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Abstract

:

Highlights


What are the main findings?




	
The Metaverse of Things (MoT) aims to provide a comprehensive and immersive digital–physical hybrid environment that enhances urban infrastructure, fosters social ties, and optimises resource management. Several MoT applications have been discovered and explored in various areas of smart cities.



	
MoT applications present a transformative approach to urban living in smart cities, offering improvements in planning, sustainability, safety, and citizen engagement. Several challenges such as data privacy, security, cybersecurity threats, interoperability, etc., are addressed.








What are the implications of the main finding?




	
The implications of MoT applications in smart cities are profound, influencing various aspects, such as the technological, social, economic, and environmental, of urban living.



	
Integration and interoperability, data management and security, enhanced civic engagement, digital divide, and new business models, particularly in areas such as virtual retail, remote work, and smart services, sustainable urban development, resilience to environmental changes, data-driven decision making, and policy and regulation are the implications of MoT applications.









Abstract


The Metaverse of Things (MoT) is an advanced technology that has the potential to revolutionise urban living in the present era. This article explores the advantages, uses, and transformative outcomes of the MoT in smart cities. It encompasses sustainability, urban planning, citizen participation, infrastructure management, and more. MoT integrates the Internet of Things (IoT) with metaverse technologies. The ultimate objective is to develop virtual environments that are highly interactive, interconnected, and immersive while maintaining a high level of fidelity to reality. The IoT utilises virtual reality (VR), augmented reality (AR), and other digital technologies to gather data, facilitate communication, and automate certain processes, thereby enhancing several elements of urban living. The IoT will bring about a profound transformation in the way cities gather and utilise data to enhance services and optimise efficiency. Cities that can efficiently distribute this data can enhance public safety, optimise energy usage, regulate traffic, and manage waste properly. MoT apps that utilise immersive technologies and the IoT can be used to generate more intelligent and captivating cityscapes. The implementation of the MoT can greatly enhance the quality of life for residents of smart cities through improvements in transportation, healthcare, education, and community engagement. This study’s author examined how smart cities utilise the MoT to enhance the daily experiences of their inhabitants. This study examines the technical structure, possible advantages, and difficulties of implementing the MoT in urban settings, aiming to enhance the resilience, responsiveness, and adaptability of cities. The findings emphasise the importance of robust legislative frameworks, stringent security requirements, and well-developed infrastructure to facilitate the extensive use of MoT technology. These factors are crucial for establishing a highly interconnected and efficient urban environment.
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1. Introduction


Smart cities have emerged as the ultimate solution to address the challenges presented by ever-growing city populations [1,2]. Nevertheless, advanced technologies like the MoT and Extended Reality (XR) collaborate to fully actualise smart cities’ potential. The MoT facilitates a virtual linkage between the tangible and digital realms by integrating digital replicas, IoT devices, and immersive interfaces. VR and AR are forms of XR technologies that allow for immersive and interactive experiences. The efficacy of MoT applications relies on the seamless integration of technology, robust data security measures, and universal accessibility for all residents. By 2024, the Metaverse market is expected to be worth USD 74.4 billion [3]. By 2030, this market is predicted to have grown to a projected volume of USD 507.8 billion at a compound annual growth rate (CAGR) of 37.73% [3]. The metaverse not only enhances the quality of life for residents but also enhances urban management and sets a new standard for smart cities [4]. Figure 1 shows the MoT’s applications.



The IoT enhances urban environments by employing real-time data analytics, traffic control, utility optimisation, and public interaction, resulting in a dynamic, adaptive, and sustainable urban landscape [5]. If individuals embrace this groundbreaking idea, smart cities will set new standards for effectiveness and ingenuity in contemporary society, thereby revolutionising urban living. Undoubtedly, MoT ushers in a new epoch of urban living and implies promising prospects for smart cities. Digital twins are virtual replicas of physical assets that offer real-time information on the performance and behaviour of the asset. The metaverse is revolutionising smart cities by enhancing citizen experiences by modernising government services, improving accessibility, fostering economic growth, and advancing sustainability. This study explores the capacity of smart cities propelled by the metaverse to foster substantial innovation. It analyses the fundamental technologies that facilitate the metaverse, the benefits of their use, and their potential applications in smart city initiatives. The utilisation of metaverse technology can benefit various industries, as demonstrated by ongoing projects and documented instances. Moreover, this study thoroughly examine and categorise significant research issues that currently hinder the complete realisation of the metaverse’s potential. Ultimately, this study suggests potential research areas to facilitate the continued expansion of metaverse and smart city integration. The convergence of the metaverse and the IoT has given rise to a novel concept called the MoT, which represents a new framework for smart city living. MoT framework advocates for enhanced experiences, increased efficiency, and long-term viability in urban environments by demonstrating a highly interconnected digital ecosystem where physical and virtual realities seamlessly merge. The IoT allows urban infrastructure to become more intelligent and responsive by utilising interconnected sensors, gadgets, and digital models. AR navigation allows individuals to access customised and immersive experiences and real-time information overlays. The MoT is dismantling conventional obstacles in various sectors, such as healthcare, entertainment, energy management, and transportation, to revolutionise urban functionality and redefine human engagement with their surroundings. The IoT encompasses tailored services driven by artificial intelligence and robust data analytics, proactive maintenance of critical infrastructure, and enhanced mobility through augmented navigation systems. MoT empowers individuals to engage in decision-making processes and collaboratively shape the future of smart cities. It also facilitates inclusive and participatory urban governance. The MoT employs state-of-the-art technology to enhance urban areas’ responsiveness, efficiency, and interconnection. The implementation of MoT has the potential to significantly enhance living standards in smart cities by improving urban infrastructure, transit, healthcare, and education. To succeed, the system must possess seamless integration, robust security measures, and universal accessibility for all urban inhabitants.



After Facebook rebranded as “Meta” in October 2021, interest in the metaverse increased dramatically globally [6]. The term MoT refers to a new and innovative concept that merges the characteristics of the IoT with the Metaverse. The VR environment demonstrates the seamless interaction of digital, hardware, and physical components. By integrating the digital and physical realms, the MoT enables users to seamlessly navigate, customise, and engage with virtual and tangible objects simultaneously and instantaneously. Individuals within a metaverse interact with virtual representations of themselves, known as avatars, within a highly authentic three-dimensional setting to carry out mundane tasks. This presents new opportunities for worldwide involvement, commerce, and learning. The MoT holds numerous potential applications across various fields. It can potentially facilitate healthcare progressions such as telemedicine, surgical simulators, and remote patient monitoring. It can enhance the efficiency of industrial processes, including remote maintenance, virtual prototyping, and real-time production line monitoring. Possible applications of smart cities encompass enhanced traffic control, public security, and urban development. Industries such as retail, education, and entertainment will greatly benefit from the increased availability of opportunities.



VR gaming platforms and headsets have generated curiosity about the idea of online communities and worlds [7]. IoT and artificial intelligence (AI) are being employed to address business challenges in various industries, such as construction, food manufacturing, and agriculture.



To tackle socio-economic inequities, the MoT can provide virtual platforms that enhance the accessibility of crucial services such as education, healthcare, and job training for marginalised communities. Additionally, it facilitates the establishment of virtual economies within intelligent urban areas, thereby generating fresh sources of income and employment prospects. Individuals from disadvantaged, socio-economic situations can engage in these economies without requiring substantial starting funds or resources. Individuals have the opportunity to participate in the planning and decision-making procedures of their cities by utilising immersive virtual worlds.



Addressing the environmental degradation, MoT might effectively decrease the requirement for physical infrastructure by virtualising specific activities, such as meetings, events, and even retail. It decreases the need for mobility, reducing carbon emissions and diminishing the environmental effects caused by development and urban sprawl. Virtual environments have the capability to replicate and improve the use of the resources, resulting in a more environmentally friendly urban lifestyle.



1.1. Objective


The metaverse is defined as the convergence of the physical and digital realms into a three-dimensional virtual environment. The MoT is an emerging concept that combines the immersive digital world of the metaverse with the interconnectedness of the IoT. The objective of this research is to explore the MoT applications that are integrated with virtual and physical environments that enhances urban life through advanced connectivity, immersive experiences, and data-driven solutions. In the MoT, individuals can engage in commerce using avatars that can seamlessly navigate various experiences, utilising their identity and currency.



1.1.1. Main Objective


The main objective of this research is to explore MoT applications for revolutionizing urban living in smart cities.




1.1.2. Problem


There is a lack of review papers specifically targeting MoT applications for revolutionizing urban living in smart cities.




1.1.3. Research Questions


Based on the main objective, two research questions are formed.



RQ1: What specific novel contributions have been presented in the past scholarly literature?



RQ2: What is a knowledge gap in the current literature that might help in better comprehending the MoT applications for revolutionizing urban living in smart cities?



RQ1 provides a novel contribution to current research. RQ2 examines the current literature’s knowledge gaps to comprehend better MoT applications for revolutionizing urban living in smart cities.





1.2. Motivation


The motivation behind exploring MoT applications for revolutionizing urban living in smart cities stems from the pressing need to address the complex challenges facing modern urban environments. Rapid urbanisation, resource constraints, environmental degradation, and socio-economic disparities necessitate innovative solutions that can enhance efficiency, sustainability, and quality of life in cities. The MoT offers a compelling paradigm by seamlessly integrating virtual and physical worlds, leveraging the power of IoT, AR, and VR technologies. By harnessing real-time data, immersive experiences, and interconnected ecosystems, MoT applications hold the promise of optimising urban planning, resource management, personalised services, collaboration, entertainment, and cultural enrichment. The transformative potential of the MoT lies in its ability to reimagine urban spaces as dynamic, interactive environments that adapt to the needs and preferences of residents, businesses, and communities, ultimately fostering inclusive, resilient, and vibrant cities for future generations.




1.3. Scientific Originality/Novelty


The scientific originality/novelty of the MoT lies in its groundbreaking fusion of VR, AR, and IoT to construct interconnected and immersive environments that transcend conventional digital and physical limitations. MoT applications aim to provide a comprehensive and immersive digital–physical hybrid environment that enhances urban infrastructure, fosters social ties, and optimises resource management. In this paper, several MoT applications have been discovered and explored in various areas of smart cities.



Table 1 shows the comparison between related papers. There is very limited work found on the MoT. In this paper, the author explores MoT applications to revolutionise urban living in smart cities.




1.4. Research Gap


The research gap in the field of MoT applications for revolutionising urban living in smart cities lies in the need for a comprehensive understanding and exploration of the practical implications, challenges, and opportunities presented by this emerging paradigm. While there is growing interest in leveraging MoT technologies to address urban challenges, there remains a dearth of empirical research that systematically examines the implementation, impact, and socio-technical dynamics of MoT applications in real-world urban settings. Consequently, there is a need to bridge this gap by conducting empirical studies that investigate the effectiveness, scalability, and sustainability of MoT solutions in addressing specific urban challenges such as resource management, mobility, public services, and community engagement. Addressing the research questions is essential for advancing knowledge, informing policy and practice, and realising the full potential of the MoT for revolutionising urban living in smart cities.




1.5. Contribution


The MoT indicates the harmonious amalgamation of IoT and XR technologies, facilitating the convergence of the physical and digital realms. It is a method used to combine digital and physical elements in order to create a cohesive and realistic entity. This concept imagines a future when the virtual and real worlds blend completely. The MoT represents a significant transformation in the methods by which cities gather and utilise data to enhance services and optimise efficiency. In this paper, MoT applications are discovered for revolutionising urban living in smart cities. By leveraging immersive technologies, the MoT also enriches urban entertainment and cultural experiences, enhancing smart cities’ enthusiasm and cultural richness. Ultimately, the contribution of the MoT to urban living lies in its ability to create more sustainable, efficient, and liveable cities that prioritise the well-being and prosperity of their citizens.




1.6. Organisation


The rest of the paper is organised into several sections to provide a comprehensive exploration of this emerging field. Section 1 sets the stage by defining the MoT and highlighting its potential to transform urban environments. Section 2 reviews the existing research on MoT, smart cities, and related topics to establish a theoretical framework and identify gaps in the literature. Section 3 highlights the roles of the MoT in smart cities. Section 4 represents the challenges, and Section 5 shows the opportunities. The MoT applications in real-life scenarios are discussed in Section 6. Section 7 interprets the findings in relation to theoretical frameworks, practical implications, and future research directions. Finally, Section 8 synthesises key findings and discusses future research. Through this structured organisation, the paper aims to advance knowledge, inform policy and practice, and foster innovation in the field of MoT applications for smart cities.





2. Materials and Methods


The metaverse is a comprehensive virtual world in which people may meet virtually, play games, do business, attend virtual events, interact in real-time via avatars, and much more. One possible use of AR in the metaverse is to supplement the real world with digital data. Web3 modules also enable the creation of transactions and convert digital assets into monetary ones, such as digital money or cryptocurrencies. The metaverse can also be accessed via a regular computer screen or laptop without the need for any other wearable equipment. The related works on MoT applications for revolutionising urban living in smart cities encompass a broad spectrum of research endeavours, ranging from theoretical explorations to empirical studies and practical implementations. These works delve into various aspects of the MoT, including its integration into urban infrastructure, impact on mobility and transportation systems, social implications, environmental sustainability, governance frameworks, economic impacts, and applications in public safety, health, education, culture, accessibility, tourism, community engagement, resilience, equity, and ethics. Employing diverse methodologies, such as literature reviews, case studies, surveys, simulations, modelling, experiments, policy analysis, stakeholder consultations, and participatory design, these studies offer valuable insights into the opportunities, challenges, and implications of deploying MoT applications in urban environments. By synthesising and building upon existing knowledge, these related works contribute to advancing understanding, informing policy and practice, and shaping the future trajectory of the MoT for revolutionising urban living in smart cities.



2.1. Literature Review


2.1.1. Search Strategy


The subsequent procedure was employed to ascertain the most pertinent papers. Figure 2 represents the search strategy.



	
Specify the scope and goals.






The focus of the scope is specifically on the difficulties pertaining to the Metaverse of Things, particularly those associated with urban living in smart cities. The objective is to recognize important problems, current remedies, upcoming patterns, regulatory structures, and research requirements.



	II.

	
Determine the main subjects and key terms.







The main objective is to analyse and determine the appropriate keywords for this literature review. The keywords encompass concepts such as metaverse, metaverse of things, MoT, IoT, urban living, quality of life, and smart cities.



Keywords associated with metaverse of things include metaverse, IoT, MoT, avatar, and virtual world.



The essential terms related to smart city environments are smart cities, urban living, Internet of Things (IoT) in smart cities, and smart infrastructure.



	III.

	
Choose databases and sources.




	
Academic databases including IEEE Xplore, ACM Digital Library, Springer, ScienceDirect, and Google Scholar.



	
Sources encompass online platforms, academic dissertations, and intellectual property rights documents.









	IV.

	
Perform the search:




	
Boolean operators: The author employed the use of AND, OR, and NOT operators to merge phrases and refine search outcomes. The author acquired 7820 research papers by employing the search term “ Metaverse of Things OR MoT AND IoT AND Metaverse AND Urban Living OR Quality of Life AND Smart Cities.”



	
Utilize filters:




	
Limit the search results to the previous 5 years. The author acquired a total of 7260 papers.



	
Limit the search results to include only articles, conferences, survey papers, and review papers. The author acquired a total of 1018 documents.



	
Utilize advanced search functionalities, such as database-specific capabilities like citation search, subject-specific filters, and resources for doing full-text searches. The author selected the most appropriate 311 articles.



	
Apply inclusion/exclusion criteria. The author selected the most appropriate 152 articles.



	
Remove duplicate documents. The author selected the most appropriate 145 articles.














	V.

	
Conduct a comprehensive review and choose the most suitable literature.




	
Abstract Screening: The author rapidly evaluated abstracts for their pertinence and thereafter examined the chosen works in detail.



	
Citation Tracking: The author traced the references in important works to discover additional relevant literature.












The author selected the most appropriate 90 articles.




2.1.2. Inclusion and Exclusion Criteria


Various criteria are employed to ascertain the inclusion of studies in primary research. These standards determine whether an item is included or excluded. The inclusion requirements encompass peer-reviewed articles published from 2020 to 2024, together with conference proceedings, literature review, and survey papers. It is required that all articles be published in English and employ surveys, experiments, and case studies as empirical research approaches. The exclusion criteria may encompass books, dissertations, studies unrelated to the topic, theoretical papers without empirical data, articles published in non-peer-reviewed sources, studies, studies that do not specifically address the Metaverse of Things in smart city contexts, and studies unrelated to the topic in general. Upon conducting the initial search, a grand total of 311 papers were found. A grand number of 152 publications were identified based on the specific inclusion and exclusion criteria. After eliminating seven duplicate papers, a total of 145 relevant papers were chosen. Once again, we performed an analysis and carefully chose the 90 most pertinent papers for our comprehensive review study.




2.1.3. Summarize the Relevant Literature


The authors Yaqoob et al. published their work in 2023 on examining the possibilities of metaverse-powered smart city applications, evaluating opportunities, obstacles, the underlying technology, and potential future advancements [11]. In 2022, authors Li et al., presented that the convergence of the Internet of Things (IoT) with the metaverse eliminates the distinct division between the physical and digital realms [12]. The authors Wang et al. published a paper in 2024 on urban sensing that was carried out in the metaverse by utilizing the virtual Internet of Things (IoT) [13]. In 2022, Wang et al. published an exhaustive analysis of the metaverse, covering essential elements such as security and privacy [14]. In 2022, the authors Park and Kim studied the metaverse, encompassing fundamental components, possible applications, unresolved concerns, and classification [15]. In 2020, Ball presented a paper on the metaverse, which can be defined as a virtual reality space that encompasses a collective virtual shared space where users can interact with a computer-generated environment and other users in real-time [16]. The subjects under consideration encompassed the domains of construction, geographical placement, and the popular video game Fortnite. Vishkaei, 2022, concluded that the Metaverse is an innovative platform that may be utilized by circular, intelligent cities [17]. Ali and colleagues’ 2023 study explores study areas related to metaverse communications, networking, security, and applications. Additionally, it encompasses current optimal methods and possible future progressions in these domains [18]. Per Hadi et al., 2024, the metaverse is an innovative digital realm that pertains to consumer behaviour [19]. Wang et al., in a study that was published in 2023, Discussed how metamobility links emerging transportation methods with the metaverse [20]. Bibri, 2022, discussed how the study of the metaverse’s social progress is being carried out via the lenses of science, technology, and society, rather than relying just on the principles of data-driven smart cities [21].



Zawish et al., 2024, examined the fundamental principles, obstacles, and forthcoming investigations of metaverse artificial intelligence within the framework of 6G technology [22]. Kusuma and Supangkat, 2022, presented an examination of the application of metaverse-based technologies in the advancement of smart city infrastructure [23]. Han et al., 2023, demonstrated that metaverse services are harnessing the potential of the IoT [24]. In the year 2024, To et al. presented that the metaverse comprises innovative concepts, emerging patterns, and diverse viewpoints concerning the future [25]. Chaudhuri and Anand, 2023, created long-lasting and reliable artifacts to support the progress of the intelligent society and metaverse [26]. Ning et al., 2023, presented an in-depth analysis of the metaverse, covering the current understanding, tools, applications, and challenges [27]. Venugopal and colleagues, 2023, presented a study of a specific realm within the metaverse [28]. Gupta and Jindal, 2023, discussed the metaverse and its utilizations and interconnected design [29]. The study published by Zhao and colleagues in 2024 presented a survey that was conducted on metaverses that utilize advanced wireless sensor technology [30].



Shi et al. presented a study, published in 2023, that was a comprehensive examination of the metaverse, with a specific emphasis on its core components, surroundings, and challenges, viewed through the lens of cutting-edge technology [31]. Jim et al., 2023, built a dependable metaverse, with advancements and challenges [32]. Aslam et al., 2023, posited that the term “metaverse” refers to the upcoming revolution and execution of cognitive challenges [33]. Gaber et al., 2023, developed Metaverse-IDS, an intrusion detection system that uses deep learning methods and is designed exclusively for use in metaverse–IoT networks [34]. Jamshidi et al. (2023) investigated the conceptual framework and potential future trajectories of the meta-metaverse [35]. In 2023, Ismail and Buyya proposed a detailed blueprint for constructing virtual worlds in the metaverse. This proposal includes architectural components that enable real-time operation and seamless scalability [36]. De Giovanni, 2023, proposed that adopting Industry 5.0 principles will ensure the long-term viability of the metaverse [37]. Carrión, 2023, highlighted the topics of investigation and unanswered questions in the domain of metaverse research [38]. Hudson-Smith and Batty, 2023, discussed how the application of visual analytics in urban planning involves the creation of a metaverse that represents the city [39]. The publication by Xu et al. in 2023 highlighted the prospects for the future of metaverse services [40].



Chen, 2023, presented a potential concept for a metaverse-driven workspace that allows employees to work remotely [41]. Aljanabi and Mohammed, 2023, presented the metaverse in a multitude of prospects [42]. Kang et al., 2023, discussed what are the fundamental components necessary to guarantee safety and privacy in the metaverse. This evaluation analyses the subject matter from the perspective of metaverse applications [43]. Ramalingam et al., 2023, explored how the GPT in the metaverse pertains to the capacity to see and comprehend the tangible attributes and occurrences within the virtual realm of smart housing [44]. The related works are represented in Table 2.






3. Roles of MoT in Smart Cities


Figure 3 shows the role of the MoT in smart cities.



3.1. Smart Infrastructure and Urban Planning


The metaverse, a digital reality combining aspects of social media, online gaming, AR, VR, and cryptocurrencies to enable users to interact virtually [45], has significant potential in the fields of smart infrastructure and urban planning [46,47,48]. The following is a detailed exploration of how the MoT can be integrated with smart cities:




	
Virtual Urban Planning and Design








The MoT allows urban planners to construct and visualise 3D virtual models of cities with the immersive experience of proposed modifications. These virtual models could help understand the impact of new infrastructure projects on the existing environment. The residents, businesses, and government officials can explore proposed developments, provide feedback, and make more informed decisions.



	2.

	
Smart Infrastructure Management







The MoT could be used to monitor and manage infrastructure such as buildings, bridges, and utilities in real-time, leading to more efficient maintenance and operations. Smart cities can use predictive analytics to predict potential infrastructure failures and plan proactive maintenance using the MoT. Integrating the metaverse in smart infrastructure and urban planning holds transformative possibility. The MoT offers innovative design, management, and public engagement solutions, supporting more efficient, sustainable, and comprehensive urban environments.



	3.

	
Enhanced Data Integration and Analysis







The MoT could improve data integration and analysis. It can aggregate and visualise large datasets from various urban systems, such as traffic flows, energy consumption, and environmental observing.



	4.

	
Public Participation and Inclusivity







The MoT could host virtual meetings, allowing citizens to participate in urban planning discussions. It provides virtual access to urban environments, and people with mobility issues or those living far from cities can participate online.



	5.

	
Education and Training







Urban planners, architects, and engineers have the opportunity to utilise the MoT for training and simulation purposes, enhancing their expertise in a secure virtual setting. The MoT could serve as a platform to educate the public about urban planning processes and sustainability practices.



	6.

	
Economic and Environmental Benefits







The MoT could help identify cost-effective solutions early in planning stages. The metaverse can help create more sustainable and eco-friendly urban areas by simulating environmental designs.



	7.

	
Safety and Emergency Planning







The MoT could be used to simulate natural disasters and other emergencies, allowing cities to plan and test response strategies in a controlled virtual environment. VR can be used to train emergency respondents using real-life scenarios. Existing VR/AR technologies and internet infrastructures need significant improvements [49] to support the seamless integration of the metaverse into urban planning. Managing substantial quantities of confidential urban data in the metaverse gives rise to apprehensions regarding privacy and security [50,51,52]. Establishing protocols and guidelines for incorporating the metaverse into urban design is essential for upholding ethical principles and promoting equal opportunities [53].



3.1.1. Digital Twins


The MoT could enhance the concept of digital twins by creating immersive, interactive, and real-time virtual replicas of physical assets and systems. Digital twins within the metaverse provide a dynamic and comprehensive visualisation of buildings, transportation networks, utilities, and entire smart cities [53]. It allows real-time monitoring, predictive maintenance, and scenario simulation, offering unprecedented insights into urban environments’ operational efficiency and potential vulnerabilities.




3.1.2. AR for Urban Navigation


Integrating AR with the MoT revolutionises urban navigation by offering a seamless, interactive, and intuitive way for people to navigate cities. MoT applications overlay digital information onto the physical world, enhancing the urban experience by providing real-time directions, points of interest, and contextual information through smartphones, AR glasses, or other wearable devices. This guides residents and visitors to find their way, explore local amenities, and discover tourist places within the city [54]. It is also helpful for individuals with disabilities to ensure that urban navigation is more inclusive.




3.1.3. Predictive Maintenance


The MoT provides a groundbreaking approach to managing and preserving urban infrastructure. The MoT enables the creation of immersive digital replicas of physical assets, such as buildings, bridges, and utilities. This allows for the continuous monitoring and seamless integration of data from various sensors and IoT devices in real-time [55,56]. Moreover, the immersive quality of the metaverse enables the training and preparation for maintenance jobs, guaranteeing that professionals are adequately equipped to promptly and efficiently handle any concerns. By incorporating predictive maintenance into the metaverse, cities can attain increased operating efficiency, improved safety, and enhanced resilience [57].





3.2. Enhanced Mobility and Transportation


The MoT could enhance mobility and transportation by creating a digital layer over physical transportation networks using smart and efficient urban mobility solutions. The MoT provides a comprehensive and dynamic view of urban transportation by integrating real-time data from traffic sensors, public transit systems, and user-generated inputs. It provides optimal route planning, reducing congestion and improving travel times [58].



3.2.1. Real-Time Traffic Management


The MoT has a transformative impact on how cities manage traffic flow and congestion in real-time. The MoT provides situational awareness and control by incorporating real-time data from traffic cameras, sensors, and connected vehicles into a comprehensive virtual environment. The whole system may operate as one virtual world with AR/VR [59]. Traffic managers have the ability to view and engage with a real-time, three-dimensional representation of the city’s traffic. This allows them to quickly identify areas of congestion, accidents, and any other disturbances. Utilising advanced analytics and machine learning in the metaverse enables the prediction of traffic patterns and the implementation of proactive actions to reduce congestion. These tactics include modifying traffic signal timings, establishing dynamic lane usage, and providing real-time rerouting advice to vehicles. This interactive and immersive method improves both traffic management efficiency and response times to events, resulting in reduced overall travel time and emissions.




3.2.2. Autonomous Vehicles


The metaverse offers a plethora of promising prospects for the realms of technological advancement, science, and society [60,61,62]. The MoT presents a transformative opportunity for developing and integrating autonomous vehicles (AVs) into urban environments. The MoT provides a virtual ecosystem that emulates the physical world [63,64]. It provides a simulated environment for testing and refining AV technologies, allowing manufacturers and developers to conduct extensive trials in a controlled and realistic environment. AVs have the ability to engage with virtual pedestrians, other vehicles, and infrastructure in digital environment. The MoT enables collaboration among many parties involved in AV development, such as AV developers, city planners, and regulators. This collaboration promotes the establishment of standardised protocols and standards for the deployment of AVs. AR applications integrated into the metaverse have the potential to improve the user experience by delivering real time information and safety notifications to individuals who are interacting with AV as passengers or pedestrians.




3.2.3. AR Navigation Aids


The MoT provides a platform for AR navigation aids, transforming how individuals navigate and interact with urban environments [65]. Integrating digital information into the physical world, AR applications within the metaverse provide help to the users in real-time [66]. Users can access interactive AR overlays on their smartphones or wearable devices to receive directions, places of interest, and pertinent contextual information while exploring a new city or navigating roads. AR navigation aids improve the user’s situational awareness, facilitating the process of locating their desired destination and exploring nearby points of interest, establishments, and facilities. Moreover, the MoT enables users to contribute and distribute geographically based information, enhancing AR navigation encounters for all individuals. With the advancement of AR technology and its increasing prevalence, the MoT will have a crucial impact on transforming urban navigation. It will provide users with immersive, personalised, and intuitive assistance no matter where they are.





3.3. Smart Homes and Buildings


The MoT is a paradigm shift in the concept of smart homes and buildings, presenting opportunities for connectivity, automation, and personalised experiences. Combining IoT devices, sensors, and AI algorithms into a virtual environment, the metaverse creates immersive digital twins of homes and buildings, enabling the real-time monitoring, control, and optimisation of various systems and functionalities. As technology progresses, individuals are finding innovative ways to combine smart home and metaverse technology in order to enhance the level of immersion in their experiences. Within this framework, the notion of the Meta-Home, which refers to a digital replica of a smart home. Once a theoretical framework has been established, the subsequent step involves implementing design concepts inside an actual smart home setting. As the metaverse progresses, it will revolutionise the idea of smart homes and buildings, resulting in more sophisticated, adaptable, and customised living and working spaces for residents.



3.3.1. Integrated Home Management Systems


The MoT is revolutionising integrated home management systems by presenting a unified digital platform that seamlessly connects and coordinates various smart devices and services within a home. In the article [67], young individuals in the metaverse era are offered an open-source ecological human–field interaction experience, a sustainable smart habitat relationship, and an immersive entertainment experience. Within the framework of metaverse empowerment in smart home entertainment scenarios, this also suggests a technique for designing experiences for young people living in China. By acting as a standard for comparison, the immersive experience can help bring the smart home scene experience closer to a comprehensive scenario of human–computer interaction.




3.3.2. Virtual Real Estate Tours


The MoT revolutionises the experience of virtual real estate tours by presenting immersive and interactive environments that closely mimic physical places. There are limitations in the real estate market that are related to physical constraints, meaning that certain properties cannot be altered while they are being viewed. There are also temporal limits, which means that some people are unable to attend viewings at specific times. In order to assist customers in overcoming these limitations, the article [68] presents the Real Estate Metaverse, a VR/AR presentation platform. Users have the ability to observe listed residences and the nearby facilities using VR technology. The MoT provides the facility to the users the ability to explore virtual residences, apartments, or commercial areas, engage with virtual items, and observe prospective alterations or improvements in real-time.





3.4. Public Safety and Emergency Response


The MoT presents a transformative opportunity in the realm of public safety and emergency response by offering immersive and dynamic platforms for training, simulation, and management. The arbitrary dispatching of ambulances and a lack of adequately educated individuals in pre-hospital first aid pose a significant threat to public health and life. In order to tackle these problems, this paper [69] proposes a rescue system based on the metaverse that integrates a personal doctor. The integration of the metaverse and an intelligent medical assistant yields the capability and approach of employing a personalised physician. Using the MoT, public safety agencies can improve their willingness, response, and recovery efforts, ultimately resulting in the preservation of lives and the reduction of the consequences of disasters and emergencies.



3.4.1. Virtual Training Simulations


The MoT provides virtual training simulations across various industries and disciplines. Virtual training in the metaverse enables learners to engage in medical simulations and military exercises, providing them with the opportunity to practise skills, make decisions, and face implications within a safe and regulated environment. The aim of the study presented in [70] was to examine the use of wearable biological measuring devices in immersive workplaces, 3D visual modelling in the metaverse, and virtual reality training experiences, based on a comprehensive analysis of existing literature. It enhanced the potential of virtual testing capabilities, blockchain networks, and extensive computational resources in improving virtual work environments, collaboration tools, and meetings. Furthermore, the metaverse facilitates cooperative training experiences, enabling individuals from different regions to participate in collective exercises, exchange information, and acquire expertise from one another in real-time.




3.4.2. Enhanced Surveillance and Monitoring


The MoT offers a new frontier in surveillance and monitoring, expanding advanced data collection, analysis, and visualisation facilities. The MoT allows for thorough and immediate monitoring of physical locations, assets, and activities by incorporating sensor networks, IoT devices, and AI algorithms into a virtual environment. This includes the surveillance of metropolitan areas to identify security risks, monitoring environmental conditions to enhance catastrophe readiness, and supervising vital infrastructure to ensure efficient maintenance and optimisation. The metaverse’s immersive characteristics enable operators to visualise and engage with surveillance data in unprecedented ways, hence boosting their situational awareness and decision-making abilities [71]. In addition, the metaverse enables collaborative monitoring endeavours, allowing different stakeholders to access and exchange information on a centralised platform. Nevertheless, the utilisation of metaverse-based surveillance gives rise to significant ethical and privacy issues, necessitating meticulous examination of legislation and protections to guarantee individual rights and freedoms. With the ongoing advancement of technology, the metaverse holds the potential to completely transform the way surveillance and monitoring are conducted. It presents novel prospects for enhancing security, ensuring safety, and improving efficiency in a world that is constantly evolving.





3.5. Healthcare and Wellbeing


The MoT is revolutionising healthcare and well-being, offering innovative solutions that improve access to care, enhance patient outcomes, and promote overall wellness. The metaverse is an advanced virtual environment that has recently attracted global interest due to its extensive range of health services available to both patients and professionals. A comprehensive assessment of the metaverse was conducted in article [72], encompassing its fundamental concepts, essential technologies, and various applications in the fields of healthcare and medicine. The study utilised an exploratory analysis of qualitative data pertaining to healthcare metaverse services, which were included in our systematic review. The study’s findings in [72] suggest that the introduction of innovative metaverse-based healthcare delivery technologies could have a substantial influence on healthcare systems. The AR and VR aspects of the metaverse provide convenient remote medical consultations and training for both patients and medical professionals. Moreover, patients can assume authority over their well-being and make informed choices as they possess the means to access health-related resources and knowledge.



3.5.1. Telemedicine and Remote Monitoring


The MoT revolutionises telemedicine and remote monitoring, offering transformative solutions that bridge geographical distances and enhance access to healthcare services. Telemedicine, the provision of medical treatments through electronic methods, has experienced a surge in popularity in recent years. Telemedicine offers a novel opportunity for those residing in remote and disadvantaged regions to obtain the necessary healthcare services [73], perhaps improving their ability to seek treatment. Nevertheless, there are many obstacles that prevent the widespread adoption and implementation of telemedicine. These concerns encompass issues related to the protection and confidentiality of data, a lack of financial resources, and the need for established guidelines. The authors analyse the present and future status of telemedicine while investigating emerging technologies such as 5G networks, wearables, and AR/VR. Subsequently, the chapter explores the growing use of telemedicine and its potential to enhance healthcare accessibility in underserved regions. This chapter not only outlines the benefits of telemedicine but also addresses the restrictions that need to be solved for its maximum use. Lastly, it explores the prospects of telemedicine in the future, encompassing its possible uses and connections to conventional healthcare establishments.




3.5.2. VR Rehabilitation and Therapy


The MoT presents an exciting VR rehabilitation and therapy frontier, offering immersive and interactive environments that facilitate recovery and promote well-being. Engaging in treadmill walking with the assistance of virtual reality may enhance cognitive function, attentiveness, muscle endurance, cardiovascular health, and weight management. Additionally, there are other concerns that may arise in relation to virtual reality treadmill walking for stroke patients, such as enquiries regarding appropriate technology, safety measures, financial implications, ease of access, and the acquisition of specialised professionals. Furthermore, it is imperative to provide ongoing training for fitness instructors, since they play a crucial role in designing, executing, and assessing treadmill walking routines that incorporate virtual reality technology [74]. With the advancement of technology, the metaverse holds the potential to transform rehabilitation and therapy, leading to enhanced results and a better quality of life for persons recovering from accidents, illnesses, or mental health disorders.





3.6. Education and Workforce Training


The MoT revolutionises education and workforce training by offering immersive, interactive, and personalised learning experiences that transcend traditional classroom settings.



The metaverse has once again resurfaced as an exceedingly beneficial platform for a wide array of real-world applications. The metaverse has long piqued the interest of the academic community because of its potential to revolutionise training and education. Digital twins can facilitate the integration of principles and concepts from the physical and natural world into metaverse-based learning, hence enhancing its accessibility and practicality [75]. Furthermore, the metaverse enables workforce training and professional development by providing realistic simulations and scenarios that assist employees in acquiring new skills, honing problem-solving abilities, and improving job performance.



3.6.1. Immersive Virtual Classrooms


The MoT presents a transformative approach to immersive virtual classrooms, offering dynamic and interactive learning environments that transcend the limitations of traditional education. The metaverse serves as a cohesive framework for virtual classrooms that interconnects social media, AR, and VR. Virtual 3D classrooms are experiencing a rapid increase in the availability of blended learning choices, which include both formal and informal education. This is made possible by the usage of metaverse-powered online distance learning and emerging types of meta-education. The primary objective of metaverse-based online education is to eradicate all obstacles to unstructured learning and social engagement. Attending class in person provides an unparalleled chance to acquire knowledge. In these classrooms, students and educators can collaborate, explore, and engage in experiential learning in real-time. Enhanced engagement can be achieved by ensuring that the avatar’s body language, telepresence of movements and emotions, and facial expressions are all precise. Social mixed reality in the metaverse also allows for the integration of active teaching methods, which are well-suited for fostering deep and widespread knowledge. Furthermore, it has the potential to enable global involvement, irrespective of geographical constraints [76].




3.6.2. Simulation-Based Job Training


The MoT provides opportunities for simulation-based job training, providing immersive and realistic environments for learners to acquire and refine job-specific skills. Many people believe that the metaverse has the potential to greatly enhance strategic commercial opportunities. Businesses are progressively allocating resources to training programs that utilize digital technology. The metaverse technology aims to amalgamate the physical and digital realms in order to generate job training for educational and professional advancement. Organizations are adopting a metaverse environment to enhance the interactivity and flexibility of training, while maintaining the quality of educational resources and programs. The scholarly literature on the metaverse primarily concentrates on human resource management, neglecting the aspect of training and development, namely the training experience that employees undergo in the metaverse. In order for organizations to ensure the effectiveness of their training programs, it is imperative that they possess a comprehensive understanding of their employees’ backgrounds and experiences. The advantages encompass personalized learning environments, instantaneous feedback analytics, enhanced practicality, alignment with technology education, and live collaboration. The drawbacks include privacy and security problems, cultural animosity, ethical dilemmas, and challenges related to accessibility and inclusivity. The study [77] centres on the metaverse’s capacity to enhance job training and development activities. Companies can enhance their competitive edge by leveraging these advancements and the metaverse’s cutting-edge efficiency.





3.7. Retail and Commerce


The MoT is revolutionizing retail and commerce, offering innovative solutions that blend physical and digital experiences to create immersive and personalised shopping environments. The study [78] examines the development of retailing and the impact of metaverses on the shift from physical stores to online marketplaces. This study considers the geographic dimension due to the stores’ ability to function concurrently in three separate yet interconnected locations. It highlights the main challenges and advantages encountered by conventional, online, and VR retailers, with a particular emphasis on crucial promotional elements. One of the most significant consequences is that shops must adopt a comprehensive approach when creating promotional strategies, especially if they aim to compete in the metaverse arena. Furthermore, the metaverse enables customised suggestions and focused promotional strategies that rely on personal preferences, purchase records, and online browsing patterns, so improving consumer satisfaction and boosting sales.



3.7.1. Virtual Shopping Experiences


The MoT is revolutionising virtual shopping experiences, offering immersive and interactive environments and replicating the physical retail experience in digital form. E-commerce has demonstrated its profitability for retailers. Customers are increasingly attracted to mobile commerce and retailer e-commerce websites, where they are willing to invest both time and money. Physical retail establishments provide a more interactive, engaging, and focused shopping experience that is tailored to certain brands. Through the use of catalogues and social media advertising, you have the ability to conveniently shop from the comfort of your own home. Currently, a significant proportion of consumers utilize smart devices to do online transactions. In order to satisfy the needs of their clients, businesses must enhance the online buying experience. Moreover, it has the potential to enhance the purchasing experiences of buyers who make purchases using their mobile devices or through online platforms [79]. The MoT allows shoppers to explore virtual storefronts, browse products, and purchase from the comfort of their homes. Virtual shopping experiences in the metaverse provide realistic product visualisation across several categories such as apparel, accessories, furniture, and electronics. These experiences enable users to interact with things in a three-dimensional space, facilitating educated purchasing decisions.




3.7.2. Supply Chain Optimization


The MoT is revolutionizing supply chain optimisation by providing a comprehensive digital platform that enables real-time monitoring, analysis, and optimisation of the entire supply chain ecosystem. The emergence of the metaverse and Web 3.0 has given rise to a novel virtual environment that may simulate and exert influence on real-world phenomena. The primary objective of the study [80] is to enhance comprehension of the potential impact of the metaverse on supply chain and operations management. Its processes and decision-making areas may lead to the development of new performance indicators, including virtual customer experience level, digital product availability, digital resilience, and sustainability. Additionally, it may also open up new avenues for research, such as integrated production planning for both the metaverse and physical worlds, digital inventory allocation in the metaverse, pricing and contracting for digital products, and joint demand forecasting for physical and metaverse production. In addition, the metaverse promotes collaboration and information exchange across supply chain participants, allowing them to cooperate in order to tackle obstacles and promote ongoing enhancement.





3.8. Environmental Monitoring and Sustainability


The MoT supports environmental monitoring and sustainability efforts by providing advanced tools and technologies for data collection, analysis, and visualization. The ongoing development of the metaverse holds the promise of enhancing numerous sectors, such as art, communication, education, gaming, and fashion. Considering the metaverse is widely recognized by scientists as the future of the internet, it is crucial to examine its ecological progress in order to identify effective strategies for ensuring its long-term sustainability. The study [81] aims to enhance the long-term sustainability of the metaverse ecosystem by addressing potential environmental issues and promoting a comprehensive understanding of its development and functioning. The MoT enables real-time monitoring of environmental parameters such as air quality, water quality, and biodiversity. In addition, the metaverse promotes collaboration and knowledge exchange among scientists, policymakers, and communities, allowing them to cooperate in addressing environmental concerns and advancing sustainable development.



3.8.1. Real-Time Environmental Data Visualization


The MoT represents a groundbreaking opportunity for real-time environmental data visualization, offering dynamic and interactive platforms for understanding and addressing pressing environmental challenges. The study [82] does a thorough examination of the literature to enhance understanding of data visualization tools, customer behaviour analytics, immersive extended reality technology, and metaverse commerce. The study highlights the importance of analytical AI, data mining, and consumer engagement technologies in enhancing the purchasing process and creating a positive buying experience in online marketplaces. The MoT facilitates cooperative data exchange and analysis, allowing stakeholders to collaborate in addressing intricate environmental problems and promoting beneficial transformation.




3.8.2. Sustainable Urban Planning


The MoT presents sustainable urban planning by providing comprehensive tools and immersive platforms for data visualisation, analysis, and collaboration. The metaverse is a unique virtual world that offers a platform for human interaction with all aspects of existence. It possesses a diverse range of talents and distinctive qualities. The widespread adoption of the metaverse and the utilization of its technological potential can greatly improve the living circumstances in smart cities. The study [83] examines two efforts in India and Ghana that illustrate the effectiveness of the metaverse. The distinctiveness of this stems from its ability to offer a fresh viewpoint that could potentially address numerous challenges faced by urban areas worldwide. An urgent global issue now is finding effective strategies to safeguard urban areas from the devastating consequences of climate change. The metaverse is a very innovative approach for reducing the impact of cities’ greenhouse gas emissions. Metaverse technology has evolved as an innovative way to improve public health, combat climate change, generate job opportunities, reduce poverty, and secure a better future for future generations. The virtual environments enable simulations of various planning scenarios, providing insights into the effects on the environment, infrastructure, and communities.





3.9. Community Engagement and Social Interaction


The MoT offers opportunities for community engagement and social interaction by offering immersive and interactive platforms for people to connect, collaborate, and create together. The study [84] offers a thorough evaluation of multidisciplinary approaches to community engagement and social interaction. Its aim is to aid architects and designers in visualizing the social environments in which virtual communities can engage. This article explores the concept of community engagement in design and architecture within the context of the impact of virtual social spaces. Virtual environments offer ample opportunities for productive collaboration among community members, architects, and designers. Online engagement may be particularly appealing to individuals who are confined to their homes, lack reliable means of transportation or childcare, or just value the privacy and autonomy that accompanies virtual communities. Virtual environments facilitate enhanced collaboration among architects, designers, and community members by eliminating both physical and nonphysical obstacles to face-to-face contact. Recent instances of civic and community organizations exemplify the integration of offline and online community engagement. The metaverse promotes significant connections and enables discourse among individuals from various backgrounds and regions through virtual community gatherings, collaborative projects, and creative activities.



3.9.1. Virtual Public Spaces


The MoT offers virtual public spaces, providing dynamic and immersive environments where individuals can gather, collaborate, and engage in shared experiences. Artists from various fields are increasingly motivated to utilize this approach to distribute their work in public spaces with intricate social dynamics [85]. It is feasible to differentiate between physical public places that interact with real individuals in the physical world and those known as the metaverse in the contemporary sense, which refers to the virtual online world. This study [85] focuses on the challenges that arise when intermedia announces its plan to move from the physical world to the virtual world, in response to changes in the social context. The MoT enables the creation of virtual public spaces that transcend physical limitations and geographical boundaries.




3.9.2. Participatory Governance


The MoT offers participatory governance by providing inclusive and accessible platforms for citizen engagement, collaboration, and decision-making. The advent of new digital technology poses significant challenges for individuals engaged in public administration and policy. The lack of information symmetry is the main reason why public authorities and regulatory organizations struggle to properly control and monitor the ongoing digital revolutions [86]. An example of such an invention is the metaverse, which signifies the progression of the internet from its current two-dimensional form to a completely immersive three-dimensional world. The metaverse enhances the potential for alternative public services such as healthcare, education, and infrastructure. Significant concerns are associated with cybersecurity, privacy, interoperability, and data protection. This study [86] specifically examines the process of digitizing the public sector and also investigates existing regulatory gaps in the online domain. The MoT enables governments and communities to create digital spaces where citizens can participate in public debates, share feedback, and contribute to the policymaking process.






4. Challenges


Implementing MoT applications to revolutionise urban living in smart cities poses several significant challenges:




	
MoT applications rely heavily on collecting and analysing vast amounts of data from IoT devices and sensors embedded throughout the urban environment. Ensuring the privacy and security of this data is paramount to protect individuals’ personal information and prevent unauthorised access or misuse.



	
The diverse array of IoT devices, platforms, and protocols used in smart cities can hinder the interoperability and seamless integration of MoT applications. Establishing common standards and protocols is essential to facilitate data exchange, interoperability, and collaboration among different systems and stakeholders.



	
There is a risk that MoT applications may exacerbate digital divides and exclude segments of the population who lack access to or are unfamiliar with digital technologies. Ensuring equitable access, affordability, and usability of MoT applications is crucial to prevent widening socioeconomic disparities and promote inclusivity in smart cities.



	
Deploying MoT applications requires robust infrastructure and reliable connectivity to support real-time data transmission, processing, and communication. However, inadequate infrastructure and connectivity in certain urban areas may limit the scalability and effectiveness of MoT solutions, particularly in developing regions or underserved communities.



	
The immersive nature of MoT applications raises ethical concerns related to privacy, consent, autonomy, and societal impact. For instance, AR experiences in public spaces may raise questions about surveillance, consent, and intrusion into individuals’ personal lives. Addressing these ethical considerations requires careful deliberation, stakeholder engagement, and transparent governance frameworks.



	
Smart cities are vulnerable to cybersecurity threats, including hacking, data breaches, and ransomware attacks, which can disrupt critical infrastructure and compromise public safety. MoT applications introduce additional attack vectors and cybersecurity risks, necessitating robust cybersecurity measures, incident response plans, and resilience strategies to safeguard urban infrastructure and services.



	
The rapid pace of technological innovation in MoT applications outpaces the development of regulatory and legal frameworks to govern their deployment and use. Establishing clear regulations, standards, and policies is essential to address liability, accountability, intellectual property rights, and other legal issues associated with MoT applications in smart cities.



	
While MoT applications offer opportunities to enhance resource efficiency and sustainability in smart cities, they also consume energy and require material resources for manufacturing and operation. To mitigate adverse environmental consequences, it is essential to ensure that MoT solutions are designed with environmental sustainability in mind, minimising their carbon footprint and ecological impact.








Addressing these challenges requires collaborative efforts from government agencies, technology companies, urban planners, community organisations, and other stakeholders to develop holistic, inclusive, and sustainable approaches to deploying MoT applications for revolutionising urban living in smart cities.




5. Opportunities


	
Implementing MoT applications to revolutionise urban living in smart cities presents several opportunities.The MoT application could improve traffic flow and reduce congestion through real-time traffic management and dynamic routing. The impacts are shorter travel times, lower emissions, and increased convenience for commuters.



	
MoT can optimise the energy consumption in smart buildings and public infrastructure through IoT and AI. The impacts are reduced energy costs, lower carbon footprint, and enhanced sustainability in urban areas.



	
Enhanced surveillance and quicker emergency response through smart cameras and IoT-based alert systems are possible using the MoT. The impacts are increased safety, faster response times in emergencies, and reduced crime rates.



	
Remote patient monitoring and telehealth services enable continuous care and early detection of health issues. The impacts are improved health outcomes, reduced healthcare costs, and increased access to medical services.



	
Development of new industries and job roles focused on MoT technology, infrastructure, and services. The impacts are economic diversification, new employment opportunities, and the growth of tech-driven urban economies.



	
Interactive platforms and AR applications that facilitate greater citizen participation in urban planning and services. The impacts are more responsive and inclusive governance, better public services, and increased civic engagement.



	
Personalized shopping experiences and efficient inventory management through MoT will enhance customer satisfaction, reduce operational costs, and increase retail revenue.



	
MoT provides AR/VR classrooms and remote learning platforms that provide immersive and interactive educational experiences. The impacts are improved learning outcomes, wider access to education, and the ability to tailor learning to individual needs.



	
AR-enhanced tours and VR experiences make cultural sites and historical information more accessible and engaging. The impacts are increased tourism, better preservation of cultural heritage, and enriched visitor experiences.



	
Digital twins and real-time data analytics support efficient urban planning and infrastructure development. The impacts are more effective use of resources, reduced planning errors, and enhanced urban liveability.



	
Real-time tracking of environmental conditions through IoT sensors for air, water, and soil quality is possible through MoT. The impacts are better environmental protection, informed policy-making, and improved public health.



	
MoT-enabled urban farming and precision agriculture maximise yield and resource efficiency. The impacts are increased local food production, reduced transportation costs, and enhanced food security.



	
Smart water management, waste management, and public transportation systems enhance service delivery using MoT. The impacts are higher efficiency, lower operational costs, and better quality of public services.







6. Applications of the MoT in Real-Life Scenarios


The concept of the MoT has been eagerly awaited for a considerable period, albeit it is still in its early stages of development. Smart glasses and AI, which are two crucial technologies for the metaverse, are now undergoing development, bringing them closer to being a reality and eventually being widely adopted.



The advent of universal access to VR will revolutionise our lives by enabling us to update all aspects of our existence and immerse ourselves in virtual experiences at our convenience. The metaverse is currently demonstrating its practicality through immersive education, unique retail experiences, virtual conferences, and collaborative workspaces.



	
Digital amusement.






Gaming platforms have the highest metaverse adoption rates due to many factors. The study [87] examines the metaverse, a novel virtual world, and its impact on the gaming and entertainment sectors through the utilization of advanced technologies such as AR, VR, AI, blockchain, and others. The population of gamers with the capacity to engage with the metaverse is expanding, along with their inclination to participate in it. In addition, gaming companies have surpassed other metaverse platforms in their ability to produce captivating content and provide engaging experiences. The overwhelming success of games such as Minecraft, Roblox, and Second Life serves as validation of this fact.



	2.

	
Online gathering







In addition, large audiences are being attracted to events [88], particularly concerts and other live performances, where individuals can experience a subtle feeling of presence and togetherness, even if they are not physically in the same location. Several musicians and entertainers, have collaborated with Fortnite to present their live concerts in the metaverse. Football games and other immersive pastimes are expected to experience a growing prevalence in the future using MoT.



	3.

	
Entertainment that is centred around active involvement and interaction.







The metaverse facilitates novel forms of leisure activities through its innovative methods of interaction and collaboration [89]. Several observers have cited the release of the AR smartphone game Pokemon Go in 2016 as proof that the metaverse has the potential to offer similar enjoyment in the future. There is a belief that the metaverse will facilitate the development of immersive 3D storytelling, which may be seen as a logical progression from the current practice of transmedia storytelling. Transmedia storytelling now employs text, video, and games to convey stories in two dimensions.



	4.

	
Enhanced instructional sessions







The metaverse has significant utility in the realm of training [90]. The efficacy of training in the metaverse surpasses that of training through text, lectures, or films due to its ability to replicate experiential learning. In addition, employees have the option to revisit their training whenever they require more support or practice. Trainees can also repeatedly practice jobs until they achieve perfection without incurring any unnecessary time or resource wastage. Surgeons often employ the metaverse to practise complex procedures prior to conducting them on actual patients. The metaverse is capable of creating precise replicas of actual workplaces, such as a construction site, in order to effectively train personnel on how to manage dangerous circumstances safely. In addition, the metaverse allows personnel to prepare for unforeseen occurrences, such as a fire outbreak on an offshore oil rig. Individuals can practise and grow proficient in handling unusual situations in a secure and efficient setting until it becomes instinctive.



	5.

	
Educating both current and future generations.







The adoption of metaverse learning will yield advantages for all individuals, including employees. The metaverse is likely to be used in the future to educate students of different age groups. The MoT has the potential to integrate gaming with educational content, leading to more captivating and efficient edutainment experiences that aid in the retention of information.



	6.

	
Immediate assistance provided by virtual specialists







The metaverse will facilitate rapid access to immidiate assist by virtual specialists. Several firms have begun implementing augmented and VR technologies to aid their staff in critical areas by overlaying written or video instructions into their line of sight. Furthermore, several enterprises employ metaverse-like technologies to establish connections between far away experts and field personnel. This enables remote specialists to watch the activities and observations of field workers in real-time, thereby offering them more guidance while they fulfil their duties. The citizens will have regular access to specialists in the future to help with routine tasks like replacing a car tyre.



	7.

	
An improved existence







In addition, the metaverse will enhance productivity through multiple means. MoT applications will have advantageous effects on humans’ everyday lives.



	8.

	
A world without borders where travel is done virtually.







MoT applications in tourism is highly advantageous, as it enables individuals to acquire knowledge about both local and distant attractions, even in situations where they are unable to visit them physically. The metaverse possesses the capacity to transcend geographical boundaries, enabling individuals who are unable to physically attend significant occasions such as weddings, graduations, and celebrations to engage in them virtually. The metaverse will enable spectators to experience these events with a sense of physical presence digitally.



	9.

	
An unfamiliar social environment.







Individuals promptly recognised the constraints of the two-dimensional space for social interaction during the pandemic despite the widespread use of videoconferencing technologies for communication. The avatars can explore the metaverse and interact with different communities and individuals, potentially leading to the development of a more authentic social environment. Platforms such as Second Life presently offer a range of these experiences, and experts predict that individuals who are not avid gamers will feel increasingly at ease engaging in these virtual environments as metaverse-enabling technology progresses.



	10.

	
Encouraging and fostering innovative and imaginative thought processes.







The MoT can transform intangible concepts into actual reality. The MoT can reflect the conventional practice of architects and builders showcasing their new projects through the utilisation of scale models. Another option is to explore how the metaverse can be used to transport visitors to an immersive environment, allowing them to view the finished construction at the intended site. The facility staff can provide guided tours to tourists, allowing them to observe the utilities and drawings virtually.



	11.

	
Investigating inaccessible regions.







The MoT enables the revelation and investigation of concealed sites. The metaverse excels at uncovering concealed data, such as information that is difficult to interact with in real life due to its size or scale, like being inside a cell. The MoT provides a training programme that fully immersed doctors in simulated patient rooms. Utilising technological progress, these rooms purportedly displays all prevalent infectious agents to reveal the imperceptible but essential components that require our attention.



	12.

	
Enhanced collaboration







Despite the widespread use of videoconferencing and remote work, the MoT highlighted the challenge of interpreting nonverbal signals or engaging with tangible objects in a two-dimensional environment, emphasising this phenomenon’s limitations. Nevertheless, the metaverse can surpass these constraints by allowing users to interact with digital things utilising haptic technology.



	13.

	
Enhanced productivity by the utilisation of design, research, and prototyping.







The companies of various scales are currently utilising digital twins for purposes such as research and development, testing, prototyping, and design. Various industries, such as aircraft and automobile manufacturers, employ virtual environments to evaluate functionalities and create innovative designs. Due to the significant time and cost benefits, it offers in comparison to real-world research, development, design, and testing, experts anticipate that as the metaverse evolves, an increasing number of organisations from many industries will adopt it for comparable objectives—considering the pros and cons of the virtual realm.



	14.

	
Real estate







Real estate salespeople often use the metaverse to give potential buyers virtual tours of properties. Potential customers can test-drive automobiles from several manufacturers and explore a wide range of trim levels and colour combinations.



	15.

	
Emerging market prospects.







The MoT in emerging markets holds transformative potential by integrating the digital and physical worlds through IoT devices within immersive virtual environments. The MoT offers unique business opportunities, from virtual marketplaces for IoT services to localized digital solutions that address specific regional challenges.



	16.

	
Future Development opportunities.







The MoT presents significant future development opportunities by merging IoT with immersive virtual environments, enabling a seamless blend of the digital and physical worlds. Possible future developments may involve smart devices communicating with each other inside the Metaverse, resulting in improved applications in areas such as smart residences, virtual work environments, and interconnected healthcare technologies. The convergence of these technologies enables instantaneous data interchange, automation, and remote manipulation of tangible items via virtual interfaces, therefore introducing a novel level of interaction and effectiveness. Furthermore, the MoT has the potential to stimulate innovation in fields such as digital twins, predictive maintenance, and AI-driven decision-making. Given the ongoing evolution of technology, the MoT is positioned to fundamentally transform industries and everyday life, providing limitless opportunities for innovation and expansion.




7. Discussion


The MoT stands at the intersection of VR, AR, and the IoT, offering a rich tapestry of possibilities for transforming urban living into smart cities. This discussion delves into the potential applications of the MoT and their impact on revolutionising urban life. The MoT can revolutionise urban planning and design by offering immersive simulations and visualisations. Urban planners can use the MoT to create 3D models of cities, allowing stakeholders to experience proposed developments before implementation. This facilitates informed decision-making, promotes community engagement, and ensures that urban spaces are designed with both functionality and aesthetics in mind. The MoT enables the integration of IoT devices and sensors into the urban environment, providing real-time data on energy consumption, waste management, transportation patterns, and more. This data can be used to optimise resource allocation, reduce energy consumption, minimise traffic congestion, and enhance overall sustainability in smart cities. MoT applications can personalise urban experiences based on individual preferences and needs. For example, AR navigation systems can provide personalised directions, considering factors such as accessibility requirements, mobility preferences, and real-time traffic conditions. Similarly, immersive shopping experiences in virtual stores can tailor product recommendations and promotions to match consumers’ preferences and past behaviour. The MoT facilitates virtual collaboration and communication, breaking down geographical barriers and enabling seamless interactions between individuals, businesses, and government agencies. Virtual meetings, conferences, and workshops can be conducted in immersive environments, fostering creativity, innovation, and cross-disciplinary collaboration. Additionally, MoT-powered social platforms can connect residents with shared interests, hobbies, and causes, strengthening social bonds and fostering a sense of community in smart cities. The MoT offers new opportunities for urban entertainment and cultural experiences, blurring the lines between physical and virtual spaces. Immersive art installations, interactive museum exhibits, and virtual concerts can enrich the cultural fabric of smart cities, attracting tourists and residents alike. Furthermore, AR storytelling experiences can bring history to life, allowing people to explore the past in the context of present-day urban environments. While the potential applications of the MoT in smart cities are promising, several challenges and considerations must be addressed. These include concerns about data privacy and security, digital inclusion and accessibility, interoperability of diverse technologies, and ethical implications related to virtual experiences and augmented realities. Additionally, the deployment of MoT applications requires significant investment in infrastructure, technology, and talent development, necessitating collaboration between public and private sectors to ensure equitable access and sustainable development. The MoT holds immense potential for revolutionising urban living in smart cities. By leveraging immersive technologies, real-time data, and interconnected ecosystems, MoT applications can enhance urban planning, resource management, personalised experiences, collaboration, entertainment, and cultural enrichment. However, realising this potential requires proactive efforts to address challenges, foster innovation, and promote inclusive, sustainable development in smart cities of the future.




8. Conclusions


In conclusion, the MoT presents an exciting frontier for revolutionising urban living in smart cities. This study provides a novel contribution to current research. It examines the current literature’s knowledge gaps to comprehend better MoT applications for revolutionizing urban living in smart cities. Through its seamless integration of the physical and digital worlds, the MoT offers boundless opportunities to enhance efficiency, sustainability, and quality of life in urban environments. From optimised resource management to personalised services and immersive experiences, MoT applications hold the potential to transform how we interact with our surroundings, connect, and experience urban life. Embracing the possibilities of the MoT requires collaboration among stakeholders, innovative thinking, and a commitment to harnessing technology for the collective benefit of communities. As we continue to explore and develop MoT applications, let us envision and build inclusive, resilient, and vibrant cities that truly embody the promise of a connected future.
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Abbreviations


List of Acronyms used in this manuscript.



	Acronyms
	Definition



	IoT
	Internet of Things



	ML
	machine learning



	MoT
	Metaverse of Things



	VR
	virtual reality



	AR
	augmented reality



	XR
	extended reality



	CAGR
	compound annual growth rate



	AI
	artificial intelligence



	AV
	autonomous vehicles
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Figure 1. MoT applications. 
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Figure 2. Search strategy with inclusion/exclusion criteria. 
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Figure 3. Roles of MoT in smart cities. 
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