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ABSTRACT ARTICLE HISTORY
Mechanical automation plays a pivotal role in modern engineer- Received 30 March 2023
ing and manufacturing, offering a wide array of benefits. By Revised 24 May 2023
applying algorithms to automate mechanical systems, indus- ~ Accepted 25 May 2023

tries can capitalize on advantages such as error reduction,
increased efficiency, and enhanced production quality. Among
the various algorithms used in mechanical automation, the
fusion ant colony algorithm stands out as a particularly effective
approach that has demonstrated promising results. The fusion
ant colony algorithm draws inspiration from the collective beha-
vior of ants and focuses on identifying the shortest path
between two points. This algorithm, when applied to mechan-
ical systems, empowers engineers to optimize numerous pro-
cesses and elevate the overall performance of the system.
Furthermore, the fusion ant colony algorithm possesses the
potential to enhance the intelligence of mechanical systems.
By incorporating artificial intelligence and machine learning
techniques, this algorithm enables machines to learn and
adapt to dynamic environments, thereby improving their effi-
ciency and productivity. In summary, the fusion ant colony
algorithm stands as a powerful tool for automating mechanical
systems. Through the utilization of collective behavior principles
and optimization, this algorithm significantly enhances the per-
formance and intelligence of machines. The outcomes include
improved efficiency, productivity, and quality within the realms
of mechanical engineering and manufacturing. By embracing
the fusion ant colony algorithm, industries can unlock the full
potential of mechanical automation and achieve remarkable
progress in their operations.

Introduction and Research Background

With the rapid development of China’s economy, the machine manufac-
turing industry has become one of the most critical industries in the
country. Traditional machinery manufacturing and automation have
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played a vital role in the growth of the industry. The evolution of human
civilization has witnessed the development of simple tools into sophisti-
cated machinery, which has been the cornerstone of mechanized design
and manufacturing. The nineteenth century was a turning point in the
mechanical industry, which led to significant technological advancements
and had a profound impact on the development of China’s mechanical
industry (Hamada et al. 2022). Machinery and automation remain the
focal point of mechanical production, and it is the ultimate product of an
organization and a combination of technological methods. As the machin-
ery manufacturing industry occupies an increasingly important place in
the national economy, the rapid increase in the level of science and
technology has stimulated the reform and continuous development of
the traditional machinery manufacturing industry. Technology, produc-
tion methods, and management systems have been significantly improved
(Chang et al. 2022).

Since ancient times, humans have used simple tools to help them survive.
These tools have evolved over time and have led to the invention of sophis-
ticated wind and water-powered devices. The introduction of machinery
during the Industrial Revolution brought about significant changes in trans-
portation and industry, leading to a new era of civilization (Schneider and
Jasnin 2022; Yang, Zhang, and Liang 2015). With the advent of computers in
the 21st century, traditional mechanical plants have been transformed into
modern facilities, which have contributed significantly to human development
and growth (Sharma, Kaur, and Kumar Mangal 2022). The use of robots,
digitally controlled machine tools, and high-speed vehicles has become an
integral part of modern-day human civilization. The integration of computers
has played a crucial role in the promotion and dissemination of mechanization
in China, which has contributed to both the development of productivity and
the growth of the country (Jiang and Tang 2022). In this study, we aim to
highlight the use of algorithms to improve traditional machinery-related
content, which has the potential to significantly enhance the manufacturing
industry’s productivity and efficiency. Figure 1 illustrates the comparison
between traditional mechanical design and manufacturing and mechanical
automation trends.

Mechanical manufacturing and automation, which includes mechanical
engineering, automation, and mechanization engineering, is a promising tech-
nology. Its main characteristics are science, intelligence, and boundary.
Science aims to apply technological achievements to mechanical engineering,
increase standardization, and optimize design and manufacturing technolo-
gies. Intelligence involves the use of artificial intelligence to improve produc-
tion efficiency. Boundary reflects the future direction of mechanical
engineering and automation. China, which missed the opportunity to develop
mechanical engineering during the industrial revolution, now invests heavily
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Figure 1. Comparison of traditional mechanical design and manufacturing and mechanical
automation trends.

in the industry. However, due to the low level of industrial structure, inte-
grated automation will be a long process. The future trends in machine
manufacturing can be summarized in four points.

As the global economy improves, resource consumption, including non-
renewable raw materials, continues to increase. While resource exploitation
has contributed to social development and progress, it has also caused envir-
onmental problems such as mining, leading to destruction of vegetation and
soil pollution (Srivastava 2021). China has emphasized the importance of
harmonious coexistence between human and nature and sustainable develop-
ment. Machinery design, production, and automation should also consider
environmental protection and energy efficiency to minimize waste and max-
imize efficiency (Nam et al. 2021; Zhong 2021).

To achieve diversified functions while minimizing equipment size, inte-
grated control is necessary to save space, materials, and costs. It also facilitates
operation and control (Liu et al. 2021). Network manufacturing, combined
with intelligent technologies, reduces labor costs, improves product quality,
and speeds up production (Zhu 2021).

Figure 2 compares the modernization level of traditional machinery design
and manufacturing with machinery automation.

This paper utilizes artificial intelligence and machine learning techniques
to empower machines to adapt and learn in dynamic environments,
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Figure 2. Comparison of the level of modernization between traditional mechanical design and
manufacturing and mechanical automation.

ultimately enhancing their productivity and efficiency. Specifically, the
fusion ant colony algorithm brings novelty to the field of mechanical
automation by integrating the principles of collective behavior and optimi-
zation. It combines the efficiency of ant colony algorithms with artificial
intelligence and machine learning techniques, offering a unique approach
to automating mechanical systems.

Summary of contributions of this research:

(1) Reduction of human error: By automating mechanical systems using
the fusion ant colony algorithm, the occurrence of human errors is
significantly minimized. This leads to improved reliability and quality
in engineering and manufacturing processes.

(2) Increased efficiency: The fusion ant colony algorithm optimizes various
processes within mechanical systems, resulting in enhanced efficiency.
By identifying the shortest path between two points, it streamlines
operations and reduces unnecessary delays, ultimately improving
productivity.

(3) Improved production quality: Through the fusion ant colony algorithm,
mechanical systems can achieve better production quality. By optimiz-
ing processes, eliminating errors, and enhancing overall system perfor-
mance, the algorithm contributes to higher standards of product
output.
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(4)

Intelligent adaptability: The fusion ant colony algorithm incorporates
artificial intelligence and machine learning techniques, enabling
mechanical systems to adapt to changing environments. This adapt-
ability enhances the system’s efficiency and productivity, as machines
can learn and optimize their operations based on real-time data.

Overall, the fusion ant colony algorithm’s contributions lie in its ability to
automate mechanical systems effectively, reduce human error, increase effi-
ciency, improve production quality, and enable intelligent adaptability. These
contributions make it a valuable tool for enhancing mechanical engineering
and manufacturing processes.

Research Progress of Mechanical Design, Manufacture and Automation

Research in the fields of mechanical design, manufacture, and automation has
witnessed significant progress in recent years. Here are some notable areas of
advancement:

(1)

(2)

3)

(4)

(5)

Additive Manufacturing: Additive manufacturing, or 3D printing, has
seen remarkable progress in terms of material options, print speeds, and
the size and complexity of objects that can be produced. Researchers are
exploring new materials, optimizing printing processes, and developing
novel applications across various industries.

Digital Twin Technology: Digital twin technology has gained traction in
mechanical design and manufacturing. It involves creating virtual repli-
cas of physical systems, enabling real-time monitoring, analysis, and
optimization. Researchers are exploring advanced simulation techni-
ques, integration with Internet of Things (IoT) devices, and machine
learning algorithms for enhanced digital twin capabilities.

Robotics and Automation: Advances in robotics and automation have
revolutionized manufacturing processes. Collaborative robots (cobots)
are becoming more prevalent, working alongside humans in production
lines. Researchers are focusing on improving robot dexterity, machine
learning for adaptive automation, and human-robot collaboration to
increase productivity and safety.

Cyber-Physical Systems: The integration of physical systems with digital
technologies has led to the development of cyber-physical systems
(CPS). CPS combines sensors, actuators, and computing to enable real-
time monitoring, control, and optimization. Research is centered
around optimizing CPS architectures, developing intelligent control
algorithms, and addressing cybersecurity challenges.

Machine Learning and AI: Machine learning and artificial intelligence
(AI) have made significant contributions to mechanical design,
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manufacture, and automation. Researchers are applying these techni-
ques for predictive maintenance, quality control, optimization, and
decision-making processes. Al-driven systems are improving efficiency,
reducing costs, and enhancing overall performance.

(6) Sustainable Manufacturing: Sustainable manufacturing practices are
gaining attention in research. Efforts are focused on developing eco-
friendly materials, energy-efficient manufacturing processes, and life
cycle assessments to minimize environmental impact. Researchers are
also exploring circular economy principles, remanufacturing, and recy-
cling techniques to achieve more sustainable manufacturing systems.

(7) Human-Centered Design: The integration of human factors and ergo-
nomics in mechanical design and automation has gained prominence.
Researchers are studying user experience, human-robot interaction, and
designing systems that prioritize safety, comfort, and usability. This
approach aims to improve worker satisfaction, reduce injuries, and
optimize system performance.

These are just a few examples of the research progress being made in mechan-
ical design, manufacture, and automation. As technology continues to
advance, researchers are constantly exploring innovative approaches to
enhance efficiency, productivity, sustainability, and human-machine colla-
boration in these fields.

Comparison of Traditional and Automated Machine Design and Manufacturing

The principle of mechanical automation in design. Mechanical automation
has always been designed for automatic sorting, editing, and problem solving.
Therefore, machinery and electromechanical machinery must be combined in
the design process to meet the needs of the manufacturing industry, the design
is reasonable. In addition, automated systems are based on new technologies,
such as cloud databases. These technologies allow automation to automatically
connect data to the cloud, calibrate and optimize the data, and then calculate
optimal ratios. According to the characteristics of mechanical automation and
various functions and working principles, researchers must constantly develop
ideas and lead product innovation. The difference between traditional
mechanical design, production design and automation principles lie in the
different functions of products. The most common difference is in the proces-
sing of product information. Traditional mechanical design cannot be
a partitioned product of the system.

According to the development in recent years, mechanical automation
products will replace the traditional mechanical products sooner or later.
This is mainly because mechanical manufacturing automation greatly
improves the functional level of mechanical products, brings additional
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benefits to production, not only improves the production efficiency, but also
helps to improve the economic benefits of enterprises. The current society is in
the process of modernization, rapid development is a social theme. The
appearance of mechanical automation just meets the public’s demand for
mechanical products. Accuracy and sensitivity can help manufacturing to
achieve significant economic and social benefits and play a positive role. The
advantage of traditional machine manufacturing is that automation can sig-
nificantly improve the cost and efficiency of products in the production
process. It can not only bring you economic and social benefits, but also
allow you to take advantage of the traditional machinery manufacturing
industry. But in the manufacturing process, traditional mechanical manufac-
turing is still people-oriented. Human subjective factors have a great influence
on the final quality of products, which cannot effectively guarantee the con-
formity of products. ETSI BIDEM is the processing product of CNC machine
tool. Mechanical disturbances, caused by human factors, prolong the produc-
tion cycle, cause economic losses when necessary, and inevitably lead to lower
work efficiency. Changing operators increases the company’s investment cost,
wastes human and material resources, and improves the company’s financial
interests.

The main objectives of traditional mechanical production projects are
technical level, design principles, application and efficiency. Through the
comparison of the traditional machinery manufacturing industry and
mechanical automation, we can see that the traditional machinery manufac-
turing industry is difficult to survive and develop in the current social envir-
onment. Mechanical automation can adapt to modern conditions and provide
a wide range of developments in harsh competitive environments. However,
we cannot completely deny the traditional mechanical manufacturing and
design which still has the advantage of mechanical automation. Therefore,
we also need to understand the nature of scientific and technological innova-
tion, remove impurities, and continue to delve into the field of mechanical
automation.

Feature Analysis of Mechanical Automation Technology in Mechanical Design
and Manufacturing

Systematic. Mechanical engineering automation system is a multidisciplinary,
comprehensive system, involving software, communication, new materials,
sensors and other high-tech, product manufacturing and manufacturing
fields. In the analysis of mechanical engineering technology, it is necessary
to understand its system characteristics, apply new technology in the back-
ground of mechanical design, and transform it into system engineering with
process flow, energy flow and logistics.
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The comprehensive development of machinery manufacturing automation
can promote the improvement of enterprise competitiveness and the consoli-
dation of national economy. Therefore, the production of enterprises should
not be limited to the production link, but should focus on the pre-design, mid-
end inspection and final sales links, such as industrial design, market research,
product production and sales, service and other links. Mechanical engineering
should be regarded as a comprehensive link that mobilizes all resources in an
all-round way to improve its economic and social benefits. At the same time,
the integration of mechanical design and production automation should be
taken into account. Figure 3 shows the mechanical design and manufacturing
and its automation capabilities.

There is a market. Machinery manufacturing products must be market-
oriented in order to achieve sales and generate economic and social benefits;
mechanical products must accurately assess the market, meet the needs of
market development, meet the production needs of different people and
society, promote technological progress, computer science, quality control
and cost control, improve production efficiency, and create better conditions
for mechanical design and production automation.

According to the actual production situation. The application of automa-
tion technology in mechanical design and manufacturing should be integrated
with production and physical needs, focusing on improving the efficiency of
automation in practical applications. Currently, automation of machinery
production is carried out using scientific and technical means, and economy
is the main driver for reducing the cost and efficiency of machinery

C: "\i,&y ;° a’?ﬁly Have experimental Ability to design
?,ar?etgeof a and analytical mechanical
disciplines skills systems

-

—

Have the Mechanical design
consciousness of and manufacturing The ability to learn
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express, model, Ability to select Team work ability
and demonstrate and use tools
systems

Figure 3. Characteristics of mechanical design and manufacturing and its automation business
capability.
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production. Automation of machinery design and production is itself
a dynamic concept that must mobilize all levels of technology and create an
adequate basis for automation, such as system design, integration technology
and environmental management.

Use automation in development. As an important part of China’s economic
development, the machinery manufacturing industry has been the backbone
of Chinese industry. It has played an active role in China’s economic and social
development. The automation and intelligence of machinery production
reflects the innovation and development strength of China’s industry. Based
on traditional machinery and equipment, machines are automatically con-
verted and updated to replace the failures of traditional machines. Today, with
the development of information technology, the automation of mechanical
production design provides a solid foundation for the automation and intelli-
gence of mechanical equipment. In addition, the effective use of automation
leads to significant redundancy, leaving few employees and increasing the
efficiency of production and management. Automation does not exclude
people from the equation, but rather develops different parts of the automa-
tion unit and builds human-driven automation systems. Therefore, automa-
tion of machinery production must be people-oriented, strengthen the role of
environmental protection, focus on energy saving and emission reduction,
optimize the industrial structure, and continuously improve the productivity
and quality of manufacturing without consuming too many natural resources.

The development trend of intelligence and virtualization is introduced. First
of all, machinery automation is based on the combination of the traditional
mechanical design model with science and information technology and
mechanical engineering with strong logic processing potential. Driven by
automation, mechanical engineering can achieve greater efficiency in indus-
trial production and management by realizing human-machine interaction,
production automation and mechanical equipment accuracy, precision and
performance evaluation. At the same time, automation does not cause much
pollution and can meet our current requirements for reducing energy effi-
ciency. Secondly, virtualization has become one of the trends in the field of
mechanical design and manufacturing automation, including the introduction
of computer information technology and multimedia technology.
Virtualization is an integrated multidisciplinary technology based on compu-
ter modeling and analysis techniques. It allows real-time monitoring of the
machinery manufacturing process under information technology and virtua-
lization conditions, simulating feedback problems in the production process,
answering questions in a timely manner, and taking effective measures to
create conditions for efficient and safe production.

The advancements in mechanical engineering and manufacturing have
indeed resulted in improved efficiency, productivity, and quality. While
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quantification can vary depending on specific contexts and industries, here are
some general areas where these improvements have been observed:

(1)

)

3)

(4)

(5)

(6)

Enhanced Production Processes: Automation and optimization techni-
ques have streamlined production processes, leading to increased effi-
ciency and productivity. For example, the use of robotics and advanced
control systems has reduced cycle times, minimized errors, and
improved overall production output.

Higher Precision and Accuracy: Advances in precision machining,
measurement technologies, and quality control systems have led to
improved accuracy and reliability in mechanical engineering and man-
ufacturing. This translates into higher quality products, reduced
rework, and improved customer satisfaction.

Lean Manufacturing Practices: The adoption of lean manufacturing
principles has contributed to improved efficiency and productivity.
Techniques such as value stream mapping, waste reduction, and con-
tinuous improvement have helped optimize processes, eliminate non-
value-added activities, and increase overall productivity.

Advanced Simulation and Modeling: The use of advanced simulation
and modeling tools has significantly improved design and manufactur-
ing processes. Virtual prototyping, finite element analysis, and compu-
tational fluid dynamics allow for more accurate predictions,
optimization of designs, and reduction of development time and costs.
Supply Chain Optimization: Efforts in optimizing supply chain man-
agement have improved efficiency and productivity in manufacturing.
Advanced planning and scheduling systems, real-time inventory track-
ing, and logistics optimization have minimized lead times, reduced
inventory costs, and improved overall production planning and
execution.

Continuous Improvement Culture: The focus on continuous improve-
ment, supported by methodologies like Six Sigma and Total Quality
Management, has led to ongoing enhancements in mechanical engi-
neering and manufacturing. By encouraging a culture of problem-
solving, data-driven decision-making, and employee involvement, orga-
nizations can drive efficiency, productivity, and quality improvements.

While it may be challenging to quantify these improvements precisely in all
cases, the cumulative effect of these advancements is evident in the overall
progress and success of the mechanical engineering and manufacturing indus-
tries. The continued adoption of innovative technologies, process optimiza-
tion, and a commitment to quality improvement contributes to the ongoing
enhancements in efficiency, productivity, and quality.
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Improved Fusion Ant Colony Algorithm-Based Optimization

The fusion ant colony algorithm enhances the performance and intelligence of
machines through several mechanisms:

(1) Optimization: By applying the fusion ant colony algorithm to mechan-
ical systems, engineers can optimize various processes. The algorithm
helps identify the shortest path between two points, reducing unneces-
sary movements and delays. This optimization leads to improved effi-
ciency and overall system performance.

(2) Learning and Adaptation: The fusion ant colony algorithm incor-
porates artificial intelligence and machine learning techniques.
Through continuous exposure to real-time data and feedback,
machines can learn and adapt to changing environments. This
learning capability enables machines to make informed decisions,
adjust their operations, and optimize their performance
accordingly.

(3) Problem-solving: The fusion ant colony algorithm leverages the princi-
ples of collective behavior observed in ant colonies. Ants are known for
their ability to find efficient solutions to complex problems, such as
tinding the shortest path between food sources and their nests. By
applying these principles to mechanical systems, the algorithm aids in
problem-solving and decision-making, enabling machines to tackle
challenges more effectively.

(4) Decision Optimization: The fusion ant colony algorithm assists in
optimizing decision-making processes within mechanical systems. By
evaluating multiple options and weighing their benefits, machines can
make intelligent decisions that align with desired outcomes. This opti-
mization of decision-making contributes to improved performance and
efficiency.

(5) Continuous Improvement: The fusion ant colony algorithm promotes
a cycle of continuous improvement within mechanical systems. By
analyzing performance data, identifying bottlenecks, and implementing
adjustments, machines can continually enhance their operations over
time. This iterative process results in increased intelligence and
performance.

Overall, the fusion ant colony algorithm enhances machine performance and
intelligence through optimization, learning, problem-solving, decision opti-
mization, and continuous improvement. By leveraging these mechanisms,
mechanical systems can achieve higher levels of efficiency, productivity, and
adaptability, leading to improved overall performance.
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Ways to Improve Mechanical Design and Manufacturing and Automation

(a) Application supporting development mode. In the process of promot-
ing machinery manufacturing innovation and automation, we must
make full use of the comprehensive development mode. In the devel-
opment of machinery manufacturing industry, we should grasp the
positive role of people and logistics in production and make a good
overall plan for various links. Form a correct representation, rational
analysis of the specific role of people and logistics, make full use of the
various application significance of communication. In the process of
developing engineering companies, in addition to paying attention to
infrastructure construction, it is also necessary to make full use of and
strengthen cross-departmental integration, learn from the enterprise
way and embedded development mode, encourage the effective devel-
opment of parts detection technology and computer technology, and
improve the influence and comprehensive competitiveness of enter-
prises in the process of social development.

(b) Improve the ecological benefits of machinery manufacturing technol-
ogy. Now people are becoming more and more aware of the need to
protect the environment. The development of all industries should
adhere to the principle of green development, improve the ecological
benefits of machinery manufacturing industry, and ensure economic
and social benefits. In the process of practice and exploration, we should
adhere to the concept of environmental protection and energy conser-
vation, so that the mechanical industry and environmental protection in
the development of coordination. At present, global environmental
problems are becoming more and more serious, causing a serious
impact on human life. Therefore, we must pay more attention to
environmental protection. In the development of China’s machinery
industry, we must adhere to the concept of ecology to stimulate the
innovation and development of machinery enterprises. First of all,
environmental protection should be fully considered when improving
the level of mechanical automation.

Machine Automation Improved with Algorithms

In recent years, there has been a significant increase in China’s investment in
mechanical automation research, surpassing that of traditional mechanical
design and manufacturing, as shown in Figure 4. This shift toward automation
aligns with the trend of intellectualization, providing a complete production
process that is built automatically by electronic equipment, ensuring standar-
dization. Combining computer-aided programming with mechanical engi-
neering can significantly enhance production efficiency. Additionally,
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Figure 4. China in the traditional mechanical design and manufacturing and mechanical automa-
tion research investment comparison.

computer technology development and application promote the automation
of mechanical manufacturing and design, enabling effective connectivity of
production processes through networks. The integration of internet technol-
ogy can help resolve downtime issues caused by a lack of technicians or work
breakdowns in traditional machine manufacturing. Moreover, virtual design
can present virtual samples using web technology and related data, allowing
technicians to visualize the entire production process and enabling designers
to modify the web instead of redrawing designs, thus saving resources. To
conclude, the adoption of automation, network development, and virtualiza-
tion has the potential to transform traditional mechanical design and manu-
facturing, leading to increased production efficiency, reduced downtime, and
improved resource utilization.

Theory of Ant Colony Optimization Algorithm

The ant colony optimization (ACO) algorithm was first introduced in 1996 by
European computer scientists as a heuristic algorithm that utilized positive
feedback and distributed computing power. The algorithm, inspired by the
foraging behavior of ants, was initially designed to find the shortest path from
the food source to the nest and gained attention for its ability to solve the
traveling salesman problem (TSP). Subsequently, the ant system was pro-
posed, which aimed to better solve the optimization problem of finding the
optimal path and improve the overall efficiency of the algorithm. The original
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researchers aimed to maximize path selection optimization within a certain
range and limited it to a local area to avoid excessive information accumula-
tion and local optimization, thus increasing the diversity of the algorithm.
Although the ACO algorithm has global search capabilities, robustness, and
parallel directionality, it still faces challenges such as slow convergence and
small degree of stagnation as the scope of the solution is expanded. To address
these challenges, various modifications and improvements have been made to
the algorithm, such as the introduction of pheromone evaporation rate control
and the use of multi-objective optimization techniques. Figure 5 provides
a visual representation of the ant colony optimization algorithm and its
components, including the pheromone trail, ant agents, and the search
space. Despite its limitations, the ACO algorithm remains a widely studied
and applied metaheuristic algorithm, with applications in various fields such
as transportation, telecommunications, and manufacturing.

Perceive Parallel algorithms
where each ant findsits own path

Rule of obstacle
Self-organizing algorithms

their own process fromdisorder to order
Avoidance

e o A positive feedback algorithm

Foraging rules Has strong robustness

The rules Advantages
Ant colonyoptimization algorithm

Characteristics Disadvantages

A positive feedback mechanism Slow convergence rate

Individuals communicate indirectly through
their environment

Easy to fall into local optima

The search process uses distributed

computing
Not applicable to optimization
Easy to find the problems whose solution space is
global optimal solution continuous

Figure 5. Basic theory of ant colony algorithm.
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To address these challenges, researchers have conducted various studies, both
domestically and internationally. Domestic scholars have used other algorithms
such as neural networks and particle swarm optimization to optimize the path
before utilizing the ant colony optimization algorithm. However, issues were
found during the optimization process, leading to the proposal of using the ant
swarm algorithm for context selection to better optimize the path through the
connection between local and overall analysis. Despite its advantages, the ant
colony optimization algorithm had weaknesses and fragility that limited its
effectiveness. To mitigate these issues, scientists explored other methods, such
as bacterial selection and reproduction, to eliminate these limitations and
improve efficiency. The algorithm’s accuracy and convergence to ambiguity
were also studied, leading to the development of an adaptive measurement
algorithm of population diversity and an update strategy of transmission rules
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Initialize the pheromones on each edge

'

Meet the end condition? —

Yes

{ No

For each ant,
choose a random departure city

'
I=1

'
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information and pheromone concentration

}
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— End

Figure 6. Basic ant colony optimization algorithm.
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and information elements to avoid local optimization and accelerate conver-
gence. Figure 6 illustrates the basic ant colony optimization algorithm.

Improvement of Fusion Ant Colony Algorithm

In the process of searching and exploring the nodes, traditional swarm algo-
rithms rely on the principle that if the current close position is not the best,
then the overall algorithm calculation may not find the best position. This
study conducted a comparison between the improved fusion ant colony
algorithm and the traditional ant colony algorithm, and the results are
depicted in Figure 7. The comparative analysis reveals that the improved
fusion ant colony algorithm surpasses the traditional one in terms of perfor-
mance and efficiency, thereby indicating its potential for a wide range of
applications. Specifically, the improved algorithm exhibits faster convergence
and higher accuracy in solving optimization problems, which is a significant
advantage over traditional algorithms. Furthermore, the improved algorithm
demonstrates robustness and reliability, making it suitable for solving complex
real-world problems. These findings suggest that the improved fusion ant
colony algorithm is a promising research direction for future swarm algorithm
development.

The specific information inspired by the improved fusion swarm algorithm
in this paper is shown below.

90 88.91
60
30
12.36
10.25
7
B =

Path length Number of iterations Number of inflection points Search time/s Obstacle over proximity point

m Traditional ant colony algorithm m Improved fusion ant colony algorithm

Figure 7. Comparison of simulation results of the two algorithms.
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oE
W = Wr1 — Ux (1)
oW1
. 1
¢ (xi,j) = exp T Xi = Ci (2)
is the specific expectation seeking process.
Ym = @(P(xi,7) W) (3)

Equation 4 is a single process like addition, but the specific use of this paper is
infinite summation, just for a single summation to find the limit, is a simple
mathematical problem, this paper does not emphasize too much.
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Figure 8. Flow chart of the improved fusion ant colony algorithm.
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The equation presented here calculates the total integral estimate and a result
indicating good normal performance means that the data is well-behaved. This
paper focuses on optimizing the improved fusion ant colony algorithm by
exploring various aspects of mechanical manufacturing, design, automation,
and more. By doing so, a better optimization path is discovered and the ant
colony algorithm used in this research is significantly improved. The specific
flow of the algorithm is depicted in Figure 8.

Conclusion

In conclusion, the machinery manufacturing industry plays a crucial role in
the national economy, and its continuous development is driven by the rapid
advancement of science and technology. This paper has presented
a comparative analysis of traditional mechanical design and manufacturing
and mechanical automation using an improved fusion ant colony algorithm.
The study highlights the importance of using algorithms to improve tradi-
tional machinery-related content. As humans have evolved and progressed,
from using simple tools to more sophisticated wind and water powered
devices, the introduction of steam engines and motors during the National
Industrial Revolution marked a significant turning point in the history of
civilization.

Today, mechanical engineering and automation are among the most pro-
mising and cutting-edge technologies. This research offers relevant ways to
enhance the development of machinery manufacturing technology in China,
such as applying a supporting development mode, enhancing eco-efficiency,
and focusing on the development trend of mechanical design and manufactur-
ing and its automation. With these efforts, it is believe that China’s machinery
manufacturing industry will continue to thrive and contribute significantly to
the country’s economic development.

It is important to note that while the fusion ant colony algorithm brings
significant contributions to mechanical automation, a comparison with more
recent techniques will be the subject of future research. As technology and
methodologies continue to evolve rapidly, it is essential to explore and evaluate
the advancements made in the field. Therefore, future studies can focus on
comparing the fusion ant colony algorithm with newer techniques to assess
their respective strengths, limitations, and applicability to different scenarios
within mechanical automation. By conducting such research, a deeper under-
standing of the algorithm’s position in relation to more recent developments
can be obtained, enabling further advancements and improvements in the

field.
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