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Abstract—The use of solar tracking systems has become vital 

and has established itself as a vital element in the generation of 

solar energy by enhancing the collection efficiency. This paper 

seeks to understand the necessity of shifting from conventional 

energy sources and why issues like scarcity of fossil fuel, and 

pollution are some of the hurdles toward achieving sustainable 

energy. Solar power, in particular, is one of the lights at the end 

of this tunnel since it pioneers a shift towards the usage of clean 

energy in the world. The subject of interests of the study is on 

how tracking systems help in maximizing energy collection from 

solar systems by interchanging it with the movement of sun’s 

path. It discusses the method that was followed, which involves 

selecting component, designing circuit and developing software 

together with presenting empirical data that was obtained from 

a three-day, Twenty-four-hour experiment. Outcomes show that 

there is an improvement on voltage stability, the level of solar 

irradiation and temperature regulation when the system is 

applied as compared to static system and its applicability for the 

enhancement of the renewable energy harnessing methods by 

using the solar tracking technology. Finally, it outlines the 

future research directions to continue exploring the proposed 

methods and its wider impact on renewable energy generation. 

Keywords—Solar Energy; Photovoltaic Technology; Solar 

Tracking; Renewable Energy; Efficiency Enhancement. 

I. INTRODUCTION 

Energy consumption worldwide continues to be in a state 

of transition due to the pressure to adopt efficiency and the 

utilization of clean sources of energy. While the global 

communities demand green energy, power for electric 

appliances through the reduction on the use of fossil fuel, 

power pollution and the global search for ways to fight 

climate change Solar Power stands as a hope of a dry land. 

Solar technology harnesses what is indefinitely available in 

the world, which is light and heat from the sun thus making 

it possible amongst the cleanest and most renewable sources 

of energy that could be used to produce electricity [1]-[5]. 

Therefore, one of the prime solutions that has emerged 

out of all these is the use of automated solar tracking systems 

since it will go a long way to enhancing the process by way 

of energy capture from the sun. However, for the sake of 

clarity, the set of characteristics that do not allow any 

adjustments and usually denote the standard, non-rotational 

solar panels by which the station is equipped upon arrival are 

specifically called the static systems [24]-[26]. T his paper 

aims at studying and analyzing the possible use of the 

automated solar tracking systems in improving the practices 

of energy conversion and encouraging the utilization of 

renewable energy technology. 

This work begins with an exploration of why there has 

been a push toward renewable energy forms and Cortazar & 

Ovalle (2014) assertion on the integral role solar energy. The 

next section is on implementation with the specifications 

namely for the selection of the components, circuits and 

programming required for the solar tracking system [9]-[14]. 

The details collected scientifically through factual numbers 

are then used to make comparisons between the first three 

days of the intensive study in terms of the stability range of 

the system’s run in voltage, amount of insolation, and 

temperature. 

Even though the technology of solar power has advanced 

and is advancing constantly within the recent years and the 

modern farm of solar panels is developing rapidly, it has a 

drawback that they have two axes, therefore, they cannot 

follow the path of the sunshine at different times of a day. 
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This has created limitations in the tracking of the sunlight, 

whose solution has been to develop Automated solar tracking 

systems that tracks the sun and orients the solar panels 

appropriately. But, as you know that need further research in 

certain high and their dynamics and their further 

improvement according to prior studies [15]-[17]. 

The main objective of this work, therefore, is to find out 

if the utilization of an automated tracking system of the sun 

is feasible and can lead to a substantial increase in the 

generation and conversion efficiency of photovoltaic 

modules in solar configuration. Its is quite informative 

especially in the last three sections recommending the 

component to be used in the tracking, the circuits that ought 

to be employed in the construction of the solar tracker and 

also the program that should be written in the microcontroller, 

as well as data acquisition section. In conclusion, this work 

also highlights the relevance of the automated solar tracking 

systems as an instrument which can possibly bring a rather 

radical improvement to the further development of the 

utilization of the fresh sources of electrical energy and add a 

fresh impulse to the contemporary global environmental shift 

towards the clean methods of the electricity production [18]-

[25]. 

Results from the study demonstrate the effectiveness of 

the automated solar tracking system in maximizing energy 

capture and enhancing system efficiency compared to static 

solar panels [26]-[33]. The paper concludes by discussing the 

broader implications of solar tracking technology for 

renewable energy generation and outlining potential avenues 

for future research. Overall, the study contributes to 

advancing our understanding of solar energy technology and 

its role in fostering a more sustainable and environmentally 

conscious future [34]-[38]. 

II. METHODOLOGY 

In the methodology section, a comprehensive approach 

was undertaken, beginning with the meticulous selection of 

components such as the PIC16F877A microcontroller, Light 

Dependent Resistors (LDRs), DC motor, and voltage 

regulators, followed by the development and optimization of 

circuit designs including the main circuit board, motor driver 

circuit, power supply circuit, solar charger circuit, and sensor 

circuit using Proteus software, alongside the programming of 

the microcontroller in the C language to enable precise 

control and real-time feedback, further integrating the motor 

driver circuit to dynamically adjust the solar panel orientation 

based on sunlight intensity detected by the sensors, alongside 

the integration of the power supply circuit to ensure stable 

voltage distribution to all system components, including both 

12V and 5V outputs for seamless functionality, coupled with 

the incorporation of the solar charger circuit to regulate 

charging and prevent overcharging of the battery, while 

managing the charging process based on input voltage from 

the solar panel, and deploying the sensor circuit featuring 

LDRs to continuously monitor sunlight intensity, thereby 

enabling precise sun tracking and adjustments in solar panel 

orientation, ultimately facilitating the successful 

development, implementation, and evaluation of the 

automated solar tracking system and providing valuable 

insights into its performance and potential for enhancing 

renewable energy generation. 

The depiction reveals an exhaustive programming 

flowchart intricately delineating the step-by-step functioning 

of the automated solar tracking system, which ingeniously 

integrates four strategically positioned Light Dependent 

Resistors (LDRs) atop the solar panel, facilitating perpetual 

assessment of sunlight intensity; initiating with a pivotal 

initialization phase configuring crucial parameters and 

variables, the system centrally hinges upon the astute 

juxtaposition of sensor data, promptly activating a motor 

upon detecting inconsistencies in sunlight intensity sensed by 

the LDRs, indicative of suboptimal solar panel alignment, 

thus dynamically realigning the solar panel to ensure uniform 

light intensity across all LDRs, a critical process paramount 

for maximizing solar energy capture; concurrently, a user-

friendly LCD display furnishes real-time insights into solar 

intensity, facilitating performance assessment, while upon 

precise alignment with the sun, the solar panel embarks on its 

vital task of converting solar energy into electrical power, 

with a portion intelligently channeled to a solar charger 

adeptly regulating voltage from the panel to charge a battery, 

serving as a pivotal energy reservoir during periods of 

diminished sunlight, vigilantly monitored by another LCD 

screen displaying battery voltage, thus ensuring continuous 

holistic operation seamlessly adapting to sunlight 

fluctuations and consistently maximizing solar energy 

utilization; fundamentally, this automated solar tracking 

system represents an innovative solution unlocking the full 

potential of solar resources, its adaptability and efficacy in 

energy capture rendering it indispensable in sustainable 

energy generation, heralding a greener and more efficient era 

of power production. 

Its function revolves around its ability to rotate the motor 

in such a way that differents light-dependent resistors sample 

similar relations of light from the solar panel. This should be 

done to maximize the conversion of the heat from sun to 

energy because we notice that the Solar Panel has to be in the 

correct position due to the movement of the sun throughout 

the day. Also, an LCD display plays an important role in 

evaluating the original strength of the source of energy, that 

is, the sun or solar irradiance so that the users or system 

patrons will be in a position to monitor the performance of 

the system. When, mount of the solar panels, aligns towards 

the sun, the solar panels change the solar energy into 

electrical energy. 

A portion of the created power is delivered to a solar 

charger that has the option to regulate the charge voltage of 

the supplied power from the solar panel. Foremost, a solar 

charger is meant to charge a battery, which is an important 

component of power supply system and a storage tool of extra 

power; specially when the direct sunlight is not sufficient – 

say at night or during winter. Another LCD screen monitors 

the battery voltage to make sure that the batteries are charging 

or charged to the right voltage. This is an ongoing process 

that works fine, and additionally, it always responds to the 

changes in the level of irradiation: they ensure the collection 

of the maximum amount of available solar energy all the 

time. Therefore, the detailed above automated solar tracking 

system increases the offer of solar resources, which makes it 



Journal of Robotics and Control (JRC) ISSN: 2715-5072 1020 

 

Abadal-Salam T. Hussain, Unlocking Solar Potential: Advancements in Automated Solar Tracking Systems for Enhanced 

Energy Utilization 

an effective instrument for successful solar power 

distribution. 

A. Automatic Solar Tracking System Basic Idea 

This is also a detailed project on automatic solar tracking 

with many components involved including a microcontroller 

required both in the software and in the hardware domain. 

That the hardware components, as displayed, making up part 

of aspects that are inevitable to the formation of the system. 

This makes it possible to make a further detailed analysis of 

the system’s workings as illustrated in the block diagram 

herein above. Here the sensor is a sensitive component that is 

mainly expected to determine the position of the sun, which 

ordinarily helps provide feedback that’s instrumental in 

ascertaining the relative position of the sun towards the solar 

tracking process. Solar panel which is made up of cells helps 

in obtaining a Direct Current voltage out of solar energy. In 

this process, the sensor is programmed in a manner that if any 

form of light or direct sun rays are in contact with the panel, 

the motor is activated to rotate the panel to ensure that its 

surface area is as much exposed to the sun as possible. 

This dynamic motion enhances energy retrieval, resulting 

in heightened power generation throughout daylight hours. 

Furthermore, a solar charger refills the battery, capturing 

voltage from the solar panel and proficiently stockpiling the 

generated energy for subsequent usage. A built-in LCD 

monitors the battery's condition and the charging procedure, 

offering immediate feedback to the user. The microcontroller 

analyzes this information and, guided by the sun's position, 

triggers the motor to reorient the solar panel. This active 

adjustment guarantees maximal exposure to sunlight, 

optimizing energy collection. The solar charger efficiently 

harnesses the panel's voltage to charge the battery, ensuring 

effective energy retention. An integrated LCD furnishes real-

time updates on the battery's condition and the charging 

sequence. 

B. Circuit Design 

Main Circuit Board Design: Utilizing Proteus software, 

the main circuit board's design was meticulously crafted. The 

schematic Fig. 1 and PCB layout Fig. 3 were optimized for 

functionality and reliability. Motor Driver Circuit: The motor 

driver circuit was developed to interface with the 

microcontroller and control motor movement. The schematic 

Fig. 2 and PCB layout Fig. 4 are presented for clarity. Power 

Supply Circuit: The power supply circuit was designed to 

deliver stable voltage to various components. Detailed 

specifications of voltage regulators and 

overvoltage/overcurrent protection mechanisms are included. 

ISIS schematic main circuit design solar Charger Circuit: 

Responsible for regulating charging and safeguarding the 

battery against overcharging, the solar charger's components 

and roles are detailed. Sensor Circuit: LDRs were employed 

in the sensor circuit to detect sunlight and contribute to 

precise sun tracking. The circuit's design, LDR placement, 

and role in tracking are explicated. 

 

 

Fig. 1. ISIS diagram principal circuitry design 



Journal of Robotics and Control (JRC) ISSN: 2715-5072 1021 

 

Abadal-Salam T. Hussain, Unlocking Solar Potential: Advancements in Automated Solar Tracking Systems for Enhanced 

Energy Utilization 

 

Fig. 2. Motor controller diagram layout 

C.  Software Development 

The project's programming aspect involved: 

Programming Language: The C language was utilized to code 

the microcontroller, offering precise control and real-time 

feedback. Algorithms: Detailed algorithms for sun tracking 

and motor control. 

D. Motor Driver Circuit Design 

The automatic solar tracking system uses a circuit with a 

motor driver to control the DC motor's movement as shown 

in Fig. 5. Once the microcontroller gets the signal to move 

the motor, it activates the motor driver, which then powers 

the DC motor as shown in Fig. 6. The sensor detects sunlight 

and sends a signal to the microcontroller to initiate movement 

as shown in Fig. 6.  

E. Power Supply Circuit Design 

The power distribution circuit has been meticulously 

designed to ensure that each component receives an adequate 

and steady voltage supply, this power source is versatile, 

capable of delivering both 12 volts and 5 volts as its output. 

The 12V power supply plays a pivotal role in energizing the 

motor driver, depicted, which, in turn, facilitates the 

movement of the motor. On the other hand, the 5V power 

supply is dedicated to powering the other circuit boards, as 

depicted, contributing to their proper and seamless 

functionality. The power supply board stands out as a critical 

component within the system, serving as the cornerstone for 

delivering dependable and precisely regulated power. This 

ensures the efficient and uninterrupted operation of all 

interconnected circuits, as documented in reference [39]-

[45]. 

F. Solar Charger Circuit Design 

The central role of the solar charger revolves around 

harnessing solar panel-generated power to charge batteries. 

This pivotal component is intricately linked to a 

microcontroller, as visually depicted in Fig. 3. A notable 

feature of this charger is its intelligent control system: it 

ceases the charging process when the battery reaches full 

capacity and resumes when necessary, ensuring the battery 

remains primed to supply power to the motor. The solar 

charger board assumes the crucial task of regulating the 

charging voltage, constantly monitoring the input voltage 

from the solar panel during the charging operation, as 

illustrated in Fig. 3. It goes a step further by safeguarding the 

battery against overcharging. Notably, an LCD screen, 

showcased in Fig. 4, is integrated into the solar charger, 

displaying the voltage level throughout the charging cycle. 

G. Sensor Circuit Design 

In the sensor circuit, Light Dependent Resistors (LDRs) 

are used as sensors. Four LDRs are incorporated into this 

circuit to detect sunlight as shown in Fig. 7. These sensors 

send signals to the main board, which then activates the motor 

to adjust the solar panel's position based on the detected 

sunlight as shown in Fig. 7. The LDRs enable precise sun 

tracking, ensure optimal solar energy utilization, and enhance 

the overall system's performance [46]-[51]. The autonomous 

solar tracking system's capacity to detect and react to sunlight 

is due in large part to the sensor circuit, as shown in Fig. 8. 

This circuit makes use of the Light Dependent Resistors' 

(LDRs') abilities, which act as the system's solar eyes. On the 

solar panel, four LDRs that are carefully positioned keep an 

eye on the incoming sunlight all the time from different 

directions. LDRs have the unusual characteristic that their 

resistance changes depending on the amount of light they are 

exposed to. These sensors' degrees of resistance alter in 

response to sunlight [52]-[58]. 

Their performance in the sensor circuit is based on this 

characteristic as shown in Fig. 8. The main board, which 
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commonly houses a microcontroller functioning as the 

system's central processing unit, receives the electrical 

impulses produced by the LDRs in response to changing light 

levels. This main board is where the system's data is 

processed. The microcontroller is essential for deciphering 

the incoming data and determining the precise location of the 

solar panel. The microprocessor starts an operation if the 

LDRs detect variations in sunlight intensity, indicating that 

the solar panel is not perfectly aligned with the sun. This is 

accomplished by turning on a motor, which is crucial in 

changing the solar panel's orientation [59]-[61]. The solar 

panel should always face the direction the sun is facing in the 

sky to maximize solar energy absorption. The microprocessor 

and LDRs' capacity to track the sun precisely and 

dynamically is essential for improving the performance of the 

entire system [62]-[64]. This system increases its efficiency 

and capacity for power generation by continuously adjusting 

the angle of the solar panel in response to shifting sun 

positions throughout the day. The designed circuit PCB 

structure of all the circuits described above is given in Fig. 9. 

 

Fig. 3. Solar converter PCB configuration 

 

Fig. 4. Drive mechanism panel 

 

Fig. 5. Drive mechanism PCB arrangement 

 

Fig. 6. Photovoltaic charging board 

 

Fig. 7. Sensor module PCB arrangement 
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Fig. 8. Detection circuit board 

 

Fig. 9. Total solar alignment circuit design 

III. RESULTS 

The actual experiment contributes significantly into the 

understanding of the effectiveness of running the business 

with the automated solar tracking system: alone, is solely 

essential for evaluating the efficiency of the system in terms 

of deriving the optimum usage of solar power. In this part of 

the document we also make sure that the findings are depicted 

and analyzed coherently as well as devote attention to 

primary issues and consequences. More specifically, is the 

case of the solar tracking system; the steady control of voltage 

is unique as evident by the ac cycle diagram outlined in Fig.  

above in this regard, voltage control ranges between 18V and 

20V. This praiseworthy achievement will go to prove how the 

system is able to make energy production to be decentralized 

and also provide constant energy output this is especially true 

especially weather changes which may be very crucial in 

ensuring that dependent and efficient energy is being 

produced continues to be provided. 

Through data scrutiny, our analysis unveils that our solar 

tracking system consistently outperforms static counterparts 

in receiving heightened solar irradiance levels, as illustrated 

in Fig. 9. Notably, the peak irradiance attained by our 

tracking system peaks at 1555 W/m², markedly surpassing the 

1460 W/m² achieved by static solar systems. This substantial 

disparity in irradiance levels serves as a testament to the 

effectiveness of our solar tracking system in optimizing solar 

energy absorption, thereby directly contributing to 

augmented electricity generation. It's imperative to recognize 

the significant influence of solar irradiance on voltage output, 

wherein elevated irradiance levels not only bolster energy 

generation but also impact the efficiency of solar panels. 

Nevertheless, it's noteworthy that excessively high solar 

irradiance levels can curtail the longevity of solar panels and 

diminish overall efficiency. Hence, the commendable ability 

of our system to sustain heightened irradiance levels without 

veering into detrimental extremes represents a noteworthy 

achievement. 

The superior temperature control exhibited by our system 

is of practical significance Fig. 7. By ensuring that the solar 

panel operates within an optimal temperature range, our 

technology prolongs panel lifespan and maintains efficiency. 

This achievement aligns with broader research on solar 

tracking technology, which anticipates enhanced temperature 

control as one of the technology's benefits. While direct 

comparisons with other studies remain challenging due to the 

uniqueness of our system, it's valuable to provide some 

context (See Fig. 10, Fig. 11, Fig. 12, Fig. 13, and Fig. 14). 

Existing research in the field has also highlighted the benefits 

of solar tracking technology, including enhanced temperature 

control, higher irradiance levels, and improved voltage 

stability. Our results align with these anticipated advantages, 

reinforcing the value of solar tracking technology in solar 

energy production. Acknowledging the importance of a 

balanced perspective, it's essential to discuss potential 

limitations and practical implications (See Fig. 10, Fig. 11, 

Fig. 12, Fig. 13, and Fig. 14). While our system demonstrated 

remarkable performance, it's crucial to acknowledge that 

specific conditions may affect its optimal operation. In 

extreme weather or unforeseen circumstances, the system 

may face challenges. This is crucial as it will help in enabling 

a correct assessment of the wave of the application of the 

technology in question. 

Therefore, future research directionality is important in an 

examination of quality improvement and succession in an 

effort to attain the quality recognized in other countries. Other 

similar future studies may then contrast our developed system 

with other solar tracking techniques in order to come up with 

a comparison of the two. As for the applicability of what we 

have manifested in terms of technology for other climate 

zones and regions, broadening the scope of its application can 

provide additional awareness of how diverse it is. 
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Fig. 10. Solar static voltage measurements 

 

Fig. 11. Data on solar tracker sunlight intensity 

 

Fig. 12. Data on solar tracker sunlight exposure 

 

Fig. 13. Data on solar tracker thermal conditions 

10

15

20

25

V
o

lt
ag

e
 (

V
)

Time

Day 1

Day 2

Day 3

0

500

1000

1500

2000

Ir
ra

d
ia

n
ce

 (
W

/m
2
)

Time

Day 1

Day 2

Day 3

0

500

1000

1500

2000

Ir
ra

d
ia

n
ce

 (
W

/m
2 )

Time

Day 1

Day 2

Day 3

0
10
20
30
40
50
60

Te
m

p
e

ra
tu

re
 (

o
C

)

Time

Day 1

Day 2

Day 3



Journal of Robotics and Control (JRC) ISSN: 2715-5072 1025 

 

Abadal-Salam T. Hussain, Unlocking Solar Potential: Advancements in Automated Solar Tracking Systems for Enhanced 

Energy Utilization 

 

Fig. 14. Data on stationary solar temperatures

IV. CONCLUSION 

Finally, this research has shown how other methods of 

solar tracking have the capacity of enhancing the efficiency 

of solar energy use through provision of relevant data on how 

effective those means are in its operations and functionality. 

A lot of care has therefore been taken in experimenting and 

researching for the fact that we supply stable and perfect 

voltage which in turn gives assurance of generating brilliant 

power by enhancing absorption of irradiance in so doing 

producing electricity from solar power. The study has shown 

the much needed use of the high tech solar tracking to 

improve the nature and efficiencies of solar energy 

converting systems. Furthermore, realizing that more 

irradiance is good, yet possibly bad, when determined by the 

amount of irradiation that solar panels absorb adds to the 

present contribution. However, it seems reasonable to list 

some of the improvements concerning the further 

development of the concept, and key issues, such as the 

potential adaptability and versatility of the automated 

tracking systems in different conditions and territories. In 

conclusion, increased research of the outlined subject and 

increased efforts in the development of the technology 

described in this paper can prove useful in improving on the 

promotion of sustainable energy solutions which would steer 

the world towards a cleaner and more efficient energy system 

in the future. 
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