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Abstract –  

The ability of computers to get creative has come a long way 
also the exciting role that AI will play is kicking us out of 
behaving like machines. Since 1990 the enormous growth of 
internet various technologies has been created to bring 
users spectacular experiences with more virtual interactions 
in cyberspace. In this survey, we dive into the metaverse by 
discussing four important terms and their effect on AI, 
foundational research, AI for the product team, responsible 
AI, and AI infrastructure. We then study how blockchain and 
AI fuse with it through exploring state-of-the-art studies 
across the metaverse components, digital currencies, AI 
applications in the virtual world, and blockchain-
empowered technologies. We then convey a broad 
investigation of AI-based methods concerning six-technical 
terms that have potential for the Metaverse. Subsequently, 
we will discuss the challenges faced to develop a potential 
AI. Finally, we will conclude the key contribution of this 
survey and open some future research directions in AI for 
the Metaverse. 
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1. INTRODUCTION  

Metaverse as the latest buzzword has attracted great 
attention from both industry and academia. Metaverse, a 
term formed by combining meta and universe, has been 
introduced as a shared virtual world that is powered by 
many growing technologies, such as fifth-generation 
networks and beyond virtual reality, and Artificial 
Intelligence (AI). Among such technologies, AI has shown 
the great importance of processing big data to enhance the 
immersive experience and enable the human-like 
intelligence of virtual agents. A lot of AI research is 
focused on understanding the physical world but 
Metaverse needs an AI that is built around helping people 
to navigate virtual worlds as well as our physical worlds 
with augmented reality, -because these worlds will be 
dynamic and always changing. AI will need to be able to 
understand the context and learn in the ways that humans 
do.  The Metaverse will consist of immersive worlds that 
you can create and interact with, with all the visual 
information that includes one’s position in 3D space, one’s 
body language, facial gestures and so on. And this is all 
from one’s first-person perspective. 

In this paper, a comprehensive survey of the existing AI-
based works from the technical and application 

perspectives is conveyed. In a nutshell, the main 
contributions of this paper are summarized as follows: 

•First, we introduce the new tools for the next metaverse. 

•We survey, the six technical aspects which have great 
potential for metaverses, like natural language processing, 
machine vision, blockchain, networking, digital twin (DT), 
and neural interface. 

•Then we present the preliminaries of the economic 
system in the metaverse. 

Finally, we envision typical challenges and open issues to 
shape the future metaverse in the next decades. 

The rest of this paper is organized as follows. Section 2 
introduces the new tools which are used in metaverse 
followed by Section 3 which describes the adoptions of 
technical aspects such as natural processing, machine 
vision, blockchain, networking, DT as well as neural 
interface. Section 4 mainly describes the characteristic of 
the ecosystem of the metaverse by comparing it with the 
conventional economy. Section 5 tells us the challenges 
which are faced in the metaverse while incorporating new 
AI tools and machine learning. Section 5 concludes the 
paper with some future research directions for 
development. 

2. New AI tools for the next Metaverse 

The kinds of experiences that you will have in the 
metaverse are beyond what is possible today. It’s an 
immersive version of the internet. Instead of just looking at 
something on a screen you are going to feel like you are 
inside it or right there present with another person, and 
that’s going to require advances across a whole range of 
areas, from new hardware devices to software for building 
and exploring worlds. And a key to unlocking a lot of these 
are advances in AI. And there a are few challenges to look 
upon. First, create a new generation of assistance that will 
help explore new worlds. Today, A lot of AI research is 
focused on understanding the physical world. But in 
Metaverse, we are going to need AI that is built around 
helping people navigate through virtual worlds as well as 
physical worlds with augmented reality. And because these 
worlds can be dynamic ad always changing AI is going to 
need to be able to understand the context and learn in a 
way that humans do and when we have our glasses on our 
faces that will be the first time that AI system will be able 
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to see our perspective. Every time you get a 
recommendation or search for something or even take a 
photo on a phone there is a machine learning in the 
background. Computing is also becoming increasingly 
contextual instead of this static experience that’s the same 
no matter where you are. The way that we use computers 
now adapts much more touch to what we are doing and as 
devices have gotten better at understanding and 
anticipating at what we want, they’ve also gotten more 
useful. 

The metaverse will consist of immersive worlds that 
you can create and interact with, with all the visual 
information that includes your position in a 3D space your 
body language, your facial gestures and so on, and this is all 
from your first-person perspective so you experience it and 
move through it as you are there. And all that adds up to a 
lot more input to be processed and a lot more content to be 
generated. So, there is a need to navigate all this efficiently. 

A. Project CAIRaoke-Project CAIRaoke is a full end-
to-end neural model for building on device assistance. It 
combines the approach behind blenderbot with the latest 
in conversational AI to deliver better dialogue capabilities 
and from there support true world creation and 
exploration. We need to advance well beyond the current 
state of the art for smart assistance. So, working on two 
areas of AI research to make this possible 

1. Egocentric perception- Egocentric perception is 
about seeing the world from a first-person perspective. 

2. New class of generative AI models- Helps to create 
anything that you can imagine. 

B. Project Builderbot- Project builderbot enables you 
to describe a world and then it will generate aspects of that 
world for you. As we advance this technology further, we 
are going to be able to create nuanced worlds to explore 
and share experiences with just your voice. 

2. AI for the metaverse: Technical aspect 

A.  Natural language processing 

Natural language processing (NPL), also refer to as 
computational linguistics. It consists of a variation of 
computational models and learning processes to solve 
practical problems of automatically analysing and 
understanding human languages. Alongside, the field of 
NLS thinks about many topics, like conversation design, 
voice branding, multi-language, and multi-cultu in voice. 
Moreover, it plays an essential role in the metaverse 
concerning intelligent virtual assistants(chatbots). NLP is 
principally in control of qualifying chatbots to recognize 
tough human conversation in the context of assorted 
dialects and undertones. Sanctioned by AI, chatbots can 
answer implied questions and learn from the interaction to 

improve the trait of responses. The AI chatbots are 
established to assist users in Metaverse 

B.        Machine Vision 

The Foundationthe  of metaverse is found to be the 
centtechnologygies in with machine vision with computer 
vision and XR.The raw data professed from the visual 
environments remains captured and administered to infer 
high-level information, which is then shown to users’ 
overhead mounted devices and others, such as smart 
glasses and smartphones. Indeed, computer vision allows 
XR devices to analyse and understand user activities based 
on visual-based meaningful information. Embodied as 
avatars in the virtual worlds, the users can freely move in 
3D maps and cooperate with virtual objects in the 
metaverse: 

1) Extended Reality: XR is explained as an umbrella 
term that encloses VR, AR, mixed reality (MR), and 
everything in their gaps. Although some revolutionary 
experiences are offered for VR and AR, the same original 
technologies are fueling the innovation and development of 
MR. While AR provides the experiences of graphics, video 
streams, and holograms in the physical world and VR offers 
viewing experiences in a fully immersive digital world, MR 
can deliver a transition experience between AR and VR. 
Along with these reality technologies, human users can 
experience the metaverse and enjoy diversified services in 
both the physical and digital worlds. While XR and AI are 
distinct sectors, they can be combined to reach a fully 
immersive in the metaverse. 

2) Computer Vision: In the last computer vision has 
been empowered by AI, especially DL with a variety of 
network architectures to improve the overall accuracy of 
the visual systems with efficient cost thanks to high-
performance graphic processing units. Some fundamental 
computer vision technologies are the potential to enhance 
the experience of human users in the metaverse, thus 
enabling users in the physical world to interact with the 
virtual environment in the digital world smoothly. 

C.      Blockchain  

Generally, A Digital register that consists of list of 
recorded transactions and tracked assets interconnected in 
a business network by using cryptography is called 
blockchain. Blockchain can provide immediate, shared, and 
transparent information stored in an unchangeable and 
impassable register which can be obtained by only the 
network members with permission. Tracking order or 
payments can be done through digital blockchain. In the 
metaverse, a large amount of data is acquired by VR 
devices, transmitted over networks, and stored in data 
centre without any security and privacy protection 
mechanisms, which can become the sensitive target of 
cyber-attacks. In the context, blockchain with several 
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unique features reveals a promising solution for security 
and privacy issues in the metaverse, especially when it is 
empowered by AI technologies. Besides, many creative 
activities and events offered by service providers to users 
will yield numerous in metaverse objects/items (digital 
assets) which should be recorded and tracked via 
transparent transactions with smart contracts in 
blockchain. 

D.     Networking 

The metaverse serves a massive number of users 
regarding pervasive network access over wireless 
networks. In the last decade, several innovative 
technologies have been introduced to improve the overall 
performance of wireless communication and networking 
systems, in which AI has been intensively used at multiple 
layers of network architecture. Real multimedia services 
and applications in the metaverse usually demand a 
reliable connection with high throughout and low tenancy 
to guarantee a basic-level user experience at least. As the 
requirements of fifth-generation(5G) networks, the peak 
data rate should be around 10Gbps and the end-to-end 
delay cannot exceed 10 ms. In this context, ultra-reliable 
and low latency communications represent the foundation 
to enable the development of emerging mission-critical 
applications. Several optimization algorithms have been 
introduced to achieve uRLLC in 5G networks and beyond, 
but most of them require high computing resources. ML 
and DL have shown great potential to effectively handle 
existing challenging tasks, such as intelligent radio 
resource allocation, in 5G/6G networks while meeting a 
very low latency. RL was leveraged to address the resource 
slicing problem for enhanced mobile broadband(eMBB) 
and URLLC,  in which the complicated patterns of resource 
allocation and scheduling are formulated to collaboratively 
learn network states and channel conditions. 

E.   Digital Twins   

As a digital representation of digital world entities, a DT 
can synchronize operational assets, processes, and systems 
with the real world along with some other regular actions, 
such as monitoring, visualizing, analysing and predicting. 
DTs are at the central of where the physical world and thw 
virtual world will be rejected in the digital representation. 
With these distinctive properties, DT is found as one the 
fundamental building sectors of the metaverse and plays as 
the gateway for users to enter and enjoy services in the 
virtual world by creating exact replications of reality, 
including structure and functionality. For example, 
technicians can maneuver 3D representations of complex 
systems at multilevel sophistications for a wide spectrum 
of purposes, such as technical training and commercial 
customization. Accordingly, DTs allow application 
developers and service providers to reconstruct virtual 
replications of machines and processes, in which any kind 
of physical analysis can be done remotely with AI. 

F. Neural Interface 

Technology is definitely enriching the world around us by 
enhancing the human experience and fully filling gap 
between reality and virtual world in the metaverse. In this 
context, the most immersive popular interface to 
interactive with virtual work is a VR headset with a 
controller. Many technology companies currently pay 
attention to neural interfaces, so-called brain machine 
interfaces (BMIs) or brain computer interfaces (BCI), that 
go beyond VR devices. The BMIs help to nearly clean the 
borderline between human and wearable devices. Many 
BMIs detect neural signals using external electrodes or 
optical sensors that adhere to the skull and other parts of 
the human body. 

3. Preliminaries of Economic System in 
Metaverse 

 A blend virtual reality, augmented reality and sensorial 
tech and spatial computing, the metaverse promises to 
give us new experiences from our couches and cubicles. 
But the metaverse is not just a gaming space, sci-fi dream 
come true. Nor it is a limited tech companies-it is an 
entirely new economy. 

• Digital creation is the foundation of metaverse. 
The creation process is similar to the material production 
in the physical world. Number of creators decide the 
development of economy. 

• Digital Asset has the hidden property, which is the 
precondition of the trade. 

• Digital market is the fundamental place in which 
avatars can trade to have income like in the physical 
world. 

• Digital currency is the media in metaverse with 
which the avatars can finish the trade and exchange. 

4. Preliminaries of economic system in Metaverse  

   The economy is the fundamental component of 
metaverse. For the more idealistic perspective, metaverse 
should ne interoperable such that users can trade virtual 
items like clothes or cars from one platform to another. 
Firstly, as depicted in Fig--- we shall describe metaverse 
economic system according to the mainstream games and 
existing research works.  Metaverse economic system is 
composed of four parts: digital creation, digital asset, 
digital market, and digital currency. 

• Digital Creation is the foundation of metaverse. 
The creation progress is similar to material production in 
th physical world. The development of the economy of the 
metaverse is decided by the number of creators.  
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• Digital asset has the hidden property, which is the 
precondition of trade. For instance, in the FPS game 
counter-strike: Global offensive, players can equip their 
weapons with all kinds of ‘skins’ since that shows the asset 
attributes the ‘skins’ since the ‘skins’ can be exchanged, 
traded or brought at the platforms. 

• Digital Market is the fundamental place in which 
avatars can trade to have the income like the physical 
world. 

• Digital currency is the media in the metaverse 
with which the avatars can finish the trade and exchange. 

The difference between the economy of metaverse and the 
conventional economy can be summarised as follows: 

• In metaverse, identify determines value instead of 
the undifferentiated labour in conventional economy. 

• The marginal benefits will increase in metaverse 
instead of diminishing marginal benefits of production in 
the physical world. 

• The marginal costs of products will decrease, 
comparing with the physical world.  

• Transaction cost in metaverse tend to zero, which 
will incur frequent transactions. 

5. Challenges faced in Metaverse 

 A lot of AI work has been focused on text when you have a 
clearly defined syntax on a finite set of input word and a 
lot of easily available training data predicting how a 
sentence might end can be relatively straightforward. But 
if you have only 10 or 20 percent of an image predicting 
what the complete image will show is lot more difficult 
and figuring out what’s seen in the video will come next is 
another step change in complexity. So now imagine going 
beyond the video to fully immersive experience.  

What will it take for AI to accurately interpret and predict 
the kind of interactions that will happen in the metaverse 
where people are moving in between physical and virtual 
spaces including all kinds of new worlds. 

The main way to approach this is by working on self-
supervised learning and before (SSL) most AI systems 
were trained with supervised learnings and that means 
that you feed them lots of label data say hundred thousand 
images of cats and explicitly tell them this is a cat this isn’t 
a cat until they recognize the patterns but this is a cat this 
isn’t a cat until they recognize the patterns but this wasn’t 
enough to produce systems that can really understand the 
world. 

So, SSL is still developing, but is going to be an important 
tool in metaverse because the complexity and diversity of 

the environments that people will experience in AR ad VR 
will be too great to be captured with labelled data sets. 

Traditional computer vision techniques also aren’t enough 
to support that real sense of presence and interaction that 
will define the metaverse 

6. Conclusion 

Artificial Intelligence and Blockchain technologies are 
needed in metaverse to help people navigate virtual 
worlds as well as physical worlds with augmented reality. 
For example, metaverse built an AI and blockchain to 
create a digital virtual world where one can navigate 
safely and freely in social and economic activities that 
overpasses the limit of real world.  

By surveying, most of the metaverse projects limit users to 
explore, own, and customize things in virtual world. The 
most related works across metaverse components, digital 
currencies, AI technologies and applications in virtual 
world, and blockchain-empowered technologies I wish to 
offer a thoughtful review from experts from both the 
academia and industries. 
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