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Abstract 

With the accelerating process of global industrialization, the automated fabrication 
industry, as an important part of the industry, is also developing rapidly. Due to the low 
efficiency and high resource consumption of traditional manufacturing, it is more 
important to improve the production efficiency of conventional manufacturing 
and realize the resource-saving development mode. Due to the characteristics of sys-
tem digital-driven technology, it can promote the intelligent development of the man-
ufacturing industry. Therefore, the deep integration of system digital-driven technology 
and manufacturing is conducive to the intelligent promotion of manufacturing. Com-
paring the difference between the traditional manufacturing industry and the intelli-
gent manufacturing industry, the application potential of system digitalization tech-
nology in the manufacturing field is analyzed. Based on the analysis of the theoretical 
basis of the system digital-driven technology and the application of the system digital 
technology in the main fields, the importance of the technology for the improve-
ment of the accuracy index in the manufacturing process is emphatically analyzed. 
The maximum increase can be 5.3%, and the minimum increase can be 3.3%. It can be 
seen that the deep integration of digital-driven technology and manufacturing can 
not only improve the intelligent level of manufacturing, realize the intensive develop-
ment of the industry, but also realize the data sharing of the entire industrial chain.
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Introduction
Economic development is often built on the basis of the manufacturing industry. Now 
some traditional manufacturing enterprises still use relatively backward manufactur-
ing and management technologies in the actual production management process. The 
relative lag of traditional manufacturing technology not only cannot help enterprises 
improve their product quality and production efficiency but also causes waste of vari-
ous resources to a certain extent, and does not conform to the concept of sustainable 
development [1, 2]. In the context of rapid economic development, the transformation, 
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upgrading, and high-quality development of the manufacturing industry must be based 
on digital means. Driving the rapid development of the manufacturing industry with 
big data and artificial intelligence technology has become the mainstream trend. Build-
ing a digitally driven intelligent manufacturing industry and promoting the information 
construction of the industry can ensure the intelligent improvement of the manufactur-
ing industry and make continuous contributions to future development. Therefore, it is 
extremely necessary to adopt intelligent manufacturing technology in the manufacturing 
industry to change the current development status and characteristics. The application 
of digital-driven technology to promote the continuous development of the manufactur-
ing industry has also become an inevitable requirement for the sustainable development 
of global industrialization.

Since the beginning of the twenty-first century, the global industrialization process has 
been accelerating, and all countries are facing the stage of continuous industrialization 
[3]. Digital artificial intelligence technology has become an accelerator for countries’ 
industrialization strategies and plays a vital role. Digital artificial intelligence technol-
ogy has been widely used in many disciplines and achieved fruitful results [4, 5]. The 
introduction of this technology has played a positive role in the development of various 
disciplines and has been deeply integrated with our daily lives. In the process of con-
tinuous advancement of globalization and industrialization, manufacturing is the core 
development field, and digitalization and intelligence are the core technologies [6, 7]. 
From the perspective of productivity, the application of digital technology and intelligent 
manufacturing technology in the manufacturing industry can effectively solve the prob-
lem of reducing labor resources while also effectively improving the production quality 
and efficiency of the manufacturing industry [8–10]. At the same time, digitalization and 
intelligent manufacturing require high-precision technical talents, which can also opti-
mize the talent structure and continue to promote economic development [11].

At present, in the management process of the traditional manufacturing industry, on 
the one hand, a large amount of data has been accumulated due to the simple process of 
intelligence transformation and upgrading; on the other hand, the data standards are not 
unified, the data acquisition is difficult, and the data quality is poor [12, 13]. The data in 
the management process of the traditional manufacturing industry is mostly static and 
decentralized, which is cumbersome to rely on manual processing, and lacks the linkage 
mechanism between the overall processes. Therefore, the overall planning management 
is extremely difficult. In the management process, there are problems such as unclear 
business boundaries between the upper and lower levels, and unsmooth information 
flow, which are easy to create information islands [14]. The above phenomena easily lead 
to the failure to maximize the overall value of the enterprise and the failure to further 
improve the quality and efficiency.

Automated fabrication is a branch of the manufacturing industry, and it also faces 
the need to further deepen digital-driven technology. The development of the manu-
facturing industry is constantly improving, and the application of digitalization and 
intelligence in this field is becoming more and more extensive. The development of 
the manufacturing industry needs to combine modern scientific production technol-
ogy, with the help of digital intelligence technology, to continuously drive the manu-
facturing industry towards the direction of “intelligent manufacturing.” The technical 
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means adopted by the manufacturing industry directly affect the quality of products 
[15]. The use of system digital-driven technology not only meets the needs of the 
times but also meets the needs of the market. Therefore, intelligent manufacturing 
based on system digital-driven technology can effectively promote the healthy devel-
opment of the whole manufacturing industry based on improving the core competi-
tiveness of enterprises.

To accelerate the development of intelligent manufacturing, China has published 
the intelligent manufacturing standard architecture, which lacks the support of infor-
mation modeling and standards. To remedy this defect, China launched a special plan 
for intelligent manufacturing, focusing on digital information models and connectiv-
ity. Taking China’s intelligent manufacturing system as an example, Fig. 1 shows the 
system architecture of China’s intelligent manufacturing [16, 17].

In the manufacturing area, more and more enterprises take system digital-driven tech-
nology as an effective tool to improve intelligent manufacturing, gradually increase the 
investment in intelligent manufacturing, provide a financial guarantee for the applica-
tion research of system digital-driven technology in manufacturing, further promote the 
deep integration of this technology and manufacturing, and accelerate the development 
of industrialization. In addition, the application of system digital-driven technology also 
promotes the overall management level of the manufacturing industry and the continu-
ous improvement of business quality of practitioners to a certain extent, enhances the 
automation and intelligence level of mechanical equipment, provides a new concept 
and direction for enterprises, and improves the quality of intelligent manufacturing of 
machinery. Through the continuous improvement and application of system digital-
driven technology and the comprehensive application of large data and neural net-
work technology, the level of intelligent manufacturing will be significantly improved. 
Through the comprehensive and deep integration of traditional manufacturing and 
intelligent technology, the distance between us and the era of intelligent manufactur-
ing will become smaller and smaller and the more benefits we will get from the era of 
artificial intelligence. Figure 2 shows the number of intelligent robots in major developed 
countries and developing countries respectively [18].

Fig. 1  Architecture diagram of China’s intelligent manufacturing system
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It is obvious that the number of intelligent robots in developed countries is signif-
icantly higher than that in developing countries, but the growth rate in developing 
countries is relatively high. This also shows that developing countries need to further 
improve their current level of intelligence, shorten the gap with developed countries, 
and promote the comprehensive improvement of artificial intelligence applications.

Based on the above analysis, it is more important to give full play to the advantages 
of digital-driven technology in the manufacturing industry [19]. In the process of 
transformation of the digital-driven manufacturing industry, enterprises should make 
use of large-scale upgrading and transformation of systems and equipment to achieve 
the data-based full process management of core businesses such as design and fault 
detection in the manufacturing process and further expand the application scope of 
digital intelligent technology.

Fig. 2  Number of intelligent robots in countries with different economic development levels. a The 
developed countries. b The developing countries
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Methods
Basic theory of system digital‑driven technology

The basic connotation of system digitalization

In the development process of artificial intelligence, early system digitalization is 
regarded as the basic application of information interaction, big data, and computer 
technology [20]. The main feature of this process is to convert complex data information 
into unified symbols or information by computer. The system digitalization is a digital 
signal based on digital technology, which is processed and analyzed by an artificial intel-
ligence machine. With the gradual deepening of the application of big data and artificial 
intelligence technology, the scope of system digitalization technology has been gradually 
expanded, and its definition has gradually formed a diversified description [21, 22].

The common research classifications mainly include macro, meso, and micro levels 
to understand the connotation of digital technology. Based on the macro-level analy-
sis, system digitalization is a series of activities carried out on the Internet platform 
driven by big data or artificial intelligence technology, which can promote the renewal 
and transformation of the social and economic environment and provide an important 
basis for macro-level analysis and decision-making. From the medium level, system digi-
talization refers to a big data resource library formed by integrating various elements 
of enterprises in the industry, such as human resources, material resources, technical 
resources, and management level, thus providing a shared digital platform for the sus-
tainable development of the industry. From the perspective of current development, 
system digitalization is not only limited to traditional computer, artificial intelligence, 
and other digital industries but also includes new industries integrated with traditional 
industries driven by system digital technology. As a traditional basic industry, automated 
fabrication has become the most direct industry of system digital-driven technology.

The system digital-driven technology divides the elements in the source data system 
into different data sources for classification and analysis, collects the data source changes 
of different elements in production activities, centralizes them into a database, and col-
lates and analyzes the data of each element and related factors among them. Through 
the analysis of the above big data, the relevant results will be stored on the big data plat-
form of the system. The data in the platform will feedback and control the front-end 
production factors, ultimately realizing the optimal use of various resources, realizing 
intelligent control of activities, improving the intelligent level of the system, and thus 
promoting the continuous updating and iteration of production technology. Figure 3 is 
the schematic diagram of the system digital-driven technology process, giving the basic 
process of data collection, analysis, and feedback of the system digital-driven technology.

Main application fields of system digital‑driven technology

As an intelligent and efficient tool, system digital-driven technology has been widely 
used in various fields of national economic activities. From the industrial level, it can 
be divided into the basic ability layer, the cognitive layer, and the field application ena-
bling layer [23]. The basic layer is mainly composed of three basic elements of digital-
driven technology, namely computing power, algorithm, and data. The technology layer 
is mainly based on the classification of digital technology research directions, mainly 
divided into perceptual technology and cognitive technology. The application layer 
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mainly refers to the implementation of intelligent scenarios [24]. Figure  4 shows the 
application distribution of system digital-driven technology in some main fields. In addi-
tion, this technology is also widely used in other fields.

The application layer of the system of digital-driven technology mainly involves medi-
cal and health, finance, transportation, urban intelligence, government affairs, education, 
agriculture, environmental protection, and other fields. More than 10% of Chinese enter-
prises combine artificial intelligence technology with their main businesses, promoting 
the improvement of the industry status and the continuous optimization of business ben-
efits [25]. The application of system digital-driven technology in different fields not only 
improves the rapid development of related fields but also provides a technical basis for the 
standardized and intensive development of the industry. The rapid development of vari-
ous fields has also accelerated the further promotion of system digital-driven technology, 
which forms a mutually reinforcing situation and provides sufficient development impetus 
for economic construction and industrial development.

Fig. 3  Schematic diagram of system digital-driven technology process

Fig. 4  Application level and field of system digital-driven technology
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In the medical field, the application of system digital-driven technology mainly refers 
to the use of artificial intelligence, neural networks, big data, and other technologies to 
upgrade the medical process to a new modern medical method. In this way, the patient can 
complete the diagnosis of the disease with the simplest medical process. In a broad sense, 
using the system digital medical system can realize the resource sharing of medical instru-
ments and high-level experts, which transcends the distance limit in bit physical space. The 
hospital with a perfect health information database will be authoritative. At the same time, 
the establishment of the hospital health information system has greatly improved the sys-
tematization of diagnosis, treatment, education, and scientific research, making the hospi-
tal continuously improve its diagnosis and treatment level and competitiveness.

Under the background of system digital-driven technology, the digital transformation 
and development of finance are closely related to high-quality economic development. 
We should optimize the economic industrial structure, give full play to innovation advan-
tages, increase the application of system digital-driven technology, strengthen information 
sharing among economic industries, jointly promote the digital transformation and devel-
opment of the financial economy, and lay a solid foundation for higher quality economic 
development.

The intelligent transportation of digital driving technology is based on the channel net-
work, energy network, digital transmission control network, and intelligent vehicle of phys-
ical space, and the traffic control network and transportation service network of system 
digital-driven technology are the core to form a travel service network and freight transpor-
tation service network with deep integration and high coordination of all links.

The application of digital-driven technology is an important technical basis in the pro-
cess of intelligent city construction. With digital technology as the support and the digital 
industry as the leading project in urban development, a series of big data resource data-
bases centered on digital services are formed. In the process of digital city management, 
it is necessary to improve and innovate the infrastructure and various functions in urban 
management through remote sensing mapping, computer network technology, biological 
simulation technology, and other corresponding technical measures.

Intelligent manufacturing is the inevitable choice for the future development of manu-
facturing enterprises, and intelligent manufacturing is the core of the industrial revolution 
in the new era. To better keep up with the pace of the times, manufacturing enterprises 
need to realize the digital management mode based on artificial intelligence in the manu-
facturing industry. It can be seen that to achieve a healthy and stable development of the 
manufacturing industry in the future, it is necessary to move towards the direction of intel-
ligence. From traditional manufacturing to modern manufacturing driven by digital tech-
nology, many problems and difficulties will be encountered.

Development and present situation of intelligent manufacturing

Development of intelligent manufacturing

The manufacturing industry has a long history of development. Compared with other 
emerging enterprises, the theory and experience accumulated in the process of devel-
opment are more abundant. Today, with the increasingly deep integration of artificial 
intelligence technology and daily life, science and technology are constantly developing 
and improving, and people’s living standards are rapidly improving. Therefore, people 
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have higher and higher requirements for all aspects of personalization. The management 
mode of the automated fabrication industry is still the traditional management mode 
commonly used by the current manufacturing enterprises. Under the background of 
continuous updating and development of system digital-driven technology, the com-
petition among enterprises is more intense, while the intelligent construction of most 
manufacturing enterprises is still relatively backward. Therefore, we should pay enough 
attention to the construction of digitalization and informatization in manufacturing 
enterprises.

The system’s digital-driven technology is an efficient means to improve the manage-
ment mode of the manufacturing industry. The experience of information technology 
in developing countries is relatively short. Compared with developed countries, there 
are still some problems with professional technology. From the actual situation of the 
large- and medium-sized automated fabrication industry, most enterprises have started 
the digital management mode. However, it is still in the early stage of relatively slow 
development and cannot systematically apply this digital intelligent management mode. 
In addition, in most developing countries, the teaching of related majors is also undergo-
ing reform, and the education sector has also increased its emphasis on the combined 
development of manufacturing and digital technology. However, due to the insufficient 
recognition of the relevant departments on the digital management of the manufactur-
ing industry, the degree of emphasis still needs to be improved. It is necessary to further 
increase financial support and human support, supplement the shortcomings of the lack 
of talents, accelerate the information construction of the domestic manufacturing indus-
try, rapidly promote the development of the manufacturing industry, and shorten the 
overall level of the digital construction of the manufacturing industry with the world’s 
developed countries.

Based on the evolution process of industrial digitalization and the development path 
of the manufacturing industry, the development process of industrial digitalization is 
given in Fig. 5. At the end of the eighteenth century, the development of industry was 
mainly manual manufacturing [26]. The labor force was mainly human, with slow effi-
ciency and relatively backward development. By the middle of the twentieth century, 
some mechanized production has begun. Although some machines have replaced man-
ual labor in this production and the efficiency has been improved to a certain extent, at 
this time, the production is still in a relatively backward stage, and there is much room 
for improvement of production efficiency [27, 28]. By the 1970s, with the continuous 
improvement of business concepts and the deepening of global industrialization, the 
mechanical production of most enterprises had been further accelerated and realized. 
With the continuous increase in demand, simply relying on mechanized production has 
been unable to meet the comprehensive management needs of enterprises. Therefore, in 
the field of automated fabrication, more and more enterprises have begun to pay atten-
tion to the introduction of artificial intelligence and big data technology, thus forming 
the application of system digital-driven technology in this field. This phenomenon has 
become more obvious since entering the twenty-first century. The popularization and 
application of system digital-driven technology have promoted the transformation from 
“manufacturing” to “intelligent manufacturing,” provided more advantageous technical 
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means for the development of the industry promoted the production of the industry to 
be more efficient, resources to be more intensive, and management to be more elaborate.

Current situation and dilemma of automated fabrication development

Automated fabrication, as an important branch of the industrial base, plays an important 
role in promoting economic and social development. As it belongs to technology and 
labor-intensive industries, it has also become an important source of power for tech-
nological innovation. For our country, the automated fabrication industry has become 
the largest manufacturing country in the world from the beginning, and we also deeply 
appreciate the dividends that the manufacturing industry brings to us. From the reform 
and opening up to the present stage, the manufacturing industry in China’s coastal areas 
has begun to rise rapidly, especially in the Yangtze River Delta and the Pearl River Delta, 
which have become important clusters of manufacturing industry due to their inherent 
geographical advantages and the continuous liberalization of national policies.

Automated fabrication often involves the design and production of important 
mechanical parts, and the precision of processing is relatively high. Conventional man-
ual and lathe technology can no longer meet the requirements of production, so it is 
easy to have a low pass rate and waste resources during production and manufacturing. 
At the same time, it ignores the accumulation and analysis of system production data 
and cannot provide data support for the later expansion of production.

Especially at the design stage, traditional design processes appear weak in the field of 
modern manufacturing with higher precision. In the field of modern mechanical design, 
more complex and huge data analysis is required before the design to meet the process 
requirements. At this point, if we still rely on the traditional design process, not only 
the production efficiency be reduced but also the product fineness will be difficult to 
meet the requirements. However, with the involvement of AI technology, system digi-
tal-driven technology is introduced in the process of machine design and manufactur-
ing, which can carry out fine machining according to the requirements of the machine. 
Through the analysis and study of the depth of historical experience data, the more 
suitable production target data is determined according to the assembled parts, and 
the matrix programming is carried out through historical experience value and design 
requirement value so that the objective problem can be solved automatically.

Fig. 5  The evolution of industrial digitalization
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In addition, the processing and assembly of parts are relatively complex in the machin-
ery industry, and there are many parts working procedures for the machine. The whole 
process must be carried out in strict accordance with the standard and logical sequence. 
Errors or numerical errors will lead to interruption of the whole manufacturing process, 
damage to instruments and equipment, cause economic losses, and even endanger the 
life and safety of personnel. These conditions will not only increase production costs 
but also reduce production efficiency. However, with the help of system digital-driven 
technology, the production line can greatly reduce human resources, not only reduce 
the value deviation of parts caused by human factors, improve the efficiency of manu-
facturing, but also effectively guarantee the safety factor of personnel. Part of automated 
fabrication is relatively dangerous. To reduce the harm to people caused by automated 
fabrication, in enterprises with system digital-driven technology, artificial intelligence 
technology can be used instead of traditional manpower for pipeline production. At this 
time, when there is a failure in the design and production process, artificial intelligence 
technology can immediately warn of the failure and specify the location, which not only 
reduces the production cost but also improves the safety factor.

Based on the above analysis, the main problems facing automated fabrication at pre-
sent are to ensure the safety of workers; improve the design and production precision of 
spare parts; achieve fast diagnosis and repair of faults in the system production process; 
achieve economic, efficient, and maximum storage of relevant data in the whole process 
management process to form a data sharing platform; and improve the process technol-
ogy of automated fabrication through in-depth analysis of data sharing platform. Then, 
realize the whole industrial chain “Intelligent transformation of manufacturing.”

Principle of application of system digitization technology in manufacturing

Application status of system digital‑driven technology and manufacturing

With the continuous development and progress of science and technology, the appli-
cation of intelligent automated fabrication in the field of intelligent manufacturing is 
expanding and deepening. Through intelligent manufacturing, the role of manufacturing 
is maximized. Through digital-driven technology, a large number of automatic analyses 
and calculations of data are carried out, and the deep accumulation and learning of big 
data are continuously carried out. Intelligent communication technology is used to col-
lect data in the production process and combined with cloud computing to realize the 
big data sharing of the whole manufacturing. From the current application of intelligent 
manufacturing in manufacturing, it can be found that its application modes are diverse. 
The main advantage is that the economic cost is reduced through intelligent application, 
and the quality and accuracy of production are improved. In terms of industrial manu-
facturing, China has launched Made in China 2025, which shows that China attaches 
great importance to the development of the manufacturing industry. At the same time, 
intelligent manufacturing combined with system digital-driven technology to promote 
the sustainable development of its industry is also an important strategy and strategy in 
its development process.

The maturity of industrial automation has also promoted the further development of 
intelligent manufacturing and has become an important way to achieve intelligent man-
ufacturing. Intelligent manufacturing based on system digital-driven technology makes 
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more use of large-scale data, networks, artificial intelligence, and other new technolo-
gies. With the continuous development of digital information technology, the Fourth 
Industrial Revolution leading intelligent systems around the world has changed. The 
integration of German Industry 4.0, American Industrial Network, Made in China 2025, 
and other new information technologies and manufacturing thinking into the produc-
tion model has led to significant changes in the industrial form, which is also the future 
planning of intelligent manufacturing in major countries around the world based on the 
current application of intelligence in manufacturing.

At present, the big data analysis and application of intelligent manufacturing based on 
the system digital-driven technology are mainly based on the network, which constructs 
the mobile data into a data network construction in different forms from the data of the 
manufacturing industry and products. Through the collection and analysis of big data, 
we can use a large amount of data to analyze and complete the design and manufac-
turing of products. The core of the application of digital-driven technology is to adopt 
a new generation of information communication technology and sensor technology to 
realize the design and manufacturing of mechanical equipment. In the current intel-
ligent manufacturing process, related equipment is combined with cloud computing 
through the Internet, and digital manufacturing-related technologies are combined in 
the entire industrial manufacturing to realize the automation of information flow.

Combined with the above analysis, Fig. 6 shows the flow chart of intelligent manufac-
turing based on the system’s digital-driven technology. Each sub-data center conducts 
data analysis and processing and transmits relevant data to the data-sharing platform of 
the main data center. At the same time, each sub-data center can receive data instruc-
tions from the main data center, thus realizing intelligent management of the whole 
process.

Integration of system digital‑driven technology and intelligent manufacturing

The introduction of system digital-driven technology has brought higher working 
efficiency to manufacturing and promoted the development of the manufacturing 

Fig. 6  Flow chart of intelligent manufacturing based on system digital-driven technology
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industry towards industrial automation. At present, digital technology has played an 
important role in all aspects of manufacturing. From the front-end design, material 
analysis, and selection, to the optimization and improvement of the manufacturing 
process in the medium term, to the final product inspection in the later stage, and 
even to the market sales, all have become a part of the overall link of intelligent man-
ufacturing. Each part of the data sharing through digital technology has become an 
organic part of intelligent manufacturing. After the introduction of system digital-
driven technology, it has played a more significant role, especially in the design stage, 
fault diagnosis stage, and information processing stage.

Integration of system digital‑driven technology and mechanical design  The design link 
is the most important part of intelligent manufacturing. The application of digital tech-
nology in mechanical design can meet the accuracy requirements of designers for dif-
ferent products or equipment. Through the analysis and optimization of big data, the 
design efficiency is improved, while the labor cost is reduced. In the design process, the 
production mode of mechanical systems can be innovated by integrating artificial intel-
ligence technology to achieve a more diversified development of design. In the design 
stage, attention should be paid to the construction of the automation level of machinery 
to reduce the impact of subjective design factors. Through the introduction of digital 
technology, the mechanical design phase can achieve long-term continuous work and 
can store information at different design stages and read and deeply learn the informa-
tion, which is conducive to the promotion and improvement of the overall design. At this 
stage, the system digital-driven technology has been applied to mechanical engineering 
such as aircraft manufacturing, ship manufacturing, and automobile manufacturing, and 
its mechanical equipment parts design has been innovated, breaking the thinking limita-
tions of traditional mechanical design and making mechanical design more flexible.

Integration of system digital‑driven technology and manufacturing fault diagnosis  In 
the process of automated fabrication, the staff needs to demonstrate the data generated 
during the operation of machinery, and the traditional demonstration method needs 
to invest a lot of human and material resources. However, the introduction of system 
digital-driven technology in the demonstration link can achieve efficient processing and 
classification of relevant data and effectively improve such problems. In addition, the 
application of digital technology in the demonstration process can ensure the accuracy of 
the demonstration work. Through in-depth analysis of digital technology, the automatic 
detection function of mechanical faults can be realized, and the detection results can 
be verified by reverse inference, which improves the accuracy of detection. Therefore, 
through the system digital-driven technology, the fault diagnosis of mechanical devices 
can be realized, and the production efficiency of mechanical use can be improved.

Integration of system digital‑driven technology and data processing  In the traditional 
manufacturing process, the data processing tool has greater limitations, which affect the 
quality of manufacturing and cannot meet the requirements of high-precision data pro-
cessing in manufacturing. Therefore, in order to effectively solve the problem of accu-
racy and efficiency of data processing in the manufacturing process, the application of 
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digital-driven technology has become a way based on advantages in the data processing 
process. In the actual application process, digital technology can comprehensively moni-
tor the problems in the data transmission process, monitor the stability of the informa-
tion system operation, and improve the reliability of massive data input and output. At 
present, by adding system digital-driven technology to data processing, we can not only 
achieve the expected data processing goals but also improve the automation practice 
ability of manufacturing, which is of great significance to promote the specialization and 
intelligence of manufacturing.

Results and discussion
Application analysis of system digital‑driven technology

In the process of intelligent manufacturing, based on the application of digital-driven tech-
nology, holonic manufacturing components are combined with job-shop scheduling con-
trol host in the multiagent integration framework to complete the system construction. In 
this system, scheduling optimization decisions are subject to two main constraints: resource 
capacity constraints and process constraints, which can be described by Eqs. (1) and (2):

In addition, the average processing time F̄ for the optimization target in the system can 
be expressed by Eq. (3) as follows:

To further describe the reliability of the system’s delay time completion, Eq. (4) defines 
the average delay time:

Based on the above theoretical analysis, for the whole process control system of man-
ufacturing, the deployment of identification nodes must follow the artificial intelligence 
technology. In this system, by comparing the difference between the initial distance 
between adjacent control nodes and the actual distance, it can be seen that the constraint 
of this technology is on the whole process control system of manufacturing [29, 30]. When 
the relationship between holonic manufacturing elements and job-shop scheduling con-
trol remains unchanged, the value of this indicator parameter always meets [1, e]. The 
node identification definition based on artificial intelligence technology can be expressed 
as Eqs. (5) and (6) [31]:

(1)
∑

ij

ϑijtk ≤ Mtk (t = 1,2, 3, · · · ,T ; k = 1,2, 3, · · · )

(2)cij + TRijs ≤ bis (i = 1,2, 3, · · · ,N − 1; j = 0,1, 2,3, · · ·Ni − 1)

(3)F̄ =

N−1
i=0 (Ci − bi0)

N

(4)T̄ =

∑N−1
i=0 (max(0,Ci − Di))

N

(5)Q = δ

√∑
+∞

r=1 (u2 − u1)
2

W
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where r represents the coding coefficient of manufacturing information based on digital 
technology. Assuming that u1 and u2 represent different component manufacturing scale 
values, the inequality condition u1  = u2 is always true because the control system only 
assigns scales to manufacturing components without repeating the notes.

The coding principle followed by agent instruction is the program interaction prin-
ciple executed in Holonic manufacturing elements. As for agent instructions, the 
operation of interactive instructions of execution program can be mainly divided into 
loading and unloading. Holonic manufacturing components are the only execution 
background of both instructions. The loading and unloading procedures are defined 
by Eqs. (7), (8), and (9), respectively [32]:

Based on the logical relationship between the physical quantities, the control infor-
mation feedback result can be expressed as Eq. (10) by combining Eqs. (7) and (8):

The manufacturing accuracy index of mechanical components can reflect the pre-
cise control ability of the technology on manufacturing behavior. The higher the pre-
cision index is, the stronger the precision control ability of the system digital-driven 
technology on the whole process of manufacturing behavior is. The manufacturing 
accuracy index expression of mechanical elements is shown in Eq. (11) [32]:

where �T  represents the length of time the control system executes and θ1,θ2 represents 
the manufacturing coefficient of different mechanical elements.

Through the analysis of the experimental results, it can be seen that during the entire 
experimental process, the indicators θ1 and θ2 show a fluctuating state, leading to the 
fluctuating trend of the calculation results of the manufacturing accuracy µ indicators 
of mechanical components. Based on the analysis of the calculation results, Fig. 7 shows 
the comparison of the experimental group, the control group, and the ideal value.

(6)W = γ ×

∣∣∣∣∣−(
ẏ

D
)

2
∣∣∣∣∣

(7)A1 =

∫
+∞

s=1

[
Q × (fs − f̄s)

2
]
ds

β × k̂

(8)A2 =

(fs−f̄s)
2/
(β×|�H |max)

Q2

(9)f̄s =

∑s
i=1 fi

S

(10)C =

[
+∞∑

m=1

(|A1|
2
− |A2|

2)

]
× kε

(11)µ =
θ1 × θ2

C × |�T |
× 100%
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By calculating the difference between the accuracy indicators of the experimental 
group and the control group at different times, Fig. 8 shows the values of the manu-
facturing accuracy indicators. It can be seen from the figure that when the time is 
30 min, the calculated results of the indicators in the experimental group reach the 
maximum value of 6.7%, which is 5.1% higher than the 1.6% of the control group at 
this time; when the time is 90  min, the difference between the experimental group 
and the control group is the minimum value of 3.3%.

Fig. 7  The experimental results of indicators θ1 and θ2 in the experimental group and the control group. a 
Experimental value of index of θ1 . b Experimental value of index of θ2
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Conclusions
The popularization and application of system digital-driven technology in the field of 
manufacturing are of great significance for the intelligent improvement of manufacturing. 
This technology is deeply integrated with the whole process of manufacturing, which not 
only improves production efficiency but also saves a lot of human resources and material 
resources and promotes the continuous improvement of the intelligent level of the indus-
try. Based on the above analysis, the following main conclusions can be drawn:

1)	 The application of system digital-driven technology in the field of manufacturing can 
effectively solve the problems of front-end design and digital detection while reduc-
ing the input of manpower and material resources.

2)	 In the manufacturing process, the system’s digital-driven technology can be used 
to analyze and integrate a large amount of data, form a shared database, and realize 
the whole process management of the industrial chain data information through the 
whole process of deep integration.

3)	 Through the analysis of the proposed system of digital-driven technology, the manu-
facturing accuracy index in the manufacturing process can be improved by 5.1% at 
most and 3.3% at least.
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Fig. 8  The values of the manufacturing accuracy indicators



Page 17 of 18Li et al. Journal of Engineering and Applied Science          (2024) 71:182 	

W	� Weight in node identification formula
A1,A2	� Agent instructions in automated fabrication
fs	� Function defining loading and unloading in automated fabrication
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