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ABSTRACT. The purpose of this study is to examine artificial intelligence-based 

digital twin industrial metaverse and immersive 3D worlds for connected machines 

and objects. Throughout May 2024, a quantitative literature review of the Web of 

Science, Scopus, and ProQuest databases was performed, with search terms in - 

cluding “artificial intelligence-based digital twin industrial metaverse” + “deep 

generative modeling and virtual machine remote monitoring tools,” “cyber-physical 

cognitive and synthetic data-based autonomous production systems,” and “neural 

machine and virtual plant floor networks.” As research published in 2022 and 2023 

was inspected, only 175 articles satisfied the eligibility criteria, and 20 mainly 

empirical sources were selected. Data visualization tools: Dimensions (bibliometric 

mapping) and VOSviewer (layout algorithms). Reporting quality assessment tool: 

PRISMA. Methodological quality assessment tools include: Colandr, DistillerSR, 
Eppi-Reviewer, Nested Knowledge, ROBIS, and SluRp. 
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1. Introduction 
 

Machine vision and collaborative intelligence tools, cognitive computing and 

immersive holographic imaging technologies, and cyber-physical production 
and multi-sensor fusion systems further metaverse-based industrial services 

in decentralized 3D digital worlds. The purpose of our systematic review is 

to examine the recently published literature on artificial intelligence-based 

digital twin industrial metaverse and integrate the insights it configures on 
deep generative modeling and virtual machine remote monitoring tools,  

cyber-physical cognitive and synthetic data-based autonomous production 

systems, and neural machine and virtual plant floor networks. By analyzing 
the most recent (2022–2023) and significant (Web of Science, Scopus, and 

ProQuest) sources, our paper has attempted to prove that deep learning-based 

ambient sound processing and 3D virtual reality simulation tools, Industrial 
Internet of Things, and cyber-physical production and location-aware net- 

worked systems can be leveraged in digital twin factories in immersive 

virtual spaces. The actuality and novelty of this study are articulated by 

addressing sensory data mining techniques, digital twin simulation and 
virtual machine remote monitoring tools, geospatial big data analytics, and 

photorealistic synthetic images and data, that is an emerging topic involving 

much interest. Our research problem is whether simulation and modeling 
technologies, virtual reality-embedded digital twins, and spatio-temporal 

fusion and semantic 3D mapping algorithms optimize photorealistic syn- 

thetic imagery in hyper-immersive simulated environments..  
      In this review, prior findings have been cumulated indicating that cyber-

physical system-based smart manufacturing in simulated 3D modeling and 

extended reality environments necessitates industrial digital twins, machine 

vision and 3D virtual scanning technologies, and geospatial intelligence and 
digital twin modeling tools. The identified gaps advance extended reality and 

cognitive modeling technologies, geolocation data mining and tracking tools, 

and big data computing and location-aware networked systems. Our main 
objective is to indicate that semantic network representations in hyper-realistic 

3D worlds integrate deep learning-assisted digital twins, artificial intelligence-

powered prediction and deep learning-based predictive analytics modeling 

tools, and mobile location analytics. This systematic review contributes to 
the literature on artificial intelligence-based digital twin industrial metaverse 

and immersive 3D worlds for connected machines and objects by clarifying 

that generative artificial intelligence-powered humanoid robots, 3D modeling 
and simulation technologies, and visual data mining and deep learning-based 

ambient sound processing tools optimize immersive hyper-connected virtual 

spaces and interconnected digital realms. This research endeavors to elucidate 
whether simulated machines and factories in the industrial metaverse develop 

on deep generative modeling and edge computing tools, neural machine and 

virtual plant floor networks, and digital twin and immersive 3D technologies.  
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2. Theoretical Overview of the Main Concepts 
 

The manuscript is organized as following: theoretical overview (section 2), 

methodology (section 3), cyber-physical cognitive and synthetic data-based 
autonomous production systems in virtual plant floor networks (section 4), 

cyber-physical system-based smart manufacturing in simulated 3D modeling 

and extended reality environments (section 5), multi-digital twin cooperation 

and metaverse virtual services in immersive and interactive virtual environ- 
ments (section 6), discussion (section 7), synopsis of the main research 

outcomes (section 8), conclusions (section 9), limitations, implications, and 

further directions of research (section 10). 

 
3. Methodology 
 

Throughout May 2024, a quantitative literature review of the Web of Science, 

Scopus, and ProQuest databases was performed, with search terms including 
“artificial intelligence-based digital twin industrial metaverse” + “deep 

generative modeling and virtual machine remote monitoring tools,” “cyber-

physical cognitive and synthetic data-based autonomous production systems,” 
and “neural machine and virtual plant floor networks.” As research pub- 

lished in 2022 and 2023 was inspected, only 175 articles satisfied the eligi- 

bility criteria, and 20 mainly empirical sources were selected (Tables 1 and 

2). Data visualization tools: Dimensions (bibliometric mapping) and VOSviewer 
(layout algorithms). Reporting quality assessment tool: PRISMA. Method- 

ological quality assessment tools include: Colandr, DistillerSR, Eppi-

Reviewer, Nested Knowledge, ROBIS, and SluRp (Figures 1–6). 
 

Table 1 Topics and types of scientific products identified and selected. 

Topic Identified Selected 

artificial intelligence-based digital twin industrial 

metaverse + deep generative modeling and virtual  

machine remote monitoring tools 

60 7 

artificial intelligence-based digital twin industrial 

metaverse + cyber-physical cognitive and synthetic  

data-based autonomous production systems 

58 7 

artificial intelligence-based digital twin industrial 

metaverse + neural machine and virtual plant floor 

networks 

57 6 

Type of paper   

Original research 140 15 

Review 18 5 

Conference proceedings 13 0 

Book 2 0 

Editorial 2 0 

Source: Processed by the authors. Some topics overlap. 
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Figure 1. VOSviewer mapping of deep generative modeling and virtual machine 

remote monitoring tools, cyber-physical cognitive and synthetic data-based 

autonomous production systems, and neural machine and virtual plant floor 

networks in artificial intelligence-based digital twin industrial metaverse regarding 

co-authorship. 

 

 
Figure 2. VOSviewer mapping of deep generative modeling and virtual machine 

remote monitoring tools, cyber-physical cognitive and synthetic data-based 

autonomous production systems, and neural machine and virtual plant floor 

networks in artificial intelligence-based digital twin industrial metaverse regarding 
citation. 
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Figure 3. VOSviewer mapping of deep generative modeling and virtual machine 

remote monitoring tools, cyber-physical cognitive and synthetic data-based 

autonomous production systems, and neural machine and virtual plant floor 

networks in artificial intelligence-based digital twin industrial metaverse regarding 

bibliographic coupling. 

 

 
Figure 4. VOSviewer mapping of deep generative modeling and virtual machine 

remote monitoring tools, cyber-physical cognitive and synthetic data-based 
autonomous production systems, and neural machine and virtual plant floor 

networks in artificial intelligence-based digital twin industrial metaverse regarding 

co-citation. 
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Table 2 General synopsis of evidence as regards focus topics  

              and descriptive outcomes (research findings). 
 

Digital twin modeling and edge computing tools, cognitive 

robotic process automation, and bio-inspired computation  

and predictive modeling techniques are pivotal in artificial 

intelligence-based digital twin industrial metaverse and 

immersive 3D worlds for connected machines and objects. 

Aldridge  

et al., 2022; 

Magalhães et 

al., 2022; Tlili 

et al., 2023 

Cyber-physical cognitive and synthetic data-based autonomous 

production systems, digital twin modeling and simulation tools, 

and immersive extended reality and big data-driven planning 

technologies shape smart production logistics in artificial 

intelligence-based digital twin industrial metaverse. 

Chang et al., 

2022; Rejeb et 

al., 2023; Xiang 

et al., 2024 

Cyber-physical system-based smart manufacturing in  
immersive virtual spaces require sensory data mining 

techniques, digital twin simulation and virtual machine  

remote monitoring tools, geospatial big data analytics,  

and photorealistic synthetic images and data. 

Atkinson, 2023; 
Mourtzis et al., 

2023; Wang et 

al., 2022 

3D computer vision-based production and virtual modeling 

technologies, Internet of Things-based decision support and 

blockchain-based decentralized metaverse systems, and big  

data processing and geospatial mapping tools configure 3D 

simulation spaces. 

Kshetri, 2023; 

Stevens, 2023; 

Xinyi et al., 

2023 

Extended reality and cognitive modeling technologies, 

geolocation data mining and tracking tools, and big data 

computing and location-aware networked systems assist 

immersive industrial services and cloud computing  
machines in digitally-networked mediated spaces. 

Atkinson, 2023; 

Mourtzis et al., 

2023; Wang et 

al., 2022 

Semantic-based cognitive technologies, 6G-enabled edge 

artificial intelligence and data processing tools, and visual 

perception and predictive maintenance algorithms can be 

deployed in computer graphics-based photorealistic imagery  

in 3D digital environments. 

Chen et al., 

2023; Starly  

et al., 2023;  

Wu et al., 2023 

Image-based visual computing and multi-sensory extended 

reality technologies, machine learning-based production 

planning and multimodal generative artificial intelligence 

systems, and wearable Internet of Things devices enable 

metaverse virtual services. 

Kaarlela et al., 

2023; Stary, 

2023; Tlili et  

al., 2023 

Sensory data mining techniques, artificial intelligence-powered 

prediction and 3D image modeling tools, and mobile location 

analytics shape multi-digital twin cooperation and metaverse 
virtual services in immersive and interactive virtual 

environments. 

Aldridge  

et al., 2022; 

Magalhães et 
al., 2022; Tlili 

et al., 2023 

Mobile robotic manufacturing and brain-inspired cognitive 

systems, edge intelligence and computing blockchains, and 

virtual immersive and dynamic routing technologies enhance 

metaverse digital asset management in augmented reality 

environments. 

Bhattacharya et 

al., 2023; Nagy 

et al., 2022; 

Zaidan et al., 

2023 
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Figure 5 PRISMA flow diagram describing the search results and screening.  

 
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guidelines were used that ensure the literature review is comprehensive, transparent, 

and replicable. The flow diagram, produced by employing a Shiny app, presents  

the stream of evidence-based collected and processed data through the various steps 

of a systematic review, designing the amount of identified, included,  

and removed records, and the justifications for exclusions. 

To ensure compliance with PRISMA guidelines, a citation software was used,  

and at each stage the inclusion or exclusion of articles was tracked by use of custom 
spreadsheet. Justification for the removal of ineligible articles was specified during  

the full-text screening and final selection. 

 

 

 

Records identified through 
Web of Science search 

(n = 123) 

 

Records identified through 
Scopus and ProQuest search 

(n = 175) 

Records after duplicates removed 

(n = 175) 

 

Records screened 
(n = 175) 

 

Full-text articles 

assessed for eligibility 
(n = 134) 

 

Studies included in 
qualitative synthesis 

(n = 20) 

 

Full-text articles 
excluded, with reasons 

(n = 114): 
 

Out of scope (n = 37), 
Insufficient detail (n = 38), 

Limited rigor (n = 39) 

 

Records excluded 
(n = 41) 
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To ensure first-rate standard of evidence, a systematic search 

of relevant databases including peer-reviewed published 

journal articles was conducted using predefined search terms, 

covering a range of research methods and data sources. 

Reference lists of all relevant sources were manually 

reviewed for additional relevant citations. 

 
Titles of papers and abstracts were screened for suitability  

and selected full texts were retrieved to establish whether  

they satisfied the inclusion criteria. All records from each 

database were evaluated by using data extraction forms.  
Data covering research aims, participants, study design,  

and method of each paper were extracted. 

 
The inclusion criteria were: (i) articles included in the Web of 

Science, Scopus, and ProQuest databases, (ii) publication date 

(2022–2023), (iii) written in English, (iv) being an original 

empirical research or review article, and (v) particular search 

terms covered; (i) conference proceedings, (ii) books, and (iii) 

editorial materials were eliminated from the analysis. 

 
Abstrackr (for machine-learning-based abstract organization) 

 
AMSTAR (for methodological quality evaluation) 

 
Colandr (for machine learning-based text-based evidence 

synthesis) 

 
DistillerSR (for artificial intelligence workflow-based data 

tracking) 

 
Eppi-Reviewer (for evidence mapping and synthesis) 

 
METAGEAR package for R (for study data location and 

extraction) 

 
MMAT (for content validity evaluation) 

 
Nested Knowledge (for data screening and extraction) 

 
Rayyan (for title, abstract, and full-text screening and 

selection) 

 
ROBIS (for study eligibility criteria inspection) 

 
SluRp (for data aggregation and mining) 

Figure 6 Screening and quality assessment tools 
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4. Cyber-Physical Cognitive and Synthetic Data-based Autonomous 

    Production Systems in Virtual Plant Floor Networks 
 

Digital twin modeling and edge computing tools, cognitive robotic process 
automation, and bio-inspired computation and predictive modeling techniques 

(Aldridge et al., 2022; Magalhães et al., 2022; Tlili et al., 2023) are pivotal in 

artificial intelligence-based digital twin industrial metaverse and immersive 

3D worlds for connected machines and objects. Graphics processing unit-
based virtual machines, motion capture and 3D immersive virtual reality 

technologies, and visual localization and mapping devices articulate 5G-based 

mobile robot management in photorealistic virtual reality environments. 
Cyber-physical cognitive and synthetic data-based autonomous production 

systems, digital twin modeling and simulation tools, and immersive extended 

reality and big data-driven planning technologies (Chang et al., 2022; Rejeb 
et al., 2023; Xiang et al., 2024) shape smart production logistics in artificial 

intelligence-based digital twin industrial metaverse. Simulation and modeling 

technologies, virtual reality-embedded digital twins, and spatio-temporal 

fusion and semantic 3D mapping algorithms optimize photorealistic synthetic 
imagery in hyper-immersive simulated environments. 

Cyber-physical system-based smart manufacturing in immersive virtual 

spaces (Atkinson, 2023; Mourtzis et al., 2023; Wang et al., 2022) require 
sensory data mining techniques, digital twin simulation and virtual machine 

remote monitoring tools, geospatial big data analytics, and photorealistic  

synthetic images and data. Simulated machines and factories in the industrial 
metaverse develop on deep generative modeling and edge computing tools, 

neural machine and virtual plant floor networks, and digital twin and 

immersive 3D technologies. (Table 3) 
 

Table 3 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Digital twin modeling and edge computing tools, cognitive 

robotic process automation, and bio-inspired computation  

and predictive modeling techniques are pivotal in artificial 

intelligence-based digital twin industrial metaverse and 

immersive 3D worlds for connected machines and objects. 

Aldridge et al., 

2022; 

Magalhães et 

al., 2022; Tlili 

et al., 2023 

Cyber-physical cognitive and synthetic data-based autonomous 

production systems, digital twin modeling and simulation tools, 

and immersive extended reality and big data-driven planning 

technologies shape smart production logistics in artificial 
intelligence-based digital twin industrial metaverse. 

Chang et al., 

2022; Rejeb et 

al., 2023; Xiang 

et al., 2024 

Cyber-physical system-based smart manufacturing in immersive 

virtual spaces require sensory data mining techniques, digital 

twin simulation and virtual machine remote monitoring tools, 

geospatial big data analytics, and photorealistic synthetic images 

and data. 

Atkinson, 2023; 

Mourtzis et al., 

2023; Wang et 

al., 2022 
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5. Cyber-Physical System-based Smart Manufacturing in  

    Simulated 3D Modeling and Extended Reality Environments 
 

3D computer vision-based production and virtual modeling technologies, 
Internet of Things-based decision support and blockchain-based decentralized 

metaverse systems, and big data processing and geospatial mapping tools 

(Kshetri, 2023; Stevens, 2023; Xinyi et al., 2023) configure 3D simulation 

spaces. Machine vision and collaborative intelligence tools, cognitive com- 
puting and immersive holographic imaging technologies, and cyber-physical 

production and multi-sensor fusion systems further metaverse-based industrial 

services in decentralized 3D digital worlds. 
Extended reality and cognitive modeling technologies, geolocation data 

mining and tracking tools, and big data computing and location-aware 

networked systems (Atkinson, 2023; Mourtzis et al., 2023; Wang et al.,  
2022) assist immersive industrial services and cloud computing machines in 

digitally-networked mediated spaces. Cyber-physical system-based smart 

manufacturing in simulated 3D modeling and extended reality environments 

necessitates industrial digital twins, machine vision and 3D virtual scanning 
technologies, and geospatial intelligence and digital twin modeling tools. 

Semantic-based cognitive technologies, 6G-enabled edge artificial intel- 

ligence and data processing tools, and visual perception and predictive main- 
tenance algorithms (Chen et al., 2023; Starly et al., 2023; Wu et al., 2023) 

can be deployed in computer graphics-based photorealistic imagery in 3D 

digital environments. Dynamic routing and tactile sensing technologies,  
ambient sound recognition software, and deep learning-based image process- 

ing and spatial cognition algorithms can be harnessed in industrial data  

semantics in immersive virtual environments. (Table 4) 
 

Table 4 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

3D computer vision-based production and virtual modeling 

technologies, Internet of Things-based decision support and 

blockchain-based decentralized metaverse systems, and big 

data processing and geospatial mapping tools configure 3D 

simulation spaces. 

Kshetri, 2023; 

Stevens, 2023; 

Xinyi et al., 2023 

Extended reality and cognitive modeling technologies, 

geolocation data mining and tracking tools, and big data 

computing and location-aware networked systems assist 

immersive industrial services and cloud computing  
machines in digitally-networked mediated spaces. 

Atkinson, 2023; 

Mourtzis et al., 

2023; Wang et al., 

2022 

Semantic-based cognitive technologies, 6G-enabled edge 

artificial intelligence and data processing tools, and visual 

perception and predictive maintenance algorithms can be 

deployed in computer graphics-based photorealistic imagery  

in 3D digital environments. 

Chen et al., 2023; 

Starly et al., 2023; 

Wu et al., 2023 
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6. Multi-Digital Twin Cooperation and Metaverse Virtual  

    Services in Immersive and Interactive Virtual Environments 
 

Image-based visual computing and multi-sensory extended reality tech- 
nologies, machine learning-based production planning and multimodal 

generative artificial intelligence systems, and wearable Internet of Things 

devices (Kaarlela et al., 2023; Stary, 2023; Tlili et al., 2023) enable meta- 

verse virtual services. Generative artificial intelligence-powered humanoid 
robots, 3D modeling and simulation technologies, and visual data mining 

and deep learning-based ambient sound processing tools optimize immersive 

hyper-connected virtual spaces and interconnected digital realms. 
Sensory data mining techniques, artificial intelligence-powered prediction 

and 3D image modeling tools, and mobile location analytics (Aldridge et al., 

2022; Magalhães et al., 2022; Tlili et al., 2023) shape multi-digital twin 
cooperation and metaverse virtual services in immersive and interactive 

virtual environments. Deep learning-based ambient sound processing and 3D 

virtual reality simulation tools, Industrial Internet of Things, and cyber -

physical production and location-aware networked systems can be leveraged 
in digital twin factories in immersive virtual spaces. 

      Mobile robotic manufacturing and brain-inspired cognitive systems, edge 

intelligence and computing blockchains, and virtual immersive and dynamic 
routing technologies (Bhattacharya et al., 2023; Nagy et al., 2022; Zaidan et 

al., 2023) enhance metaverse digital asset management in augmented reality 

environments. Semantic network representations in hyper-realistic 3D worlds 
integrate deep learning-assisted digital twins, artificial intelligence-powered 

prediction and deep learning-based predictive analytics modeling tools, and 

mobile location analytics. (Table 5) 
 

Table 5 Synopsis of evidence as regards focus topics and descriptive outcomes 

              (research findings) 
 

Image-based visual computing and multi-sensory extended 

reality technologies, machine learning-based production 

planning and multimodal generative artificial intelligence 

systems, and wearable Internet of Things devices enable 

metaverse virtual services. 

Kaarlela et al., 

2023; Stary, 

2023; Tlili et  

al., 2023 

Sensory data mining techniques, artificial intelligence-

powered prediction and 3D image modeling tools,  

and mobile location analytics shape multi-digital twin 

cooperation and metaverse virtual services in immersive  
and interactive virtual environments. 

Aldridge et al., 

2022; Magalhães 

et al., 2022; Tlili 

et al., 2023 

Mobile robotic manufacturing and brain-inspired cognitive 

systems, edge intelligence and computing blockchains, and 

virtual immersive and dynamic routing technologies enhance 

metaverse digital asset management in augmented reality 

environments. 

Bhattacharya et 

al., 2023; Nagy et 

al., 2022; Zaidan 

et al., 2023 
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7. Discussion 
 

We integrate our systematic review throughout research indicating how 

cyber-physical system-based smart manufacturing in simulated 3D modeling 
and extended reality environments necessitates industrial digital twins,  

machine vision and 3D virtual scanning technologies, and geospatial 

intelligence and digital twin modeling tools. Our research complements 
recent analyses clarifying how simulation and modeling technologies, virtual 

reality-embedded digital twins, and spatio-temporal fusion and semantic 3D 

mapping algorithms optimize photorealistic synthetic imagery in hyper-
immersive simulated environments. We elucidate, by cumulative evidence, 

previous research demonstrating how deep learning-based ambient sound 

processing and 3D virtual reality simulation tools, Industrial Internet of  

Things, and cyber-physical production and location-aware networked systems 
can be leveraged in digital twin factories in immersive virtual spaces. 

 
8. Synopsis of the Main Research Outcomes 
 

Dynamic routing and tactile sensing technologies, ambient sound recognition 

software, and deep learning-based image processing and spatial cognition 

algorithms can be harnessed in industrial data semantics in immersive virtual 
environments. Graphics processing unit-based virtual machines, motion cap- 

ture and 3D immersive virtual reality technologies, and visual localization 

and mapping devices articulate 5G-based mobile robot management in 

photorealistic virtual reality environments. 

 
9. Conclusions 
 

Relevant research has investigated whether machine vision and collaborative 
intelligence tools, cognitive computing and immersive holographic imaging 

technologies, and cyber-physical production and multi-sensor fusion systems 

further metaverse-based industrial services in decentralized 3D digital worlds. 
This systematic literature review presents the published peer -reviewed 

sources covering how semantic network representations in hyper-realistic 3D 

worlds integrate deep learning-assisted digital twins, artificial intelligence-

powered prediction and deep learning-based predictive analytics modeling 
tools, and mobile location analytics. The research outcomes drawn from 

the above analyses indicate that simulated machines and factories in the in- 

dustrial metaverse develop on deep generative modeling and edge computing 
tools, neural machine and virtual plant floor networks, and digital twin and 

immersive 3D technologies. 

 
10. Limitations, Implications, and Further Directions of Research 
 

By analyzing only articles published between 2022 and 2023 in journals 

indexed in the Web of Science, Scopus, and ProQuest databases, relevant 
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sources on deep generative modeling and virtual machine remote monitoring 

tools, cyber-physical cognitive and synthetic data-based autonomous produc- 
tion systems, and neural machine and virtual plant floor networks in artificial 

intelligence-based digital twin industrial metaverse may have been excluded. 

Limitations of this research comprise particular kinds of publications (original 
empirical research and review articles) discounting others (conference  

proceedings articles, books, and editorial materials).  

      Subsequent analyses should develop on image-based visual computing 

and multi-sensory extended reality technologies, machine learning-based 
production planning and multimodal generative artificial intelligence systems, 

and wearable Internet of Things devices. Future research should thus inves- 

tigate cyber-physical cognitive and synthetic data-based autonomous produc- 
tion systems, digital twin modeling and simulation tools, and immersive 

extended reality and big data-driven planning technologies.  
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