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Abstract: The “Floor Cleaning Robot” utilizing the Arduino Uno is an innovative robotic system aimed at automating
floor cleaning processes, incorporating both dry and wet cleaning functionalities into a single design. This project focuses
on achieving autonomous navigation, obstacle detection, and efficient cleaning using cost-effective and user-friendly
technology. The system is built upon the Arduino Uno microcontroller board, integrating essential components such as
servo motors, DC motors, ultrasonic sensors, and the Motor Shield L298. The ultrasonic sensor enables obstacle detection,
while the Motor Shield 1.298 drives the DC motors under the control of the Arduino Uno, ensuring precise navigation and
cleaning efficiency. As households evolve toward greater automation, this robotic cleaner offers a practical solution for
simplifying cleaning tasks, blending functionality with affordability. Future enhancements aim to further optimize its
performance and adaptability.

Index Terms - Autonomous floor cleaning, Arduino microcontroller, wet and dry cleaning, robotics in home automation,
obstacle avoidance, ultrasonic sensors, motor shield integration, cost-effective technology, user-centric design, robotic
cleaning systems.

I. INTRODUCTION

The “Floor Cleaning Robot” powered by Arduino Uno is a modern solution to automate the time-consuming and labour-
intensive task of floor cleaning. Traditional manual cleaning methods demand considerable effort and are often inefficient.
This robot addresses these challenges by utilizing robotics and microcontroller technology to deliver an autonomous and
reliable cleaning system. Designed to be cost-effective, user-friendly, and efficient, the Floor Cleaning Robot is capable
of navigating various floor surfaces and performing cleaning tasks without human intervention. The Arduino Uno
microcontroller acts as the robot's core, enabling intelligent control of movement, obstacle detection, and activation of the
cleaning mechanism when necessary.

Automated floor-cleaning robots offer numerous benefits. They save time and energy, eliminating the need for manual
effort, and ensure consistent and thorough cleaning performance. These robots excel at reaching tight spaces and corners
that are often challenging for humans to access, making them an invaluable tool for home automation. The Arduino Uno,
a widely adopted open-source microcontroller platform, serves as the brain of this robotic system. It provides the
computational power and control required for executing cleaning tasks. Using the Arduino IDE, developers can program
advanced algorithms to optimize cleaning patterns and enable effective obstacle avoidance, enhancing the robot's
performance. This robotic system integrates several components, including DC motors for movement, sensors for
detecting obstacles, and a cleaning mechanism such as brushes or mops to efficiently remove dirt and debris. By
seamlessly combining these components, the Floor Cleaning Robot delivers a cohesive and autonomous cleaning
experience, simplifying household maintenance tasks.
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II. IMPORTANCE

This project aims to provide an accessible and versatile platform for individuals, households, and businesses seeking an
automated floor-cleaning solution. The “Floor Cleaning Robot”, powered by Arduino Uno, offers the flexibility to be
customized and expanded based on specific needs and preferences. Its modular design allows for future enhancements,
such as integrating additional sensors, implementing advanced algorithms, or incorporating wireless connectivity for
remote control and monitoring.

Floor cleaning is a significant and time-consuming task, often requiring dedicated personnel, which incurs additional
costs. As technology advances, homes and workplaces are becoming more automated and intelligent, offering enhanced
convenience. While traditional vacuum cleaners are widely available, they primarily operate manually and lack wet
cleaning capabilities. The primary objective of this project is to develop an autonomous floor-cleaning robot that
seamlessly integrates both dry and wet cleaning functionalities into a single system. This innovation simplifies cleaning
tasks, making it ideal for homes, schools, and offices.

By leveraging robotic technology, the project seeks to automate the cleaning process, significantly reducing the workload
on individuals. The robot is designed to be user-friendly, requiring only a basic understanding to operate, and engineered
to consume minimal power for efficient performance. This project lays the foundation for creating a system that combines
ease of use, cost-effectiveness, and adaptability, paving the way for more sophisticated and automated cleaning solutions
in the future.

III. METHODOLOGY

The development of the “Floor Cleaning Robot” using Arduino Uno follows a structured methodology to ensure a
functional, efficient, and user-friendly system. The procedure comprises the following essential stages:

Defining Objectives: The development process begins with defining the requirements and objectives of the Floor Cleaning
Robot. This involves understanding the cleaning area, selecting the appropriate cleaning mechanism (such as brushes or
mops), and determining the level of obstacle detection and autonomy required. Additional features and functionalities are
also identified based on user needs and project goals.

Literature Review and Planning: A comprehensive literature survey is conducted to gather insights from existing floor-
cleaning robots and Arduino-based projects. This research provides valuable information on system designs, algorithms,
and challenges. Based on these findings, the system architecture is planned, hardware components are selected, and
software requirements are outlined to create a robust and efficient system.

Assembly of Hardware: Sensors such as ultrasonic or infrared are integrated to enhance the robot's ability to detect
obstacles and navigate effectively. These sensors are connected to the Arduino Uno board with precise wiring to ensure
reliable data transmission. Custom code is written to read sensor outputs and interpret the data for navigation and obstacle
avoidance.

Integration of Sensors: The hardware components are assembled to create the physical structure of the robot. The Arduino
Uno board serves as the primary control unit, while DC motors enable movement and cleaning mechanisms like brushes
or mops perform the cleaning tasks. A power supply is integrated to provide energy for the system, and sensors are installed
for obstacle detection and navigation. Manufacturer guidelines and wiring diagrams are followed to ensure safe and proper
assembly of the components.

Coding and Programming: Programming forms the core of the robot’s functionality. The code is developed to manage
various aspects, including motor control, sensor readings, and the activation of the cleaning mechanism. Algorithms for
autonomous navigation, obstacle avoidance, and efficient cleaning patterns are implemented to achieve optimal
performance. The programming is done using the Arduino IDE, enabling the robot to operate as intended.
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Testing and Troubleshooting: Once the hardware and software are integrated, the robot undergoes rigorous testing to
ensure its functionality. This includes evaluating navigation algorithms, obstacle detection accuracy, and the performance
of the cleaning mechanism. Any issues identified during testing are resolved through debugging the code or making
adjustments to the hardware configuration. This iterative process ensures a stable and reliable system.

System Performance Analysis: The final step involves evaluating the overall performance of the robot. Key parameters
such as cleaning efficiency, coverage area, obstacle avoidance accuracy, battery life, and user-friendliness are measured.
The results are compared against the initial requirements, and any necessary improvements or optimizations are
implemented to enhance the robot’s performance and usability.

Components and parts:
The development of a floor cleaning robot using Arduino Uno incorporates the use of the following components and parts:

Arduino UNQ: The Arduino UNO is the primary microcontroller used in the robot, managing all operations by processing
inputs from sensors and controlling outputs to motors and other components. Its flexibility and ease of programming make
it ideal for coordinating real-time tasks.

Figl. Arduino Uno

Ultrasonic sensors: Ultrasonic sensors are used for obstacle detection, measuring distances by emitting ultrasonic waves
and analyzing their echoes. They enable the robot to navigate and avoid collisions autonomously.

2-channel relay module: The 2-channel relay module controls high-power devices like the vacuum cleaner and mopping
system by acting as an electrical switch. It ensures safe operation by isolating the low-power Arduino from high-power
components.

Fig2. Relay Module

3.5 RPM DC geared motors: 3.5 RPM DC geared motors provide the necessary torque and controlled speed to drive the
robot. Their low speed and high torque are ideal for carrying the robot's load and maintaining stability during operation.
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Vacuum cleaner: The vacuum cleaner is responsible for collecting dust and debris using a suction mechanism. Its compact
design ensures effective cleaning while seamlessly integrating into the robot's structure.

Motor driver shield (L.293D): The motor driver shield (L293D) enables the robot to control the direction and speed of
the DC motors. It acts as an intermediary, providing the required power and signal to the motors for smooth movement.

Fig3. Motor Driver

Mopping system: The mopping system enhances cleaning by wetting and scrubbing the floor after vacuuming. It uses a
water-dispensing mechanism and motorized pads to ensure thorough and hygienic floor cleaning.

Bluetooth module APK: The Bluetooth module APK enables wireless communication between the robot and a
smartphone application. This feature enables users to remotely control the robot's movements and functions conveniently.

IV. RESEARCH IMPLEMENTATION

The implementation of a floor-cleaning robot using an Arduino Uno involves several steps and considerations. Here is a
summary of the procedure:

In this project, we developed a floor-cleaning robot utilizing an Arduino Uno and ultrasonic sensors.

1. The system primarily uses a motor driver shield that works in conjunction with the Arduino Uno, which
is connected to an ultrasonic sensor and a servo motor. The motor driver shield controls the DC motors, enabling
their operation.

2. All the circuits and components are mounted on a chassis constructed from cardboard. When the
ultrasonic sensor detects an object, it sends signals to the motor driver shield, which directs the DC motors to
move the robot forward, backward, right, or left.

3. A 12V battery is connected to power the entire circuit, while an additional 9V battery is dedicated to
operating the vacuum pump for the DC motor.

4. To start the system, the robot needs to be connected via Bluetooth. There is an APK (Android application)
that allows the robot to connect with a mobile device. A switch is provided to establish the Bluetooth connection,
enabling the robot to start moving and initiate all processes.
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The methodology for building the floor-cleaning robot included meticulous planning, assembling hardware, integrating
sensors, programming, calibration, testing, and evaluating performance. Each component was systematically
incorporated, and the software was developed to ensure the robot operates seamlessly and efficiently.

V. RESULTS AND DISCUSSION

In this project, we developed a self-cleaning robot using Arduino Uno, capable of performing partial water cleaning and
functioning as a manual vacuum cleaner. The system operates with two separate batteries: one dedicated to powering the
robot's control system and another exclusively for the vacuum cleaner module.

Output:
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Fig-5 1) Output

Additionally, the robot features a Bluetooth module and APK, enabling wireless connectivity for ease of operation.

1 3

Fig - 6 ii) Output

The performance of the floor cleaning robot was assessed using specific criteria, including cleaning efficiency, coverage
area, obstacle avoidance capabilities, and battery longevity. The robot exhibited satisfactory results by autonomously
navigating the cleaning environment, successfully avoiding obstacles, and effectively executing the cleaning tasks.

VI. CONCLUSION

To summarize, the creation of a floor-cleaning robot utilizing Arduino Uno demonstrates a viable approach to automating
and streamlining floor cleaning tasks. By integrating various components such as DC motors, cleaning systems, obstacle
detection sensors, wireless connectivity (via a Bluetooth module APK), and navigation algorithms, the robot efficiently
covers the cleaning area, avoids obstacles, and executes its cleaning functions effectively.

Additionally, the project highlighted areas for future improvements, including advanced mapping and navigation systems,
smarter sensors, machine learning integration, automated charging and docking systems, enhanced cleaning technologies,
and greater energy efficiency.

In essence, the floor-cleaning robot developed with Arduino Uno underscores the practicality and potential of automated
cleaning solutions. This project lays the groundwork for further advancements in robotic floor cleaning, aiming to achieve
smarter, more efficient, and user-friendly systems for maintaining hygiene and cleanliness in diverse settings.

VII. FUTURE SCOPE

Currently, the developed floor-cleaning robot is a prototype with certain limitations, such as difficulty navigating uneven
or unstable surfaces. To overcome these challenges, upgrades like improved tire designs and more robust chassis materials
can be implemented. Additionally, incorporating an IR sensor would allow the robot to stabilize itself if it tips over or to
notify the user in case of operational issues.

The floor-cleaning robot based on Arduino Uno offers numerous possibilities for future advancements and improvements.
Key areas for future scope include:

Mapping and Navigation:
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Employing advanced techniques for mapping and navigation can enhance the robot's ability to clean the entire floor area
systematically. This may include the use of mapping algorithms to generate a digital representation of the surroundings
and path optimization strategies to plan efficient cleaning routes while considering obstacles and furniture.

Smart Sensors:

Incorporating sophisticated sensors such as cameras or depth detectors can enhance the robot’s environmental awareness.
These sensors can facilitate object recognition, identify areas needing intensive cleaning, and ensure the robot avoids
delicate objects or furniture.

Machine Learning and Al:

Implementing machine learning algorithms can enable the robot to adapt to different flooring types, cleaning routines,
and user preferences. Over time, this can lead to increased efficiency and enhanced cleaning performance.

Automatic Charging and Docking:

Adding automated charging and docking features will allow the robot to return to its charging station independently when
the battery level is low, ensuring continuous operation without manual intervention.

Enhanced Cleaning Mechanisms:

Introducing advanced cleaning technologies, such as microfiber materials or specialized brushes, can improve the robot's
ability to clean various floor surfaces effectively.

Edge Detection and Wall Following:

Using edge detection and wall-following algorithms can help the robot clean along edges and corners more efficiently,
ensuring a thorough cleaning process.

Voice Command and Smart Integration:

Including voice command functionality would enable users to operate the robot through voice instructions, improving
convenience and usability.

Multi-Area Navigation:

Developing methods for multi-area navigation can expand the robot’s cleaning capabilities to cover multiple rooms or
zones seamlessly.

Energy Efficiency and Sustainability:

Enhancing the robot’s energy efficiency and exploring eco-friendly power sources, such as solar energy or energy
harvesting technologies, can contribute to its sustainability and environmental friendliness.

These future advancements aim to improve the overall functionality, effectiveness, and user experience of the Arduino
Uno-based floor-cleaning robot, making it a smarter, more versatile, and highly efficient cleaning solution.
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