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| 1 What is Industrial
Artificial intelligence

B I

1.1 Development History of Industrial Artificial Intelligence

Since the industrial revolution represented by electrification and informatization in
the 20th century, the main way for manufacturing enterprises to improve their
production ability has been through automated production lines. Through sensors
and industrial control equipment, basic data collection and automatic control are
achieved, thereby improving production efficiency and product quality stability.
However, with the continuous upgrading of technology, manufacturing
enterprises are facing both opportunities and challenges, as a result of that the
market environment is changing rapidly. Especially in recent years, with the
application of advanced technologies such as big data, cloud computing, and the
Internet of Things, equipment and systems on production lines can be
interconnected, further achieving higher-level intelligent control and collaborative
operations, thus driving the manufacturing industry into a new stage.

In terms of meeting the need of the rapidly changing industrial scenarios,
enhancing the insight of enterprises, and ultimately achieving the improvement of
production efficiency or product performance, Al technology with the ability of self
perception, self-learning, self execution, self decision-making, and self adjustment
provides new impetus for the manufacturing industry. Industrial artificial
intelligence, abbreviated as industrial Al, is a technology that integrates Al
technology with manufacturing application scenarios to creat innovation in design
patterns, intelligent decision-making in production systems, and optimization of
resource allocation!l. In recent years, Al technology innovation has emerged
continuously, and more manufacturing enterprises are integrating these
technologies into various aspects of industrial scenarios to achieve intelligence
from production to service. In the future, with the further development of Al
technology and the continuous accumulation of data from industrial scenarios, we
can be confident that industrial Al will be increasingly widely used in various
manufacturing fields such as food, electronics, clothing, medical, and cleaning
products, providing huge possibilities and opportunities for enterprises to improve
efficiency and product quality, as well as reduce costs.




1.2 Industrial Artificial Intelligence and New Quality Productivity

Al innovation is becoming the key to technological innovation and application
integration, and major manufacturing powers around the world have made
industrial Al a focus of national policies. The United States has included industrial Al
as a key emerging technology in its national strategy, fully utilizing its advantages
in the field of Al, to empower advanced manufacturing and other fields, and lead
future industrial development. The EU has incorporated industrial Al into its 2030
digital compass strategy, aiming to make 75% of EU enterprises to utilize cloud
computing, big data, and artificial intelligence by 2030. Japan has included
industrial Al in its sixth basic plan for technological innovation. Based on Al
technology, japan has estabilshed a future blueprint for the "5.0 society" in the
intelligent era. South Korea's digital based industrial innovation development
strategy actively promotes the application of Al in various industries to achieve
product design, development, and manufacturing process innovation, as well as
new intelligent products, and noval services™?.

In terms of intelligent manufacturing, China has a sound industrial chain, huge
scale and different types of application scenarios, so it has a wide range of needs
and natural advantages in the development of industrial artificial intelligence. In
2002, the 16th National Congress of the CPC first proposed the concept of "new
industrialization”, which has been an important guiding strategy for the
development of China's manufacturing industry for more than 20 years. The
essential characteristics of new industrialization are knowledge-based,
information-based, globalized, and ecological. It adheres to the guidance of
technological revolution, promotes the transformation and upgrading of
traditional industries, and cultivates strategic emerging industries. In September
2023, President Xi Jinping proposed "new quality productivity" for the first time
during a pilot study in Heilongjiang Province. Facing the development
opportunities and challenges brought by the new technological revolution and
industrial transformation, the new quality productivity further clarifies the
development focus and direction of new industrialization. In March 2024, the new
quality productivity was included in the government work report of the China's
Two Sessions, aim to actively cultivate strategic emerging industries and future
industries such as new energy, new materials, advanced manufacturing, and
electronic information.




Early from 2018, the Chinese central government has explicitly supported Hong
Kong as an international innovation and technology center. In the "Hong Kong
Innovation and Technology Development Blueprint"®! released in 2022, the Hong
Kong Special Administrative Region government identified four major directions
for the development of innovation and technology: optimizing the innovation and
technology ecosystem to promot Hong Kong's "new industrialization"; expanding
the pool of innovative talents to enhance development potential; promoting the
development of the digital economy to build a smart Hong Kong; actively
participating in the national development agenda to become a vital bridge
connecting the mainland and the world. In the process of promoting technology
innovation industries, Hong Kong is actively attracting enterprises and talents
while also focusing on promoting "reindustrialization”. Specific measures include
establishing advanced manufacturing centers and utilizing innovative technology
to promote the upgrading and transformation of the manufacturing industry. Plans
are also in place to increase the number of intelligent production lines in Hong
Kong. Collaboration with the Hong Kong Productivity Council is being
strengthened to assist companies in achieving intelligent manufacturing.

1.3 Definition of Industrial Artificial Intelligence

The difference between industrial Al and traditional Al is that the former is a more
rigorous system science. The industrial Al focuses on developing, validating, and
deploying machine learning algorithms for various industrial scenarios, aiming to
achieve persistent, reliable, and secure operations. According to Professor Jie Li
from the University of Cincinnati in the United States, the technical elements of
industrial Al include data technology (DT), analytical technology (AT), platform
technology (PT), operation technology (OT), and human-machine technology (HT).
These elements together form a framework centered around analytical techniques,
known as Cyber Physical System (CPS), which processes information generated by
big data collected from industrial scenarios, combines expert knowledge as a
standard for analysis and judgment, assists manufacturers in making decisions, and
finally uses validation tools to modify the model to ensure its reliability and
timeliness.




1.3.1 Elements of Industrial Artificial Intelligence Technology

1.3.1.1 Data technology

The raw data collected in industrial scenarios generally suffers from fragmentation,
low quality, and noise. Data technology belongs to the connection layer in the
architecture of cyber-physical systems, with the goal of solving the preprocessing
problem after obtaining raw data. Through data technology, the system can collect
data from different sources in a unified manner and achieve automatic extraction
of valuable information to improve the standardization of modeling data. When
preprocessing data, it is necessary to solve the problem of data synchronization.

1.3.1.2 Analytical technology

Analysis technology plays a crucial role in industrial Al systems, which combines
intelligent algorithms, expert knowledge, and data to train deployable models. In
the architecture of cyber-physical systems, analysis technology belongs to the
conversion layer and can be divided into edge analysis and cloud analysis based on
the specific deployment location of the models. Edge analysis is close to the
industrial site, allowing for better real-time performance. However, due to the
limited data processing speed and storage capacity at the edge, it is difficult to
achieve centralized model training and operation when dealing with complex
models or large parameters. For cloud analysis, it is necessary to establish a unified
analysis management system and comprehensively consider multi-source data
fusion analysis from different domains and systems. Additionally, intelligent
algorithms for industrial applications need to fully consider the characteristics of
small sample data during modeling and analysis. Methods such as semi-supervised
learning, self-adjusting learning, or transfer learning, which are suitable for such
scenarios, should be employed.

1.3.1.3 Platform technology

Platform technology mainly includes edge platforms, cloud platforms, and
interaction network between platforms. In the architecture of cyber-physical
systems, platform technology supports the functions of connection layer,
conversion layer and cyber layer. For edge platforms, platform technology can
improve data collection and processing capabilities through underlying hardware
innovation or upgrades, as well as achieve collaborative operations among \*
different platforms. For cloud platforms, platform technologg builds a basic software
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and hardware system for model lifecycle management, enabling uncertainty
management in industrial application scenarios and continuous optimization of Al
algorithms. In addition, with the deep interconnection between edge platforms
and between edge and cloud platforms, network security issues are also receiving
increasing attention.

1.3.1.4 Operation technology

Operation technology research focuses on effectively applying the predictive
results of models to management decisions, thereby achieving a transformation of
production and operation modes from traditional experience-driven to
data-driven approaches. The process optimization of operational technology is
completed in the cognition layer of the cyber-physical system architecture.

1.3.1.5 Human-machine technology

The application of industrial Al has brought about a transformation in the way
people interact with manufacturing systems. With the significant increase in the
amount of data processed by factories in the future, a new approach to
human-machine interaction will assist producers in efficiently and intuitively
accessing the most valuable information and thus enable industrial Al technology
to better integrate into production and empower manufacturing. In recent years,
intelligent interaction technology has been widely applied in industrial scenarios,
such as speech recognition systems, motion capture, virtual reality/augmented
reality (VR/AR), digital twin technology, etc. Human-machine technology is located
at the configuration layer in the cyber-physical systems architecture.

1.3.2 Architecture of Industrial Artificial Intelligence System

As discussed in the previous section, the technological elements of industrial Al are
integrated together through the architecture of cyber-physical systems (CPS) and
perform their functions respectively at different levels. The concept of CPS
architecture was first proposed by Professor Li Jie in the book "CPS: The New
Generation of Industrial Al" ¥ and it is abbreviated as the 5C architecture. The 5C
represents the Connection layer, Conversion layer, Cyber layer, Recognition layer,
and Configuration layer. The 5C architecture of information physics systems is the
core framework that integrates the 5T elements of industrial Al, and it is also the
functional framework for industrial Al to achieve its closed-loop control.
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1.3.2.1 Connection layer

As a supportive system deployed on the bottom level, the connection layer is
mainly composed of sensor networks and data acquisition systems. According to
the application scenario requirements and analysis objectives, the perception layer
can selectively collect important data. In the intelligent perception layer, it is
necessary to determine the collection method and management strategy based on
data type and distribution. The collected data should undergo necessary filtering
and preprocessing to ensure data quality and integrity, providing data support for
upper-layer applications.

1.3.2.2 Conversion layer

The conversion layer improves the interpretability of data by performing tasks such
as feature extraction, filtering, classification, and prioritization, ultimately
transforming low-value density information into high-value density information.
Various methods for data processing are employed in the analytics layer, such as
using convolutional neural networks (CNN) to extract features from collected
images and using pattern recognition to classify vibration signals.

1.3.2.3 Cyber layer

The cyber layer integrates multi-source information in industrial scenarios by
building network circuits and creates a simulation environment in the cyberspace
that can guide real scenarios, enabling the organic integration of production
factors including human, machine, material, method, and environment.
Additionally the functions such as data synchronization, information association,
and change recording should be implemented in the connectivity layer.

1.3.2.4 Recognition layer

The cognition layer combines prior knowledge to dynamically connect and
evaluate multi-source data based on the needs of industrial scenarios. It
continuously iterates to optimize the understanding of physical system operation
rules, as well as the analysis, prediction, and connections between production
factors. This gradual process establishes and improves proactive cognitive
capabilities. In complex industrial application scenarios, it is essential to comprehensively




evaluate various uncertainties to ensure that the prediction results of the model
can be effectively applied in management decision-making.

1.3.2.5 Configuration layer

To effectively utilize the analysis results of the model to assist operational
decision-making and synchronize them with the execution system, it is necessary
to ensure the timeliness of information and the coordination between systems. The
key to empowering manufacturing with industrial Al technology lies in its ability to
organically integrate powerful data processing capabilities with industrial
manufacturing scenarios, thereby breaking through the limitations of traditional
production systems in terms of time and space. Correspondingly, the
transformation of the interaction between the information world and the physical
world helps us quickly identify the most valuable elements, leading to an efficient
closed-loop optimization process and achieving continuous improvement.

1.3.3 Differences between Industrial Al and General Al

General Artificial Intelligence, as a cognitive discipline, has developed rapidly in
recent years and has been widely applied in various fields, such as machine
learning, pattern recognition, natural language processing, computer vision,
robotics etc. However, due to the lack of rigorous mathematical model support, the
results obtained by general artificial intelligence algorithms are mostly regarded as
probabilistic events and often perceived as a lack of rigor. The core requirements in
industrial scenarios revolve around stability, standardization, accuracy, and
repeatability, as well as close integration with mechanical equipment, processes,
and production flows. Therefore, before artificial intelligence can be fully
integrated into industrial systems, it is necessary to first address issues such as
repeatability, reliability, and security. Industrial artificial intelligence is a system
science that focuses on developing, validating, and deploying algorithms for
industrial scenarios to achieve sustainable, secure, and reliable operation of
systems in application environments. Industrial artificial intelligence has been
widely applied in industrial manufacturing related fields such as equipment
maintenance, visual inspection, quality tracking, production scheduling, material
turnover, and energy efficiency optimization.
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