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The Internet of Things (IoT) stands as one of the most transformative technologies of
our era, significantly enhancing the living conditions and operational efficiencies across
various domains. By interconnecting a multitude of sensors embedded within devices and
machines, IoT generates vast amounts of data, commonly referred to as Big Data. This
surge in data necessitates the development of advanced tools and techniques capable of
processing, analyzing, and transforming these data into actionable knowledge [1]. The
essence of 10T lies in its ability to capture real-time data from diverse sources, creating a
complex network of information flow [2]. However, the sheer volume and velocity of these
data present considerable challenges in terms of storage, processing, and the extraction of
meaningful insights. To address these challenges, machine learning (ML) has emerged as a
critical component in the IoT ecosystem [3]. Machine learning algorithms are extensively
applied to IoT sensor data to achieve predictions, classifications, data associations, and
conceptualizations. These algorithms enable the extraction of valuable information that can
inform decision-making processes, optimize operations, and enhance user experiences [4].
Parallel to the advancements in IoT and machine learning is the concept of the digital
twin. A digital twin is a sophisticated integration of IoT, artificial intelligence (AI), and
software analytics, creating a virtual replica of physical entities. This digital counterpart can
simulate, predict, and optimize real-world operations, providing unprecedented insights
and control. The synergy between digital twin technology and IoT fosters the creation of
dynamic, data-driven environments that can adapt and respond to changing conditions in
real time [5].

This Special Issue invites original contributions and review papers that explore these
themes, aiming to advance the knowledge and practical implementation of machine learn-
ing for IoT applications and digital twin technologies. The integration of these cutting-edge
technologies promises to drive significant advancements across numerous fields, ultimately
leading to smarter, more efficient, and more responsive systems.

The rapid evolution of technology has brought forth an era where the convergence of
machine learning (ML), Internet of Things (IoT), and digital twins (DTs) is transforming
industries and everyday life. The collection of research presented in this Special Issue
highlights the cutting-edge advancements and innovative applications of these technologies
across various fields, addressing some of the most pressing challenges and opening up new
avenues for exploration and development.

The first paper, “A Machine Learning Approach as a Surrogate for a Finite Element
Analysis: Status of Research and Application to One Dimensional Systems” [6], showcases
the integration of ML algorithms with finite element analysis (FEA) to enhance maintenance
scheduling for mechanical systems. By accurately predicting stress distributions using
real-time data, this approach promises to improve safety and efficiency in maintenance
procedures, illustrating the potential of ML in structural health monitoring.

In “A Smart Biometric Identity Management Framework for Personalized IoT and
Cloud Computing-Based Healthcare Services” [7], the authors present a novel framework
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that leverages multimodal biometric traits and homomorphic encryption (HE) to ensure
secure and reliable authentication in healthcare systems. This framework not only enhances
security but also ensures the privacy of patients’ data, demonstrating the critical role of ML
in advancing personalized healthcare services.

The study “Intelligent Tensioning Method for Prestressed Cables Based on Digital
Twins and Artificial Intelligence” [8] addresses the complexities of cable tensioning in
prestressed steel structures. By integrating DTs and Al the proposed method offers intelli-
gent control and safety evaluation, showcasing the synergy between these technologies in
enhancing structural integrity and safety.

“A Framework for an Indoor Safety Management System Based on Digital Twin” [9]
explores the application of DTs in improving indoor safety management. Utilizing IoT,
building information modeling (BIM), and support vector machines (SVMs), this frame-
work provides a comprehensive solution for monitoring and managing indoor safety,
exemplifying the use of advanced technologies in smart building management.

In “A Generalized Threat Model for Visual Sensor Networks” [10], the authors tackle
the security challenges in visual sensor networks (VSNs). By presenting a threat model and
classifying vulnerabilities, this research work highlights the importance of robust security
measures in ensuring the reliability of VSNs in various smart environments.

The paper “Covert Timing Channel Analysis Either as Cyber Attacks or Confidential
Applications” [11] investigates the behavior of covert timing channels in IoT networks. By
analyzing packet delay thresholds, this study offers insights into detecting and mitigating
security threats, emphasizing the need for advanced security protocols in IoT systems.

“Determining the Optimal Restricted Driving Zone Using Genetic Algorithm in a
Smart City” [12] addresses traffic control in metropolitan areas. Using a genetic algorithm
to optimize restricted traffic zones, this research work aims to balance traffic congestion and
citizen satisfaction, showcasing the potential of ML in urban planning and management.

In “Federated Reinforcement Learning for Training Control Policies on Multiple IoT
Devices” [13], the authors propose a federated reinforcement learning architecture to
enhance the learning process across multiple IoT devices. This collaborative approach
accelerates learning and improves control policies, demonstrating the benefits of federated
learning in IoT applications.

Finally, “Digital Twin Coaching for Physical Activities: A Survey” [14] provides
a comprehensive review of digital twin technology in the context of physical activity
coaching. Highlighting current research, interactivity, and privacy concerns, this survey
sets the stage for future developments in digital coaching, underlining the significance of
DTs in promoting health and wellness.

This collection of papers represents the forefront of research in machine learning, IoT,
and digital twins, showcasing their transformative potential across various domains. As
you delve into these studies, we hope that you find inspiration and insights that drive
further innovation and progress in this exciting and dynamic field.

Conflicts of Interest: The authors declare no conflict of interest.

1. Ahmadi, H.; Arji, G.; Shahmoradi, L.; Safdari, R.; Nilashi, M.; Alizadeh, M. The application of internet of things in healthcare: A
systematic literature review and classification. Univers. Access Inf. Soc. 2019, 18, 837-869. [CrossRef]

2. Villegas-Ch, W.; Garcia-Ortiz, J.; Sdnchez-Viteri, S. Towards Intelligent Monitoring in IoT: AI Applications for Real-Time Analysis
and Prediction. IEEE Access 2024, 12, 40368-40386. [CrossRef]

3. Hussain, F; Hassan, S.A.; Hussain, R.; Hossain, E. Machine learning for resource management in cellular and IoT networks:
Potentials, current solutions, and open challenges. IEEE Commun. Surv. Tutor. 2020, 22, 1251-1275. [CrossRef]

4. Jagannath, J.; Polosky, N.; Jagannath, A.; Restuccia, F.; Melodia, T. Machine learning for wireless communications in the Internet
of Things: A comprehensive survey. Ad Hoc Netw. 2019, 93, 101913. [CrossRef]

5. Kaur, M.J.; Mishra, V.P.; Maheshwari, P. The Convergence of Digital Twin, IoT, and Machine Learning: Transforming Data into
Action. In Digital Twin Technologies and Smart Cities; Springer: Cham, Switzerland, 2020; pp. 3-17.


https://doi.org/10.1007/s10209-018-0618-4
https://doi.org/10.1109/ACCESS.2024.3376707
https://doi.org/10.1109/COMST.2020.2964534
https://doi.org/10.1016/j.adhoc.2019.101913

Sensors 2024, 24, 5062 30f3

10.

11.

12.

13.

14.

Badarinath, P.V.; Chierichetti, M.; Kakhki, F.D. A machine learning approach as a surrogate for a finite element analysis: Status of
research and application to one dimensional systems. Sensors 2021, 21, 1654. [CrossRef] [PubMed]

Farid, F; Elkhodr, M.; Sabrina, F.; Ahamed, F.; Gide, E. A smart biometric identity management framework for personalised IoT
and cloud computing-based healthcare services. Sensors 2021, 21, 552. [CrossRef] [PubMed]

Liu, Z.; Shi, G.; Zhang, A.; Huang, C. Intelligent tensioning method for prestressed cables based on digital twins and artificial
intelligence. Sensors 2020, 20, 7006. [CrossRef] [PubMed]

Liu, Z.; Zhang, A.; Wang, W. A framework for an indoor safety management system based on digital twin. Sensors 2020, 20, 5771.
[CrossRef] [PubMed]

Simonjan, J.; Taurer, S.; Dieber, B. A generalized threat model for visual sensor networks. Sensors 2020, 20, 3629. [CrossRef]
[PubMed]

Al-Eidi, S.; Darwish, O.; Chen, Y. Covert timing channel analysis either as cyber attacks or confidential applications. Sensors 2020,
20, 2417. [CrossRef] [PubMed]

Jan, T.; Azami, P,; Iranmanesh, S.; Sianaki, O.A.; Hajiebrahimi, S. Determining the optimal restricted driving zone using genetic
algorithm in a smart city. Sensors 2020, 20, 2276. [CrossRef] [PubMed]

Lim, H.-K; Kim, ].-B.; Heo, J.-S.; Han, Y.-H. Federated reinforcement learning for training control policies on multiple IoT devices.
Sensors 2020, 20, 1359. [CrossRef] [PubMed]

Diaz, R.G;; Yu, Q.; Ding, Y.; Laamarti, E; El Saddik, A. Digital twin coaching for physical activities: A survey. Sensors 2020,
20, 5936. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/s21051654
https://www.ncbi.nlm.nih.gov/pubmed/33673605
https://doi.org/10.3390/s21020552
https://www.ncbi.nlm.nih.gov/pubmed/33466730
https://doi.org/10.3390/s20247006
https://www.ncbi.nlm.nih.gov/pubmed/33302362
https://doi.org/10.3390/s20205771
https://www.ncbi.nlm.nih.gov/pubmed/33053719
https://doi.org/10.3390/s20133629
https://www.ncbi.nlm.nih.gov/pubmed/32605274
https://doi.org/10.3390/s20082417
https://www.ncbi.nlm.nih.gov/pubmed/32344534
https://doi.org/10.3390/s20082276
https://www.ncbi.nlm.nih.gov/pubmed/32316356
https://doi.org/10.3390/s20051359
https://www.ncbi.nlm.nih.gov/pubmed/32121671
https://doi.org/10.3390/s20205936
https://www.ncbi.nlm.nih.gov/pubmed/33096595

	References

