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Introduction

Autonomous Mobile Robots (AMRs) are rapidly transforming various facets of
healthcare, enhancing operational efficiency and patient care. One significant
area is hospital logistics, where AMRs excel at tasks like delivering medications,
supplies, and transporting lab samples, along with managing waste. This capabil-
ity streamlines critical daily operations within complex hospital environments, as
detailed in recent systematic reviews [1].

Beyond logistics, the interaction between humans and these advanced machines
is paramount. Socially assistive mobile robots are increasingly integrated into
healthcare, making Human-Robot Interaction (HRI) a vital field of study. Re-
searchers synthesize findings on user acceptance, trust, and communication pro-
tocols among patients, staff, and visitors, pinpointing key design elements and
future research directions for improving robotic assistance [2].

A fundamental challenge for AMRs operating in healthcare settings, which are of-
ten dynamic and unstructured, is effective path planning. Various algorithms and
methodologies are developed to ensure safe and efficient navigation, adept at
handling obstacles, real-time environmental changes, and unpredictable human
movement. The ongoing discussion revolves around the trade-offs of different ap-
proaches and paving the way for more robust, adaptable navigation systems [3].

Looking at advanced robotic systems, swarm robotics presents a compelling vision
for healthcare. This involves groups of simple, cooperative mobile robots working
together on complex tasks such as surveillance, environmental monitoring, tar-
geted drug delivery, and even micro-surgical procedures. This area explores the
principles of swarm intelligence, examines current prototypes, and confronts signif-
icant challenges related to coordination, safety, and regulatory approval necessary
for widespread clinical use [4].

Accurate positioning is indispensable for the autonomous operation of mobile
robots, especially in indoor hospital environments where Global Positioning Sys-
tem (GPS) signals are unreliable. A crucial strategy involves fusing data from Wi-
Fi signals and LiDAR sensors to achieve precise and robust localization. This
approach surveys various data fusion techniques, algorithms, and system archi-
tectures, offering insights into their performance and limitations to enhance indoor
autonomous navigation [5].

Public health and safety are also major beneficiaries of robotic advancements.
Autonomous Mobile Robots for disinfection tasks are gaining traction in health-
care facilities. These robots employ diverse technologies, including UV-C light,
hydrogen peroxide vapor, and spraying systems, to effectively reduce pathogen
transmission. Evaluating their effectiveness and developing successful deploy-
ment strategies are critical steps for integrating them into standard hospital clean-

ing protocols, focusing on safety and operational efficiency [6].

Another transformative application involves telepresence robots, which bridge geo-
graphical distances in healthcare. Their utility spans remote consultations, extend-
ing specialized medical expertise to underserved regions, enabling virtual family
visits for isolated patients, and supporting medical education. The benefits of im-
proved communication and broader access to care are evident, yet technological,
ethical, and user acceptance challenges continue to influence their wider adoption

[7].

The evolution of robotics also brings sophisticated Human-Robot Collaboration
(HRC), particularly with mobile manipulators that combine robot mobility with the
dexterity of robotic arms. These systems facilitate joint tasks in areas like surgery,
laboratory automation, and direct patient care. Research in this field focuses on di-
verse HRC strategies, safety protocols, and overcoming technical hurdles to create
intuitive and efficient shared workspaces [8].

As robotics and Artificial Intelligence (Al) become more deeply integrated into
healthcare, critical ethical considerations come to the forefront. Key dilemmas
include patient autonomy, privacy concerns, accountability for potential errors, bi-
ases embedded in Al algorithms, and the broader impact on human roles in care
delivery. This systematic review offers a comprehensive overview of existing eth-
ical frameworks and proposes guidelines for the responsible development and de-
ployment of these powerful technologies [9].

Looking ahead, the future of robotics in healthcare promises even more innova-
tion. Emerging trends point towards miniaturization, enhanced Al integration, and
increasingly sophisticated HRI capabilities, leading to specialized applications in
surgery, diagnostics, and elderly care. However, substantial challenges remain,
including navigating regulatory landscapes, ensuring cost-effectiveness, address-
ing ongoing ethical concerns, and building sustained public trust in these advanced
systems [10].

Description

Mobile robots are fundamentally reshaping healthcare operations, from mundane
tasks to critical public health interventions. Autonomous mobile robots have be-
come indispensable in hospital logistics, expertly handling the delivery of med-
ications, supplies, and lab samples while also managing waste transportation,
thereby significantly improving workflow efficiency [1]. Beyond material transport,
these robots contribute directly to public health by performing disinfection tasks
within healthcare facilities. They employ various advanced technologies, includ-
ing UV-C light, hydrogen peroxide vapor, and spraying systems, to effectively re-
duce pathogen transmission. This requires careful consideration of deployment
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strategies and operational safety for successful integration into cleaning protocols
[6].

Another crucial application involves telepresence robots, which bridge geograph-
ical distances in healthcare. Their utility spans remote consultations, extending
specialized medical expertise to underserved regions, enabling virtual family visits
for isolated patients, and supporting medical education. The benefits of improved
communication and broader access to care are evident [7]. Crucially, the success
of socially assistive mobile robots hinges on effective Human-Robot Interaction
(HRI). Understanding and improving user acceptance, trust, and communication
protocols among patients, staff, and visitors is a key research area, guiding the
design of more effective and comfortable robotic assistance [2].

The effective deployment of mobile robots in complex healthcare environments
relies heavily on sophisticated navigation capabilities. Path planning for au-
tonomous mobile robots in dynamic and unstructured settings like hospitals
requires advanced algorithms to manage obstacles, real-time environmental
changes, and unpredictable human movement, with ongoing research focused on
robust and adaptable solutions [3]. Complementing this, precise real-time local-
ization is critical indoors, where Global Positioning System signals are unreliable.
Data fusion techniques combining Wi-Fi signals and LiDAR sensors are surveyed
as a highly effective method for accurate and robust positioning, essential for en-
hancing autonomous indoor navigation [5].

The field is also advancing into more complex robotic systems and collaborative
models. Swarm robotics systems, for instance, envision groups of simple, cooper-
ative mobile robots performing intricate tasks such as surveillance, environmental
monitoring, targeted drug delivery, and even micro-surgical procedures. This area
explores the principles of swarm intelligence and grapples with significant chal-
lenges in coordination, safety, and regulatory approval necessary for widespread
clinical implementation [4]. Furthermore, Human-Robot Collaboration (HRC) with
mobile manipulators represents a significant step, enabling combined mobility and
dexterity for tasks like assisting in surgery, automating laboratory processes, or
direct patient care. Research here addresses various HRC strategies, safety con-
siderations, and the technical difficulties of creating intuitive and efficient shared
workspaces [8].

As these technologies proliferate, critical ethical considerations surrounding
robotics and Attificial Intelligence (Al) in healthcare become paramount. Dilem-
mas involving patient autonomy, privacy, accountability for errors, potential biases
in Al algorithms, and the impact on human care roles are systematically reviewed.
Establishing comprehensive ethical frameworks and guidelines is essential for the
responsible development and deployment of these innovations [9]. Looking for-
ward, the future of robotics in healthcare is marked by emerging trends like minia-
turization, enhanced Al integration, and more sophisticated Human-Robot Interac-
tion capabilities, leading to specialized applications in surgery, diagnostics, and
elderly care. However, the path forward is not without challenges, including nav-
igating regulatory hurdles, ensuring cost-effectiveness, ongoing ethical concerns,
and the crucial need to build sustained public trust in these rapidly evolving sys-
tems [10].

Conclusion

Mobile robots are making a profound impact on healthcare by revolutionizing logis-
tics, enhancing patient care, and improving operational efficiency. Autonomous
Mobile Robots (AMRs) manage critical hospital tasks like delivering supplies,
transporting samples, and waste management, significantly streamlining daily op-
erations. These robots also play a crucial role in public health through disinfection,
utilizing technologies such as UV-C light and hydrogen peroxide vapor to reduce
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pathogen transmission.

Beyond physical tasks, the interaction between humans and robots is a central
focus. Research explores Human-Robot Interaction (HRI) for socially assistive
robots, focusing on user acceptance, trust, and communication to improve robotic
assistance. Sophisticated navigation systems are also vital, with path planning al-
gorithms developed for dynamic hospital environments and real-time localization
enhanced by fusing Wi-Fi and LiDAR data.

Advanced applications include swarm robotics for complex tasks like surveillance
and targeted drug delivery, alongside Human-Robot Collaboration (HRC) with mo-
bile manipulators for joint tasks in surgery and laboratory automation. However,
the integration of these technologies brings significant ethical considerations, in-
cluding patient autonomy, privacy, accountability, and Al bias. Looking ahead,
the future involves miniaturization, advanced Artificial Intelligence (Al), and re-
fined HRI, though regulatory hurdles, cost, and public trust remain key challenges.
The field continues to evolve, balancing innovation with responsible deployment
to maximize benefits in healthcare.
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