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Keywords: Additionally, the same Arduino is used to control the cleaning bot, which is equipped with
Solar PV Panel, two motors and a brush-controlled motor driver for effective cleaning of the solar panel
Arduino and Node MCU, surface. Furthermore, the cleaning bot is designed to enhance the solar panel's efficiency by
DC Motor, automatically removing dust and rubble using a brush. Additionally, the bot is equipped with
Cleaning Robot, a Node MCU, enabling seamless data transmission to a web server, and making it accessible
Sensors. for remote monitoring. An Internet Protocol (IP) camera is integrated to visually inspect the

solar panel and the cleaning bot's activities to enhance the system surveillance capabilities.
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I. INTRODUCTION

Various energy sources like coal, nuclear, gas, hydro, and diesel, which are used for generating electricity, may get exhausted
within a few years. Due to this, all the researchers are showing interest in sustainable energy production and saving. The power generated
by sun radiation is one of the sustainable energy productions. Photovoltaic solar panels use the sun's radiation to generate electricity.
When sunlight falls on the solar panel, the sun's radiation penetrates the solar cell to generate electricity more efficiently. If dust forms
on the solar PV panel, it acts as a resistance in which the sun radiation may not penetrate properly into the solar cell [1-5]. Due to this,
the output from the solar panel is reduced. However, photovoltaic technology faces several obstacles, including cost, the unpredictable
nature of the environment, and low solar panel efficiency; it is always evolving in various applications. Since the solar panels are stored
in an open environment, various elements, including the effect of clouds, snow, shadow, pollen, high temperatures, dust, bird droppings,
and filth, can affect their effectiveness [6-8]. Therefore, keeping the solar panels tidy and clean is the greatest way to reduce dust's effect
[9-12]. The main objective of the work is to

v Develop a solar panel cleaning robot to enhance the efficiency of solar panels power output.
v Promote the widespread adoption of solar PV panels for remote areas.

v Simplify and automate the process of cleaning solar PV panels against dust particles.

v Reduce the need for human intervention in solar PV panel maintenance and operation.

v" Design an environmentally friendly and cost-effective robot for cleaning the solar panels.
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In [13], the authors discussed that cleaning and maintenance greatly impact solar panels' efficiency. An 8-panel array shows a
30%—-33% increase in efficiency; as a result, we can see that it will be more useful in solar parks with significantly more cells. Thorough
cleaning is very beneficial because even a single panel obstructed by dust can reduce the array's overall performance. In [14], the authors
proposed recommendations for future automation to lower labor costs and clean recycled water. The project aims to create a smart,
completely automated cleaning system that uses less energy and resources. In [15], the author proposed an automatic solar PV panel
cleaner robot using loT. It comprises battery, DC motors, motor driver, microcontroller, IR sensor, and GSM module. In this system, it
is possible to increase the peak power output by 10%-30%. The observation suggests that increased energy usage is caused by dust
accumulation on the panel. In [16], the authors discussed that floating solar PV panels are typically placed in the center of a body of
water. Any human going there to clean them has an extremely difficult time. The cleaning robot moves here and there on the solar PV
panel to clean it, serving our objective without having to go there.

A camera installed on the robot allows for monitoring of the cleaning process. Additionally, the robot increases the effectiveness
of the PV module. In [17], the author proposed an automatic solar PV panel cleaning system which will increase the solar PV module's
efficiency. With the introduction of the Arduino Uno and driver circuit, they demonstrated the cleaning and control of the solar PV module
cleaning mechanism along with the water pump and soft material. In [18], authors have developed and tested an automated solar panel
cleaning robot to reduce dust-related efficiency losses. Experimental results showed improved PV output and reduced maintenance effort.
In [19], an optimized grid-integrated hybrid AC/DC microgrid for rural electrification has been developed for location. The work
demonstrated technical feasibility, cost-effectiveness, and improved reliability using renewable energy and storage systems. In [20], an
experimentally investigated power enhancement techniques for partially shaded PV systems, showing improved output performance
under non-uniformirradiance conditions. It is concluded that above studies advance photovoltaic system efficiency, operational reliability,
and sustainable energy integration by introducing innovations in automated maintenance systems, optimized hybrid microgrid design,
and effective partial shading mitigation techniques.

II. COMPONENTS REQUIRED

To overcome the limitations of conventional methods, an innovative approach is proposed, which leverages the use of embedded
systems and automation. By interfacing Arduino with current and voltage sensors, the proposed method enables continuous real -time
monitoring of solar panel performance. The embedded system provides live data and logs and stores historical data for detailed analysis.
This ensures that any drop in efficiency or issues with the solar panel can be promptly detected and addressed, thus maximizing energy
production, and minimizing downtime. Moreover, integrating an Arduino-controlled cleaning bot equipped with two motors and a brush
motor driver offers significant advantages. The brush-controlled motor ensures consistent and thorough cleaning, enhancing the solar
panel's overall performance. Additionally, the bot's integration with a Node MCU facilitates seamless data transmission to a web server,
enabling remote monitoring and management. Users can gain visual insights into the solar panel's condition and the bot's cleaning
activities through the web server and an IP camera. Due to its remote accessibility, operators can plan maintenance, make data-driven
decisions, and maximize cleaning results, all contributing to increased solar panel efficiency. The components required for cleaning the
solar panel are based on hardware and software requirements, and Figure 1 depicts the list of components used in the work for designing
the proposed system.

1.1 HARDWARE REQUIREMENTS
The components used in the proposed system are as follows:

e Rechargeable Battery:
A rechargeable battery is an energy-storage gadget that can be charged once again by connecting DC current to its terminals.
e Arduino UNO:

It is a microcontroller board manufactured by Arduino. Cc and introduced in 2010. It is designed according to the Microchip
ATMega328P microprocessor (MCU). The microcontroller board has sets of analogue and digital input/output (I/O) pins that interface
with various expansion boards, shields, and other electrical/electronic circuits. The board can be programmed by using a USB cable and
the Arduino iintegrated development environment (IDE). It is equipped with six analogue and fourteen digital input/output pins, with six
capable of generating pulse-width modulation (PWM) output.

e Current Sensor:

A current sensor is a device capable of accurately measuring and calculating the current passing through a conductor without
impacting system performance. This linear integrated circuit sensor operates on the principle of the Hall effect.

e \oltage Sensor:

A voltage sensor is a device used for measuring voltage. Voltage sensors can measure voltage using several methods, including
detecting low voltage levels and measuring high voltages.

e DC Motor:

A motor is necessary for a robot to turn a wheel or carry out a certain task. A DC Motor is one such electric machine that converts
electrical energy into mechanical energy. Two windings are found in a DC motor: the stator core consists of field winding and the rotor
core consists of armature winding.
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The field winding creates the magnetic field, whereas the armature winding acts as a conductor for current flow. According to
the electromagnetic induction law, a current-carrying conductor experiences a force that produces torque when placed in a magnetic field.
As a result, the shaft rotates.

e 293D Motor Driver:

The 16-pin L293D Motor Driver IC controls the two DC motors simultaneously, protecting the microcontroller from the high
current required to operate the motor. It also works as an amplifier, boosting the microcontroller's low-power signal until it produces
sufficient power to turn on the motor.

11.1.1 Software Requirements:

e Arduino IDE: The Integrated Development Environment application is compatible with various operating systems using the free
and open-source Arduino IDE software. It provides support for programming languages such as C++. This is known as the
Integrated Development Environment ITR, IDE for short.

e Adafruit: This library offers a user-friendly, device-independent interface for engaging with Adafruit 10 using Arduino. It
simplifies the transition between Wi-Fi, Ethernet, and cellular (32u4 FONA).

TH o KX LED'y

ACST12 Current sensor Voltage Senzor

Figure 1: List of hardware components used in proposed work.
Source:Authors, (2026).

Figure 2 presents the block diagram of the proposed system. The system operation is initiated by turning ON the battery slide
switch, which supplies power to the Arduino UNO, NodeMCU, and motor driver circuits. Under normal operating conditions, when the
solar PV panel is clean, the LED remains in the ON state, and the voltage and current sensors continuously measure the electrical
parameters of the panel. The sensed data are processed by the Arduino UNO and transmitted to NodeMCU, which uploads information
to a cloud server, enabling real-time monitoring of the solar PV panel’s voltage and current. Table 1 lists the specifications of the various
components used in the proposed system design [21], [22]. When dust accumulation occurs on the solar PV panel, a reduction in voltage
and current is detected and the LED turns OFF. In response, the Arduino UNO generates a control signal to activate the robotic cleaning
mechanism. The robot is then automatically engaged to clean the solar PV panel. During this operation, a “Cleaning” status message is
displayed on the cloud server, followed by a “Cleaned Successfully” message upon completion of the cleaning process. The cloud server
continuously monitors system parameters, including voltage, current, and cleaning status. The proposed architecture integrates sensing,
actuation, communication, and power management modules in an loT-enabled embedded framework. Motor driver circuits ensure reliable
control of the cleaning motor and auxiliary motors, while an IP camera provides visual monitoring of the solar panel and robotic operation.
Overall, the system demonstrates a scalable and efficient solution for automated solar PV panel maintenance with real-time monitoring
and remote supervision capabilities.
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Figure 2: Block Diagram of proposed design model.
Source:Authors, (2026).

Table 1: The specifications of the various components used in the proposed system model.

Components Specifications Components Specifications
Input Voltage: 0-25 V Operating Voltage: 4.5V-9V, typically 5V
Voltage Sensor Voltage Detection: 0.02445 VV-25 V Flash Size:4MB
Analog Voltage Resolution: 0.00489 V Transfer Rate: 110-460800 bps
Input Voltage: 4.5V-5.5V DC Working Temperature:
Cur/?ecrfgzisor Measure current Range: 20 A Node MCU -40 to +125 degree clecius
Sensitivity:100 mv/A Driver Model: L29D Motor Driver
Solar Panel Type: Polycrystalline Operating voltage: 4.5 V-12 V
ofarFane Maximum Power Output: 5Watt Maximum Supply Current: 600 mA per motor
Operating Voltage: 5V Motor Driver Peak Current: 0.6 A
Input Voltage (Recommended): 7-12V Motor type: Perr?slr:/elzgtcl\)/lagnet De Motor
Input Voltage (Limit): 6 V-20 V Operating Voltage: 12V
Ardine Uno. |
B : DCM :
oard which 0.5KB used by bootloader) € Motor Load Current: 0.3 A
SRAM: 2KB 360-degree rotation CCtv Camera
EEPROM: 1KB Wi-Fi Smart 12 LED IR Night Vision
- i-Fi
DC Current per I/O Pin: 20mA . . .
. Net Camera 1080P resolution video recordin
DC Current for 3.3V Pin: 50mA 9

Source: Authors, (2026).
11l. EXPERIMENTAL RESULTS AND DISCUSSION

To work with the proposed designed system, a code has been written in Arduino and NodeMCU software, as shown in Table 2.
After writing the codes for Arduino UNO and NodeMCU, install the ESP8266WIF1 library and save the codes. Connect the Arduino
board and Node MCU to the laptop or computer using the USB and Micro USB cables, respectively. The USB cable has two connectors:
a type-A connector on one end and a type-B connector on the other. Connect the Arduino UNO to the USB type-A connector, and link
the USB type-B connector to the power source or programming device, such as a computer or laptop. The next step is to compile the code
and then upload the code. While uploading the code for Node MCU, remove the RX pin and then upload the code by selecting the board
and port to which the Arduino and Node MCU are connected at tools. Now, turn on the battery slide switch. The Arduino, Node MCU,
and motor driver receive the power when the dust accumulates on the solar panel, as shown in Figure 3. The Connections for the proposed
model are given as:

e Battery red terminal and black terminal are given as input to the power supply board.

e One pin of the 9V/12V output pin of the power supply board is connected to the Vin pin of the nodemcu, and another pin is
connected to the ground.

e Another set of 9V/12V output pins is connected to the Arduino board's Vin and GND pins.

e One set of 5V pins of the power supply board is connected as input pins of the motor driver.

e A0 pin of the Arduino uno board is connected to the signal pin of the voltage sensor.5V pin of the Arduino uno board is connected
to the positive pin of the voltage sensor. GND pin of the Arduino uno board is connected to negative pin of the voltage sensor.

e The Arduino Uno board's A2 pin is connected to the current sensor's output pin. The current sensor's VCC pin is connected to
another 5V pin of the Arduino board, and the current sensor's GND pin is connected to the Arduino board's GND pin.
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e 2 Wires are connected to the solar panel. One wire i.e., positive wire is connected to the VCC pin of the VVoltage Sensor, Positive
pin of the current sensor and to the LED

e Another Wire from the solar panel is connected to the GND pin of the voltage sensor, current sensor, and LED

e TX, RX pins of the arduino uno board are connected to TX, RX pin of the nodemcu.

e D1, D2, D3, D4, D5, and D6 pins of the nodemcu are connected to the motor driver.

Table 2: Arduino and Nodemcu code used in the proposed system model.

ARDUINO CODE:

const int sensorPin=A0;
//Analog input pin for the
voltage sensor
float voltage;
float voltage?;
float r1=30000.0;
float r2=7500.0;
float vin=0;
const int currentPin=A2;
int sensitivity=66;
int offsetVVoltage=2500;
double advoltage=0;
double currentValue=0;

void setup() {
Serial.begin(115200); //
Initialize Serial
Communication

}

void loop() {
int sensorValue =
analogRead(sensorPin); //
Read the analog voltage from
the sensor
voltage = sensorValue * (5.0
/1023.0); // Convert the
analog value to voltage
(assuming a 5V
reference voltage)
vin=voltage /(r2/(r1+r2));
delay(1000); // Wait for a
second
adcValue =
analogRead(currentPin);
adcVoltage = (adcValue /
1024.0) * 5200;
currentValue = ((adcVoltage
- offsetVoltage) / sensitivity);
delay(2500);

String solarvalues="a" +
String(vin) + "b" +
String(currentValue)+"c" ;
Serial.printin(solarvalues);

NODEMCU CODE:
#include<AdafruitlO_WiFi.h>
#include<ESP8266WiFi.h>
/I Replace with your own Wi-Fi and Adafruit 10
credentials
#define WIFI_SSID "Goud"

#define WIFI_PASS "supraja.26"
#define AIO_USERNAME "Supraja_Goud"
#define AIO_KEY
"aio_Dwix706HNCG9zEITB5ehfL7DMwUp"
[/l#include <AdafruitlO.h>
AdafruitlO_WiFi io(AIO_USERNAME, AIO_KEY,
WIFI_SSID, WIFI_PASS);

/I 'Your WiFi credentials.

/I Set password to " for open networks.
char ssid[] = "Goud";
char pass[] = "supraja.26";

String sub2;

String sub;

String dataa="cleaned successfully";
int Motorl = D1;
int Motor2 =D2;
int Motor3 = D3;
int Motor4 = D4;
int Motor5 = D5;
int Motor6 = D6;

int Ampere = 0;
intvall =0;
intval2 =0;

intval3=0;
intval4 = 0;

AdafruitlO_Feed *temp = io.feed("amphere");
AdafruitlO_Feed *hum = io.feed("voltage");
AdafruitlO_Feed *reading = io.feed("date");

void setup()

/I Debug console
Serial.begin(115200);

/I Blynk.begin(BLYNK_AUTH_TOKEN, ssid, pass);
pinMode(Motorl, OUTPUT);
pinMode(Motor2, OUTPUT);
pinMode(Motor3, OUTPUT);
pinMode(Motor4, OUTPUT);
pinMode(Motor5, OUTPUT);
pinMode(Motor6, OUTPUT);

pinMode(14, OUTPUT);
io.connect();
while(io.status() < AIO_CONNECTED) {
Serial.print(".");
delay(500);
}

}
void loop()

if (Serial.available() > 0) { //wait for data available
String solareadings = Serial.readString();
//Serial.printin("Enter your data:");

NODEMCU CODE:
Serial.printIn(solareadings);
vall = solareadings.indexOf('a’);
val2 = solareadings.indexOf('b");

String sub2 = solareadings.substring(vall + 1,

val2);
Serial.printin(sub2);
val3 = solareadings.indexOf('b");
val4 = solareadings.indexOf('c");

String sub = solareadings.substring(val3 + 1,

vald);

Serial.printin(sub);
/[Blynk.virtualWrite(VO0, sub2);
/[Blynk.virtualWrite(V1, sub);

if (sub2<"2" {

dataa="cleaning";
Serial.printIn("Sensorvalue™);
digitalWrite(Motorl, HIGH);
digitalWrite(Motor2, LOW);
digitalWrite(Motor3, HIGH);
digitalWrite(Motor4, LOW);

delay(1500);

digitalWrite(Motorl, LOW);
digitalWrite(Motor2, LOW);
digitalWrite(Motor3, LOW);
digitalWrite(Motor4, LOW);
delay(7000);

digitalWrite(Motor5, HIGH);
digitalWrite(Motor6, LOW);
delay(500);

digitalWrite(Motor5, LOW);
digitalWrite(Motor6, HIGH);
delay(500);
digitalWrite(Motor5, LOW);
digitalWrite(Motor6, LOW);
delay(1000);
digitalWrite(Motorl, LOW);
digitalWrite(Motor2, HIGH);
digitalWrite(Motor3, LOW);
digitalWrite(Motor4, HIGH);
delay(1500);
digitalWrite(Motorl, LOW);
digitalWrite(Motor2, LOW);
digitalWrite(Motor3, LOW);
digitalWrite(Motor4, LOW);
delay(7000);
}sss else {
dataa="cleaned successfully";

}

temp->save(sub);

hum->save(sub2);
reading->save(dataa);
}
}
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Figure 3: Experimental setup of robot cleaning the Solar panel.
Source: Authors, (2026).

To monitor the values of voltage and current, create an account in Adafruit software. It is open-source software. When the robot
is cleaning the panel the values of current, voltage and message cleaning are uploaded in the Adafruit software as shown in Figure 4(a)
and 4(b).

(a) (b)

Figure 4: (a) The values of Voltage and Current before Cleaning (b) The values of Voltage and Current after Cleaning.
Source: Authors, (2026).

After completing the cleaning process, the voltage and current values increase, and a message is displayed as shown in Figure 4
b. The data is collected and tabulated in Table 3 at different timings in a day; from this, it can be concluded that solar radiation increases
the output of the solar PV panel. A mobile application named V380 Pro will be downloaded from the Play Store on mobile to set the
camera position and perform the visual inspections on the solar panel. To set up a V380 Wi-Fi Camera on an Android Phone.

Table 3: Obtained results data of solar PV panel before cleaning and after cleaning for the proposed system.

Time Before Cleaning After Cleaning
Current (Amp) Voltage (V) Current (Amp) Voltage (V)
8:00 AM 0.21 0.46 2.52 1.12
9:00 AM 2.21 0.81 2.59 1.47
10:00 AM 2.62 0.49 2.75 1.64
11:00 AM 2.30 1.52 2.88 1.82
12:00 PM 1.75 1.80 1.82 2.47
1:00 PM 1.90 2.45 2.05 2.55
2:00 PM 1.94 2.50 2.24 2.67
3:00 PM 2.15 2.63 2.41 2.79
4:00 PM 2.30 2.77 2.63 2.98

Source: Authors, (2026).
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IV. CONCLUSIONS

In this proposed work, a functional robot for cleaning solar panels has been developed. It draws attention to how the efficiency of
solar PV systems is impacted by dust, filth, pollen, sea salt, and bird droppings. The performance and efficiency of the solar panels power
output are significantly impacted by dust and moisture contain particles. Due to this peak power generation by PV panel can be reduced
by 10% to 30%. Dust deposition on the panels were shown to cause a power generation decrease, a robotic cleaning technique can fix
this issue. This technique can enhances the solar panels ability to generate more power. Some advantages of this approach are low cost,
easy maintenance, and reduced power use. Furthermore, this cleaning technque can overcome the decrease in peak power generation.

V. AUTHOR’S CONTRIBUTION

Conceptualization: N Chinna Alluraiah, Pujari Harish Kumar, Reshma Gopi and K Harinath Reddy.
Methodology: N Chinna Alluraiah, Pujari Harish Kumar.

Investigation: N Chinna Alluraiah, Pujari Harish Kumar.

Discussion of results: N Chinna Alluraiah, Pujari Harish Kumar, Swetha Shekarappa G.

Writing — Original Draft: Pujari Harish Kumar.

Writing — Review and Editing: K Harinath Reddy, Keerthana M.

Resources: Pujari Harish Kumar.

Supervision: N Chinna Alluraiah and Swetha Shekarappa G.

Approval of the final text: N Chinna Alluraiah, Pujari Harish Kumar.

VI. ACKNOWLEDGMENTS

The authors are extremely grateful to the AITS, Rajampet, India for providing the excellent infrastructure facilities and
encouragement which have made this research work possible.
Disclosure statement: No potential conflict of interest was reported by the author(s).
Funding details: This work did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit
sectors.
VIl. REFERENCES

[1] M. U. Khan, M. Abbas, M. M. Khan, A. Kousar, M. Alam, Y. Massoud, and S. H. M. Jafti, “Modeling and design of low-cost automatic self-cleaning mechanism for
standalone micro-PV systems,” Sustain. Energy Technol. Assess., vol. 43, p. 100922, 2021, doi: 10.1016/j.seta.2020.100922.

[2] V. S. Saravanan and S. K. Darvekar, “Solar photovoltaic panels cleaning methods: A review,” Acad. J. Manuf. Eng., 2018.

[3] A. Shah, A. Hassan, M. Laghari, and A. Alraeesi, “The influence of cleaning frequency of photovoltaic modules on power losses in the desert climate,” Sustainability,
vol. 12, no. 22, p. 9750, 2020, doi: 10.3390/su12229750.

[4] A. S. Sarkin, N. Ekren, and S. Saglam, “A review of anti-reflection and self-cleaning coatings on photovoltaic panels,” Sol. Energy, vol. 199, pp. 63-73, 2020, doi:
10.1016/j.solener.2020.01.012.

[5] M. G. Hudedmani, G. Joshi, R. M. Umayal, and A. Revankar, “A comparative study of dust cleaning methods for the solar PV panels,” Adv. J. Grad. Res., vol. 1, pp.
24-29, 2017. doi.org/10.21467/ajgr.1.1.24-29

[6] P. Nattharith and T. Kosum, “Development of mobile robot system for monitoring and cleaning of solar panels,” GMSARN Int. J., vol. 16, pp. 302-306, 2022.
[7] B. Manju, A. Bari, and C. M. Pavan, “Automatic solar panel cleaning system,” Int. J. Adv. Sci. Res. Eng,, vol. 4, pp. 2631, 2018. doi:10.31695/IJASRE.2018.32778

[8] G. Jimenez-Castillo, F. J. Munoz-Rodriguez, C. Rus-Casas, and P. Gmez-Vidal, “Improvements in performance analysis of photovoltaic systems: Array power
monitoring in PWM charge controllers,” Sensors, vol. 19, no. 9, p. 2150, 2019, doi: 10.3390/s19092150.

[9] R. A. Khan, S. A. Farooqui, M. H. Khan, M. Sarfraz, M. Lugman, and M. F. Khan, “Dust deposition on PV module and its characteristics,” in The Effects of Dust and
Heat on Photovoltaic Modules: Impacts and Solutions. Cham, Switzerland: Springer, 2022, pp. 59-95, doi: 10.1007/978-3-030-84522-6_4.

[10] P. Sivagami and N. M. Jothiswaroopan, “loT-based statistical performance improvement technique on the power output of the photovoltaic system,” J. Ambient Intell.
Humaniz. Comput., vol. 12, pp. 5029-5043, 2020, doi: 10.1007/s12652-020-02015-7.

[11] F. Ekinci, A. Yavuzdeger, H. Nazligiil, B. Esenboga, B. D. Mert, and T. Demirdelen, “Experimental investigation on solar PV panel dust cleaning with solution
method,” Sol. Energy, vol. 237, pp. 1-10, 2022, doi: 10.1016/j.solener.2022.03.002.

[12] M. N. Mohammed et al., “Design and development of pipeline inspection robot for crack and corrosion detection,” in Proc. IEEE Conf. Syst., Process Control (ICSPC),
2018, doi: 10.1109/SPC.2018.8704127.

[13] V. K. Karra et al, “Solar panel cleaning bot for enhancement of efficiency—An innovative approach,” in Proc. IEEE ICDCS, 2016, doi:
10.1109/ICDCSyst.2016.7570634.

[14] R. Roopak et al., “Solar panel automated cleaning (SPAC) system,” in Proc. IEEE ICETIETR, 2018, doi: 10.1109/ICETIETR.2018.8529032.

[15] P. S. Ramaprabha, R. Kumar, S. Jayanthi, and R. Kumar, “Automatic solar panel cleaner robot using IoT,” J. Phys.: Conf. Ser., vol. 1964, no. 6, p. 062084, 2020, doi:
10.1088/1742-6596/1964/6/062084.

[16] R. Jayaraman, D. S. Paritala, and J. Yerramsetti, “Design and implementation of automatic robot for floating solar panel cleaning using Al technique,” in Proc. IEEE
ICCCI, 2021, doi: 10.1109/ICCC150826.2021.940248.

Page 318



ITEGAM-JETIA, Manaus, v.12 n.59, p.312-319, May/June, 2026.

[17] Deepika, K., S. Divya, A. Hema, R. Meena, V. Deepika, and S. Saravanan. "Automatic Solar Panel Cleaning System." International Journal of New Innovations in
Engineering and Technology 22, no. 3 (2023): 62-66.

[18] O. Akyazi, E. Sahin, T. Ozsoy, and M. Algul, “A solar panel cleaning robot design and application,” Avrupa Bilim ve Teknoloji Dergisi, pp. 343-348, 2019.
doi:10.31590/ejosat.638291

[19] N. C. Alluraiah and P. Vijayapriya, “Optimization, design and feasibility analysis of a grid-integrated hybrid AC/DC microgrid system for rural electrification,” IEEE
Access, 2023, doi: 10.1109/ACCESS.2023.327 X XXX.

[20] D. P. Winston et al., “Experimental investigation on output power enhancement of partial shaded solar photovoltaic system,” Energy Sources, Part A, pp. 1-17, 2020,
doi: 10.1080/15567036.2020.1778012.

[21] B. Parrott et al., “Automated, robotic dry-cleaning of solar panels in Thuwal, Saudi Arabia using a silicone rubber brush,” Sol. Energy, vol. 171, pp. 526-533, 2018,
doi: 10.1016/j.solener.2018.06.050.

[22] M. F. Yaakub et al., “Prospective study of power generation from natural resources using hybrid system for remote area,” Indonesian J. Electr. Eng. Comput. Sci.,
vol. 18, no. 2, pp. 642-647, 2020, doi: 10.11591/ijeecs.v18.i2.pp642-647.

Page 319



