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I. Abstract:

This paper presents the design and implementation of a single-axis sun tracking and protection
system aimed at improving the efficiency and longevity of photovoltaic (PV) panels. The
system utilizes Light Dependent Resistors (LDRs) and airflow sensors to adjust the orientation
of the PV panels, ensuring they are always positioned to face the direction of maximum solar
irradiation. This alignment optimizes energy absorption, thus enhancing system performance.
Additionally, the system incorporates a protective feature that adjusts the panel orientation in
response to harsh winds. By aligning the panels parallel to the wind direction, the system
minimizes potential damage to the PV modules.

The algorithm governing the system operates in two modes: solar tracking and solar protection.
Under normal weather conditions, the system prioritizes solar tracking, continuously adjusting
the panel orientation to maximize sunlight exposure. However, when the system detects the
onset of strong winds, the algorithm switches to the protection mode, temporarily halting solar
tracking and repositioning the panels to mitigate wind damage.

This paper elaborates on the design principles, sensor integration, and algorithm development
behind the system. It also discusses the potential benefits of combining sun tracking with
environmental protection, leading to improved efficiency during favorable weather and
enhanced durability under extreme conditions. The system aims to provide a sustainable
solution for optimizing PV performance and safeguarding panels in varying environmental
scenarios.

KEYWORDS: Light Dependent Resistors, Airflow sensors, Ultrasonic sensors, Motor driver
IC module, DC motor, Arduino UNO.

I1. Introduction

Solar energy is a clean, abundant, and renewable resource available worldwide. In the face of
growing electricity shortages due to the depletion of traditional resources like coal, petrol, and
diesel, solar power has emerged as a viable solution. Photovoltaic (PV) panels, which convert
sunlight into electricity, are widely used in both residential and commercial applications. The
efficiency and cost of these panels depend largely on the materials used in their manufacture.
For example, monocrystalline silicon panels, known for their high efficiency, are more
expensive and typically used in large-scale solar power plants. In contrast, materials such as
polycrystalline and thin-film silicon are more affordable and are often used in residential
installations. The type of glass used in PV panels also plays a critical role in both cost and
performance. Panels can be fitted with tempered glass, which is more expensive but offers
greater safety and durability, or with flat glass, which is more affordable but less robust.
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To meet electricity demands in both rural and urban areas, many governments have encouraged
the use of solar panels on residential rooftops. Most people, however, opt for medium-quality
panels based on their budget. These panels are typically designed to withstand winds of up to
80 mph. However, for wind speeds above 80 mph, additional protection is necessary.

This protection can be achieved by orienting the panels parallel to the direction of the wind,
reducing wind impact and minimizing the risk of damage. The system employs airflow sensors
to detect wind direction, sending signals to an Arduino controller that adjusts the panel's
orientation accordingly. The protection system temporarily overrides the solar tracking
mechanism when wind speeds exceed 80 mph, prioritizing panel safety over solar energy
generation.

IIL Literature Survey

The following literature papers discuss various approaches to improving the performance and
efficiency of photovoltaic (PV) systems:

1. "Performance Comparison of Mirror Reflected Solar Panel with Tracking and

Cooling"
This paper examines the performance of a mirror-reflected solar panel equipped with
automatic cooling and tracking mechanisms. The system not only protects the panel but
also enhances its performance by reducing the temperature of the panel, which is crucial
for maintaining optimal energy output.

2. "APhotovoltaic Generation Heating System Based on Double Parabolic Reflector
Focusing and Hybrid Tracking Technology*

3. This study presents an innovative automatic tracking technology that combines the
calendar method with the hill-climbing algorithm. This hybrid approach accelerates the
tracking process, improves the system's performance, and contributes to the prolonged
service life of the PV panels by ensuring they are always optimally aligned with the
sun.

4. "Dual Axis Sun Tracking System with PV Cell as the Sensor, Utilizing Hybrid
Electrical Characteristics of the Cell to Determine Insolation™
In this paper, a dual-axis sun tracking system is discussed that does not rely on external
light sensors. Instead, it uses the photovoltaic cells themselves as sensors, leveraging
their electrical characteristics to determine insolation levels and adjust the panel
orientation accordingly for maximum energy absorption.

5. "Practical Issues and Characterization of a Photovoltaic/Thermal Linear Focus
20x Solar Concentrator**

These studies highlight diverse techniques for improving solar panel performance through
tracking, cooling, and innovative sensor-based systems, as well as the integration of solar
concentrators for better energy utilization.

IV. Existing System

The sun-tracking solar panel system consists of two Light Dependent Resistors (LDRs), a
solar panel, a DC motor, and an ATMEGAS8 microcontroller (or Arduino UNO). The two LDRs
are positioned at opposite edges of the solar panel. These LDRs change their resistance
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depending on the intensity of light that falls on them: they produce lower resistance when
exposed to more light.

The DC motor is connected to the panel and is responsible for rotating it towards the sun. The
system works by comparing the light intensity detected by the two LDRs. The panel is rotated
towards the LDR that has higher light intensity, which corresponds to lower resistance. If the
intensity of light on the right LDR is higher, the panel moves slowly to the right. Conversely,
if the intensity on the left LDR is higher, the panel moves to the left.

At noon, when the sun is directly overhead, both LDRs receive equal amounts of light, resulting
in equal resistance on both sides. In this scenario, there is no movement, and the panel remains
in a fixed position. This mechanism ensures that the solar panel is always oriented towards the
sun, maximizing its exposure to sunlight and improving its energy efficiency.

V. PROPOSED SYSTEM BLOCK DIAGRAM
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FIGURE 1: SINGLE AXIS SOLAR PANEL
Tracking And Protection System

The system described focuses on enhancing the performance and longevity of solar panel
equipment by improving its durability and efficiency. It utilizes an Arduino microcontroller
programmed to monitor air speed using an airflow sensor. If the airspeed is below 80 mph, the
system recognizes it as normal weather. If the airspeed exceeds 80 mph, the system detects this
as bad weather.

During normal weather conditions, the system operates in sun-tracking mode to optimize panel
efficiency. Light-dependent resistors (LDRs) sense the light intensity falling on the panel and
send the corresponding signals to the Arduino UNO. The Arduino compares the readings from
both LDRs to identify the direction with the maximum light intensity. It then sends a signal to
the DC motor, instructing it to rotate the panel toward the direction with the highest light
intensity, thereby maximizing solar energy absorption.

In contrast, when bad weather conditions prevail, the sun-tracking mechanism is temporarily
halted, and the protection mechanism is activated. The Arduino monitors the airflow direction
using the two airflow sensors positioned at the extreme ends of the panel. When wind speeds
exceed 80 mph, the Arduino identifies the sensor detecting the higher airflow and commands
the DC motor to rotate the panel to align it parallel to the wind direction. This adjustment
reduces the impact of strong winds on the panel, minimizing the risk of damage.
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This dual-mode system ensures optimal energy generation under normal conditions while
safeguarding the panel during harsh weather, thus enhancing both efficiency and durability.
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The DC motor connected to the solar panel adjusts its position to align the panel parallel to the
direction of the wind, thereby reducing the impact of strong winds on the panel. This alignment
minimizes the risk of damage during high wind conditions. The protection mechanism remains
active as long as the wind speed is above 80 mph. Once the airflow speed drops below 80 mph,
the system switches back to sun tracking mode.

To accurately monitor and control the panel's position, an ultrasonic sensor is used. This sensor
sends and receives signals from a fixed point to the base of the solar panel. The sensor
calculates the distance and provides these values to the microcontroller, which interprets them
to determine the exact position of the panel. This ensures that the panel's position is correctly
adjusted during transitions between sun tracking and protection modes.

Since the output from the Arduino alone is not sufficient to drive the DC motor, a driver IC
module is used. This module acts as an intermediary between the DC motor and the Arduino,
providing the necessary power for motor operation.

Additionally, an LCD display is connected to the system to provide real-time feedback on the
process. It allows for easy monitoring of system performance and changes during operation,
enhancing the user experience by displaying relevant information such as wind speed, panel
position, and system status.

VI. Arduino Uno

The Arduino/Genuino UNO is a microcontroller board based on the ATmega328P chip. It
features 14 digital input/output pins, 6 of which can function as Pulse Width Modulation
(PWM) outputs, making it versatile for controlling various devices. The board also includes 6
analog input pins, a 16 MHz quartz crystal for accurate timing, a USB connection for
communication with a computer, a power jack, an ICSP header for programming, and a reset
button for restarting the system.

In this system, the Arduino UNO is connected to several components, including Light
Dependent Resistors (LDRS), airflow sensors, ultrasonic sensors, and a DC motor. These
components work together to enable the solar panel to track the sun or adjust its orientation
based on wind conditions. The LDRs are used for sun tracking, while the airflow sensors
detect wind speed and direction, and the ultrasonic sensors determine the panel's position. The
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DC motor is responsible for moving the solar panel based on the data received from these
Sensors.

The Arduino UNO is programmed using the Arduino IDE (Integrated Development
Environment), which supports C and C++ programming languages. The software allows users
to write and upload code that controls the system’s operations, such as adjusting the panel's
position for optimal solar energy capture or for protection during harsh weather conditions.

VII. LIGHT DEPENDENT RESISTOR
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A Light Dependent Resistor (LDR) is a type of resistor whose resistance changes in response
to the amount of light falling on its surface. In low light conditions, the resistance of the LDR
is high, while in bright light, its resistance decreases significantly. This property makes the
LDR useful in various light-sensing applications.

In this system, a 10K variable resistor is used to fine-tune the level of brightness required
before an LED lights up. By adjusting the 10K resistor, the threshold for triggering the LED
can be set according to the desired light intensity. The value of the 10K resistor can be changed
if needed, allowing for flexibility in the system’s design. However, it is essential to ensure that
any replacement resistor has a minimum value of 1K to protect the transistor from potential
damage caused by excessive current flow.

VIII. Airflow Sensor

An Anemometer/Airflow sensor is an affordable, Arduino-compatible sensor designed to
measure wind speed. It features built-in hardware compensation for ambient temperature
variations, making it reliable in various environmental conditions. The sensor uses positive
temperature coefficient thermistors, which adjust their resistance according to temperature
changes.

This sensor is capable of detecting wind speeds ranging from 0 to 150 mph and outputs a
voltage signal of up to 3.3V in response to the detected airflow. Due to its wide voltage output
range, it is compatible with a broad range of microcontrollers, including Arduino development
boards. Its low cost and ease of integration make it an ideal choice for wind speed monitoring
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applications, such as those used in solar panel protection systems where wind speed plays a
critical role in adjusting panel orientation.

IX. Motor Driver Ic¢ Module

The L293D is a commonly used motor driver IC that allows a DC motor to be driven in either
direction. It is a 16-pin integrated circuit capable of controlling two DC motors
simultaneously, making it highly useful for applications that require bidirectional motor
control.

The L293D operates based on the H-bridge concept, a configuration that enables the motor to
rotate forwards or backwards depending on the input signals. The direction of the motor is
determined by the logic levels (LOGIC 0 or LOGIC 1) applied to its input pins. By changing
the input signals, the L293D can control the direction of the motor's rotation and also manage
the speed if PWM (Pulse Width Modulation) is applied to the enable pins.

X. Ultrasonic Sensor

An Ultrasonic sensor is a device that measures the distance to an object by emitting sound
waves and then detecting the time it takes for the sound waves to bounce back after hitting an
object. This process is based on the principle of sonar.

The sensor works by sending out a high-frequency sound wave (ultrasonic pulse) and waiting
for the echo to return. The time elapsed between sending the pulse and receiving the echo is
used to calculate the distance to the object using the speed of sound.

In the context of the solar panel system, the ultrasonic sensor determines the position of the
solar panel by measuring the distance to a fixed point, such as the base of the panel. The sensor
provides this distance data to the Arduino, which processes the information to ensure the panel's
position is accurately tracked during operation. This is particularly useful for adjusting the
panel's orientation during transitions between sun tracking and protective modes.

speed of sound X time taken
2

distance =

XI. Prototype

The solar panel setup is securely mounted on a plate with various components placed for
optimal functionality. The LDRs are positioned at the center of the panel to detect light
intensity, while the airflow sensors are placed at the extreme ends to measure wind speed and
direction. The ultrasonic sensors are located at a specific distance below the panel to
determine its position.

A DC motor is attached to the solar panel to adjust its orientation. The motor is controlled by
the Arduino UNO through a Driver IC module, which amplifies the control signals from the
Arduino to drive the motor. The Arduino is connected to the LDRs, airflow sensors,
ultrasonic sensors, and an LCD display for real-time feedback.
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The system is programmed using the Arduino IDE, where the code ensures the proper
alignment of the solar panel. The Arduino processes the data from the sensors to control the
motor's movement, enabling the panel to track the sun or align with the wind direction for
protection. The LCD provides a user-friendly interface to display system status, such as light
intensity, wind speed, and panel position.

Conclusion:

In this project, a solar panel tracking and protection system has been designed and
implemented to enhance the efficiency and longevity of photovoltaic panels. By integrating
Light Dependent Resistors (LDRs) for sun tracking, airflow sensors for wind detection,
ultrasonic sensors for position monitoring, and a DC motor for panel adjustment, the system
ensures optimal solar energy capture while protecting the panel from damage during adverse
weather conditions.

The Arduino UNO microcontroller serves as the central processing unit, controlling the entire
system based on the data from the sensors. The sun tracking mechanism operates under normal
weather conditions, while the protection mode is activated when wind speeds exceed 80 mph,
ensuring the panel is safely aligned parallel to the wind direction. This dual functionality
significantly increases the panel's efficiency and durability.

The use of an LCD display provides real-time monitoring of key parameters, making the
system user-friendly and easy to manage. By combining these components in a well-integrated
system, the project demonstrates a practical solution for improving solar energy harvesting
while safeguarding solar panels against extreme weather conditions.
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