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Abstract 

Floor cleaning robots have emerged as an innovative 

solution to simplify the process of maintaining cleanliness in 

domestic and commercial environments. These autonomous 

robots utilize a combination of sensors, algorithms, and 

mechanical systems to navigate spaces, detect obstacles, and 

perform cleaning tasks efficiently. This paper explores the 

various technologies behind floor cleaning robots, including 

sensor fusion, path planning algorithms, and autonomous 

decision-making mechanisms. We also examine the key 

factors affecting their performance, such as battery life, 

cleaning efficiency, and adaptability to different types of 

floor surfaces. Additionally, the paper evaluates the 

environmental and economic impacts of these robots, 

highlighting their potential to reduce human labor and 

energy consumption. Future advancements, including AI 

integration, multi-surface adaptability, and enhanced user 

interaction, are also discussed, along with the challenges 

that remain in improving their performance in complex real-

world environments. The findings of this paper provide 

insights into the ongoing development of floor cleaning 

robots and their evolving role in smart home ecosystems. 

 

Keywords-   Automatic Floor Cleaning, ESP32, Ultrasonic 

Sensor, Obstacle Detection, IoT, Robotics. 

.   

I. INTRODUCTION 

• In recent years, floor cleaning robots have gained 

widespread popularity, revolutionizing the way we 

maintain cleanliness in both residential and 

commercial spaces. These autonomous machines, 

designed to navigate and clean floors with minimal 

human intervention, leverage advancements in 

robotics, artificial intelligence (AI), and sensor 

technology. With the increasing demand for 

convenience, time-saving solutions, and efficient 

cleaning methods, floor cleaning robots offer a 

compelling alternative to traditional cleaning methods. 

Their ability to autonomously map spaces, detect 

obstacles, and perform cleaning tasks with precision  
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has made them a significant innovation in the field of 

household and industrial automation.             

                                    

Floor cleaning robots are typically equipped with a range of 

sensors, including , ultrasonic, and optical sensors, enabling 

them to detect obstacles, avoid collisions, and even adapt to 

different floor types. They also incorporate algorithms for 

path planning and decision-making, allowing them to clean 

large areas systematically and efficiently. Despite the 

progress made, challenges such as battery life, cleaning 

coverage, and effective performance on different surfaces 

remain. Additionally, the integration of advanced 

technologies, such as machine learning and real-time 

mapping, continues to push the boundaries of what these 

robots can achieve. 

II. LITERATURE SURVEY  

       The development of floor cleaning robots has been the 

subject of significant research over the past two decades, 

driven by advancements in robotics, artificial intelligence 

(AI), and sensor technologies. Several studies have 

explored the design, performance, and optimization of 

these robots, addressing various challenges such as 

navigation, obstacle avoidance, energy efficiency, and 

multi-surface cleaning. 

Types of Surface Cleaning:-  

1. Navigation and Path Planning   

2. Sensor Technologies 

3. Cleaning Efficiency and Performance  

4. Battery Life and Energy Efficiency 

5. Multi-Surface and Multi-Functionality 

6. Artificial Intelligence and Machine Learning 

Integration 

7.     Commercial and Domestic Applications 

 

I. EXISTING STUDIES 

 

1. Design of Automatic Floor Cleaning Robots. 
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• Researchers have explored various 

robotic cleaning systems that integrate 

microcontrollers, sensors, and motorized 

cleaning mechanisms. 

• Studies indicate that automated floor 

cleaners significantly reduce human effort 

and improve cleaning efficiency. 

 

2. Obstacle Detection and Path Planning in Cleaning 

Robots 

• Research highlights the use of ultrasonic sensors 

and infrared sensors for real-time obstacle 

detection and autonomous navigation. 

• Adaptive algorithms like A pathfinding and PID 

control* have been tested to optimize cleaning 

routes. 

3.  ESP32 and IoT-Based Cleaning Robots 

• Several studies explore ESP32 microcontroller 

applications in cleaning robots, enhancing wireless 

communication, remote monitoring, and IoT 

integration. 

• Wi-Fi and Bluetooth-enabled robots are being 

developed for smart home automation. 

4.  Comparative Studies on Cleaning Mechanisms 

• Research compares vacuum-based, wet-mop, and 

dual-cleaning robots, showing that hybrid systems 

(like your project) are more efficient in diverse 

environments. 

• Studies recommend energy-efficient DC motors 

and optimized cleaning cycles to maximize 

performance. 

5. Development of Low-Cost Robotic Cleaners 

• Researchers are working on cost-effective robotic 

designs to make automated cleaning solutions 

more accessible. 

• Your system follows this approach by integrating 

affordable components like ESP32, L298N motor 

driver, and ultrasonic sensors. 

6.  Energy Optimization and Battery Efficiency in 

Cleaning Robots 

• Studies focus on power-efficient designs, ensuring 

robots can operate longer on a single charge. 

• PWM-based motor speed control is a common 

technique used to enhance energy efficiency. 

7. Real-World Implementations of Cleaning Robots 

• Companies like iRobot (Roomba) and Ecovacs 

have developed commercial robotic cleaners. 

• Academic research continues to improve 

efficiency, obstacle handling, and AI-based 

cleaning strategies 

 

II. OBJECTIVE 

 

1. Develop an Autonomous Cleaning System 

2. Implement Dual Cleaning Mechanism 

3. Utilize Smart Navigation and Obstacle Avoidance 

4. Enhance Cleaning Efficiency with Adaptive Path 

Planning 

5. Enhance Cleaning Efficiency with Adaptive Path 

Planning 

6. Enable Remote Control and Monitoring 

7. Develop a Cost-Effective and Scalable Design 

 

 

 

III. PROPOSED SOLUTION 

 

The proposed Automatic Floor Cleaning Robot is an 

advanced cleaning solution with both automatic and manual 

modes, controlled via a Bluetooth-enabled smartphone app. 

It features a dual cleaning mechanism for both wet and dry 

cleaning in a single unit. The ESP32 microcontroller 

processes real-time sensor data for efficient navigation. 

Ultrasonic sensors with a servo motor enable obstacle 

detection and avoidance. An adaptive path planning system 

ensures complete area coverage. DC motors with PWM 

control provide smooth and energy-efficient movement. 

The motor driver (L298N) controls navigation and cleaning 

functions. The system is cost-effective, scalable, and easy 

to upgrade. Future enhancements include Wi-Fi 

connectivity and AI-based path optimization. This smart 

cleaning robot is designed for homes, offices, and industrial 

applications. 

  I.V.  METHODOLOGY 

The Automatic Floor Cleaning Robot consists of an ESP32 

microcontroller, ultrasonic sensors for obstacle detection, 

DC motors for movement, and a mop system for cleaning. 

The system operates in two modes: automatic and manual, 

controlled via a Bluetooth-enabled mobile application. 

1.Hardware Components: 

   -ESP32 Microcontroller 

   - Ultrasonic Sensor 

   - DC Motors and Motor Driver 

   - Mop Mechanism 

   - Lithium-Ion Battery 

       

2.  Software Implementation: 

        - Arduino IDE for programming 

        - Bluetooth communication for remote control 

        - PID control for motor speed regulation 

 

 

III.  Flow Structure of the System 

 

In this Project first we initialize a ESP32 and L293D The 

robot starts by detecting obstacles with the ultrasonic sensor. 

If an obstacle is detected, the motors stop. If no obstacles 

are detected, the solar panel provides power to the ESP32 

Microcontroller. The Microcontroller then sends signals to 

the L293D Motor Driver and DC Motor to move the robot 

forward. The DC Motor moves the robot while the L293D 

Motor Driver controls the speed and direction. The cleaner 

motor is activated to clean the floor surface. If wet cleaning 

is needed, the ESP32 Microcontroller sends a signal to the 

Relay to activate the Pump for water spray. The process 

ends after completing the cleaning task. 

• Start  

• Ultrasonic sensor detects obstacle. 

• If obstacle detected, stop motors.  

http://www.ijsrem.com/
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• If obstacle not detected, continue to next step.  

•  Power to ESP32 Microcontroller. 

• ESP32 Microcontroller sends signals to L293D Motor 

Driver and DC Motor for movement. 

• DC Motor moves robot forward.  

• L293D Motor Driver controls speed and direction of DC 

Motor. 

 
 

                           Fig1: Flow Chart 

• Cleaner Motor activated to clean floor surface  

• If wet cleaning is needed, ESP32 Microcontroller sends 

signal to Relay to activate Pump for water spray 

 • End 

IV.  HARDWARE DESIGN 

The ultrasonic sensor detects obstacles in the path of the 

robot. If an obstacle is detected, the motors stop. If no 

obstacle is detected, the solar panel provides power to the 

ESP32 Microcontroller. The Microcontroller then sends 

signals to the L293D Motor Driver and DC Motor to move 

the robot forward. The DC motor moves the robot while the 

L293D Motor Driver controls the speed and direction. The 

cleaner motor is activated to clean the floor surface. If wet 

cleaning is needed, the ESP32 Microcontroller sends a 

signal to the Relay to activate the Pump for water spray. The 

mop attached to the robot is moistened with water from the  

container and cleans the floor surface. The external switches 

can turn the robot on and off. 

 

Fig2: Hardware Design 

V. SOFTWARE DESIGN 

In this project, we used Arduino IDE for operate the robot 

and implemented the microcontroller as shown in figure.The 

software for the robot is programmed using the Arduino 

IDE, which allows the user to write, upload, and run code on 

the Microcontroller. The IDE is used to write the code for 

the robot to control its movements, obstacle detection, and 

cleaning operations. The code is uploaded to the 

Microcontroller using a USB cable. The Arduino IDE is 

open-source software, which is used to write and upload 

code to the Arduino boards. The IDE application is suitable 

for different operating systems such as Windows, Mac OS 

X, and Linux. It supports the programming languages C and 

C++. Here, IDE stands for Integrated Development 

Environment. 

 

 

 

 
 

Fig3: Software Design 
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VI. RESULT 

The robot successfully cleaned the floor area, performing 

both wet and dry cleaning efficiently. It detected and 

avoided obstacles using ultrasonic sensors, adjusting its 

path smoothly. The battery lasted 2 hours per charge, with 

smart motor control improving power use by 15%. In 

manual mode, the robot could be controlled via Bluetooth 

within a 10-meter range, while in automatic mode, it 

cleaned a 15m² area in 10 minutes. It worked well on tiles, 

wooden floors, making it an easy-to-use and effective 

cleaning solution. 

 

 

Fig4: Result 

VII. CONCLUSION   

The Automatic Floor Cleaning Robot successfully 

demonstrates the integration of smart automation and 

robotics for efficient cleaning. By utilizing an ESP32 

microcontroller, ultrasonic sensors, and dual cleaning 

mechanisms, the system ensures autonomous and manual 

operation with real-time obstacle detection. The robot 

significantly reduces human effort, enhances cleaning 

efficiency, and provides a cost-effective alternative to 

traditional cleaning methods. With features like adaptive 

path planning and remote control via a Bluetooth app, it 

offers a practical and scalable solution for homes, offices, 

and industrial spaces. Future advancements, including AI-

based navigation, IoT connectivity, and self-charging 

mechanisms, will further enhance its performance and 

usability, making it a valuable innovation in smart cleaning 

technology. 

VIII.  FUTURE SCOPE   

The project can be enhanced with AI-based navigation for 

improved obstacle detection and smart path planning. IoT 

integration will enable remote monitoring and control via 

mobile apps and cloud storage. A self-charging mechanism 

with a docking station can ensure uninterrupted operation. 

Advanced sensors like LiDAR can enhance precision for 

better navigation. The system can be adapted for multi-

surface cleaning and industrial applications. Voice control 

and smart scheduling can improve user convenience. 

Future versions can incorporate water recycling for 

efficient wet cleaning and solar-powered charging for 

sustainability. 
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