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Abstract
Over the past few years, the metaverse has become one of the most popular technologies. 

Unprecedented advancements in infrastructure and technology in recent years have made it 
possible for virtual intelligence to learn and adapt human behaviours and replicate human 
intelligence. Accordingly, the study looks at the different ways people may explore the 
Metaverse and how it can offer unique environments where users can develop and thrive 
in its immersive experience. The study explores the metaverse’s taxonomy, future prospects, 
and consequences from a future perspective. Besides this, it covers the associated problems 
and solutions and confers about the virtual world with various contexts. By envisioning the 
scope of a metaverse in which intelligent agents or humanoids and virtual environments 
coexist optimistically, the paper ends with a forward-looking outlook on the collaborative 
future of virtual intelligence and the real world. This will push the limits of human-computer 
interaction and open up new avenues for creativity and innovation.
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1.  Introduction

The term “metaverse” refers to a fictional, and virtual shared space 
that combines virtual and real-world elements [1]. The virtual intelligence 
used in Metaverse has made an impactful start. It can create more realistic 
experiences and intelligent environment for the digital realm. 3D 
simulation and the operation of immersive technologies like mixed reality 
(MR), augmented reality (AR), and virtual reality (VR) are made possible 
by the development of 5G + mobile networks and the Internet of Everything 
[2]. As an example of the use of metaverse, Figure 1 illustrate the metaverse 
enables immersive collaboration through virtual space that replicate 
physical meetings using various platform such as Microsoft Mesh. 

Figure 1 
Employees are attending meeting in virtual space [3]

Sometimes emerging technologies came out with the cautious results, 
to do that good implementation of what exactly metaverse is and how it’s 
being progressed should be investigated. The term ‘metaverse’ has been 
coined to further facilitate the digital transformation in every aspect of our 
physical lives. The idea that the metaverse is an immersive Internet that is 
a vast, cohesive, persistent, and shared space lies at its heart [4]. 

With time, an increasing number of tech organizations came into 
picture to create and explore the virtual reality by introducing the better 
versions of the digital realm. The impact of this emerging technology can 
be felt over the time by examining its journey as shown in Figure 2.
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Figure 2
Evolution timeline of metaverse [5]

After 2012 oculus the low-cost 3D headset was also introduced by 
Facebook which allows users to play various reality games on virtual 
platform. As time passes, the war of having virtual platform has been 
started by companies like Fortnite, Minecraft, Mesh, etc. The Metaverse 
and Virtual reality started getting hype after 2021 when Facebook renamed 
itself “Meta” and by releasing several virtual worlds, workspaces, VRs and 
devices. This trend will continue to grow as the technology evolve and the 
mobile internet will give way to the metaverse. The Metaverse has the 
potential to revolutionize human-computer engagement, foster creativity, 
and enhance digital experiences. 

2.  Segmentations of Metaverse

The metaverse is managed with several virtual environment technologies 
and components which helps to structure of comprehensive metaverse. 
Undisputed integration is the key factor of this virtual realm. There are 
some layers to access metaverse are discussed below:

•• Virtual reality (VR): It is a digitally created environment, where 
users experience different immersive worlds and respond similarly 
just like in real surroundings. [6]. It essentially transports users into 
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a fully virtual realm, often disconnecting them from the physical 
world which may need careful consideration of safety measures and 
ethical implications. In Figure 3, VR headsets and motion-tracking 
controllers enable users to interact naturally within 3D environments, 
serving as essential tools for immersive Metaverse experiences.

•• Augmented reality (AR): Not like the layer of VR which simulates 
the virtual realm, AR is a dynamic engagement that combines the 
physical world and computer simulation. It overlays the virtual 
elements onto the physical ones and also can feel real but it has 
virtual sense. For instance, as shown in Figure 4 AR applications 
allow users to preview digital 3D furniture models in real-world 
environments through smartphones and tablets, improving the 
customer shopping experience

Figure 4
Experience of AR in home furniture [8]

•• Extended reality (XR): Extended Reality encompasses the Digital 
realms. The XR technology is intended to blend the physical world 

Figure 3
Man controlling VR through controllers [7]
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with the digital world with term “Digital Twin”. Digital twin is a 
system or process in which a physical or real object to be simulated 
in the virtual world. How AR and VR can be combined to be used as 
XR is illustrated in Figure 5.

2.1 Technological Constituents

Few people still believe that the Metaverse is a hypothetical most 
advanced technology that not everyone can access it but actually it’s not 
the exactly truth. The fact is that by using some sort of computer system 
user can enter into the metaverse. A person can access the Metaverse 
through the computer system or some devices and good internet 
connection with VR features which specialized Virtual Reality Platforms.

2.1.1 Hardware facets

Hardware configuration that enables the user to access the metaverse 
with some sort of equipment. Metaverse technologies leverage these 
hardware components to create immersive, interactive, and social virtual 
experiences that blur the distinction between physical and digital realities.

a)	� Head-mounted display: The HMD devices show a view through the 
display and plays the role of playing the sound through the speaker 
[10]. Users can experience augmented reality (AR) by superimposing 
digital data on the real world through the use of optical see-through 
head-mounted displays (OST-HMD). 

Figure 5
Illustrating Extended reality as an immersive experience [9]
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b)	� Hand-based devices: A hand-based gadget allows interacting the VR 
through the hand gestures. AR/VR hand controller, haptic gloves 
and Gesture recognition gloves are the examples of the hand-based 
gadgets. They are not just used for input activity but they also provide 
second way output activity which also makes the immersive feel to 
the digital realm [10]. As shown in Figure 6, the workflow of hand-
based input devices involves tracking, calibration, and interaction 
mapping stages

c)	� Non-hand-based devices: Gadgets like eye-tracking, Biometric 
sensors, sound and language recognition, Facial recognition, Brain- 
Computer interface (BCI) and many more are used for the Metaverse.
[10] 

2.1.2 Software facets

In the context of metaverse technology, software components are critical 
to enable various functionalities, interactions, and experiences within 
the virtual simulation. Here are a few important applications of software 
components in the metaverse:
a)	� Scene & object recognition: Scene and object recognition in order 

to create immersive and engaging experiences, the metaverse is 
essential. It allows the virtual world to react and adapt to users’ 
actions, making it feel more real and alive [10]. Scene and object 

Figure 6 
Illustration of hand-based devices work flow [10]
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recognition are key building blocks for a truly immersive and 
dynamic metaverse

b)	� Sound & speech recognition: Sound design in the metaverse is much 
more than just background noise. It’s a powerful tool for creating 
atmosphere with the help of spatial audio technologies, sounds can 
be precisely positioned in the virtual simulation, creating a sense of 
direction and depth. [10]

c)	� Motion rendering: Motion rendering refers to the process of 
capturing and translating human movement into the virtual world. 
This can involve various techniques consist of motion capture, 
inverse kinematics and simulation.[10] As illustrated in Figure 7, 
the rendering process employs a per-object and per-pixel decoding 
framework that integrates CNN-based geometry extraction, 
positional encoding, and Multiview supervision for realistic facial 
reconstruction.

3. Key Technologies 

The future of the Metaverse holds vast possibilities, encompassing 
both positive and negative aspects. It is anticipated that the metaverse 
market would grow significantly in the future, with a compound annual 
growth rate (CAGR) of 37.43%, reaching a total market size of over $507 
billion by 2030 [11]. The Metaverse offers transformative potential, 

Figure 7 
Depicting the figure with face rendering with per-object  

decoding and per-pixel [10]
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enabling immersive social, educational, and economic experiences while 
reshaping remote work and commerce. Here are few major technologies 
evolving and empowering the future of Metaverse: 

3.1 Block-chain technology

In essence, blockchain is a series of blocks that use a public ledger to 
record all committed transactions [12]. In the Metaverse, blockchain refers 
to the incorporation of a transparent and decentralized ledger system into 
a communal virtual environment. Complex systems including 
decentralized networks, distributed ledgers, cryptographic algorithms, 
and consensus procedures make up the metaverse’s core blockchain 
technology [13]. 

3.2 Brain Computing

Brain-Computer Interfaces (BCIs)  are in a position to significantly 
influence how the metaverse develops in the future. It helps to manage 
avatars, interact with digital objects, and perform digital transaction using 
brain signals. As the metaverse will achieve its full potential and when it’ll 
be in final developing phase users can directly experience the sensory 
information provided by the outside environment though the electrical 
and Brain-interface signals [14].

3.3 Graphic rendering

In the case of graphics for the Metaverse  involves creating  3D 
environments, designing  avatars and characters, and crafting user 
interfaces and experiences that enable users to navigate and interact with 
the virtual world.  It also requires considering accessibility, monetization 
strategies, and social interactions within the Metaverse [15]. 3D 
visualization and construction will enhance the visual fidelity of digital 
environment.

3.4 IoT

IoT in the metaverse intertwines physical objects with a digital 
presence. It enables seamless interactions and data exchange within virtual 
worlds. As IoT devices seamlessly integrate into the metaverse, users 
traverse interconnected experiences where smart objects gather, process, 
and transmit real-time data and interacting with smart objects, wearable 
devices, and connected environments within virtual spaces.
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3.5 Edge Computing

Edge computing is a decentralized computing framework which 
refers to the bringing data processing closer to the source of data generation 
rather than relying on a centralized cloud or data centre. Edge computing 
can help unlock the metaverse’s potential by providing a distributed 
compute architecture that can support high bandwidth and low latency 
experiences [16].

There are so many technologies as described in Figure 8 have 
promising future by intersection of metaverse and to shape the metaverse 
world. As a result of converging such kind of technologies, the vision of a 
fully immense future of digital realm becomes more promised.

As shown in Table 1, several prominent platforms—including Unity, 
Unreal Engine, Nvidia Omniverse, Decentraland, and Microsoft Mesh—
enable metaverse creation, simulation, and collaboration through diverse 
technologies and use cases

4. Operationalization trajectory 

A comprehensive review of key thematic areas will offer patterns into 
the current scenario of Metaverse research, highlighting gaps with future 
opportunities. Exploring its various implementations will provide a 
deeper understanding of its role in today’s technological race. 

Figure 8 
Illustrates the major technologies for the metaverse. [17]
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Table 1 
Emerging tools that encompass the metaverse ecosystem

Sr. Tools Purpose Impact metrics Use Case

1 Unity Platform to create 
real time 3D 
graphics designing 

Revenue 33% in Q4 
2021 to 40% in Q1 
2022. [18]

Virtual 
product 
design

2 Unreal 
engine 

Platform to render 
high motion 
effects, animations 
and objects

The Unreal Engine 
of the 5th generation 
is available, and 
consists of helpful 
tools and modern 
technologies 
for developing 
immersive 
experiences. [19]

Virtual 
tourism

3 Nvidia 
Omniverse 

Platform for 3D 
environment 
simulations

There are three 
elements to 
the Omniverse 
computer. 
•	 The RTX 
computer 
•	 The OVX servers 
•	� The Nvidia GDN 

[20]

Architectural 
simulations 

4 Decentraland 3D browser based 
platform build 
on Ethereum 
blockchain used 
to create avatars 
and assets to earn 
money

In November 2021, 
the Metaverse 
Group, an NFT-
based Metaverse real 
estate organization, 
bought a plot on the 
Decentraland for Rs. 
18.15 crores. [21]

Clothing 
assets for 
avatars and 
virtual assets 

5 Microsoft 
Mesh 

Platform allows 
developers to 
embed metaverse 
capabilities with 
other applications 
and allow remote 
gatherings 

Up-to 330 people 
can join from the 
Mesh application 
after Mesh is 
set up for your 
organization. [22]

Remote 
meeting 
workplaces
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4.1. Current Context 

The global market is embracing the rise of the digital world, with 
rapid advancements overcoming current  Metaverse limitations. As 
investments grow and tech giants innovate, many challenges will soon be 
resolved [23]. The global Metaverse Technology market size was valued at 
USD 37452.0 million in 2021 and is expected to expand at a CAGR of 
approximately 28.09% during the forecast period, reaching USD 165410.0 
million by 2027 [24]. In January 2023, users worldwide conducted 
approximately 1.9 million searches for the term “metaverse” as reported 
by Google [25]. An article by Dept Agency reveals that only 16% of people 
knows what the Metaverse is, with younger users showing slightly less 
awareness. Despite the lack of understanding, 41% of users cite curiosity 
as their main reason to participate. Other motivations include gaming and 
attending digital events in the Metaverse. [26]. By the recent times, 
Metaverse has been a great platform for the huge events & concerts 
digitally where millions of people come together to feel the same experience 
from the different sights. Tanishq has launched Rivaah, a collection of 
wedding jewellery on the Metaverse through a virtual press conference 
that created an immersive and personalized 3D experience for its viewers. 
The guests who had joined this virtual event were able to create their own 
3D avatars and see the jewellery from different angles. The Rivaahverse 
experience allowed the participants to converse, socialize with other 
viewers and be a part of the live launch of signature pieces from the 
‘Romance of Polki’ collection. [27]	

As described in Figure 9, Even in the field of study and research the 
Metaverse has been the centre time from quite time. This subject is digging 

Figure 9 
The graph shows that the metaverse word founded in the research area [28]
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deeper and deeper by the educationists. To the best of our knowledge, no 
research systematically summarized the findings connected to the 
Metaverse in education, despite the fact that several studies conducted 
literature reviews to synthesize the findings related to the Metaverse in 
general. It then applies both content and bibliometric analysis to reveal the 
research trends, focus, and limitations of this research topic.[28]

4.2  Future context

Eventually, the Metaverse will deliver a world with a fully functional 
digital and physical economy. In terms of creating a new internet 
architecture with multi-interface, full-sensory immersive human-
computer interaction which should eventually become a reality the 
Metaverse may alter things much beyond people’s expectations.

As shown in Figure 10, a majority of respondents indicated that work-
related opportunities were their main reason for planning to join the 
metaverse, followed by entertainment, investments, and education.

Research and business model opportunities likely are in the 
intersection of the possibilities of above shown metaverse markets, creating 
four compelling intersections: industrial commercial, commercial-
metaverse, industrial-healthcare and healthcare consumer, as shown in 
Figure 11.

Figure 10
Illustrating the reasons to adopt the metaverse by people [29]
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Figure 12
Market size of metaverse [31]

Figure 11 
Intersectional research and business opportunities in the major metaverse 

markets [30]



1590� A. ACHARYA, A. MACWAN AND Y. SHAH

As depicted in Figure 12, the global metaverse market is projected to 
expand rapidly from USD 46.1 billion in 2022 to over USD 507.8 billion by 
2030, with significant contributions from sectors such as gaming, 
e-commerce, and AR/VR hardware

As illustrated in Figure 13, the metaverse finds diverse applications 
across ecological sustainability, entertainment and media, e-commerce, 
and cryptocurrency ecosystems

As presented in Table 2, emerging immersive technologies such as 
Augmented Reality (AR), Virtual Reality (VR), and Extended Reality (XR) 
are evolving beyond their current domains of gaming and e-commerce 
toward broader applications in education, tourism, and digital twin 
ecosystems

Table 2
Taxonomy of metaverse with future perspective

Sr. Taxonomy Current scenario Future scenario
1 Augmented 

Reality
Mostly used in 
e-commerce website to 
view or experience the 
product

It could be used in education 
and healthcare sectors to 
improve the understanding by 
visualizing the concept

Figure 13
Illustrate the major emerging sectors implementing  

metaverse and its resources
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2 Virtual 
Reality

Widely used for gaming 
purpose and remote 
work/meet

It could be utilized for tourism 
sector to get immersive 
experience of various tourists 
places

3 Extended 
Reality

Mostly used for gaming 
and e-commerce 
businesses 

It could be implemented for 
interactive platforms and to 
develop efficient digital twin 
worlds 

As shown in Table 3, various metaverse components—including 
head-mounted, hand-based, and non-hand-based devices—play a vital 
role in user interaction and immersion. Future enhancements such as 
integration with IoT, embedded BCI chips, and multilingual translation 
algorithms are expected to further enrich the metaverse experience

Table 3
Components of metaverse with future scope

Sr. Component Use Enhancement

1 Head-
mounted 
devices

Render the graphics and 
virtual world through the 
screen and provide sound 
through the speaker for user

Could be integrate or 
embedded into smaller chips 
or devices such as glasses.

2 Hand-based 
devices

Helps to reflect the gestures 
of the avatars through hands 
of the users.

Could be capture or sensor 
the whole wrist or full 
hand movements for better 
accuracy

3 Non-hand-
based 
devices

Provides the settings 
which helps to sense the 
interactions by various 
biometrics

Could be embedded into BCI 
chips or neuro-chips 

4 Scene & 
object 
recognition 

Process of identifying and 
reflect the real life object into 
metaverse with accuracy 

Could be enhanced by 
capturing real time scenes 
using IoT devices

5 Sound & 
speech 
recognition

Allows avatars in metaverse 
to interact with each other 
through various spoken 
languages

Live translator tools or multi-
lingual algorithms 
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5. Intricacies and Mitigations 

Figure 14 
Illustrate the challenges for metaverse

5.1 Intricacies

As illustrated in Figure 14, the metaverse ecosystem faces several 
critical challenges categorized under governance, social impacts, digital 
twinning, accessibility, and privacy. Each cluster highlights underlying 
technical and ethical concerns such as scalability, data quality, resource 
distribution, and security vulnerabilities. Few myths which have been 
assumed to bring solutions to the existing and unaware challenges. 
1.	 �Cross-platform accessibility: Ensuring seamless compatibility of 

assets, data, and experiences across various metaverse platforms 
requires standardized protocols, consistent file formats, and robust 
interoperability mechanisms [32]. 

2.	 �Social Impacts: The Metaverse connects individuals globally but 
may lead to social isolation by reducing real-world interactions. 
Its growing influence could significantly reshape social lives and 
human connections.

3.	 �Digital Twining: The digital realm still needs to improve the 
scalability, textures, transition behaviors, data quality and graphics to 
create a meaningful digital twin. Digital twinning and its challenges 
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related to accuracy, data quality, security, and interoperability is 
essential for its successful adoption [32]. 

4.	 �Governance: A key question is how Metaverse spaces are simulated, 
with tech giants dominating centralized areas. Small developers 
struggle to pool resources, while legal uncertainties around virtual 
currencies and digital property persist. In the metaverse, the 
association between law and compliance is a complicated subject 
that needs continuous consideration, attention, and tracking of the 
evolving virtual environment. [33]

These types of challenges and issues can’t be overlooked in the 
metaverse. We must consider how we might solve these issues in order to 
go forward and continue to make progress in creating a safer society.

5.2  Mitigations

Creating a barrier-free Metaverse requires overcoming key challenges 
to realize its full potential. This study identifies existing roadblocks and 
explores possible initial solutions. The proposed strategic solutions to key 
metaverse challenges are illustrated in Figure 15. 

Figure 15 
Illustrate the improvements of issues arising in metaverse

1.	� Security & privacy solutions: To prevent attacks on the user’s 
sensitive data must be utilize strong authentication and cryptographic 
protocols. Authentication algorithms can be applied to preserve 
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the data integrity in communication channels. The best way to 
protect users’ privacy is to cut the data exposure on the clients’ side. 
K-anonymity [34] and L-diversity [35] are algorithms to hide users’ 
real data in a set of fake data to prevent users’ real data be detected. 
[36] 

2.	� Cross platform solutions: It encourages different metaverse 
platforms, developers, and stakeholders to work together to 
unified their standards and protocols. Collaborative ecosystems 
promote cross-platform compatibility by fostering collaboration, 
standardization, and user-centric design [37]. 

3.	� Digital Twin & construction solutions: By investing in accurate data 
collection methods for creating the accurate metaverse environment. 
Enabling real time synchronization between physical assets and their 
digital twins experience is important for accuracy and relevance in 
the metaverse [38]. 

4.	� AI driven insights: AI algorithms can analyse data from digital world 
to identify patterns, anomalies, and opportunities for improvement. 
It can be very helpful to find the outliers to prevent the unauthorized 
access which allows to increase the security of the user’ data [36].

5.	� Governance solutions: Issues that exist in the real world are going 
very likely to be happened into the digital space also. Theft is one 
of the examples of issues that transmit from physical to the digital 

Figure 16
Depicts how cyber-attacks could happen in metaverse ecosystem [38]
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world. Metaverse development must ensure that environment 
became safe from these activities by installing effective rules and 
regulations. There must be a central body or organization who keep 
watch and regulates the laws in digital world.

For same the given Figure 16 illustrates the cybersecurity risks in the 
Metaverse, demonstrating how hackers take advantage of holes in users’ 
networks, devices, and platform. Users access the Metaverse via PCs, AR/
VR devices, smartphones, and IoT devices, relying on hardware, servers, 
and data storage. Attack vectors include database, device, network (DoS, 

Table 4
Fundamental issues with its probable basic solutions

Context Description Issue Solution
Digital 
Twining

It’s a process of 
rendering the object 
from real world to 
virtual world

One of the biggest 
issues of metaverse is 
data synchronization 
of the digital realm

•	� Use the dynamic 
analysis 

•	 Edge computing 

Injection 
attacks

Injection attacks, 
an attacker exploits 
the vulnerability by 
providing malicious 
code into program 
through the inputs. 

Use of third party or 
online services may 
lead to hackers to get 
chance to steal the 
data from injection 
attacks 

•	� Robust security 
protocols

•	� Regular Database 
Scanning

Cyber 
Bullying

Someone uses the 
metaverse and its 
resources to harass or 
disturb mentally.

When everything can 
be digital than people 
can bully someone 
digitally by using 
various sources which 
is also critical cyber 
crime

•	� Content 
moderation

•	 Content verifier
•	 Central Body

Health Mental and physical 
disturbance of the 
health because of 
excessive use of 
technology.

Extreme use of digital 
things brings digital 
addiction & health 
issue for the underage 
people as well as 
adults

•	 Time & Age limit 
•	� Digital wellbeing 

control
•	 Parental control

Identity 
Theft

Attacker tries for 
fraud to steal the 
sensitive information 
related to user.

Anonymous digital 
being can steal 
the user’s digital 
identity to misuse or 
inappropriate works

•	 Digital Awareness
•	 Access control
•	� Authorized 

credentials
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phishing, spoofing), and software/hardware attacks (malware, 
ransomware, avatar duplication). A central hacker figure represents 
cybercriminals exploiting vulnerabilities, emphasizing the need for strong 
cybersecurity. 

As summarized in Table 4, key technical and ethical concerns in the 
metaverse—such as data synchronization during digital twinning, 
injection attacks, cyberbullying, health impacts, and identity theft—can be 
mitigated through measures including edge computing, robust security 
protocols, content moderation, and digital wellbeing controls

6. What next?

The future scope of the Metaverse remains uncertain, with numerous 
questions that need to be explored in depth to address and overcome the 
challenges arising in the virtual world. Below is a list of key questions that 
require further research and exploration:
1)	 �Who will regulate the governance of metaverse to ensure ethnicity of 

Metaverse?
2)	 �Can Metaverse ecosystems run on cross-platform devices with 

smooth and immersive experience?
3)	 �How Metaverse simulation can be encountered the environmental 

concerns and energy consumption and why? 

7. Conclusion 

The core elements of the Metaverse are examined in this research, 
together with the technologies that support its growth and the prospects 
it holds for the future. The study also examines the main obstacles that 
would prevent its broad adoption, such as privacy difficulties, security 
risks, interoperability problems, and moral conundrums. To guarantee a 
smooth and safe digital ecology, it is essential to comprehend these 
difficulties. Numerous approaches have been investigated to solve these 
problems, including strengthening data protection procedures, putting 
strong and guarantee a cybersecurity measures in place, and encouraging 
cross-platform cooperation for better interoperability. In order to reduce 
risks safer online environment, governance frameworks and AI-driven 
security measures are crucial. This study intends to clarify the Metaverse 
by illuminating investigation and creativity to create a virtual environment 
that is safe and more engaging. Our effort is to reveal basics realities of the 
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digital universe by highlighting key points and basic fundamentals of the 
it and make people to understand the term “METAVERSE”.
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