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ABSTRACT: The efficiency, implementation, and design of automatic sun tracking systems—including single-axis
and dual-axis trackers—are investigated in this paper. It highlights the advantages and disadvantages of sensor-based,
time-based, and hybrid tracking techniques. When compared to static panels, sun tracking systems increase energy
output by 20% to 40%. Adaptive tracking may be improved by future developments combining Al, IoT, and machine
learning. The study emphasizes the necessity of effective, economical, and environmentally friendly solar tracking.
Solar energy harvesting is maximized by properly orienting panels. Using renewable energy requires efficient tracking
methods.

KEYWORDS: Energy optimization, renewable energy, photovoltaic efficiency, dual-axis and single-axis tracking, and
the Internet of Things.

L. INTRODUCTION

Environmental concerns and the quick depletion of fossil fuels are the main drivers of the rising demand for renewable
energy sources. Due to its availability and dependability, solar energy has become a prominent answer as the globe
looks for sustainable alternatives. Technological developments are necessary to optimize energy output and maximize
efficiency when using solar power.[1]

The purpose of solar panels is to collect sunlight and transform it into electrical energy that can be used. However, their
orientation with respect to the sun has a major impact on their efficiency. Despite their widespread use, traditional fixed
solar panels are limited in their ability to capture the most sunlight throughout the day since the sun's position is always
changing. Because of this restriction, less energy is produced overall, which lowers solar power's potential
efficiency.[1]
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Figure 1: Architecture

Studies indicate that installing sun tracking devices can boost solar energy output by 20% to 40% when compared to
static panels. This increase in efficiency makes solar energy more practical and economical, especially for large-scale
energy generation. Furthermore, tracking accuracy and flexibility can be further improved by integrating cutting-edge
technologies like machine learning, the Internet of Things (IoT), and artificial intelligence (Al).

The history, importance, and goals of sun monitoring technologies are examined in this section. The study emphasizes
the significance of creative and effective solar tracking systems in the shift to sustainable energy solutions by looking at
several tracking mechanisms and their effects on solar energy harvesting.[2]

II. LITERATURE REVIEW

Significant improvements in mechanical, electronic, and software-based solutions are shown by a study of previous
research on sun tracking devices. To maximize energy capture and optimize solar panel orientation, researchers have
investigated a variety of tracking systems. Despite being straightforward and reasonably priced, fixed solar panels are
less efficient because they cannot track the movement of the sun. The advantages of single-axis and dual-axis tracking
systems, which dynamically modify panel orientation to enhance solar energy absorption, have been thoroughly studied
in order to get around this restriction.[2]

Single-axis trackers revolve in a single plane, usually tracking the sun's daily east-to-west motion. Studies reveal that as
compared to static panels, single-axis systems boost solar energy output by roughly 20% to 30%. By taking seasonal
fluctuations into account, dual-axis trackers, which move panels in two directions, improve energy production even
more. Dual-axis tracking has been shown to increase efficiency by as much as 40%. However, because of the greater
initial and ongoing costs associated with these systems, researchers are examining cost-benefit trade-offs and possible
improvements.[1]
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A number of studies emphasize how sensor-based tracking systems might enhance panel orientation. The ability of
light-dependent resistors (LDRs), infrared sensors, and GPS-based tracking devices to sense the intensity of sunlight
and modify panel angles accordingly has been extensively researched. Despite the high precision offered by sensor-
based systems, issues like weather sensitivity and sensor deterioration over time have been identified. To increase
accuracy and dependability in a variety of environmental circumstances, researchers have suggested hybrid sensor
systems.

An alternate strategy is offered by time-based tracking techniques, which modify panel angles by applying preset sun
position algorithms.[1] According to studies, time-based trackers lower maintenance costs by doing away with the
requirement for real-time sensors. However, precise sun trajectory estimations are necessary for their effectiveness, and
they may not always coincide with the actual weather. To develop hybrid monitoring systems that strike a balance
between accuracy and affordability, several researchers propose fusing time-based and sensor-based methodologies.

In order to maximize solar energy harvesting, Maximum Power Point Tracking (MPPT) algorithms are essential. By
varying voltage and current levels, MPPT techniques such as Perturb and Observe (P&O) and Incremental
Conductance (INC) are frequently employed to optimize power production. According to research, the total efficiency
of sun tracking systems is greatly increased by combining MPPT. However, MPPT controllers' energy consumption
and computational complexity continue to be issues, which has led to more research on low-power optimization
strategies.[1]

Recent studies have focused more on the integration of artificial intelligence (AI) and the Internet of Things (IoT) in
solar tracking systems. Machine learning methods are used by Al-driven tracking systems to forecast sun positions and
dynamically optimize panel modifications. Real-time performance analysis and remote monitoring are made possible
by IoT-enabled tracking systems. Although worries about implementation costs and data security require more
research, studies show that integrating Al and IoT can improve tracking accuracy and adaptability.

Notwithstanding these developments, there are still unanswered questions about the durability, scalability, and
affordability of sun monitoring devices. Widespread adoption is restricted by high installation and maintenance costs,
especially in underdeveloped nations. To lower operating expenses, researchers are looking on self-sustaining tracking
systems, energy-efficient motors, and substitute materials. Deploying tracking systems in big solar farms also presents
scalability issues, necessitating optimal designs that strike a balance between affordability and efficiency.

This section highlights significant developments and constraints in sun tracking devices by critically analyzing earlier
research. Even if previous studies show notable gains in energy efficiency, more investigation is required to improve
price, dependability, and compatibility with new technology. By filling in these gaps, more affordable and sustainable
solar tracking systems may be created, aiding in the world's shift to renewable energy.[2]

1. METHODOLOGY

By utilizing sophisticated tracking techniques, the system seeks to maximize solar energy absorption and improve
efficiency in comparison to conventional fixed solar panels. This section describes the design and implementation of an
automatic sun tracking solar system, including the hardware and software components, control algorithms, and
evaluation methods used to assess system performance. The study takes a structured approach, integrating sensor-based
tracking mechanisms, intelligent control systems, and performance analysis techniques.[2]
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Figure 2: Axis Diagram of Solar Panel

Components of Hardware

In order to enable real-time sun monitoring, the hardware design incorporates necessary parts such sensors,
microcontrollers, and actuators. GPS modules and light-dependent resistors (LDRs) are used to measure the amount of
sunshine and pinpoint the sun's location. While GPS modules enable precise location monitoring for time-based sun
position calculations, LDRs offer a more affordable option by detecting light levels. Microcontrollers like the Arduino
and Raspberry Pi, which process sensor data and run tracking algorithms, are in charge of the system. To ensure
maximum energy capture, actuators—such as servo and stepper motors—adjust the orientation of the solar panel in
accordance with calculated sun positions.[1]
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Figure 3: Real time Implementation

Algorithms and Software
To improve system speed, the software implementation incorporates a number of tracking methods. Solar panel voltage
and current levels are optimized via Maximum Power Point Tracking (MPPT) methods, such as Perturb and Observe
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(P&O) and Incremental Conductance (INC), to maximize power output. Furthermore, motor movements are controlled
by proportional-integral-derivative (PID) controllers, which offer accurate and seamless corrections. In order to forecast
sun trajectories and dynamically modify panel orientation, sophisticated Al-based optimization methods—such as
machine learning models—are investigated. These algorithms work together to guarantee that the tracking system
performs well in a variety of environmental circumstances.[2]

Assessment and Testing

A number of controlled and real-world experiments are carried out to evaluate the sun tracking system's performance.
Measured and contrasted with fixed solar panels are performance measures such solar energy output, tracking accuracy,
and system response time. The tracking system's energy production is assessed over a range of time periods, taking
seasonal fluctuations and cloud cover into account. To make sure the tracking mechanism works well over long
stretches of time, the system's capacity to maintain ideal alignment with the sun is examined.[1]

Setup for Experiments

Data gathering techniques and simulation settings are used in the experimental setup to assess the tracking system's
effectiveness. Sensors and logging devices are used to record data on solar irradiance and electricity generation. Prior to
hardware implementation, tracking methods are validated by simulations utilizing MATLAB or Python-based modeling
tools. Furthermore, IoT-based cloud platforms facilitate real-time monitoring, enabling remote system performance
observation and analysis. The information gathered is utilized to enhance tracking tactics and raise system
dependability generally.[1]

In conclusion

This approach offers a thorough framework for planning and assessing a solar system that tracks the sun automatically.
The project intends to improve solar energy harvesting efficiency by combining hardware components, sophisticated
algorithms, and stringent testing techniques. Widespread adoption of intelligent solar energy systems is made possible
by the insights gathered from performance analysis, which aid in the creation of more economical and environmentally
friendly sun tracking solutions.[2]

IV.RESULTS AND DISCUSSION

When compared to conventional fixed panels, automatic sun tracking systems dramatically increase solar energy
absorption, according to experimental data. The energy output of single-axis trackers, which monitor the sun's path
from east to west, increases by 20—30%. Dual-axis tracking systems, on the other hand, increase efficiency by up to
40% by adjusting both horizontal and vertical angles. Nevertheless, dual-axis trackers are more complicated, which
raises the cost of installation and upkeep.[1] Experiments in the real world show that environmental elements like
temperature fluctuations, cloud cover, and sensor accuracy affect how well these tracking systems work overall.

When comparing various tracking techniques, it becomes clear that Al-integrated tracking systems are far superior than
traditional sensor-based and time-based methods. Even in partly overcast situations, proactive modifications that
improve energy capture are made possible by machine learning algorithms that precisely forecast solar paths.
Furthermore, real-time system optimization is made easier by IoT-enabled remote monitoring, which lessens the need
for manual intervention. Notwithstanding these advantages, large-scale implementation in economically sensitive areas
may be difficult due to Al-driven tracking solutions' high processing demands and potential higher upfront costs.

Sun tracking systems increase efficiency, but there are still important issues that need to be resolved, such upkeep,
power usage, and long-term durability. [2]As a result of wear and tear, mechanical parts like motors and actuators
require more frequent maintenance. To make sure that the system's net energy gain justifies its operating power usage,
monitoring motor energy consumption must also be improved. According to cost-benefit analysis, single-axis devices
are still a more feasible and reasonably priced alternative for broad use, even if dual-axis and Al-integrated trackers
provide more efficiency. Future studies should concentrate on creating self-sustaining, energy-efficient tracking
systems that strike a compromise between dependability, affordability, and performance.[2]
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V. CONCLUSION AND FUTURE ENCHANCEMENT

By constantly modifying panel orientation to optimize sunlight absorption, automatic sun tracking systems have shown
notable advancements in solar energy harvesting. Single-axis and dual-axis tracking systems have been shown to
improve energy efficiency by as much as 40% when compared to stationary solar panels. By maximizing power
generation, these systems provide long-term advantages despite greater initial expenditures and maintenance needs.
IoT-based monitoring systems and Al-driven tracking systems further increase automation and precision, lowering the
need for human intervention and boosting system performance.[1]

In order to better accurately anticipate sun movement, future research should concentrate on creating adaptive tracking
systems that use artificial intelligence. Consistent energy output even in fluctuating weather conditions is ensured by
machine learning algorithms that can evaluate past weather trends and instantly modify panel orientation. IoT
integration also makes predictive maintenance and remote system monitoring possible, which lowers operating costs
and improves dependability. Improvements in energy-efficient motors and lightweight, robust materials can further
reduce the cost and power consumption of sun tracking devices, opening them up for widespread use.[2]

Hybrid tracking models that integrate time-based and sensor-based techniques have the potential to reduce energy
usage and increase efficiency. [2]These systems can provide a fair trade-off between price, functionality, and longevity
by sensibly alternating between tracking techniques according to environmental circumstances. In the future, self-
sustaining solar trackers that run on energy from tiny auxiliary sun panels should be investigated. Solar tracking
systems can become a more economical and sustainable alternative by resolving these technological and financial
issues, hastening the world's shift to renewable energy.[1]
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