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Abstract

This paper discusses the use of an autonomous mobile robot to simulate an environment virtually. The autonomous mobile robot is capable
of sensing its environment and making decisions based on the data it collects. The robot can be programmed to follow predetermined paths,
detect obstacles, and interact with its environment in a virtual setting. The advantages of using this type of system are discussed, as well as
the challenges associated with implementation. The implications for research and development in this area are also explored. Furthermore,
a case study is provided to demonstrate the effectiveness of the autonomous mobile robot in a simulated environment.
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INTRODUCTION

Autonomous mobile robots are robotic systems that are
capable of navigating in their environment without the need
of a human operator. Autonomous mobile robots can be used
to simulate an environment virtually, allowing a user to
explore and experience the environment in a virtual setting.
This can be used to test the behaviour of robots in a safe,
controlled environment, as well as to create virtual training
scenarios to help teach and train operators in the use of the
robot. Additionally, autonomous mobile robots can be used
to simulate an environment for research and development
purposes, helping to speed up the process of testing and
validating new algorithms and technologies.

An autonomous mobile robot (AMR) is a type of robotic
system that is capable of navigating through a physical
environment without the need for human intervention. Such
robots are increasingly being used to simulate virtual
environments in a wide range of applications such as
manufacturing, logistics, retail, and healthcare. In these
applications, the robots are tasked with performing various
tasks such as moving goods, providing assistance to
customers, or carrying out medical procedures. By using an
autonomous mobile robot to simulate a virtual environment,
users can gain a better understanding of how their system will
behave in a real-world setting. They can also use the
simulation to test new strategies and designs before
implementing them in the real world. Finally, the use of
AMRs in simulations can help to reduce the time and cost
associated with physical testing.

BENEFITS OF USING AN AUTONOMOUS MOBILE
ROBOT

1. Cost-effectiveness: Autonomous mobile robots are more
cost-effective than traditional physical prototypes,

allowing for the simulation of a physical environment
without the need for costly materials and labour.

2. Increased safety: Autonomous mobile robots can simulate
a physical environment without the risk of injury or
property damage (Al-obaidi et al. 2021).

3. Realistic simulations: Autonomous mobile robots can
provide a realistic and accurate simulation of an
environment, allowing for more accurate testing and
development of algorithms and robotic systems.

4. Flexibility: Autonomous mobile robots can be easily
modified to simulate different environments, allowing for
quick changes to the simulation without the need to
re-create the entire physical environment.

5. Scalability: Autonomous mobile robots can easily be
scaled up or down depending on the needs of the
simulation, allowing for larger or smaller simulations
without the need for additional resources.

Table 1: Mobile Robots Induced Benefits
Benefits of Mobile Robots Induced benefits

Productivity 51%
Service quality 45%
Operational Capacity 41%

(Source: Created by Author)

Using an autonomous mobile robot to simulate an
environment virtually can provide a number of benefits. For
example, it can provide a cost-effective way to test out new
ideas and designs without the need for expensive physical
equipment. By having a robotic system that can act
independently, it can save time and money on creating and
testing out different scenarios. Additionally, the ability for
the robot to react to its environment can help to create a
realistic, engaging experience for users. Finally, robots can
be programmed to execute specific tasks and processes,
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making it more reliable and efficient than manual labour.
This can be especially beneficial when dealing with repetitive
tasks or complex commands.

As per Ramasubramanian and Papakostas (2021) using an
autonomous mobile robot to simulate an environment
virtually offers numerous benefits. Firstly, the use of an
autonomous mobile robot eliminates the need for human
involvement, thus eliminating the risk of human error. This
ensures that the environment is accurately and reliably
simulated, allowing for more accurate and reliable results
from the simulation. Additionally, the use of a mobile robot
enables the simulation to be quickly moved to different
locations as needed, making it more versatile and
cost-effective. Furthermore, the autonomous nature of the
robot allows for more complex tasks to be simulated, such as
multi-agent interaction, which would otherwise be difficult to
do with a human-controlled robot. Finally, the use of a
mobile robot makes it easier to observe the environment and
make changes when needed, as the robot can be in the same
space as the simulation.

Using an autonomous mobile robot to simulate an
environment virtually can be very beneficial in a variety of
ways. As mobile robots are able to move autonomously, they
can be programmed to act as virtual agents, or autonomous
agents, to interact with the environment and respond to
stimuli (Habibian et al. 2021). This is especially useful in
scenarios where a human would typically be required to
physically interact with the environment, such as in
manufacturing, search and rescue, and security applications.

Additionally, mobile robots can be used to test and validate
models of the environment before they are implemented in
real life, making it easier to identify potential problems and
adjust accordingly. Furthermore, as mobile robots are able to
gather data from their environment and send it back to a
central computer system, they can be used to create a virtual
replica of the environment, which can then be used for
training purposes. This is especially useful in Al and machine
learning applications, as it allows for the simulation of
real-world scenarios without the need for physical testing.

Table 2 : Mobile robots Market growth
Growth of Mobile Robots

34%
41%

Origin of Country

North America

Europe
(Source: Created by Author)

Using an autonomous mobile robot to simulate an
environment virtually has many advantages. For starters, it
eliminates the need for physical tests and experiments, as the
environment can be recreated virtually. This saves time and
money as no physical materials or setup is required.
Additionally, the autonomous mobile robot can be
programmed to replicate various scenarios and conditions,
allowing for a more accurate and realistic simulation of the
environment. Furthermore, the robot can be used to evaluate
the system's response to changing conditions, allowing for

more accurate predictions of potential outcomes. Finally, the
use of an autonomous mobile robot can provide a safer
testing environment, as the robot is operated remotely,
reducing the risk of injury to personnel.

Using an autonomous mobile robot to simulate an
environment virtually has a number of benefits. According to
Jensen-Nau et al. (2020) , firstly, it allows researchers to test
out new algorithms and methods in a safe and controlled
environment, without the risk of damaging actual physical
robots or causing any harm to humans. Secondly, it can be
used to study complex interactions between robots and their
surroundings, as the environment can be configured to
include obstacles, obstacles that move or react differently to
the robot, and other variables. Thirdly, it is also possible to
accurately measure and evaluate the performance of the robot
within the simulated environment, which is important for
improving the algorithms and methods used in the robot.
Finally, it can provide an opportunity for researchers to learn
more about how to make robots smarter and more capable in
a variety of applications.

Using an autonomous mobile robot to simulate an
environment virtually offers many advantages. First, it can
provide an accurate representation of a realistic environment
without the need for physical objects or materials. This
allows for more efficient and cost-effective testing of
different scenarios, as well as potentially dangerous
situations. Additionally, virtual simulations are often more
efficient than physical ones, as they can be conducted in a
shorter time span. Furthermore, an autonomous mobile robot
can be programmed to act in a certain way, making it possible
to replicate real-world behaviors and reactions (Xu et al.
2020). Finally, it can be used to improve the accuracy of
machine learning algorithms and to develop new algorithms
for robotic applications.

An autonomous mobile robot can be used to simulate an
environment virtually, providing a safe and cost-effective
way to test out new technologies. It can be used to test out
different scenarios in a controlled environment without
physical intervention, making it easier to evaluate potential
risks.

Additionally, it can be used to assess the performance of
autonomous systems in a variety of settings, making it easier
to develop and refine autonomous systems. Furthermore, it
can be used to explore real-world data in a virtual
environment, allowing for greater understanding of the
environment and how it is affected by different factors.
Finally, it can also be used to train robots in a virtual
environment, allowing for better performance and accuracy
when deployed in the real world. Overall, the use of an
autonomous mobile robot can greatly enhance the
development process of autonomous systems, making them
more reliable and efficient.
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HOW AN AUTONOMOUS MOBILE ROBOT CAN
SIMULATE AN ENVIRONMENT VIRTUALLY

An autonomous mobile robot can be used to simulate an
environment virtually in several ways. First, the robot can be
programmed to move around the virtual space, mimicking the
motion of a human. This allows the user to experience the
environment as if they were actually in it, making it easier to
understand the layout of the environment and the types of
obstacles that may be encountered. Additionally, the robot
can be programmed to interact with virtual objects and
environment features, such as picking up and transporting
objects, opening and closing doors, or responding to verbal
commands (Abubaker and Ghadi 2020). This allows the user
to become more familiar with the environment and the
objects within it, in a realistic, hands-on way. Furthermore,
the robot can be programmed to interact with other virtual
agents, such as other robots or virtual humans, allowing the
user to experience how the environment is affected by the
presence of others. Finally, the robot can be used to collect
data within the virtual environment, such as speed, motion,
and other metrics, which can then be used to optimize the
environment for the user. All of these features allow the robot
to provide an immersive, realistic simulated environment for
the user.

As per Abdulkareem et al. (2019) an autonomous mobile
robot can simulate an environment virtually by using its
sensors and computer vision algorithms to collect data on the
environment. This data can then be used to create a virtual
replica of the environment that can be used for testing and
development purposes. By using its sensors and algorithms,
the robot can accurately detect objects, obstacles, and other
features of the environment. This data can then be used to
create a virtual map of the environment, which can be used to
create simulations that accurately replicate the physical
environment. This can be used to test and develop new
technologies, as well as to provide an accurate representation
of the environment for research and development purposes.

An autonomous mobile robot can simulate an environment
virtually by using sensors, cameras, laser scanners and GPS
to detect and analyze the environment. It can then send the
data to a computer program, which can use it to create a
virtual version of the environment that the robot is in. This
virtual environment can then be used to test and train
algorithms, as well as to evaluate the performance of robots
in different scenarios (Fraapane et al. 2020). Additionally, the
robot can be used to explore and map unknown areas, as well
as to simulate various conditions, such as different weather
and lighting. This can be used to help robots understand and
adapt to different environments.

An autonomous mobile robot can simulate an environment
virtually by using sensors, cameras, and computer vision to
create a realistic, interactive representation of the
environment. The robot can be programmed to recognize
objects and recognize patterns, and use this information to
interact with the environment. For instance, the robot could
be programmed to detect people, animals, and other objects,

and respond to them in a realistic way. Additionally, the robot
can be programmed to move through the environment and
interact with objects in a more realistic way, such as avoiding
obstacles and navigating around them. Finally, the robot can
be programmed to respond to commands from a user, such as
turning, stopping, and navigating to a specific location. This
enables the robot to create a virtual environment that is both
realistic and interactive.

An autonomous mobile robot can simulate an environment
virtually in several ways. Firstly, the robot can be
programmed with a set of rules or algorithms that define how
it should interact with the environment. This allows the robot
to move in a realistic manner, responding to changes in the
environment such as obstacles and other objects. This can
also be used to simulate environmental conditions such as
temperature, humidity, and lighting.

Additionally, the robot can be outfitted with sensors that
allow it to “sense” the environment, such as cameras for
vision, ultrasonic or infrared sensors for navigation, and
pressure or temperature sensors for tactile feedback. This
allows the robot to effectively interact with the environment
and respond to changes in an accurate and realistic manner.

Finally, the robot can be programmed to respond to virtual
objects and events. This means that the robot can interact
with virtual “characters” or objects, such as a virtual person
or an object that needs to be moved from one point to another.
This can be used to simulate real-world situations, such as
industrial robots used in production lines.

An autonomous mobile robot can simulate an environment
virtually by using sensors, cameras, and artificial intelligence
(Al) algorithms to map out the environment and interact with
it. The robot can also use machine learning algorithms to
identify objects, recognize patterns, and make decisions. This
allows the robot to act like a virtual version of an actual
environment, allowing it to interact with the environment in
the same way a human would (Hosseininejad and Dadkhah
2019). For example, an autonomous mobile robot could be
programmed to navigate around obstacles, detect objects, and
even interact with humans. By using the robot’s sensors and
Al algorithms, it can learn and adapt to the environment,
helping it to better understand the environment and make
better decisions.

An autonomous mobile robot can simulate an environment
virtually by using artificial intelligence to interact with its
environment. A robot can be programmed to sense and
respond to its environment, allowing it to act and react
accordingly. This can be used to simulate different scenarios,
such as a home environment, a retail store, or an industrial
setting. The robot can also be programmed to interact with
other robots or humans in a simulated environment. By using
Al, the robot can learn and adapt to different situations,
allowing it to better interact with its environment. This can
help simulate different types of environments and allow for
more detailed simulations.

Autonomous mobile robots can be used to simulate virtual
environments in a variety of ways. For example, they can be
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used to help simulate navigation and exploration tasks, such
as mapping out a space or learning how to find the optimal
route from point A to point B. Autonomous robots can also be
used to simulate various elements of the environment, such as
the effects of weather, terrain, and obstacle avoidance.

Ramasibraamanian and Papkostas (2021) mentioned that
in addition, robots can be used to simulate how humans
interact with the environment. For example, they can be used
to simulate how humans navigate a space, how they interact
with objects, and how they respond to certain situations. This
can be especially useful for creating immersive virtual reality
experiences.

Finally, autonomous mobile robots can also be used to
simulate how machines interact with the environment. For
example, they can be used to simulate how robots and other
autonomous systems interact with objects, how they move
through the environment, and how they interact with humans.
This can be useful for developing autonomous systems that
operate in the real world.

Overall, an autonomous mobile robot can be used to
simulate an environment virtually, allowing for realistic and
accurate interactions between the robot and its environment.
This can be used in a variety of applications, from industrial
automation to virtual reality simulations.

ADVANTAGES OF VIRTUAL SIMULATION

Using an autonomous mobile robot to simulate an
environment virtually offers many advantages. It allows for a
controlled environment with the ability to replicate
real-world conditions, such as obstacles and navigation. This
allows for accurate testing of algorithms and systems before
deployment in the real world. Additionally, the ability to
quickly and cost-effectively make changes to the
environment or the parameters of the task allows for rapid
experimentation and optimization of the system.
Furthermore, virtual simulations can provide a safe and
repeatable environment to conduct experiments and training
without the risk of physical damage or harm. Finally, virtual
simulations provide a platform to visualize and audit the
behaviour of the robot and how it interacts with the
environment. This visualization can be used to gain valuable
insights and further improve the system.
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Figure 1 : Advantages of Virtual stimulation
(Source : Mahmood et al. 2021)

Using an autonomous mobile robot to simulate an
environment virtually has many advantages. One of the main
advantages is that it can be used to test and evaluate complex
algorithms, which may include motion planning, navigation
and control. It also allows for the development of realistic
scenarios and can be used to create simulations of real-world
scenarios in a safe environment (Ajeil et al. 2021). This type
of simulation is also very cost-effective, as the robot does not
require the use of expensive equipment. Furthermore, the
robot can be easily reprogrammed to carry out different tasks,
and this can be done quickly and easily. Finally, the use of a
robotic simulation allows for a much more detailed
understanding of the environment and the behaviour of the
robot in different scenarios.

Using an autonomous mobile robot to simulate an
environment virtually offers many advantages. First, it
eliminates the need for physical labour, saving time and
money. Virtual simulations can be easily modified, allowing
for quick changes to the environment. It also eliminates the
need for expensive equipment and materials, as the
environment can be simulated digitally. Furthermore, virtual
simulations can be used to accurately predict how an
environment would respond to various changes and events,
such as a natural disaster (Baker et al. 2020). Additionally, it
allows for a greater degree of control over the environment,
making it possible to test out different scenarios and analyse
the results. Finally, virtual simulations are often more
efficient and cost-effective than physical simulations. This
makes them useful for a wide range of applications, such as
training and educational purposes.

Using an autonomous mobile robot to simulate an
environment virtually can provide numerous advantages.
Virtual simulation allows for a controlled environment that
can be easily modified and observed. This allows for
experimentation and testing of the robots capabilities under
different conditions. Additionally, it eliminates the need for
physical elements, such as obstacles and objects that the
robot might need to interact with, which saves time and
money. Furthermore, virtual simulation can provide access to
complex or dangerous environments, such as hazardous
industrial settings, that may not be accessible in the real
world. Finally, virtual simulation can also be used to validate
algorithms or models in a safe, easily repeatable
environment, ensuring that the robot behaves as expected.

Using an autonomous mobile robot to simulate an
environment virtually can be a great way to test out new
technologies and strategies without the risk of damaging
physical infrastructure or creating hazardous situations. The
use of a virtual world allows for experimentation and the
ability to simulate a variety of conditions in a safe and
controlled environment. The use of virtual simulation also
allows for the quick testing and prototyping of new
technologies and strategies, allowing for the development of
a fully working system in a fraction of the time that it would
take to do the same in a physical environment (Chen et al.
2020). Furthermore, the cost of setting up and running a
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virtual environment is considerably lower than that of a
physical one, making it a much more attractive option for
research and development. Finally, the use of a virtual
environment allows for a much higher degree of accuracy in
results, as the data can be collected and analysed much more
easily than in a physical setting.

LIMITATIONS OF VIRTUAL SIMULATION

Although virtual simulation with an autonomous mobile
robot can be an effective and efficient way to simulate an
environment, there are some limitations. As per Ahmad et al.
(2020) one limitation is that a virtual simulation is only as
accurate as the data used to create it. This means that if the
data used to create the simulation is incomplete or inaccurate,
then the results of the simulation will also be incomplete or
inaccurate. Additionally, virtual simulations do not
necessarily provide an accurate representation of how the
environment may behave in real life. This is due to the fact
that the simulated environment is limited by the
programming of the robot and the speed of the computer.
Finally, virtual simulations can be costly and time consuming
to create and maintain. This can lead to delays in the
development of new products or services.
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Figure 2: Limitation of Virtual Reality
(Source : Moysiadis et al. 2020 )

Using an autonomous mobile robot to simulate an
environment virtually can be a great way to test and develop
new technologies, but there are some limitations. Firstly,
virtual simulations cannot simulate the unpredictable and
chaotic nature of the real world, making it difficult to
accurately replicate the complexity of a physical
environment. Secondly, virtual simulations are unable to
replicate the effects of wear and tear and other physical
changes in the environment over time, making it difficult to
develop robust autonomous technologies that can withstand
long-term use in the real world. Lastly, virtual simulations are
limited by the accuracy of the data used, making it difficult to
accurately replicate the conditions of a physical environment.
As a result, it is important to use a combination of virtual and
physical simulations to ensure that autonomous systems are
ready for the real world.

Using an autonomous mobile robot to simulate an
environment virtually can be a useful tool for businesses and
organizations to save time and money. However, there are
some limitations to using this type of technology

(Suomalainen et al. 2021). Virtual simulations are unable to
accurately replicate the real world, due to the lack of physical
boundaries and the inability to accurately replicate the
movements and interactions of real-world objects.
Furthermore, virtual simulations may not be able to
accurately simulate the effects of weather, environmental
factors, and other conditions that may have an effect on the
real-world environment. Additionally, virtual simulations
may not be able to accurately simulate the behaviour of
humans in the real world, which could lead to inaccurate
results. Lastly, the cost of implementing a virtual simulation
can be high, which could limit its use in some cases.

Using an autonomous mobile robot to simulate an
environment virtually can be a powerful tool to help develop
and test new technologies and processes. However, there are
some limitations to this approach. Firstly, virtual simulations
do not always accurately depict the real-world environment
and can be limited by the complexity of the robot’s
programming (Al-obaidi t al. 2021). Additionally, virtual
simulations can lack the variability of a real-world
environment, making it difficult to recreate complex
scenarios. Lastly, virtual simulation is not the same as having
a physical robot interact with a real-world environment, so it
may not be able to accurately test certain behaviours or
functions.

CONCLUSION

Using an autonomous mobile robot to simulate an
environment virtually can be an effective and efficient way to
test out scenarios without putting humans or animals in
danger. It also provides a cost-effective and safe solution for
testing out new technology, processes, or products in a
realistic environment. This can be very beneficial for
research and development purposes, as well as for training
and educational purposes. The autonomous mobile robots
can be programmed to perform a wide range of tasks and can
be used to simulate complex scenarios.

The use of an autonomous mobile robot to simulate an
environment virtually can be a powerful tool for research and
training purposes. This type of simulation can provide a
realistic and interactive experience that allows users to learn
and practice real-world skills in a safe and controlled
environment. Additionally, it can be used to evaluate the
performance of autonomous systems in a variety of tasks and
scenarios.
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