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ABSTRACT 

Solar photovoltaic (PV) systems are widely used as a sustainable energy source; however, their efficiency 

is significantly reduced due to dust accumulation on panel surfaces. Manual cleaning methods are labor-

intensive, time-consuming, and unsuitable for large-scale or remote installations. To address this issue, an 

Automatic Solar Dust Detection and Cleaning System is proposed using an Arduino Uno-based embedded 

platform. 

The system uses an LDR sensor to detect light intensity variations and automatically triggers a cleaning 

mechanism when dust accumulation or low-light conditions are detected. The cleaning system consists of 

DC geared motors, a brush motor, and a blower system controlled through an L293D motor driver. A 

voltage sensor continuously monitors solar panel output, and real-time data is displayed on a 16×2 I2C 

LCD display. 

The proposed system improves solar efficiency, reduces maintenance cost, and enables automatic 

operation without human intervention. Experimental results confirm reliable dust detection, efficient 

cleaning performance, and stable voltage monitoring. 

Keywords— Solar PV, Arduino Uno, LDR Sensor, L293D, DC Motor, IoT-ready system, Renewable 

Energy, Automation. 

1. INTRODUCTION 

Solar energy is one of the fastest-growing renewable energy sources due to its sustainability and 

environmental benefits. However, solar panel efficiency decreases significantly when dust, dirt, and 

environmental particles accumulate on the surface[1-5]. 

In many regions, especially arid and industrial areas, dust accumulation can reduce energy output by 15%–

40%. Traditional cleaning methods rely on manual labor, which is inefficient and unsafe for rooftop or 

large-scale solar installations [6-15]. 
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To overcome these challenges, an automated solar panel cleaning system is required that can detect dust 

conditions and initiate cleaning without human intervention. This project presents a low-cost embedded 

solution using Arduino Uno, sensors, and motor control mechanisms [16-28]. 

2. SYSTEM ARCHITECTURE 

 
Fig. 1: Block Diagram of Automatic Solar Dust Detection and Cleaning System 

The system consists of: 

 Arduino Uno controller  

 LDR sensor for light detection  

 Voltage sensor for panel monitoring  

 DC gear motors for movement  

 Brush motor + blower motor for cleaning  

 L293D motor driver IC  

 I2C LCD display  

3. HARDWARE COMPONENTS 

 

 

 
Fig. 2: Arduino Uno Microcontroller 

Arduino Uno is the central controller that manages sensor inputs and motor outputs. 
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Fig. 3: LDR Sensor Module 

Used to detect light intensity and trigger cleaning when dust reduces light. 

 

 

 
Fig. 4: DC Geared Motor 

Provides movement for cleaning mechanism across the solar panel. 

 

 
Fig. 5: L293D Motor Driver IC 

Controls direction and speed of motors using H-bridge configuration. 

 
Fig. 6: I2C LCD Display 

Displays real-time voltage and system status. 
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Fig. 7: Solar Panel Cleaning Mechanism Prototype 

Represents the final working cleaning mechanism. 

4. WORKING PRINCIPLE 

The system operates as follows: 

1. LDR sensor continuously monitors light intensity  

2. When dust reduces light level → signal sent to Arduino  

3. Arduino activates cleaning system  

4. DC motors move the cleaning mechanism  

5. Brush and blower remove dust  

6. Voltage sensor monitors output efficiency  

7. LCD displays system status  

5. SYSTEM DESIGN 

Table 1: Input–Process–Output Model 

Input Process Output 

LDR Sensor Detects dust/light drop Cleaning starts 

Voltage Sensor Measures PV output Display on LCD 

Arduino Controls system logic Motor operation 

L293D Driver Drives motors Movement + cleaning 

6. RESULTS AND DISCUSSION 

The system was tested under different conditions: 

 Dust-covered panel  

 Clean panel  

 Low-light condition  

Observations: 

 Automatic cleaning triggered successfully  

 Brush and blower effectively removed dust  

 Voltage output improved after cleaning  

 LCD displayed accurate readings  

 System response time was fast and stable  
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7. ADVANTAGES 

 Fully automated operation  

 Low cost system  

 Reduces human effort  

 Improves solar efficiency  

 Real-time monitoring  

 Easy maintenance  

8. LIMITATIONS 

 Depends on weather conditions  

 Requires stable power supply  

 Limited to small-scale solar systems  

9. CONCLUSION 

The Automatic Solar Dust Detection and Cleaning System successfully provides an efficient and low-cost 

solution for maintaining solar panel performance. By integrating sensors, microcontroller-based 

automation, and mechanical cleaning components, the system ensures continuous monitoring and 

automatic dust removal. 

The proposed system reduces manual effort, improves energy efficiency, and enhances the reliability of 

solar power systems. It is suitable for residential, commercial, and industrial solar installations. 

Student attendance plays a critical role in academic performance and institutional discipline. Traditional 

attendance systems such as manual registers and RFID-based solutions are time-consuming and prone to 

manipulation. To overcome these issues, this paper presents an automated attendance monitoring system 

using face recognition combined with an IoT-based parent SMS alert mechanism. 

The proposed system utilizes OpenCV-based facial recognition for identifying students in real time. 

Attendance data is processed using Python in an Anaconda environment and stored in a centralized 

database. An Arduino/ESP-based microcontroller communicates with a GSM module to send instant SMS 

alerts to parents when absenteeism is detected. The system also provides real-time status updates through 

an LCD display. 

Experimental results demonstrate that the system significantly improves accuracy, reduces manual 

workload, and enhances transparency in student monitoring. The integration of computer vision and 

embedded systems offers a scalable and cost-effective solution for modern educational institutions. 

FUTURE SCOPE 

 IoT-based remote monitoring  

 AI-based dust prediction  

 GSM alert system  

 Water spray cleaning mechanism  

 Solar tracking integration  
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