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Abstract. This paper examines the application status and technological progress of service robots
in home automation, with a particular focus on floor cleaning robots and companion robots for
Alzheimer's patients. The evolution of service robots has been driven by advancements in artificial
intelligence, sensor technology, and autonomous navigation, transforming them into indispensable
tools in modern households. Floor cleaning robots, equipped with advanced sensors and efficient
algorithms, have revolutionized routine household chores by autonomously maintaining clean floors.
Companion robots, such as Pepper and those developed in projects like RAMCIP, have shown
promise in assisting Alzheimer's patients, offering both practical and therapeutic support. The article
also delves into the key technologies enabling these robots, including sensor systems, obstacle
avoidance algorithms, and human-computer interaction. Despite the significant progress, challenges
remain, particularly in optimizing obstacle avoidance, enhancing HCI, and addressing ethical
concerns in caregiving roles. The article concludes by highlighting the future potential of service
robots to further integrate into smart homes, offering personalized and context-aware solutions to
meet the unique needs of individual households.
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1. Introduction

Service robot is a kind of advanced, intelligent, and programmable system designed to assist
humans in various aspects of daily life and work. These robots are increasingly becoming an integral
part of modern society, functioning as tools that not only offer convenience but also significantly
enhance human productivity and overall quality of life [1]. In today's classification of service robots,
they are generally categorized into two main types: personal robots and domestic robots [2]. Personal
robots are designed for individual use, often tailored to specific activities or tasks that enhance
personal experiences or learning. This category includes toy robots [3] and educational robots [4]. On
the other hand, domestic robots are designed to operate within the home environment, taking on tasks
that would otherwise require significant time and effort from the household members. Examples of
domestic robots include floor-cleaning robots and window-cleaning robots [2]. These robots
exemplify the practical applications of robotics in everyday life, offering solutions that simplify
chores and allow individuals to focus on other activities that matter to them. As service robots
continue to evolve, their role in both personal and domestic settings is expected to grow, driving
further innovation and making them indispensable tools in modern life [2]. As artificial intelligence,
sensor technology, and autonomous navigation and positioning technologies advanced, robotics
gradually matured. The aging population, changes in family structure, and the busy modern lifestyle
[5, 6, 7] have driven the increasing demand for smart home and automation solutions. In this context,
addressing the challenges of an aging population has become a global, coordinated, and ongoing
effort crucial for ensuring sustainable development in the long term [8]. Several technological
advancements have enabled the widespread application of robots in the home environment, including
sensor techniques, obstacle avoidance algorithm, and human-computer interaction [9]. Ultrasonic
sensors, Light Detection and Ranging (LiDAR) sensors, and vision cameras are the most widely used
sensors in modern service robot. Because of their virus working principles, they have different
advantages in different working environments [10, 11]. With the advancement of computer
technology, the obstacle avoidance algorithm is continuous iterating. A three-dimensional obstacle
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avoidance control design based on an integrated Particle Swarm Optimization (PSO) algorithm and a
robot manipulator obstacle avoidance algorithm grounded in decision-making power are advanced
recently [12]. Visual sensors and auditory sensors are the basic of Human-Computer Interaction
(HCI), then service robots can analysis the data selected by these sensors and response to what human
needs [13]. This article will explore the development background and current status of various service
robots in home automation, with a particular focus on floor cleaning robots and companion robots for
Alzheimer’s patients, and will provide predictions for the future development of home service robots.

2. Application atatus of service robots

2.1. Floor Cleaning Robot

One of the most well-known and widely adopted applications of home service robots is the floor
cleaning robot. These robots have gained immense popularity for their ability to autonomously handle
one of the most tedious and often disliked household chores: floor cleaning. Traditionally, floor
cleaning, whether it involves sweeping or vacuuming, has been a time-consuming and repetitive task
that many people find boring and unpleasant. Floor cleaning robots provide a convenient solution by
handling this task, enabling homeowners to maintain clean floors without having to do the work
manually. [14].

Equipped with advanced sensors, mapping technology, and efficient cleaning algorithms, these
robots can navigate around furniture, avoid obstacles, and thoroughly clean various types of flooring
surfaces. Many models are also designed to return to their charging stations automatically when their
battery is low, ensuring that they are always ready for the next cleaning cycle. As a result, robots not
only save time and effort but also contribute to maintaining a cleaner home environment with minimal
human intervention. The widespread adoption of these robots highlights the growing trend of
integrating automation into everyday household tasks, making life more convenient and freeing up
time for more enjoyable activities [9, 14].

Nowadays, a complete Floor cleaning robot can be divided into moving system, cleaning system,
perception system and controlling system [14]. Mobile mechanisms generally use wheeled
mechanisms, and three wheels structure are widely used because of its flexibility and stability [15].
The cleaning system is designed with two large edge sweeping wheels, which can make corners and
floors more thoroughly and cleanly swept. The relative rotation of the two sweeping wheels prevents
garbage from slipping off the bottom of the machine, making cleaning more complete. At the same
time, the dual function of cleaning and vacuuming ensures that the dust swept up enters the garbage
collection box in a more regular and smooth manner. At the same time, a mop is placed at the rear
end of the robotic floor cleaner to clean the floor after being swept by the sweeping wheel and vacuum
cleaner [14]. For the perception system, by installing photoelectric sensors in the power box of the
front wheel and cleaning wheel, the robot can have the function of automatically preventing the body
from getting stuck and the cleaning wheel from getting stuck. When it gets stuck, it will automatically
retreat or shut down. An infrared reflection detector is also installed on the collision head, which can
automatically determine whether there is a cliff ahead and avoid it automatically [16, 17, 18]. The
control and working environment of robotic floor cleaners are often uncertain or variable, so it is
necessary to balance safety, reliability, anti-interference, and cleanliness. Detecting the environment
with sensors, analyzing signals, and understanding the environment through appropriate modeling
methods are of particular significance [10]. Research on intelligent robots has shown that for
autonomous mobile robots working in complex unstructured environments, further improvement in
their automation level mainly relies on pattern recognition and obstacle recognition, real-time data
transmission, and appropriate artificial intelligence methods. It is also necessary to further develop
global models to obtain global information for robots [12, 19].
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2.2. Companion Robots for Alzheimer’s Patients

One significant application of home service robots is their ability to assist patients suffering from
Alzheimer's disease. Alzheimer's disease is a progressive neurodegenerative disorder that is
recognized as one of the most prevalent forms of dementia. Patients diagnosed with this condition
often face a range of challenges, including severe memory loss, cognitive impairment, difficulties
with language and communication, as well as noticeable changes in behavior and personality [20].
As the disease progresses, these symptoms worsen, making it increasingly difficult for patients to
manage daily tasks and maintain their independence.

In response to these challenges, advancements in service robot technology, coupled with a
deepening understanding of Alzheimer's by caregivers, have paved the way for robots to take on many
of the caregiving tasks traditionally performed by human caregivers. These robots are now capable
of assisting with various critical activities, such as reminding patients to turn off appliances like stoves
or lights, helping them adhere to their medication schedules, and ensuring that they take the correct
dosage of their prescribed medicines [21].

Research conducted by the Vienna University of Technology provides a valuable example of
service robot technology and experience in the home environment [22]. The study introduces a service
robot named Hobbit, designed to offer social companionship and household assistance to humans.
Equipped with LiDAR sensors and vision cameras, Hobbit can perform tasks such as map building,
self-localization, and safe navigation. Additionally, the robot's arms were specifically designed for
these purposes [23]. For HCI, the robot utilizes a Microsoft Kinect camera to detect users and accept
gestures as an input modality. While performing tasks, the HCI system processes human gesture
commands, enabling the robot to assist with retrieving necessary items using its arms. The robot's
obstacle avoidance algorithm ensures safe movement within the home, allowing it to complete its
service tasks effectively [22].

The potential of service robots extends beyond just physical assistance. Many researchers and
engineers are exploring how these robots can play a therapeutic role in the lives of Alzheimer's
patients. For instance, Pepper, a humanoid robot developed by SoftBank Robotics [24], has been
integrated into the care routines of Alzheimer's patients. Pepper is designed with the capability to
engage in personalized conversations, providing not just companionship, but also emotional support.
By stimulating cognitive functions through interactive dialogue and encouraging communication,
Pepper can help mitigate some of the cognitive decline associated with the disease. The integration
of Pepper robots into the daily care of Alzheimer's patients is seen as a promising development, with
substantial potential to enhance the quality of life for these individuals [25].

Additionally, the Robotic Assistant for MCI Patients at home (RAMCIP) project represents
another innovative approach to using home service robots for Alzheimer's care. This project focuses
on developing robots specifically designed to assist with daily living activities, providing a form of
caregiving that enables Alzheimer's patients to remain in their homes for as long as possible while
receiving the support they need [26]. The feedback from the Alzheimer's community has been largely
positive. A survey conducted by the Barcelona Alzheimer's Treatment and Research Center revealed
that a majority of Alzheimer's patients and their caregivers view service robots favorably, recognizing
their potential to ease the burden of care and improve the overall well-being of patients [21]. This
growing acceptance and utilization of service robots in Alzheimer's care highlight the potential of
these technologies to transform the caregiving landscape.

3. Key Technologies

Although various service robots in home have different specific functions and service targets, their
working environments are same, so most of them have same key technologies.
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3.1. Sensor

In the operation of home service robots, having a comprehensive understanding of the surrounding
environment is essential for effective and safe performance. These robots rely on various types of
sensors to perceive and interpret their surroundings, which enables them to navigate, interact with
objects, and perform tasks autonomously. Floor cleaning robots and companion robots for
Alzheimer’s patients both navigate within the home, making sensors a crucial technology as they
provide essential environmental data to the service robots [14]. The primary technologies employed
by these robots to gather environmental data include ultrasonic sensors, Light Detection and Ranging
(LiDAR) sensors, and vision cameras [10, 11].

Ultrasonic sensors are often used for basic distance measurements and obstacle detection. These
sensors emit sound waves and measure the time it takes for the echo to return, which helps the robot
determine the proximity of objects in its vicinity. While ultrasonic sensors are cost-effective and
reliable for short-range detection, their resolution and accuracy can be limited in more complex
environments [16, 17].

LiDAR sensors, on the other hand, provide a more detailed and accurate representation of the
environment. LIDAR works by emitting laser beams and measuring the time it takes for the light to
bounce back after hitting an object. This allows the robot to create a precise 3D map of its
surroundings, which is particularly useful in complex environments where accurate spatial awareness
is crucial. LIDAR is highly valued for its ability to detect and map objects over long distances with
high precision, making it an ideal choice for advanced navigation and obstacle avoidance tasks [18,
27].

Vision cameras serve as another critical tool for environmental perception, capturing images and
video that the robot can process to recognize objects, detect motion, and understand visual cues in the
environment. Vision cameras are particularly useful for tasks that require detailed visual information,
such as identifying specific objects or interpreting human gestures. However, the effectiveness of
vision-based systems can be influenced by factors such as lighting conditions and object visibility
[28].

In comparing the capabilities of LIiDAR sensors and vision cameras, researchers have observed
that both technologies currently offer effective solutions for environmental sampling and analysis.
LiDAR excels in providing high-precision 3D mapping, while vision cameras offer rich visual data
that can be used for object recognition and scene interpretation. For the widely applied vision camera,
a nonlinear optimization of optical camera multiparameter made it has more clear vision when
scanning around and collecting environmental data [29]. Several enhancements have been introduced
to the original Gradient-based optimizer (GBO). Firstly, during the exploration phase, a fitness-
distance balance is employed to select the most influential candidate for guiding the solution update.
Secondly, in the exploitation phase, a random search technique is implemented. The transition
between the original mode and the additional mode is governed by a probability mechanism. Lastly,
a neighborhood local search has also been incorporated. This optimization can help the robots have
more clear vision and have better understanding about home environment.

3.2. Obstacle avoidance algorithm

Most companion robots for Alzheimer’s patients are humanoid robots, including Peper robot, Nao
robot, and Lio robot [25]. These robots are designed to operate in domestic environments, which are
often characterized by complex spatial layouts and diverse furniture arrangements. In such settings,
the ability of a robot to effectively navigate and avoid obstacles is of paramount importance [11].
Obstacle avoidance is a critical function that ensures the robot can move safely and efficiently within
the home without causing damage to itself, the surroundings, or the objects it interacts with [30].

The obstacle avoidance functionality in robots generally comprises two main stages: the learning
stage, where the robot acquires knowledge about its environment, and the query stage, where it uses
this knowledge to navigate and avoid obstacles in real-time. Given the diversity of home
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environments, a wide range of obstacle avoidance algorithms have been developed and implemented
in service robots to address various challenges [31].

Many of these home service robots are equipped with mechanical arms, which add another layer
of complexity to the obstacle avoidance process. Mechanical arms must not only navigate the robot’s
body but also maneuver in tight spaces to interact with objects or perform tasks. Notable examples of
such robots include the Pepper robot developed by SoftBank [24], known for its ability to engage in
social interactions and perform simple tasks, and the ROBEAR robot developed by the RIKEN
institute in Japan [32], which is designed to assist with caregiving tasks, such as lifting and moving
patients.

Researchers and engineers have conducted extensive studies on the obstacle avoidance capabilities
of these robotic arms, recognizing their importance in enhancing the safety and efficiency of home
service robots. One significant contribution in this field is the development of a three-dimensional
obstacle avoidance control design based on an integrated Particle Swarm Optimization (PSO)
algorithm. This innovative approach, proposed by a team from National Cheng Kung University, has
been successfully applied to home service robots. The new PSO algorithm stands out due to its
superior performance compared to traditional PSO methods; it exhibits the smallest standard
deviation and the fastest convergence speed. In practical experiments, this algorithm has proven
capable of guiding the robot to its target position smoothly, even in environments with multiple
obstacles, thus demonstrating its effectiveness and reliability [12].

In addition to the PSO-based approach, another noteworthy development is a robot manipulator
obstacle avoidance algorithm grounded in decision-making power. This algorithm integrates a closed-
loop control system, dynamic repulsive fields, and decision-making power to create a highly flexible
online adaptation framework. This framework ensures the safety of the robot’s end effector and joints,
crucial for delicate operations within confined spaces. The algorithm has shown impressive results,
exhibiting effectiveness, robustness, and smooth operation in both simulation scenarios and physical
experiments [12]. These advancements not only enhance the capability of home service robots to
perform complex tasks safely but also push the boundaries of what these robots can achieve in real-
world domestic environments.

Overall, the continuous improvements in obstacle avoidance algorithms are making home service
robots more adept at handling the intricacies of home environments.

3.3. Human-computer interaction

Human-Computer Interaction (HCI) is a multidisciplinary field that focuses on the design,
evaluation, and implementation of interactive computing systems intended for human use. It also
explores the fundamental phenomena associated with these interactions. As service robots become
increasingly integrated into various aspects of our daily lives, the significance of HCI has grown
exponentially. This field plays a crucial role in ensuring that these robots can interact seamlessly with
humans, providing services that are intuitive, efficient, and responsive to our needs [13].

Currently, the primary methods of human-computer interaction in home service robots involve the
use of advanced sensory technologies. These robots are typically equipped with visual sensors and
auditory sensors that enable them to perceive and understand their environment, as well as the humans
they serve [28, 33].

Visual sensor-based interaction is a key aspect of HCI in service robots. This form of interaction
predominantly relies on image processing technologies, which allow the robot to interpret and analyze
visual data. For instance, through the use of cameras and sophisticated image recognition algorithms,
a robot can detect and identify objects, recognize faces, interpret gestures, and navigate its
environment. These capabilities are essential for performing tasks such as picking up objects,
following human commands, or even understanding non-verbal cues like hand signals or facial
expressions [28]. The effectiveness of this interaction hinges on the accuracy and speed of the robot's
visual processing, which is an area of ongoing research and development [34]. Recently, an ultra-
range gesture recognition (URGR) in HCI technique has been proposed [35]. According to the
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research, the existing gesture recognition methods are not feasible at distances exceeding 7 meters
and are typically limited to indoor environments. The limitations of existing gesture recognition
methods mainly stem from the combination of low resolution and lighting factors. As the distance
between the camera and the subject increases, the resolution of the captured image decreases. Indoor
environments often bring challenges related to lighting conditions. After using Super Resolution (SR)
algorithm and Generative Adversarial Network (GAN) to guide image restoration to reconstruct
details, robots are able to see objects 25 meters long [35]. This optimization makes robots have further
vision and better understanding about human instructions.

Auditory sensor-based interaction is another critical component of HCI, enabling robots to
communicate with humans through speech and sound. This interaction is largely dependent on natural
language processing (NLP) technologies, which allow the robot to understand and generate human
language. Through microphones and advanced NLP algorithms, service robots can listen to spoken
commands, interpret their meaning, and respond appropriately. This capability is crucial for tasks
such as following verbal instructions, engaging in dialogue, or even providing voice-based reminders
and alerts [33]. The success of auditory interactions depends on the robot’s ability to accurately
interpret spoken language, even in noisy environments or when dealing with diverse accents and
speech patterns [36].

While these sensory and processing technologies have greatly enhanced the capabilities of service
robots, certain challenges remain in optimizing the quality and effectiveness of human-computer
interaction. Two notable phenomena that impact HCI in service robots are the reduced agency effect
and the uncanny valley effect [37, 38].

The reduced agency effect refers to a situation where users feel a diminished sense of control or
involvement when interacting with autonomous systems. In the context of service robots, this can
occur if the robot’s actions seem overly automated or disconnected from the user’s input, leading to
a less satisfying interaction experience [37]. The uncanny valley effect is another significant factor in
HCI, particularly in interactions involving humanoid robots. This effect occurs when a robot’s
appearance or behavior is almost, but not quite, human-like, resulting in a sense of unease or
discomfort among users [38]. Considering the particularity of Alzheimer's disease patients, it is
necessary to minimize the design of robots reduced agency effect and uncanny valley effect as much
as possible.

As service robots continue to evolve, HCI will remain a vital area of focus, ensuring that these
robots can interact with humans in ways that are natural, effective, and comfortable.

4. Conclusion

The rapid development of home service robots signifies a transformative shift in the landscape of
home automation. From the introduction of the Roomba in 2002 to the advanced floor cleaning and
companion robots of today, these technologies have evolved to meet the growing demands of modern
households. The integration of Al, sensor technology, and human-computer interaction has enabled
robots to perform a wide array of tasks autonomously, thereby enhancing convenience, improving
the quality of life, and providing critical assistance to vulnerable populations, such as Alzheimer’s
patients.

As the technology continues to mature, the further innovations that will expand the capabilities of
home service robots can be expected. These robots are likely to become even more intelligent,
adaptive, and capable of interacting with humans in increasingly natural and effective ways. The
future of home service robots will likely involve more personalized and context-aware systems that
can cater to the unique needs of individual households.

However, several challenges remain, particularly in areas such as obstacle avoidance, human-
computer interaction, and the ethical implications of robots in caregiving roles. Addressing these
challenges will require ongoing research, collaboration between technologists and ethicists, and a
user-centered approach to design.
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In conclusion, the application of service robots in home automation is set to grow significantly,
driven by technological advancements and societal needs. As these robots become more sophisticated
and integrated into daily life, they will not only automate mundane tasks but also provide critical
support in caregiving, making them indispensable in the smart homes of the future.
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