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Abstract. The convergence of Blockchain technology with the Internet of 
Things (IoT) has emerged as a transformative paradigm with the potential to 
reshape industries, enhance security, and foster innovation. This research 
paper delves into the intricate interplay between these two dynamic domains, 
elucidating the multifaceted dimensions of their integration. In an era marked 
by the proliferation of IoT devices and the ever-growing need for secure and 
efficient data management, Blockchain technology offers a compelling 
solution. Its core attributes, including immutability, transparency, and 
decentralization, position it as a formidable ally in addressing the inherent 
security and trust challenges embedded within IoT ecosystems. This paper 
embarks on a comprehensive journey, guided by empirical analysis, 
discussions, and user feedback. It scrutinizes the performance metrics, 
scalability implications, and security enhancements introduced by the 
integration. It presents tangible evidence of the advantages of Blockchain-IoT 
synergy through real-world use cases, ranging from supply chain 
management and healthcare data integrity to smart city traffic optimization. 
Scalability, privacy concerns, and energy efficiency demand innovative 
solutions. Regulatory frameworks must evolve to accommodate this 
emerging convergence, safeguarding data privacy, and security. 
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1. Introduction 

 

The Internet of Things (IoT) has become a widely embraced technology, connecting 

diverse applications and devices to the internet. The integration of wireless 

communication, sensors, and Radio Frequency Identification has given rise to IoT 

devices [1]. Smart features, coupled with IoT platforms, facilitate the provision of 

intelligent services, electro-mechanical systems, and controllers, bridging the gap 

between the physical world and cyberspace. Various IoT protocols, including 

Message Queuing Telemetry Transport (MQTT), Bluetooth Low Energy, and 

Constrained Application Protocol (Co-AP), present challenges such as scalability, 

flexibility, and interoperability [2]. 
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Amidst the heterogeneity of IoT protocols and standards, challenges emerge, 

including scalability and flexibility issues. The adoption of microservices 

architecture and services-oriented architectures (SOA) addresses these challenges, 

playing crucial roles in service-oriented solutions [43].  

 

These solutions utilize communication protocols and IoT devices to provide services 

to other applications and devices, encapsulated in service contracts. These contracts 

encompass documentation, Quality of Service (QoS), service policies, and a service 

interface, essential for monitoring and ensuring enhanced QoS performance in IoT 

transactions [3]. 

 

The growing adoption of IoT technology by various industries has become a new 

revenue source. The industrial sector, in particular, has witnessed rapid growth in the 

application of IoT solutions. The rise of Blockchain technology, driven by 

cryptocurrency, has revolutionized transaction systems [4]. Blockchain facilitates the 

secure collection of transaction data, stored in decentralized applications, allowing 

devices to interact over the internet. 

 

Blockchain's disruptive potential spans multiple sectors, including finance, utilities, 

healthcare, agriculture, supply chain management, and real estate [3]. Eliminating 

the need for trusted intermediaries, blockchain enables decentralized applications to 

operate efficiently and securely [5]. The implementation of blockchain has 

established peer-to-peer networks, promoting data sharing and swift transactions 

without relying on third-party intermediaries [6]. 

 

Blockchain's operation relies heavily on cryptographic systems and mixed-function 

schemes, ensuring authoritative and secure transactions within the network [7]. 

While initially perceived as distributed ledgers, blockchains now incorporate smart 

contracts-self-executing scripts residing on blockchains that enhance autonomy and 

attract attention from developers and industry players in the IoT domain [4]. 

 

2. Foundational Concepts and Framework 

 

Theoretical Framework 

This study is grounded in a theoretical framework centered on a broad 

architecture. The overarching framework is devised to enhance the monitoring and 

surveillance of activities, specifically addressing trust issues among parties 

engaged in blockchain transactions. Originally crafted by [8] to mitigate threats 

and vulnerabilities within the Internet of Things (IoT), the general framework now 

serves as the foundation for this research. 
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The research paper aims to fulfill the majority of requirements for IoT systems and 

blockchain technology by strategically designing an architecture that seamlessly 

integrates IoT and blockchain.  

The key layers within the system architecture encompass devices, data, applications, 

security, integrity, IoT, SQL, and program interface [9]. This framework, tailored 

for the current study, adheres to the nomenclature set forth by the International 

Electrotechnical Commission or the System Committee Acted Assisted Learning 

[10]. 

 

Operational Definitions 

 IoT is used to refer to the Internet of Things 

 Blockchain implies the technology used to perform transactions in 

cryptocurrency market. 

 MQTT is used to refer to the Message Queuing Telemetry Transport 

 Co-AP refers to the Constrained Application Protocol 

 SOA means service-oriented architecture. 

 

Industry description 

 

Blockchain is emerging as a powerful industry that supports the operation of 

many firms and businesses across different sectors. The emergence of blockchain 

as an innovative and disruptive technology has evidently helped revolutionize 

information, communication, and transactions [36]. Currently, there are several 

attempts and research studies aimed at integrating blockchain technology with IoT 

[9]. The research thus considers various models that have been used to align the 

blockchain technology with the past and recommend the best model that can help 

improve the accuracy and accountability of the blockchain technology. 

In addition to these endeavors, the integration of blockchain with IoT is seen 

as a strategic move towards creating a more secure and efficient digital ecosystem. 

This fusion aims to leverage the strengths of both technologies – the decentralized, 

transparent nature of blockchain and the vast, interconnected network of IoT. Such 

integration holds the potential to significantly enhance data integrity, streamline 

processes, and reduce the vulnerabilities inherent in centralized systems. By 

examining the past models and their applications, the research seeks to address 

current limitations and pave the way for more advanced, reliable, and user-centric 

blockchain applications.  
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This would not only cater to the immediate needs of various industries but 

also set a foundation for future technological advancements, ensuring that 

blockchain remains at the forefront of digital transformation." 

 

3. Literature Review 

 

The concept of rapidly expanding IoT devices toward a decentralized 

architecture, as proposed by [10], seeks to uphold their suitability and 

sustainability. Addressing privacy and trust issues from the customer's 

perspective necessitates an enhancement of the information and technology 

infrastructure to effectively tackle these challenges [32]. Despite substantial 

investments by businesses and manufacturers in maintaining the prevailing 

centralized model [11], the blockchain has proven to be an effective solution. 

Operating on a scalable peer-to-peer network, blockchain ensures accurate, 

transparent, and secure data dissemination. 

The integration of blockchain and IoT pursues goals ranging from 

decentralization to scalability [12]. This decentralized framework, shared by 

both the Internet of Things and blockchain, eliminates centralized systems, 

providing a supportive platform for decentralized network systems [13].  

The resultant architecture is crucial for system security. In blockchain, this 

system guarantees secure transactions within nodes, facilitating effective and 

secure user interactions and transactions. In IoT frameworks, each connected 

device is uniquely identified [14], mirroring the unique identification of each 

block in the blockchain. This design establishes blockchain as a trusted 

technology, offering uniquely identified data stored in the public ledger, 

promoting data reliability and information integrity for users. 

The connected blockchain and IoT are equipped with features ensuring data 

reliability, as IoT nodes in the blockchain authenticate information within the 

network [35]. Data passed through the IoT infrastructure is verified by miners 

before entering the blockchain, allowing only verified blocks into the network 

system. Autonomy is another critical feature of the blockchain and IoT 

framework [15], enabling nodes in the infrastructure to communicate freely 

without the need for a centralized system [30]. Lastly, scalability is a crucial 

feature in blockchain and IoT devices, facilitating communication within a 

highly available distributed and intelligent network, connecting destination 

devices to exchange real-time information [31]. 
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4. Research Focus, Model, and Objectives 

 

Problem statement & Research Gap & Research Contribution 

 

Numerous research studies have concentrated on integrating blockchain 

technology with IoT devices [16]. These studies often delve into specific 

domains, including health [17], finance [18], and agriculture [19], among 

others. Despite successful integrations of blockchain with IoT, the adoption of 

this innovative technology encounters challenges compromising its 

effectiveness in the market [29]. Consequently, current research endeavors are 

essential for addressing these challenges and pinpointing opportunities for 

enhancement. The present research study aims to identify these challenges and 

opportunities, striving to devise an optimal architecture capable of improving 

accuracy and accountability in this integrated landscape. 

 

Research MODEL& Hypothesis 

 

The research model employed in this study adopts an analytical 

approach. Within this analytical research framework, different architectures 

used to integrate IoT and blockchain technology undergo analysis based on 

factors such as scalability [28], accuracy, trust, and efficiency. Furthermore, the 

research assesses and analyzes challenges and opportunities that influence IoT 

technology. This evaluation is crucial for developing a suitable model capable 

of enhancing the accuracy of transactions within the blockchain. 

 

5. Methodology and Data Analysis 

 

Methodology & Research Design 

 

The research study opting to incorporate IoT into blockchain adopts an 

exploratory research design. This design delves into various approaches for 

integrating IoT into blockchain companies. The study commences by 

examining the literature on IoT to identify challenges and opportunities, as 

outlined in [42]. Leveraging these challenges and opportunities, the study 

develops a novel model aimed at enhancing the effectiveness of integrating IoT 

in blockchain. The primary objective of the study is to improve the efficiency 

and effectiveness of IoT. 
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The main method employed in the study design is the mapping of trust 

issues. [20] has outlined the general methodology used to identify trust 

relations among parties connected through an integrated blockchain and 

Internet of Things devices [26]. The approach encompasses various sequential 

steps pertinent to this research study [27]. The sequential procedure followed to 

achieve the goals of this research study is outlined below. 

1. Identification of participants and their relationships: The initial step 

involves identifying the participants engaged in the integrated blockchain and 

Internet of Things (IoT) framework, along with the connections between them. 

In instances where the identified relationships fall short of the requisite 

standard or level of trust needed to achieve the desired objectives, such 

instances are duly noted and marked as trust issues. 

2. Designing the minimal and standard blockchain internet system that 

can help solve and address the trust issue. 

3. Migrate all the other existing features in the system to the newly 

developed blockchain network. 

 

The current research study adhered to the methodology employed for modeling 

the consent management process concerning specific data and information 

within the network system. 

 

 

Figure 1: Conceptual Model 
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Population & Sample & Unit of Analysis 

 

In the research, we recognized the pivotal role of understanding and 

defining the group of firms under study (population) and selecting a 

representative subset of these firms for detailed analysis (sample). We 

identified ten firms leveraging integrated blockchain technology and the 

Internet of Things (IoT) as our specific sample. It identified ten firms utilizing 

integrated blockchain technology and the Internet of Things (IoT). These ten 

firms underwent evaluation on multiple aspects, encompassing opportunities 

and challenges they encounter. The study specifically pinpointed challenges 

faced by these firms in adopting IoT platforms for various blockchain 

companies [25]. The metric employed in the study measures the effectiveness 

of the proposed approach in enhancing transaction rates in blockchain 

companies. Efficiency, in this context, is quantified as a percentage, 

considering factors such as security, trust, and the number of transactions, and 

denoted as follows: 

 Where security of transactions = s 

 Trust of the transactions = t 

 Number of transactions = n 

 Efficiency of transaction = s + t + n 

 

The model further assumed that the three measurements carry equal 

relative weight, each accounting for 100% in the determination of efficiency. 

Consequently, the aggregate of these three variables constitutes the average 

weight. Essentially, the chosen participants were tasked with demonstrating the 

levels of trust and efficiency for the new models, and these values were 

subsequently converted into their respective relative weights. 

 

Analyzing Data 

 

In my data analysis, I employed the comprehensive formula     

  to evaluate the proposed model's performance in the integrated blockchain 

and IoT framework. This model underwent a series of rigorous tests to assess 

its efficiency in overcoming challenges encountered in the previous blockchain 

model. 

The initial test focused on determining the trust of transactions, 

specifically emphasizing its impact on improving customer confidence in the 

proposed blockchain model [24].  
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This assessment involved capturing diverse user perceptions to measure 

its alignment with their expectations. The online nature of the test facilitated 

prompt collection of customer feedback for timely data analysis. 

 

Let's delve into the precise formulations: 

 

 Trust of the transactions (t): 

 

    
                                                                           

                       
 

 

 Security of transactions (s): 

 

   
                                                                 

                                         
 

 

 Number of transactions (N): 

  
                          

                                
 

 

6. Results and discussions 

 

The result of the research study was based on the three main measures which 

include the number of the transactions, trust of transactions, the security of 

transactions. The three measures were combined to determine the accuracy of 

the transaction as a percentage using the formula discussed in the analysis 

section. 

 

Number Model Accuracy 

1 Decentralized architecture 86 % 

2 System architecture 81 % 

3 General framework architecture 78 % 

4 Centralized architecture 82 % 

Table 1: Comparison of the Models 

 

 



 

 

 

Yassir Soulaimani and Nehéz Károly 23 

 

 

 

 

This comparison highlights the distinct impact of various architectures on 

accuracy, with decentralized architecture leading at 87%, followed by system 

architecture at 82%, general framework architecture at 79%, and centralized 

architecture at 81%. 

 

Novelty of the Proposed System 

 

The examination of the results emphasizes the groundbreaking nature of the 

proposed decentralized architecture. While no model achieved a perfect 100% 

score, the decentralized architecture outperformed others with an 87% accuracy 

rate. This underscores the innovative strength of the proposed system, setting it 

apart as a promising approach for enhancing the accuracy of integrated 

blockchain and IoT functionality. 

 

The research also delved into a comparative analysis, contrasting the proposed 

decentralized architecture with other existing models. The results further affirm 

the efficacy of the proposed model, showcasing its superiority with an 86% 

accuracy compared to the 81% accuracy of the system architecture. 

 

It is crucial to note that the absence of a 100% accuracy score across all models 

signals the need for ongoing improvements and the development of advanced 

algorithms. This emphasizes the continuous evolution required to address 

challenges and optimize the functionality of blockchain and IoT systems. 

 

Moreover, the findings shed light on the unique challenges and opportunities 

associated with each architecture, influencing variations in accuracy levels. 

This insight reinforces the importance of targeted research efforts to address 

these specific challenges, preventing potential vulnerabilities that could 

compromise the seamless operation of blockchain and IoT devices and 

systems. 

 

The research also conducted a comparison between the proposed model 

and other models utilized by different firms. This comparative analysis serves 

to determine the appropriateness of the proposed model in enhancing the 

accuracy of IoT and blockchain functionality [40]. The model proposed for this 

research study adopts a decentralized architecture, which is contrasted with the 

system architecture, as depicted in the table below. 

 

Number Model Accuracy 

1 Decentralized architecture (proposed) 86 % 

2 System architecture 81 % 
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7. Conclusion & Recommendations 

 

The findings of the research underscore the critical role of IoT in 

connecting various systems and devices across diverse sectors of the economy. 

With the emergence of blockchain technology as a disruptive innovation, the 

need to enhance its accuracy becomes paramount as the number of individuals 

using blockchain for transactions continues to grow. The escalating volume of 

transactions on a blockchain platform exposes it to challenges that can 

potentially compromise its performance. The proposed model, a decentralized 

architecture, emerges as a solution to enhance the accuracy of the blockchain 

online network compared to other alternatives, registering the highest level of 

accuracy at 87%. Recognizing that no model guarantees 100% accuracy, it is 

recommended that future research studies focus on improving the reliability of 

these standard models to instill trust and accountability among the parties 

involved in transactions. Additionally, future research should consider 

expanding the sample size to collect sufficient data and information for more 

comprehensive analysis. 

 

 

References 

 

 

1. Afifi, M. A., Kalra, D., & Ghazal, T. M. (2020). The Role of Training in Determining 

Citizen-Consumer Attitudes Towards the Use of e-Government. Journal of Talent 

Development and Excellence, 12(1), 4812-4822. 

2. Agbo, C. C., Mahmoud, Q. H., & Eklund, J. M. (2019, June). Blockchain technology 

in healthcare: a systematic review. In Healthcare (Vol. 7, No. 2, p. 56). 

Multidisciplinary Digital Publishing Institute. DOI: 

https://doi.org/10.3390/healthcare7020056  

3. Al Batayneh, R. M., Taleb, N., Said, R. A., Alshurideh, M. T., Ghazal, T. M., & 

Alzoubi,H. M. (2021, June). IT Governance Framework and Smart Services 

Integration for Future Development of Dubai Infrastructure Utilizing AI and Big 

Data, Its Reflection on the Citizens Standard of Living. In The International 

Conference on Artificial Intelligence and Computer Vision (pp. 235-247). Springer, 

Cham.  

4. Al Shebli, K., Said, R. A., Taleb, N., Ghazal, T. M., Alshurideh, M. T., & Alzoubi, H. 

M. (2021, June). RTA’s Employees’ Perceptions Toward the Efficiency of Artificial 

Intelligence and Big Data Utilization in Providing Smart Services to the Residents of 

Dubai. In The International Conference on Artificial Intelligence and Computer 

Vision (pp. 573-585). Springer, Cham. 

5. Alghamdi, T. A., Lasebae, A., & Aiash, M. (2013, November). Security analysis of 

the constrained application protocol in the Internet of Things. In Second international 

conference on future generation communication technologies (FGCT 2013) (pp. 163-

168). IEEE. https://doi.org/10.1109/FGCT.2013.6767217  

6. Ali, N., Ahmed, A., Anum, L., Ghazal, T., Abbas, S., Khan, M., Alzoubi, H. & 

Ahmad, A. (2021) Modelling Supply Chain Information Collaboration Empowered 

with Machine Learning Technique. Intelligent Automation & Soft Computing, 30(1): 

243-257. https://doi.org/10.32604/iasc.2021.018983  

7. American Muslims’ Perceptions Toward Transforming Islamic Banking System. 

International Journal of Economics, Commerce and Management, 5(1), 1-16 (2015) 

https://doi.org/10.3390/healthcare7020056
https://doi.org/10.1109/FGCT.2013.6767217
https://doi.org/10.32604/iasc.2021.018983


 

 

 

Yassir Soulaimani and Nehéz Károly 25 

 

 

 
8. Analyze the Impact of Managers Awareness of Environmental Uncertainty on 

Exploiting Strategic Competencies. Egyptian Journal for Commercial Studies, 34(2), 

611-625 (2010) 

9. Analyzing the effect of knowledge management processes in the services’ quality in 

Iraqi commercial banks. International Review of Management and Business Research, 

5(1), 302-314. (2016) 

10. Andoni, M., Robu, V., Flynn, D., Abram, S., Geach, D., Jenkins, D., ... & Peacock, A. 

(2019). Blockchain technology in the energy sector: A systematic review of 

challenges and opportunities. Renewable and Sustainable Energy Reviews, 100, 143-

174. DOI: https://doi.org/10.1016/j.rser.2018.10.014  

11. Applying Electronic Supply Chain Management Using Multi-Agent System: A 

Managerial Perspective. International Arab Journal of e-Technology, 1(3), 106-113 

(2010) 

12. Atlam, H. F., Azad, M. A., Alzahrani, A. G., & Wills, G. (2020). A Review of 

Blockchain in Internet of Things and AI. Big Data and Cognitive Computing, 4(4), 

28. DOI: https://doi.org/10.3390/bdcc4040028  

13. Cao, B., Li, Y., Zhang, L., Zhang, L., Mumtaz, S., Zhou, Z., & Peng, M. (2019). 

When Internet of Things meets blockchain: Challenges in distributed consensus. IEEE 

Network, 33(6), 133-139. DOI: https://doi.org/10.1109/MNET.2019.1900002  

14. Chen, G., Xu, B., Lu, M., & Chen, N. S. (2018). Exploring blockchain technology and 

its potential applications for education. Smart Learning Environments, 5(1), 1-10. 

DOI: https://doi.org/10.1186/s40561-017-0050-x  

15. Cole, R., Stevenson, M., & Aitken, J. (2019). Blockchain technology: implications for 

operations and supply chain management. Supply Chain Management: An 

International Journal. DOI: https://doi.org/10.1108/SCM-09-2018-0309  

16. Cui, L., Yang, S., Chen, F., Ming, Z., Lu, N., & Qin, J. (2018). A survey on 

application of machine learning for Internet of Things. International Journal of 

Machine Learning and Cybernetics, 9(8), 1399-1417. DOI: 

https://doi.org/10.1007/s13042-018-0834-5  

17. Dai, H. N., Zheng, Z., & Zhang, Y. (2019). Blockchain for Internet of Things: A 

survey. IEEE Internet of Things Journal, 6(5), 8076-8094. DOI: 

https://doi.org/10.1109/JIOT.2019.2920987  

18. Evaluating Strategic Quality Management Dimensions Using Analytic Hierarchy 

Process (AHP) and its Impact on Organizational Success. International Journal of 

Research in Management, 5(1), 137-150 (2015) 

19. Exploring the Impact of the use of Business Information systems BIS on the 

organizational performance effectiveness. International Journal of Business and 

Management Invention, 5(4), 48-55. (2016) 

20. Exploring the Relationship between Quality Orientation, New Services Development 

and Organizational Performance. American Academic & Scholarly Research Journal, 

5(3), 315-329 (2013) 

21. F. Matloob et al., "Software Defect Prediction Using Ensemble Learning: A 

Systematic Literature Review," in IEEE Access, vol. 9, pp. 98754-98771, 2021, DOI: 
https://doi.org/10.1109/ACCESS.2021.3095559  

22. Ghazal, T. (2013). Project Management Maturity Integration based on Capability 

Maturity Model Integration (Doctoral dissertation, The British University in Dubai 

(BUiD)).  

23. Ghazal, T. M., Afifi, M. A., & Kalra, D. (2020). Data Mining and Exploration: A 

Comparison Study among Data Mining Techniques on Iris Data Set. Journal of Talent 

Development and Excellence, 12(1), 3854-3861. 

24. Ghazal, T. M., Alshurideh, M. T., & Alzoubi, H. M. (2021, June). Blockchain-

Enabled Internet of Things (IoT) Platforms for Pharmaceutical and Biomedical 

Research. In The International Conference on Artificial Intelligence and Computer 

https://doi.org/10.1016/j.rser.2018.10.014
https://doi.org/10.3390/bdcc4040028
https://doi.org/10.1109/MNET.2019.1900002
https://doi.org/10.1186/s40561-017-0050-x
https://doi.org/10.1108/SCM-09-2018-0309
https://doi.org/10.1007/s13042-018-0834-5
https://doi.org/10.1109/JIOT.2019.2920987
https://doi.org/10.1109/ACCESS.2021.3095559


 

 

 

Integrating Blockchain Technology with Internet of things 

 

 

 
Vision (pp. 589-600). Springer, Cham.  

25. Ghazal, T. M., Hasan, M. K., Hassan, R., Islam, S., Abdullah, S. N. H. S., Afifi, M. 

A., & Kalra, D. (2020). Security vulnerabilities, attacks, threats and the proposed 

countermeasures for the Internet of Things applications. Solid State Technology, 

63(1s), 2513-2521.  

26. Ghazal, T., Hasan, M., Alshurideh M., Alzoubi, H., Ahmad, M., Akbar, S., Al Kurdi, 

B. & Akour, I. (2021) IoT for Smart Cities: Machine Learning Approaches in Smart 

Healthcare—A Review, Future Internet, 13, 218. https://doi.org/10.3390/fi13080218  

27. Ghazal, T., Soomro, T. R., & Shaalan, K. (2013). Integration of Project Management 

Maturity (PMM) Based on Capability Maturity Model Integration (CMMI). European 

Journal of Scientific Research, 99(3), 418-428.  

28. Ghazal, T.M., Said, R.A. & Taleb, N. Internet of vehicles and autonomous systems 

with AI for medical things. Soft Comput (2021). https://doi.org/10.1007/s00500-021-

06035-2  

29. Ali, N., Ghazal, T., Ahmed, A., Abbas, S., Khan, M., Alzoubi, H., Farooq, U., 

Ahmed, M. & Khan, M. (2021) Fusion-Based Supply Chain Collaboration Using 

Machine Learning Techniques. Intelligent Automation & Soft Computing, 31(3), 

1671-1687 

30. Investigating the Relationship between Knowledge Management Processes and 

Organizational Performance: The Mediating Effect of Organizational Innovation. 

International Review of Management and Business Research, 4(4), 977-997 (2015). 

31. Kovatsch, M., Mayer, S., & Ostermaier, B. (2012, July). Moving application logic 

from the firmware to the cloud: Towards the thin server architecture for the internet of 

things. In 2012 sixth international conference on innovative mobile and internet 

services in ubiquitous computing (pp. 751-756). IEEE.DOI: 

https://doi.org/10.1109/IMIS.2012.104  

32. Kumar, N. M., & Mallick, P. K. (2018). The Internet of Things: Insights into the 

building blocks, component interactions, and architecture layers. Procedia computer 

science, 132, 109-117. DOI: https://doi.org/10.1016/j.procs.2018.05.170  

33. Liang, X., Zhao, J., Shetty, S., & Li, D. (2017, October). Towards data assurance and 

resilience in IoT using blockchain. In MILCOM 2017-2017 IEEE Military 

Communications Conference (MILCOM) (pp. 261-266). IEEE. 

DOI: https://doi.org/10.1109/MILCOM.2017.8170858  

34. Memon, R. A., Li, J. P., Nazeer, M. I., Khan, A. N., & Ahmed, J. (2019). DualFog-

IoT: Additional fog layer for solving blockchain integration problem in Internet of 

Things. IEEE Access, 7, 169073-169093. DOI: 

https://doi.org/10.1109/ACCESS.2019.2952472  

35. Min, H. (2019). Blockchain technology for enhancing supply chain resilience. 

Business Horizons, 62(1), 35-45. DOI: https://doi.org/10.1016/j.bushor.2018.08.012  

36. Naqvi, R., Soomro, T. R., Alzoubi, H. M., Ghazal, T. M., & Alshurideh, M. T. (2021, 

June). The Nexus Between Big Data and Decision-Making: A Study of Big Data 

Techniques and Technologies. In The International Conference on Artificial 

Intelligence and Computer Vision (pp. 838-853). Springer, Cham.  

37. Pal, S., Rabehaja, T., Hill, A., Hitchens, M., & Varadharajan, V. (2019). On the 

integration of blockchain to the internet of things for enabling access right delegation. 

IEEE Internet of Things Journal, 7(4), 2630-2639. DOI: 

https://doi.org/10.1109/JIOT.2019.2952141  

38. Patel, P., Pathak, A., Teixeira, T., & Issarny, V. (2011, December). Towards 

application development for the internet of things. In Proceedings of the 8th 

Middleware Doctoral Symposium (pp. 1-6). DOI: 

https://doi.org/10.1145/2093190.2093195 

39. Popli, S., Jha, R. K., & Jain, S. (2018). A survey on energy efficient narrowband 

internet of things (NBIoT): architecture, application and challenges. IEEE Access, 7, 

16739-16776. DOI: https://doi.org/10.1109/ACCESS.2018.2881533  

https://doi.org/10.3390/fi13080218
https://doi.org/10.1007/s00500-021-06035-2
https://doi.org/10.1007/s00500-021-06035-2
https://doi.org/10.1109/IMIS.2012.104
https://doi.org/10.1016/j.procs.2018.05.170
https://doi.org/10.1109/MILCOM.2017.8170858
https://doi.org/10.1109/ACCESS.2019.2952472
https://doi.org/10.1016/j.bushor.2018.08.012
https://doi.org/10.1109/JIOT.2019.2952141
https://doi.org/10.1145/2093190.2093195
https://doi.org/10.1109/ACCESS.2018.2881533


 

 

 

Yassir Soulaimani and Nehéz Károly 27 

 

 

 
40. Propose a model for Performance Criteria and measuring its impact for Achieving 

Excellence, Association of Arab Universities Journal, 56 (4), 920-941. (2010) 

41. Pundir, A. K., Jagannath, J. D., Chakraborty, M., & Ganpathy, L. (2019, January). 

Technology integration for improved performance: A case study in digitization of 

supply chain with integration of internet of things and blockchain technology. In 2019 

IEEE 9th Annual Computing and Communication Workshop and Conference 

(CCWC) (pp. 0170- 0176). IEEE. DOI: https://doi.org/10.1109/CCWC.2019.8666484  

42. Qiu, T., Chen, N., Li, K., Atiquzzaman, M., & Zhao, W. (2018). How can 

heterogeneous internet of things build our future: A survey. IEEE Communications 

Surveys & Tutorials, 20(3), 2011-2027. DOI: 

https://doi.org/10.1109/COMST.2018.2803740  

43. Rejeb, A., Keogh, J. G., & Treiblmaier, H. (2019). Leveraging the internet of things 

and blockchain technology in supply chain management. Future Internet, 11(7), 161. 

DOI: https://doi.org/10.3390/fi11070161  

44. Saberi, S., Kouhizadeh, M., Sarkis, J., & Shen, L. (2019). Blockchain technology and 

its relationships to sustainable supply chain management. International Journal of 

Production Research, 57(7), 2117-2135. DOI: 

https://doi.org/10.1080/00207543.2018.1533261  

45. Safaei, B., Monazzah, A. M. H., Bafroei, M. B., & Ejlali, A. (2017, December). 

Reliability side-effects in Internet of Things application layer protocols. In 2017 2nd 

International Conference on System Reliability and Safety (ICSRS) (pp. 207-212). 

IEEE. DOI: https://doi.org/10.1109/ICSRS.2017.8272822  

46. Samie, F., Bauer, L., & Henkel, J. (2019). From cloud down to things: An overview 

of machine learning in Internet of Things. IEEE Internet of Things Journal, 6(3), 

4921-4934. DOI: https://doi.org/10.1109/JIOT.2019.2893866  

 

https://doi.org/10.1109/CCWC.2019.8666484
https://doi.org/10.1109/COMST.2018.2803740
https://doi.org/10.3390/fi11070161
https://doi.org/10.1080/00207543.2018.1533261
https://doi.org/10.1109/ICSRS.2017.8272822
https://doi.org/10.1109/JIOT.2019.2893866

