
Optimization and Integration of Intelligent 

Manufacturing System Based on Systems Engineering 

Tong Wei* 

Qingdao University of Science and Technology, Qingdao, Shandong, 266061, China 

*Email: 3800679351@qq.com 

Abstract. As the intelligent manufacturing environment continues to develop, 

the collaborative optimization of system integration and industrial engineering 

has become key to enhancing corporate operational efficiency. This paper fo-

cuses on the integration of system integration and industrial engineering theo-

ries in intelligent manufacturing, exploring how this integration can promote 

management innovation and technological progress in manufacturing through 

the combination of advanced technologies such as information technology and 

artificial intelligence. In particular, under the backdrop of intelligent manufac-

turing, the collaborative optimization of manufacturing resources has achieved 

significant results in enhancing corporate competitiveness, optimizing resource 

allocation, and scheduling. By breaking down traditional information silos and 

promoting the construction and coordinated operation of production resource 

networks, companies can achieve more efficient resource integration and 

scheduling optimization. This process not only helps improve production effi-

ciency but also provides stronger competitive advantages for companies in 

global competition. The paper also emphasizes that under the wave of intelli-

gent manufacturing, the collaborative optimization of system integration and 

industrial engineering has become the core driving force for companies to 

achieve digital transformation and intelligent upgrades. 
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1 Introduction 

In the current transformation of manufacturing, intelligent manufacturing has become 

a crucial pillar for optimizing industries and improving work efficiency. The goal is to 

delve into how, under the backdrop of intelligent manufacturing, system integration 

and collaborative optimization with industrial engineering can be achieved, thereby 

strengthening the foundation of enterprises and enhancing operational effectiveness. 

By examining the mysteries of key technical elements at the core of intelligent manu-

facturing, such as information and intelligence technologies, and their applications in 

the field of industrial engineering,  this study  reveals an unprecedented insight ——  
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placing it within the broad scope of intelligent manufacturing. System integration is
not only about technological convergence but also involves innovation in top-level
strategies. This close integration and interactive connection present new opportunities
for transformation and elevation in manufacturing.

2 Challenges and Opportunities of Intelligent Manufacturing

2.1 The Complexity of Technology Integration

The core of intelligent manufacturing is indeed the deep integration of multiple tech-
nology fields, including information technology, intelligent technology, data science,
etc. This integration is manifested as a kind of complexity at the technical level,
which not only exists in the technology itself, but also widely reflected in the man-
agement and implementation process.[1][2]

2.2 Rapidly Changing Market Demand

In the context of intelligent production, enterprises need to deal with the changing
market demand. Peoples pursuit of personalized and high-quality commodities is
gradually strengthened, so manufacturers need to have keen market insight and timely
change production strategies.[3]

2.3 Resource Optimization and Energy Conservation and Emission Reduction

The field of intelligent manufacturing also needs to face the test of resource optimiza-
tion and energy conservation and emission reduction. The main area of energy con-
sumption is manufacturing industry. Intelligent manufacturing has optimized and
improved production process and equipment efficiency, which helps to reduce energy
consumption.

For example, a car manufacturing company has achieved significant results in en-
ergy utilization by employing smart sensors and predictive maintenance strategies.
This year, energy savings have reached 15%, during which waste emissions have been
reduced, achieving both environmental protection and economic benefits. Table 1
shows the changes in resource consumption, costs, and energy efficiency under dif-
ferent scenarios, highlighting the effective use of resources through intelligent optimi-
zation.[4][5][6]

Table 1. compares the resource consumption and cost of different production schemes

Production pro-
gramme

Resource X con-
sumption (unit)

Resource Y con-
sumption (unit)

Total cost
(yuan)

fractional energy
saving

Traditional solutions 50 40 500 -
Intelligent optimiza-

tion scheme 30 25 450 10%

Efficient and intelli-
gent solutions 20 18 400 20%
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2.4 Security and Privacy Protection

Data interoperability and network connectivity have been widely applied in smart
manufacturing, leading to significant issues concerning security and privacy. Compa-
nies must ensure the safety of production data, preventing information leakage and
internet intrusions. Sunlight filters through the windows, casting light on the book-
shelf beside them, where the gaps between books shimmer with light. A leading elec-
tronics manufacturer is implementing a smart manufacturing solution, further
strengthening its cybersecurity measures to ensure the stability of production data and
consumer information. This move not only safeguards the companys reputation and
patents but also enhances customer trust. Protecting data security and privacy rights is
undoubtedly a crucial prerequisite for the continuous development of smart manufac-
turing, contributing to the smooth and sustained growth of production processes.[7][8][9]

2.5 Technological Innovation and Personnel Training

The leapfrog development in the field of intelligent manufacturing still requires re-
lentless technological innovation and talent cultivation. While companies explore new
technological territories, they should also focus on talent development and recruit-
ment. A well-known manufacturing company has partnered with a university to estab-
lish a research center, which undoubtedly will enhance the output of R&D results.
The company has also nurtured a group of outstanding talents, who are the core force
driving its continuous growth. At this moment, intelligent manufacturing is consid-
ered the top priority for the development of the manufacturing industry. Despite nu-
merous challenges, it has also given rise to unprecedented opportunities. Whether
companies can seize these opportunities in this wave of transformation will determine
their success or failure in future competition, depending on whether they can success-
fully transform themselves Type upgrade.[10]

3 The Key Role of System Integration in Intelligent
Manufacturing

3.1 Technology Integration: Improve Efficiency and Flexibility

In the field of intelligent manufacturing, system integration plays a crucial role, espe-
cially in enhancing production efficiency and adaptability. By integrating various
technology platforms with workflows, companies can create efficient and flexible
production lines. A car manufacturing company has successfully combined modern
automated equipment with an efficient intelligent management system, effectively
shortening the production cycle and thus boosting production efficiency, with an an-
nual increase in output of about 20%.
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3.2 Data-Driven Decision Making

In the context of intelligent manufacturing, system integration enables data-driven
decision-making to fully realize its potential. The integrated system can more effec-
tively collect and process information, thus providing more precise basis for corpo-
rate decisions. An electronics manufacturer combined production processes with
market research methods, adjusting production lines according to market supply and
demand changes. As a result, market response speed and customer satisfaction have
significantly improved.

3.3 Improve Resource Utilization Efficiency

After system integration, the improvement in resource utilization can be said to be
significant. By optimizing resource allocation and reducing ineffective operations,
companies can more fully leverage their existing resources. For example, a machinery
manufacturing company successfully integrated its supply chain management system
with the production control system, successfully cutting inventory expenses by about
one-quarter, further enhancing material utilization efficiency. As shown in Table 2, it
shows how intelligent production line can improve production efficiency and reduce
production cycle through optimizing resource allocation.

Table 2. Optimizing resource allocation and production scheduling through intelligent manu-
facturing system

Belt line
Resource
allocation

(unit)

Production
quantity of
product A

Production
quantity of
product B

Production
efficiency

improvement
(%)

Scheduling
time (hours)

Traditional
production

line

Resource X:
50, resource

Y: 40
100 150 - 48

Intelligent
production

line

Resource X:
30, resource

Y: 20
120 160 15% 40

3.4 Enhance the Flexibility and Scalability of Production

The integrated system injects more flexible production capabilities and expansion
potential into the company, enabling it to respond more quickly to market changes and
technological advancements. The pragmatic approach of enterprises in production,
which takes into account technological progress and market demand, allows them to
better understand and address complex market environments. The application of inte-
grated systems indeed enhances corporate flexibility, as they enable collaboration
between different departments and systems, providing more comprehensive data and
information, thus enabling managers to make better decisions. This helps companies
adapt to market changes more rapidly and achieve steady growth.
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3.5 Promote Continuous Innovation and Improvement

In the field of intelligent manufacturing, system integration still plays an important
role in promoting innovation and optimization. The integrated system upgrade and
optimization are more convenient. For example, a leading technology company has
been combining the most cutting-edge artificial intelligence algorithms with machine
learning technologies to optimize product quality and production efficiency, thus
significantly enhancing its market competitiveness.

In the indispensable link of —— system integration in smart manufacturing, there
is a rich technical manifestation. More importantly, it helps companies quickly adapt
to market changes and enhance production efficiency and competitiveness. Through
refined management, companies can allocate existing assets rationally, using data as
the basis to drive continuous technological breakthroughs and optimizations, achiev-
ing higher levels of innovation.

4 Collaborative Optimization Strategy of Industrial
Engineering and Intelligent Manufacturing

4.1 Integration of Lean Production and Intelligent Manufacturing

Combining the concept of streamlined production with intelligent manufacturing
methods forms an effective approach to achieving collaborative optimization. The
core of streamlined production lies in eliminating excess, and intelligent manufactur-
ing lays the technical foundation for this, making production processes more flexible
and efficient. For example, an automotive parts manufacturer has reduced idle time
and resource consumption in the production process by using intelligent production
lines and real-time data monitoring systems, increasing production efficiency by ap-
proximately 25 percentage points.

4.2 Data-Driven Production Optimization

Data-driven production optimization has become the key to collaboration between
smart manufacturing and industrial engineering. By organizing and analyzing pro-
duction resources, companies can more accurately budget market demand and reor-
ganize production plans and inventory management. A certain electronics company
analyzed sales and production data, reducing inventory costs by about one-fifth, while
enhancing its responsiveness to market changes.

4.3 Application of Artificial Intelligence in Decision Optimization

Artificial intelligence technology plays a pivotal role in the close integration of intel-
ligent manufacturing and industrial engineering. AI helps companies optimize quality
choices in complex production environments. A chemical company leveraged AI to
streamline its production processes, achieving an increase in raw material usage and a
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reduction in energy consumption, thereby improving overall production efficiency by
thirty percent.

4.4 Intelligent Management of Supply Chain

In the joint advancement of industrial engineering and intelligent manufacturing, in-
telligent supply chain management plays a crucial core role. By leveraging advanced
supply chain management systems and seamlessly integrating them with IoT technol-
ogy, companies can effortlessly control the flow of their supply chains, enhancing
both transparency and efficiency.

A multinational electronic manufacturing enterprise has fully implemented intelli-
gent supply chain management, successfully compressed the delivery time of goods,
inventory pressure has been relieved, and the whole. The supply chain efficiency has
been improved by about 15%. This move will also help improve customer satisfac-
tion, reduce costs to give enterprises an advantage in fierce market competition, and
achieve sustainable development goals with strong promotion.

4.5 Continuous Improvement and Technological Innovation

Prolonged optimization and continuous skill innovation are key to success in the field
of industrial engineering and smart manufacturing. In todays rapidly evolving techno-
logical and market environment, companies must actively explore new technologies
to ensure they remain competitive. This includes investing in research and develop-
ment, adopting advanced production technologies and automation systems to enhance
efficiency and quality. At the same time, companies need to be flexible in adapting to
changes in the market and technology. Market demands and trends can change at any
moment, and new technologies continue to emerge. Therefore, companies need to
promptly adjust their production processes and strategies to adapt to these changes.
This may involve revising product design, optimizing supply chain management, and
training employees to embrace new technologies.

Continuous optimization and skill innovation not only enhance a companys pro-
duction efficiency and competitiveness but also reduce costs, minimize resource
waste, and improve environmental sustainability. Therefore, they are crucial for the
long-term success of a company. At the same time, they help drive the synchronized
optimization of industrial engineering and smart manufacturing, propelling the entire
industry toward smarter and more efficient development. In the context of smart
manufacturing, companies can achieve improvements in production efficiency, in-
creased flexibility, and optimized sustainability through these strategies. This also
solidifies the companys competitive advantage and injects new vitality and challenges
into the development of the entire manufacturing sector.
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5 Practical Case Analysis: Successful Integration and
Optimization

Table 3. Comparison of the effectiveness of different enterprises after the implementation of
intelligent manufacturing:

Trade
Form of
business

enterprise

Major im-
provements

Effect improve-
ment

Quality im-
provement

Cost
saving

automobile
making

Big manufac-
turers

Robot automa-
tion, intelligent

detection

Production efficien-
cy increased by

30%

99.8% pass
rate -

Electronic
manufacturing

High-tech
companies

Data drives
production

Production efficien-
cy increased by

25%
-

20%
cost

savings

chemical lines medium-lot
producer

resource opti-
mization - -

20%
energy
saving

Food manu-
facturing

food compa-
ny

Automation and
traceability

Production efficien-
cy increased by

20%

The recovery
rate is reduced -

machine
building

Customized
production
enterprises

Customized
production

Production efficien-
cy increased by

40%
- -

Table 3 shows the main improvements and achievements in the successful cases of
intelligent manufacturing, which reflects the advantages of intelligent manufacturing.

5.1 Intelligent Reform of Automobile Industry

The automotive industry is a crucial sector for the widespread application of intelli-
gent manufacturing. A leading automobile manufacturer has significantly improved
production efficiency and product quality by integrating robotic automation processes
with smart monitoring systems. The production line rotation has been shortened
by nearly two-thirds, while product quality has simultaneously risen to an extremely
high level, approaching perfection.

5.2 Data-Driven Production in Electronics Manufacturing

A well-known company has achieved significant results in optimizing its production
process by relying on data-driven approaches. By analyzing real-time dynamics of the
production line and market demand, the company successfully reduced product deliv-
ery time by one quarter and cut inventory costs by about 20%. This initiative not only
improved operational efficiency but also enabled the company to respond more flexi-
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bly to market changes, enhancing its competitive edge. Data-guided production im-
provements have brought about notable economic benefits for the company. Accord-
ing to the analysis, its indispensable role has been demonstrated, and the future inno-
vation and sustainable development have been strongly promoted.

5.3 Resource Optimization in Chemical Industry

The chemical industry is facing the impact of stringent environmental regulations and
resource adjustments. A chemical company has introduced an advanced intelligent
manufacturing system, achieving significant results in optimizing resource allocation
and reducing energy consumption. According to data, the efficiency of raw material
usage has increased to fifteen percent, while energy consumption has decreased by
twenty percent.

5.4 Automation and Traceability of Food Manufacturing

Food safety production has become the top concern of the food industry. One food
company has integrated advanced intelligent manufacturing technology, improved the
degree of mechanization in the production field, and achieved comprehensive product
tracking. The production efficiency of the enterprise has been improved by 20%, and
the product recovery ratio has been reduced simultaneously.

5.5 Customized Production in Mechanical Industry

The manufacturing sector is increasingly favoring personalized production. By im-
plementing intelligent production methods, a manufacturing company has achieved
breakthrough results in our countrys production field, realizing the miniaturization
of production scale and diversification of product types. This enables companies to
quickly respond to customer needs, with the production cycle for personalized goods
shortened by forty percent compared to before.

6 The way to Success in Intelligent Manufacturing Practice
Cases

6.1 Technology Integration and Innovation

In the practical application scenarios of intelligent production, the integration of tech-
nology and innovation is integrated. New practices are considered key to achieving
breakthroughs in various fields. Companies need to continuously explore and imple-
ment new technological areas, integrating them into production processes to enhance
efficiency and optimize quality. In some leading automotive manufacturers, the close
integration of robotic automation technology with intelligent monitoring systems has
yielded significant results, achieving high levels of automation on production lines
and a notable improvement in product quality.
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6.2 Data-Driven Decision Making

In the practice of intelligent manufacturing, data plays a crucial role, serving as a solid
foundation for success. By thoroughly collecting and carefully analyzing numerous
production data, companies can more accurately estimate customer needs, plan pro-
duction and sales processes, and maintain inventory balance. This enables businesses
to adapt to market changes more quickly, improve production efficiency, and reduce
costs. A manufacturing company that leverages data analysis technology to lower
inventory expenses has gained a competitive edge, which is essentially the result of
enhanced response speed.

6.3 Intelligent Management and Supply Chain Optimization

On the path to exploring intelligent manufacturing, achieving intelligent management
and supply chain optimization is key to success. Companies have adopted advanced
supply chain management systems and IoT technology to monitor and control the
supply chain in real time, enhancing its clarity and efficiency. This also helps reduce
inventory costs, further improving the operational effectiveness of the supply chain.
An international electronics manufacturer has implemented intelligent supply chain
management, which has shortened delivery times, reduced inventory pressure, and
increased customer satisfaction.

6.4 Lean Production and Resource Optimization

Among many successful cases of intelligent manufacturing, the strategy of streamlin-
ing production and resource allocation has become increasingly prominent. By cut-
ting excess and optimizing resource allocation.

To achieve the goal, if a company wishes to improve efficiency, it should cut costs
and increase revenue. A chemical company has successfully implemented its smart
manufacturing strategy, enhancing raw material utilization and reducing energy con-
sumption. This meticulous operation and rational resource allocation undoubtedly
greatly benefit the company in improving production efficiency, adhering to environ-
mental regulations, and achieving sustainable development.

6.5 Continuous Improvement and Personnel Training

In successful cases of smart manufacturing, continuous optimization and talent culti-
vation have become the key. Companies should constantly seek innovative approach-
es and methods to respond to market and technological changes, thereby making
adaptive adjustments. The nurturing and introduction of knowledge and skills are
equally important for talents. A manufacturing company collaborating with higher
education institutions to establish research centers has cultivated many outstanding
talents, who are precisely the core elements driving the companys sustained and vig-
orous development.
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7 Conclusion

Intelligent manufacturing has gradually become a key driver of industrial progress,
demonstrating boundless potential and value in numerous fields. Leveraging techno-
logical innovation and the synergistic optimization of industrial processes, the applica-
tion of intelligent manufacturing has significantly enhanced production efficiency and
product quality, achieving notable results in sustainable development. In the years to
come, intelligent manufacturing will continue to lead the transformation of manufac-
turing, providing strong support for global economic growth and environmental pro-
tection. Companies must persistently pursue technological advancement while fo-
cusing on talent cultivation and organizational change, fully seizing the opportunities
brought by intelligent manufacturing. Such improvements play a positive role in en-
hancing corporate competitiveness, which is crucial for the long-term prosperity of
global manufacturing and the harmony of the ecological environment.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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