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This article examines how immersive technologies are changing and becoming more significant, with
a particular emphasis on augmented reality (AR) and virtual reality (VR). The first section provides a
brief overview of the two ideas and emphasizes how important they are becoming to a variety of
industries.

The first segment briefly introduced the two concepts and highlighted their growing relevance across
several fields. The next section delves into the world of augmented reality, elucidating its fundamental
ideas and showcasing the devices that are used, such as smartphones and AR glasses. Examined are
specific examples of AR applications, ranging from gaming to navigation, which highlight the benefits
of this technology while also addressing its drawbacks.

The piece goes on to explore virtual reality (VR), going over the fundamental ideas and required
hardware, including VR headsets. A presentation of VR applications ranging from games to medical
education is included, along with a discussion of the benefits and drawbacks of this immersive
technology. The Mixed Reality (MR) section examines novel applications that blend virtual and real-
world components to create one-of-a-kind interactive experiences, highlighting the convergence of AR
and VR.

After that, the essay looks at how AR and VR affect several industries, including gaming, health,
education, and business, highlighting particular use cases and their effects. The section on user
interaction describes how consumers engage with AR and VR environments, emphasizing the
importance of user interface design in creating a satisfyingly immersive experience.

In its conclusion, the paper discusses technical difficulties, moral dilemmas, and potential
developments in AR and VR. It offers an overview of the overall effects of various technologies as
well as predictions for future advancements in the immersive technology space.
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1. Introduction

Augmented reality and virtual reality (also known as AR and VR) are reality technologies that
add an extra touch or substitute a real environment with a simulative one. By integrating digital
elements into reality, augmented reality enriches your surroundings, usually using a
smartphone's camera. Virtual reality consists of a total immersion that replaces a real
environment with a simulation.

When it comes to AR, a virtual environment is created to coexist with the real world, to provide
additional real-world information and data, which the user can access without having to do any
research. For example, an industrial augmented reality application can provide immediate
troubleshooting information when a cell phone is pointed at damaged equipment.

Virtual reality includes a complete simulation of the environment that replaces the user's world
with a fully virtual universe. Since these virtual worlds are designed in a handcrafted way, they
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often aim to surpass reality. For example, virtual reality offers the user the opportunity to
compete in boxing with a cartoon version of Mike Tyson in a virtual ring.

Although both virtual reality and augmented reality are developed with the aim of presenting
the user with a simulated environment, each concept is distinct and applies to various use
situations. In addition to entertainment situations, augmented reality is increasingly being used
in companies due to its ability to integrate useful information into real-world situations.

In virtual environments, the user is often equipped with a headset that completely replaces the
real world with the image and sound of a virtual universe. VR aims to eliminate the real world
as much as possible by isolating the user. After entering the world of virtual reality, it is possible
to program the universe to offer you every conceivable possibility, from a lightsaber fight
against Darth Vader to a realistic (but fully created) reproduction of the Earth. When virtual
reality is used in product design, training, architecture, and retail, most current applications of
virtual reality focus on entertainment, especially video gaming.

In contrast, AR combines the virtual world with the real world. The majority of augmented
reality applications allow the user to point their smartphone or tablet at the point of interest and
create a video of the scene on their screen. Then, valuable information is superimposed on the
screen, such as repair instructions, navigation directions or diagnostic data.

There's no denying that augmented reality (AR) and virtual reality (VR) are playing an
increasingly important role in different fields, testifying to a major shift in the way businesses,
institutions, and individuals manage their interactions with the digital and physical world. Some
key elements about this growing importance:

- Augmented reality and virtual reality offer more enriching and interactive user
experiences. These technologies impact how users interact with products and services
in areas such as retail, entertainment, and marketing, resulting in more engaging
experiences.

- In the field of training and education, virtual reality offers realistic and immersive
simulations, providing learners with the opportunity to develop skills in a secure virtual
environment. Thanks to these technologies, medical professionals, pilots and other
professions benefit from more effective training programs.

- The Gaming and Entertainment Revolution: AR and VR have revolutionized the gaming
and entertainment landscapes. Major areas of innovation are immersive games, virtual
theme parks, and interactive cinematic experiences.

- Augmented reality is used in commerce and advertising to conduct virtual product try-
ons, giving consumers the opportunity to view items before they buy them. In the same
way, advertising that uses these technologies is gaining fame because of its interactive
and unforgettable nature.

- Sector of Health and Life Sciences: In healthcare, virtual reality is used to simulate
surgeries and treatments, while AR assists medical practitioners with procedures by
providing real-time data.

- The pandemic has led to a revolution in the field of work and collaboration, driving the
adoption of AR and VR technologies to simplify remote work and collaboration. These
technologies, from virtual mixed reality meetings to corporate training applications,
have become indispensable in many fields

- Augmented reality is used in industrial sectors, such as engineering and manufacturing,
for maintenance operations and visual inspections, resulting in improved process
efficiency and safety.

All in all, AR and VR are increasingly seen as essential tools for improving processes,
efficiency, and engagement, which has led to their rapid adoption across various industries and
influenced the way we interact with the digital and physical worlds.
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2. Augmented Reality (AR)

The virtual world is incorporated into this reality in order to enhance the user's perception and
interaction with a real environment. Smartphones, tablets, or AR glasses are used to experiment
with AR, which project virtual objects, text, or images, allowing users to interact with virtual
and physical elements simultaneously.

As an example, the device's camera records the user's surroundings while gyroscopes and
accelerometers monitor the camera's orientation and location. The augmented reality software
examines the camera's transmission, making it possible to identify objects and elements in the
environment. From then on, the user has the possibility to interact with virtual objects using
touch screens, gestures and voice commands. For example: thanks to a tablet, it is possible to
consult recommendations for those who go to a city. Places are displayed on the screen for
shopping, dining, museum visits, etc., depending on the user's preferences.

By using AR lenses and software on the production floor of a manufacturing company, the
maintenance engineer has the ability to obtain data on the health of a team, allowing them to
make decisions in real-time and more proactively.

Another example can also be seen in the design of spaces and architecture. By using a lens, it
is possible to create a visual representation of the completed project in order to present the
executive project to investors or spot improvements in design and/or environmental impact.

2.1- Devices used (smartphones, AR glasses)

The devices used to test Augmented Reality (AR) differ in terms of portability, processing
capacity and the desired level of immersion. Here is an overview of the main measures:

e Tablets and smartphones : Smartphones and tablets are the most widespread and
easily accessible AR devices.

e The built-in cameras and sensors they use make it possible to locate the environment
and overlay virtual elements on the screen.

e The i0OS and Android platforms offer a wide variety of AR apps for smartphones,
offering a variety of AR experiences, ranging from navigation to gaming to education.

e Augmented Reality Glasses : Augmented reality glasses are devices specifically
designed to provide an immersive augmented reality experience.

e (Cameras, motion sensors, displays, and tracking systems are included in these devices
in order to link virtual elements to the user's vision. Often, these glasses offer a hands-
free experience, providing the user with the ability to view AR information while
maintaining a clear view of the real-world environment.

e Reality Augmentation Headsets : The Microsoft HoloLens, among other augmented
reality headsets, offers an immersive experience by overlaying holograms in the user's
environment. Transparent screens are included in these headsets, providing the user with
the ability to see both the virtual elements and the real world, creating a fusion between
the two realities.

e In addition to smartphones, tablets, and AR glasses, it is also possible to use other
devices such as smart glasses and wearables to test augmented reality. These devices
can be used in different sectors, such as industry, medicine, education and leisure,
offering innovative solutions and interactive experiences.

In short, there is a wide variety of devices used to experience augmented reality, thus

providing opportunities for interaction with the digital world that prevails to us. From the

ease of smartphones to the most advanced augmented reality headsets, these devices offer
the opportunity to live new immersive experiences and use innovative applications.
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2.2- Examples of AR applications

The different applications of Augmented Reality (AR) cover many areas, offering interactive
and enriching experiences. Virtual reality is mainly used in the field of cinema and video games.
Indeed, many works have been created by incorporating the concept of virtual reality from their
creation. However, virtual reality presents much more extensive opportunities than the
opportunities in the entertainment industry. Army training programs are making use of this
technology, while surgeons are conducting their first virtual reality training. This technology
has also been adopted by the advertising industry, providing consumers with promotional
campaigns whose impact is multiplied by the immersion of the videos posted. In addition,
virtual reality offers many opportunities for the implementation of awareness campaigns.
Again, immersing the audience amplifies their reactions and emotions, which really helps to
raise awareness about road accidents and dangerous behaviours, for example.

Here are some illustrations of AR applications in various fields:

Location and navigation:

Google Maps AR: This app leverages the mobile phone camera to
overlay navigation arrows directly on the real scene, providing a better
navigation experience for users on the streets.

Retail: £
Virtual Clothing Try-on: AR apps offer users

the ability to virtually test on garments by overlaying images of the
chosen items on their own image captured by the smartphone
camera.

Education: The AnatomyAR educational app offers
students the opportunity to explore the human body by
overlaying 3D anatomical models in the real world using
smartphones or tablets.

=

~ Games and entertainment:
2 Geolocation is used in Pokémon GO, one of the most beloved AR
. games. It allows players to place virtual Pokémon in the real world,
- prompting them to hunt them by physically moving.

Marketing and advertising: IKEA Place : This app offers users
the opportunity to virtually visualize IKEA furniture in their own
environment using their smartphone camera to see how the items
fit into their home.




584 S. E. Gazi and A. Ibrahimi

Industrial and maintenance:

The Scope AR application is used in industrial
maintenance training by integrating instructions and data
on the real equipment, accompanying technicians
throughout the steps.

Games to educate children:
) Quiver : This app transforms children's illustrations into 3D
| animated objects when viewed through a device's camera,
promoting the acquisition of creative knowledge.

\ Art & Creation:

Augment: With this app, artists and designers can see
virtual artworks in real-world spaces, making it easy
to preview projects before they are physically
realized.

QAUGMENT

3. Virtual Reality (VR)
Virtual reality technology allows a person to immerse themselves in a digitally created
artificial universe. It should not be confused with virtual reality.
It is possible that this is a representation of the real world or an entirely imaginary universe.
The experience can be visual, auditory and, in some situations, haptic, with the creation of
feedback. When a person has the appropriate interfaces, such as gloves or clothing, they may
experience sensations related to touch or actions such as blows or impacts.

3.1 - Basic principles
Virtual Reality (VR) is based on its ability to generate immersive and interactive experiences
by simulating virtual environments. Here are the key concepts.
The goal of virtual reality is to fully immerse users in a virtual universe by isolating them
from their real environment. This immersion gives the impression of being immersed in the
virtual world.

Virtual reality environments are interactive, providing users with the ability to manipulate
objects, explore scenarios, and interact realistically with characters.

Virtual reality makes it possible to create 3D environments that offer depth and perspective,
simulating realistic visual vision.

Motion tracking systems provide virtual reality with the ability to monitor the user's head,
hand, and body movements, allowing them to interact with the virtual environment in a
natural way.

Virtual reality environments are realized in real time, which implies that the changes made by
the user are immediately visible in the virtual environment.

Spatial audio is often included in virtual reality, which implies that sounds are localized in the
virtual environment based on the user's position, which enhances immersion.

VR headsets are the most commonly used viewing devices to experience virtual reality. The
screens are placed close to the user's eyes to provide an immersive experience in virtual
environments.
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Users can interact with the virtual environment by simulating gestures, movements, and
physical actions through motion controllers and input devices.

The goal of virtual reality is to ensure optimal comfort for users, minimizing nausea and
feelings of malaise frequently associated with prolonged use of virtual reality.

By combining these concepts, virtual reality generates captivating and captivating experiences
that provide new opportunities in various industries such as entertainment, education, training,
healthcare, and many more.

3.2 - Hardware components (VR headsets, controllers)

Virtual Reality (VR) requires basic hardware equipment such as visualization devices, motion
tracking systems, controllers, and input devices. Here is a list of essential hardware items.

Virtual reality headsets: The immersion process is carried out using a virtual reality headset
that displays a stereoscopic 3D display system on the nose, in front of your eyes. Some
models have sensors that detect head movements to allow the user to monitor their
surroundings. The images are recalculated in real time in order to synchronize them with the
direction of the gaze.

Screens and Optics: Virtual images are displayed on the screens of VR headsets, while
optical lenses help focus images for clear and pleasant vision. These elements play a crucial
role in creating an immersive visual experience.

Motion Tracking System: It is essential to take into account the movements of the user's
head, hands and body in the virtual space, in order to monitor them. Different types of
tracking sensors, such as motion sensors, infrared cameras, and position sensors, are used to
monitor movement properly.

Motion controllers: are devices that allow you to interact with the virtual environment. Their
ability to reproduce physical movements, gestures and actions allows for realistic interaction
with virtual objects. One can find VR headsets with built-in controllers, while others can be
used with external controllers.

Audio: Sound plays a critical role in virtual reality immersion. Virtual reality headsets often
include built-in headphones or speakers to provide a spatialized audio experience, adjusting
the sounds in the virtual environment based on the user's position.

Computer or Console: High-quality virtual environments require considerable compute
resources. Typically, VR headsets are connected to high-performance computers or gaming
consoles so that they can use VR applications that offer exceptional graphics and
performance.

Having these hardware elements is paramount in order to design an immersive VR experience
and enable realistic interaction with virtual environments. By using these elements in
collaboration with appropriate software and applications, users have the opportunity to
explore captivating virtual worlds and experience virtual reality in different industries.

3. 3- Examples of VR applications in the field of education

585
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Explore Historical and Cultural Sites Online: Students have the opportunity to discover
historical and cultural sites around the world using virtual tours. Take the example of the
pyramids of Egypt, the Colosseum in Rome or the Louvre Museum, which allow them to visit
without leaving their classroom.

Virtual Labs: Students can perform scientific experiments and simulations in a secure and
supervised environment through virtual labs. For example, students have the opportunity to
deepen their knowledge of cell biology, chemistry or physics by carrying out online
experiments.

Online travel through space: Through VR apps, students have the opportunity to explore
space and discover distant planets, stars, and galaxies. This provides them with a better
understanding of astronomical concepts and sparks their interest in space exploration.
Language Immersion Courses: Immersive virtual reality teachings allow students to
immerse themselves in virtual environments where they can interact with native speakers and
practice the language in real-life situations, strengthening their understanding and fluency of
the language.

3D Models and Representations: Students have the opportunity to interactively explore
abstract and complex concepts through 3D models and VR visualizations. For example,
students have the opportunity to represent molecules, geological structures or biological
processes in 3D.

Professional coaching: Virtual reality is used in different sectors such as medicine,
engineering, aviation, and security for professional training. Students have the opportunity to
simulate real-life situations and learn real-world skills without taking risks to their own safety
or the safety of others.

Telling History: Virtual reality allows historical events and scenes from the past to be
reproduced in an interactive way. By exploring detailed virtual environments, students have
the opportunity to relive major historical moments, such as the Industrial Revolution, the Civil
War, or World War I

Vocational Education: In the field of special education, virtual reality is also used to assist
students with special educational needs in the development of their social, cognitive and
sensory skills in personalized virtual environments.

These examples illustrate the use of virtual reality to enhance the educational experience,
providing students with immersive and engaging learning opportunities in a variety of topics
and fields.

3. 4- Advantages of VR technology

Virtual reality offers exceptional immersive experiences that offer users the opportunity to
fully immerse themselves in virtual worlds and interact with them in a realistic way. Virtual
reality (VR) is used to reproduce realistic situations in industries such as training, medicine,
and simulation of dangerous situations, allowing for safe and efficient practice.

Virtual reality video games offer innovative and engaging gaming experiences, offering
players the opportunity to experience virtual adventures in fantasy worlds.

In the field of education and training, virtual reality is used to provide immersive and
interactive learning experiences, making it easier to understand complex concepts.

In the field of therapy, virtual reality is used to treat problems such as post-traumatic stress,
phobias and anxiety disorders, by providing controlled environments for desensitization.

In the fields of industrial design, architecture, and others, virtual reality is used to visualize
large-scale 3D models and facilitate collaboration and decision-making.
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3.5- Challenges of VR Technology

Virtual reality devices can be expensive, restricting access to the technology for certain
populations.

Due to the lag between perceived and actual movements, some users may experience
discomfort or nausea when using VR devices for long periods of time.

Despite the increase in VR content, it is still quite small compared to other media, which may
limit the widespread adoption of the technology.

Prolonged use of virtual reality can cause social isolation, as users are isolated from their
physical environment and socializing with others.

Creating VR content requires considerable specialized skills and resources, and improving
performance can be technically challenging.

While these barriers are present, Virtual Reality continues to advance and spread across
multiple sectors, offering exciting opportunities for innovation, education, and entertainment.

4. Mixed Reality (MR)

Mixed Reality (MR) technology combines the physical and virtual worlds to design
interactive experiences where virtual and real objects coexist and interact in real time. Here
are some key aspects related to Mixed Reality:

4.1- The essential principles of Mixed Reality:

The mix between the real and virtual world: Mixed Reality merges elements of the real world
with virtual elements, providing users with the ability to interact seamlessly with both
environments. Virtual objects interact with the real world and vice versa, which promotes
contextual interaction between the two environments. For example, it is possible to place a
virtual object on a real table and make it act as if it were actually there. Real-time display is
used for Mixed Reality environments, which means that changes made by the user are
immediately visible in the mixed environment.

The use of spatial tracking systems in Mixed Reality makes it possible to spot and track the
movements of the user and physical objects, allowing for precise interaction between virtual
and real elements. Mixed Reality viewing devices, such as MR glasses and AR headsets, offer
users the ability to perceive both real objects and associated virtual objects in their field of
view.

The immersive experiences offered by Mixed Reality allow users to immerse themselves in
interactive environments where the lines between real and virtual are blurred.

In many fields, such as entertainment, education, training, industrial design, medicine and
others, Mixed Reality is used, offering concrete and innovative applications.

4.2- Other benefits of MR Technology:

Mixed Reality offers an intuitive and immersive user experience by allowing a natural
interaction with virtual and real objects. There are many practical applications for Mixed
Reality in different fields, offering innovative solutions for training, design, collaboration, and
other needs. Contextual visualization is offered by Mixed Reality environments, which allow
virtual objects to be realistically superimposed on the real world, improving understanding
and decision-making.
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Real-time collaboration is facilitated by Mixed Reality, which allows multiple users to
collaborate in a mixed environment, sharing information and ideas in an interactive way.
Continuity of innovation: Mixed Reality is a fast-growing technology that continues to
advance, opening up new opportunities for innovation and development in multiple industries.
By combining the best of the real and virtual worlds, Mixed Reality offers new opportunities
by offering immersive and interactive experiences that change the way we interact with our

Any environment where the real and virtual objects
are combined within a single display

‘ Mixed Reality ‘

e

Real Augmented Augmented Virtual

Environment Reality Virtuality Environment

Consists solely of real The real world is The virtual world is Consists solely of real

or physical objects augmented with digital augmented with real or or digital objects
elements physical objects

environment and digital technologies.

Figure 1: Representation of the virtuality continuum (adapted from Milgram; Kishino,
1994).

4.3- Examples of MR applications

Use of RM to simulate realistic occupational situations, such as surgeries, flight simulations
or emergency responses, in the field of vocational training and simulation. Users have the
opportunity to interact with virtual objects in a real-world setting in order to learn real-world
skills.

Architects and designers use MR to 3D represent buildings and projects in real-world
environments. This gives customers a better understanding of the designs on offer and allows
them to explore virtual spaces as if they were real.

MR is used in the field of industrial maintenance to give real-time maintenance instructions to
technicians in the field. Instructions and schematics are superimposed on the actual
equipment, making repairs and maintenance easier. MR apps offer tourists the opportunity to
discover historical and cultural sites by providing them with contextual information layered. It
is possible for users to discover monuments, museums, and archaeological sites while
receiving live commentary.

On-the-job training:

MR is used by companies to educate employees about safety procedures, production
processes, and other aspects of the job. Workplace simulations offer employees the
opportunity to practice in a virtual environment before embarking on real-world tasks. Online
education:

MR is used by schools and universities to provide interactive and immersive learning
experiences. For example, students have the opportunity to explore scientific concepts by
manipulating 3D models in an online lab.
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Customer experience and retail:

MR is used by retailers to optimize the customer experience by providing customers with the
opportunity to virtually try on products before purchasing them. For example, consumers have
the opportunity to see furniture or clothing in their own space before making a purchase
choice.

Collaboration and Online Meetings:

RM is employed by work teams to work remotely in common virtual environments. In a
collaborative environment, participants have the opportunity to interact with virtual and real
objects, making it easier to communicate and make decisions.

These examples highlight the variety of uses of Mixed Reality, which offers exceptional
opportunities to improve user experiences in different areas.

5. Conclusion

In summary, Augmented Reality (AR), Virtual Reality (VR) and Mixed Reality (MR) are
immersive technologies that are changing the way we interact with our environment and
digital media. Each technology offers unique experiences and diverse applications, but they
also have common similarities and synergies.

By adding virtual elements to the real environment, Augmented Reality offers enhanced
experiences in industries such as entertainment, education, and commerce. The use of Virtual
Reality allows users to immerse themselves in fully simulated worlds, offering immersive
experiences in games, simulations and professional training.

Mixed Reality combines the best aspects of both worlds by adding virtual elements to the real
world to generate interactive and enriching experiences. These technologies are used in
different fields such as vocational training, architectural design, tourism, education, retail, and
many more. Together, AR, VR, and MR are providing new opportunities for innovation and
creativity, delivering immersive and engaging user experiences that are changing the way we
learn, work, and interact with our place.
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