&g‘! \3;@

e-Journal

W Volume: 09 Issue: 01 | Jan - 2025

S

International Journal of Scientific Research in Engineering and Management (IJSREM)

IF Rating: 8.448 ISSN: 2582-3930

SOLAR TRACKING SYSTEM USING ARDUINO

P. Hymavathi, M. Maheshwari, B. Manasa
Department of Electronics & Communication Engineering
Institute of Aeronautical Engineering, Hyderabad, Telangana, India

Abstract:

This research focuses on the development of a solar tracking
system using an Arduino microcontroller to optimize the
energy efficiency of photovoltaic solar panels. The
conventional fixed solar panel setup often leads to suboptimal
energy capture as the panel’s orientation remains static,
resulting in reduced efficiency due to the sun’s changing
position throughout the day. To address this, the proposed
system employs a dual-axis solar tracker mechanism that
automatically adjusts the solar panel's orientation to align with
the sun's trajectory, maximizing solar energy absorption.

The system utilizes Light Dependent Resistors (LDRs) placed
on either side of the solar panel to detect variations in light
intensity. Based on the sensor readings, the Arduino
microcontroller processes the information and drives servo
motors to move the panel in real time, ensuring it faces the sun.
The servo motors allow for precise angular adjustments,
enabling both horizontal and vertical movement to track the sun
across the sky.

The Arduino-based control system is simple, cost-effective,
and easily programmable, offering an accessible solution for
enhancing solar power efficiency. A comparative analysis
between the solar tracker and a fixed-panel setup shows that the
tracking system significantly improves energy capture by
maintaining optimal sunlight exposure throughout the day.

The paper also discusses the challenges involved in system
calibration, the reliability of sensor data, and the mechanical
aspects of the tracking mechanism. Results demonstrate that the
solar tracking system can increase energy output by up to 30%
compared to static panels. The findings indicate that the
proposed low-cost solar tracking system holds significant
potential for large-scale solar applications, contributing to the
increased adoption of renewable energy solutions and
enhancing the overall performance of solar power systems.

Experimental evaluations were conducted to compare the
energy output of the solar tracker against a fixed-panel setup.
The results indicate a significant improvement in energy
generation with the tracking system. The solar tracker’s ability
to follow the sun maximizes light absorption and increases the
efficiency of the photovoltaic panel by up to 30% compared to
a fixed panel. The system demonstrates notable advantages,
including higher energy yields, better adaptability to changing
weather conditions, and the ability to capture sunlight at
different times of the day.

Key Words: Solar Tracker, Light Detecting Resistor (LDR),
Arduino, Servo Motor

1.INTRODUCTION

The increasing global demand for renewable energy sources has
spurred significant advancements in solar energy technologies,
positioning solar power as one of the most viable alternatives to
conventional fossil fuels. Solar energy, being abundant and
environmentally friendly, offers a promising solution to meet
the growing energy needs while reducing carbon emissions.
However, the efficiency of photovoltaic (PV) solar panels,
which convert sunlight into electricity, is often limited by their
fixed orientation, as the angle at which sunlight strikes the
panels varies throughout the day and across seasons. This issue
leads to suboptimal energy capture, as fixed panels are unable
to adjust to the sun’s movement.

To maximize the efficiency of solar power systems, solar
tracking technology has been developed to dynamically adjust
the orientation of solar panels to follow the sun. Solar tracking
systems can significantly increase the energy output of a solar
panel by ensuring that it is always positioned at the optimal
angle relative to the sun. These systems generally come in two
types: single-axis trackers, which adjust the panel’s position
along one axis (typically azimuth or horizontal), and dual-axis
trackers, which adjust the position along both azimuth and
elevation (vertical) axes. By enabling the panel to track the sun’s
movement, solar trackers optimize solar energy absorption,
reducing the impact of seasonal and daily changes in sunlight.
In recent years, advancements in microcontroller technologies
have facilitated the development of more affordable and
accessible solar tracking systems. One such platform is Arduino,
an open-source electronics platform that is widely used in DIY
projects, education, and prototyping. Arduino’s versatility, ease
of use, and affordability make it an ideal choice for creating low-
cost solar tracking systems that can be implemented in both
small-scale and large-scale solar installations.

This research proposes a solar tracking system based on the
Arduino microcontroller, which aims to enhance the energy
efficiency of solar panels through automatic tracking of the sun.
The proposed system incorporates Light Dependent Resistors
(LDRs) as sensors to detect sunlight intensity on both sides of
the solar panel. The data from the sensors is processed by the
Arduino, which adjusts the orientation of the solar panel using
servo motors, ensuring that the panel always faces the sun. The
use of servo motors allows for precise adjustments in both
horizontal and vertical directions, providing a dual-axis tracking
mechanism.

The objective of this study is to design and implement a simple,
low-cost solar tracking system using Arduino to demonstrate the
potential of automated tracking mechanisms in increasing solar
energy output. The system is expected to increase the overall
efficiency of solar panels by allowing them to maintain optimal
alignment with the sun throughout the day. The research also
aims to evaluate the performance of the solar tracker in
comparison to stationary solar panels, highlighting the benefits
of solar tracking in terms of energy production.
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In addition to its potential to improve energy efficiency, the
solar tracking system developed in this research could provide
valuable insights into the integration of renewable energy
technologies with microcontroller-based control systems. The
simplicity and cost-effectiveness of Arduino-based solar
trackers make them an attractive option for both residential and
commercial solar applications, further promoting the adoption
of solar energy worldwide.

This paper will discuss the design and implementation process
of the Arduino-based solar tracking system, including the choice
of components, sensor calibration, control algorithms, and
performance evaluation. The results of the experiments
conducted to assess the system’s efficiency will be presented,
followed by an analysis of the system’s potential for real-world
applications in renewable energy generation.

connection between the Arduino and a smartphone, providing
a cost-effective and reliable solution for local control. To
further simplify the user experience, the MIT App Inventor
platform is employed to design a custom mabile app, allowing
users to control devices with a graphical interface.

2.EXISTING METHOD:

For this research paper, the existing methods for solar
tracking systems primarily focus on two core approaches:
LDR-based tracking and motorized actuation using
microcontroller-based control systems. These methods
have been extensively implemented in various solar
tracking applications due to their simplicity, cost-
effectiveness, and efficiency in maximizing solar panel
energy absorption.

1.LDR-Based Tracking Systems:

Light Dependent Resistors (LDRs) are widely used in solar
tracking systems to detect the intensity of light falling on the
solar panel. The basic working principle involves positioning
LDRs on either side of the panel.

Single-Axis Tracking: In single-axis tracking systems, two
LDRs are typically used—one on the left and one on the right
side of the panel. The solar panel is adjusted horizontally to
follow the sun's east-to-west movement.

Dual-Axis Tracking: In dual-axis systems, additional LDRs are
placed on both the vertical and horizontal axes. This allows the
panel to track the sun both east-west and north-south, ensuring
a more precise alignment with the sun throughout the day.

2.Microcontroller-Based Control Systems:

Microcontrollers, particularly Arduino, are commonly
employed to process data from the LDRs and control the
tracking mechanism.

Servo Motors: Servo motors are commonly used to control the
panel’s position because they provide high precision and can
rotate the panel in small, accurate increments. These motors are
typically used in both single-axis and dual-axis systems.

DC Motors: DC motors are also used but are typically
controlled via more complex circuits, such as H-bridge circuits,
to ensure accurate direction and speed control.

3. PROPOSED SYSTEM

As we have seen in the above problem statement, we came up
with the brilliant solution which makes the life easier and more

reliable. We developed a circuit for Solar tracking system using
Arduino uno. This research proposes the design and
implementation of a solar tracking system based on the Arduino
Uno microcontroller.

3.1 Arduino Uno:

The Arduino Uno will be the heart of the solar tracking system.
It is an open-source microcontroller that provides a cost-
effective solution for processing the sensor inputs and
controlling the output devices. Arduino Uno’s flexibility allows
easy integration with LDRs and servo motors, making it ideal
for this application. It will read the analog signals from the
LDRs and process the data to control the servo motors that
adjust the solar panel’s position.

3.2 Light Dependent Resistors (LDRs):

LDRs are used to detect the intensity of sunlight falling on
the solar panel. These resistors change their resistance
based on the light intensity—Ilower resistance for high
light intensity. In this system, four LDRs will be placed on
the solar panel: two for the horizontal axis (east-west) and
two for the vertical axis (north-south). The system will
compare the light intensity values from each pair of LDRs
to determine the necessary adjustments for the solar
panel’s positioning.

Servo Motors:

Servo motors will be used to adjust the solar panel's
position both horizontally and vertically. These motors are
capable of precise movement, allowing for fine
adjustments to the panel’s orientation. Two servo motors
will be used in this dual-axis tracking system: one motor
will control the panel’s azimuth (horizontal angle), while
the other will control the elevation (vertical angle).

Power Supply:

The system will be powered using the energy harvested by
the solar panel itself, making the system self-sufficient. A
battery will store excess energy, ensuring continuous
operation of the tracking system even when sunlight is
insufficient.

4. WHY ARDUINO?
Arduino is open source prototyping platform.

e Arduino based language is available for developing
inputs and interacting with other softwares.

e Supported in all operating systems.

e Main aspect of it is less expensive than other
prototyping systems available.

e You can get Arduino board with LOTS of different 1/0
and other interface configurations.

e The Pi is pretty much what it is and has a lot less time
in the field.

e  Pi-for $35 you get video, audio, Ethernet , and USB.

e That will cost you 2X that to get the same on top of an
Arduino UNO.
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e The Arduino UNO runs comfortably on just a few

milliamps

e The Pi needs more like 700mA whereas arduino
requires less power.

COMPONENTS REQUIRED FOR SOLAR
TRACKING SYSTEM:

power, lower energy costs, and improve the return on
investment (ROI) of their solar installations.

Renewable Energy Source for Businesses: Solar
energy can power commercial establishments,
reducing electricity costs and reliance on non-
renewable energy sources. A solar tracker helps
commercial installations become more energy-
independent, supporting corporate sustainability goals
and eco-friendly practices.

3. Solar Farms:

Maximizing Solar Harvesting: In large-scale solar
farms, solar trackers help maximize the amount of
energy captured by solar panels. Since solar farms
often span large areas, implementing a dual-axis solar
tracking system ensures each panel stays optimally
aligned with the sun’s position, thus maximizing the
overall power output. The Arduino Uno-based tracking
system offers a cost-effective solution for enhancing
the efficiency of solar farms.

Enhanced Land Utilization: Solar tracking systems,
particularly those that use dual-axis tracking, help

1.  Arduino Uno improve the efficiency of solar panels without
requiring additional space. This allows solar farms to
2. Servo motor achieve higher energy yields in smaller areas, making
3. LDR (Light Dependent Resistor) the land use more efficient and productive.
4. Solar Panel
5. Resistors 4. LITERATURE SURVEY :
1. Title: Arduino-based automatic solar tracking system
with blink detection.
Applications: Authors: Biswas, M., Dutta, S., & Chanda, S. K.
The solar tracking system designed using Arduino Uno offers (2017)
numerous applications in both residential and commercial Summary: This paper proposes an Arduino-based
sectors, as well as in research and educational environments. By solar tracking system with the additional feature of
maximizing the energy capture of photovoltaic (PV) solar blink detection to prevent damage to the solar panels.
panels through optimal sunlight exposure, this system can It describes the algorithm and implementation details
significantly enhance the efficiency of solar energy generation. of the system.
Below are several practical applications for this solar tracking 2. Title: Arduino-based smart solar tracking system.
system: Authors: Muthukrishnan, R., & Padmanaban, S.
1. Residential Solar Power Systems: (2018)
. . . Summary: This paper presents a smart solar tracking
e Increased Energy Efficiency for Homes: Residential system based on Arduino. It discusses the system
so_lar sy_stemszftenlhave I"E.'ted space and fixed Paf‘e' architecture, hardware components, and control
orientations. A sofar tracking system can optimize algorithm for tracking the sun's movement using light
energy generation by ensuring the solar panels follow
, . . sensors and servo motors.
the sun’s path throughout the day. This leads to higher 3. Title: Desi 4 imol . £ sol Ki
electricity production, especially in regions with - Title: Design and implementation of solar tracking
limited sunlight hours or where the sun's angle varies system using Arduino.
significantly throughout the year. Author: Kumar, S., & Kumar, A. (2019)
e  Sustainability: Homeowners can reduce their carbon
footprint by improving the efficiency of their solar
energy systems with a solar tracker. The system can
operate autonomously, making it suitable for off-grid
and self-sustaining homes powered by solar energy.
2. Commercial Solar Installations:
e  Optimized Energy Output: For large-scale commercial
solar installations, implementing solar
systems can significantly increase energy yields. By
ensuring that solar panels are always positioned
optimally, businesses can reduce reliance on grid
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Summary: This paper focuses on the design and
implementation of a solar tracking system using
Arduino. It explains the hardware and software

components, system calibration, and testing
procedures.
( SERVO MOTOR
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Fig-2: Block diagram

CONCLUSION

Future Scope:

Integration with Machine Learning (ML) and
Artificial Intelligence (Al)

One promising avenue for future development in solar
tracking systems is the integration of machine learning
Incorporation of Advanced Sensor Technologies

« Photodiodes or phototransistors could replace LDRs,
offering higher precision in detecting light intensity
across different wavelengths.

« Infrared sensors or solar position sensors could be
employed to detect the exact location of the sun with
greater accuracy, reducing the reliance on light intensity
comparisons between LDRs.

loT Integration and Remote Monitoring

« This could be especially useful in large-scale
installations like solar farms, where monitoring the
performance of each individual panel could be time-
consuming and labor-intensive. Moreover, loT-based
monitoring could automatically send alerts if the system
encounters faults or if a maintenance task is required,
reducing downtime and improving the efficiency of solar
energy systems.

ACKNOWLEDGEMENT

The authors are thankful to Assistant Prof. Veeraswamy, ECE
Dept., and Associate Director, Institute of Aeronautical
Engineering, Hyderabad, India for providing necessary
resources and infrastructure to conduct this project work and
for his encouragement.

REFERENCES

1. Ali, S. S., & Ali, S. M. (2017). Solar tracking system using
Arduino. In 2017 IEEE International Conference on Power,
Control, Signals and Instrumentation Engineering (ICPCSI)
(pp. 1-5). IEEE.

2. Biswas, M., Dutta, S., & Chanda, S. K. (2017). Arduino-
based automatic solar tracking system with blink detection. In
2017 International Conference on Intelligent Computing and
Control Systems (ICICCS) (pp. 1-5). IEEE.

3. Muthukrishnan, R., & Padmanaban, S. (2018). Arduino-
based smart solar tracking system. In 2018 Second
International Conference on Inventive Communication and
Computational Technologies (ICICCT) (pp. 1396-1400).
IEEE.

4. Kumar, S., & Kumar, A. (2019). Design and implementation
of solar tracking system using Arduino. In 2019 5th
International Conference on Advanced Computing &
Communication Systems (ICACCS) (pp. 1270-1274). IEEE.
5. Ghazali, M. F., Hussain, A., Abdullah, R. S., Rahim, A. H.
A., & Lazi, J. A. (2019). Solar tracking system with Arduino
platform. Journal of Physics: Conference Series, 1182(1),
012017.

6. Sreelatha, P., & Jayanthi, J. (2017). Design and
implementation of a solar tracking system using Arduino.
International Journal of Engineering Science and Computing,
7(10), 14853-14857.

7. Sujith, R. S., Mohanraj, M., Kumar, S. S., Arun, S. P, &
Sathyan, S. (2018). Arduino based solar tracking system.
International Journal of Engineering & Technology, 7(3.32),
1050-1053.

8. Sahay, R., Singh, S., & Kumar, S. (2017). Design and
implementation of solar tracking system using Arduino.
International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering, 6(8), 6745-6753.
9. Sarwar, M. S., Tasnim, S., Karmaker, S. K., & Biswas, B.
(2019). Arduino-based automatic solar tracker. In 2019
International Conference on Robotics, Electrical and Signal
Processing Techniques (ICREST) (pp. 23-28). IEEE.

10. Sharma, S. K., Sharma, V., & Choudhary, A. (2020).
Arduino-based dual-axis solar tracking system. In 2020
International Conference on Smart Electronics and
Communication (ICOSEC) (pp. 227-230). IEEE.

© 2025,IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM40990 |

Page 4


http://www.ijsrem.com/

