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ABSTRACT—

This paper discusses the design and implementation of a solar tracking system combined with a cleaning mechanism based on environmental conditions,
specifically humidity levels. The system utilizes sensors to track the sun's position and optimize the solar panel’s angle for maximum energy collection.
Additionally, the cleaning mechanism is designed to activate when humidity levels reach a threshold, ensuring that the panels remain clean for optimal
performance. This model is low-cost and can be implemented for efficient solar energy utilization.
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Introduction

The need for renewable energy sources is increasing globally. Among various renewable energy sources, solar power stands out due to its accessibility
and sustainability. The efficiency of solar panels largely depends on their orientation towards the sun and the cleanliness of their surface. This paper
presents a solar tracking system integrated with an automatic cleaning mechanism. The system adjusts the solar panel’s orientation throughout the day
and activates a cleaning mechanism when necessary to remove dust or debris that could block sunlight, reducing energy efficiency.

SYSTEM DESIGN AND METHODOLOGY

Solar Tracking Mechanism

The solar tracker uses a dual-axis system to adjust the panel's orientation to follow the sun's path. It consists of LDRs (Light Dependent Resistors)
that detect the intensity of sunlight from different directions. Based on the sensor readings, the microcontroller adjusts the motors controlling the solar
panel’s movement. The tracker system is powered by a Arduino microcontroller, and the movement is controlled via DC motors.

Cleaning Mechanism

The cleaning mechanism operates based on humidity levels detected by a humidity sensor. When the humidity exceeds a predefined threshold,
indicating that dust or debris may have accumulated on the solar panel, a cleaning system is activated. The cleaning mechanism consists of a servo
motor that moves a cleaning brush or wipe across the surface of the panel. This ensures that the solar panels stay clean and maintain maximum
efficiency.

The cleaning mechanism demonstrated effectiveness in reducing dust and dirt accumulation on the panel. When the humidity sensor detected dry
conditions (humidity below 40%), the cleaning mechanism was activated. The cleaning process ensured that the panel remained free of dirt,
maintaining its performance. Tests showed a reduction in dirt buildup by 25% compared to panels without a cleaning mechanism.

Working Principle:
The system uses LDRs placed on horizontal and axis to measure sunlight intensity. The panel is adjusted until the sunlight intensity on both LDRs is

balanced, ensuring the panel is facing directly toward the sun. The motors are controlled by the Arduino using algorithms that continuously adjust the
panel throughout the day.
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HARDWARE IMPLEMENTATION

Components Used

e  Arduino UNO: Used as the central processing unit. The Arduino reads data from the LDRs and adjusts the servo motors accordingly.

e  Servo Motors: Two motors (one for horizontal movement and other for cleaning) are connected to the solar panel, driven by PWM signals
from the Arduino.

e  LDR Sensors: Positioned on the panel to measure sunlight intensity.

. DHT11 Sensor: Continuously monitors ambient humidity levels.

. Brush : A brush connected to the cleaning mechanism, activated when the humidity is low.

. Relay Module: Used to switch on the brush motors when necessary.

Circuit Design

The LDRs are arranged in pairs to detect the direction of sunlight. The sensor readings are fed into the Arduino, which processes the data and sends
control signals to the DC motors to adjust the panel’s orientation. The humidity sensor provides data to trigger the cleaning mechanism when necessary.

Code Developement

The LDRs are arranged in pairs to detect the direction of sunlight. The sensor readings are fed into the Arduino, which processes the data and sends
control signals to the DC motors to adjust the panel’s orientation. The humidity sensor provides data to trigger the cleaning mechanism when necessary.
The software for the solar tracker is developed using the Arduino IDE. The code continuously reads values from the LDR sensors and adjusts the
position of the solar panel to track the sun's movement. Similarly, the humidity levels are monitored via the DHT11 sensor, and if the humidity falls
below a threshold, the cleaning system is triggered.
The system follows this logic:

1.  Track Sun’s Position: Adjust solar panel orientation based on sunlight intensity.

2. Check Humidity Levels: If humidity is low, activate cleaning system.

3. Automate Cleaning: Rotate brush motors for cleaning.

RESULTS AND DISCUSSION

Solar Tracker Performance

The dual-axis solar tracker system was tested for energy efficiency under both static and dynamic conditions. The system demonstrated a 30% increase
in energy capture compared to a fixed panel setup. The solar panel was able to
maintain optimal orientation with the sun throughout the day, maximizing energy production.

Cleaning Mechanism Performance
The cleaning mechanism effectively reduced dust accumulation on the solar panel. Tests were conducted in both dry and humid conditions to evaluate

the system's ability to detect the need for cleaning. The cleaning system activated successfully when the humidity dropped below 40%, reducing the dirt
buildup by 25%.

CONCLUSION

This paper presents a detailed study of an integrated solar tracker and cleaning system, demonstrating improvements in solar panel efficiency and
maintenance costs. The automated cleaning mechanism, based on real-time humidity levels, ensures that the panels remain free of dirt, optimizing
energy capture. The system has shown a 30% increase in energy efficiency and a 25% reduction in dirt buildup compared to traditional systems. Future
work will focus on refining the cleaning mechanism and optimizing the tracker’s performance for various geographical regions
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