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Guest Editorial
Special Issue on Industrial Metaverse

for Smart Manufacturing

THE INDUSTRY is undergoing a transformation toward
smart manufacturing, fostering intelligent operations, sus-

tainability, and digitalization. However, the current state of
the process industry falls short of this future vision. Key
areas, such as hybrid modeling, autonomous control, dynamic
scheduling, intelligent decision making, security and safety
control, and predictive maintenance, still require significant
development. Given that the industrial metaverse enables the
virtualization and digitization of industrial processes using
technologies, such as artificial intelligence, blockchain, cloud
computing, and digital twins, it is promising to establish
the industrial metaverse for manufacturing, encompassing the
entire lifecycle based on the industrial Internet and other
modern information technologies.

The aim of this special issue is to provide a collection of
the most recent research advances dedicated to the applica-
tion of the industrial metaverse to the smart manufacturing.
After a rigorous and comprehensive review of the submitted
manuscripts, we selected 14 articles from the special issue,
11 of which are from the May special issue section and
three from the July special issue section. A summary of
these articles is provided as follows, focusing on industrial
status monitoring, decision making, and overall intelligent
management and regulation.

Due to the complexity of industrial manufacturing
processes, accurately monitoring and estimating process status
and detecting faults and anomalies are vital for ensuring
safety, preventing hazards, and reducing the risk of injury or
equipment damage. In [A1], a dynamic model interpretation-
guided online active learning scheme is proposed for safety
assessment. The effectiveness of the method is verified through
experiments based on the Jiaolong deep-sea manned sub-
mersible data. To ensure the effectiveness of image anomaly
detection methods, Xie et al. [A2] proposed a uniform IM
benchmark. This benchmark assesses the performance of
image anomaly detection algorithms across various levels of
supervision, learning paradigms, and efficiency. Ren et al. [A3]
proposed a meta-learning-based strategy to improve domain
adaptation and generalization for few-shot fault diagnosis. The
proposed strategy’s performance is validated using two public
datasets for bearing fault diagnosis. For early measurements
before fault occurrence, Wan et al. [A4] proposed a memory
shapelet learning framework for early classification. This
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framework uses a memory distance matrix, early interpretable
shapelets, and an objective function that considers accuracy
and earliness. Experiments on benchmark and real-world
datasets demonstrate the superior performance of the method
in interpretability, accuracy, earliness, and time complexity.
Furthermore, Yuan et al. [A5] proposed a multiscale attention-
based CNN (MSACNN) to extract spatiotemporal features
from soft sensors and predict quality. The superiority of
the proposed MSACNN over other state-of-the-art methods
is validated through performance evaluations in two real
industrial processes.

With the simulation and digitalization of Metaverse
platforms, smart manufacturing achieves more efficient
optimization, scheduling, decision making, and control.
Hou et al. [A6] proposed a hybrid residual multiexpert
reinforcement learning approach for interactive learning in
the digital industrial metaverse. This approach effectively
addresses the high-density parking scheduling problem and is
robust to varying parking lot sizes and the accuracy of vehicle
exit time estimation. Tan et al. [A7] developed a novel freezing
network with a pyramid spatial channel attention mechanism
for the large-scale data-driven optimization. Utilizing the
“Activate-and-Freeze” block and the Dense-attention mod-
ule, this network significantly outperforms advanced deep
ConvNets methods in large-scale data-driven tasks. Moreover,
metaverse technology also provides a simulated-reality plat-
form to verify the superiority performance of the controller
performance. Qin et al. [A8] proposed a hybrid con-
troller to overcome the control challenges of musculoskeletal
robots. This controller, combining a muscle-synergy-based
radial basis function network as a feedforward controller
and adaptive dynamic programming in the feedback con-
troller, demonstrates satisfactory performance in lifting tasks.
Chen et al. [A9] designed a novel and more challenging
multiple peg-in-hole assembly setup by using the advantage
of the Industrial Metaverse. Evaluation results demonstrate the
effectiveness of the proposed solution, showcasing successful
multiple peg-in-hole assembly and generalization across dif-
ferent object shapes in real-world scenarios. Wang et al. [A10]
developed a revolutionary context-based deep meta reinforce-
ment learning algorithm to achieve active pantograph control.
The proposed algorithm integrates Bayesian optimization with
deep reinforcement learning, enabling swift adaptation to
changing scenarios and minimizing contact force fluctuations.
The results demonstrate the exceptional performance of the
algorithm in achieving effective pantograph control.
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Metaverse plays a significant role in constructing more
visible, intelligent, and efficient production manufacturing
frameworks. It guides the management and regulation of
industrial development, promoting sustainability, high-value
production, and digitalization in the process industry.
Zhang et al. [A11] proposed a multicategory aggregated
monitoring framework to facilitate production performance
monitoring under varying working conditions. This framework
improves visualization and interaction, aiding analysts in
identifying and perceiving abnormal production performance
in heavy-plate production data. To accommodate the complex
manipulations with long-horizon steps and high-precision
requirements, Sun et al. [A12] proposed a learning-based
framework for the acquisition of complex 3C assembly
skills assisted by a multimodal digital-twin environment.
The experiments are conducted to verify the effectiveness
of the proposed framework. For an overarching view on
integrating the Metaverse into smart manufacturing, Ren et al.
[A13] proposed a conceptual model named IMverse Model,
an industrial metaverse architecture involving several key
enabling technologies and novel characteristics of the indus-
trial metaverse for smart manufacturing. Moreover, Ren et al.
also discussed the challenges and open issues of industrial
metaverse and provided the outlook for future research. To
incorporate the impact of social factors, such as environment,
society, and humans to support the future process industry,
Qian et al. [A14] discussed the current status, challenges,
opportunities, and future outlook of the process industry
through a cyber–physical–social system (CPSS) framework.

We hope that these 14 articles in this special issue are
beneficial for promoting the further development and appli-
cation of Industrial Metaverses for Smart Manufacturing.
We would like to thank all the authors who submitted
their work to this special issue, and all the reviewers for
their great efforts in assessing the submissions. Finally,
we also extend our gratitude to the Editor-in-Chief and
the editorial office for their timely guidance and consistent
support.
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