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Abstract  
Traditional disinfection methods, often reliant on manual labor, are not only time-

consuming but also pose health risks to the workers involved. Robots, on the other hand, 

offer a more efficient and safer alternative. This paper discusses the development and 

applications of AI-based autonomous UV disinfection robots, highlighting their 

opportunities in improving pandemic response and maintaining hygiene standards. 

These robots use ultraviolet (UV) light for its germicidal properties to mitigate the 

spread of pathogens. Firstly, the study discussed how the integration of AI in 

disinfection robots enables autonomous navigation, real-time environmental analysis, 

and operational adaptability, which, along with sensor-driven AI algorithms, allows the 

robots to maneuver effectively in varied environments, avoiding obstacles and human 

presence for efficient and thorough disinfection. The core of their functionality lies in 

the UV disinfection technology for pathogen reduction. These disinfection robots can 

adapt in real-time to environmental changes, optimizing the disinfection process, and 

are equipped with data analysis and reporting tools to assist in facility management and 

maintain hygiene standards. They follow safety through automatic shutoff to prevent 

human UV exposure, activating when people are detected. Secondly, the study explores 

the deployment of these robots in diverse settings, including healthcare facilities, public 

transportation, educational institutions, commercial spaces, and industrial 

environments. Their role in these sectors is important in mitigating healthcare-

associated infections and maintaining high hygiene standards during pandemics. The 

research identifies several benefits, including increased efficiency, reduced infection 

risks, and minimal human intervention. Challenges such as high initial costs, technical 

limitations, and potential human job displacement are also discussed. This study argued 

that the future applications of UV disinfection robotics extend far beyond the current 

focus on COVID-19. UV robots could be vital in public health strategies against both 

current and emerging infectious diseases by enhancing disinfection protocols in 

healthcare and public spaces. 
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 Introduction  
The persistent nature of the COVID-19 pandemic has underscored the urgent need for 

effective disinfection methods. This necessity is not just about controlling the spread of 

the virus but also about ensuring the continuity of essential work and the maintenance 

of socioeconomic functions. The escalation of epidemics such as Ebola, SARS, and 

COVID-19 has brought to light the critical role that robots can play in disinfection 

processes. These diseases, predominantly spreading through respiratory droplets during 

close human contact, pose a significant challenge to public health systems worldwide. 

Traditional disinfection methods, which usually depend on manual labor, are not only 

time-consuming but also carry significant health risks for the individuals involved. 

These methods, often involving the use of harsh chemicals or prolonged exposure to 

potentially harmful environments, can pose a variety of health risks, ranging from 

respiratory issues to skin irritation. In contrast, the use of robots for disinfection presents 

a more efficient and safer alternative. These automated systems can operate with 

minimal human intervention, significantly reducing the time and labor required for 

disinfection tasks. Moreover, robots eliminate the direct exposure of workers to harmful 

chemicals or environments, thereby enhancing safety. This shift towards robotic 

disinfection methods represents a significant advancement in maintaining clean and 

safe environments in settings where hygiene is paramount. They can be deployed in 

various environments – from hospitals and public spaces to manufacturing facilities – 

to carry out disinfection tasks with high precision and minimal human intervention. 

This technological shift towards automated disinfection processes is driven by the need 

to minimize human exposure to pathogens while maintaining high standards of 

cleanliness and hygiene. 

The impact of COVID-19 on the manufacturing sector and the global economy has been 

profound and far-reaching, further highlighting the need for automated and reliable 

disinfection procedures. Manufacturing facilities, which often involve close-quarters 

work and the handling of shared equipment, have been particularly vulnerable to the 

spread of the virus. This has necessitated the implementation of stringent disinfection 

protocols to ensure worker safety and prevent operational disruptions. The introduction 

of robotic disinfection systems in these settings offers a dual benefit: it not only reduces 

the risk of virus transmission among the workforce but also enhances the efficiency and 

effectiveness of the cleaning processes. These systems, equipped with advanced 

technologies like UV-C light, electrostatic sprayers, and autonomous navigation, can 

cover large areas swiftly and thoroughly, ensuring a higher level of disinfection than 

manual methods. Moreover, the use of robots for disinfection tasks in the manufacturing 

sector is a step towards more resilient and adaptable operational frameworks. It 

represents a shift in strategy that not only addresses the immediate challenges posed by 

the pandemic but also prepares industries for future public health crises by embedding 

automation and innovation into their core operational processes. 
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The traditional approach of manual disinfection has its drawbacks, primarily the need 

for workforce mobilization which increases the exposure risk to cleaning personnel. In 

contrast, autonomous or remote-controlled disinfection robots offer a more efficient and 

safer alternative. These robots can rapidly and effectively disinfect large areas without 

direct human involvement, significantly reducing the risk of virus transmission. The 

development of such robots is not just about their disinfecting capabilities but also 

involves innovations in intelligent navigation and algorithms capable of identifying 

high-risk [1], high-touch areas. Integrating these robots into broader preventative 

measures against infectious diseases can significantly bolster our ability to control and 

prevent their spread. The application of such advanced technologies in public health 

responses not only addresses current challenges posed by pandemics like COVID-19 

but also sets a precedent for future preparedness, underscoring the importance of 

technological innovation in bolstering public health infrastructure. 

Table 1. Current UV disinfection robots, their manufacturers, and key parameters 

Robot Name Manufacturer Key Parameters 

SIFROBOT-6.53 SIFSOF Chassis: 635x486x1530 mm, Weight: 45 kg, Battery: 24V/40Ah, 

Charging Time: ≤2h 

SIFROBOT-6.57 SIFSOF Chassis: 410x410x1355 mm, Weight: 33 kg, Battery: 24V/30Ah, 

Charging Time: ≤4h 

SIFROBOT-6.54 SIFSOF Capacity: 15L, Mist Density: 1500ml/h, Area: 60-120 ㎡, UV Intensity: 

117UW/CM² 

1140 Sentry 

UVC 

Skytron Single Emitter System, Portable, Mobile 

LightStrike™ Xenex Mobile, Training and Disinfection Target Analysis 

Puductor 2 Pudu Technology Coverage Area: 20 m², UV and Air Disinfection 

UV200S BooCax Technology Mobile Platform, Professional UV Disinfection Module 

SEIT-UV Milvus Robotics Mobile, Automated, Programmable, Human Detection Safety Feature 

THOR UVC UVD Robots ApS Mobile, Unique Room Mapping System 

HUSKY UV TAME-CARE Premises Disinfection, Developed by E-Cobot and Tame-Care 

Techi Techmetics Dimensions: 25x29x66 in, Battery: 13h movement/3.5h UV, Screen 

Interface 

Smart Shenzhen EAI Tech Automatic, UV Disinfection, Intelligent Obstacle Avoidance 

DiSiRt ACCREA 

Engineering 

Automated, Germicidal Lamp, UV-C Light Disinfection 

DR1001 Bioteke Corporation Flow: 0.3-0.8 m³/s, Area: 100-5000 m², Width: 40-50 cm, Microbial 

Disinfection Function 

 

A prominent issue in Classical Ultraviolet Germicidal Irradiation (UVGI) systems is 

'shadowing', where UV radiation is obstructed by objects, leaving pathogens in 

shadowed areas untouched [2]. This limitation is partly addressed by reflecting UV rays 

for indirect disinfection or manually repositioning the UV source. However, these 

solutions are not fully effective and add to the workload. Another significant limitation 

is the 'pathogen coating' problem. Pathogens enveloped in mediums like respiratory 

droplets or aerosols can partially block UV radiation, reducing the efficacy of the 

disinfection process. Although this can be mitigated by using multiple UV sources or 

reflective materials for more uniform illumination, it adds complexity to the process. 

Furthermore, logistical challenges and costs are considerable barriers. The need for 

emptying rooms, displaying safety signs, and constant monitoring, along with the 
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manual operation and scheduling of UV fixtures, adds to the labor intensity and cost of 

these systems. These systems cannot be used in the presence of humans, necessitating 

additional safety measures and creating logistical issues in scheduling and operating the 

equipment. In response to these limitations, the integration of UV robots presents a 

promising advancement. These mobile or autonomous systems offer a level of 

autonomy that significantly reduces the labor and complexity involved in traditional 

UVGI methods. UV robots can navigate and adjust their position autonomously to 

ensure maximum exposure of UV light to all surfaces, effectively addressing the 

shadowing issue. Moreover, their ability to operate independently means that they can 

work in environments without human presence, circumventing the need for manual 

maneuvering and monitoring. This not only makes the disinfection process more 

efficient but also safer, as it minimizes human exposure to UV radiation. Furthermore, 

these robots can be monitored and controlled remotely through tablets and apps, 

providing real-time updates on the disinfection status and allowing for immediate 

troubleshooting. This technological integration streamlines the disinfection process, 

making it more efficient and less dependent on human intervention.  

 
Figure 1. Autonomous UVC Disinfection Robot (SIFROBOT-6.53.) To ensure safety, the robot's body 

includes a human body detection module. During operation, the ultraviolet light automatically shuts off 

upon detecting a human presence, preventing harm to people. 

Source: Manufacturer’s site: https://sifsof.com/  

 

Coronaviruses have been shown to survive on inanimate surfaces like metal, glass, or 

plastic for extended periods, sometimes spanning several days. This persistence raises 

serious concerns in environments with high human interaction, such as in hospitals 

where the risk of cross-contamination is significant. To address this, UV light devices, 

such as pulsed xenon ultraviolet (PX-UV), have been increasingly utilized. These 

https://sifsof.com/
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devices have demonstrated considerable effectiveness in reducing pathogen loads on 

high-touch surfaces in healthcare settings. The advantage of using UV light for 

disinfection lies in its ability to deactivate a wide range of microorganisms, including 

bacteria and viruses, without the need for chemical disinfectants. 

These robots, manufactured by companies like SIFSOF, Skytron, and Pudu 

Technology, offer solutions for disinfection through UV irradiation as shown in table 

1. Equipped with features like mobile platforms, programmable settings, and automated 

systems, these robots can efficiently disinfect large areas, reducing the risk of infection 

and cross-contamination. Some models, such as the SIFROBOT series and the 

LightStrike™, are specifically designed for medical environments, where they can play 

a crucial role in ensuring sterile conditions. There are distinct features and capabilities 

tailored to different usage requirements. For example, the SIFROBOT-6.53, with its 

larger chassis and robust battery, is suited for extended operations in expansive areas, 

making it ideal for large healthcare facilities. In contrast, the smaller SIFROBOT-6.57, 

with its compact design and quicker charging time, is more suitable for smaller spaces 

or quicker deployment scenarios. 

Table 2. four categories of UV light sources and their characteristics 

UV Light Source 

Category 

Brief Description 

Mercury Gas 

Discharge Lamps 

Contains plasma and mercury in a glass body, emitting UV light when excited by 

high voltage. Includes low-pressure and medium-pressure types, with varying 

emission spectra. 

UVC Light-Emitting 

Diodes (LEDs) 

Small semiconductor devices, often using Aluminum Gallium Nitride, producing 

monochromatic light in the UVC range. Capable of combining multiple UV 

wavelengths. 

Pulsed Xenon Arc 

Lamps (PXL) 

Release UV light in intense, short pulses. Uses xenon gas to emit a wide UV spectrum 

and visible light, serving as a mercury-free option. 

Excimer Lamps Generate UV radiation through excited gas complexes, with examples including far-

UVC lamps using a krypton–chlorine gas mixture, emitting a single wavelength. 

 

Additionally, some robots offer specialized features: the Puductor 2 and the UV200S 

incorporate air disinfection capabilities, broadening their application beyond surface 

disinfection. The SEIT-UV and THOR UVC models emphasize safety with human 

detection features, automatically disengaging UV-C light in the presence of people, 

making them a safer choice in environments with regular human activity. 

Table 3. applications of UVGI (Ultraviolet Germicidal Irradiation) systems in the disinfection of air, surfaces, 

water, and food 

Application 

Area 

Description 

Air 

Purification 

In-duct UV systems with arrays of UV bulbs are installed in air ventilation ducts to inactivate 

pathogens in moving air streams. Upper room UV systems disinfect bio-aerosols by creating 

a zone of germicidal irradiation in the upper region of rooms. 

Surface 

Disinfection 

Target surfaces are exposed to UV doses for sterilization. This includes the use of portable 

disinfection UV devices or overhead UV fixtures in equipment and rooms. 

Water 

Disinfection 

UV chambers, where water is irradiated, are integrated into water purification systems. 

Food Safety UV irradiation is used for inactivation of pathogens in various food products, mainly to 

enhance the shelf life of liquid foods, fruits, and vegetables. 
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Key Features of AI-based Autonomous UV Disinfection Robots 

1. Autonomous Navigation 

The current state of technology in UV disinfection robot navigation is blend of 

established robotic navigation principles and the specific requirements of UV 

disinfection tasks. These robots are designed to navigate autonomously while emitting 

ultraviolet light to disinfect surfaces and air. The navigation system of these robots 

determines their effectiveness in covering all necessary areas without human 

intervention. 

Navigation, fundamentally, involves charting an efficient path from a start to an 

endpoint within a 2D or 3D space, while avoiding obstacles. To achieve this, an 

integration of various algorithms has been a prominent strategy globally. The 

cornerstone of traditional navigation systems is the Simultaneous Localization and 

Mapping (SLAM) framework [3], [4]. SLAM is used in mapping uncharted 

environments and aiding the robot's localization within these maps. Once the 

environment is mapped and the robot's location is established, a path planning module 

guides the robot towards its destination. Two primary types emerge: visual SLAM and 

laser SLAM. Visual SLAM, which relies on extracting features from images, employs 

multi-view geometry theory to estimate the pose of the robot and the camera, 

subsequently building an obstacle map [5], [6]. This approach faces significant hurdles, 

including the design of effective image features and the algorithm's potential failure 

under certain conditions such as object movement, changes in camera parameters, 

shifting illumination, or environments lacking texture. In contrast, laser SLAM uses 

dense laser ranging results to construct obstacle maps. Tools like GMapping and Hector 

SLAM are prominent in this field. The main challenges here include the time-intensive 

process of establishing and updating obstacle maps and the reliance on the accuracy of 

dense laser sensors [7]. 

Table 4 key aspects of Visual SLAM and Laser SLAM algorithms 

SLAM 

Type 

Approach and Methodology Main Challenges Classical 

Methods/Tools 

Visual 

SLAM 

Extracts artificial image features, uses 

multi-view geometry for robot and 

camera pose estimation, builds obstacle 

maps 

Designing effective image features, 

failure due to object movement, 

camera parameter changes, 

illumination changes, texture-

lacking environments 

LSD-SLAM, 

ORB-SLAM 

Laser 

SLAM 

Constructs obstacle maps based on dense 

laser ranging results 

Time-consuming map establishment 

and update, need for dense laser 

sensor for accuracy 

GMapping, 

Hector SLAM 

 

In UV disinfection robots, SLAM helps in creating a detailed map of the environment, 

allowing the robot to orient itself and plan its routes. The technology has seen 

significant advancements in recent years, with improvements in sensor accuracy and 

the ability to handle dynamic changes in the environment. For instance, robots equipped 

with lidar sensors can effectively detect and avoid obstacles, ensuring thorough 



 
 

(IJAHA) Volume-7 

 
 

P a g e  | 7              
 International Journal of Applied Health Care Analytics 

coverage of the area. However, these systems still face challenges in environments with 

reflective surfaces or varying light conditions, which are common in medical and public 

settings. Additionally, the need for continuous updating of the map to account for 

changes in the environment remains a technical hurdle. 

Efficient path planning ensures that the robot covers every part of the designated area 

without unnecessary repetition, maximizing disinfection efficacy and minimizing time 

and energy consumption. Recent developments in this area include the integration of 

AI and machine learning algorithms to improve the adaptability and efficiency of path 

planning. These advancements allow robots to learn from their environment and 

previous routes, enhancing their ability to navigate complex spaces. However, the 

challenge of balancing thorough coverage with efficient path planning remains, 

particularly in dynamic environments where obstacles and room layouts may change 

frequently. 

The navigation systems of UV disinfection robots must be designed with safety in 

settings like hospitals where both patients and staff are present. This necessitates 

sophisticated obstacle detection and avoidance systems, as well as the integration of 

sensors that enable the robot to pause or modify its operations when people are nearby. 

The robots often incorporate various sensors, including ultrasonic, infrared, and 

cameras, to detect human presence and ensure safety. The development and 

implementation of safety features in healthcare robots not only protect people but also 

foster staff and patient trust.  

2. UV Disinfection Technology 

Decontamination involves eliminating, deactivating, or destroying harmful pathogens 

such as bacteria, viruses, prions, fungi, and other microorganisms. This is done to curb 

the spread of infections [8], [9]. The process is divided into three main phases: cleaning, 

disinfection, and sterilization.  

Figure 1. Ultraviolet Spectrum and its applications  
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Cleaning is the first step and it involves the physical removal of contaminants through 

methods like mopping, vacuuming, and scrubing [10]. The next stage, disinfection, 

targets the elimination of pathogens, excluding bacterial spores. Sterilization, on the 

other hand, is more comprehensive, aiming to eradicate all forms of microorganisms. 

For these purposes, various methods are employed, including the use of chemical 

disinfectants like hydrogen peroxide and bleach, as well as UV radiation. Both 

disinfection and sterilization are governed by strict guidelines and policies to ensure 

they are carried out effectively.Ultraviolet (UV) technology is effective for sterilizing 

bacteria and disinfecting water. This technology gained prominence in the early 20th 

century, with Niels Finsen receiving the Nobel Prize in Physiology or Medicine for his 

pioneering work in using UV light for skin disinfection. UV light is categorized into 

three types: UV-A (315 to 400 nm), UV-B (280 to 315 nm), and UV-C (100 to 280 nm). 

While UV-A and UV-B rays are known for causing sunburns in humans, UV-C rays 

are more intense and are typically filtered out by the Earth's ozone layer. In disinfection 

practices, UV lamps are usually of the UV-C type. These lamps can emit 20 joules per 

square meter per second of 254-nanometer light, effective enough to kill 99.99% of 

germs. When using UV light for disinfection, surfaces are exposed for a short duration, 

usually a few minutes, to avoid potential harm to humans to the eyes and skin [11], [12]. 

3. Real-Time Adaptation 

Real-time adaptation in AI-driven disinfection robots can interact with and respond to 

dynamic environments. Traditional robots typically operate on predefined algorithms 

and paths, which, while efficient in consistent settings, can be less effective in spaces 

where conditions change unpredictably. AI-enabled robots with sensors and algorithms 

perceive and understand their surroundings in real-time. This capability is crucial for 

disinfection robots, as noted by [13], which may need to navigate around obstacles, 

adapt to different room layouts, or adjust the intensity and duration of disinfection based 

on the level of contamination. These robots use a combination of data inputs - such as 

visual, thermal, or ultrasonic sensors - to create a detailed map of their environment. 

This map is not static but continually updated as the robot moves and encounters new 

information. Such adaptability ensures that every corner of a room is reached and 

disinfected, even in complex or cluttered spaces. 

4. Data Analysis and Reporting 

Data analysis improves the efficiency and effectiveness of disinfection processes in 

settings where high hygiene standards are essential. Gathering and examining data on 

various aspects of disinfection, like the kinds and amounts of disinfectants, the 

regularity and length of cleaning tasks, and the particular areas cleaned, helps facility 

managers thoroughly understand their existing methods. This data-driven approach 

allows for the identification of trends and patterns that might not be immediately 

apparent. For instance, analysis can reveal if certain areas are receiving inadequate 

attention or if the use of disinfectants is inconsistent. By tracking the outcomes of 

different disinfection strategies, such as the reduction in microbial counts or infection 

rates, managers can evaluate the effectiveness of their protocols. This ongoing 
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assessment ensures that the disinfection processes not only meet the required standards 

but are also adapted to evolving challenges, such as the emergence of new pathogens 

or changes in facility usage. 

Considering the potential health risks associated with UV exposure, the incorporation 

of human safety measures is a fundamental aspect of designing UV disinfection robots. 

These robots are often equipped with advanced sensors and algorithms for human 

detection, which play a crucial role in ensuring safety within the operational 

environment. When a person is detected within the vicinity of the robot, automatic 

shutoff mechanisms are triggered, instantly deactivating the UV light to prevent any 

exposure to humans. This feature is essential not only for the safety of medical staff and 

patients in healthcare settings but also in public spaces like offices, schools, and 

transportation hubs where these robots might be employed. The precision of these 

detection systems is a testament to the advancements in sensor technology and machine 

learning algorithms. They can distinguish between humans and inanimate objects, 

ensuring that the disinfection process is only paused when necessary. Additionally, the 

integration of these safety features shows the emphasis on human-centric design in 

robotic technology, ensuring that the benefits of automation do not come at the cost of 

human health and safety. 

Beyond safety, the use of UV disinfection robots brings significant improvements in 

the consistency and efficiency of the cleaning process. Unlike manual disinfection, 

which can vary in thoroughness and effectiveness depending on the individual 

performing the task, robots provide a uniform level of performance. This consistency is 

crucial in environments where high standards of cleanliness are mandatory, such as in 

hospitals and laboratories. Robots can methodically cover all designated areas, ensuring 

that no surface is overlooked and that the disinfection is carried out for the correct 

duration and intensity. This automated process reduces the likelihood of human error 

and ensures a high standard of hygiene, which is particularly important in preventing 

the spread of infections.  

Current and Potential Applications in Pandemic Response and 

Hygiene Maintenance 

1. Hospitals and Healthcare Facilities 

In hospitals and healthcare facilities, the use of disinfection robots has become 

increasingly vital in maintaining high standards of cleanliness and hygiene. These 

robots are specifically designed to disinfect various areas within healthcare settings, 

including patient rooms, operating theaters, and common areas. Their role is crucial in 

minimizing the risk of healthcare-associated infections (HAIs), which are a significant 

concern in medical environments. These robots can effectively eliminate pathogens on 

surfaces and in the air, areas that are often difficult to clean thoroughly through manual 

methods. This technology ensures that every corner of a room, including hard-to-reach 

areas, receives adequate exposure to disinfectants to reduce the likelihood of microbial 

colonies forming or persisting. The use of robots for this task not only enhances the 
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effectiveness of cleaning protocols but also complements traditional cleaning methods, 

providing an additional layer of protection against the spread of infections. 

Table 5. Roles of Disinfection Robots in Healthcare 

Topic Description 

Hygiene maintenance in 

hospitals and healthcare 

Vital for healthcare hygiene, robots reduce infection risks by 

eliminating pathogens in various areas, complementing manual 

cleaning. 

Operating Theater Sterility Robots ensure surgical sterility by precisely disinfecting surfaces 

and air, reducing the risk of human error during procedures. 

Patient Room Sanitization Efficiently sanitize patient rooms, reducing cross-contamination 

risks, especially in isolation rooms and high-touch areas. 

Infection Risks in Common 

Areas 

Efficiently clean public areas during off-peak hours, crucial for 

preventing germ transmission, especially during outbreaks. 

Healthcare Staff and 

Resource Optimization 

Robots free up staff, enhancing efficiency and resource use, vital 

during staff shortages or high demand periods. 

 

Operating theaters require the highest level of sterility due to the nature of surgical 

procedures. Disinfection robots play a pivotal role in maintaining this environment, 

ensuring that the space is free from any contaminants that could potentially lead to post-

surgical infections. The precision and consistency of these robots in disinfecting 

surfaces and air make them invaluable in operating rooms. They can be programmed to 

perform thorough disinfection routines between surgeries, covering the entire room, 

including surgical tables, equipment, and even the air ventilation systems. This 

thoroughness is crucial because even minor lapses in sterility can have serious 

implications for patient health. The robots’ ability to operate autonomously also means 

that the disinfection process can be carried out without human intervention, reducing 

the risk of human error and potential contamination. 

Patient rooms are constantly occupied by individuals with varying health conditions, 

making them potential hotspots for the spread of infections. Disinfection robots can 

efficiently sanitize these rooms, including surfaces frequently touched by patients and 

healthcare workers, like bedrails, tables, and doorknobs. Their use is beneficial in 

isolation rooms housing patients with infectious diseases. The robots can be deployed 

to disinfect these rooms thoroughly after patient discharge, preparing them for the next 

occupant with minimal risk of cross-contamination. This level of sanitization is hard to 

achieve through manual cleaning alone considering the time constraints and workload 

of hospital staff. 

Common areas in hospitals, such as waiting rooms, lobbies, and cafeterias, are often 

bustling with patients, visitors, and staff, making them vulnerable to the spread of 

germs. Regular and thorough disinfection of these areas is essential to prevent the 

transmission of infections. Disinfection robots can cover these large spaces efficiently, 

operating during off-peak hours to minimize disruption. Their allows for regular 

disinfection routines without the need for constant supervision ensuring that these 

public spaces are consistently maintained at a high standard of cleanliness. This is 

important in the context of outbreaks or pandemics, where the risk of transmission is 

heightened. 
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The use of disinfection robots in medical facilities enhances the effectiveness of 

cleaning and maintenance teams. These robots, by taking over the repetitive task of 

disinfection, free up staff members to concentrate on more critical maintenance tasks 

that require human insight and action. This reallocation of tasks boosts overall 

efficiency and optimizes the use of resources. During times of staff shortages or 

increased demand, like in an outbreak scenario, the importance of these robots becomes 

more evident. They offer a steady and dependable way to uphold cleanliness standards, 

helping to reduce the risk of spreading infections, especially when human resources are 

limited. Integrating this technology into healthcare settings is a progressive step in 

infection control, utilizing robotics and automation to improve patient care and safety. 

2. Public Transportation, Educational Institutions, and Commercial and Public Spaces 

In the field of robotics, the application of robotic technology for disinfecting public 

transportation systems presents significant opportunities and challenges. Public 

transportation, comprising buses, trains, and stations, serves as a node in urban 

infrastructure, facilitating the daily movement of millions. During pandemics, these 

spaces become potential hotspots for the spread of contagious diseases due to high 

passenger turnover and enclosed environments. Advanced robotic systems can be 

employed to disinfect these areas effectively. Autonomous robots equipped with UV-C 

light, electrostatic sprayers, or liquid disinfectants can operate in these environments, 

targeting high-touch areas such as handrails, seats, and ticket kiosks. The key challenge 

lies in developing robots that can navigate complex and dynamic environments, where 

the presence of humans and changing layouts present obstacles. Moreover, ensuring 

that the disinfection process is thorough while minimizing downtime for the transport 

service needs consideration. 

Table 6.  Opportunities, challenges, and tools involved in the use of robotics for disinfecting public 

transportation systems 

Opportunities Effective disinfection of high-touch areas - Reduction in the risk of disease 

transmission   

Minimizing downtime for transportation services 

Challenges Navigating complex and dynamic environments  

Ensuring thorough disinfection - Coexistence with humans 

Robotic Tools Autonomous robots 

UV-C light 

Electrostatic sprayers 

Liquid disinfectants 

Targeted Areas Handrails  

Seats 

Ticket kiosks 

 

Table 7. application of robotic technology for disinfecting public transportation systems 

Aspect Description 

Field of Application Robotics in Disinfecting Public Transportation Systems 

Opportunities Effective disinfection of high-touch areas 

Reduction in the risk of disease transmission 

Minimizing downtime for transportation services 

Challenges Navigating complex and dynamic environments 

Ensuring thorough disinfection - Coexistence with humans 

Robotic Tools Autonomous robots 
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UV-C light - Electrostatic sprayers 

Liquid disinfectants 

Targeted Areas Handrails 

Seats 

Ticket kiosks 

 

In educational institutions, the role of robotics in creating a germ-free environment is 

increasingly pertinent. Schools and universities are characterized by high-density 

interactions among students and staff, making them susceptible to the rapid spread of 

infections. The implementation of disinfection robots in these settings requires a 

nuanced approach, considering factors like the varied surfaces present in classrooms, 

labs, and common areas, and the need for non-disruptive operation during school hours. 

Robotics can offer solutions through the deployment of autonomous or remotely 

operated machines that can efficiently sanitize surfaces and air, using technologies such 

as HEPA filters, UV-C light, or chemical disinfectants. A major area of focus in this 

context is the development of robots that are safe to operate in environments frequented 

by young and potentially vulnerable populations [14]–[16]. Additionally, integrating 

these robots into the daily routines of educational institutions demands user-friendly 

interfaces and minimal maintenance requirements. 

Table 8. role of robotics in maintaining a germ-free environment in educational institutions 

Role in Education Robotics for Germ-Free Environments in Educational Institutions 

Relevance Addressing infection spread in high-density educational settings 

Safe operation around young populations 

Robotic Solutions Autonomous or remotely operated robots 

HEPA filters 

UV-C light 

Chemical disinfectants 

Targeted Areas Classrooms 

Laboratories 

Common areas 

Operation During School Hours Non-disruptive operation during school hours 

Integration into daily routines 

Safety Considerations Safe operation around young and potentially vulnerable populations 

User-Friendly Interfaces User-friendly interfaces for ease of use 

Maintenance Requirements Minimal maintenance requirements 

 

Commercial and public spaces, including malls, offices, airports, and other areas, 

present unique challenges and opportunities for the application of disinfection robotics. 

These environments are characterized by their vast size, high foot traffic, and a diverse 

range of surfaces and spaces. Effective robotic disinfection in these settings requires 

machines that can cover large areas efficiently, adapt to different surface types, and 

operate autonomously without causing disruptions or posing risks to the public. 

Potential solutions include large-scale robotic systems capable of navigating and 

disinfecting vast areas, possibly using mapping technologies and advanced sensors to 

ensure comprehensive coverage. Another aspect is the need for rapid disinfection 

methods that can keep pace with the high turnover of individuals in these spaces during 

pandemic outbreaks. The integration of real-time monitoring systems to track the 
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effectiveness of disinfection and the density of human presence can optimize the 

deployment of these robotic systems. 

Table 9. Challenges, solutions, and key aspects related to the application of disinfection robotics in 

commercial and public spaces 

Aspect Description 

Application Area Disinfection Robotics in Commercial and Public Spaces 

Challenges Vast size of spaces 

High foot traffic 

Diverse surfaces 

Non-disruptive operation 

Rapid disinfection 

Robotic Solutions Large-scale robots 

Mapping technologies 

Advanced sensors 

Rapid disinfection methods 

Coverage Efficiency Efficiently covering large areas 

Adapting to different surface types 

Autonomous Operation Autonomous operation without causing disruptions 

Monitoring and 

Optimization 

Real-time monitoring of disinfection effectiveness 

Density of human presence for deployment optimization 

 

3. Industrial Facilities 

In industrial facilities (encompassing manufacturing and processing units) the 

deployment of disinfection robots has the potential to greatly enhance the cleanliness 

and safety of the work environment. These environments are often characterized by the 

presence of heavy machinery, hazardous materials, and strict safety standards. The 

application of robotic technology in these settings can provide consistent and efficient 

disinfection, mitigating the risks of contamination and ensuring a safer workspace for 

employees. Key considerations for these robots include their ability to navigate 

potentially hazardous industrial environments, their compatibility with various surface 

types and materials found in industrial settings, and their resilience to withstand harsh 

conditions, such as exposure to chemicals, high temperatures, or mechanical impacts. 

The implementation of autonomous or semi-autonomous robots equipped with 

advanced sensors, precise spraying or cleaning mechanisms, and robust navigation 

systems can effectively address these requirements. These robots can be programmed 

to operate during off-hours or integrate into the workflow in order to minimize 

disruption to production processes. 

Table 10. Aspects of Disinfection Robots in Industrial Facilities 

Aspect Function  Benefits 

Environment 

Suitability 

Ability to navigate hazardous industrial 

environments, compatibility with various surface 

types. 

Ensures effective disinfection 

across diverse and challenging 

industrial settings. 

Resilience Withstand harsh conditions like chemicals, high 

temperatures, mechanical impacts. 

Long-term, reliable operation in 

demanding industrial 

environments. 

Advanced 

Technology 

Equipped with sensors, precise spraying/cleaning 

mechanisms, robust navigation systems. 

High-precision disinfection, 

especially in hard-to-reach 

areas. 
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Operational 

Integration 

Can operate during off-hours or integrate into 

existing workflows. 

Minimizes disruption to 

production processes, enhances 

operational efficiency. 

Hygiene 

Maintenance 

Consistent and efficient disinfection. Maintains environmental 

hygiene, crucial in industries 

like pharmaceuticals and food 

processing. 

Regulatory 

Compliance 

Consistent cleaning standards, high-precision 

disinfection. 

Ensures compliance with health 

and safety regulations, prevents 

product contamination. 

Data Collection and 

Analysis 

Collects data for monitoring cleanliness levels, 

identifying contamination risks. 

Facilitates informed decision-

making for maintenance and 

safety protocols. 

Employee Safety Reduces human exposure to hazardous 

environments during disinfection processes. 

Enhances safety for employees, 

reducing health risks associated 

with contamination. 

Product Quality Prevents contamination, ensuring high standards of 

product quality. 

Critical for consumer safety and 

maintaining brand reputation. 

 

Disinfection robots in industrial facilities can assist in maintaining overall 

environmental hygiene, crucial for industries where sterility and contamination control 

are paramount, such as in pharmaceutical manufacturing or food processing. The ability 

of robots to deliver high-precision disinfection, targeting hard-to-reach areas and 

maintaining consistent cleaning standards, is an advantage. This not only ensures 

compliance with stringent health and safety regulations but also contributes to the 

prevention of product contamination, which is required for maintaining product quality 

and consumer safety. The data collected by these robotic systems can also be useful for 

monitoring cleanliness levels, identifying potential contamination risks, and making 

informed decisions about maintenance and safety protocols. Thus, the adoption of 

disinfection robotics in industrial settings represents a strategic move towards 

enhancing operational efficiency, ensuring employee health and safety, and maintaining 

high standards of product quality. 

Efficacy and Challenges 

The comparative efficiency of Ultraviolet Germicidal Irradiation (UVGI) systems to 

traditional manual cleaning and disinfection methods has been evaluated in past studies. 

These studies provide a basis for rethinking decontamination strategies to incorporate 

UV-based systems. The effectiveness of UVGI systems, employing different light 

sources and UV wavelengths, has been confirmed in both research settings and real-

world scenarios.  

Table 11. Efficacy studies for disinfection robots  

Study Focus Methods Key Findings Limitations/Special 

Considerations 

[17] Robotic UV-C 

Disinfection in 

Hospitals 

Use of a robotic UV-C 

disinfection system in 

hospital outpatient 

clinics after routine 

cleaning. Cultures from 

defined sampling sites 

Significant reduction in 

microbial growth. C. auris 

growth in lag phase inhibited, 

but not in stationary phase or 

in rim shadows. 

Robot interface not 

intuitive, required 

technical 

intervention, and not 

yet suitable for 

autonomous clinical 

routine use. 
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tested with C. auris 

strains. 

[18] Far-UVC Light 

Against Airborne 

Coronaviruses 

Inactivation of airborne 

human coronaviruses 

alpha HCoV-229E and 

beta HCoV-OC43 using 

far-UVC light (207–

222 nm). 

Low doses of far-UVC light 

inactivated 99.9% of 

aerosolized coronaviruses. 

Potential for significant viral 

load reduction in public 

spaces. 

Safety of prolonged 

far-UVC exposure 

to human tissues 

needs further study. 

[19] UV LED 

Effectiveness on 

Coronaviruses 

Evaluation of UV LEDs 

as a pathogen 

inactivation source, 

focusing on different 

wavelengths and their 

effect on human 

Coronavirus (HCoV-

OC43). 

Wavelength-dependent 

sensitivity of Coronavirus to 

UV light. UV LED at ~286 

nm suggested as effective 

against coronaviruses. 

Cost and efficiency 

concerns for low 

UV-LED 

wavelengths. 

[20] UVC Irradiation 

on SARS-CoV-2 

Assessment of SARS-

CoV-2 susceptibility to 

UVC irradiation using a 

high titer viral stock. 

Complete inactivation of 

SARS-CoV-2 by UVC light 

within nine minutes. UVA 

light showed limited 

effectiveness. 

Focus on a single 

virus strain under 

specific laboratory 

conditions. 

[21] Mobile UVGI 

Devices in 

Healthcare 

Analysis of mobile 

whole-room UVGI 

devices' efficacy in 

healthcare settings, 

using Bacillus 

atrophaeus and 

Staphylococcus aureus 

as test organisms. 

Significant variation in 

inactivation based on direct 

and reflected UV exposure. 

B. atrophaeus recommended 

for testing shadow impacts. 

Need for standard 

methods to compare 

efficacy of UVGI 

devices; 

consideration of 

UV-resistant 

organisms. 

 

The study by [17] focuses on the use of robotic UV-C disinfection in hospital outpatient 

clinics, evaluating its efficacy post routine cleaning. This method involved autonomous 

robot movement and UV-C irradiation, with cultures taken from specific sites to test 

against different Candida auris (C. auris) strains. The results indicated a significant 

reduction in microbial growth, particularly against C. auris in the lag phase of growth. 

However, the effectiveness was limited in the stationary phase and in areas with rim 

shadows, indicating a variability in the robot's disinfection capability. Additionally, the 

study highlighted usability issues with the robot, noting that its interface was not 

intuitive and required technical intervention, underscoring that while the technology 

shows promise, it is not yet fully suitable for autonomous use in clinical settings [22]–

[24]. The [18] and [19] studies examined into the effectiveness of UV light in different 

forms and wavelengths for inactivating airborne coronaviruses. [18] tested the efficacy 

of far-UVC light (207–222 nm) against airborne human coronaviruses alpha HCoV-

229E and beta HCoV-OC43. The findings were promising, showing that low doses of 

far-UVC light efficiently inactivated 99.9% of aerosolized coronaviruses. This suggests 

a significant potential for far-UVC light to reduce viral loads in public spaces, while 

staying within current regulatory safety limits. The  [19] examined the use of UV light-

emitting diodes (UV LEDs) and found the sensitivity of human Coronavirus (HCoV-

OC43) to be wavelength-dependent. This study suggested that UV LEDs with peak 

emission around 286 nm could be an effective tool against human coronaviruses, 

although concerns about cost and efficiency at lower wavelengths were noted.The [20] 
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and [21] studies addressed other aspects of UV light for pathogen inactivation. The 

study by [20] determined the susceptibility of SARS-CoV-2 to UVC irradiation, 

revealing that a high-titer viral stock was completely inactivated after nine minutes of 

exposure, establishing UVC as a reliable method for disinfection. However, it was noted 

that UVA exposure demonstrated only a weak effect on virus inactivation. The study 

by [20] evaluated the impact of mobile whole-room Ultraviolet Germicidal Irradiation 

(UVGI) devices in healthcare settings. This study used Bacillus atrophaeus and 

Staphylococcus aureus as surrogates to assess the effect of shadows on UVC 

inactivation, finding significant variations based on the type of UV exposure. It 

emphasized the importance of considering shadow impacts and optimizing the reflected 

component of UVGI for UVC-resistant organisms, highlighting the need for standard 

methods to compare the efficacy of these devices. 

Conclusion  
The COVID-19 pandemic has undeniably accelerated the advancement and deployment 

of UV disinfection robotics, highlighting their roles in curbing the spread of infectious 

diseases. The application of these technologies extends far beyond the current pandemic 

scenario. Infectious diseases, whether existing or emergent, pose a continual threat, and 

UV disinfection robots represent a tool against such health hazards. Their utility is 

evident in the context of Hospital-Acquired Infections (HAIs), which have long been a 

significant concern in healthcare settings. HAIs can occur in a range of environments, 

including hospitals, clinics, surgical centers, and long-term care facilities. In the United 

States alone, more than 440,000 HAIs are estimated to occur annually. UV disinfection 

robots offer a promising solution to mitigate this issue by providing a means to routinely 

and efficiently sterilize these environments. 

In the wake of the COVID-19 pandemic, these robots have been increasingly deployed 

in hospitals to disinfect rooms, using intense UV radiation to neutralize the virus. This 

technology is not just limited to healthcare facilities; it has the potential to be applied 

in various public spaces where the risk of infectious disease transmission is high. The 

ability of these robots to autonomously navigate and disinfect areas without human 

intervention makes them particularly valuable in scenarios where timely and thorough 

disinfection is crucial. Their use, therefore, extends beyond addressing current 

pandemic challenges to encompass a broader scope in the ongoing battle against 

infectious diseases. 

The deployment of UV disinfection robots has a significant impact on the allocation of 

human resources in healthcare settings. Medical staff can be reallocated to more critical 

and meaningful tasks, such as patient care, By automating the routine and repetitive 

task of disinfection. This shift in task distribution can lead to improved patient 

outcomes, as healthcare professionals can focus more on clinical duties and patient 

interaction. Additionally, in the context of a global shortage of healthcare workers, the 

use of robots for non-clinical tasks like disinfection can help alleviate the workload on 

existing staff, reducing burnout and improving job satisfaction. The integration of these 

robots into the healthcare workforce exemplifies how technology can be used to 
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augment human capabilities rather than replace them. Implementation of UV 

disinfection robotics have concern of the safety of intense UV radiation, which is 

harmful to human skin and eyes. This hazard necessitates the absence of humans during 

the robot's operation. This is limiting the time and manner in which these devices can 

be used. For instance, in healthcare settings, the use of UV robots must be carefully 

timed to avoid exposure to patients and staff. Similarly, in public spaces, their operation 

might need to be restricted to times when these areas are unoccupied. This limitation 

poses a challenge in terms of maximizing the utility of these robots while ensuring 

safety. 

To address these safety concerns, modifications and advancements in UV disinfection 

technology are necessary. This could involve the development of more targeted UV 

systems that minimize exposure risks to humans or the integration of sensors and safety 

mechanisms that allow the robots to operate safely in the presence of people. 

Additionally, advancements in robotics and automation could enhance the precision and 

efficiency of disinfection processes, allowing for more comprehensive coverage and 

reducing the likelihood of missed areas or surfaces that are less accessible. These 

improvements would not only bolster the effectiveness of UV disinfection robots but 

also expand their applicability in a variety of settings. 

The adoption of UV disinfection robots is often accompanied by a high initial cost. This 

cost encompasses not just the purchase of the robot but also its implementation, 

including training staff and integrating it into existing workflows. For healthcare 

facilities, the investment can be substantial, as these robots are typically equipped with 

advanced technology for efficient and effective disinfection. This technology includes 

powerful UV-C lights, sophisticated sensors, and automation capabilities. Moreover, 

the cost may increase with the need for additional features like air disinfection or larger 

coverage areas. The financial implications can be a significant consideration for smaller 

institutions or those with limited budgets. 

These robots are designed to navigate and operate autonomously within various 

environments, but they can face challenges in complex layouts with numerous obstacles 

or in areas that require detailed navigation. The effectiveness of UV disinfection also 

largely depends on the type of surface and the intensity and duration of UV exposure, 

which can vary considerably in different settings. Some surfaces may not be conducive 

to UV disinfection, or the robot may not be able to reach certain areas effectively, 

leaving gaps in coverage. The safety mechanisms needed to protect humans from 

harmful UV exposure can complicate the operation in environments that are frequently 

occupied. 
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