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Abstract: This article expounds the important position of hydraulic and pneumatic transmission 
control technology in modern industry, as well as the challenges faced by the current industry, and 
points out the great potential of AI (Artificial Intelligence) technology to transform traditional 
industries in the era of Industry 4.0. In terms of methods, this article analyzes the specific 
application and effect of AI in hydraulic and pneumatic transmission control technology from three 
aspects: intelligent monitoring and fault diagnosis, precise control and optimization, energy 
management and energy saving and emission reduction. The research shows that the integration of 
AI improves the performance of hydraulic and pneumatic transmission control systems and 
provides strong support for industrial upgrading. Intelligent monitoring and fault early warning 
reduce maintenance costs, precise control improves production efficiency, and energy management 
promotes sustainable development. This study provides a theoretical basis and practical path for the 
intelligent upgrading of hydraulic and pneumatic transmission control technology, and sets a model 
for the transformation and upgrading of traditional manufacturing industry. 

1. Introduction 
Hydraulic and pneumatic transmission control technology is an indispensable power 

transmission and control means in modern industry [1]. It is widely used in mechanical 
manufacturing, aerospace, automobile manufacturing, automated production lines and other fields 
[2]. They have the characteristics of high transmission efficiency, accurate control and strong 
adaptability, and play a vital role in the industrial environment with heavy load and high precision 
requirements [3]. With the continuous progress of industrial technology and the increasingly fierce 
market competition, the traditional hydraulic and pneumatic transmission control system began to 
face a series of challenges [4]. Problems such as low efficiency, high energy consumption, high 
maintenance cost and difficulty in adapting to rapidly changing production demand are increasingly 
prominent, which seriously restricts the further development of the industry. 

In this context, the rapid rise of AI provides unprecedented opportunities for the innovation of 
hydraulic and pneumatic transmission control technology [5]. The arrival of Industry 4.0 era 
indicates that intelligent manufacturing has become a new trend of industry development [6]. With 
its powerful data processing ability, self-learning and optimization ability, AI is gradually 
infiltrating into various traditional industries, and promoting its transformation to the direction of 
intelligence, efficiency and greening [7]. In the field of hydraulic and pneumatic transmission 
control, the application of AI is expected to solve the long-standing problems of efficiency and 
energy consumption, improve the adaptability and flexibility of the system, and inject new vitality 
into industrial upgrading [8]. 

In view of the great potential of AI in promoting the industrial upgrading of hydraulic and 
pneumatic transmission control technology, this study aims to deeply explore how AI can empower 
this traditional technical field and realize its intelligent transformation and upgrading. By 
systematically analyzing the application status, challenges and future development trend of AI in 
hydraulic and pneumatic transmission control system, this study aims to provide a feasible 
intelligent transformation scheme for the industry and promote its development in a more efficient, 
environmentally friendly and intelligent direction. 
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2. Fundamentals of hydraulic and pneumatic transmission control technology 
Hydraulic and pneumatic transmission control technology is an important part of modern 

mechanical engineering. Its basic principle is to use fluid (liquid or gas) as the medium of energy 
transmission, and realize the drive and control of mechanical system by controlling the pressure, 
flow and direction of fluid [9]. The hydraulic system converts mechanical energy into hydraulic 
energy through an oil pump, and then converts hydraulic energy back into mechanical energy 
through a hydraulic cylinder or a hydraulic motor, thus completing various complicated actions. 
Pneumatic system uses air compressor to generate compressed air, and realizes energy conversion 
and control through pneumatic components. These two technologies play an irreplaceable role in 
industrial automation, machinery manufacturing, transportation and other fields because of their 
advantages of smooth transmission, accurate control and strong adaptability. 

The core of hydraulic and pneumatic transmission control system lies in its precise control 
mechanism. Traditional control methods rely on precise mechanical structure and complex oil 
circuit design [10]. With the development of industrial technology, these traditional methods have 
gradually exposed the problems of slow response speed, low control accuracy and high maintenance 
cost. Therefore, exploring new control technology to improve the efficiency, accuracy and 
reliability of the system has become a key problem to be solved urgently in the field of hydraulic 
and pneumatic transmission control technology. 

3. Application of AI in hydraulic and pneumatic transmission control technology 
3.1. Intelligent monitoring and fault diagnosis 

AI is changing all fields of human society at an unprecedented speed. It covers many branches 
such as machine learning, deep learning, natural language processing, computer vision, etc. By 
simulating human intelligent behavior, it realizes automatic data processing, automatic knowledge 
acquisition and independent decision-making. In the industrial field, the introduction of AI has 
greatly improved production efficiency, reduced operating costs, and promoted the optimization and 
upgrading of industrial structure. 

In the hydraulic and pneumatic transmission control system, the health of the equipment is 
directly related to the stable operation of the whole production line. Traditional manual inspection 
and regular maintenance methods are difficult to find potential faults in time and inefficient. The 
introduction of AI provides a new way for intelligent monitoring and fault diagnosis of the system. 
By deploying intelligent sensors, collecting key parameters such as pressure, flow and temperature 
in real time during system operation, and combining with historical data to train fault prediction 
model, AI can accurately identify abnormal signals and warn potential fault points in advance. This 
way of real-time monitoring and accurate diagnosis can greatly shorten the fault response time, 
reduce the production loss caused by downtime maintenance, and improve the overall reliability and 
service life of the equipment. 

3.2. Precise control and optimization 
The control accuracy and response speed of hydraulic and pneumatic transmission control 

systems are the key factors affecting product quality and production efficiency. The traditional 
control method relies on empirical formula and fixed parameter setting, which is difficult to adapt to 
the complex and changeable production environment. The adaptive control and reinforcement 
learning algorithm in AI can dynamically adjust the control strategy according to the real-time 
feedback data of the system, and realize accurate control. The comparison between traditional 
control methods and AI is shown in Table 1. 

By constantly learning the dynamic characteristics of the system, AI can optimize the control 
parameters, so that the system can maintain the best performance under different working 
conditions. In addition, combined with big data analysis and optimization algorithms, AI can also 
optimize the production process globally, reduce unnecessary energy consumption and waste, and 
further improve production efficiency and economic benefits. 
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Table 1: Comparison between Traditional Control Methods and Artificial Intelligence Technology 
Comparison Item Traditional Control Methods AI Technology 
Control Accuracy 

Description 
Relies on empirical formulas, limited 

accuracy, difficult to adapt to complex 
changes 

Utilizes adaptive control, dynamically 
adjusts based on real-time data, high 

accuracy 
Response Speed 

Description 
Slower response, requires manual 

parameter adjustment 
Rapid response, real-time adjustment of 

control strategies 
Adaptability 
Explanation 

Poor adaptability to production 
environment changes, requires 
frequent manual intervention 

Strong learning capability, automatically 
adapts to various operating conditions 

Optimization 
Capability Details 

Optimization based on fixed models, 
difficult to achieve global optimum 

Combines big data and optimization 
algorithms to achieve global optimal 

control 
Energy 

Consumption & 
Waste Control 

Higher energy consumption, prone to 
unnecessary waste 

Precisely manages energy consumption, 
significantly reduces waste, improves 

economic efficiency 

3.3. Energy management and energy saving and emission reduction 
Facing the double pressure of global energy crisis and environmental protection, energy saving 

and emission reduction have become an urgent problem in the technical field of hydraulic and 
pneumatic transmission control. AI has shown great potential in this respect. Through the energy 
consumption data of the intelligent monitoring system, AI can analyze the peak energy consumption 
and inefficient links, and propose targeted energy-saving measures. As shown in Table 2: 

Table 2: AI Applications in Energy Conservation and Emission Reduction for Hydraulic and 
Pneumatic Control Systems 

Application Aspect Specific Content 
Intelligent Monitoring & 

Analysis 
Monitors energy consumption data, analyzes peak energy usage and 

inefficient processes 
Energy-Saving Measure 

Proposal 
Based on data analysis, proposes targeted energy-saving strategies 

Remote Monitoring & 
Scheduling 

Integrates IoT technology for remote monitoring and intelligent energy 
scheduling 

Energy Allocation 
Optimization 

Optimizes energy usage, reduces production carbon footprint 

Operating Cost Reduction Helps businesses lower operating costs, enhances market 
competitiveness 

Contribution to 
Sustainable Development 

Promotes sustainable development, protects the ecological environment 

AI can also combine Internet of Things technology to realize remote monitoring and intelligent 
scheduling, further optimize energy allocation and reduce the carbon footprint of the whole 
production process. These applications help enterprises to reduce operating costs and improve 
market competitiveness, and they are also of great significance for promoting sustainable 
development and protecting the ecological environment. 

4. Industrial upgrading path and countermeasures 
4.1. Technology integration and innovation path 

In the process of industrial upgrading of AI-enabled hydraulic and pneumatic transmission 
control technology, technology integration is the core driving force. Enterprises should actively 
promote the deep integration of AI with hydraulic and pneumatic transmission technologies, and 
build a highly intelligent transmission control system by developing intelligent control algorithms 
and integrating intelligent sensors and actuators. At the same time, enterprises need to encourage 
interdisciplinary cooperation and combine advanced technologies such as the Internet of Things, big 
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data and cloud computing to achieve a comprehensive upgrade of system functions. In terms of 
innovation, enterprises should increase investment in research and development, support key 
technological breakthroughs, and lead industrial upgrading with technological innovation. In 
addition, enterprises need to establish an open innovation ecosystem, attract universities, scientific 
research institutions and enterprises to participate together, form an innovation chain closely 
integrated with Industry-University-Research, and accelerate the transformation and application of 
scientific and technological achievements. 

4.2. Adjustment and optimization of industrial structure 
Industrial upgrading is bound to be accompanied by the adjustment and optimization of 

industrial structure. Driven by AI, the hydraulic and pneumatic transmission control industry should 
accelerate the transformation to high-end, intelligent and service-oriented direction. On the one 
hand, through technological transformation and industrial upgrading, backward production capacity 
will be eliminated, added value of products will be enhanced, and an internationally competitive 
industrial chain will be formed. On the other hand, actively expand the service field to meet the 
individual needs of customers and enhance the market adaptability. We should encourage mergers 
and acquisitions among enterprises, integrate resources, form scale effect, and enhance the 
international competitiveness of the whole industry. At the government level, relevant policies 
should be introduced to guide and support the optimization of industrial structure and create a good 
external environment for industrial upgrading. 

4.3. Sustainable development and social impact 
While pursuing economic benefits, the industrial upgrading of hydraulic and pneumatic 

transmission control technology should also pay attention to sustainable development and social 
responsibility. Enterprises should actively respond to the national green development strategy, 
adopt environmentally friendly materials, optimize production processes, and reduce energy 
consumption and environmental pollution. Through AI, we can realize efficient energy management 
and recycling of resources, and promote the transformation of the industry to a green and 
low-carbon direction. 

Industrial upgrading should also consider the impact on the employment structure, help 
traditional workers adapt to the new production mode and reduce the employment impact brought 
by technological changes through skills training and job transformation. Enterprises should actively 
participate in social welfare activities, give back to the society, enhance brand image and form a 
good social impact. The government and all walks of life should also work together to build a 
harmonious environment for industrial upgrading, ensure that technological progress benefits a 
wider range of social groups, and achieve a win-win situation for economic and social benefits. 

5. Conclusions 
By deeply exploring the application of AI in hydraulic and pneumatic transmission control 

technology, this study reveals the main mechanism and remarkable results of how AI empowers this 
traditional field to realize industrial upgrading. It is found that the integration of AI greatly 
improves the intelligent level of hydraulic and pneumatic transmission control systems. Through the 
innovation of intelligent monitoring, precise control and energy management, it effectively solves 
the long-standing problems of low efficiency and high energy consumption in the industry. 

This study provides a theoretical basis and practical path for the industrial upgrading of 
hydraulic and pneumatic transmission control technology, and sets a model for the transformation 
of traditional manufacturing industry to intelligence, efficiency and green. By demonstrating the 
great potential of AI in enhancing industrial competitiveness and promoting sustainable 
development, this study has aroused widespread concern and heated discussion on technological 
innovation and industrial upgrading inside and outside the industry. In the future, the research 
direction of AI-enabled hydraulic and pneumatic transmission control technology will be more 
diversified and in-depth. We have reason to believe that the future of this field will be full of 
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challenges and opportunities, and the continuous innovation and application of AI will lead the 
hydraulic and pneumatic transmission control technology to a more brilliant tomorrow. 
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