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Abstract

Mobile robotics has become a well-known research area in healthcare applications; as it defines itself from general robotics,
it can move in the surrounding environment which is essential for replicating human abilities. Mobile robots can be utilized
in the hospital for health care applications like nursing for doctor assistance and patient monitoring, drug delivery, and tel-
eoperation for contagious diseases. However, mobile robots need unique characteristics, such as the function of locomotion,
perception, navigation, and vision systems. The solution and challenge of a mobile robot’s characteristics must be considered
when developing a mobile robot. Therefore, they are becoming more autonomous, adaptable to changing situations, and
extending their range of applications. This study aimed to investigate the system, which includes both physical robot features
(sensors & actuators) and a comparison of different mobile robots in terms of their characteristics and applications in health
care. In the coming years, mobile robotics will see increased development, incorporating cognitive architecture, artificial
intelligence, speech communication, and affective human—robot interaction. Future healthcare intelligent mobile robots
aim to enhance autonomy, communication, data security, and ethical considerations, enhancing patient care, efficiency, and
collaboration between medical professionals and technology, shaping the future of healthcare delivery. This review paper
presents an overview of the current mobile robot design architecture, which advances the design of the next generation of
intelligent mobile robots used in healthcare.

Keywords Algorithms - Health care - Locomotion - Mobile robot - Navigation - Perception - Socially assistive robots -
Vision system

1 Introduction

In various applications, mobile robotics is the most rap-
idly growing field in scientific research. Because of their
abilities, mobile robots can replace humans in a variety of
fields. These application areas include surveillance, plan-
etary exploration, patrolling, emergency rescue operations,
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reconnaissance, petrochemical applications, industrial
automation, construction, entertainment, museum guides,
personal services, intervention in extreme environments,
transportation, medical care, and so on, as well as many
other industrial and non-industrial applications (Rubio
et al. 2019a; Kriegel et al. 2021). The integration of robots
in healthcare provides a practical, complementary solution
to address the demand raised by the shortage of healthcare
professionals and promises safer, more efficient, and per-
sonalized care. For instance, robots might be presented as
the solution to bridge the loneliness that elderly or disabled
persons often experience (Zardiashvili and Fosch-Villaronga
2020). Automation of logistics in pickup and delivery in
hospitals shows a great helping hand to the active workers
(Cechinel et al. 2020). The application needs to allocate jobs
to robots (Kumar et al. 2018). A mobile robot with autono-
mous navigation is capable of identifying the exact path and
avoiding obstacles without the need for human assistance
(Sunny et al. 2017; Hussain, et al. 2022). For autonomous
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navigation and smooth mobility, the robot needs to have
an artificial brain. The artificial brain is also called artifi-
cial intelligence (Al), which is a technique that mimics the
intelligence possessed by living things applied to inanimate
objects to create similar abilities (Luo et al. 2023; Ahuja
and Nair 2021). The main issue in controlling the robot is to
ensure smooth navigation in its assigned environment. The
most popular types of Al controllers are fuzzy logic and
neural networks that can be applied to navigate a mobile
robot (Yudha et al. 2019). An autonomous mobile robot
has little or no human intervention for its movement and
it is designed in such a way as to follow a predefined path
in an indoor or outdoor environment also the path can be
defined by the robot itself (Cechinel et al. 2020). For indoor
navigation, the mobile robot is based on a floor plan, sonar
sensing, an Inertial Measurement Unit (IMU), etc. The first
autonomous navigation system was a planar sensor-like laser
range finder to navigate without the need for human inter-
vention (Cechinel et al. 2020; Ahuja and Nair 2021; Alatise
and Hancke 2020). The ability of a robot to reach a goal or
move around in the environment safely using installed sen-
sors and a predefined map is one of the most important tasks
in mobile robot design (Kahn et al. 2021; Bally, et al. 2022;
Anikin et al. 2023).

The characteristics of mobile robot methods in health-
care are tailored to meet specific application requirements
while aligning with patient safety and efficient healthcare
operations. From patient interaction and medication delivery
to surgical assistance and infection control, the design and
features of these robots are carefully engineered to com-
plement and enhance existing healthcare practices (Rubio
et al. 2019b). By understanding the distinct characteristics
of mobile robots in healthcare applications, we can harness
their transformative potential to improve patient outcomes,
streamline logistics, and elevate the overall quality of health-
care services. This short review seeks to explore the unique
features of mobile robot techniques, with a particular empha-
sis on their use in the healthcare industry. This review aims
to shed light on how these techniques are customized to meet
the particular needs and problems of healthcare settings by
offering concise and thorough explanations (Rubio et al.
2019b; Bohr and Memarzadeh 2020). The use of assistive
robotic systems in health care is intended to relieve nursing
staff (https://en.wikipedia.org/wiki/Robot-assisted_surgery).

The review aims to identify assistive robotic systems and
their areas of application in nursing settings. It also provides
an overview of existing social and nursing science findings
from the research field of assistive robotic systems. The
study found that assistive robotic systems could be divided
into six fields of application: information and patient data
processing, assistance with activities of daily living, fetch
and bring activities, telepresence and communication,
monitoring, safety and navigation, and complex assistance

systems (https://en.wikipedia.org/wiki/Robot-assisted_
surgery; Ohneberg et al. 2023). Another literature review
that we found discusses the use of intelligent physical robots
in health care. The review summarizes current knowledge
in the field of intelligent physical robot use in health care,
identifies the antecedents and the consequences of intelligent
physical robot use, and proposes potential future research
agendas in the specific area based on the research findings
in the literature and the identified knowledge gaps (Huang
et al. 2023).

In healthcare logistics, mobile robots showcase charac-
teristics that streamline the delivery of medications, labora-
tory samples, and other supplies (Bloss 2011; Lonner et al.
2019). These robots are designed for efficient navigation
through hospital corridors and elevators (Failed 2023). Their
autonomy, navigation algorithms, and obstacle-avoidance
capabilities ensure timely and accurate delivery without
disruptions. Additionally, some robots are equipped with
secure compartments and verification systems, enhancing
the safety and integrity of medication transport (Christo-
forou et al. 2020; Awad et al. 2021; Harry 2023). Mobile
robots dedicated to surgical assistance exhibit characteristics
that underscore precision, stability, and collaboration with
human surgeons (Attanasio et al. 2021). These robots often
feature highly accurate robotic arms controlled by surgeons
from a console. Force feedback mechanisms enable delicate
procedures, and the integration of Al enhances decision-
making during surgery. The characteristics of these robots
are meticulously designed to reduce surgical errors, enhance
visualization, and enable minimally invasive procedures
(Attanasio et al. 2021; Fosch-Villaronga et al. 2023; Fu,
et al. 2023).

In the context of infection control, mobile robots exhibit
characteristics that prioritize hygiene, thoroughness, and
automation. Equipped with UV-C lights or other disinfec-
tion mechanisms, these robots autonomously navigate hos-
pital rooms, emitting light to eliminate harmful pathogens
(McGinn, et al. 2021). Their design ensures comprehensive
coverage while adhering to safety protocols, safeguarding
both patients and healthcare workers (Astrid et al. 2021;
Diab-El Schahawi, et al. 2021; Javaid et al. 2021). Mobile
robots designed for data collection and analysis possess
characteristics that emphasize data accuracy, real-time pro-
cessing, and integration with medical databases. Equipped
with sensors such as cameras and environmental sensors,
these robots collect valuable data on patient vitals, envi-
ronmental conditions, and more. Their onboard processing
capabilities enable quick analysis, allowing medical pro-
fessionals to make informed decisions based on up-to-date
information (Zardiashvili and Fosch-Villaronga 2020; Bohr
and Memarzadeh 2020; Javaid et al. 2021).

In the health care center, robotics and computer-aided
decision support systems are popular. The robot automation
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system is closely linked to particular procedures and activi-
ties, and this must determine which procedures will benefit
from the use of a robotic apparatus to increase service per-
formance (Zhou et al. 2018; Paviloiu et al. 2021). Mobile
robots can be implemented in hospitals for different pur-
poses, like nursing robots, service robots, internal anatomy
diagnosis robots (endoscopic robots), and ambulance robots.
Since robots can offer the opportunity to deliver the job in
contagious or dangerous areas, they are not uncommon in
hospitals, especially in infectious diseases sections. After the
outbreak of COVID-19 in the latest period of 2019, China
has deployed more than 14 mobile robots in their hospital
to handle the task of cleaning and disinfection, checking
up on patients’ fevers, transporting medicine and food, and
entertainment, patients to play with them. Similarly, a robot
named “Tommy” in one of the Italian hospitals was assisting
the patients and doctors as a bridge by making remote com-
munication without direct contact (Pandey and Gelin 2018).
This robot can further measure a patient’s blood pressure
and oxygen saturation without the need for doctors’ direct
involvement. Figure 1 illustrates the development of a semi-
automatic oropharyngeal swab robot for performing swab
tests on patients (Meghdari et al. 2018).

In this paper, we briefly review the characteristic mobile
robot method based on its application in health care. The
principle and characteristics of each method are described,
as well as the reference in a separate section. The existing
design architecture of mobile robots has been discussed
in Sect. 2. The characteristics and applications of mobile
robotics in healthcare have been discussed in Sects. 3 and
4, respectively. Future mobile robot design architecture and
some related discussions are covered in Sect. 5. Section 6
discusses future trends of mobile robots for healthcare appli-
cations for the coming few years. The overall conclusions
regarding mobile robots are stated in Sect. 7.

Fig. 1 A semi-automatic
oropharyngeal swab robot
(Meghdari et al. 2018)
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2 The existing design architecture
of a mobile robot

The design architecture of a mobile robot is a fundamental
framework that outlines the structural and functional com-
ponents of the robot, providing a blueprint for its construc-
tion, operation, and interaction with its environment. This
architectural design serves as the foundational roadmap
that guides engineers and designers throughout the robot's
development process. The design architecture of a mobile
robot integrates hardware, software, sensors, and control
mechanisms into a cohesive framework. Its purpose is to
ensure seamless integration and efficient operation, enabling
the robot to carry out tasks effectively within its designated
environment. A well-structured architecture not only fos-
ters successful robot functionality but also sets the stage for
further advancements in robotics technology. This section
presents the existing mobile robot design architecture for
applications in health care that was utilized to suggest the
future mobile robot design architecture. Figure 2 shows the
overall design architecture of a mobile robot for this review
article.

i. Hardware components: The physical components that
make up the robot's mechanical structure are referred
to as hardware. The chassis, wheels or tracks, actua-
tors, sensors, and power sources are all included in
this. The robot's body is formed by its chassis, and its
wheels or tracks allow it to move. The robot receives
information about its surroundings from sensors like
cameras, LiDAR, ultrasonic sensors, and encoders,
which allows it to see and react to its surroundings.
The robot's mechanical components are acted upon
by actuators, which can be either motors or servos,
enabling the robot to perform actions and tasks. The
energy needed for the robot to function is provided by
the power sources, which are frequently batteries.

ii. Sensor integration: One of the key components of the
design architecture is the integration of different sen-
sors. Sensors enhance the robot's perception abilities
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by providing information on distances, topography,
obstacles, and other topics. For example, LIDAR uses
laser beams to scan the environment, whereas cameras
provide visual information. All of these sensors work
together to give the robot a thorough awareness of its
environment, which is necessary for it to make deci-
sions and navigate on its own.

iii. Control and processing units: The control and pro-
cessing unit is at the heart of the design architecture.
Microcontrollers, processors, memory, and software
are all included in this unit. It acts as the robot's brain,
analyzing sensor data, coming to conclusions, and
giving actuator commands. Here, sophisticated algo-
rithms are used to make tasks like obstacle avoidance,
path planning, localization, and mapping possible.
The processing unit is also in charge of overseeing
communication between various parts and outside
gadgets.

iv. Communication interfaces: Modern mobile robots are
often equipped with communication interfaces, allow-
ing them to interact with humans, other robots, and
external systems. These interfaces can include Wi-Fi,
Bluetooth, Ethernet, or even more specialized proto-
cols. This connectivity enables remote control, data
sharing, and integration into larger robotic networks.

v. Software architecture: The software architecture dic-
tates how the robot's functionalities are organized and
executed. It consists of several software modules that
manage distinct functions, including communication,
motion control, perception, and decision-making. This
modular strategy makes updates and new features eas-
ier to integrate and improves maintainability.

vi. Autonomy and navigation: A crucial design consid-
eration is the robot's autonomy and navigation capa-
bilities. Path planning algorithms, combined with

data from sensors, enable the robot to autonomously
navigate its environment while avoiding obstacles.
Simultaneous Localization and Mapping (SLAM)
techniques help the robot build a map of its surround-
ings and determine its position within that map.

vii. User interface: For human-robot interaction, a user
interface is integrated into the architecture. This
can be a graphical interface displayed on a screen, a
mobile app, or even voice commands. The interface
allows users to monitor the robot's status, provide
commands, and receive feedback.

Table 1 assessed different kinds of mobile robots, their
main components, operating principles, and their poten-
tial application area in the medical industry: for education,
human interaction, transportation, diagnosis, communica-
tion, and monitoring patients in a hospital.

3 Characteristics of mobile robot

In mobile robots, the performance of characteristics is
strongly based on the locomotion, perception, navigation,
vision system, Sensors, and their function in a mobile robot.
This method is crucial for improving the advancement of the
mobile robot design architecture.

3.1 Locomotion

The design of a mobile robot is dependent on the service to
be rendered; therefore, a mobile robot can be designed to
walk, run, jump, fly, etc. The requirement of the designed
robot, they are categorized into stationery and mobility: on
land, water, or air. Examples of such designed mobile robots
are wheeled, legged, walking, or hybrid. Legged, wheeled,
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console, and operator assistance algorithms that automate or

partially automate tedious and error-prone tasks
Tele-nursing mobile manipulator for remote care-giving in

and other biohazards

quarantine areas
Minimizing the exposure of healthcare workers to contagions

Consists of a mobile manipulator robot, a human operator’s

Description and applications
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console, which communicates with the robot via the system

the operator, and patients. An operator console: mouse and
keyboard, 3D mouse, and kinesthetic robot miniatures. A
software system for the control and user interface: Com-
mands from input devices are relayed to the operator
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and articulated bodies are the main ways mobile robots are
locomotor (Alatise and Hancke 2020). Mobile robots have
to be flexible enough for easy maneuvering. The locomotion
system of a mobile robot is an essential feature of its archi-
tecture, and it is influenced by technical parameters such as
maneuverability, controllability, terrain conditions, perfor-
mance, stability, and so on, as well as the medium in which
the robot moves (on the Earth's surface, underwater, in the
air, and so on) (Rubio et al. 2019a). End-users can benefit
from more versatility in new technologies as a result of this.
For such a purpose, the robot which has a mechanism hav-
ing robotic arms with tracks is useful. Particularly, the leg
mechanism that is used as a robotic arm is effective if it can
be used in both locomotion and manipulation. Some robots
having mechanisms with legs and tracks or wheels have been
presented. These types of robots, however, are not suitable
for handling tasks very much due to their leg mechanism or
single manipulation arm (Fujita and Sasaki 2017).

3.2 Perception and localization
3.2.1 Perception

Perception involves the areas of signal analysis and special-
ized fields such as computer vision and sensor technologies
(Rubio et al. 2019a). An autonomous mobile robot needs
to acquire information from its working environment, its
relative position, or up to the area, the robot can be affected,
by sensing objects around. If a mobile robot is unable to
observe its environment correctly and efficiently, performing
tasks such as estimating the position of an object accurately
may be an issue. To achieve this, information is perceived
by the use of sensors and other related devices (Alatise and
Hancke 2020).

Most of the robots use either exteroceptive or propriocep-
tive sensors. Exteroceptive sensors sense properties that are
external to the environment like distance, proximity, light
intensity ambient temperature, vision, sound, and then like.
These sensors include infrared proximity sensors, sonar
proximity sensors, radar proximity sensors laser range find-
ers, microphones, cameras, GPS, and so on. On the other
hand, proprioceptive sensors measure internal robot proper-
ties like force, torque, robot wheel rotation, robot total mov-
ing distance, energy level, acceleration, and speed of a robot.

The robots use different ranges of sensors to get accurate
information about their states and environment. The robot
perception tries to give enough information for robots’
motion and navigation decisions. For this reason, robots
use redundant and different sensors that sense the same
properties of the robots. The robot deterministic or proba-
bilistic model with be fused with sensor measurements to
filter out the optimal robot state prediction. For this process,
the Kalman filter, extended Kalman filter, and particle filter

@ Springer



490

G. A. Kebede et al.

methods have been employed in different robot perception
systems.

In addition, the perception system needs to understand
how to interact with other agents around it. This idea
is the major research area for multi-agent systems and
human-robot interaction. One common experience of human
perception, hearing someone’s voice for the first time can
also make us form a mental image of how that person might
look like. For example, it is a common experience to observe
“a speaker whose voice is familiar and being surprised by
that person’s appearance” (MiSeikis et al. 2020). These capa-
bilities will be surveyed within the research survey through
deep learning perception model algorithms that can deter-
mine how a robot responds to the dynamic changes within an
environment. The basis of these models revolves around con-
trol theory-affiliated paradigms for instance system stability,
control as well as observation (Shabbir and Anwer 1803). A
study in Cyprus during the midst of the pandemic to inves-
tigate tourists’ perceptions regarding the use of robots and,
more specifically, anthropomorphic robots in the tourism
domain was explored. A total number of 78 interviews with
tourists were retained for this study. The findings revealed
that tourists favor the use of anthropomorphic robots over
any other type of robot (Christou et al. 2020).

3.2.1.1 Vision System Vision is the main perception means
to understand the external environment for any robotic sys-
tem. Computer vision/machine vision of the mobile robot
could be implemented for obstacle detection, mobile robot-
to-human and other robot interactions, navigation, and local-
ization. In the case of obstacle detection, the movement of a
mobile robot in a hospital may cause a collision between a
person and an object so the collision must be prevented. To
prevent a collision, it is necessary to recognize whether or
not an object exists in the movement path of the robot (Park,
et al. 2022). In computer vision, object recognition and fea-
ture matching are significant tasks to be performed for accu-
rate positioning. Object recognition refers to the process of
identifying and classifying objects within digital images or
video frames. The goal is to enable computers to interpret
visual information in a way that is like how humans perceive
and recognize objects. Feature matching or image matching
on the other hand performs the task of establishing corre-
spondence between two images detected in the same scene/
object (Alatise and Hancke 2020; Joseph et al. 2018; Kang
et al. 2017). Multiple cameras, such as binocular stereo
vision, a single camera with a calibration target, and a single
camera with external hardware, such as structured light and
laser, are common 3D measurement methods. There have
been a variety of robot vision systems, each with its own
set of applications (Hussain, et al. 2022; Guo et al. 2017,
Mohamad and Zhu 2016). Visual-based control methods
aim to control a dynamic system by utilizing visual features
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acquired from images ensured by one or multiple cameras.
In other words, controlling a robot can be modeled through
a visual perception infrastructure. This is done by applying
image processing techniques on each of the frames acquired
from the imagining device. All visual-based controls aim to
decrease errors and the motion cost to an admissible level.

3.2.2 Localization

Localization addresses the problem of finding the exact loca-
tion of the robot with some inertial and non-inertial refer-
ences. There are three commonly used localization methods
used in a mobile robot.

The first one is Position tracking (dead-reckoning) which
uses the information of changes of angular and linear posi-
tions from past known initial positions to predict current
positions. Odometry is the most common kind of dead-reck-
oning method that predicts a robot’s location using angular
and linear position changes measured by a wheel encoder.
However, it is highly prone to error due to wheel slip and
accumulated numerical integration.

The second kind of localization method is global localiza-
tion. It uses maps of landmarks to locate robots using sen-
sor measurements relative to the landmarks and different
map-matching methods, beacons, and active infrastructure
like GPS, Wi-Fi, and Bluetooth communication with known
locations. Beacons use different methods like trilateration,
fingerprinting, and proximity to localized robots. Global
localization suffers at dynamic landmarks, and inaccessibil-
ity of sensors like GPS when robots are working on indoor
services.

The third method is a combination of the two methods
dead-reckoning and global localization. Sensor fusion could
be employed when the two methods get better results from
the two methods.

3.3 Navigation

The navigation system of a mobile robot refers to the set of
algorithms, sensors, and technologies that enable the robot
to move autonomously and navigate through its environ-
ment. This system allows the robot to plan its path, avoid
obstacles, and reach its destination without constant human
intervention, for example, responses to avoid obstacles to
obstruction objects, and the sensor input provides informa-
tion that the obstacle is near, then the output of wheel motion
will move the robot away from the obstacle and approach a
target point which has been specified (Yudha et al. 2019;
Guo et al. 2017; Kastner, et al. 2023). In the navigation
process of a mobile robot, the robot could perceive sensor
inputs and use stored known maps from the mobile com-
puter database, localize itself relative to a known reference,
and perform cognition motion planning and motion control
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(Hong et al. 2013). The navigation system also analyzes how
the robot's own experience will include retrospective self-
supervision: for certain physically salient navigational goals,
such as avoiding collisions or preferring smooth over bumpy
terrains, the robot can autonomously assess how well it has
fulfilled its objective (Kahn et al. 2021).

Global navigation, local navigation, and personal naviga-
tion are the three forms of mobile robot navigation. Global
navigation is the ability to identify the location of elements
in the world relative to the reference axis and to move toward
a predetermined target (Anjum et al. 2021). Local navigation
is concerned with determining the environment's dynamic
conditions and establishing positional relationships among
various elements. Personal navigation is the practice of
handling the different elements of the system relative to
one another while taking into account their relative roles
(MiSeikis et al. 2020; Patle et al. 2019).The navigation meth-
ods use the existing knowledge of the environments and new
information about dynamic environments using a sensor.
These are different kinds of navigation methods.

3.3.1 Bug algorithm

This algorithm is the best for situations where the robot
does not have any knowledge about the environment. The
bug algorithms allow robots to circumnavigate the obsta-
cles within a safe distance to avoid collision and help the
robot understand the obstacle boundary map. This method
is not optimal and full of tries and errors (Mettler et al. 2017;
Cooper et al. 2020).

3.3.2 Generalized Voronoi diagram

The generalized Voronoi graphs are the set of connected
points located at equal distances between obstacles. The
location of the boundaries of the obstacles will be detected
with the sensors of the robot and prior knowledge of the
environment. This graph will be used as a road map in robot
navigation (Gémez et al. 2013; Zeng et al. 2020). The path
definition for a robot is to select the optimal path from the
Voronoi graph lines between the starting and the goal points
of the robot navigation (Masehian and Amin-Naseri 2004).
Different optimization methods, such as Dijkstra, A*, and
heuristic search algorithms can be employed for optimal
path selection from the Voronoi graph. The core idea of this
method is the locus of the equidistant points between obsta-
cles located at the free space are the best locations for safe
robot navigation (Shao and Lee 2010; Xuan et al. 2011).

3.3.3 Visibility graph

This is the other kind of robot roadmap developing naviga-
tion method. The visibility graph method uses line projection

algorithms like rotational plane sweep algorithms from the
standing location of a robot to obstacles using a sonar or
lidar sensor or imaginary lines if the map of the working
environment is known to search for a possible path to the
goal point (Masehian and Amin-Naseri 2004; M. el KHAILI
2014). Connection of different projected lines from the start
point will be developed and further connected to the goal
point (Oommen et al. 1987; Rao et al. 1988). The optimal
path will be selected from the available possible paths using
Dijkstra, A*, and other optimization methods.

3.3.4 Artificial potential field method

Artificial potential field method navigation is a continual
search for the target point till the goal point. The method
is composed of attraction and repulsive forces functions
(Gomez et al. 2013). The attractive force function tries to
attract the robot to the target goal point to find the short-
est path and repulsive forces keep the robot away from the
obstacles (Masehian and Amin-Naseri 2004). The optimal
path is the path that minimizes the artificial potential field
function. It is sometimes difficult to find global minimal
points and the method suffers from the local minimal point.

3.3.5 Cell decomposition method

The cell decomposition method divides the robot working
environment into non-overlapping cells and the robots try
to navigate through the free cells that are not occupied with
the obstacles. This method is not adaptable to a dynamic
environment. The large number of cells in the environment
increases accuracy and optimality but it has a high compu-
tational cost (Esan et al. 2020).

3.3.6 Sampling-based navigation methods

The computational effort and the time needed for the compu-
tation of the other methods drive the need for sampled-based
navigation. Sample points from the robot working environ-
ment will be taken and checked whether they are part of
the obstacle or not. There are two common sampled passed
robot navigation methods, probabilistic roadmaps (PRMs)
and rapid exploring random trees (RRTs), and rapid explor-
ing random trees star (RRT*s) (Kala 2013).

PRMs generate random points in the robot environment
and eliminate all points in the samples that are parts of the
obstacles. Then, PRMs use search optimization methods like
A* to find new optimal paths between the sampled points to
reach the goal point.

RRTS uses a tree-like graphical structure to connect
randomly generated points. Every point will be compared
with its neighboring points to check for optimal connec-
tion between points and non-optimal connection will be

@ Springer



492

G. A. Kebede et al.

eliminated. This will be repeated till the robot reaches the
goal points.

3.3.7 Genetic algorithms (GA)

GA is an evolutionary optimization method that passes in a
repetitive iteration to provide optimal navigation in the envi-
ronment by finding the fittest point path connections from
the starting to the target point (Gemeinder and Gerke 2003).
However, this method is limited to the static environment,
and it needs a coalition with fuzzy logic and neural net-
works to find the optimal navigation points in the dynamic
environment.

3.3.8 Fuzzy logic-based navigation

The fuzzy logic-based navigation of a robot can be used in
the environment for uncertain and dynamic environments
(Luo et al. 2023; Montaner and Ramirez-Serrano 1998;
Pequefio-Zurro, et al. 2023). It can be combined with differ-
ent optimization methods like GA and simulated annealing
methods to achieve optimal navigation (Kistner et al. 2021).

3.3.9 Artificial neural network-based navigation

It is a human brain-inspired method that can be used as a
universal approximator for any function. Due to the increase
in the computational power of recent computers, this method
is employed in robot navigation by using online and offline
training (Engedy and Horvath 2010). It can be used in static
and dynamic environments.

3.3.10 Neuro-fuzzy-based navigation

The neuro-fuzzy methods that used neural network-trained
fuzzy rules and inference methods have been developed and
used in robot navigation methods (Zhu and Yang 2007). The
commonality of this kind of method is the adaptive neuro-
fuzzy inference system (ANFIS).

3.3.11 Simulated annealing-based navigation

Simulated annealing is a metal annealing-inspired method
that comes from the statistical mechanic’s concept (Miao
and Tian 2013). It has been used to optimize fuzzy logic-
based robot navigation and artificial potential field methods.
3.3.12 Particle swarm optimization (PSO) based navigation
PSO is a social behavior-inspired stochastics optimization

used to optimize the robot navigations. It has been employed
in multi-robot navigation optimization, optimizing fuzzy
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logic-based navigations, and simultaneous localization and
navigation methods (SLAM) (Dewang et al. 2018).

3.3.13 Ant colony optimization (ACO) for robot navigation

ACO bionics inspired probabilistic optimization method
used to optimize fuzzy logic-based navigation, to search for
paths and obstacle avoidance systems in dynamic environ-
ments, and cell decomposition methods (Garcia et al. 2009).

3.3.14 Reinforcement learning for robot navigation

Reinforcement learning is inspired by the learning psychol-
ogy of animals that consists of an agent and an environ-
ment to make an optimal decision based on their interac-
tion experience. This prominent machine learning method
will model the system that is considered to be dealt with
as a Markov decision process that consists of the state of
the environment, the action taken by the agent, the reward
value obtained, and the state transition probability. The agent
learns the best decision based on the interaction with the
environment. The reinforcement learning method is a prom-
ising area to address navigation problems compared to other
intelligent and conventional methods.

The configuration space is usually prone to a dynamic
environment in which the obstacles are continuously chang-
ing their position with a variable velocity. This problem
leads to a highly robust and adaptive navigation method that
changes the navigation strategies based on the environment
dynamics. In addition, the sensors are not accurately sensing
the environment and give precise information to the robot.
They are highly exposed to malfunctioning and noise that
needs continuous filtering and fault correction.

The reinforcement learning method is a promising area to
address navigation problems compared to other intelligent
and conventional methods (Zhu and Zhang 2021).

3.4 Design improvements for future healthcare
intelligent mobile robots

As the field of robotics continues to advance, there is a
growing emphasis on designing intelligent mobile robots
that can play a transformative role in healthcare. These
robots have the potential to enhance patient care, assist
medical professionals, and streamline healthcare operations.
To pave the way for their optimal integration, a range of
design improvements are crucial. This explanation delves
into the key design enhancements that can shape the future
of healthcare intelligent mobile robots (Soriano, et al. 2022;
Amjad et al. 2023).

i. Enhanced autonomy and navigation: Intelligent mobile
robots for healthcare in the future should have bet-



Review of the characteristics of mobile robots for health care application

493

ter autonomy and navigational skills. More sophisti-
cated sensor technologies, like depth cameras and 3D
LiDAR, can give these robots a more precise sense
of their surroundings. These sensors, when combined
with advanced Al algorithms, allow robots to safely
interact with patients and medical equipment while
navigating intricate hospital layouts and avoiding
obstacles. Furthermore, improvements in simultane-
ous localization and mapping (SLAM) methods can
improve the robots' capacity to map their environment
precisely, which will facilitate navigation.

ii. Human-robot interaction and communication: It is
critical to design robots with user-friendly human—
robot interaction (HRI) interfaces. Robots with natural
language processing (NLP) skills may be able to com-
prehend and react to spoken instructions from patients
and medical personnel alike. Adding expressive ges-
tures and visual displays can help people communicate
more effectively, which improves the flow and signifi-
cance of interactions. These advancements guarantee
that in healthcare environments, people view robots as
reliable and cooperative partners.

iii. Versatile task adaptability: Future intelligent mobile
robots in healthcare should have modular designs
that facilitate easy task adaptation and customization.
Robots are capable of carrying out a wide range of
tasks, from administering medication to performing
minor surgical procedures, thanks to interchangeable
end-effectors like grippers or medical instruments.
Robots are useful tools that can handle a variety of
healthcare requirements because of their adaptability.

iv. Data security and privacy: Strong data security and
privacy protocols are essential as robots handle more
and more private patient information. Patient infor-
mation will not be accessed by third parties without
authorization if encryption protocols and secure data
transmission methods are put in place. Furthermore, to
guarantee that only authorized personnel can interact
with them; robots should be outfitted with physical
security features like biometric authentication.

v. Integration with electronic health records (EHR)
systems: An important design improvement is seam-
less integration with electronic health record (EHR)
systems. Workflows are streamlined and the chance
of error is decreased when robots have direct access
to and update patient data within EHR systems. By
ensuring that healthcare providers have instant access
to patient data, this integration helps them make bet-
ter-informed decisions.

vi. Remote operation and telemedicine: Intelligent mobile
robots for healthcare can be more useful when they
have remote operation capabilities. In telemedicine

consultations, medical professionals can operate
robots remotely to evaluate patients, give advice, and
work with staff members present. In addition to serv-
ing as conduits for medical equipment, these robots
can also perform remote diagnostic procedures, which
eliminates the need for in-person visits.

vii. Ethical and cultural considerations: Ethical and cul-
tural considerations should be taken into account when
making design improvements. Healthcare robots have
to follow moral standards that protect patient privacy,
autonomy, and cultural sensitivity. It is recommended
that transparent decision-making algorithms be
employed so that patients and medical personnel can
comprehend the reasoning behind the robots' actions.
The next generation of intelligent mobile healthcare
robots will focus on creating flexible, safe, and intui-
tive systems that enhance autonomy, communication,
adaptability, data security, and ethical considerations,
potentially enhancing patient care, operational effi-
ciency, and medical professional cooperation.

3.5 Technical evolution and challenges in mobile
robots designed for healthcare applications

Mobile robots designed for healthcare applications have
witnessed remarkable technical evolution over recent years.
These advancements have the potential to revolutionize
patient care, medical procedures, and healthcare logistics.
However, along with these positive developments, several
challenges are also perceived. This explanation delves into
the intricacies of the technical evolution and the associated
challenges that mobile robots designed for healthcare appli-
cations encounter (Failed 2023; Junaid, et al. 2022). The
technical evolution of mobile robots in healthcare has led to
significant advancements in sensing technologies, autonomy
and navigation, human-robot interaction, surgical assis-
tance, and data integration. As shown in Table 2, sensors
have enabled robots to accurately perceive their environ-
ment, improve situational awareness, and navigate complex
environments. Autonomy and navigation algorithms have
improved, and human-robot interaction has been enhanced
with natural language processing and gesture recognition.
Surgical robots now offer finer dexterity, haptic feedback,
enhanced visualization, and data integration and analysis
(Rubio et al. 2019a; Kyrarini, et al. 2021).

The advancement of mobile robots in healthcare faces
several challenges, including safety, ethical concerns, adapt-
ability, cost, integration, regulation, and technical limita-
tions. Ensuring safety and reliability in sensitive environ-
ments, balancing automation with human involvement, and
designing robots for a wide range of tasks are crucial. High
costs, compliance with regulatory standards, and technical
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Table 2 Classification of sensor systems commonly used in mobile robots (Sunny et al. 2017)

Classification System sensor

Function

Tactile
contact proximity sensor

Wheel encoder Optic, magnetic

Optical sensor Infrared LiDAR

Heading sensor Gyroscope

Vision-based sensor

Active ranging sensors

Sound sensor Sound Sensor (Mic)

Navigation/positioning sensors GPS (Global Positioning System)
Digital Magnetic Compass
Localization

Light sensors Phototubes, Phototransistors, CCD’s

Contact switches, bumper, optical barriers, Non-

CCD (Charge Coupled Device)/CMOS (Complemen-
tary Metal Oxide Semiconductor) camera(s))

Ultrasonic, laser rangefinder, optical triangulation

They are designed to sense and determine the exact
position of an object at a short distance via direct
physical contact. They are also used to detect heat
variation

Tactile sensors are mostly used to calculate the amount
of force applied by the robot’s end-effectors

It helps to measure the distance or speed the robot has
driven. The wheel encoders also count the revolutions
of each wheel and its orientation

These are light-based sensors that produce range esti-
mates based on the time needed for the light to reach
the target and return

It is a reliable rotation sensor that measures angular
velocities and orientation

These sensors offer a vast sum of information about the
environment and enable intelligent interaction in a
dynamic environment

Active ranging sensors aid robots navigate and they
usually originate as part of localization and envi-
ronmental modeling. They are devices that generate
highly precise distance measurements between the
sensor and the target

A simple robot can be designed to navigate based on
the sound it receives

Digital Magnetic Compass: directional measurements
using the earth’s magnetic field which guides your
robot in the right direction to reach its destination

Localization helps in determining the location of a
robot in a complex environment

Photovoltaic cells convert solar radiation into electrical
energy

A resistor whose resistance varies with change in light
intensity

limitations in dynamic environments also pose challenges.
Despite these challenges, the potential for improved health-
care outcomes remains a significant challenge (Failed 2023).
Ensuring the safety and reliability of mobile robots within
sensitive healthcare environments remains a challenge.
Robots must reliably navigate and interact without endan-
gering patients, medical staff, or themselves (Raje, et al.
2021; Siala and Wang 2022). The use of robots in health-
care raises Ethical Considerations, including patient privacy,
informed consent, and the delegation of medical decisions
to machines. Striking a balance between automation and
human involvement is crucial (Farhud and Zokaei Nov 2021,
Yew 2021; Tan et al. 2021). Despite advancements, robots
may still encounter technical limitations in highly dynamic
or cluttered environments. Addressing challenges related to
reliable operation under diverse conditions is a continuous
endeavor (Ingrand and Ghallab 2017; Gielis et al. 2022). The
advancement of healthcare mobile robots holds great prom-
ise for improving patient care, but challenges like safety,
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ethics, adaptability, cost, regulation, and technical limita-
tions need to be addressed.

4 Applications of mobile robotics
in healthcare

In the contemporary landscape of healthcare, the inte-
gration of mobile robots has gained significant attention
due to their potential to revolutionize various aspects of
patient care, logistics, and medical procedures. This brief
review aims to investigate the distinctive characteristics
of mobile robot methods, focusing specifically on their
application within the healthcare domain. By providing
clear and detailed explanations, this review seeks to shed
light on how these methods are tailored to address the
unique challenges and requirements of healthcare settings.
Mobile Robotics in Healthcare perform various applica-
tions, mainly; we can use for carrier robots, serving robots
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in hospitals, socially assistive robots (SAR), teleportation
mobile robots, patient assistance and care, Medication
Delivery and Logistics, Surgical Assistance, Disinfection
and Sanitization, and Data Collection and Analysis.

4.1 Carrier robots

Back pain is a common problem among caregivers since
one has to transfer patients from beds to wheelchairs,
typically for an average of 40 times a day. The Robot for
Interactive Body Assistance (RIBA) is the first assistive
robot to carry patients weighing up to 60 kg from bed to
wheelchair and back. Commands are given to RIBA by
the caregiver through tactile guidance, instead of the tra-
ditional joystick controller (Fosch-Villaronga et al. 2023).

4.2 Serving robots in hospital

There are many tasks in hospitals that, handling of the
material is required. These tasks can be easily accom-
plished with the aid of serving robots. Robots are also
used to carry food to several hospital patients. They're
used for things like delivering food and drinks, dispens-
ing medications, picking up dirty laundry, delivering fresh
bed sheets, and transporting daily and contaminated waste,
among other things (Fu, et al. 2023).

4.3 Socially assistive robots (SAR)

A special group of Healthcare robots is the Socially Assis-
tive Robots. SAR focuses on communication to enhance
users’ health and psychological well-being through diag-
nosis, therapy or offering companionship to those who feel
lonely (Khan et al. 2019; Koh, et al. 2022; Kumar et al.
2021). One of the major advantages of therapy robots is
that users can have access to them whenever they need
them, rather than depending on therapist availability.
Patients in waiting rooms or entrances of hospitals and
care centers need Boredom while waiting, patient logis-
tics, and monitoring the progression of the illness. The
robot can serve as a companion and provide entertain-
ment, including cognitive games, access to user’s health
records to provide assessment, enable smart appointment
scheduling, give information to patients, and serve as a
receptionist to welcome, check-in, and alert the medical
personnel of appointments, and guide new incomers to
the hospitals, triage tasks, and hospital staff can monitor
and make requests of robot actions through the internet
(McGinn, et al. 2021).

4.4 Teleoperation mobile robot

Teleoperation applications nowadays use the mobile robot
platform with attached robot arms and are controlled
remotely (Shin et al. 2022). For safety—critical applica-
tions such as health screening and swab testing in the medi-
cal field, human operators need to control the robot arm
accurately (Shahri and Sayyedalhosseini 2021). A stand-
ard remote-control method like a joystick requires highly
skilled personnel to operate the robot. Typically, this type of
robot system consists of a mobile robot system, controlled
remotely by the human for executing specific dangerous and
safety—critical tasks. It has many possible uses, for exam-
ple, in the medical field, such as for health screening and
swab tests, especially during pandemics like influenza and
COVID-19 outbreaks (Prathiba et al. 2022).

4.5 Patient assistance and care

Mobile robots designed for patient assistance and care have
empathy, communication, and safety features. These robots
are equipped with advanced sensors and Al algorithms to
navigate crowded hospital environments while avoiding
collisions with patients and medical equipment. Their com-
munication abilities, which frequently include speech and
visual interfaces, allow them to interact with patients, pro-
vide information, and provide companionship. These charac-
teristics are critical for improving overall patient experiences
and enhancing patient well-being (Deo and Anjankar May
2023; Holland, et al. 2021).

4.6 Medication delivery and logistics

Mobile robots include features that simplify the transporta-
tion of drugs, lab samples, and other supplies in the field of
healthcare logistics. These robots are made to navigate hos-
pital elevators and corridors with efficiency. Their autonomy,
obstacle avoidance skills, and navigation algorithms guaran-
tee uninterrupted, timely, and correct delivery. Furthermore,
several robots are outfitted with safe spaces and authentica-
tion mechanisms, augmenting the security and consistency
of pharmaceutical conveyance (Pinna et al. 2015; Padua
Ribeiro et al. 2013).

4.7 Surgical assistance

The attributes of mobile surgical aid robots emphasize accu-
racy, steadiness, and cooperation with human doctors. These
robots frequently have extremely precise robotic arms that
doctors operate from a console. Delicate procedures are
made possible by force feedback devices, and the incorpora-
tion of Al improves surgical decision-making. These robots'
features are carefully crafted to lower surgical mistake rates,

@ Springer



496

G. A. Kebede et al.

improve visibility, and facilitate less invasive treatments
(Smith et al. 2011; Schulz et al. 2007).

4.8 Disinfection and sanitization

Mobile robots have features that emphasize automation, san-
itation, and thoroughness in the context of infection control.
These autonomous robots roam hospital rooms while gen-
erating light to eradicate hazardous microorganisms. They
are equipped with UV-C lamps or other disinfection systems.
Both patients and healthcare personnel are protected by their
design, which guarantees complete coverage while uphold-
ing safety regulations (Fuchsman et al. 2022; Hassan et al.
2021).

4.9 Data collection and analysis

Data accuracy, real-time processing, and interface with
medical databases are prioritized features of mobile robots
intended for data collecting and analysis. These robots gather
important information on patient vitals, ambient conditions,
and other subjects since they are outfitted with sensors like
cameras and environmental sensors. Medical experts may
make well-informed decisions based on current information
thanks to their onboard processing capabilities, which facili-
tate speedy analysis (Guntur et al. 2019; Dwivedi et al. 2022;
Anikwe et al. 2022). In conclusion, mobile robot approaches
in healthcare are adapted to particular application needs
while maintaining patient safety and effective healthcare
operations. The features and design of these robots are
carefully engineered to complement and improve current
healthcare practices, from medication delivery and patient
interaction to surgical assistance and infection control. We
can use mobile robots' revolutionary potential to enhance
patient outcomes, expedite logistics, and raise the standard
of healthcare services by comprehending their unique fea-
tures in healthcare applications. Figure 3 shows the overall
application of mobile robots.

5 Discussions

This study aims to provide a characteristic of mobile robot-
ics for healthcare applications. It is found that the need
for mobile robots in health care tasks is evident, but their
deployment needs to be based on a thorough analysis of the
whole logistics system, and their designs should be made
accordingly. Although current robotic systems show promise
for future applications, completely or partially reconstruct-
ing intelligent mobile robot frameworks, will yield substan-
tial improvements. Mobile robots have different characteris-
tics among those four of which are discussed as locomotion,
perception, navigation, and vision systems with different
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techniques of implementation. Also, there are different sen-
sors used in mobile robots, some of those are tactile, wheel
encoder, optical sensor, heading sensor, vision-based sensor,
active ranging sensors, etc. and under such categories, dif-
ferent sensors are involved. Mobile robots can be utilized in
hospitals as nurse robots, service robots, socially assistive
robots, and teleported robots. From the different literature,
the following recommendations are given for future mobile
robot design architectures.

5.1 The physical structure

The physical structure of the robot is defined based on the
robot’s configuration space which depends on the functional
need. The components of the robot structure shall be made
from lighter, stronger, and more durable material to lower
the load on an actuator that will move the robot compo-
nents. Also, one of the structural components of a robot
is the wheel or the leg. The selection of these components
depends on the kind of robot it is planned to design, the ter-
rain structure of the environment, and the complexity of the
control signal needed. Legged structure robots need com-
plex control and actuation methods while wheeled robots
are highly exposed to slip on slippery roads and the dead
reckoning is exposed to error, so the selection of the proper
structure should be done considering all of these points.

5.2 Robot localization

The localization method should employ both global and
local localization methods to eliminate localization errors.
Global localization signals my loss where the signal from
the reference coordinate (example: GPS) is lost and at the
same time, local localization methods are exposed to errors,
like dead reckoning errors due to numerical approximation
and wheel slip. The localization method that employs both
global and local methods will handle such kinds of errors.
The recent advancement in simultaneous localization and
mapping (SLAM) is another way of integrating navigation
with localization using onboard sensors.

5.3 Robot navigation

The robot navigation problem in the health application
robots is usually finding an optimal path in the highly
dynamic environment and the prior knowledge of the envi-
ronment map is not enough to handle the navigation prob-
lem. As a general guideline:

¢ Employ classical navigation methods for a static environ-
ment
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Fig.3 Applications of mobile robots

¢ Employ advanced and learning-based navigation methods
for a dynamic environment where the robots will adapt to
the environmental changes and be able to make the right
decision for the optimal path.

5.4 Perception

The perception method highly relies on the quality of the
sensors used and the extraction of the sensor data. The per-
ception design is the tradeoff between cost and quality. It is
highly recommended that multiple sensor fusion be used
for perception, especially for the highly sensitive applica-
tion areas of robots. Different kinds of sensor fusion meth-
ods could be employed to make the synergy of all available
sensors such as Kalman filter, Extended Kalman filter, and
particle filter.

5.5 Software and processors

It is commonly known to use real-time operating systems
for robotics and embedded systems. The real-time operat-
ing system usually works on polling or event interruption.
The former uses checking every input (sensors) and output
(actuators) sequentially while the latter uses events triggers
to send a signal to the processor and based on the priority of
the events, action signals will be sent. It is recommended to
use event-interrupted operating systems. Furthermore, the
distributed computation process would be preferred over

centralized computation. It is now preferable to use differ-
ent processors for different computations to reduce com-
putational complexity and save time, thanks to the recent
advancements in high-speed processor technology. Unless
computationally complex robot design is needed, it is better
to use distributed computational architecture.

6 Future trends of mobile robots for health
care applications

The healthcare industry is constantly evolving, and it is
essential to keep up with the latest trends to stay ahead of
the curve. According to a recent report by Wolters Kluwer,
future trends include building trust in an age of digital infor-
mation overload, integrating the Internet of Things (IoT)
for remote patient monitoring, using blockchains for secure
data sharing, implementing telemedicine for remote ser-
vices, and utilizing patient-generated health data (PGHD)
for improved engagement, personalized care, and patient
outcomes (https://www.wolterskluwer.com/en/expert-insig
hts/artificial-intelligence-and-the-pursuit-of-compliance-
program-optimization). The integration of these cutting-
edge technologies with mobile robots would have a tremen-
dous impact on the health sector. With the increasing use
of digital technology in healthcare, it is essential to build
trust with patients by ensuring the security and privacy of
their data (Paul et al. 2023). IoT refers to a system in which
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there is an interaction between the internet and a machine
or a computer device (Zeadally et al. 2020). The integration
of IoT in healthcare applications can help in remote patient
monitoring, real-time tracking of vital signs, and more
(Kelly et al. 2020; Rejeb, et al. 2023; Ratta et al. 2021).
The use of blockchain in healthcare applications can help
secure data sharing, reduce fraud, and improve the accuracy
of medical records (Zeadally et al. 2020; Ratta et al. 2021).
Furthermore, telemedicine is the use of technology to pro-
vide remote healthcare services. The use of telemedicine
in healthcare applications can help reduce healthcare costs,
improve access to care, and provide better patient outcomes.
Patient-Generated Health Data (PGHD) refers to health data
that is generated by patients themselves. The use of PGHD
in healthcare applications can help in improving patient
engagement, providing personalized care, and improving
patient outcomes (Paul et al. 2023; Stoumpos et al. 2023).
This will give better autonomy for the mobile robots to assist
the patients based on the patient's health history data.

7 Conclusion

This review article aims to offer a compact text that makes
it easier to see mobile robot characteristics from a global
perspective in healthcare application domains. The mobile
robot's design architecture combines hardware, software,
sensors, and control mechanisms for efficient operation and
seamless integration within its designated environment.
The main characteristics of mobile robots involved in this
field are locomotion, perception, localization, vision sys-
tems, and navigation. The state of the art, trends, and novel
applications are scattered throughout the review article.
For readers who wish to go deeper into this area, the most
recent references are provided. The field of mobile robot-
ics will develop more in the upcoming years. The robots
are designed to enhance healthcare practices, from medica-
tion delivery to patient interaction, surgical assistance, and
infection control. The integration of cognitive architecture,
artificial intelligence, speech communication, and affective
human-robot interaction is set to increase in robots. Mobile
robots in healthcare are designed to enhance patient out-
comes, expedite logistics, and improve services, enhancing
medication delivery, patient interaction, surgical assistance,
and infection control, while maintaining patient safety and
effective operations. The technical evolution of mobile
robots designed for healthcare applications brings immense
promise for improving patient care and medical procedures.
While significant strides have been made, challenges related
to safety, ethics, adaptability, cost, regulation, and techni-
cal limitations require careful consideration. By addressing
these challenges, the healthcare industry can unlock the
full potential of intelligent mobile robots, enabling them to
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contribute effectively to patient well-being and healthcare
efficiency. In the rapidly evolving landscape of healthcare,
mobile robots have a major role. Trust-building remains
paramount in an era of digital information overload. Inte-
grating mobile robots into health applications involves lever-
aging technologies like blockchains for secure data sharing,
incorporating the Internet of Things (IoT) for remote patient
monitoring, deploying telemedicine for delivering remote
services, and utilizing patient-generated health data (PGHD)
to enhance engagement, provide individualized care, and
improve patient outcomes. These forward-thinking strategies
in the healthcare domain, akin to advancements in mobile
robot applications, aim to enhance patient results, reduce
healthcare expenses, and foster greater patient involvement.
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