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Abstract: The Autonomous UV Sanitization Robot is designed to provide safe, efficient, and chemical-free 

disinfection of indoor spaces using UV light. This robot operates autonomously, leveraging AI-based object 

detection and sensor technology to ensure thorough sanitization while prioritizing human safety. It is 

equipped with ultrasonic sensors to detect obstacles in its path and infrared (IR) sensors to identify objects 

on its sides, enabling smooth navigation. A front-facing camera, integrated with an AI- powered detection 

model, monitors the environment to detect human presence. If a person is detected, the robot immediately 

stops and turns off the UV light to prevent harmful exposure. The robot operates in two modes: Autonomous 

Mode, where it navigates and sanitizes without human intervention, and Manual Mode, allowing user control 

via a Bluetooth module. This dual functionality ensures flexibility in operation across various environments. 

Ideal for hospitals, schools, offices, and public spaces, the robot reduces the risk of infection while 

minimizing human effort and exposure. By combining advanced sensing, AI-driven decision- making, and 

autonomous navigation, this project offers an intelligent and reliable solution for maintaining hygiene and 

promoting public. 

 

Index Terms - AI-based Object Detection, Autonomous Robot, UV Sanitization, Bluetooth Control, Dual 

Mode Operation. 

 

I. INTRODUCTION 

 

With the increasing need for effective sanitization solutions, the demand for automated and intelligent 

disinfection systems has grown significantly. Traditional cleaning methods require manual intervention, 

which may not always be efficient in eliminating harmful microorganisms. UV-based sanitization has 

emerged as a powerful technique due to its ability to destroy bacteria and viruses without the use of 

chemicals. However, direct human exposure to UV light can be hazardous, necessitating an automated 

system that ensures both safety and effectiveness. 

 

The Autonomous UV Sanitization Robot is designed to address this challenge by leveraging AI and sensor-

based navigation for efficient and safe disinfection. The robot moves autonomously, using an ultrasonic 

sensor to detect obstacles in front and infrared (IR) sensors to identify objects on its left and right sides. A 

front-facing camera, integrated with an AI-powered object detection model, helps recognize human 

presence. If a person is detected, the robot immediately stops and turns off the UV light, ensuring safety 

while continuing to navigate and sanitize when the area is clear. 
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This robot operates in two modes: autonomous mode, where it navigates and sanitizes using AI-based 

decision-making, and manual mode, where a user can control it remotely via a Bluetooth module. This dual 

functionality enhances flexibility, allowing it to operate independently in various environments while also 

providing manual control when needed. Its ability to avoid obstacles and detect humans ensures that it can 

work in dynamic spaces without causing harm or disruptions. 

Designed for use in hospitals, offices, schools, and public spaces, this robot minimizes human exposure to 

contaminated areas while improving sanitization efficiency. By combining AI-driven automation and 

robotics, this project provides an innovative solution to maintaining hygiene, reducing the spread of 

infections, and promoting a safer environment in high-risk areas. 

II. Literature Survey 

This study explores the effectiveness of UV-C light in eliminating harmful microorganisms, including 

bacteria and viruses, from surfaces. It demonstrates that UV-C at 254 nm wavelength can achieve up to 

99.99% disinfection in hospitals and public spaces. The research highlights the importance of controlled 

exposure time and intensity to ensure complete sterilization without material damage. It also emphasizes the 

need for human safety measures due to UV-C's harmful effects on skin and eyes.[1]. 

This paper discusses the integration of AI algorithms, such as YOLO and SSD, for real-time human detection 

in autonomous robots. It explains how AI models can accurately identify human presence using camera feeds 

and pre-trained datasets. The study shows that implementing AI-based detection ensures the robot halts UV 

light exposure when humans are nearby, enhancing safety without compromising efficiency.[2]. 

The study presents the use of ultrasonic and infrared sensors for obstacle detection and autonomous 

navigation in indoor environments. It explains how ultrasonic sensors detect objects based on sound wave 

reflections, while IR sensors identify objects using infrared light. The research concludes that combining 

both sensors allow for more precise path planning, reducing collision risks.[3]. 

This paper explores how Bluetooth modules, such as HC-05 and HC-06, facilitate wireless robot control. It 

describes the process of establishing a connection between a smartphone app and the robot's microcontroller, 

allowing users to navigate the robot manually. The study emphasizes the importance of dual-mode operation 

(autonomous and manual) for flexibility and user convenience.[4]. 

This research highlights the efficiency of the YOLO (You Only Look Once) model in real-time object 

detection tasks. It explains how YOLO divides images into grids and predicts bounding boxes with 

confidence scores. The study finds that YOLO outperforms traditional object detection models in speed and 

accuracy, making it ideal for AI-driven robots requiring quick decision- making.[5]. 

The paper investigates the role of microcontrollers, such as the ATMEGA328, in controlling robotic 

systems. It covers how microcontrollers process sensor inputs, manage motor movements, and control UV 

light via relay modules. The study concludes that microcontroller-based systems provide reliable, low-power 

solutions for autonomous robot operations.[6]. 

This study examines the potential hazards of UV light exposure and outlines safety mechanisms to protect 

humans. It recommends integrating AI-based detection systems to deactivate UV lamps when humans are 

present. The paper also suggests using UV- resistant materials in robot design to prevent long-term 

damage.[7]. 

The research explores power management strategies for autonomous robots, including battery optimization 

and energy-efficient components. It demonstrates that using 12V DC motors and lowpower microcontrollers 

extend operational time. The study highlights the importance of intelligent power distribution to balance 

performance and battery life.[8]. 
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This paper analyzes various navigation algorithms, including A*, Dijkstra, and dynamic path planning 

methods. It finds that real- time path correction using sensor feedback enhances robot efficiency. The 

research concludes that combining sensor-based navigation with AI decision- making ensures smooth 

movement in complex environments.[9]. 

This study investigates the use of relay modules to switch UV lamps on and off based on sensor and AI 

inputs. It shows that relays provide reliable electrical isolation, preventing malfunctions. The paper 

concludes that integrating relays with microcontrollers allows precise UV light control, enhancing both 

safety and efficiency.[10]. 

The paper examines how prolonged UV exposure affects different surface materials, including plastics, 

metals, and fabrics. It finds that UV-C light can cause discoloration and material degradation over time. The 

study recommends controlled UV exposure and regular maintenance to prevent damage.[11]. 

This study explores the deployment of UV-based sanitization robots in hospitals, clinics, and healthcare 

centers. It highlights the robots' role in reducing hospital-acquired infections (HAIs) by disinfecting high-

touch surfaces. The research concludes that autonomous sanitization robots improve hygiene while reducing 

the workload on cleaning staff.[12]. 

This paper proposes an autonomous UV-C disinfection robot that uses a real-time 2D irradiation map to plan 

efficient paths and adjust its speed based on UV dose. It ensures thorough disinfection by staying close to 

surfaces and stopping once the target dose is reached, outperforming other methods simulations.[13]. 

The paper discusses the development of a UV Sanitization Robot designed for autonomous floor 

sanitization, particularly in response to the COVID-19 pandemic. It focuses on using technology such as 

Arduino Uno and ultrasonic sensors to enhance disinfection processes in commercial spaces, aiming to 

minimize human contact and improve safety. The research emphasizes the role of robotics in improving 

sanitation efficiency and effectiveness.[14]. 

The document outlines the design and functionality of a UV-C disinfection robot, named UV-PAUS, which 

utilizes an Arduino Mega 2560 microcontroller for remote control via a mobile application. It features a 360-

degree rotating camera, traction motors, and UV-C tube lights for effective sanitization. The robot is 

powered by either a Switched Mode Power Supply (SMPS) or a lead- acid battery, ensuring portability and 

ease of use.[15]. 

III. Problem Identification 

 

Traditional sanitization methods require human effort and may not effectively eliminate harmful 

microorganisms, increasing the risk of infections. UV-based disinfection is effective but poses safety 

concerns due to potential human exposure. There is a need for an autonomous, AI-driven sanitization robot 

that can navigate safely, detect human presence, and disinfect areas efficiently without manual intervention. 

IV. Objectives 

 

Develop an autonomous navigation system to enable the robot to navigate independently using ultrasonic 

and IR sensors to avoid obstacles. Implement AI-based human detection using a camera with an AI model to 

detect human presence and turn off UV light for safety. Ensure efficient UV sanitization by utilizing UV 

light for effective disinfection while preventing human exposure. Integrate dual operation modes to allow 

both autonomous and manual control via a Bluetooth module for flexibility. 
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V. Methodology 

 

The disinfection robot is designed with an ATMEGA328 microcontroller at its core, handling crucial 

functions such as sensor data processing, motor control, and UV light activation. It integrates multiple 

sensors and modules to ensure efficient, autonomous operation. A Bluetooth module (HC-05) is incorporated 

to allow manual control via a smartphone or remote device when required. For navigation and obstacle 

detection, the robot is equipped with an ultrasonic sensor, which identifies objects in its path, while left and 

right IR sensors detect nearby obstacles, ensuring smooth and safe movement. 

 

To enhance its intelligence, the robot features a camera module mounted on the front, capturing Realtime 

video of its environment. The video feed is processed by an AI-powered object detection model (YOLO), 

which is optimized for human detection. The AI model plays a critical role in safety management—if a 

human presence is detected, the robot immediately halts operation and deactivates the UV light to prevent 

exposure risks. Conversely, if no humans are detected, the robot continues its disinfection process, ensuring 

thorough sanitization. 

 

The relay module governs the ON/OFF functionality of the UV lamp, responding dynamically to input from 

both the AI model and sensor array. This intelligent control mechanism ensures that the UV light operates 

only in human-free areas, preventing any accidental exposure. Additionally, the robot can function in two 

distinct modes: Autonomous Mode, where it navigates and sanitizes based on sensor and AI feedback, and 

Manual Mode, which grants users full control over movement via a Bluetooth connected device. 

 

Extensive testing is conducted across various environments, including hospitals, offices, schools, and public 

areas, to ensure effective human detection, obstacle avoidance, and smooth navigation. The AI model is 

optimized to provide fast and accurate object detection, significantly improving the robot’s response time and 

reliability. By combining automation, AI-driven intelligence, and UV sterilization, this robot serves as an 

efficient and safe disinfection solution, reducing the spread of infections in high-risk areas. 

A. Block Diagram 

 

 

Figure 1: Block diagram of Autonomous UV Sanitization Robot 
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B. Flowchart 
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Figure 2: Flowchart of Autonomous UV Sanitization Robot 

 

The functional workflow of the proposed autonomous UV disinfection robot is illustrated in flowchart The 

process begins with system initialization, where power is supplied to the microcontroller, and all necessary 

sensors and the camera module are activated. The AI-based YOLO object detection model processes the real- 

time video feed to identify human presence. If a human is detected, the robot immediately stops and waits 

until the area is clear. Once it confirms that no humans are present, it proceeds to the next step. If no human is 

detected initially, the robot then checks for any obstacles in its path. If obstacles are detected, the robot 

adjusts its route to avoid any collision. If the path is clear with no obstacles, it proceeds forward. Once the 

robot confirms that there are no humans or obstacles in its vicinity, it activates the UV light and continues its 

sanitization task. This flow ensures that the robot operates safely around people while effectively navigating 

and sanitizing its environment autonomously. 
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VI. Results 

 

 

Figure 3: Model of UV Sanitization Robot. 

 

 

 

Figure 4 & 5: AI-Based Human and Object Recognition System with and without Real - Time camera 

module. 
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Figure 6: Real-Time Obstacle and Human Detection in Robotics. 

 

The robot autonomously disinfects indoor spaces using UV light, ensuring safety through AI based human 

detection and sensor technology. Controlled by an ATMEGA328 microcontroller, it uses YOLO-based AI to 

detect humans, stopping the UV light when necessary. Ultrasonic and IR sensors help in real-time obstacle 

detection and avoidance. It operates in autonomous mode for self- navigation and manual mode via Bluetooth 

for remote control. Designed for hospitals, offices, and public spaces, the robot enhances safety and 

efficiency, reducing infection risks while minimizing human effort. 

VII. Applications 

 

Hospitals and Healthcare Facilities: UV disinfection robots are deployed in patient rooms, operation 

theatres, intensive care units (ICUs), and waiting areas to ensure a germ-free environment. They help in the 

reduction of hospital-acquired infections (HAIs) by targeting high-risk zones where manual cleaning might 

be insufficient. 

 

Offices and Workspaces: disinfection robots sanitize meeting rooms, workstations, and shared spaces 

without interrupting daily workflow. They ensure a safe and virus-free environment for employees, reducing 

absenteeism due to illnesses. 

 

Schools and Educational Institutions: The robots disinfect classrooms, libraries, laboratories, and 

restrooms after school hours. They help minimize the spread of infections among students, teachers, and 

staff. 

 

Public Spaces and Transportation: UV disinfection robots are highly effective in sanitizing airports, 

railway stations, shopping malls, and public restrooms. They can also be deployed in buses, metro trains, and 

subways to maintain hygiene in public transport systems. 

 

VIII. Conclusions 

 

The Autonomous UV Sanitization Robot is an innovative solution designed to enhance disinfection efficiency 

while ensuring human safety. By integrating AI-based object detection, sensor-driven navigation, and UV 

light technology, the robot can autonomously sanitize spaces without human intervention. The ability to 

detect human presence and turn off UV light prevents harmful exposure, making it a safe and reliable 

solution for various environments. 

 

With dual operation modes, the robot offers flexibility for both autonomous sanitization and manual control 

via Bluetooth, ensuring adaptability in different use cases. The combination of ultrasonic and IR sensors 

http://www.ijcrt.org/


www.ijcrt.org                                                            © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882 

IJCRTBE02033 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 243 
 

enables smooth navigation, allowing the robot to operate effectively without collisions. This project 

significantly reduces human exposure to contaminated areas, minimizes labor efforts, and improves overall 

hygiene standards. 

 

The expected outcome is a cost-effective, intelligent, and automated disinfection system suitable for hospitals, 

offices, schools, and public places. By leveraging AI and robotics, this project provides an efficient and 

scalable sanitization solution, contributing to a safer and healthier environment. 

IX. Future Scope 

The Autonomous UV Sanitization Robot has significant potential for future improvements and expansions. By 

integrating advanced technologies and optimizing existing features, the robot can become more efficient, 

intelligent, and adaptable for a wide range of applications. The key areas of future work include 

improvements in AI algorithms, sensor technology, power efficiency, network integration, safety 

compliance, and expanded applications. 

 

AI and Machine Learning Enhancements: Future work can enhance AI for better object detection and 

navigation. Machine learning will help the robot learn from experience and adapt to complex environments. 

 

Sensor Integration and Advanced Mapping: Adding sensors like LIDAR can improve mapping and 

navigation. Multi-sensor fusion will boost obstacle detection and smarter decision-making. 

 

Improved UV Sanitization Efficiency: Boosting UV-C power will speed up disinfection over larger areas. 

Modular designs offer scalability for different spaces. Future versions should focus on energy efficiency and 

explore solar power for sustainable, longer operation. 
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