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Abstract 

This paper presents a comprehensive assessment of user satisfaction and the operational efficiency 

of robotic vacuum cleaners in residential settings. With the proliferation of smart home devices, 

robotic vacuum cleaners have become increasingly popular for their convenience and autonomous 

operation. However, user satisfaction and the actual efficiency of these devices in everyday use 

remain areas requiring further exploration. This study surveys users from diverse households to 

evaluate their experiences with robotic vacuum cleaners, focusing on aspects such as cleaning 

effectiveness, battery life, ease of use, and overall satisfaction. Additionally, the paper analyzes 

operational efficiency in terms of cleaning coverage, time taken for cleaning tasks, and maintenance 

requirements. The findings aim to provide insights into the current state of robotic vacuum cleaner 

technology and its impact on residential cleaning practices, offering valuable feedback for 

manufacturers and potential users. 

Introduction   

Robotic vacuum cleaners epitomize a significant leap forward in residential cleaning technology, 

heralding a new era where mundane chores are seamlessly integrated with advanced automation. 

These sleek machines, armed with a plethora of sensors and cutting-edge algorithms, revolutionize 

the way households maintain cleanliness. Gone are the days of laboriously pushing traditional 

vacuum cleaners around the house; instead, homeowners can now entrust the task to these 

autonomous marvels, which tirelessly glide across floors, efficiently sucking up dust and debris. 

The promise of reducing manual effort in housekeeping is not merely a futuristic dream but a 

tangible reality with the advent of these robotic helpers. 

Central to the functionality of robotic vacuum cleaners is their sophisticated sensor technology, 

which enables them to navigate through intricate living spaces with remarkable precision. Equipped 

with infrared sensors, laser scanners, and cameras, these devices meticulously map out the 

environment, identifying obstacles and plotting optimal cleaning routes. This intelligent navigation 
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system ensures that no nook or cranny is left untouched, as the robot adeptly maneuvers around 

furniture, rugs, and other household items. By seamlessly integrating with the layout of the home, 

these robots eliminate the need for manual intervention, allowing homeowners to reclaim precious 

time that would otherwise be spent on mundane cleaning tasks. 

Beyond their navigational prowess, robotic vacuum cleaners boast impressive suction capabilities 

that rival their traditional counterparts. Equipped with powerful motors and advanced filtration 

systems, these machines efficiently suck up dirt, dust, pet hair, and other debris, leaving floors 

spotless with minimal human intervention. Moreover, some models are equipped with features such 

as mopping functionality and self-emptying bins, further enhancing their utility and convenience. 

With the ability to adapt to various floor types, including hardwood, tile, and carpet, these versatile 

cleaners cater to the diverse needs of modern households, providing a comprehensive cleaning 

solution for every surface. 

In addition to their practical benefits, robotic vacuum cleaners also embody the principles of 

sustainability and energy efficiency. Compared to traditional vacuum cleaners, which often 

consume substantial amounts of electricity and require frequent replacement of disposable bags 

and filters, robotic models are designed to operate with minimal energy consumption and waste 

generation. Their efficient cleaning algorithms optimize battery usage, allowing them to cover large 

areas on a single charge, while reusable filters and washable components reduce the need for 

constant maintenance and replacement. By embracing these eco-friendly practices, robotic vacuum 

cleaners not only contribute to a cleaner home but also support broader environmental conservation 

efforts. 

Robotic vacuum cleaners represent a paradigm shift in residential cleaning technology, offering 

unparalleled convenience, efficiency, and sustainability. With their advanced sensor technology, 

powerful suction capabilities, and intelligent navigation systems, these autonomous devices 

promise to revolutionize the way households maintain cleanliness. By automating mundane 

cleaning tasks and minimizing manual effort, they enable homeowners to reclaim valuable time 

and energy for more meaningful pursuits. As the technology continues to evolve and improve, 

robotic vacuum cleaners are poised to become indispensable companions in the modern home, 

embodying the fusion of innovation and practicality in the quest for a cleaner, more efficient living 

environment. 

Research gap 
Despite the growing popularity of robotic vacuum cleaners, there persists a notable gap in 

comprehensive user feedback and systematic evaluation of their operational efficiency in real-

world settings. While these devices have garnered widespread acclaim for their convenience and 

technological innovation, there is a pressing need for more rigorous assessment of their 

performance across various environments and use cases. 

One of the primary challenges in evaluating robotic vacuum cleaners is the variability of home 

layouts and cleaning preferences among users. What works seamlessly in one household may 

encounter obstacles or limitations in another, highlighting the importance of gathering diverse 

perspectives and experiences. Comprehensive user feedback, encompassing factors such as floor 

type, furniture arrangement, pet presence, and household size, can provide valuable insights into 

the strengths and limitations of different models. 

Moreover, while manufacturers often tout impressive specifications and features, there is a lack of 

standardized testing methodologies to validate these claims in real-world scenarios. Existing 

evaluation frameworks primarily focus on laboratory settings or controlled environments, which 

may not accurately reflect the complexities of everyday use. As a result, consumers are left with 

limited information to make informed decisions about which robotic vacuum cleaner best suits their 

needs. 

Another critical aspect that warrants closer scrutiny is the long-term reliability and durability of 

these devices. While initial impressions may be positive, it is essential to assess how well robotic 

vacuum cleaners withstand prolonged use and maintenance. Factors such as battery life, suction 

power retention, and the durability of components can significantly impact the overall user 

experience and satisfaction over time. 
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Addressing the gap in comprehensive user feedback and systematic evaluation requires 

collaboration between manufacturers, researchers, and consumers. By establishing standardized 

testing protocols, collecting user data through surveys and reviews, and conducting field studies in 

diverse real-world environments, stakeholders can gain a deeper understanding of the strengths and 

limitations of robotic vacuum cleaners. 

Furthermore, fostering an open dialogue between users and manufacturers can facilitate continuous 

improvement and innovation in product design and development. By soliciting feedback from 

consumers and incorporating their insights into future iterations, manufacturers can refine their 

offerings to better meet the evolving needs and expectations of the market. 

While robotic vacuum cleaners have transformed household cleaning routines, there remains a need 

for more comprehensive user feedback and systematic evaluation of their operational efficiency in 

real-world settings. By addressing this gap through standardized testing methodologies, user 

surveys, and ongoing dialogue between stakeholders, we can ensure that these innovative devices 

continue to enhance the cleanliness and convenience of modern homes effectively. 

Assessment of User Satisfaction and Operational Efficiency of Robotic Vacuum Cleaners in 
Residential Applications 

User Satisfaction: 

User feedback on the cleaning effectiveness of robotic vacuum cleaners generally 

reflects high satisfaction levels, particularly on hard floors where these devices excel. 

However, some users expressed dissatisfaction with performance on carpets and in 

corners, citing limitations in suction power or navigation capabilities. While robotic 

vacuum cleaners may struggle with deep cleaning carpets compared to traditional 

upright vacuums, advancements in brush design and suction technology are continually 

improving their effectiveness on these surfaces. Likewise, addressing challenges in 

navigating tight spaces and corners remains an area for ongoing innovation to ensure 

more comprehensive cleaning coverage. 

Regarding ease of use, users overwhelmingly appreciated the autonomous nature of 

robotic vacuum cleaners and the convenience of programmable schedules. Being able 

to set cleaning routines and operate the devices remotely via smartphones was hailed 

as a significant advantage, allowing users to maintain cleanliness without being 

tethered to manual control. The ability to integrate these devices seamlessly into daily 

routines enhances their appeal and underscores their value as time-saving household 

aids. 

Maintenance and durability emerged as areas of contention among users. While some 

found the maintenance process straightforward, others perceived it as cumbersome, 

particularly when dealing with issues such as tangled hair and replacing filters. 

Addressing these concerns through design improvements, such as self-cleaning 

brushes and more accessible filter replacement mechanisms, could enhance user 

satisfaction and prolong the lifespan of robotic vacuum cleaners. Moreover, providing 

clear and comprehensive guidance on maintenance procedures can empower users to 

effectively care for their devices and maximize performance. 

In summary, while users generally report high satisfaction with the cleaning 

effectiveness and ease of use of robotic vacuum cleaners, there are areas for 

improvement, particularly in performance on carpets, navigation in tight spaces, and 

maintenance processes. By addressing these concerns through ongoing innovation and 

user-centered design, manufacturers can further enhance the utility and appeal of 

robotic vacuum cleaners, ensuring they remain indispensable tools for maintaining 

clean and tidy homes. 

Operational Efficiency: 

Battery life and charging capabilities are crucial factors in assessing the overall 

performance of robotic vacuum cleaners. Users have noted significant variations in 

battery performance among different models, with higher-end options typically 

offering longer cleaning times and more efficient return-to-base and charging 
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functions. This extended battery life enhances the usability and convenience of robotic 

vacuum cleaners, allowing them to cover larger areas without interruption. 

Additionally, efficient charging mechanisms ensure that the devices are ready for use 

when needed, minimizing downtime and maximizing cleaning efficiency. 

Cleaning coverage and time efficiency are also key considerations for users evaluating 

robotic vacuum cleaners. These devices demonstrate high efficiency in covering open 

floor areas, thanks to their intelligent navigation systems and systematic cleaning 

patterns. However, efficiency tends to decrease in cluttered spaces and around 

obstacles, leading to increased cleaning times. Manufacturers continue to refine their 

algorithms and sensor technology to improve navigation capabilities, thereby reducing 

cleaning times and ensuring more thorough coverage, even in challenging 

environments. 

Maintenance requirements are an essential aspect of owning a robotic vacuum cleaner, 

as regular upkeep is necessary to maintain optimal performance. Users are generally 

required to empty dustbins, clean brushes, and replace filters periodically. Some 

models offer features designed to minimize maintenance, such as larger dustbin 

capacities and self-cleaning brushes. These innovations help reduce the frequency of 

manual intervention and streamline the upkeep process, enhancing user convenience 

and satisfaction. Additionally, providing clear guidance on maintenance procedures 

can empower users to effectively care for their devices and prolong their lifespan. 

Battery life, cleaning coverage, and maintenance requirements are critical factors that 

influence the overall performance and user experience of robotic vacuum cleaners. By 

prioritizing features such as longer battery life, improved navigation capabilities, and 

reduced maintenance needs, manufacturers can enhance the efficiency, convenience, 

and reliability of these innovative cleaning devices, ensuring they meet the evolving 

needs and expectations of users. 

Challenges and Limitations: 

Navigation and obstacle avoidance capabilities are crucial aspects of robotic vacuum 

cleaners, and while most devices effectively navigate common obstacles, some users 

have reported issues with specific scenarios. Dark-colored carpets, in particular, pose 

a challenge for some models, as the sensors may struggle to detect them accurately, 

leading to navigation errors or incomplete cleaning. Similarly, stairs present a 

significant obstacle, and while most robotic vacuum cleaners incorporate sensors to 

prevent falls, users may still express concern about their reliability. Additionally, small 

objects on the floor, such as cables or toys, can disrupt the cleaning process and may 

require manual intervention to remove. Manufacturers continue to refine their 

navigation algorithms and sensor technology to address these challenges and improve 

overall performance. 

Integration with smart home ecosystems is an area of growing interest among users, 

who increasingly seek a more cohesive home automation experience. While many 

robotic vacuum cleaners offer app-based control and scheduling features, users desire 

better integration with other smart home devices and ecosystems. Seamless 

compatibility with platforms such as Amazon Alexa, Google Assistant, and Apple 

HomeKit would enable users to incorporate robotic vacuum cleaners into broader 

automation routines, such as coordinating cleaning schedules with other household 

activities or triggering cleaning cycles in response to specific events or conditions. By 

prioritizing interoperability and integration with existing smart home technologies, 

manufacturers can enhance the utility and appeal of robotic vacuum cleaners as integral 

components of modern connected homes. 

Conclusion 

The assessment of user satisfaction and operational efficiency of robotic vacuum cleaners in 

residential applications reveals a generally positive user experience, with notable areas for 

improvement. While users appreciate the cleaning effectiveness, ease of use, and the convenience 
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of autonomous operation, challenges related to cleaning performance on carpets, navigation issues, 

and maintenance requirements indicate opportunities for technological advancements. 

One of the key areas for improvement is in enhancing the cleaning performance on carpets. Users 

have reported varying degrees of satisfaction with robotic vacuum cleaners on carpeted surfaces, 

with some models struggling to provide thorough cleaning. Manufacturers should focus on 

developing more robust suction mechanisms and brush designs tailored to effectively remove dirt 

and debris from different carpet types. 

Navigation issues, such as difficulties navigating dark-colored carpets and avoiding small 

obstacles, represent another area for improvement. Advanced sensor technology and machine 

learning algorithms can help improve navigation capabilities, allowing robotic vacuum cleaners to 

better detect and navigate around obstacles, including dark-colored carpets and small objects on 

the floor. 

Maintenance requirements have also been highlighted as a concern by some users, particularly 

when it comes to emptying dustbins, cleaning brushes, and replacing filters. Manufacturers should 

continue to explore innovative solutions to minimize maintenance tasks, such as self-emptying 

dustbins and self-cleaning brushes, to enhance user convenience and satisfaction. 

Additionally, there is a growing demand for further integration of robotic vacuum cleaners into 

smart home ecosystems. Users desire seamless compatibility with other smart home devices and 

platforms, enabling them to create more cohesive automation routines. Manufacturers should 

prioritize interoperability and integration with popular smart home platforms, such as Amazon 

Alexa and Google Assistant, to enhance the overall user experience. 

Future research should continue to monitor user satisfaction and operational efficiency as 

technology evolves, supporting the development of robotic vacuum cleaners that more closely align 

with user expectations and cleaning needs in residential settings. By addressing these areas for 

improvement, manufacturers can further enhance the utility and appeal of robotic vacuum cleaners 

as essential tools for maintaining clean and tidy homes. [1]–[3] [4] [5] [6] [7] [8] [9] [10]–[12] 
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