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Abstract Manuscript Information 

 

The rapid advancement in digital technologies has led to the convergence of Artificial 

Intelligence, the Internet of Things, Blockchain, and Digital Twin to create next-generation 

smart systems. These technologies, individually powerful, collectively redefine operational 

efficiency, trust, security, and intelligence across sectors such as healthcare, manufacturing, 

smart cities, and logistics. This research explores the integrative potential of these four 

technologies to develop systems that are autonomous, predictive, secure, and adaptive. By 

analyzing existing literature, a conceptual framework is proposed that showcases the 

synergistic architecture where IoT captures real-time data, AI processes it for predictive 

analytics, Blockchain secures the transactions and data trails, and Digital Twins simulate real-

world scenarios for optimization. The study identifies key research questions focusing on 

integration architecture, implementation challenges, and transformative impact in various 

sectors. Furthermore, the discussion unpacks the roles of each technology and their 

interconnected dynamics, emphasizing that while independent adoption exists, their 

convergence unlocks unprecedented value for Industry 4.0 and Society 5.0. Challenges such as 

interoperability, scalability, latency, and data privacy are highlighted, with a call for cross-

domain collaboration and innovation-driven policy frameworks. This paper contributes to the 

evolving discourse by offering a structured understanding of multi-technology integration and 

its implications for building resilient, sustainable, and intelligent infrastructures for the future. 
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INTRODUCTION 

The global surge toward digital transformation has propelled the 

convergence of emerging technologies such as Artificial 

Intelligence, the Internet of Things, Blockchain, and Digital 

Twin to create next-generation smart systems. These systems 

are envisioned to revolutionize industrial, urban, healthcare, and 

transportation domains by fostering real-time intelligence, trust, 

resilience, and sustainability. Each of these technologies offers 

unique capabilities, and their synergistic integration paves the 

way for smart environments that are autonomous, interoperable, 

secure, and adaptive. Artificial Intelligence is the cornerstone of 

smart decision-making systems. It enables machines to mimic 

human intelligence through learning algorithms, natural 

language processing, and predictive analytics (Russell & 

Norvig, 2021). In smart environments, AI helps derive 

actionable insights from massive and complex datasets 

generated by sensors, user behavior, and external systems. The 

Internet of Things refers to a network of interconnected devices 

embedded with sensors, software, and connectivity, enabling 

them to collect and exchange data (Ashton, 2009). IoT serves as 

the sensory mechanism for smart systems, facilitating real-time 

monitoring and control across domains such as smart cities, 

industrial automation, smart healthcare, and agriculture. 

Blockchain, initially known for enabling cryptocurrencies, has 

now emerged as a decentralized, secure, and transparent ledger 

system. Its ability to provide immutable records and trustless 

transactions can significantly enhance data integrity and trust in 

multi-stakeholder ecosystems (Nakamoto, 2008). When 

integrated with IoT and AI, blockchain ensures that data 

collected and processed is secure, traceable, and tamper-proof, 

addressing critical concerns around cybersecurity and privacy.  

 

 

 

Digital Twin technology represents a virtual model of physical 

assets, processes, or systems that can simulate, predict, and 

optimize real-world performance. When combined with AI, IoT, 

and blockchain, Digital Twins become dynamic digital replicas 

that not only mirror the physical world but can proactively 

manage assets using real-time data and analytics (Tao et al., 

2019). The integration of these technologies enables a holistic 

smart system architecture, characterized by automation, 

decentralization, predictive capabilities, and trust. For instance, 

in smart manufacturing, IoT devices collect machine data, AI 

algorithms analyze performance trends, Blockchain secures 

operational logs, and Digital Twins simulate future production 

outcomes. In smart healthcare, patient vitals are monitored by 

IoT wearables, AI diagnoses conditions, blockchain secures 

medical records, and Digital Twins offer real-time anatomical 

simulations. This integrated framework contributes to building 

resilient, intelligent, and adaptive systems that are aligned with 

Industry 4.0 and Society 5.0 visions. While each technology 

independently provides functional value, their combined 

implementation unlocks the full potential of autonomous, data-

driven ecosystems. Despite the promise, there are challenges in 

integration such as interoperability, scalability, latency, cost, 

and regulatory compliance—which must be addressed for 

widespread adoption. Current research has focused largely on 

siloed implementations of these technologies. However, real-

world systems demand cross-functional collaboration, 

interoperability, and mutual reinforcement of capabilities. 

Therefore, understanding how these technologies converge and 

complement each other is crucial to designing robust 

architectures for smart applications. 

 

LITERATURE REVIEW 

 

Authors (Year) • Summary  • Findings 

Habib Sadri  
(2023)  

• In this paper, a review of the recent studies to shed light on the 

foremost among those enabling technologies and their scope, 
challenges, and integration potential is presented, and an abstract 

descriptive model is presented to provide a better understanding of how 

the technologies can become integrated into a unified system for 
smartening the built environment. 

• Integration of blockchain and digital twins enhances 

data management. 

• Research on technology fusion is in its infancy. 

Suji Priya J, et al. 

(2023) 

• Revolutionizing industries through IoT, Blockchain and AI integration 
enables decentralized, secure, and intelligent systems for various 

applications, improving efficiency, security, and automation. 

• Integration of IoT, Blockchain, and AI 
revolutionizes industries. 

• Enables secure, efficient, and intelligent systems 

across applications. 

Nitin Rane et al. 

(2024)  

• This research integrates IoT, blockchain, and AI to transform industries 

with boosted productivity, information assurance, and data-driven 

decision-making, leveraging AI, ML, and DL for predictive insights, 

process optimization, and automation, ensuring secure and immutable 
data exchange. 

• Integration enhances productivity, security, and 

decision-making in industries. 

• Technologies redefine intelligent industries and 

support the fourth industrial revolution. 

V. Hemamalini et 

al. (2023)  

• The integration of AI, blockchain, and IoT in cloud applications can 

enhance security, privacy, and data management. The proposed 

architecture provides a secure and reliable platform for data exchange 

and analysis, enabling the development of smart applications. 

• Integration enhances security, privacy, and data 

management in cloud environments. 

• Proposed architecture supports applications in 

healthcare, logistics, and smart cities. 

B. Malarvizhi 

& S. Anusuya 
(2024)  

• This study investigates the integration of Blockchain, Artificial 

Intelligence, and IoT technologies to enhance smart city applications, 

promoting sustainability, resource allocation, and citizen experiences 

through automation, predictive analytics, and data-driven decision-

• Integration of Blockchain, AI, and IoT enhances 

smart city development. 

• AI improves safety, efficiency, and citizen 

experiences in urban environments. 
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making. 

Amit Kumar 
Tyagi & Richa 

(2023)  

• Smart manufacturing utilizes IoT, AI, and digital twin technology to 

optimize production processes and improve overall efficiency. 

• Smart manufacturing optimizes production 

processes using IoT, AI, and digital twin. 

• Technologies increase efficiency, reduce costs, and 

improve product quality. 

Maninder Jeet 

Kaur et al. (2020)  

• The architecture, applications, and challenges in the implementation of 

digital twin with IoT capabilities, and some of the major research areas 

like big data and cloud, data fusion, and security in digital twins have 
been explored. 

• Explored architecture, applications, and challenges 

of digital twins with IoT. 

• Investigated big data, cloud, data fusion, and 

security in digital twins. 

Sourav Banerjee 
et al. (2023)  

• It is argued that DT and blockchain technologies have the potential to 

transform transportation systems into more efficient, sustainable, and 
equitable systems that can meet the needs of present and future 

generations. 

• DT and blockchain can enhance transportation 

system efficiency and security. 

• Integration addresses challenge and promotes 

sustainable transportation solutions. 

Philipp Sandner 

et al. (2020)  

• It is argued that these technologies will converge and will allow for 

new business models that autonomously make decisions as independent 

economic agents leveraging AI and data analytics and will drive the 

development of such autonomous business models and, with it, the 

digital transformation of industrial corporations. 

• Convergence enables new autonomous business 

models and digital transformation. 

• Promising for data management and business 

process automation. 

Mayra Samaniego 

& Ralph Deters 

(2023) 

• The research presented in this paper enables multitenant access and 

customization of data streaming views and abstracts the complexity of 
data access management. 

• Integrates digital twins and blockchain for IoT data 

access management. 

• Enhances security, privacy, and multitenant access 

for IoT resources. 

Ilhem Ben Hnaien 

et al. (2024)  

• A literature review exploring the intersection of Digital Twins, AI, and 

IoT, focusing on their applications in Industry 4.0 and Cyber-Physical 
Systems. 

• Digital Twins integrate with AI for IoT applications. 

• Challenges in Cyber-Physical Systems and 

modeling approaches discussed. 

Bidah Alkhaldi & 

Mustafa Hammad 

(2021)  

• In this article, the authors analyzed the issues and limitations of 

integrating blockchain and AI in an IoT architecture, by looking at 
different iterations and implementations to arrive at a clear picture of 

existing trends involving research limitations and challenges. 

• Integration of IoT, blockchain, and AI shows 

positive trends. 

• Challenges include complexity, compatibility, and 

efficiency issues. 

Saraswatibhatla 
Abhigna 

& Saraswatibhatla 

Manogna (2024)  

• This research presents an IoT-based smart wearable safety device 

integrating AI and blockchain to enhance personal security for 

vulnerable populations, achieving 96.8% accuracy and 94.3% 

sensitivity through sentiment analysis and machine learning-based 

pattern recognition. 

• 96.8% accuracy in threat detection achieved. 

• Scalable, energy-efficient, and cost-effective safety 

solution. 

Prodipta Promit 

Mukherjee et al. 

(2024)  

• In this article, the authors proposed a futuristic Digital Twin integrated 

IoT, and Blockchain-based sophisticated eHealth system solution by 
which the automation of medical operational processes ensures 

satisfactory service to all parties. 

• Integration of Blockchain and Digital Twin 

enhances healthcare services. 

• Automation improves efficiency and cost savings in 

medical processes. 

Usman Ahmad 

Usmani et al. 

(2024)  

• This research integrates AI, IoT, and CPS to enhance decision-making 

in smart environments, addressing challenges through edge computing 
and secure protocols, and demonstrating AI's potential for resource 

optimization, predictive maintenance, and energy efficiency. 

• AI enhances resource allocation and predictive 

maintenance. 

• Solutions improve system performance and security 
in IoT and CPS. 

Dajun Zhang & 

Wei Shi (2024) 

• This study proposes a blockchain-based edge intelligence system 

integrating AI large models for IoT, enabling distributed, non-
tamperable knowledge recording, and automatic code generation for 

training new models in a privacy-preserving manner, achieving high-
performance AI models at minimal cost. 

• Blockchain and AI models enhance IoT edge 

intelligence. 

• System efficiently generates high-performance AI 
models on edge servers. 

Ezz El-Din 
Hemdan et al. 

(2023)  

• In this article, the authors present a survey on the innovative theme of 

digital twins with the integration of blockchain for various applications 
and provide challenges and future research directions on this subject, 

including issues related to data privacy, scalability, and 
interoperability. 

• Integrating digital twins with IoT-based blockchain 

for enhanced security. 

• Proposed concept and architecture for real-time 
monitoring and control. 

D. Vinodha et al. 

(2025) 

• This chapter explores blockchain-based digital twin frameworks for 

predictive maintenance, integrating machine learning, artificial 
intelligence, and IoT to enhance security, openness, and reliability, 

enabling effective prediction of major maintenance activities and cost 

minimization in the automobile industry. 

• Blockchain enhances security and reliability of 

Digital Twins. 

• Predictive maintenance improves machine 
governance and reduces costs. 

Raja Karmakar 

(2023)  

• In this paper, the authors present a discussion on the IoT, blockchain, 

and AI, along with the descriptions of several research works that apply 
blockchain and AI in the IoT. They also discuss different open 

challenges to exploit the full capacities of blockchain and artificial 

intelligence in designing an IoT-based model. 

• Integration of blockchain and AI enhances IoT 

security and performance. 

• Identified strengths, limitations, and open challenges 
in existing research. 
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Research Questions: 

RQ1: How can AI, IoT, Blockchain, and Digital Twin 

technologies be effectively integrated to design next-

generation smart systems?  

This question addresses the core integration challenge by 

identifying the architectural, functional, and operational 

requirements for combining these technologies into a unified 

smart system. It explores the interplay between sensing, 

intelligence, trust, and simulation. 

 

RQ2: What are the key technical and operational challenges 

in implementing integrated smart systems using AI, IoT, 

Blockchain, and Digital Twin? 

While integration offers great promise, it presents challenges 

related to data latency, security, scalability, interoperability, and 

cost. This question seeks to unpack these challenges and explore 

mitigation strategies. 

 

RQ3: In which real-world sectors (e.g., smart cities, 

healthcare, manufacturing) does the integration of these 

technologies demonstrate the most transformative impact, 

and how? 

This question investigates practical use cases and assesses the 

socio-economic and operational value delivered through 

integration, thus grounding the theoretical model in real-world 

evidence. 

 

Conceptual Framework: 

 

Figure 1: Conceptual Framework 

 

The conceptual framework titled IoT Ecosystem Architecture 

illustrates the integrative model of smart systems that synergize 

IoT, AI, and Blockchain to deliver predictive, autonomous, and 

optimized operations. At the core of the diagram lies the IoT 

Ecosystem Architecture, acting as a hub where multiple 

components converge to enable intelligent and secure 

functionalities. On the left side of the framework, three key 

physical entities Sensors, Machines, and Devices represent the 

foundational elements of the IoT layer. These components are 

responsible for real-time data collection from the physical 

environment. This data includes temperature, motion, energy 

usage, system performance, and more. The data generated is 

then fed into the ecosystem, where it becomes the lifeblood for 

higher-level functions. On the top right, Blockchain 

technologies are shown to integrate into the architecture through 

Encryption, Immutable Records, and Smart Contracts. These 

features provide the ecosystem with a layer of trust, security, 

and decentralization. By ensuring that data collected by IoT 

devices remains tamper-proof and verifiable, blockchain builds 

a reliable foundation for multi-stakeholder ecosystems, where 

transparency and data integrity are paramount. The bottom left 

section highlights AI-enhanced components, including AI-

Enhanced Models, Feedback Loop, and Optimization. These 

elements suggest that artificial intelligence is used to process the 

data gathered from IoT devices, enabling predictive analytics, 

behavioral learning, and operational efficiency. The feedback 

loop further implies that the system is not only reactive but also 

adaptive, constantly refining its models to achieve higher 

accuracy and optimization. Lastly, the bottom right side of the 

framework presents the Outcome Capabilities of the integrated 

system: Predictive Insights, Anomaly Detection, and 

Autonomous Decision-Making. These functions underline the 

objective of this architecture—to shift from manual and reactive 

management to proactive, self-regulating smart systems. 

Predictive insights help foresee potential issues before they 

occur, anomaly detection ensures early warning of faults, and 

autonomous decision-making allows for independent action 

without human intervention. In summary, this conceptual 

framework encapsulates a forward-thinking model of how IoT, 

AI, and Blockchain can coalesce to build resilient, intelligent 

https://creativecommons.org/licenses/by/4.0/
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systems capable of driving next-generation smart operations. It 

is not only functional but also scalable and applicable across 

sectors like manufacturing, healthcare, logistics, and smart 

cities. 

 

DISCUSSION 

Artificial Intelligence 

Artificial Intelligence refers to the simulation of human 

intelligence by machines, particularly computer systems, that 

are capable of learning, reasoning, and self-correction. In the 

context of next-generation smart systems, AI plays a pivotal role 

in enabling real-time decision-making, predictive analytics, and 

autonomous control. By processing and analyzing vast amounts 

of data generated from IoT devices, AI identifies patterns, 

detects anomalies, and recommends or executes optimized 

actions without human intervention. For example, in smart 

cities, AI algorithms optimize traffic flow by analyzing real-

time vehicular data; in smart manufacturing, AI helps in 

predictive maintenance by identifying machinery failures before 

they occur. Machine learning, a subset of AI, continuously 

improves system performance by learning from past outcomes. 

Natural language processing (NLP) and computer vision further 

enhance human-machine interaction and situational awareness. 

AI transforms static systems into intelligent, adaptive 

environments capable of self-management. It minimizes human 

error, enhances operational efficiency, and supports 

sustainability by optimizing resource use. AI’s integration with 

IoT, blockchain, and digital twins creates a feedback loop that 

keeps smart systems agile and responsive to dynamic 

environments. 

 

Internet of Things 

The Internet of Things is a network of physical objects 

embedded with sensors, software, and connectivity, enabling 

them to collect and exchange data over the internet. In next-

generation smart systems, IoT acts as the sensory nervous 

system monitoring real-world conditions and feeding real-time 

data into digital ecosystems. These “things” can range from 

industrial machines and smart meters to wearable health 

monitors and connected vehicles. In smart agriculture, for 

instance, IoT devices measure soil moisture and weather 

conditions to automate irrigation. In healthcare, IoT wearables 

monitor patient vitals and alert healthcare providers in 

emergencies. The true value of IoT lies in its ability to provide 

granular, continuous visibility into environments, assets, and 

behaviors. This data, when combined with AI, forms the 

foundation for intelligent automation. IoT also enables remote 

control and monitoring, enhancing operational agility and 

reducing downtime. When secured by blockchain and enhanced 

through digital twins, IoT becomes more than just a data 

provider it evolves into a key enabler of responsive, reliable, 

and scalable smart systems. 

 

Blockchain 

Blockchain is a decentralized, distributed ledger technology that 

records transactions in an immutable and secure manner. Each 

data entry is cryptographically linked to the previous one, 

making tampering virtually impossible. In next-generation smart 

systems, blockchain ensures data integrity, transparency, and 

trust across interconnected devices and stakeholders. Smart 

systems often involve multiple parties’ governments, 

businesses, devices, and users sharing data and executing 

transactions. Blockchain provides a trustless environment, 

eliminating the need for central authorities. Smart contracts, a 

blockchain feature, enable automated, self-executing 

agreements based on predefined conditions. For example, in 

supply chain systems, blockchain ensures traceability of goods 

and automates payments upon delivery verification. When 

paired with IoT, blockchain secures sensor data, preventing 

spoofing and unauthorized access. It offers a verifiable audit 

trail, which is critical in healthcare (e.g., electronic health 

records), energy (e.g., peer-to-peer energy trading), and public 

infrastructure. Moreover, integrating AI with blockchain ensures 

that intelligent decisions are based on reliable, authenticated 

data, creating robust, autonomous smart systems. 

 

Digital Twin 

A Digital Twin is a dynamic, real-time virtual replica of a 

physical object, process, or system. Powered by IoT data and 

enhanced through AI, Digital Twins allow users to visualize, 

simulate, and optimize physical environments in digital form. In 

next-generation smart systems, Digital Twins bridge the 

physical and digital worlds, enabling predictive maintenance, 

what-if analysis, and real-time optimization. For example, in 

smart factories, digital twins model equipment performance, 

enabling virtual testing before implementing changes on the 

shop floor. In urban planning, they simulate traffic flow or 

energy usage to optimize city layouts. By continuously syncing 

with live IoT data, digital twins provide situational awareness 

and enable decision-makers to proactively manage complex 

systems. When integrated with AI, digital twins can predict 

failures, adjust operations, and recommend improvements. 

When secured with blockchain, all interactions with the digital 

twin can be recorded transparently. This fusion leads to smart 

environments that are not only reactive but also proactive and 

self-optimizing hallmarks of next-generation systems. 
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Figure 2: Comparison of Technologies in Smart Systems 

 

CONCLUSION 

The integration of Artificial Intelligence, Internet of Things, 

Blockchain, and Digital Twin technologies marks a significant 

leap in the evolution of digital systems and infrastructure. As 

emerging technologies continue to redefine the parameters of 

automation and intelligence, their combined application opens 

up immense possibilities for creating transformative smart 

environments across various domains. Through this paper, we 

have highlighted the unique and complementary roles of each 

of these technologies. IoT serves as the sensory layer, 

continuously collecting data from a variety of physical 

environments. AI brings in cognitive capabilities, enabling 

systems to learn, predict, and optimize actions based on real-

time and historical data. Blockchain introduces a critical layer 

of trust and security, ensuring that all data transactions are 

transparent, immutable, and verifiable. Meanwhile, Digital 

Twin bridges the physical and digital worlds by replicating 

real-world systems in virtual models, allowing predictive 

simulations, diagnostics, and strategic decision-making. Our 

conceptual framework demonstrates how these technologies 

can be orchestrated into a cohesive architecture to deliver smart 

systems that are not just automated but also intelligent, 

adaptive, and self-regulating. Whether it is in manufacturing, 

urban planning, healthcare, or logistics, such integrated systems 

are capable of anticipating needs, detecting anomalies, 

optimizing resources, and making autonomous decisions all in 

real time. However, the path to integration is not without 

challenges. Issues such as interoperability between 

heterogeneous systems, data standardization, network latency, 

cost constraints, cybersecurity threats, and regulatory 

compliance must be thoroughly addressed. Additionally, the 

lack of skilled professionals capable of operating across 

multiple technological domains can slow down adoption and 

scalability. Despite these obstacles, the opportunities outweigh 

the challenges. As organizations and governments increasingly 

prioritize digital transformation, the integrated model presented 

in this study offers a foundational blueprint for designing and 

deploying smart systems that are robust, secure, and 

sustainable. To fully leverage this potential, future research 

must focus on developing unified protocols, collaborative 

frameworks, and policy support that foster innovation while 

safeguarding ethical and societal values. The convergence of 

AI, IoT, Blockchain, and Digital Twin technologies represents 

a paradigm shift toward intelligent infrastructure. It is a step 

forward not only in technological advancement but also in 

shaping a more responsive, resilient, and data-driven society 

aligned with the aspirations of Industry 4.0 and beyond. 

 

REFERENCES 

1. Abhigna S, Manogna S. A Smart IoT-Based Safety System 

for Vulnerable Populations: An Innovative Approach Using 

AI and Blockchain. Int J Sci Res Eng Manag. 

2024;08(12):1–6. doi:10.55041/IJSREM39708 

2. Alkhaldi B, Hammad M. Exploring Blockchain-enabled 

Intelligent IoT Architecture. In: 2021 Int Conf Innovation 

and Intelligence for Informatics, Computing, and 

Technologies (3ICT). 2021. p. 477–82. 

doi:10.1109/3ICT53449.2021.9581499 

https://creativecommons.org/licenses/by/4.0/


Int. Jr. of Contemp. Res. in Multi. PEER-REVIEWED JOURNAL Volume 4 Issue 4 [Jul- Aug] Year 2025 
 

61 
© 2025 Manisha, Barnali Chakraborty, Sonal Goel, Neha Sharma, Tushar Dhiman. This is an open-access article distributed under the terms of the Creative 

Commons Attribution 4.0 International License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/ 

 

3. Banerjee S, Das D, Chatterjee P, Ghosh U. Blockchain-

enabled Digital Twin Technology for Next-Generation 

Transportation Systems. In: 2023 IEEE 26th Int Symp 

Real-Time Distributed Computing (ISORC). 2023. p. 224–

9. doi:10.1109/ISORC58943.2023.00040 

4. Bothra P, Karmakar R, Bhattacharya S, De S. How can 

applications of blockchain and artificial intelligence 

improve performance of Internet of Things? – A survey. 

Comput Netw. 2023; 224:109634. doi: 

10.1016/j.comnet.2023.109634 

5. Bouakkaz F. Blockchain, IoT and AI: The Bets are Open! 

In: 2023 Int Conf Networking and Advanced Systems 

(ICNAS). 2023. p. 1. 

doi:10.1109/ICNAS59892.2023.10330522 

6. Hemamalini V, Mishra AK, Tyagi AK, Kakulapati V. 

Artificial Intelligence–Blockchain‐Enabled–Internet of 

Things‐Based Cloud Applications for Next‐Generation 

Society. In: Tyagi AK, editor. Automated Secure 

Computing for Next‐Generation Systems. 1st ed. Wiley; 

2024. p. 65–82. doi:10.1002/9781394213948.ch4 

7. Hemdan EE-D, El-Shafai W, Sayed A. Integrating Digital 

Twins with IoT-Based Blockchain: Concept, Architecture, 

Challenges, and Future Scope. Wirel Pers Commun. 

2023;131(3):2193–216. doi:10.1007/s11277-023-10538-6 

8. Hnaien IB, Gascard E, Simeu-Abazi Z, Dhouibi H. A 

Literature Review of Digital Twins and Their Applications 

in the Internet of Things Based on Artificial Intelligence. 

In: 2024 Int Conf Control, Automation and Diagnosis 

(ICCAD). 2024. p. 1–6. 

doi:10.1109/ICCAD60883.2024.10553718 

9. J SP, S A, L UR, A TF, S M, S M. Revolutionizing 

Industries Through IoT, Blockchain and AI Integration. In: 

2023 3rd Int Conf Pervasive Computing and Social 

Networking (ICPCSN). 2023. p. 972–7. 

doi:10.1109/ICPCSN58827.2023.00166 

10. Kaur MJ, Mishra VP, Maheshwari P. The Convergence of 

Digital Twin, IoT, and Machine Learning: Transforming 

Data into Action. In: Farsi M, Daneshkhah A, Hosseinian-

Far A, Jahankhani H, editors. Digital Twin Technologies 

and Smart Cities. Springer; 2020. p. 3–17. doi:10.1007/978-

3-030-18732-3_1 

11. Malarvizhi B, Anusuya S. Integrating Blockchain, the 

Internet of Things, and Artificial Intelligence Technologies 

in Developing Smart Cities. In: Sharma S, Thirumalaisamy 

M, Balusamy B, Chilamkurti N, editors. Artif Intell IoT 

Cyber Secur Smart Cities. 1st ed. Chapman and Hall/CRC; 

2024. p. 166–90. doi:10.1201/9781003459835-10 

12. Mukherjee PP, Afroj M, Hossain S, Biswas M. Towards a 

Digital Twin Integrated DLT and IoT-Based Automated 

Healthcare Ecosystem. In: Santosh K, Goyal A, Aouada D, 

Makkar A, Chiang Y-Y, Singh SK, editors. Recent Trends 

in Image Processing and Pattern Recognition. Springer; 

2023. p. 311–23. doi:10.1007/978-3-031-23599-3_23 

13. Rane NL, Kaya Ö, Rane J. Integrating internet of things, 

blockchain, and artificial intelligence techniques for 

intelligent industry solutions. In: Rane NL, Kaya Ö, Rane J, 

editors. Artif Intell Mach Learn Deep Learn Sustain Ind 

5.0. Deep Science Publishing; 2024. doi:10.70593/978-81-

981271-8-1_6 

14. Sadri H, Yitmen I, Tagliabue LC, Westphal F, Tezel A, 

Taheri A, et al. Integration of Blockchain and Digital Twins 

in the Smart Built Environment Adopting Disruptive 

Technologies—A Systematic Review. Sustainability. 

2023;15(4):3713. doi:10.3390/su15043713 

15. Samaniego M, Deters R. Digital Twins and Blockchain for 

IoT Management. In: Proc 5th ACM Int Symp Blockchain 

and Secure Critical Infrastructure. 2023. p. 64–74. 

doi:10.1145/3594556.3594611 

16. Sandner P, Gross J, Richter R. Convergence of Blockchain, 

IoT, and AI. Front Blockchain. 2020; 3:522600. 

doi:10.3389/fbloc.2020.522600 

17. Tyagi AK, Richa R. Smart Manufacturing Using Internet of 

Things, Artificial Intelligence, and Digital Twin 

Technology. In: Habib MK, editor. Adv Comput Intell 

Robot. IGI Global; 2023. p. 184–205. doi:10.4018/978-1-

6684-7791-5.ch008 

18. Usmani UA, Sulaiman S, Watada J. Intelligent Integration 

of IoT and Cyber-Physical Systems: Empowering the Next 

Generation of AI-Enabled Smart Environments. In: 2024 

8th Int Conf Comput Commun Control Autom 

(ICCUBEA). 2024. p. 1–9. 

doi:10.1109/ICCUBEA61740.2024.10774798 

19. Vinodha D, Anita EAM, Thirunavukkarasu P, Geetha P. 

Blockchain-Based Digital Twin for Predictive Maintenance 

of Machines Using Machine Learning. In: Prasanth A, 

Sharma V, Dhanaraj RK, Raj P, editors. Blockchain-Based 

Digital Twins. 1st ed. Apple Academic Press; 2025. p. 249–

77. doi:10.1201/9781003569046-10 

20. Zhang D, Shi W. Blockchain-based Edge Intelligence 

Enabled by AI Large Models for Future Internet of Things. 

In: 2024 IEEE 12th Int Conf Information, Communication 

and Networks (ICICN). 2024. p. 368–74. 

doi:10.1109/ICICN62625.2024.10761527 

 

 

 

 

 

Creative Commons (CC) License 

This article is an open-access article distributed under the terms and 
conditions of the Creative Commons Attribution (CC BY 4.0) license. This 

license permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author and source are credited. 

About the Corresponding Author 

 

Tushar Dhiman is currently pursuing a Ph.D. from the 

Faculty of Management Studies at Gurukula Kangri 

(Deemed to be University), Haridwar. He holds a B.Com., 
M.Com., and a B.Ed. degree. His academic interests 

include Financial Accounting, Economics, Business 

Studies, E-Commerce, and Supply Chain Management. 
He has actively participated in over 50 national and 

international workshops and has presented research papers 

at more than 15 national and 10 international conferences. 
His doctoral research focuses on supply chain dynamics 

related to DPI and MMC. 

https://creativecommons.org/licenses/by/4.0/

