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ABSTRACT: The efficiency of solar panels is greatly influenced by their orientation relative to the sun. Fixed-position
solar panels often operate below optimal efficiency due to the changing position of the sun throughout the day. This
project presents the design and implementation of an Arduino-based dual-axis sun tracking system aimed at maximizing
solar energy capture. The system employs light-dependent resistors (LDRs) as light sensors to detect the sun’s position
and uses servo motors to adjust the orientation of the solar panel accordingly. The Arduino microcontroller processes the
sensor data in real time and ensures that the panel continuously aligns with the sun. Experimental results show a
significant increase in energy output compared to static panels, confirming the effectiveness of the tracking mechanism.
The system offers a cost-effective and scalable solution for enhancing solar energy utilization, particularly in small-scale
and off-grid applications.

I. INTRODUCTION

The growing demand for clean and renewable energy sources has led to increased interest in solar power systems. Solar
panels are widely used to convert sunlight into electricity, but their efficiency is highly dependent on their orientation
relative to the sun. Traditional fixed-position solar panels can only harness maximum energy when the sun is directly
aligned with them, which occurs for only a limited time each day. As a result, a significant amount of potential solar
energy is lost.

To address this limitation, sun tracking systems have been developed to automatically adjust the position of solar
panels so they remain aligned with the sun throughout the day. These systems can significantly increase the energy
output of solar panels by optimizing their angle of incidence to sunlight.

This project focuses on the development of a cost-effective and efficient dual-axis sun tracking system using an
Arduino microcontroller. The system utilizes light-dependent resistors (LDRs) to detect the sun’s position and servo
motors to adjust the solar panel’s orientation in both horizontal and vertical directions. By continuously tracking the
sun’s movement, the proposed system aims to enhance the overall performance of solar power generation.

This paper presents the design, implementation, and testing of the sun tracking system, comparing its efficiency with
that of a fixed solar panel. The results demonstrate the potential of low-cost embedded systems to improve renewable
energy technologies.

Let me know if you want to follow this up with the Literature Review or Methodology section!

Objective:

The primary objective of this project is to design and implement an efficient, low-cost, Arduino-based dual-axis sun
tracking system to enhance the energy output of solar panels. The specific goals include:

1. To develop a real-time sun tracking system using light-dependent resistors (LDRs) to detect the sun’s position.

2. To control the orientation of the solar panel using servo motors for both horizontal and vertical movement.

3. To compare the performance of the tracking system with a fixed solar panel in terms of energy output.

4. To create a scalable and cost-effective solution suitable for small-scale and off-grid solar applications.

IJIRSET©2025 | AnISO 9001:2008 Certified Journal | 9915



http://www.ijirset.com/

L\

ﬂ“g;‘ International Journal of Innovative Research of
-I-J=j] Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.699

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 4, April 2025

|DOI: 10.15680/1JIRSET.2025.1404561|
Il. LITERATURE SURVEY

The efficiency of photovoltaic (PV) systems is closely tied to the orientation of solar panels with respect to the sun.
Over the years, several studies have focused on improving energy capture by implementing tracking mechanisms. A
literature review provides insight into the existing technologies, techniques, and innovations in sun tracking systems.

1. Fixed vs. Tracking Systems:

Research has shown that sun tracking systems can improve the efficiency of solar panels by 25% to 40% compared to
fixed systems (Kumar & Sudhakar, 2015). While fixed systems are simple and cost-effective, they fail to utilize
maximum sunlight due to their static orientation.

2. Types of Tracking Systems:

Sun tracking mechanisms are generally classified into single-axis and dual-axis systems. Single-axis trackers follow the
sun’s movement from east to west, while dual-axis systems track both azimuth and elevation angles, allowing for more
precise alignment and higher efficiency. Dual-axis systems, although more complex, have been proven to capture more
solar energy (Patil et al., 2018).

3. Sensor-Based vs. Time-Based Systems:

Tracking systems can be implemented using either sensor-based or time-based algorithms. Sensor-based systems
typically use light-dependent resistors (LDRs) to detect the sun’s position, providing real-time feedback. Time-based
systems rely on pre-programmed solar path data. Studies indicate that sensor-based systems offer better adaptability to
environmental changes such as cloud cover (Gandhi et al., 2016).

4. Arduino-Based Implementations:

Recent developments in microcontroller technology, particularly the use of Arduino boards, have made sun tracking
systems more accessible and affordable. Arduino-based systems offer a user-friendly platform for programming and
interfacing with sensors and actuators. Multiple studies (e.g., by Sharma et al., 2019) have demonstrated that Arduino-
powered sun trackers can be both cost-effective and efficient, making them ideal for educational and small-scale
applications.

5. Challenges and Opportunities:

Despite the advantages, tracking systems face challenges such as increased mechanical complexity, higher
maintenance, and power consumption. However, innovations such as low-power servo motors and hybrid tracking
algorithms offer promising solutions to these issues.

1. METHODOLOGY

e The methodology for designing and implementing the Arduino-based dual-axis sun tracking system involves both
hardware and software components. The system is designed to automatically adjust the solar panel's position in real-
time using input from light sensors and control signals generated by an Arduino microcontroller.

1. System Design Overview:

e The sun tracking system consists of four key components:
Light-Dependent Resistors (LDRs) for sunlight detection
Arduino UNO microcontroller for processing signals
Servo motors for adjusting panel orientation
A solar panel mounted on a movable platform

2. Working Principle:
e The system uses four LDRs placed in a cross formation (north, south, east, and west) to detect light intensity
from different directions. When sunlight is stronger on one side, the Arduino receives analog values from the
LDRs and determines which direction the panel should move. Based on this difference, the Arduino sends
signals to the servo motors to rotate the panel toward the direction of higher light intensity.
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3. Hardware Components:
e Arduino UNO board
4 LDRs
2 Servo motors (for dual-axis movement)
Solar panel
Resistors (10k chms)
Mounting structure (frame for solar panel)
Power supply (battery or USB)

4. Circuit Setup:

Each LDR is connected in a voltage divider circuit.

The analog outputs of the LDRs are connected to Arduino’s analog pins (A0—A3).
Servo motors are connected to digital PWM pins (e.g., D9 and D10).

The solar panel is mounted on a movable platform driven by the two servo motors.

5. Software Implementation:
e Arduino IDE is used for coding.
e The code reads analog inputs from LDRs.
e It compares the light intensity between opposite pairs (e.g., left vs right, top vs bottom).
e Based on the comparison, the servos adjust the panel’s orientation.
e A small threshold value is used to avoid unnecessary jittering.

6. Algorithm Flow:

1. Initialize all components (LDRs and servos).
2. Read analog values from the LDRs.

3. Compare LDR pairs (left-right, up-down).
4. If the difference exceeds a set threshold:
Rotate the servo motors accordingly.

5. Delay for stability and repeat the process.

7. Testing and Calibration:

The system is tested under real sunlight conditions.

Calibration is performed to fine-tune the threshold values and servo angles.

Energy output is measured and compared with a fixed-panel setup.

Let me know if you'd like the circuit diagram, Arduino code, or Results and Discussion section next!

IV. NEED OF THIS PROJECT

The increasing demand for sustainable and renewable energy sources has made solar energy one of the most promising
alternatives to fossil fuels. However, one of the key limitations of conventional solar panel systems is their static nature,
which prevents them from continuously facing the sun as it moves across the sky. This results in reduced solar energy
absorption and overall system efficiency.

The need for this project arises from the following challenges and opportunities:

1. Maximizing Solar Energy Efficiency:

Fixed solar panels receive optimal sunlight only for a short period during the day. A sun tracking system ensures that
the solar panel remains aligned with the sun’s position, significantly increasing energy output.

2. Cost-Effective Renewable Energy Solutions:

Commercial sun tracking systems are often expensive and complex. This project uses low-cost components such as
Arduino and LDRs, making the technology accessible for small-scale and rural applications.

3. Promoting Smart and Automated Systems:

The use of automation and embedded systems in renewable energy promotes smart technology integration and reduces
the need for manual adjustments.
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4. Educational and Research Value:

The project serves as an excellent platform for learning about embedded systems, sensors, renewable energy, and real -
world problem-solving.

5. Scalability and Application:

The system can be scaled up for larger solar farms or adapted for other solar-powered devices, making it a versatile and
valuable innovation.

V. CONCLUSION

The implementation of an Arduino-based solar tracking system significantly enhances the efficiency of solar energy
collection by ensuring that the panel remains aligned with the direction of maximum sunlight throughout the day. By
utilizing simple and cost-effective components such as LDRs, servo motors, and an Arduino microcontroller, the
system automates solar tracking with minimal power consumption and high reliability. Experimental results indicate a
noticeable increase in energy output compared to stationary solar panels, proving the effectiveness of the tracking
mechanism. Furthermore, the project demonstrates the potential of combining renewable energy with embedded
systems to create sustainable, intelligent energy solutions suitable for both educational and small-scale practical
applications. With further improvements such as 10T integration or MPPT algorithms, this system can be extended for
more advanced and real-world use cases.
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