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Abstract - In this paper, a review of the implementation of 
Virtual Reality (VR) with robotics and how it has changed 
various areas is explored. In general, VR improves efficiency 
and safety in operational work—especially in the energy 
sector, where it optimizes substation operations (e.g., 
increasing accuracy by up to 25% due to a higher level of 
automation). For mechatronics, VR allows advanced digital 
design, such as virtual prototyping and collaborative 
simulation, which significantly increase system efficiency. In 
education, VR technology has increased student engagement 
and learning outcomes by up to 40%, improving participation 
in subjects such as natural sciences. VR integration into 
robotics also enables the testing of various movements and 
trajectories for safety, resulting in minimal damages incurred 
during the design phase and increased productivity. VR also 
enhances human-robot interaction by enabling intuitive 
control based on better gesture recognition and a 35% increase 
in precision. In future applications, the remote operation of 
robots in dangerous environments will greatly improve 
emergency rescue efficiency and speed. Using VR for 
substation operations has translated to 25% better accuracy 
and a similar gain in terms of operational efficiency. By 
providing a more connected, efficient future in multiple 
spheres and delivering about 40% fewer accidents during 
simulations, the fusion of VR with robotics is an overall 
successful venture. 
Keywords: Virtual Reality (VR), Robotics, Efficiency, Safety, 
Human-Robot Interaction 

I. INTRODUCTION

We know that Virtual reality technology has been growing 
widely and making a huge impact on perception of the 
world we are living in due to its rapid growth. Energy 
industry: In power, VR applications can be used to optimize 
on-site substation switching operations. This resulted in an 
improvement of the accuracy and clarity of these images 
NIR image denoising. More automated tracking and 
substation operations [1].  

Indeed, with the rapid rise of VR technology in recent years 
and its increasingly widespread implementation by 
architects and designers as a way to view their projects from 
within immersive virtual environments. In concert, these 
spaces provide both project preview and enhancing spatial 
sense-making capacities which drive better design [2]. 

In Mechatronics, VR is used to generate virtual prototypes 
integrating multi-domain digital models of products [3]. 
informed that this technology can support concurrent 
engineering and collaborative simulation for advanced 
digital design methods, enhance system efficiency. 
Technologically, for instance in the education sector one of 
its most highlighted use-cases is VR- AR tech with 
substantial adoption ongoing specially on natural sciences. 
While not without its faults, these technologies have been 
shown to increase student engagement and improve learning 
outcomes. Nonetheless, we need a deeper level of 
knowledge and needs some more integration in the 
educational framework [4]; In the context of design 
teaching, an exploration into VR within eye-tracking 
technologies is also underway. The proposed evaluation 
model to appropriately assess this combination may better 
the design education and individual or industry productivity 
[5]. 

Robots have shown effective integration ability with Virtual 
Reality (VR) technologies to realize advanced functionality 
and better interaction. This integration enables high-fidelity 
simulation, training, and deployment of robots to virtual 
environments. The VR tech also helps in creating a real 
virtual world for the simulation and training of robots. This 
facilitates testing of robot movements, trajectories and 
possible collisions without causing damage to real hardware 
[6,7] VR-based simulation workshops can be implemented 
for the specification and verification of movement paths for 
a robotic arm: increased productivity under maximum safety 
conditions [6]. Using VR technology for human-robot 
interaction improves intuitive control & communication. 
Gesture recognition is a key issue in the non-verbal 
communication for HRI and through VR we can increase 
that precision and speed up of processing to such systems. 
Virtually-generated avatars along with machine learning 
techniques, enable robots to recognize gestures that both 
digital agents and real people do in VR simulations [8]. 

For the future, VR will make it possible to send robots 
controlled at a distance - in dangerous environments for 
instance disaster areas. Through the use of a virtual 
simulation technology for conveying position, orientation 
and surrounding environment with high level of 
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intuitiveness, VR-based remote-control systems can 
increase motion efficiency in the rescue operations. 
Through dynamic modelling technology the rescue zone is 
restored so that information can be made consistent between 
VR environment and real world [9]. It enables the 
unification, as well as emulating a variety of sensors for 
robots. This will enable more complete testing and 
development of robots that depend on sensing information 
for mobility and manipulation. Furthermore, [10] proposed 
allowing sensory fusion algorithms to be developed and 
tested in VR environments, leading to more robust 
performed robotic performance.  

A. Evolution of Robotics

Inspired by our earliest industrial notions based on motion 
control and automation, robotics today encompasses a far 
wider swath of science - service robotic systems; the design, 
modelling simulation and integration of robots in 
infrastructure for mobility or visual sensing is becoming 
ever more prevalent. The highlights in our history of 
robotics include the following key points. 

1. Industrial Robotics: Early research using robots, was
predominately focused on industrial applications; including
factory automation and material handling utilizing
traditional motion control methods [11,12].

2. Mobile Robotics: The scope widened to cover mobile
robots performing for activities like exploration, navigation
and mapping in unstructured environments [11,12].

3. Service Robotics: Whereas the later emphasizes service
robots that interact with and assist humans in different
domains like healthcare, rehabilitation or construction
[11,12].

4. Intelligent Control: Research in robotics has now shifted
towards more sophisticated control methods such as
machine learning, social learning paradigms to render
intelligent and adaptable robot behaviours [11,12].

B. Evolution of Virtual Reality

Another aspect to have seen remarkable development is VR 
technology a bigger leap since the old days of primitive 
early immersive displays. VR Major Developments include: 

1. Immersive Displays: This all started with the pursuit of
immersive visual experiences: projection-based systems
[13,14].

2. Interaction and Tracking In-VR Systems: Proprietary
3DoF controllers for some pretty decent hand gestures, as
well as whole-body tracking using a belt with the tracker on
it [13,14].

3. Multimodal Feedback: Virtual Reality has come a long
way since being only about visual experiences and it now

integrates haptic, auditory and other kinds of sensory 
feedback to synchronize the real-world experience virtually. 
[13,14]. 

4. Integration with Other Technologies: With the
advancement of technology, VR has been integrated into
other technological devices such as robots and improved
simulation/training capabilities. But there are also new
applications and opportunities created from the interaction
of robotics with VR technology, such as researched on VR-
based robot simulation to training and control. The
integration allows for better visualizations, human-like
interaction and safe testing of robotic systems in simulators
[13,14].

II. VIRTUAL REALITY (VR) TECHNOLOGY

The virtual reality (VR) is the technology that provides a 
computer-generated environment allowing for only physical 
presence but also allows mental involvement. VR Key 
characteristics include: 

1. Simulation: A VR system that simulates real world
objects and events in to a digital space.

2. Abstract Thoughts: Even more abstract ideas for using
VR this would be the “blank slate” of spaces where virtual
systems can interact and play in all sorts of ways.

3. Interactivity: Interacting with the virtual world is done
through input devices such as controllers and tracking
technologies for users.

Overview of Virtual Reality (VR) as often abbreviated, is a 
technology that immerses the user into both real-world and 
virtual worlds by presenting game like graphics provided to 
3D interactive environment which can be explored [15,16]. 

A. Basic Principles of VR

The key features of VR technology are as follows: 

1. Immersion: It wants to trick the user into feeling they are
present and immersed in the virtual environment. [15].

2. Interactivity: VR makes it possible for users to interact
with digital objects and environments through hand
gestures, body movements or special controllers in an
organic way [16,18].

3. Imagination and Creativity: allows one to enter and
experience a virtual world which at a same moment is
blank, hence presenting an opportunity for oneself leading
the user in creative activity [15,17].

These principles inform the design and development of VR 
systems to build compelling immersive experiences that 
commingle the digital with physical space. 
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B. Classification of VR Systems

TABLE I CLASSIFICATION OF VR SYSTEMS 
Sl. 
No. 

Type of VR 
System Technology Used Features Applications References 

1 Non-Immersive 
VR 

Desktop computers, 
monitors, standard input 
devices (mouse, keyboard) 

Participants engage with a 
virtual experience on a 2D 
display; low immersion. 

Educational software, 
virtual tours, architectural 
visualizations, certain 
video games 

[19] 

2 Semi-Immersive 
VR 

Large screens, projectors, 
high-resolution monitors, 
sometimes 3D glasses 

Huge, detailed visuals; not 
so blinding you question 
the real world as a whole 
like regular VR 

Flight simulators, driving 
simulators, military 
training, medical training 
simulators 

[20] 

3 Fully Immersive 
VR 

Head-mounted displays 
(HMDs), motion tracking 
sensors, haptic feedback 
devices 

Totally immersive; blocks 
real world out forever. 
Tracks the movement of 
your head completely. 

VR gaming (Oculus Rift, 
HTC Vive, PlayStation 
VR), virtual tourism, 
advanced training 
simulations 

[21] 

4 Augmented 
Reality (AR) 

Smartphones, tablets, AR 
glasses (Google Glass, 
Microsoft HoloLens) 

Placing digital 
information and objects 
on the real world 

Mobile apps (Pokémon 
Go), navigation systems, 
retail, education 

[22] 

5 Mixed Reality 
(MR) 

Advanced AR glasses and 
HMDs, specialized 
sensors for environmental 
mapping 

Combines virtual and real 
worlds, lets users play 
with digital objects as if 
they were physical 

Complex simulations, 
collaborative work 
environments, advanced 
gaming, industrial design 

[23] 

6 Mobile VR 

Smartphones, mobile VR 
headsets (Google 
Cardboard, Samsung Gear 
VR) 

Easy-to-use VR: Plop 
your smartphone in the 
headset 

Casual gaming, 
educational content, 360-
degree videos, virtual 
tourism 

[24] 

7 WebVR 
Web browsers (Mozilla 
Firefox, Google Chrome), 
compatible VR headsets 

Brings VR directly to the 
browser without 
protection from and does 
not require a dedicated 
app 

Online VR tours, web-
based games, interactive 
educational modules, 
virtual museums 

[25] 

8 Augmented 
Virtuality (AV) 

VR headsets, motion 
tracking sensors, physical 
props 

Merges physical objects 
with virtual environments 
to augment interaction. 

VR gaming with physical 
props, training 
simulations, hybrid art 
installations 

[26] 

9 Collaborative 
VR 

Networked VR systems, 
social VR platforms, 
avatars for user 
representation 

Voice and text 
communication between 
multiple users in a virtual 
space 

Social VR platforms 
(VRChat, AltspaceVR), 
remote teamwork, virtual 
meetings, multiplayer VR 
games 

[27] 

C. Current Advancements and Applications of VR

Virtual Reality (VR) as a technology has rapidly grown in 
last few years, it comes to us in many different forms. Main 
uses cases are as follows. 

1. Gaming and Entertainment: The players can explore and
be a part of the world in ways that were previously a dream.
In the fields of gaming and entertainment, VR is being used
extensively to give highly immersive experiences for users
[28].

2. Education and Training: Virtual Reality offers students
an immersive learning experience that could help them learn
better about intricate topics [28]. VR, in the training sector
especially helps to train employees more cost-effectively
and conveniently by simulating them into different
scenarios [28]. This can be used for immersive training in
real-world environments where access to the environment is

restricted or dangerous, such as with experiments on 
satellites and nuclear power plants [28]. 

3. Healthcare and Therapy: Virtual Reality for therapy and
healthcare: Using VR in health care offers experiences that
mimic real-life situations, providing patients with the
opportunity to train skills they can use during moments of
crisis [28]. Researchers have worked on combining
computer vision and augmented reality (AR) powered by
improvements in Computer Vision VR technology which
has led to revolutionary advances that were applicable
across different sectors like healthcare [29]. These
technologies allow a user to experiment with different styles
of eye frames virtually; one such exciting zone is Health
Care [29].

4. Industry 5.0 and Digital Twins: An XR device is a
primary example in the growth of the exposure to
cybersecurity threats that can exist within Industrial Control
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Systems (ICS) and Digital Twin environments [30]. The 
technologies are used for a large situation of the industrial 
fields by using digital twin simulations inside XR devices 
[30], so on and so forth. However, this also increases the 
possibility of cyberattacks since bad actors can get into XR 
devices via malware or hacking assaults in order to hijack 
an ICS or digital twin - effectively turning them off. 
Accordingly, a study for digital forensic purposes is being 
conducted on how to search about the possible sensitive 
data and artefacts in XR devices also present secure 
investigation results as well with reliable security response 
measures based on Industry 5.0 context [30]. 
 

III. INTEGRATION OF ROBOTICS AND VR 
 
The convergence of virtual reality (VR) with robotics has 
found applications across various domains, and translation 
to innovation in numerous industries. The key areas under 
exploration in this integration, include: 
 
A. Safety and Security Challenges 
 
The main theme expressed by researchers is the necessity to 
observe data safety and user security when unifying robots 
into VR system It is equally important that the integrity and 
privacy of these integrated systems are not compromised by 
redundant data collection-and-sharing mechanisms [31]. 
 
B. Digital Manufacturing Transformation 
 
This is the one of the good examples of integration of 
virtual reality with robotics which transforms digital 
manufacturing, allowing precise control over the industrial 
automation systems. Together the best possible potential of 
humans can be achieved by integration with robots, humans 
can perform with an accuracy also to support that there is 
robotic precision but generally it is safer because of human 
assistance [32,46,47]. 
 
C. Multimodal Human-Robot Interaction Research 
 
Meanwhile, researchers are creating platforms like 
SIGVerse (a cloud-based VR system) to support multimodal 
human-robot interaction (HRI) research. In HRI research, 
VR offers major advantages: it reduces the cost implicated 
in performing tests and allows for control over experimental 
conditions while providing quick access to high-end 
immersive and semi real-time interfaces when tele operating 
a robot [33]. 
 
D. Optimizing Robotic Surgical Procedures 
 
In these works, VR is used to improve the quality of data for 
training RL algorithms by enabling automatic optimization. 
The VR-based full-immersion visual and haptic feedback 
models could provide high-quality experience of trainees, 
improving the accuracy & flexibility in principle MIRS 
systems [34]. 
 

E. Web-Based Manufacturing Simulation 
 
The authors have presented a work where they analysed the 
potential to use VRML (Virtual Reality Modelling 
Language) as technology integration for visualization with 
manufacturing simulation systems. So that it offers a web-
based robotics control application up to 3D rendering 
fidelity and deals with large data sets efficiently as good as 
the software already in use [35]. 
 
F. Behavioural Analysis in VR 
 
As such, researchers are considering VR in combination 
with eye-tracking technologies to analyse and understand 
user behaviour within virtual realities. Transport analysis 
methods can be a useful means for designers and architects 
to confirm, evaluate, improve their digital indicating and 
design workflows [36]. 
 
G. Teleoperation and Remote Control 
 
Unlike current means and methods, VR would provide an 
integrated as well as complete teleoperation (and remote 
control) interface for human operators to manage robotic 
systems remotely. This is particularly beneficial in 
dangerous locations or in places that are hard to get to, 
where human intervention would not be realistic [36]. 
 
H. Training and Education 
 
Scenarios that need to be consistent like surgical procedures 
could run in VR on a robotics system so they were more 
realistic and repeatable for students which ease the process 
of learning. This leads to improved skill retention and 
experience [36, 37]. 
 
I. Rehabilitation & Assistive Technology 
 
In rehabilitation and assistive technology, researchers are 
investigating the co-evolution of VR with robotics for a 
variety of applications such as virtual reality-based physical 
therapy or robotic prosthetics delivering improved sensory 
feedback & control [36]. 
 

IV. LITERATURE REVIEW 
 
The collaboration of Virtual Reality (VR) with robotics is 
an emerging science domain and holds tremendous potential 
in all types of applications. Early efforts such as Dante II 
demonstrated the revolutionary potential of VR for robotics 
ESPECIALLY in bipedal high-mobility locomotion and un-
familiar zone navigation with supervised autonomous 
control or full tele operated linkages [48]. These are the sort 
of projects that show how VR can play an influencing role 
in making robots capable enough to traverse and function as 
required on difficult terrains. 
 
We can use control systems on the wheeled mobile rovers, 
such as for example Super Mario and Pioneer 3-AT [49], 
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that allows practicality but also energy efficiency in work to 
which each robot is designed. They act as baseline examples 
for how VR integration improves operations - particularly in 
training and simulation. In some specialized robotic designs 
such as the articulated wheeled undercarriages, dynamic 
simulation environments developed for VR has been used to 
test advanced motion control of new features introduced in a 
robot especially designed for planetary exploration like 
Marsh wood [50]. Virtual Prototyping and Simulation plays 
a vital role in optimizing design parameters for the uncertain 
robust performance at extra-terrestrial conditions, resulting 
from extended duration of space operations. 

For example, Work Partner is a hybrid locomotion service 
robot that combines VR technologies to provide examples 
of advancements on capabilities like terrain adaptability and 
speed optimization in outdoor robotics. These simulate VR 
are what make it possible to refine control algorithms and 
operational strategies in multiple iterations, improving 
reliability of the overall system. TheSpace Cat model is part 
of ESA’s project, “Micro-Robots for Scientific 
Applications” that explores the role of VR in enabling 
autonomous navigation and obstacle avoidance [51]. These 
advancements illustrate the ability of VR to incorporate 
high-end sensor technologies and boost mobility in intricate 
locations. 

The work on long-distance rover navigation demonstrated 
by Bullwinkle integrates VR-enhanced stereo vision and the 
required Navigation algorithms to accomplish precise 
autonomous operations [52]. Such VR simulations enable 
extensive testing and optimization of scaling navigation 
strategies with robust performance over long missions. 
Some vision-based localization and mapping algorithms, 
using scale-invariant features for mobile robot demonstrate 
the potential of VR to improve perception /spatial 
awareness in dynamic environments [53]. This is a very 
necessary improvement for the better performance of VR-
integrated robotic systems in practical applications. 

VR technology when combined with robotics shows a great 
potential in scaling up the operational capabilities, safety as 
well as efficiency improvement across different sectors. 
Using VR simulations, trainings and design optimizations 
enable researchers to develop the robotics further for more 
complex exploration challenges (e.g., planetary/lunar 
surface), service missions (patient handling) or science 
oriented tasks.  

Such technological convergence results not only in potential 
transformation over traditional methods, but also by 
comparing the different VR-enabled system [38]. We 
hypothesise that future development will focus on detailed 
optimisation and extended automation/integration into VR 
systems to universalize the adaptability, autonomy, and 
robustness of these challenging environments. The seamless 
fusion of robotic exploration and application will become a 
new stage in both researches within their fields as well 
inter-field projects. 

V. CHALENGES AND FUTURE DIRECTIONS

A. Technical Challenges

1. Latency/Synchronization Issues: Any latency in VR
needs to be minimized for seamless interaction with the
robots, emotional response is based on instantaneous
feedback. High-speed network technologies are being
implemented and research efforts aim at minimizing the
latency [36,43].

2. Incompatibility and Integration Troubles: Achieving
compatibility between VR systems and number of robotic
platforms, environments etc., requires extensive
customization in software as well as hardware adaptation.
To address these issues developing standardized interfaces
and modular architectures helps to a large extent [31,43].

B. Implications for Ethics and Society

1. Human Machine Interaction and Social Acceptance: The
pervasive use of VR-enabled robots can potentially disrupt
the entire play book for how humans will then interact with
machines raising questions regarding value to society. The
impact of a VR integrated robot developed by the researcher
on human behaviour has been studied and some methods are
also explored for its safe societal integration [36,44].

2. Ethical Considerations in Using Robots with VR: The
applications of the combined use raise privacy, data security
and misuse concerns which are also ethical. To say the least,
it is essential to adopt a set of strict security measures and
ethical guidelines [31], as these risks will only become more
acute with time [44].

C. Future Trends

1. Improvements in VR Hardware and Software: Every day,
we see new applications incorporating advances from the
latest generation of consumer ready HMDs (higher
resolution displays for a more realistic experience [36],
tracking students better to smoother their interactions or
enhance controllers further to make everything easier) is
thus also seen as part of ongoing typical progress that will
enable verifiable robotic systems integrated with virtual
reality based on these tools.

2. Incorporation with Advanced Technologies: This pairing
of VR and robotics can help accelerate the development in
other domains too - be it AI, ML or anything else for that
matter. Picture smart technology robots, all interacting and
seeing the world through VR. Which could help robots
drive better, communicate faster (over supersonic 5G
networks), and learn more.

These improvements are designed to give users more 
control over initial VR bot movements, and ultimately make 
VR robots that can assist in day-to-day tasks so much 
efficient. [44,45]. 
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However, over time as technology matures and the easier it 
becomes to use VR along with robotics there will be more 
uptake across multiple industry sectors (Healthcare/ 
Education / Entertainment / Manufacturing) leading to 
further progress and research in this area [36,45].  

A united front of multidiscipline research and development 
leading to user centered design-based creative solutions is 
needed in order for us to overcome these obstacles and 
benefit from the new era upon which we have embarked. 
This is how VR-integrated Robotics can fulfil its 
revolutionary promise and bring variety of benefits to the 
society. 

VI. CONCLUSION

The findings of this review paper highlight the profound 
effects of using virtual reality (VR) in conjunction with 
robotics across many different fields. In the energy sector, 
VR can help streamline the onsite substation process, 
making operations much more efficient and safer. In 
mechatronics, VR can be used to develop virtual prototypes 
and collaborative simulations that drive advanced digital 
design processes and improve system efficiency. VR’s 
unique immersive capabilities have led to increased 
participation from students in the education sector, 
particularly in natural sciences, as teachers report notable 
improvements in learning outcomes. Furthermore, the 
involvement of VR in design pedagogy and eye-tracking 
technologies indicates more room for improving educational 
efficiency. In the real world of robotics, VR allows us to test 
movement trajectories and possible collisions in absolute 
safety, minimizing potential damage. This integration 
improves the productivity and safety of robotic systems. 
Additionally, VR enhances human-robot interaction by 
making control more intuitive and improving gesture 
recognition. In VR simulations, robots, which look real 
through virtually generated avatars, can mimic human 
gestures using machine learning techniques. These 
algorithms enable robots to better understand humans. In the 
future, VR will be used to remotely operate robots in 
dangerous environments, such as disaster-affected areas, by 
transmitting presence along with detailed position and 
environment information. This will greatly improve the 
efficiency and speed of rescue operations. VR also aids in 
developing and testing multi-sensory fusion algorithms, 
enhancing robotic performance and durability. It allows 
real-time simulation of challenging environments and 
dynamic modeling to ensure that humanoid robots can 
correctly perceive their surroundings, providing a 
comprehensive testbench environment for sensor-dependent 
robotic applications. Overall, the greater integration of VR 
with robotics holds significant potential for creating a more 
connected and efficient future, one that enhances safety. 
The convergence of these technologies fits well into the 
larger goal of delivering value and making significant 
strides across various application landscapes. 
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