency, such as solar irradiance, sun angle variations, and system 

configuration. 

 

  The chapter starts by providing a thorough account of the data gathered over a 

significant duration, recording various parameters such as voltage, current, and energy 

output in watt-hours (Wh) for both fixed and tracked solar systems. Statistical analysis 

and graphical representations are used to present trends, correlations, and comparative 

metrics between the two systems, offering a clear visualisation of their performance 

profiles. 

 

  In addition, the discussion provides a thorough analysis of the results, offering 

valuable insights into the effectiveness of solar tracking technology in improving energy 

capture and system efficiency. The interpretation of key findings takes into account 

theoretical expectations and industry standards, emphasising the practical implications 

for renewable energy applications and advancements in technology. 

 

  In Chapter 4, an extensive review of the empirical outcomes and their 

implications is presented, offering valuable insights to the field of solar energy research. 

The results presented in this study not only confirm the advantages of solar tracking 

systems, but also provide valuable insights for improving solar panel performance and 

deployment strategies in order to promote sustainable energy solutions. 

  



  

4.2 Average Daily Solar Radiation Comparison 
 
 
  For the purpose of evaluating the efficiency of the solar tracking system in 

relation to a stationary solar panel setup, we gathered data on the average daily solar 

radiation over a span of ten days. The data reveals significant trends in energy capture 

efficiency between the two systems, offering valuable insights into their performance 

under different conditions. 

 

Table 4.1 : Average Daily Solar Radiation of Fixed & Tracker 

Day Average Daily 
Solar Radiation 

(Wh/m²) 

Improvements 
(%) 

Fixed Tracker 
1 62.35 73.54 17.95 
2 65.31 70.28 7.61 
3 63.87 73.62 15.27 
4 63.07 71.37 13.16 
5 64.24 80.01 24.55 
6 62.51 65.78 5.22 
7 61.58 68.05 10.50 
8 65.07 70.78 8.77 
9 65.52 68.09 3.92 

10 68.57 76.17 11.08 
Average 64.21 71.77 11.77 

  

 

 
Figure 4.1 : Average Daily Solar Radiation of Fixed & Tracker 
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The solar tracking system averaged a higher daily solar radiation of 71.77 Wh/m². This 

significant difference in average values indicates that the tracking system consistently 

captured more solar radiation by dynamically adjusting to the sun’s position throughout 

the day, thus optimizing exposure.  

 

 The tracking system showed improvements ranging from 3.92% to 24.55% 

across the ten days. Day 5 exhibited the highest improvement of 24.55%, suggesting 

optimal tracking performance and favourable weather conditions. Minimum 

Improvement: Day 9 recorded the lowest improvement at 3.92%, likely due to 

suboptimal conditions for tracking or potential system inefficiencies.  

 

 The solar tracking system consistently outperformed the fixed system each day, 

with improvements mostly above 10% for seven out of the ten days. Some variability in 

daily improvements is observed, influenced by factors such as fluctuating weather 

conditions, cloud cover, and sun path irregularities. For example, lower improvements 

on days 2 and 9 may be attributed to the cloud cover or suboptimal sun-tracking 

alignment.  

 

 The overall average improvement across the ten days is 11.77%. This consistent 

gain underscores the tracking system's ability to enhance solar radiation capture and 

thereby improve energy output. Higher average daily radiation on the tracking system 

aligns with theoretical expectations that tracking systems, by maintaining optimal angles 

relative to the sun, can capture more incident solar energy than fixed systems.  
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CHAPTER 5 
 
 
 

CONCLUSION AND RECOMMENDATION 
 
 

5.1 Conclusion 
 
  The study successfully achieved its objectives by developing and evaluating a 

solar tracking system using Arduino for residential solar panels. The main objective 

behind the design and prototyping of a solar tracking mechanism was to improve energy 

efficiency and maximise the capture of solar energy throughout the day. Utilising 

Arduino microcontroller technology, the system showcased its ability to adaptively 

modify panel orientation, thereby optimising sunlight exposure and significantly 

enhancing energy generation in comparison to fixed solar panels. 

 

  Furthermore, the focus on developing a straightforward and dependable 

mechanical tracking system was accomplished through careful design considerations 

and material choices. The incorporation of L bar, flat bar, square tube and shaft rod into 

the mechanical framework ensured a strong and long-lasting structure, while still 

allowing for easy assembly and operation. Stepper motors, lead screws, and Arduino-

based control were employed to achieve accurate tracking movements, resulting in 

improved reliability and reduced maintenance needs for residential applications. 

 

  The project utilised thorough methodologies to assess the performance of the 

system, which encompassed prototype development, component selection, and rigorous 

testing. The collected and analysed data unequivocally showed that the solar tracking 

system consistently surpassed fixed panels in terms of energy capture efficiency, 

especially when faced with changing sunlight conditions and angles. 

 

  Ultimately, the triumphant design and implementation of this solar tracking 

system confirm its feasibility and efficiency for residential applications. The project 

successfully achieved its goals of improving energy generation and reliability, while also 

providing valuable insights into the practicality and advantages of solar tracking 
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5.2 Recommendation

 To enhance the development of solar tracking systems for residential use, several 

key recommendations emerge from this study. Addressing the dimensional inaccuracies 

encountered during fabrication is essential, and this requires a targeted approach to skill 

development. Receiving advanced instruction in the accurate utilization of fabrication 

tools, resulting in increased precision in component fabrication and improved alignment 

during assembly.

 The existing prototype's insufficient weather resistance highlights the need for 

effective weatherproofing measures. Future versions should integrate resistant materials 

and design improvements to safeguard against severe conditions such as intense rainfall 

and prolonged moisture exposure. Implementing weather-resistant coatings, seals, and 

more durable materials will greatly enhance the system's operational reliability and 

lifespan.

 The data collection phase has shown that different weather conditions 

significantly impact energy generation. Prolonging the data collection period to 

encompass various seasons and weather patterns is advisable. This comprehensive 

approach will provide a thorough understanding of the tracking system's performance 

under different environmental conditions, leading to stronger and more dependable 

conclusions. Optimizing the tracking mechanism itself is also essential. Enhancing 

tracking accuracy can be achieved by integrating feedback control systems with real- 

time solar position adjustments. Investigating sophisticated actuation techniques, such as 

linear actuators with enhanced precision, could improve the fluidity and dependability of 

tracking movements, thereby enhancing overall efficiency.
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energy capture and minimizing adjustment times to changes in solar angles. Conducting 

tests in a range of environments, including various residential settings, will yield more 

accurate performance data, confirming the system's practical usefulness in different 

conditions. 

 

Although mild steel has provided essential structural reinforcement, its weight 

has posed challenges during manipulation. Future designs should incorporate 

lightweight materials such as aluminium alloys, which offer a favourable combination of 

strength and weight. This modification would simplify assembly, reduce structural load, 

and improve the tracking system's responsiveness due to decreased inertia. 

 

 

To optimize the tracking system for residential use, prioritizing a user-friendly 

design is essential. Streamlining the installation process, providing clear user manuals, 

and designing systems that require minimal maintenance will enhance attractiveness and 

utility for homeowners. Finally, further investigation is needed to examine the 

integration of the solar tracking system with other sustainable energy technologies, such 

as energy storage systems or hybrid configurations that combine solar power with wind 

or battery storage. This integration could improve broader-scale energy management, 

offering a more extensive renewable energy solution tailored to residential needs. 

Implementing these recommendations is crucial to overcoming current limitations and 

fully unlocking the potential of solar tracking systems for residential applications. 
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