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Process manufacturing is going 
through a critical transformation in 
response to escalating demands for 
efficiency, sustainability, and intelli-
gent innovation. With process man-
ufacturing being characterized by 
complex workflows and high 
resource consumption, the process 
manufacturing industry is under 
mounting pressure to optimize 
resource utilization, enhance intelli-
gent design, reduce carbon emis-
sions, and address emerging 
challenges in quality assurance, 
safety, and information integration. 
Therefore, there is an urgent
tions of artificial intelligence
enables data-driven optimiz
tive analytics throughout the
ing new pathways for value c

need to facilitate innovative applica-
(AI) for process manufacturing. AI 

ation, intelligent design, and predic-
entire production life-cycle, unlock-

reation and sustainable development. 
To accelerate the digital transformation and intelligent upgrad-

ing of process manufacturing, and to fully realize the potential of AI 
in industrial processes, this special issue focuses on the application 
of AI-driven approaches in areas such as data perception and anal-
ysis, fault diagnosis, generative modeling and design, production 
planning optimization, and decision management. With this issue, 
our aim is to support the high-quality, intelligent evolution of pro-
cess manufacturing. 

It is our great honor to present this collection of papers con-
tributed by leading experts from diverse backgrounds to report 
on ideas, theories, technologies, and interdisciplinary progress in 
the field of AI for process manufacturing, with significant support 
from the Chinese Academy of Engineering. We have chosen 16 
papers for publication after a rigorous and thorough peer review 
procedure. A brief summary of these articles is provided below. 

In modern process manufacturing, the perception and analysis 
layer serves as the foundation of data-driven intelligence, respon-
sible for the efficient acquisition and in-depth interpretation of 
multi-source heterogeneous data from production processes. Lev-
eraging AI and advanced data analytics, factories can achieve the 
precise perception and intelligent diagnosis of industrial processes 
characterized by high dimensionality, nonlinearity, and dynamic 
behavior, thereby providing strong support for product quality 
assurance and safety management. In this issue, T. Zhang et al. pro-
vide a comprehensive review of the current state and future direc-
tions of industrial big data visualization. Their article synthesizes 
theoretical advances and practical technologies in data mining, 
information visualization, and human–computer interaction, high-
lighting six key visualization methods and their applications for 
interpreting complex industrial processes. Li and Bao introduce a 
novel dissipativity-based approach that addresses the need to 
extract informative features from process data and enables robust, 
scalable fault detection and diagnosis. 

In the prediction and modeling layer of process manufacturing, 
AI-driven cognitive and inferential capabilities are emerging as key 
drivers of process innovation and system optimization. Generative 
modeling enables the accurate forecasting of critical parameters 
and intelligent simulation of processes, supporting advanced mate-
rial development, improving efficiency, and increasing overall 
competitiveness. In this issue, Ren et al. provide a comprehensive 
overview of foundation models in the process industry, outlining 
their frameworks, core capabilities, and practical applications and 
discussing both the challenges and opportunities presented by 
these models. Ureel et al. utilize active machine learning and 
Bayesian optimization to accelerate and improve kinetic model 
generation in chemical engineering, thus achieving more efficient 
and robust kinetic modeling. Li and Yu propose a multi-scale graph 
neural network for predicting multi-component gas adsorption by 
metal–organic frameworks. Based on the construction of 
multi-scale crystal graphs and employing a multi-head attention 
mechanism, their approach captures periodicity and interatomic 
interactions at different scales, achieving greater prediction accu-
racy and improved interpretability compared with conventional 
models. Meng et al. address the challenge of material quality 
uncertainty in continuous pharmaceutical manufacturing. They 
develop chance-constrained recurrent neural networks that proac-
tively incorporate raw material uncertainty into model training, 
yielding robust and accurate predictions of critical quality attri-
butes, as demonstrated in a case study of a fluidized-bed dryer. 
Y. Zhang et al. introduce a spatiotemporal reduced-order model 
for fast and accurate temperature field prediction in zinc 
fluidized-bed roasters. Their approach leverages data assimilation,
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orthogonal test design, and spatiotemporal modeling to achieve 
high-precision predictions from sparse data, dramatically improv-
ing computational efficiency while maintaining accuracy under 
diverse operating conditions. 

Optimization and intelligent decision-making are the backbone 
of modern process manufacturing, enabling safe, efficient, and flex-
ible system operations. To meet the demands of complex produc-
tion environments and rapidly changing market conditions, 
advanced algorithms are leveraged to promote production design, 
resource coordination, and system optimization throughout the 
entire process life-cycle. Chai and Cheng analyze the evolving role 
of industrial control and optimization technologies, introducing 
the concept of intelligent operational decision-making for complex 
industrial processes. Their work proposes a novel methodology 
that tightly integrates industrial AI with control systems and the 
Industrial Internet, highlighting future research directions and 
technical challenges. Chen et al. develop an integrated approach 
combining density functional theory, deep learning, and active 
learning to enable the high-throughput screening of single-atom 
catalysts for the electroreduction of carbon dioxide (CO2). By lever-
aging a graph neural network and autonomous active learning, 
they rapidly identify promising catalysts for methanol production, 
demonstrating an efficient strategy for catalyst discovery and 
industrial decarbonization. Feng et al. develop the ConFormer net-
work for epitope prediction. Their study provides a candidate pep-
tide vaccine with the potential to trigger antiviral T-cell responses, 
thereby offering the prospect of immune protection against severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants. 
Y. Zhang et al. address the pressing need for greener ethylene man-
ufacturing by developing an AI-based hybrid modeling and multi-
objective optimization framework for the steam thermal cracking 
process. Their results illustrate how strategic adjustments in oper-
ating variables can substantially reduce CO2 emissions while main-
taining profitability, offering valuable insights for industry 
practitioners and policymakers. 

With the rapid evolution of process manufacturing, AI has 
found applications across a wide range of industrial scenarios. 
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The papers in this section collectively offer comprehensive reviews 
and forward-looking perspectives on the deployment, potential, 
and challenges of AI technologies in smart manufacturing. Mann 
et al. present a perspective on the role of AI in advancing process 
manufacturing, discussing how the integration of AI techniques 
with process systems engineering tools can assist in addressing 
chemical product design, process synthesis and design, process 
control, and process safety and hazards. Chen and You review 
recent breakthroughs in AI-driven particle vision analysis and its 
transformative impact on future manufacturing at the microscopic 
scale. Their article provides a detailed overview of how advanced 
AI algorithms have improved image analysis, classification, detec-
tion, and object tracking in particle imaging. X. Wang et al. focus 
on the emerging issues of data security and privacy in AI-enabled 
smart manufacturing. Their article investigates the unique security 
risks posed by cyber–physical integration and large-scale data 
sharing, analyzes the limitations of existing defense methods, 
and proposes practical solutions for privacy-preserving data fusion 
and secure federated learning. Z. Wang et al. discuss data inference 
as a rising data security threat in the AI era, highlighting how 
advanced AI techniques now enable attackers to extract sensitive 
information from heterogeneous and seemingly non-sensitive 
data. Their paper reviews typical data inference attack types and 
challenges to traditional protection frameworks and proposes an 
AI-driven approach for comprehensive data security. Xiong et al. 
explore the opportunities and challenges associated with the appli-
cation of AI to future power systems, particularly in the context of 
renewable energy. 

In summary, this special issue of Engineering presents 16 essen-
tial papers that showcase the latest advances in the application of 
AI within process manufacturing, including chemical, pharmaceu-
tical, energy, and material process manufacturing, as well as indus-
trial systems in general. We hope this special issue will assist 
researchers and practitioners in both academia and industry dee-
pen their understanding of AI for process manufacturing. Finally, 
we sincerely thank all authors, reviewers, editorial staff, and guest 
editors for their great efforts and hard work.
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