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Abstract — The progress of immersive technologies has
significantly transformed military training, education, and
simulation-based applications. Augmented Reality(AR) and
Virtual Reality(VR) have revolutionized training methodologies
by providing realistic simulations, enhancing combat training,
and improving situational awareness. This paper examines the
role of AR and VR in military training, focusing on their impact
on combat condition, mission planning, and interactive learning
environments. The study evaluates various AR/VR-based military
training systems, including combat simulations and tactical
training environments, Analyzing their effectiveness in enhancing
soldier performance. Findings indicate that AR and VR
technologies enable risk-free combat training, Improve resource
utilization, and improve decision-making processes. Additionally,
the integration of haptic feedback in AR/VR simulations allows
soldiers to experience realistic physical sensations, further
improving training effectiveness by replicating real-world combat
scenarios more accurately. Despite these advantages, challenges
such as hardware limitations, high implementation costs, and
security  problems  restrict widespread usage. Future
advancements in immersive technology, along with cost-effective
and adaptable solutions, can further enhance military training
capabilities, ensuring more efficient and adaptive training
methodologies.

Keywords —Immersive Technologies, Virtual Reality (VR),
environment, combat simulation, tactical training, risk-free
training, haptic feedback, hardware limitations, security
problems, adaptive training methodologies.

I. INTRODUCTION

In recent years, immersive technologies like virtual reality

and augmented reality have grown to play a significant role
in various fields like military training, healthcare, and
especially in training and simulation. VR creates a
completely simulated, realistic environment; everything we
see is computer-generated, while AR adds digital elements
into the real world. Unlike VR, AR does not replace the real
world but enhances it with digital information.

The combination of AR and VR enhances interactive
learning, simulation, and training experiences by creating a

realistic environment for practice. This also helps users
make better decisions. As this technology is used in
military training, it requires soldiers to be well-prepared for
real-world combat situations. These advanced training
methods help soldiers develop strategic and problem-
solving skills, which are required for real-world combat
scenarios and crisis situations. VR plays a significant role
in combat training as it helps to create a realistic battlefield
scenario with enemy attacks, gunfire, and terrain obstacles,
and it helps develop teamwork and coordination by training
soldiers in team-based combat simulations that mimic real
war zones, while AR bridges the gap between theory and
practice. It enhances soldier’s awareness in combat by
providing real-time digital information in their field of
view. Soldiers wearing AR headsets can see enemy
positions and mission objectives, and this can improve real-
time battlefield awareness and enable them to make tactical
adjustments on the go .To make AR/VR military training
more immersive, haptic feedback helps soldiers prepare for
real combat conditions. Haptic feedback also provides
physical sensations that replicate the feeling of weapon
recoil while shooting, interacting with the environment
(such as feeling the texture of objects in the virtual
environment), or receiving injuries in a simulation to make
training as effective and realistic as possible.

This technology is very beneficial as it reduces the cost
needed for live training exercises, minimizes risks of injury
or damage, and lowers overall military training costs.
Soldiers can train for dangerous situations without actual
risks. AR can simulate real-world threats. AR/VR training
can simulate urban battlefields, dense jungles, or desert
battles, and soldiers can train repeatedly in different
scenarios without requiring additional physical setup.

However, the implementation of VR and AR for military
and tactical training faces several challenges, such as VR
headsets and haptic feedback suits requiring high-end
computing power to deliver real-time responses. Latency
issues can impact training accuracy. Developing high-
quality immersive simulations is expensive and requires
significant investment in hardware and software.
Additionally, there is difficulty in translating virtual skills
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to real combat, as weapons in VR lack real-world weight
and handling differences. VR physics may not always
accurately represent real-world physics. More research is
needed to determine how skills develop in a virtual
environment and translate into real battlefield scenarios.
Data security and privacy issues can occur when storing
military training data. AR/VR systems must be
strengthened against cyber threats to prevent data leaks or
hacking attempts.

On going research aims to develop more cost-effective
solutions to make AR/VR military training more accessible
to a broader range of personnel and to improve realism [1].
It also seeks to ensure the safe and responsible usage of
immersive technologies by addressing data security. The
study of immersive technologies in combat training is
revolutionizing military preparation by offering highly
realistic, adaptive, and data-driven simulations for military
personnel.

II. LITERATURE REVIEW

Virtual Reality (VR) and Augmented reality (AR)
technology have emerged as revolutionary answers
throughout numerous industries, with a profound influence
on navy training and healthcare. Those enjoy-driven
technologies offer interactive environments that decorate
talent getting to know, choice-making, and situational
cognizance. The continuing development of VR and AR
structures has seen them being incorporated across a wide
variety of programs, with value-effective training answers
and greater efficiency in gaining knowledge of techniques.

Research of VR technology in Military Application have
illustrated its potential to improve combat simulations and
selection-making. Use of VR-based totally structures in
education gives army staff experience in real conditions,
reducing danger in the context of field training. Human-
laptop interplay inside VR contexts has been the point of
interest of excessive investigation, illustrating heightened
engagement and efficiency [2]. Besides, augmented reality
has emerge as a complementary technology for army
education, with tactical benefits through spatial orientation
and situational consciousness. The combination of AR and
VR technology in education systems has been beneficial
for current protection planning [3].

The usage of 3D game-primarily based environments in
navy training has in addition converted education methods.
Simulations based on video games provide a actual-global
simulation of fight eventualities, allowing trainees to
accumulate essential abilties in a managed and immersive
surroundings. Research suggests that such simulations are
responsible for improved stages of engagement and better
operational effectiveness. in addition, VR-based totally
education modules have been successfully deployed in

army units, proving their ability to improve readiness and
retention of competencies [4]. The connection among
conventional schooling and VR-primarily based gaining
knowledge of outcomes has been very well tested, and a
high correlation among the two strategies has been hooked

up.

Other than navy use ,VR generation has also played an
critical role in clinical schooling and prognosis. The
application of VR in cancer diagnosis and doctor-affected
person interaction has enabled higher interactions and extra
specific diagnostic procedures. Using gadget mastering
fashions, inclusive of the Tacotron and Convolutional
Neural Networks (CNN), inside the context of VR has
yielded encouraging consequences within the area of
medical simulations [5]. The technology have made it
viable for clinical professionals to conduct virtual
diagnostic examinations, thus improving their talents and
choice-making ability.

Comparative evaluations of various VR and AR
programs have indicated their strengths in navy and
healthcare contexts. The use of VR-based shooting
simulators for navy training has proven better value
financial savings at the same time as improving firearm
proficiency. Likewise, the usage of VR-primarily based
schooling modules in clinical faculty has ended in
advanced studying outcomes and more suitable practical
enjoy [6]. The observation suggests that immersive
technologies preserve the promise to convert conventional
education paradigms into greater efficient and price-
powerful options.

The continuing tendencies in VR and AR technology
reflect their growing significance in professional schooling
and operational readiness. With in addition development,
their integration with synthetic intelligence and real-time
statistics analytics will cause them to even more powerful.
The future research should to be directed towards the
improvement of VR and AR applications, thinking about
their capability software in wider fields and improving their
applicability to real-international environments. The
continuing evolution of immersive getting to know
environments might be essential in determining the destiny
of education and schooling in diverse industries.

The mentioned studies offers an overview of VR and AR
use in military and healthcare contexts, highlighting their
innovative role in remodeling training practices. The
outcomes spotlight the need for similarly research and
improvement to enhance the ability of the technology in
various professional contexts.

Virtual Reality (VR) and Augmented reality (AR)
technology have emerged as revolutionary answers
throughout numerous industries, with a profound influence
on navy training and healthcare. Those enjoy-driven
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technologies offer interactive environments that decorate
talent getting to know, choice-making, and situational
cognizance. The continuing development of VR and AR
structures has seen them being incorporated across a wide
variety of programs, with value-effective training answers
and greater efficiency in gaining knowledge of techniques.

Research of VR technology in Military Application have
illustrated its potential to improve combat simulations and
selection-making. Use of VR-based totally structures in
education gives army staff experience in real conditions,
reducing danger in the context of field training. Human-
laptop interplay inside VR contexts has been the point of
interest of excessive investigation, illustrating heightened
engagement and efficiency [7]. Besides, augmented reality
has emerge as a complementary technology for army
education, with tactical benefits through spatial orientation
and situational consciousness. The combination of AR and
VR technology in education systems has been beneficial
for current protection planning [8].

The usage of 3D game-primarily based environments in
navy training has in addition converted education methods.
Simulations based on video games provide a actual-global
simulation of fight eventualities, allowing trainees to
accumulate essential abilties in a managed and immersive
surroundings. Research suggests that such simulations are
responsible for improved stages of engagement and better
operational effectiveness. in addition, VR-based totally
education modules have been successfully deployed in
army units, proving their ability to improve readiness and
retention of competencies [9]. The connection among
conventional schooling and VR-primarily based gaining
knowledge of outcomes has been very well tested, and a
high correlation among the two strategies has been hooked

up.

Other than navy use, VR generation has also played an
critical role in clinical schooling and prognosis. The
application of VR in cancer diagnosis and doctor-affected
person interaction has enabled higher interactions and extra
specific diagnostic procedures. Using gadget mastering
fashions, inclusive of the Tacotron and Convolutional
Neural Networks (CNN), inside the context of VR has
yielded encouraging consequences within the area of
medical simulations [10]. The technology have made it
viable for clinical professionals to conduct virtual
diagnostic examinations, thus improving their talents and
choice-making ability.

Comparative evaluations of various VR and AR
programs have indicated their strengths in navy and
healthcare contexts. The use of VR-based shooting
simulators for navy training has proven better value
financial savings at the same time as improving firearm

proficiency. Likewise, the usage of VR-primarily based
schooling modules in clinical faculty has ended in
advanced studying outcomes and more suitable practical
enjoy [11]. The observation suggests that immersive
technologies preserve the promise to convert conventional
education paradigms into greater efficient and price-
powerful options.

The continuing tendencies in VR and AR technology
reflect their growing significance in professional schooling
and operational readiness. With in addition development,
their integration with synthetic intelligence and real-time
statistics analytics will cause them to even more powerful.
The future research ought to be directed towards the
improvement of VR and AR applications, thinking about
their capability software in wider fields and improving their
applicability to real-international environments. The
continuing evolution of immersive getting to know
environments might be essential in determining the destiny
of education and schooling in diverse industries.

The mentioned studies offers an overview of VR and AR
use in military and healthcare contexts, highlighting their
innovative role in remodeling training practices. The
outcomes spotlight the need for similarly research and
improvement to enhance the ability of the technology in
various professional contexts.

III. METHODOLOGY/EXPERIMENTAL

A. Synthesis/Algorithm/Design/Method —
B. Design and Method

This is section in which the design and development
approach for VR and AR in military education is printed.
The technique is comprised of diverse important stages
which include machine layout, software improvement,
hardware integration, situation development, and testing.

1. System Design

The VR training simulator is planned to create an
immersive surroundings for soldiers to teach in shooting
skills in a cost-efficient and sensible way. The system
consists of four key components:

e VR Headset offers an
surroundings for customers.

immersive virtual

e Weapon Simulator : a duplicate of a bodily
weapon with corridor sensors to reveal consumer
moves.
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e Bluetooth and Wi-Fi Connectivity: permits real-
time facts switch among the weapon, VR headset,
and teacher's pill.

e teacher control Interface (): allows real-time
statement and state of affairs adjustment.

Research on VR and AR
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2. software program development

The simulator was created via utilising the unity game
engine coupled with the XR interplay Toolkit for VR
interactions. The software become evolved via iterative
improvement to facilitate ongoing improvements in
functionality and simulation realism. The principal
software functions are:

e user Interface (UI): A menu-primarily based
interface for teachers and trainees.

e situation Engine: It creates unique schooling
environments relying on pre-special conditions.

e Networking  Module: allows  Bluetooth
communication with the weapon simulator and
WI-FI streaming to the instructor's tablet.

{20 @ |||~ o0 5 v

< Persp

3. Weapon Calibration and Tracking

A key aspect of the system is ensuring precise alignment
between the physical weapon replica and the virtual
environment. Employing the ARUN algorithm for 3D point
alignment enables accurate synchronization of real-world
and virtual weapon movements. This calibration process
minimizes discrepancies and enhances realism

4. scenario development

To simulate real combat conditions appropriately in the
course of training, numerous situations have been designed
in collaboration with navy experts. The criteria employed
to establish authentic education conditions consist of:

e goal speed: involves desk bound or mobile goals
transferring at distinctive speeds.

e goal behavior: Encompasses passive, reactive, or
aggressive goal behaviors.

e  Environmental conditions: Encompasses
elements including time of day, weather, and
battlefield terrain.

e training goal: includes desires like precision
taking pictures, attractive moving targets, and
executing tactical maneuvers.

3.5 Testing and Validation
The simulator underwent trying out beneath operational
conditions with army trainees. two companies of trainees

had been compared:

e group A: primary schooling using live weapons.
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e group B (VR-based totally training): training with
the VR simulator to begin with, followed by way
of stay guns exercise.

The effects indicated that institution B established
enormously superior first-shot accuracy as compared to
group A, confirming the efficacy of the VR schooling
simulator.

IV. RESULTS AND DISCUSSIONS

These findings warrant a call for increased investment in
the use of AR and VR technology in a military
environment. Military academies and their corresponding
commands need to make high-quality AR/VR
infrastructure a priority and commit follow-on investment
in regular upgrades and system maintenance. This will
ultimately yield more effective training and reduce the risk
of operation. Second, interoperability and realism should
be the foundation of operational requirements for the
technologies, such that virtual worlds mimic reality and are
compatible with existing military hardware and systems.
Implementing the technology to solve such issues is
important in guaranteeing effective mission planning,
especially for complex missions. Therefore, AR/VR
simulators must be adapted according to user usage
requirements like battlefield setups, equipment, and even
space mission planning in collaboration. Latency issues,
motion sickness, and the consequent very high cost of
original technology must be resolved if optimal take-up and
usage are to be realized. Motion sickness is a huge hurdle,
but this may be overcome by using advanced head-tracking
technology. Emerging technologies are creating hopes that
the systems will have different levels of scalability and
adaptability and provide the most realistic training
possible to the troops.

Use of VR and AR technologies in warfare and war training
has revolutionized conventional processes by enhancing
effectiveness of operations, readiness, and decision-
making. Simulation by immersion, which is actual, gives
the soldiers an environment where they can rehearsal
combat, weapons, and vehicle operating in a virtual
simulated setting without risking any harm. This has hugely
enhanced readiness, lowered response time, and lessened
physical and economic exertion in contrast with
conventional modes of training. AR and VR enable
commanders to perceive the battlefields in real time by
constructing a 360-degree view and converging multiple
data sources, enriching situational awareness and strategic
option. Some other major benefits are that they are cost-
effective, as virtual worlds do not incur the expense of
high-cost live training, eliminating hardware and logistics
costs and enabling scalable training. Additionally, such
technologies provide more safety through minimized
exposure to dangerous environments during exercising and

lesser chances for accidents. Further, AR-based training
modules have been seen to improve cadets' technical,
conceptual, and interpersonal capabilities using interactive
virtual models and virtual practical experiences.

V. FUTURE SCOPE

The future of military AR and VR holds enormous potential
with many potential avenues into which the combat
capability and health of troops can be revolutionized. One
of the areas of research and development is merging
AR/VR with Al to create adaptive training environments
and mission planning predictive analytics that facilitate
real-time adaptation according to the individual's
performance and the circumstances on the battlefield.
Wearable Augmented Reality such as light-weight head-
mounted display and augmented glasses are becoming the
need of the hour in increasing situational awareness and
offering real-time information to soldiers on terrain, enemy
locations, and weather without diminishing soldier
mobility. Remote joint training is also one of the future
uses, where troops stationed far away from headquarters
are brought into coordinated virtual training, improving
team and readiness without relocating troops.

In addition, more use of VR in psychological therapy for
the treatment of mental health disorders among veterans,
such as post-traumatic stress disorder (PTSD), is on the
increase, with virtual reality therapy providing a controlled
and safe space for rehabilitation and healing. Cross-
fertilization between the civilian and military spaces will
also be important in advancing the use of AR/VR
technology, with innovation in consumer space over
spilling into the military space. This renders solutions more
pertinent, tractable and responsive to various operational
needs. With such technologies still evolving even further,
their impact on combat operations, combat training and
combatants' overall well-being will grow limitless,
resulting  in  increasingly  interconnected  and
technologically sophisticated defense environment

VI. CONCLUSION

The combination of Virtual Reality (VR) and Augmented
Reality (AR) in military training revolutionized
conventional training practices by making it more realistic,
interactive, and cost-effective. Work-based simulations
provides a risk-free environment for training with high-
intensity segments that enhances decision-making,
situational awareness, and operational readiness. Further,
the use of haptic feedback promoted the flexibility and
efficacy of these training programs. This implies that it
responds more to actual situations and an individual's
learning requirements. How many issues there are with
hardware prices, exercise illnesses, and incubation time?
Combating these issues due to existing advancements in
technology like 5G networks, adaptive training in Al
controllers, and light wearable AR technology will further
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boost the usability and usage of these technologies in
military contexts. Moreover, guaranteeing interoperability
with current military equipment and setting budget
assessment criteria to reform funding of training by its
efficacy are of high concern for further implementations.
Psychological recovery and planning. As these
technologies evolve, they are increasingly contributing to
the development of future military training strategies,
making soldiers compatible to modern warfare
complexities.  Finally, sustainable research and
development here will encourage innovation and become
more efficient, cheaper and effective in practice.
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