CHAPTER ONE
GENERAL INTRODUCTION
1.1 BACKROUND TO THE STUDY
In the ever-evolving landscape of technology, the integration of robotics into our daily lives has become increasingly prevalent. One such application is the development of a robotic sweeper, a sophisticated autonomous system designed to streamline and enhance the process of floor cleaning. In recent years, the demand for automated cleaning solutions has grown significantly, driven by the need for more sustainable and cost-effective methods. Robotic sweepers represent a cutting-edge solution to this demand, leveraging sophisticated sensors, artificial intelligence, and advanced control systems to navigate and clean spaces effectively. These robotic devices are not only designed to improve the speed and precision of cleaning processes but also to adapt to diverse environments, ranging from homes and offices to public spaces and industrial facilities (Long, 2023).
Bala et al., (2020) claimed that, in the contemporary era, the intersection of robotics and everyday life has given rise to transformative innovations that streamline and enhance various aspects of human existence. One such application is the development of Robotics Sweepers, autonomous cleaning devices designed to revolutionize traditional floor maintenance. As societies progress towards embracing smart technologies, there is a growing need for intelligent solutions that not only alleviate the burden of manual tasks but also contribute to increased efficiency and cleanliness. 
The impetus behind this research lies in addressing the escalating demand for autonomous cleaning solutions in both domestic and commercial settings. Saleem et al., (2019) asserted that, the traditional cleaning methods often prove time-consuming and labor-intensive, necessitating a paradigm shift towards innovative technologies that can augment the efficiency and effectiveness of routine tasks. By harnessing the power of robotics, the Robotics Sweeper aims to redefine the cleaning landscape by offering a versatile and intelligent alternative. The integration of cutting-edge sensors, actuators, and control algorithms empowers the robot to navigate and clean spaces autonomously, adapting to the intricacies of diverse environments.
As the technological backbone of the Robotics Sweeper, sensors play a pivotal role in endowing the device with a heightened perception of its surroundings. LiDAR, cameras, and ultrasonic sensors work in concert to create a real-time map of the cleaning area, facilitating precise navigation and obstacle avoidance. This synthesis of sensor technologies not only ensures the safety of the robot in dynamic environments but also enhances its adaptability to varying surfaces and cluttered spaces. In addition to its navigational prowess, the Robotics Sweeper boasts a modular and adjustable sweeping mechanism, poised to address the diverse cleaning needs encountered in different scenarios. The versatility of this mechanism is central to the machine's effectiveness, allowing it to handle various types of debris and surfaces. A complementary suction system ensures the efficient collection and containment of swept debris, underscoring the holistic approach taken in designing a comprehensive cleaning solution. This multifaceted approach not only emphasizes the importance of adaptability in robotic systems but also sets the stage for the subsequent exploration of intelligent control algorithms that govern the Robotics Sweeper's actions (Adithya et al., 2021).
The design of a robotic sweeper involves a careful integration of various technologies to ensure optimal performance. Sensing technologies, such as cameras, lidar, and infrared sensors, play a crucial role in enabling the robot to perceive its surroundings and make informed decisions about navigation and cleaning paths. Additionally, the implementation of advanced algorithms for path planning and obstacle avoidance is fundamental in ensuring the robot's ability to navigate complex environments seamlessly. The integration of these technologies is a testament to the interdisciplinary nature of robotics, combining mechanical, electrical, and computer engineering principles to create a cohesive and efficient cleaning solution (Hung, 2020).
This project delves into the intricate process of designing and implementing a robotics sweeper, elucidating the amalgamation of advanced sensors, adaptable mechanisms, and intelligent algorithms that propel these machines into the forefront of automated cleaning technologies. This innovative solution aims to address the challenges associated with traditional cleaning methods, offering efficiency, precision, and a hands-free approach to maintenance. As the researchers delve into the design and implementation of a robotic sweeper, they embark on a journey to revolutionize the way we maintain cleanliness in both residential and commercial spaces.
1.2	STATEMENT OF THE PROBLEM
The conventional methods of floor cleaning often involve manual labor and time-consuming efforts, which may not be sustainable in today's fast-paced world. Additionally, these methods may not always provide the level of cleanliness and consistency desired, leading to the need for a more efficient and automated solution. The introduction of a robotic sweeper seeks to overcome these challenges, offering a reliable and autonomous alternative to manual cleaning. The primary problems the researchers aim to address include labor intensity, time inefficiency, and the inability to maintain a consistent level of cleanliness. By exploring the design and implementation of a robotic sweeper, we strive to create a solution that not only optimizes cleaning processes but also promotes sustainability and adaptability in various environments.
1.3    AIM AND OBJECTIVES OF THE STUDY
The aim of this project is to design and implement a robotics sweeper that serves as a highly efficient and autonomous cleaning solution for various environments. The objectives are to:
i. incorporate cutting-edge sensor technologies, such as LiDAR, cameras, and ultrasonic sensors for robotics sweeper to perceive its surroundings in real-time;
ii. develop a modular and adjustable sweeping mechanism that can accommodate different types of surfaces and debris; and
iii. implement an intelligent control algorithms to enhance the robotics sweeper's autonomy and adaptability. 
1.4     SIGNIFICANCE OF THE STUDY
This project contributes significantly to the field of automation by introducing a robotics sweeper that can alleviate the manual burden of floor cleaning. The significance lies in the potential to increase efficiency, reduce labor costs, and enhance overall cleanliness in both domestic and commercial spaces. By integrating state-of-the-art sensors, actuators, and control algorithms, the research contributes to the continuous evolution of robotics technology. The robotics sweeper serves as a testament to the practical applications of advanced robotics in addressing everyday challenges.  The study is significant in promoting sustainability and environmental consciousness. The robotics sweeper's efficiency in collecting and containing debris contributes to cleaner living and working spaces while potentially reducing the need for traditional cleaning methods that may involve chemical agents.
1.5 SCOPE OF THE STUDY
The project focuses on the design and implementation of a robotics sweeper that is  capable of efficiently cleaning a variety of surfaces, including but not limited to hardwood floors, carpets, tiles, and industrial floorings. The initial scope is directed towards indoor environments, encompassing residential homes, offices, and commercial spaces. The Robotics Sweeper is designed to navigate and clean within predefined boundaries, with future considerations for controlled outdoor spaces. This project explores the scope of user-friendly interfaces for programming and controlling the Robotics Sweeper. This includes features such as scheduling cleaning routines, monitoring the robot's status remotely, and easily adapting the cleaning parameters based on user preferences. The scope extends to the seamless integration of sensors, actuators, and control algorithms, emphasizing the need for a cohesive technological framework. The project addresses challenges related to sensor fusion, real-time data processing, and the synchronization of mechanical components for optimal performance.
1.6	ORGANIZATION OF THE REPORT
This is the overall organizational structure of the work as presented in this project. Chapter one of this project deals with the general introduction to the work in the project. It also entails the aim and objectives of the project, significance of the study, the scope and organization of the project. Chapter two presents with the literature review and discussion of related aspect of the project topic. Chapter three covers the methodology, the analysis of the existing system, description of the current procedure, problems of existing system (procedure) itemized, description of the proposed system and the basic advantages of the proposed robotic sweeper. Chapter four entails design, implementation and documentation of the system. The design involves the system design, output design form, input design form, database structure and the procedure of the system. The implementation involves the implementation techniques used in details, choice of programming language used and the hardware and software support. The documentation of the system involves the operation of the system and the maintenance of the system. Chapter five focuses on summary, conclusion and recommendation.


CHAPTER TWO
LITERATURE REVIEW
2.1	REVIEW OF RELATED WORKS
Long, (2023) designed a sweeping robot based on stm32 single chip microcomputer. The paper focused on the precise obstacle avoidance and highly sensitive execution of the sweeping robot, and designs a sweeping robot based on STM32 microcontroller. The infrared ranging and ultrasonic ranging are combined to achieve accurate data acquisition. When the measurement distance is relatively close, infrared ranging is used. Otherwise, the ultrasonic distance measurement is adopted. In addition, PID algorithm is used to speed up the response of the system, and the motion state of the sweeping robot is adjusted through prediction data to ensure the accuracy of STM32 execution. It provides reference for the development of sweeping robot industry.
Bala, et al., (2020) developed an automatic robotic vacuum cleaner. The work de-scribes the thoughts, ideas and the designs that came up with the result in a more convenient vacuum cleaner that is automated and most helpful to the current situation in today’s lives and also describes the development of a disc-shaped robot using Arduino micro- controller and a vacuum system using axial fan. The micro controller is programmed to move along a user-defined path. The robot is embedded with motor shield as well as a voltage regulator. The power supply to the robot is via a 12V rechargeable Li- polymer battery which is recharged using AC-DC adapter. When fully charged, the robot can run for 20-30 minutes. A single switch can be used to turned on or of the robot. The simulation for the robot is done using Coppelia Robotics software and vacuum analysis using ANSYS fluent v16.0. For vacuum, based on the standard specifications, the axial fan is modelled and a computational analysis is carried out to observe the physics of fluid flow. Finally, the results were obtained for turbulent flow conditions. The main aim of the work is to suggest a best and optimal design for a robotic vacuum cleaner. Further, the developed robot is affordable and suitable for Indian markets which cut down the labor work for cleaning the floor. The developed system can be used for household purposes and also plays a vital role in various industries.
Saleem, et al., (2020) implemented an intelligent dust cleaner robot for uneven and nonstructural environment. The paper represented the room cleaning robot which has map storage and wall following functionality and all this implemented using Arduino Uno. With the combination of sensor assembly, algorithm and the intelligent dust cleaner shape make him feasible and effective for all type of environments. It has much more benefits over conventional household vacuum cleaners such as there is no need of any person to clean the room, office etc and fulfilling the main purpose for cleaning the room automatically. In the last results show that this robot is saving much money and time for cleaning the rooms, offices, and so on.
Adithya, et al., (2022) developed an automatic cleaning and mopping robot. The main moto of the project is to make an affordable and suitable robot for the Indian users and factories. The development of the robot started with the design of a simple and most effective chassis for the robot which is a very important part as it has to carry all the weight on the robot. The electronics part where, the type of motor and its specification that should be used to run the bot, the sensors to be used, the microcontroller, the motor drivers, the wheels and other electronic components to be used on the robot are decided. Further, the assembling of the components will be done and finally testing and calibrating the device. A robot which is capable of efficient dust cleaning and moping of the floor of a given room is the main aim of the robot. It is aimed to make the robot economic and feasible for the economic class society. The target time of operation of the robot is one hour. The developed robot will be useful for the household application and industries. This helps to keep the workspace and house clean without the physical labor. Also, the device will clean the room with a single switch of button.
Joon and Kowalczyk, (2021) designed an autonomous mobile robot for cleaning in the environment with obstacles. The paper described the design and development of a cleaning robot, using adaptive manufacturing technology and its use with a control algorithm for which there is a stability proof. The authors’ goal was to fill the gap between theory and practical implementation based on available low-cost components. Adaptive manufacturing was chosen to cut down the cost of manufacturing the robot. Practical verification of the effectiveness of the control algorithm was achieved with the experiments. The robot comprised mainly three assemblies, a four-wheel-drive platform, a four degrees-of-freedom robotic arm, and a vacuum system. The inlet pipe of the vacuum system was attached to the end effector of the robotic arm, which makes the robot more flexible to clean uneven areas, such as skirting on floors. The robot was equipped with a LIDAR sensor and web camera, giving the opportunity to develop more complex methods. A low-level proportional–integral– derivative (PID) speed controller was implemented, and a high-level controller that uses artificial potential functions to generate repulsive components, which avoids collision with obstacles. Robot operating system (ROS) was installed in the robot’s on-board system. With the help of the ROS node, the high-level controller generates control signals for the low-level controller. 
Li, (2016) proposed the design of cleaning robot based on ARM microprocessor. The paper described the design of household intelligent cleaning robot, which is an innovative work of collegiate contest. The paper described the general structure of system, hardware circuit design and software program design. The robot can achieve autonomous movement, garbage cleaning, obstacle avoidance and other functions. It can work in the home, library, exhibition halls and other indoor environment. This design, which is applied to the training of electronic course group, not only cultivates the students' professional interest but also improves the students' engineering practice ability and innovation ability. The design has been successfully used in the electronic course group training of application-oriented universities.
Eren and Doğan (2022) implemented a cost effective vacuum cleaner robot. In the study, the design and production of a low-cost, high-performance vacuum cleaner robot that can be controlled by smartphones was presented. The autonomous robot moves around the obstacles, vacuums the dust from the floor, performs basic navigation and also it is manually controllable. Designing of a vacuum cleaner robot is divided into three parts which are the mechanical, electrical and software design. In the mechanical design; the robot chassis and cleaning system have been designed and realized. In the electrical design; the electrical components such as batteries, motors, drivers, sensors and microcontroller have been selected and the power system has been designed by considering electrical requirements. In the software design; an easy to use Android application for remote control has been created, autonomous algorithms such as random walk and snake algorithms have been designed. Remote controlling of the robot has been provided by using Bluetooth connection between the Raspberry Pi and Android smartphone.
Asafa, et al., (2021) developed of a vacuum cleaner robot. In the research, the researchers reported the development of a compact and efficient vacuum cleaner robot for potential office and home use. The developed robot is disk shaped, equipped with vacuuming and cleaning technology and controlled by Arduino mega microcontroller. It sucks dirt via a retractable dustbin on top of which a cooling fan is mounted, and two sweepers each driven by a 3 V DC motor. The robot navigates via two motor shield controlled rear wheels and a front caster wheel which also governs its turning. Four ultrasonic sensors, placed at 90 apart, detect obstacles and subsequently help the robot navigate. The robot is powered by 3 batteries (28.8 V DC), rechargeable via an embedded AC-DC adapter. It is 12 cm wide and 9 cm tall making it easy for maneuvering its environment. Because of the light weight battery, cardboard based dustbin and small blower used, its weight is about 1.5 kg. The total current consumed is 1102 mA. When fully charged, a 2200 mAh-capacity battery works continuously for two hours and cleans floor efficiently. With this capability, the device will be deployed for office and home use thereby making cleaning a fully autonomous duty.
2.2	REVIEW OF RELATED CONCEPTS
2.2.1 Manual Sweeping
Manual sweeping, a traditional and time-honored method of cleaning, involves the physical act of using a broom or similar tools to remove debris and dust from surfaces. This method has been employed across cultures and generations, serving as a fundamental means of maintaining cleanliness in both residential and commercial spaces. The simplicity and accessibility of manual sweeping make it a widely adopted practice, requiring minimal equipment and no dependency on external power sources.
The process of manual sweeping typically begins with the selection of a suitable broom or brush, often composed of natural or synthetic bristles designed to capture and move debris effectively. The sweeper then systematically moves the broom across the floor or surface, employing a combination of pushing and pulling motions to gather and consolidate the debris into a pile. This process demands physical effort and manual dexterity, relying on the sweeper's ability to navigate through different areas, corners, and edges. While manual sweeping is a straightforward and cost-effective cleaning method, its effectiveness can be influenced by factors such as the type of flooring and the size of the area being cleaned. It is particularly well-suited for smaller spaces and localized cleaning needs. Additionally, manual sweeping requires frequent disposal of the collected debris, adding an extra step to the overall cleaning process.
Despite the advent of automated cleaning technologies, manual sweeping continues to be a preferred method in many settings due to its simplicity, low cost, and the absence of reliance on electricity. However, its limitations in terms of efficiency, especially in larger areas, have led to the development and adoption of more automated and technologically advanced solutions to meet the evolving demands of modern cleaning practices (Adithya, Tejas, Varun, Prashanth, 2020).
2.2.2 Artificial Intelligence Overview
Artificial Intelligence (AI) is a branch of computer science that aims to create machines that are capable of intelligent behavior, simulating human cognitive functions such as learning, reasoning, problem-solving, perception, and language understanding. The fundamental goal of AI is to develop systems that can perform tasks that typically require human intelligence, providing solutions to complex problems across various domains. Machine learning, a subset of AI, plays a pivotal role in enabling systems to learn and improve from experience without explicit programming. Algorithms within machine learning allow computers to analyze vast datasets, identify patterns, and make predictions or decisions autonomously. Supervised learning involves training models on labeled data, while unsupervised learning involves learning from unlabeled data to uncover hidden patterns. Reinforcement learning is another paradigm where AI agents learn through interactions with an environment to maximize rewards.
The impact of AI spans a multitude of industries, revolutionizing sectors such as healthcare, finance, education, and manufacturing. In healthcare, AI is used for medical image analysis, drug discovery, and personalized treatment plans. Financial institutions utilize AI for fraud detection, risk assessment, and algorithmic trading. In education, AI-powered tools facilitate personalized learning experiences, and in manufacturing, AI enhances automation, predictive maintenance, and quality control. Ethical considerations, transparency, and responsible AI deployment are increasingly crucial as the technology continues to advance. Balancing innovation with ethical considerations ensures that AI systems contribute positively to society, addressing concerns related to bias, privacy, and the potential impact on employment. As AI continues to evolve, its transformative potential is undeniable, shaping the future of technology and human-machine interactions (Adithya, Tejas, Varun, Prashanth, 2021).
2.2.3 Overview of Robotics
Robotics, a multidisciplinary field at the intersection of computer science, engineering, and artificial intelligence, has evolved into a transformative force shaping the way humans interact with machines. At its core, robotics involves the design, construction, operation, and use of robots to perform tasks autonomously or under human control. These machines, often equipped with sensors, actuators, and sophisticated algorithms, are designed to emulate human or animal behaviors, ranging from simple repetitive tasks to complex decision-making processes. The diverse applications of robotics span across industries such as manufacturing, healthcare, exploration, defense, and service sectors.
The foundation of robotics lies in its ability to enhance efficiency and precision in various domains. In manufacturing, industrial robots have revolutionized production lines, automating repetitive tasks with speed and accuracy, thereby increasing productivity. In healthcare, surgical robots enable minimally invasive procedures, reducing patient recovery times and improving surgical outcomes. Robotics also plays a crucial role in exploration, with robotic rovers exploring distant planets and autonomous underwater vehicles mapping the ocean floor. Furthermore, in the service sector, robots are increasingly used in areas like logistics, hospitality, and agriculture, transforming the way tasks are accomplished.
The evolution of robotics is closely tied to advancements in artificial intelligence (AI) and machine learning. Modern robots are equipped with sophisticated sensors, allowing them to perceive and interact with their environment dynamically. AI algorithms enable robots to learn from experiences, adapt to changing conditions, and make intelligent decisions. Human-robot collaboration is a burgeoning area, where robots are designed to work alongside humans, enhancing productivity and safety. Despite the remarkable progress, challenges persist in robotics, including issues related to safety, ethical considerations, and the need for standardized interfaces. As robotics continues to advance, the integration of new technologies like soft robotics, swarm robotics, and biohybrid systems is expanding the capabilities of robotic systems. The future promises a deeper integration of robotics into everyday life, with applications ranging from household chores to personalized assistance, thereby ushering in an era where humans and robots coexist and collaborate seamlessly (Asafa, et al., 2021).
2.2.4 Robotic Sweeper
A robotic sweeper represents a groundbreaking advancement in household and commercial cleaning technology, embodying the marriage of robotics and automation to alleviate the tedious task of floor cleaning. This intelligent device is equipped with a myriad of sensors, including LiDAR, cameras, and ultrasonic sensors, allowing it to perceive its environment in real-time. The integration of these sensors enables the robotic sweeper to navigate spaces autonomously, creating a comprehensive map of the cleaning area and adapting its path dynamically to avoid obstacles. This level of autonomy not only enhances efficiency but also contributes to a hands-free cleaning experience, freeing users from the need for manual intervention.
The heart of the robotic sweeper lies in its versatile sweeping mechanism, which is meticulously designed to accommodate various surfaces and types of debris. This modular system ensures adaptability, making the robotic sweeper suitable for a range of environments, from hardwood floors to carpets. Complementing the sweeping mechanism is a robust suction system that efficiently collects and stores the swept debris, ensuring a thorough and effective cleaning process. This combination of advanced sensors and a versatile cleaning mechanism distinguishes the robotic sweeper as a sophisticated and efficient solution for maintaining clean living and working spaces.
The user experience is further enhanced by intelligent control algorithms that govern the actions of the robotic sweeper. These algorithms facilitate optimal cleaning route planning, dynamically adjust cleaning parameters based on surface types, and enable user-friendly programming. Users can schedule cleaning routines, monitor the robot's status remotely, and customize cleaning preferences, providing a seamless and customizable cleaning solution. The robotic sweeper, with its technological prowess and adaptability, represents a paradigm shift in the way we approach floor cleaning, promising not only enhanced convenience but also a glimpse into the future of smart and autonomous household appliances (Adithya, et al., 2021).
2.2.5 The System Composition of the Household Cleaning Robot 
Intelligent cleaning robot is mainly composed of four parts: the motion system, the sensor system, the control system and the cleaning system. Motion system is the important part of a cleaning robot, which determines the robot movement space and cleaning effect. Robot-driven design is two-wheel-drive, which can be divided into front and rear-wheel drive. The benefit of front-wheel drive is that steering performance is improved. While rear wheel is turning wheel, driving direction is easy to control and not prone to excessive steering, so that steering safety is improved. In order to avoid obstacles in cleaning route, the cleaning robot must use the sensing system to real-time monitor the position, status, movement environment, to ensure that the cleaning robot is in a normal operating state. The sensors systems of the robot are divided into internal sensors and external sensors. Internal sensors include rotary encoders and gyroscopes.
	 Rotary encoders can be used to calculate the robot's movement speed, acceleration, and its location. They can be used to judge the posture of cleaning robot (the angle between the direction of movement and the wheels). They make it easier to control movement. External sensors include visual sensors, ultrasonic sensors, infrared sensors, and proximity sensor. Visual sensors use CCD camera for robot visual navigation, positioning, target recognition and map construction. Ultrasonic sensors measure distance among obstacles in the working environment and make the map construction. Infrared sensors mostly use infrared proximity switches to detect obstacles in the working environment and avoiding collision. Proximity sensors are used for obstacle avoidance. Control system is the core part of the robot, which receives information passed by sensors system and other parts, and analyzes the information, so as to control the robot cleaning, moving, stopping, charging, and other functions. The control system makes the robots more intelligent. User can also press on the buttons of the robot to control the robot's behavior, such as cleaning time and charging time. 
	Control system uses microprocessor S3C44B0X to deal with the data for controlling the robot's movement speed, trajectory, work status, and so on. The robot cleaning work is done by the cleaning system, combining suction part and sweep part. The cleaning system uses the cleaning brush to sweep garbage to the chassis of the robot, then vacuuming junk inhaled garbage into the collector. Cleaning robot can also complete the work smoothly, although there is large garbage. When encountering failures, the robot will use warning lights to send warning. If the garbage collector is full of junk inside, the robot will automatically return to the starting location, waiting for people to pour out their trash (Asafa, et al., 2023).

