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This issue features eight articles that explore diverse aspects of digital twin (DT)
research. Several works focus on the foundational frameworks and computational
advancements of DTs: The first article presents a scalable cloud-native platform
for deploying universal DTs, while the second introduces a multifidelity data fusion
(MDF) mechanism for integrating real-time Internet of Things (loT) sensor data
with historical simulation models. Other contributions emphasize industrial and
infrastructure applications: The third article develops a generative modeling
approach for DT-based shop floor management, and the fourth investigates DT-
enabled location-based services for smart buildings. In the realm of sustainability
and energy optimization, the fifth article proposes a cognitive DT for microgrid
energy management, and the sixth applies DT technology to cultural heritage
preservation, specifically for the Great Wall of China. Finally, two articles highlight
emerging trends: The seventh explores human DTs (HDTs) to enhance interactions
within intelligent ecosystems, and the eighth presents the Internet of Twins
framework as a scalable DT platform for diverse industrial applications. Together,
these contributions showcase the evolving capabilities of DTs and their expanding
role in bridging the physical and digital worlds.

Ts have emerged as a transformative tech-
D nology, revolutionizing industries by provid-

ing a dynamic digital counterpart to physical
systems. By leveraging real-time data integration,
simulation, and artificial intelligence, DTs enable
predictive maintenance, system optimization, and
enhanced decision making across sectors, such as
manufacturing, health care, energy, and transpor-
tation. The increasing convergence of loT, cloud
computing, and machine learning has significantly
expanded the capabilities of DTs, allowing for more
sophisticated, scalable, and adaptive implementa-
tions. As organizations strive for greater efficiency
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and resilience, DTs are becoming a key enabler of
next-generation intelligent systems.

Despite their growing adoption, several challeng-
es hinder the full realization of DT potential, including
real-time data processing, interoperability, securi-
ty, and scalability. Addressing these challenges re-
quires innovative frameworks, robust architectures,
and interdisciplinary collaboration. This special
issue explores recent advancements in DT tech-
nology, showcasing state-of-the-art research that
enhances system intelligence, operational efficien-
cy, and human-machine collaboration. The articles
included in this issue provide valuable insights into
the latest computational models, application-driven
implementations, and emerging trends shaping the
evolution of DTs. We hope this special issue inspires
further research and innovation in the field of DTs,
paving the way for smarter, more autonomous, and
highly optimized digital-physical systems.
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The special issue presents eight high-quality articles
that explore the latest advancements in DT technol-
ogy across diverse domains, including industrial ap-
plications, urban planning, energy management, and
human-centered digital ecosystems. Below, we sum-
marize each article’s contributions and impact.

The first article’’ presents UniTwin, a cloud-na-
tive framework for deploying and managing universal
DTs in containerized environments. The framework is
designed to address scalability, modularity, and do-
main-independence challenges through a composite
design pattern and Kubernetes-based orchestration.
The study demonstrates UniTwin's effectivenessin sup-
porting scalable DT management across different ap-
plication domains, paving the way for broader adoption
of DT technology in cloud computing environments.

The second article®? introduces an MDF mechanism
for DTs that integrates real-time loT sensor data with
historical finite element method simulation results. The
authors propose the improved hierarchical regression
for the MDF method, which enhances prediction ac-
curacy by leveraging both high-fidelity and low-fidelity
data sources. Numerical experiments validate the ap-
proach, demonstrating its effectiveness in maintaining
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a low normalized root mean square error and compu-
tational efficiency. The proposed mechanism offers sig-
nificant potential for improving DT applications across
industrial and smart infrastructure domains.

The third article®® presents a novel generative mod-
eling approach for DT-based shop floor management,
leveraging large language models and ontology-based
information models. The proposed framework ex-
tracts domain knowledge dynamically, enabling
real-time construction and semantic enrichment of
DT shop floor models. The study validates the method
through a case study on shop floor resource schedul-
ing, demonstrating improved efficiency in model gen-
eration and industrial applicability.

The fourth article®® investigates the integration of
DTs with loT networks to optimize location-based ser-
vices in smart buildings. The authors propose a novel
framework that enhances loT deployment strategies
through genetic algorithms and a multitier architecture,
improving coverage and extending service availability.
A use case on indoor guidance services demonstrates
the system's potential to enhance operational efficien-
cy and user experience in smart environments.

The fifth article”® presents a cognitive DT for mi-
crogrid optimization developed for a real-world de-
ployment in Singapore. The DT framework includes a
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client for real-time control and a cloud-based server
for computationally intensive energy management al-
gorithms. The system is validated through operational
scenarios, demonstrating significant improvements
in microgrid resilience, efficiency, and cost reduction,
with only a 0.24% difference from the theoretical opti-
mal energy cost.

The sixth article”® explores the use of DT technology
for cultural heritage conservation, focusing on the Be-
ichakou section of the Great Wall in China. The authors
propose the “Beichakou Method,” which integrates re-
al-time monitoring, risk assessment, and conservation
planning through a multitier DT framework. The study
highlights the benefits of DTs in optimizing conserva-
tion efforts while identifying challenges in data acqui-
sition, multiparty coordination, and system scalability.

The seventh”’ article explores the concept of HDTs
and their role in enhancing interactions within digital
ecosystems. The authors propose a multicontext dis-
tributed HDT architecture that integrates human-spe-
cific data with smart systems, addressing challenges
in privacy, interoperability, and real-time adaptation.
The study outlines key application areas, includ-
ing Industry 5.0 and intelligent transportation, and
highlights the potential for HDTs to improve human-
system collaboration.
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The eighth article”® introduces the Internet of
Twins concept, proposing a DT as a platform architec-
ture for scalable and interoperable DT deployments.
By leveraging a knowledge graph-based orchestration
approach, the framework enhances data integration
and system automation. A pilot study in wind ener-
gy management demonstrates the system’s ability to
optimize fault detection, reduce data preprocessing
overhead, and improve operational efficiency.
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