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INTRODUCTION

Relevance. With the rapid development of science and technology, we are in the midst of an unprecedented technological change. One of the core drivers of this change is the continuous advancement of artificial intelligence technology. In this context, Industry 4.0, as the symbol of the fourth industrial revolution, is leading the transformation and upgrading of the global manufacturing industry. In the era of Industry 4.0, the application of artificial intelligence in the manufacturing industry is increasingly extensive, covering many links such as product design, production planning, manufacturing execution, quality testing, logistics and transportation. Through in-depth analysis of these links, we can sum up the successful cases and advanced experience of artificial intelligence in the manufacturing industry, and provide theoretical support and practical guidance for the intelligent transformation of other industries or enterprises. For example, in product design, artificial intelligence can optimize product performance, structure, and materials through simulation technology; In the production planning process, artificial intelligence can accurately predict and regulate the production schedule, inventory level, equipment status, etc., through predictive analysis technology; In the manufacturing execution process, artificial intelligence can achieve real-time monitoring and accurate control of the production process through machine vision, natural language processing and other technical means. These successful cases and advanced experience provide valuable experience and inspiration for the intelligent transformation of manufacturing industry. 

The concept of Industry 4.0 was first proposed in the early 21st century, aiming to elevate the traditional manufacturing industry to a new level of intelligence and high efficiency through information technology, especially advanced technologies such as artificial intelligence, the Internet of Things and big data. In this process, the role of artificial intelligence is increasingly prominent. It can not only imitate human intelligence, solve complex problems and make independent decisions through machine learning, deep learning and other technologies, but also optimize and predict the production process through big data analysis. However, although the application of artificial intelligence technology in the industrial field has made remarkable progress, its potential is far from being fully tapped. Under the framework of Industry 4.0, artificial intelligence is being widely used in many aspects such as automated production, intelligent logistics, predictive maintenance and smart factories. For example, through the combination of sensors and machine learning algorithms, intelligent manufacturing systems can monitor the status and performance of production equipment in real time to achieve automatic adjustment and optimization; Through the application of big data analysis and machine learning algorithms, intelligent logistics systems can automatically plan the best transportation path and time of goods, improve logistics efficiency and reduce costs.

 Therefore, in-depth study of the role and function of artificial intelligence in the era of Industry 4.0 not only helps us better understand the nature and impact of this technological change, but also provides strong theoretical support and practical guidance for the future development of the manufacturing industry. With the continuous progress and innovation of artificial intelligence technology, we have reason to believe that in the future industrial development, artificial intelligence will play an increasingly important role, injecting a strong impetus for the sustainable development of the manufacturing industry.
Analysis of recent research and publications. In the middle of the 20th century, McCarthy and other scientists put forward relevant hypotheses of intelligent machines and conducted in-depth discussions and studies on them, and proposed the concept of "artificial intelligence" in the academic circle, marking the birth of the emerging discipline of "artificial intelligence" [1]. At present, foreign scholars' researches on artificial intelligence mainly include: the driving force of artificial intelligence development, the development core field, and the future development prospect. In terms of driving the development of artificial intelligence, the main point of view is that the breakthrough of deep learning and other technologies and the improvement of self-learning ability have become the core driving force for its development. The forward driving force of artificial intelligence mainly includes: major progress in machine learning, advanced information technology represented by the Internet of things provides the basis for big data, and the use of Gpus greatly improves computing power. At present, artificial intelligence technology is mainly used in image classification, machine translation and other fields. Acemog lu D (2018) pointed out that the development of artificial intelligence has the following advantages: from processing single data to cross-domain cognition and reasoning; To replace the traditional artificial knowledge expression by driving learning; From machine intelligence to human-computer interaction; From individual intelligence to group intelligence. The above advantages of artificial intelligence will help it move into a new period of development [2]. In terms of future application prospects, the relevant view is that intelligent manufacturing is a key application field of information technology such as artificial intelligence. Yann Lecun(2019) believes that artificial intelligence will make a major breakthrough in flexibility and establish causality between events, that is, artificial intelligence will not only have the ability to learn through observation, but also have the ability to understand through practice. Ai will be used outside of tech companies, and high-end manufacturing will be a key application scenario for AI. In short, with the development and maturity of information technology such as artificial intelligence, it will significantly change the mode of production and the form of industrial organization, and play a positive role in promoting sustainable economic development.
Connection of the qualification project with scientific projects, plans, and topics. The qualification certificate was issued at the Department of Management and Innovation Odesa I.I. Mechnichov National University. 

Goal and tasks.The main goal of this paper is to deeply explore and analyze the role of artificial intelligence and its various functions in the context of Industry 4.0 era. It aims to reveal how artificial intelligence is impacting and transforming all aspects of industrial production and its potential implications for future industrial development. The task of this paper is

Literature review: Firstly, it is necessary to systematically review and analyze domestic and foreign researches on Industry 4.0 and artificial intelligence, summarize existing research results, and provide theoretical basis for the research of this paper.

- Role analysis: Clarify the core position of artificial intelligence in Industry 4.0, analyze in detail its role in improving production efficiency, reducing costs, enhancing product quality, and its key role in realizing intelligent manufacturing.

- Functional exploration: In-depth exploration of the specific application functions of artificial intelligence in Industry 4.0, such as production planning and scheduling, quality control and management, fault prediction and maintenance, and analysis of how these functions achieve and optimize industrial production processes.

- Case analysis: Through actual case analysis, demonstrate the specific application effect of artificial intelligence in Industry 4.0, and verify its feasibility and effectiveness in actual production.

- Challenges and countermeasures: Discuss the challenges faced by AI in the application of Industry 4.0, such as insufficient data accumulation, shortage of professionals, etc., and propose corresponding solutions and suggestions.
The object of the study is to explore various technologies of artificial intelligence, such as machine learning, deep learning, natural language processing, etc., and analyze how these technologies can be combined with the Internet of Things, cloud computing and other technologies to jointly promote the intelligent transformation of manufacturing.

The subject of the study is the key role played by artificial intelligence and its diversified functions in the context of Industry 4.0. The study aims to analyze how artificial intelligence can be used as the core technology to promote the intelligent transformation of the manufacturing industry, optimize the labor process, and improve production efficiency and flexibility. At the same time, the specific application and influence of artificial intelligence in building intelligent factories and realizing intelligent manufacturing are discussed.

Research methods.General scientific method

- Dialectics: Comprehensively examine the impact of artificial intelligence in the era of Industry 4.0 through positive and negative analysis. It is not only necessary to analyze the technological progress and production efficiency improvement brought by it, but also to pay attention to possible problems and challenges, such as worker unemployment and social ethics.

Analysis: In-depth analysis of the related concepts, characteristics and development history of Industry 4.0 and artificial intelligence, so as to understand their essence and internal connections.

Comparative analysis: The era of Industry 4.0 is compared with the previous industrial revolution to analyze the role and function changes of artificial intelligence in different stages. At the same time, the application and effect of artificial intelligence between different countries, regions and enterprises are compared.

- Systematic approach: The application of artificial intelligence in the era of Industry 4.0 is regarded as a system, and the relationship and influence of various elements within the system are analyzed, as well as the interaction between the system and the external environment.

- Classification evaluation method: According to the application of artificial intelligence in different fields and industries, classification evaluation is carried out to find out its commonalities and differences, and provide reference for subsequent research.

Special method

- Questionnaire survey: Design questionnaires to collect actual data of AI application in Industry 4.0 enterprises, and understand the degree of acceptance of AI by enterprises, application effects and problems faced.

- Enterprise data audit: Audit statistical, financial, technical and economic data of enterprises to obtain the specific impact of AI application on business performance.

- Literature research: Systematic review of scientific bibliography, thematic articles, legislation and normative behavior literature, theoretical and critical analysis of them, and extraction of useful information and views for this research.

- Economic mathematical methods: Using linear modeling and other economic mathematical methods, quantitative analysis of the application effect of artificial intelligence in the era of Industry 4.0, such as production efficiency improvement, cost reduction ratio, etc.
Structure and scope of work. The structure of this paper is rigorous, including introduction, three chapters, conclusion and bibliography, a total of 67 pages. The first chapter summarizes the development status of Industry 4.0 and artificial intelligence, and defines the research purpose and problems. The second chapter explores the role of artificial intelligence in Industry 4.0, including intelligent manufacturing, data processing and supply chain management. The third chapter focuses on the functional realization and challenges of artificial intelligence, and proposes integration strategies, ethical safety considerations and future development trends. The paper contains 3 data tables to support the analysis and conclusion in an empirical way, and fully demonstrate the depth and breadth of the research.

CHAPTER 1                                                                                  MANUFACTURING INNOVATION IN THE AGE OF DIGITALIZATION AND INTELLIGENCE
1.1. Overview of Industry 4.0
After entering the 21st century, the manufacturing industry has been widely automated, Germany, the United States, the United Kingdom and other developed countries have put forward plans to further develop the manufacturing industry on this basis, and the manufacturing level of some developing countries led by China is also constantly improving. In this context, Germany took the lead in putting forward the "Industry 4.0" strategy in April 2013, aiming to further improve the level of German manufacturing and consolidate its position in the global manufacturing industry. Industry 4.0, the fourth Industrial Revolution, is a process of continuous integration of automation and information technology [4]. 

Once Industry 4.0 was proposed, it set off a wave of enthusiasm in the global manufacturing industry [5]. In order to grasp the development opportunities brought by the fourth industrial revolution, China, Japan, the United States, France and other major industrial countries in the world have put forward their own industrial development strategies to strengthen the development of manufacturing industry, hoping to achieve certain achievements in the fourth Industrial Revolution. China's manufacturing industry has been continuously developing and improving, but the development level of the manufacturing industry is still lower than that of Germany, the United States and other manufacturing powers. With the rapid development of China's manufacturing industry, the level of application of industry 4.0 technology is also increasing, and the proposal of "Made in China 2025" indicates that we should strive to develop into a competitive manufacturing power. The development of machinery manufacturing industry is an important measure of the level of national industrialization, and it is one of the important industries supporting the economy for the country. 

The application of industry 4.0 technology to the machinery manufacturing industry is mainly to use intelligent methods to achieve automatic production through network communication technology, and then combine it with physical systems to achieve the intelligent development of the machinery manufacturing industry. 

Industry 4.0, as a new stage of industrial development after the steam age, electrical age and information age, marks a new leap in human industrial civilization. It uses the latest information technology achievements of the 21st century, such as artificial intelligence, cloud computing, big data technology, etc., through the Internet of Things and the Internet of Things as the carrier, to achieve the deep integration of industrial production, and promote the intelligent and digital transformation of industrial production. 

Germany, as the initiator of Industry 4.0, after several years of research and discussion, officially launched this concept at the Hannover MESse, aiming to further enhance industrial competitiveness through technological innovation, reduce costs, and ensure efficient and flexible production to meet the growing personalized needs. The development process of Industry 4.0 can be traced back to the middle and late 20th century, with the continuous development of information technology, especially the rise of the Internet, the Internet of things, big data and other technologies, providing possibilities for the transformation and upgrading of industrial production. The German government has keenly grasped this trend and promoted the concept of Industry 4.0 through policy guidance, financial support and other means. Since the concept of Industry 4.0 was put forward, the research and practice of Industry 4.0 have been deepening worldwide, and countries have introduced corresponding strategic plans in order to take the lead in the new round of industrial revolution. 

Intelligence is one of the most significant features of Industry 4.0. Through the application of artificial intelligence, big data and other technologies, Industry 4.0 realizes real-time monitoring and intelligent decision-making of the production process. The wide application of wireless sensor, control system network, wireless industrial communication and other technologies provides a solid technical foundation for the realization of intelligent production. Intelligent production system can automatically adjust production parameters according to real-time data, optimize production process, improve production efficiency and product quality. At the same time, intelligent production also promotes the development of personalized consumption, by collecting and analyzing user data, intelligent production system can produce products that meet the personalized needs of users and meet the diversified needs of the market. 

Digitization is another important feature of Industry 4.0. In the era of Industry 4.0, massive user data has been introduced into production, which has promoted the continuous improvement of the overall digitization degree of the manufacturing industry. Digital production uses computer, database, multimedia and other technologies to collect and integrate resource information according to user needs, and realize the recombination and optimization of product and process information. Digital production not only improves production efficiency, but also reduces production costs, providing strong support for the transformation and upgrading of enterprises.

 Greening is another important direction of industrial development in the era of Industry 4.0. The industrial revolution brought the rapid development of productivity, but also caused serious damage to the ecological environment. In the era of Industry 4.0, enterprises pay more attention to green production, and formulate more reasonable energy saving, consumption reduction, and emission reduction targets through digital and intelligent management and control means to minimize pollutant emissions. Green production not only helps to protect the ecological environment, but also improves the social responsibility and brand image of enterprises to achieve sustainable development. 

The technical basis of Industry 4.0 mainly includes artificial intelligence, cloud computing, big data, and the Internet of Things. Artificial intelligence technology provides intelligent decision-making and optimization capabilities for Industry 4.0; Cloud computing technology makes it possible to store and process massive data. Big data technology provides strong support for the production and operation of enterprises through data mining and analysis. The Internet of Things technology realizes the interconnection between devices and provides a physical basis for the realization of intelligent production. The comprehensive application of these technologies has promoted the arrival and development of the Industry 4.0 era. 

Industry 4.0 is also having a profound impact on the global economy. It has promoted the transformation and upgrading of the global manufacturing industry. In the era of Industry 4.0, the production mode, organization mode and management mode of manufacturing industry have undergone profound changes. Intelligent, digital and green production methods improve production efficiency and product quality, reduce production costs and resource consumption, and promote the sustainable development of the manufacturing industry. 

At the same time, Industry 4.0 also promotes the deep integration of manufacturing and service industries, and promotes the optimization and upgrading of industrial structure. Second, Industry 4.0 is driving innovation in the global economy. In the era of Industry 4.0, technological innovation has become an important driving force for economic growth. Countries have increased investment in research and development of artificial intelligence, cloud computing, big data and other technologies, and promoted the emergence of new technologies, new products and new business forms. These innovations not only improve the core competitiveness of enterprises, but also promote the innovative development of the global economy. Third, Industry 4.0 promotes the integration and development of the global economy. 

In the era of Industry 4.0, multinational enterprises, transnational production, and transnational services have become the norm. Economic ties and cooperation among countries have become increasingly close, which has promoted the integration and development of the global economy. At the same time, Industry 4.0 also promotes the restructuring and optimization of global value chains, improving the overall efficiency and competitiveness of the global economy. However, the development of Industry 4.0 has also brought some challenges and problems. For example, intelligent production may lead to the disappearance of some traditional jobs and the adjustment of employment structure; Digital production may cause data security issues; Green production requires enterprises to invest more capital and technology to transform and upgrade. These problems require the joint efforts of governments, enterprises and all sectors of society to solve them through policy guidance, technological innovation and personnel training. To sum up, Industry 4.0, as a new stage in the development of human industrial civilization, has had a profound impact on the global economy with its intelligent, digital and green characteristics. In the face of the opportunities and challenges brought by Industry 4.0, countries need to actively respond, strengthen cooperation and exchanges, and jointly promote the sustainable development of the global economy.
1.2 Development status of artificial intelligence technology
The term "artificial intelligence" was first coined by scholars such as John McCarthy at the Dartmouth Conference in 1956. After this, artificial intelligence began to develop rapidly, from the initial relevant proof of machine theorems, gradually developed to expert systems, and now big data and deep learning. Due to the rapid development of big data, artificial intelligence has also entered a new boom in the world, and most of the world's developed countries are vigorously developing artificial intelligence. The artificial nerve cell model (M-P model) proposed by McCulloch and Pitts(1943) is regarded as the beginning of artificial intelligence, and the concept of "artificial intelligence", first proposed by McCarthy at the Dartmouth Conference in 1956, marks the beginning of the discipline.

 McCarthy(1956) defined artificial intelligence as "artificial intelligence is to make the behavior of machines look like the intelligent behavior displayed by humans", which is an intelligent engineering based on computer programs. With the continuous development of artificial intelligence, some people define artificial intelligence as a discipline. Andrew(1987) believes that artificial intelligence is the study of how to make machines do what people should do, and he points out that the connotation of artificial intelligence will change with the development of information technology in the future. Winston(2009) believes that artificial intelligence is a new modern science that studies methods, techniques and strong application capabilities to simulate, extend and embed human intelligence. Korinek and Stiglitz(2017) regard artificial intelligence as an automated process, and the realization of this process is to use computer technology to transform human brain functions and realize human brain thinking patterns. 

Some scholars believe that artificial intelligence is an intelligent behavior. For example, Nielsen(2000) believes that artificial intelligence is an intelligent behavior about artificial creation. General intelligent behavior includes perception and reasoning, as well as stable learning and communication in a relatively complex environment. Aghionetal(2017) understands artificial intelligence as the ability of machines to imitate human behavior and intelligence. In addition, some domestic scholars have also put forward their own views on the concept of artificial intelligence. Zhu Wei et al. (2016) defined artificial intelligence as an intelligent machine or system that can imitate human thinking and activities. Artificial intelligence covers a range from data mining to deep learning, from image recognition to the scientific model of human brain, and so on. CAI Shushan et al. (2016) believe that human intelligence uses machines or other artificial methods to achieve the purpose of simulation. Zhong Yixin (2017) pointed out that it is the development goal of artificial intelligence to explore the working principle of artificial intelligence and based on this, develop intelligent machines that reach the level of human brain to serve human beings. Yan Zhiming et al. (2017) defined the subject concept of artificial intelligence. He pointed out that artificial intelligence is an interdisciplinary subject of human ability and intelligent behavior simulation, and it should be studied by combining psychology, computer science, neurology and other fields with artificial intelligence. Yang Xiting (2018) believes that the requirement for realizing artificial intelligence is a computer-centered technical system with intelligent thinking mode, or an intelligent system that takes reasonable decisions to solve complex problems to achieve goals. In the new stage of economic development and technological progress, artificial intelligence is generally divided into weak artificial intelligence and strong artificial intelligence. The main function of weak artificial intelligence is to replace human physical labor, while the role of strong artificial intelligence is to replace mental labor. The former is a system or machine that operates according to a pre-set programming of humans, and it does not have the ability to think independently, make decisions independently, and adapt to changes. The latter refers to intelligent machines that have autonomous consciousness and can think independently and solve problems in reality, and people also call them complete artificial intelligence. 

At this stage, based on the current level of science and technology, the artificial intelligence technology that humans have is mostly weak artificial intelligence, that is, artificial intelligence that focuses on and can only solve a specific field of work. OnderNomaler (2019) distinguishes between intellectualization, which uses machine deep learning to replace brain power, and automation, where some intelligent machines replace human physical strength. Yan Xueling (2020) and Wang Yongqin (2020) believe that robots will have a certain impact on labor force structure and industrial reform. The deeper machines are involved in production, the more workers will not be able to control machines, but machines will dominate human beings, which will lead to a series of negative effects and trigger concerns about the development of artificial intelligence. At present, the research and analysis of artificial intelligence in academia and industry are basically based on the development status of data, robots and computers. 

As a technical science that simulates human intelligence, artificial intelligence covers many sub-fields such as machine learning, deep learning, and natural language processing. Since the concept of artificial intelligence was proposed in the 1950s, it has gone through stages of development such as symbolism, connectionism, and deep learning. With the improvement of big data and computing power, artificial intelligence technology has made breakthrough progress. According to different levels of intelligence, artificial intelligence can be divided into weak artificial intelligence and strong artificial intelligence. Weak AI focuses on problem solving in specific areas, such as image recognition, speech recognition, natural language processing, etc., while strong AI can think and solve various problems like humans. At present, weak artificial intelligence has been widely used in many fields, while strong artificial intelligence is still in the stage of research and exploration. 

In recent years, artificial intelligence technology has continuously emerged innovative achievements in deep learning, machine learning, natural language processing and other fields. Deep learning processes large-scale data through deep neural network models to achieve complex functions, and has achieved remarkable results in computer vision, natural language processing and other fields. For example, image and video processing technology uses computer vision technology to process, analyze and understand images and videos, and realize automatic target detection, tracking and recognition functions. In the aspect of natural language processing, we study how to make computers understand and generate human language, including lexical analysis, syntactic analysis, semantic understanding and other technologies. With the improvement of semantic understanding ability, the natural language processing system's understanding ability of text semantics is increasingly enhanced, making the dialogue system more intelligent and able to achieve a more natural and smooth human-computer dialogue. In addition, AI has also made progress in model compression and acceleration, model structure innovation, and training method optimization. Through pruning, quantization, knowledge distillation and other technologies, the size and computational complexity of deep learning model are reduced, and its real-time and deployable are improved. At the same time, more efficient and complex neural network structures are designed, and more advanced optimization algorithms and learning rate adjustment strategies are studied to accelerate the training process of deep learning models.

1.3.  Research purpose and problem definition
The combination of artificial intelligence technology and manufacturing industry has been highly valued in all countries in the world, and many scholars have conducted research on the integration and development of artificial intelligence and manufacturing industry. Tortorella&Fettermann (2018) believes that digital transformation of manufacturing and business processes and installation of machines with artificial intelligence can improve the productivity of manufacturing and reduce the waste of resources. In his study, Rachinger(2018) found that if it is within the scope of Industry 4.0, the implementation of digitization of manufacturing may bring considerable benefits and more than offset the associated costs and risks. Zhouetal. (2018) proposed that the combination with intelligent technology has caused drastic changes in the development concept and manufacturing model of the manufacturing industry. 

The emergence of intelligent manufacturing has reshaped the development path, technology system and industrial form of the manufacturing industry, and will lead the global manufacturing industry into a new stage. In this important period, we must grasp the opportunity of change brought by intelligent technology, and improve the production quality, production efficiency and business performance of manufacturing enterprises through innovation. In his research on intelligent industrialization, Han Jiangbo (2017) defined intelligent manufacturing as the penetration and application of relevant intelligent technologies to the process in different links of the manufacturing value chain. 

The development and application of the new generation of information technology can upgrade many sectors of economy and society intelligently, and gradually realize the process of replacing physical strength by brain power, thus ultimately achieving the upgrade of productivity [3]. Li Lianshui et al. (2019) divided the development process of domestic artificial intelligence and manufacturing industry: The first stage was from 1958 to 2006, during which the improvement of manufacturing information level was mainly driven by the development of industrialization; The second stage is from 2007 to 2014, the integration of the two is the focus of this stage, information and industrialization is the main direction of development at that time; The third stage is from 2015 to now, in this stage, the manufacturing industry has entered the stage of leading the industrialization and upgrading with the development of information technology, "Made in China 2025" played a non-negligible role in this stage, laying an important foundation for promoting intelligent manufacturing as the main direction of manufacturing development, in this stage, in order to make China's manufacturing industry obtain high-quality development, The successful integration of AI and manufacturing will be key. Zhang Yingfeng et al. (2019) believe that with the integration and development of artificial intelligence and manufacturing industry, more and more intelligent systems have been developed for market analysis, new product improvement, production planning, equipment maintenance and other links in the manufacturing field, aiming to achieve deep integration of a series of intelligent technologies such as Internet of Things, big data and artificial intelligence with manufacturing industry. Gao Yu (2019) found that artificial intelligence can improve the development quality of the manufacturing industry through a variety of channels, including four aspects: reducing costs, improving efficiency, creating value, and expanding development. Lu Yue et al. (2020) proposed that artificial intelligence will make a breakthrough contribution to innovation, which will not only promote the high-quality development of manufacturing enterprises but also enhance the level of opening up of enterprises. Mi Jinhong et al. (2020) found through empirical studies that the integrated application of artificial intelligence technology and manufacturing industry will help the upgrading of manufacturing industry through channels such as improving innovation ability, optimizing capital structure, and improving market valuation. 

With the continuous development of the global economy and the rapid development of science and technology, Industry 4.0, as the core of a new round of industrial revolution, is reshaping the global manufacturing landscape at an unprecedented speed. In this change, artificial intelligence technology with its unique advantages and great potential, has become the important engine to promote the development of industry of 4.0. This study aims to deeply explore the importance of artificial intelligence in Industry 4.0, and analyze its key role in manufacturing transformation and upgrading, production efficiency improvement, cost reduction, and product quality optimization. First of all, from the perspective of the transformation and upgrading of the manufacturing industry, the introduction of artificial intelligence technology makes the production process more intelligent and automated, which promotes the transformation of the manufacturing industry from the traditional labor-intensive to technology-intensive. This shift not only improves production efficiency, but also reduces the reliance on human resources, allowing the manufacturing industry to respond more flexibly to market changes. 

Secondly, in terms of production efficiency improvement, artificial intelligence technology has significantly improved the production efficiency of the manufacturing industry by optimizing the production process, improving the utilization rate of equipment and reducing the downtime of failures. At the same time, artificial intelligence technology also enables real-time monitoring and predictive maintenance, further reducing uncertainties and risks in the production process. In addition, in terms of cost reduction, artificial intelligence technology effectively reduces production costs in the manufacturing industry by optimizing supply chain management, reducing energy consumption, and reducing scrap rates. These cost reductions not only improve the profitability of enterprises, but also make manufacturing more competitive in global competition. 

Finally, in terms of product quality optimization, artificial intelligence technology has significantly improved product quality in the manufacturing industry by precisely controlling the production process, real-time monitoring product quality, and realizing personalized customization. This quality improvement not only meets the demand of consumers for high-quality products, but also improves the brand image and market share of enterprises. Therefore, studying the importance of artificial intelligence in Industry 4.0 is of great significance for promoting the transformation and upgrading of the manufacturing industry, improving production efficiency, reducing costs and optimizing product quality.

China's relevant research mainly focuses on the future development strategy, challenges, and potential opportunities of artificial intelligence. In terms of the future development strategy of artificial intelligence, the main point of view is that the research on the frontier basic theory of artificial intelligence should be strengthened. For example, Du Chuanzhong (2018) pointed out that China should actively learn from the experience of countries with first-mover advantages in AI development, introduce AI strategic planning, pay attention to forward-looking basic theoretical research, and increase the application of AI technology in the manufacturing industry. 

In order to promote the development of China's artificial intelligence technology, on the one hand, we must continue to implement relevant strategic plans; On the other hand, we should increase financial support for new information technology. For example, machine learning, language processing, human-machine interchange and so on. While formulating the development strategy of artificial intelligence, it is necessary to clearly understand the advantages and challenges of China's development of artificial intelligence. 

At present, China has comparative advantages compared with developed countries in the field of artificial intelligence research such as visual recognition, but in many aspects, China has a large gap with developed countries such as the United States and faces huge challenges. Its main point of view is that artificial intelligence lags far behind developed countries such as Europe and the United States in terms of core technology and development quality. For example, although China and the United States are in a synchronized development stage in the field of artificial intelligence, China is superior in the number of AI-related patent applications, but the quality and intelligence conversion rate are not high (Chen Jun, 2019). Hu Jun (2018) et al. pointed out that there is a significant gap between China and the United States in core chip research and development, basic algorithm development, core talent training and other aspects. For example, about 39% of practitioners in the field of artificial intelligence in China have more than 10 years, far behind the 72% in the United States. 

China's artificial intelligence research on the upgrading of manufacturing industry mainly focuses on the difficulties, achievements and relevant policy suggestions of artificial intelligence in promoting the upgrading of manufacturing industry. The main performance of artificial intelligence to promote the upgrading of manufacturing industry is the upgrading of manufacturing products, the upgrading of industrial processes, and the upgrading of the manufacturing value chain. Cao Jing (2018) pointed out that artificial intelligence not only helps to improve the production efficiency of the manufacturing industry, but also promotes the generation and development of new manufacturing models and new business forms. For example, Liu Jun (2019) pointed out that the application of artificial intelligence can improve technological innovation, enhance industrial efficiency, improve production mode, promote the optimization of manufacturing structure, and thus realize the upgrading of manufacturing industry. Shi Zhanzhong (2019) believes that service-oriented manufacturing is a new business form for the development of manufacturing industry. That is, manufacturing enterprises change from focusing on products to focusing on the direction of "product + service", and obtain a new competitive advantage, and products and services promoted by artificial intelligence will occupy an increasing proportion in the manufacturing industry. 

The above literature mainly describes the impact of artificial intelligence on the upgrading of manufacturing industry. However, at the same time, there are many problems in the process of artificial intelligence driving the upgrading of manufacturing. Ai is far more integrated into service industries such as finance than manufacturing. Deng Zhou (2018) believes that the current challenges in the application of artificial intelligence in the manufacturing industry are reflected in three aspects: 

- It is difficult to develop and utilize the data in the manufacturing process required by artificial intelligence; 

- There is no mature system and solution for reference; 

- The lack of innovative talents in the industry makes it difficult to meet the development needs of the industry. In order to deal with the above challenges and give play to the driving role of artificial intelligence in the manufacturing industry, a number of scholars have put forward relevant policy suggestions. 

In order to realize the transformation and upgrading of the manufacturing industry, obtain competitive advantages, and promote the application of artificial intelligence in the manufacturing industry, Yang Danhui (2018) pointed out that manufacturing enterprises should implement the strategy of "vertical linkage" and "horizontal integration". On the one hand, enterprises should strengthen research and development, design, manufacturing, service and other "vertical linkage"; On the other hand, it is necessary to promote the sharing of information and business in the development and manufacturing links of different manufacturing enterprises. 

The development and application of artificial intelligence not only requires enterprises to play the main role, but also requires the state to formulate and implement relevant policies and measures to create a suitable environment for social development. Deng Zhou (2018) believes that in order to promote the integrated development of artificial intelligence and manufacturing industry and promote industrial upgrading, the state should introduce policies and tax incentives to support the development of intelligent manufacturing industry. In order to solve the problem of difficult access to data in the manufacturing sector, the government should cooperate with leading enterprises in the industry to establish a world-leading and large-scale industry database. At the same time, accelerate the establishment of AI-related education and training systems. The application of artificial intelligence and other technologies will bring many benefits to manufacturing enterprises in production and operation. It can not only accelerate innovative applications and improve the efficiency of communication between enterprises and users, but also achieve real-time interaction.

 On the other hand, the emergence of smart devices will accelerate the pace of machine replacement. At the same time, more and more production workshops are gradually becoming unmanned, promoting enterprises to achieve accelerated upgrading of production efficiency and reduce the corresponding production costs. The combination of artificial intelligence technology and manufacturing will be the focus of the future development of manufacturing. Artificial intelligence will continue to expand the scope of digital application of manufacturing equipment, create a batch of enterprise cloud platform, is expected to achieve the whole process of production and manufacturing digitalization, such as Haier Shenyang refrigerator interconnection factory through digital integration to carry out equipment interconnection, to achieve product design, process, manufacturing, logistics and other aspects of intelligence. Use big data to carry out mass customization and personalized production. The order delivery cycle has also been greatly shortened, reduced from the past 15 days to 7 days, the number of personalized products has skyrocketed, the research and development cycle has been shortened by 30%, the production capacity has been increased by 100%, the employment has been reduced by 50%, and the per capita output value has been increased by 30%. 

The massive data gathered by the artificial intelligence platform makes the models of each stage constantly refined, and the intelligent applications of production and manufacturing based on the integration and optimization of enterprise production site data continue to emerge, promoting the accelerated transformation of production methods to intelligent manufacturing. For example, the black light factory of Maoshan Intelligent Manufacturing Base of the boss Electric appliance connects the parameters of the workshop production equipment to the Internet platform through the 5G network, so that the workshop reaches 24-hour production, and the workers required for production are reduced from more than 200 to 2 people. Artificial intelligence and other technologies in China's manufacturing industry is getting more and more attention and application, China's manufacturing artificial intelligence application market has been expanding in recent years, as can be seen from Table 1.1, since 2018, China's manufacturing artificial intelligence application market has reached 800 million, and is expected to reach 14.1 billion yuan in 2025. At the same time, the market size of artificial intelligence applications in manufacturing has maintained an annual growth rate of more than 40% since 2019.

Table 1.1 

China manufacturing artificial intelligence application market

	Years
	Manufacturing artifcial intelligence application market(100

Rate ofincrease milion yuan)


	Rate of increase



	2018
	8
	33%

	2019
	12
	40%

	2020
	17
	42%

	2021
	25
	50%

	2022
	37
	52%

	2023
	56
	55%

	2024
	87
	58%

	2025
	141
	65%


The core concept of Industry 4.0 is to realize the intelligent, networked and autonomous manufacturing process through the deep integration of information technology and manufacturing. In this process, artificial intelligence, as the pinnacle of information technology, has become the core force to promote the intelligent transformation of the manufacturing industry with its powerful data processing ability, learning ability and decision-making ability. The application of artificial intelligence enables manufacturing systems to more accurately perceive environmental changes, more efficiently deal with complex tasks, and more intelligently make decisions, thereby greatly improving production efficiency, reducing operating costs, and enhancing market competitiveness. 

Therefore, in-depth study of the role and function of artificial intelligence in industry 4.0 helps us to more clearly understand the core position of artificial intelligence in the intelligent transformation of manufacturing industry, and point out the direction for the future development of manufacturing industry. Although artificial intelligence plays an important role in Industry 4.0, it also faces many challenges in the realization of its functions. This study will deeply analyze the functional realization of artificial intelligence in Industry 4.0 and the challenges it faces, so as to provide references for future research and application.

Table 1.2 

Function of AI in Industry 4.0

	Function
	Definition

	Intelligent production
	Artificial intelligence technology realizes the intelligent production process by means of intelligent sensors, robots and automatic control systems. This intelligence not only improves production efficiency, but also reduces labor costs, enabling the manufacturing industry to produce high-quality products more efficiently.



	Custom service
	Artificial intelligence technology has achieved an accurate grasp of consumer demand and personalized customization through big data analysis, machine learning, and natural language processing. This customized service not only meets the diversified needs of consumers, but also improves the market competitiveness of enterprises.



	Supply chain optimization
	Artificial intelligence technology realizes the comprehensive optimization of the supply chain through real-time monitoring and analysis of each link in the supply chain. This optimization not only reduces logistics costs, but also improves the reliability and flexibility of the supply chain.

	Remote operation and maintenance and monitoring
	Artificial intelligence technology realizes the remote operation and peacekeeping monitoring of production equipment through the Internet of Things, cloud computing and other technical means. This operation and peacekeeping monitoring not only improves the utilization and reliability of equipment, but also reduces maintenance costs.



	Shortage of talents
	With the continuous development of artificial intelligence technology, the demand for professionals is also increasing. However, there is still a shortage of talents with relevant skills and experience in the market, which limits the widespread application of AI technology in Industry 4.0


CHAPTER 2 
THE ROLE OF ARTIFICIAL INTELLIGENCE IN INDUSTRY 4.0
2.1. Promoters of intelligent manufacturing
Production line automation is an important part of modern manufacturing industry, which realizes the continuity and efficiency of production process through automation equipment and technology. However, the traditional production line automation mainly relies on preset procedures and fixed process flow, lack of enough flexibility and intelligence. With the introduction of artificial intelligence technology, production line automation has begun to enter a new stage of development. By simulating human thinking and behavior, artificial intelligence can realize the perception, understanding and decision-making of complex environments. In production line automation, artificial intelligence technology can be applied to multiple links such as equipment control, production scheduling, and quality inspection, thereby significantly improving the overall performance and efficiency of the production line.

Table 2.1 

Specific application of artificial intelligence in production line automation

	Application name
	Effect

	Intelligent device control
	The application of artificial intelligence in equipment control mainly involves intelligent sensors, intelligent actuators, and intelligent controllers. By integrating artificial intelligence technology, these devices can achieve real-time monitoring and precise control of the production environment. For example, intelligent sensors can monitor real-time temperature, humidity, and pressure parameters in the production line and automatically adjust the equipment's operating state based on parameter changes. Intelligent actuators can execute precise actions based on control instructions and achieve automated operation of equipment. Meanwhile, intelligent controllers can optimize and coordinate the entire production line by integrating advanced algorithms and models.

	Production scheduling optimization
	Production scheduling is one of the key stages in automating production lines. Traditional production scheduling methods mainly rely on human experience and fixed rules, which are difficult to adapt to the complex and changing production environment. The application of artificial intelligence technology provides a new solution for production scheduling. By integrating advanced machine learning algorithms and data analysis technologies, artificial intelligence can realize real-time analysis and prediction of production data, thereby formulating more scientific and reasonable production scheduling plans. This not only improves the utilization rate and efficiency of production lines, but also reduces waste and losses in the production process.

	Quality inspection and control
	Quality is the lifeline of manufacturing. Traditional quality inspection methods mainly rely on manual inspection and sampling inspection, which have low detection efficiency and poor accuracy. However, the application of artificial intelligence technology provides new means and methods for quality inspection. By integrating advanced technologies such as computer vision and natural language processing, artificial intelligence can achieve real-time monitoring and precise control of production processes. For example, computer vision technology can take real-time photos and perform image analysis on products on the production line, thereby enabling quick detection and judgment of product quality. At the same time, artificial intelligence technology can predict potential quality problems and risks by analyzing and mining historical data, providing strong support for quality control.

	Predictive maintenance and fault diagnosis
	Traditional equipment maintenance and fault diagnosis methods mainly rely on regular inspections and manual expert judgment, which have problems such as high maintenance costs and failure detection that is not timely. The application of artificial intelligence technology provides new solutions for equipment maintenance and fault diagnosis. By integrating advanced machine learning algorithms and data analysis technologies, artificial intelligence can achieve real-time monitoring and predictive maintenance of equipment operation. For example, by using deep learning algorithms, equipment vibration signals and temperature signals can be analyzed and modeled, thereby achieving early warning and precise location of equipment failures. This not only can reduce equipment maintenance costs and failure rates, but also can improve the stability and reliability of production lines.


AI-driven predictive maintenance benefits from the rapid development of machine learning, deep learning, and other technologies. These technologies can extract useful information from massive amounts of data, automatically build fault prediction models, and monitor equipment status in real-time with warning. AI can achieve predictive maintenance through the following steps:

1. Data collection and processing: AI needs to collect various data generated during equipment operation, such as vibration, temperature, and pressure sensor data, as well as equipment operation logs and maintenance records. Then, the data is cleaned, transformed, and feature extracted to form a training set for model training.

2. Model training and optimization: After the data is ready, AI uses machine learning algorithms, such as support vector machines and neural networks, to build fault prediction models. By learning and training on the training set, the model can gradually identify fault features and establish a mapping between faults and operating data. To improve model accuracy and generalization ability, AI will also optimize and validate the model to ensure its good performance in actual applications.

3. Real-time monitoring and warning: After the model is trained, AI deploys the model to the monitoring system to monitor equipment operation in real-time. If abnormal data is detected or the warning threshold is reached, AI will immediately issue a warning signal to notify maintenance personnel for inspection and repair. This real-time monitoring and warning mechanism can significantly shorten the fault response time and reduce losses caused by faults.

In the context of Germany's Industry 4.0, Lyu Yulin explored the application of AI in smart manufacturing systems in her master's thesis titled "Development and Scheduling Optimization of Intelligent Manufacturing Systems Based on Industrial 4.0 Technology." She pointed out that under the drive of Industry 4.0, smart manufacturing systems integrate industrial robot technology, machine vision technology, autonomous logistics technology, and MES systems (manufacturing execution systems) to achieve automated and flexible production of workpieces. In such a smart manufacturing system, AI-driven predictive maintenance plays a crucial role.

MES systems, as the core part of smart manufacturing systems, are responsible for realizing data interaction and management between equipment. Through data collection modules and communication modules, MES systems can collect real-time operating data from equipment and transmit it to the AI Once abnormal vibrations, noises, or temperature rises are detected in the machine, the AI will immediately issue an alert signal and suggest possible causes and locations of the fault. Companies can take corresponding maintenance measures in time based on the AI's diagnostic results, avoiding the fault from further expanding or causing more serious consequences. It is worth mentioning that the application of AI in fault diagnosis is not limited to individual equipment or production lines. By integrating and analyzing the operation data of multiple equipment and production lines, AI can also achieve cross-equipment and cross-production line fault diagnosis. This cross-domain fault diagnosis capability provides enterprises with a more comprehensive equipment health management solution and helps achieve the overall optimization and intelligent upgrade of production lines. In the future, artificial intelligence technology will be deeply integrated with all the links of production line automation to realize the coordinated development and efficient utilization of equipment, personnel, and information resources. This will further enhance the intelligent level and overall competitiveness of production lines. And as consumer demand becomes more diverse and personalized, production line automation will pay more attention to the coordinated development of intelligence and personalization. Artificial intelligence technology will meet different consumer needs through customized solutions and personalized services.

In the context of global climate change and resource shortage, green manufacturing and sustainable development have become an important development direction of the manufacturing industry. Artificial intelligence technology will promote the development of the manufacturing industry in the direction of green and intelligent by optimizing production processes and processes, reducing energy consumption and emissions. In the future, artificial intelligence technology will be deeply integrated with the new generation of information technology such as the Internet of Things, big data, and cloud computing, and promote the development of the manufacturing industry in the direction of digitalization, networking, and intelligence. At the same time, artificial intelligence technology will also carry out cross-border integration and innovative development with other industries to form new formats and business models.

2.2. Core of data processing and analysis
The Company is the leader in building materials industry in China, the third largest cement industrial group in China, and one of the largest suppliers of green, environmentally-friendly, and energy-saving building materials in the Beijing-Tianjin-Hebei region. The Company is also the leader of low-carbon, green, and environmentally-friendly development, energy saving and emission reduction, and circular economy in the domestic cement industry with strong scale advantage and market dominance within the region.

1, the collection of industrial big data Industrial big data refers to the industrial field, around the intelligent manufacturing model, through the Internet of things, cloud computing, sensing technology and other information technology, from all aspects of the product life cycle generated massive data. These data cover the whole process of product design, raw material procurement, production and manufacturing, sales and service, and are an important basis for intelligent manufacturing systems to achieve self-optimization and self-feedback.

 - Diversity of data sources: In intelligent manufacturing systems, data sources are extremely wide. On the one hand, the sensor data from the production equipment, such as temperature, pressure, speed and other real-time parameters, provides the basic production status information for the system. On the other hand, the data from the production management system (such as the MES system), such as production planning, inventory, order status, etc., provides the system with a higher level of production management information. In addition, there are data from quality inspection systems, energy consumption monitoring systems, etc., which together constitute a rich system of industrial big data.

 - Intelligent data collection: The application of artificial intelligence technology makes the data collection process more intelligent. By deploying smart sensors and iot devices, the system is able to collect all kinds of data in the production process in real time and accurately. At the same time, using machine learning and data mining technology, the system can also conduct preliminary processing and analysis of the collected data, extract valuable information, and provide strong support for subsequent data processing.

 - Standardization of data format: In order to ensure the accuracy and comparability of data, the formatting and standardization of data is particularly important in the collection process of industrial big data. By developing unified data standards and specifications, the system can integrate and process data from different devices and different systems in a unified manner, thereby avoiding problems such as incompatible data formats and data redundancy. The introduction of artificial intelligence technology has made the standardization process of data formats more efficient and accurate. 

2, the processing of industrial big data in the collection of a large number of industrial data, how to effectively process and analyze it, in order to dig out the value of information, is an important challenge faced by intelligent manufacturing systems. The application of artificial intelligence technology provides strong support for the solution of this problem. Data preprocessing: Data preprocessing is the first and crucial step in industrial big data processing. Due to the wide range of sources and diverse formats of industrial data, it is necessary to clean, transform and integrate the data before processing to ensure the accuracy and availability of the data. The machine learning algorithm and data mining technology in artificial intelligence technology can automatically complete these pre-processing work, which greatly improves the efficiency and accuracy of data processing. In terms of data cleaning, machine learning algorithms can identify and remove useless information such as outliers and duplicate values in the data to ensure the accuracy of the data. In terms of data conversion, by defining a unified data format and conversion rules, the system can convert data in different formats into a standard format that can be compared and analyzed. In terms of data integration, artificial intelligence technology can integrate and associate data from different devices and different systems to form a complete data chain. 

- Data analysis and mining: After the pre-processing of industrial big data, in-depth analysis and mining are required to discover the rules, trends, and correlation. The introduction of artificial intelligence technology has made this process more intelligent and efficient. In terms of data analysis, deep learning algorithms and neural networks in artificial intelligence technology can carry out efficient feature extraction and pattern recognition of massive data, so as to discover potential laws and trends in the data. These laws and trends have important reference value for production decision

-making, equipment maintenance, quality management and so on. In terms of data mining, methods such as association rule mining and cluster analysis in artificial intelligence technology can dig out hidden association relationships and patterns from a large amount of data. For example, by analyzing the operating data and fault records of production equipment, the system can predict the fault trend of equipment, conduct maintenance and maintenance in advance, and avoid production interruptions and losses. 

- Data visualization and optimization: In order to display the results of data analysis more intuitively and improve the readability and ease of use of data, data visualization is also an important link in the processing of industrial big data. Visualization technology and chart generation technology in artificial intelligence technology can present the analysis results in the form of charts, curves, etc., so that enterprise personnel can more intuitively understand the production status and problems. At the same time, the optimization algorithm based on artificial intelligence can also optimize and improve all aspects of the production process. For example, by analyzing the operation data and energy consumption data of the production equipment, the system can propose an optimization plan for energy saving and consumption reduction. By analyzing the actual execution of the production plan, the system can adjust the production plan to improve production efficiency and flexibility. 

3. Practical application cases of artificial intelligence in industrial big data collection and processing In practical application, artificial intelligence technology has been widely used in a number of manufacturing enterprises, and has achieved remarkable results. In a smart manufacturing workshop, through the deployment of smart sensors and iot devices, the system can collect real-time operation data of production equipment, worker operation data, production schedule data, etc. At the same time, artificial intelligence technology is used to pre-process and analyze the collected data, and the system can monitor the production status in real time, predict equipment failures, and optimize production plans. The realization of these functions greatly improves the production efficiency and product quality of the workshop.

 In the energy management system of a manufacturing enterprise, through the introduction of artificial intelligence technology, the system can monitor and record the energy consumption data of the enterprise in real time, including water, electricity, gas and other aspects. At the same time, by using data mining technology to analyze and mine energy consumption data, the system can find abnormal energy consumption and waste phenomenon, and put forward suggestions and schemes for energy saving and consumption reduction. In manufacturing, data analytics has always played a crucial role. However, traditional data analysis methods are often time-consuming and difficult to handle large, complex data sets. The emergence of artificial intelligence, especially the application of techniques such as machine learning and deep learning, has revolutionized data analysis. Machine learning algorithms can automatically extract features and rules from a large amount of data, without the need for manual cumbersome feature engineering. This allows manufacturing companies to quickly analyze various data in the production process, including equipment operating status, production efficiency, product quality, etc., so as to identify potential problems and optimize them in time. For example, by analyzing data collected by equipment sensors, machine learning models can predict equipment failure trends, advance maintenance, and avoid production disruptions. Deep learning techniques are good at processing complex data types such as images and videos. 

In manufacturing, deep learning can be used for tasks such as quality inspection and product classification. By training deep learning models, enterprises can realize real-time detection of products on the production line, quickly identify defective products, and improve product quality and customer satisfaction. In addition to improving the efficiency and accuracy of data analysis, AI also plays an important role in data visualization. Traditional data visualization methods are often limited by the size and complexity of data, and it is difficult to present comprehensive information. Artificial intelligence can help users better understand and interpret data through intelligent recommendation, interactive analysis and other means. The intelligent recommendation system can recommend relevant data visualization charts and reports based on the user's historical behavior and preferences. This allows decision-makers in manufacturing companies to quickly access the information they need to make more informed decisions. At the same time, interactive analysis tools allow users to freely explore the data by dragging, zooming, etc., to discover hidden patterns and trends.

 In manufacturing, real-time data analysis is key to ensuring production efficiency and quality. The application of artificial intelligence technology enables enterprises to realize real-time monitoring and rapid response to the production process. By deploying smart sensors and iot devices, manufacturing companies can collect all kinds of data on their production lines in real time. This data is then analyzed in real time using artificial intelligence algorithms to detect anomalies in the production process. Once an anomaly is detected, the system can immediately issue an alert and recommend the appropriate solution. This real-time data analysis capability helps enterprises correct production deviations in time to ensure product quality and production efficiency. In addition, AI can dynamically adjust production schedules based on real-time data. By analyzing external factors such as market demand and raw material supply, as well as the actual operation of production lines, AI algorithms can predict future production needs and automatically adjust production plans. This dynamic adjustment ability helps enterprises respond to market changes and maintain the stability and flexibility of production.

2.3.  Intelligent upgrade of supply chain management
1. Demand forecasting and plan optimization

In supply chain management, accurate prediction of market demand is the premise of making production plan, optimizing inventory and logistics strategy. Traditional methods tend to rely on historical sales data, seasonal factors, and macroeconomic indicators, but the prediction accuracy of these methods is often greatly reduced in the face of market fluctuations, consumer behavior changes, and emergencies. The application of artificial intelligence technology, especially machine learning and deep learning algorithms, can process and analyze a large number of multi-dimensional data, including social media data, consumer behavior data, macroeconomic data, etc., so as to more accurately predict market demand. By training the model, the AI can identify the potential factors affecting the demand, and automatically adjust the prediction parameters to improve the accuracy of the prediction.

In addition, AI can be combined with supply chain planning systems to achieve automated and intelligent planning optimization. For example, AI-based planning systems can automatically adjust production plans, procurement plans and logistics plans according to real-time market demand prediction, ensuring the flexibility and response speed of the supply chain. This intelligent planning optimization can not only reduce the inventory cost, but also improve the production efficiency and meet the diversified needs of the market.

2. Inventory management and optimization

Inventory management is one of the key links of supply chain optimization. Traditional inventory management methods often rely on empirical judgment and fixed rules, which is difficult to adapt to the rapid changes of market demand. The application of artificial intelligence technology provides a new solution for inventory management.

AI can automatically calculate the optimal inventory level by analyzing historical sales data, market demand forecasts, and supplier delivery times. This data-based inventory management approach can not only reduce inventory costs, but also reduce the risk of shortages and backlog. In addition, AI can also realize an intelligent inventory replenishment strategy. By analyzing sales data and inventory levels, AI can predict future inventory demand and automatically trigger replenishment requests to ensure timely replenishment of inventory. This intelligent replenishment strategy can not only improve the inventory turnover rate, but also reduce human intervention and errors.

3. Intelligent logistics and distribution optimization

Logistics is an important part of the supply chain, and its efficiency directly affects the product delivery speed and customer satisfaction. Traditional logistics mode often has the problems of unreasonable transportation route, too long transportation time and high transportation cost. The application of artificial intelligence technology provides new solutions for the optimization of logistics.

AI can automatically plan the optimal transportation routes and modes of transportation by analyzing transportation data, traffic conditions, weather conditions and other information. This data-based transportation planning can not only reduce transportation costs, but also shorten transportation time and improve customer satisfaction. In addition, AI can also realize intelligent distribution management. By analyzing distribution data and customer demand, AI can predict future delivery demand and automatically adjust distribution plans and distribution resources. This intelligent distribution management can not only improve the distribution efficiency, but also reduce the distribution errors and delays.

4. Production efficiency improvement and quality control

Production efficiency and quality are one of the core competitiveness of manufacturing enterprises. Traditional production methods often have problems such as low production efficiency and unstable quality. The application of artificial intelligence technology provides a new solution for the improvement of production efficiency and quality.

AI can analyze production data and equipment status in the production process to automatically identify bottlenecks and problems in the production process, and put forward corresponding improvement measures. For example, by monitoring the equipment operation status and energy consumption data, the AI can predict the maintenance demand and replacement cycle of the equipment, thus avoiding the production disruptions caused by the equipment failure. In addition, AI can also achieve intelligent quality control. By analyzing product quality data and production process parameters, AI can identify potential factors affecting product quality and automatically adjust production process parameters to ensure the stability and consistency of product quality. This intelligent quality control method can not only improve the product quality, but also reduce the quality cost.

5. Risk management and emergency response

In the supply chain management, risk management and emergency response are the important means to ensure the stability and reliability of the supply chain. Traditional risk management methods often rely on empirical judgment and fixed rules, and it is difficult to deal with the complex and changeable market environment and emergencies. The application of artificial intelligence technology provides a new solution for risk management and emergency response.

AI can automatically identify potential supply chain risks and analyze market data, policy changes and natural disasters, and take corresponding preventive measures in advance. For example, by analyzing the suppliers operating conditions and delivery history, AI can predict the suppliers potential risks and find alternative suppliers or adjust the purchasing strategy in advance. In addition, AI can also achieve intelligent emergency response. In the event of an emergency, AI can automatically analyze the scope and extent of the event and quickly develop an emergency response plan. This intelligent emergency response method can not only improve the response speed, but also reduce human intervention and errors.

Vi. Improve customer service and satisfaction

Customer service is one of the key links of supply chain management. Traditional customer service methods often have problems such as slow response speed and unstable service quality. The application of artificial intelligence technology provides a new solution for the optimization of customer service.

AI can analyze customer data, historical service records and other information, automatically identify customer needs and problems, and provide personalized service solutions. For example, by analyzing a customers purchase history and feedback, AI can predict a customers future needs and provide corresponding products and services in advance. In addition, AI can also achieve intelligent customer service. Through natural language processing and speech recognition technology, AI can interact and communicate with customers in real time to answer their questions and doubts. This intelligent customer service mode can not only improve the service efficiency and quality, but also enhance the customer satisfaction and loyalty.

Inventory management is a key link in the manufacturing industry, which is directly related to the capital occupation, production efficiency and customer satisfaction. Traditional inventory management methods often rely on manual experience and historical data, so it is difficult to accurately predict future demand changes, and can easily lead to inventory overstock or inventory shortage. The introduction of AI technology provides a new solution for inventory management. AI-driven inventory management systems can collect and analyze data from multiple channels in real time, including sales data, production data, market trends, etc. Through the in-depth mining and analysis of these big data, the system can accurately predict the future inventory demand, so as to help enterprises to achieve the optimal management of inventory. For example, the system can predict the sales trend in the coming period of time based on the historical sales data and seasonal factors, and adjust the inventory level accordingly to ensure that the inventory can meet the market demand without causing excessive capital occupation. The AI-driven inventory management system also has an intelligent early warning function. When the inventory level is lower than the safety inventory, the system will automatically send a warning signal to remind the enterprise to timely replenishment; When the inventory backlog is excessive, the system will also issue a prompt to help the enterprise adjust the production plan or promotion strategy to reduce the inventory backlog. This intelligent early warning mechanism not only improves the library of enterprises Storage turnover rate, but also reduces the wind caused by the shortage and inventory backlog

In addition to inventory management, demand forecasting is also an important part of the manufacturing industry. Accurate demand forecast can help the enterprises to arrange the production plan reasonably, optimize the resource allocation, and improve the production efficiency. However, traditional demand prediction methods are often based on simple statistical models or artificial experience, which are difficult to accurately capture the complexity and uncertainty of market demand. The application of AI technology provides new possibilities for demand prediction.

AI-driven demand forecasting systems can consider a variety of factors, including market trends, consumer behavior, competitor dynamics, etc. Through the comprehensive analysis and modeling of these complex factors, the system can more accurately predict the future market demand. This forecast not only covers short-term sales fluctuations, but also can predict long-term market trends, providing strong support for enterprises to develop long-term strategies.

AI-driven demand forecasting systems also have the ability to self-learn and optimize. Through the continuous collection and analysis of new market data, the system can constantly revise and improve the prediction model, and improve the accuracy and stability of the prediction. This mechanism of self-learning and optimization enables AI-driven demand forecasting systems to constantly adapt to market changes and provide enterprises with more reliable demand forecasting services.

In practice, the AI-driven inventory management and demand forecasting system has achieved remarkable results. Take a manufacturing enterprise as an example, after the introduction of the AI-driven inventory management and demand forecasting system, the inventory turnover rate increased by 30%, the shortage rate decreased by 20%, and the production efficiency has also been significantly improved. These achievements are mainly due to the advantages of AI system in data processing, model building and prediction accuracy.

Although AI-driven inventory management and demand forecasting systems have achieved significant results in manufacturing, there are still some challenges and limitations. For example, the accuracy and completeness of the data are important factors affecting the accuracy of the prediction. If there are errors or missing data, it will bias the prediction results. In addition, the modeling and prediction process of AI systems are also limited by algorithms and computational resources, which require continuous optimization and improvement.

Before discussing the construction of intelligent logistics system, it is necessary for us to understand the current logistics status of the manufacturing industry. The traditional manufacturing logistics system often has many disadvantages, such as poor information transmission, unreasonable resource allocation, low production efficiency and so on. These problems not only affect the profitability of enterprises, but also limit the long-term development of enterprises. The emergence of intelligent logistics system is precisely to solve these pain points and promote the development of manufacturing industry to a more efficient and intelligent direction.

The construction of intelligent logistics system cannot be separated from the support of advanced technology. Among them, the Internet of Things, big data, cloud computing and other technologies in industry 4.0 technology provide a strong technical support for the realization of intelligent logistics system. Internet of Things technology enables logistics equipment, goods and personnel to realize seamless transmission of information; big data technology can mine and analyze massive data to provide scientific basis for logistics decision-making; cloud computing technology provides powerful data storage and processing capability to ensure the stable operation of logistics system.

In the construction of intelligent logistics system, it is necessary to design a reasonable logistics network layout first. This includes determining the location, number and scale of the logistics nodes, as well as optimizing the logistics path. By introducing the advanced logistics optimization algorithm, the precise planning and dynamic adjustment of the logistics network can be realized to ensure the effective utilization of logistics resources. At the same time, it is also necessary to establish an intelligent warehouse management system to realize the automatic storage, retrieval and sorting of goods. This can not only greatly improve storage efficiency, but also reduce human error and improve logistics accuracy.

The core of the intelligent logistics system lies in its scheduling and optimization function. Traditional logistics scheduling often relies on manual experience, and it is difficult to realize the optimal allocation of resources. The intelligent logistics system introduces intelligent scheduling algorithm, such as genetic algorithm, ant colony algorithm, to realize the intelligent scheduling and optimization of logistics resources. These algorithms can consider many factors, such as cargo quantity, transportation distance, transportation time, so as to develop the optimal logistics scheme. In addition, the intelligent logistics system can also monitor all kinds of data in the logistics process in real time, such as vehicle location, goods status, etc., to realize the real-time monitoring and early warning of the logistics process.

In addition to the scheduling and optimization functions, the intelligent logistics system also has a powerful data analysis and visualization capabilities. Through the in-depth mining and analysis of the logistics data, the potential problems and optimization space in the logistics process can be revealed. At the same time, through the visual display mode, the logistics system can intuitively understand the operation status and efficiency of the logistics system, and provide intuitive data support for the decision makers.

In the process of implementing the intelligent logistics system, enterprises need to face a series of challenges and difficulties. First of all, the construction of intelligent logistics system needs a lot of capital investment and technical support. This may be a big burden for some small and medium-sized enterprises. Therefore, the government and enterprises need to make joint efforts to increase the investment and support of the intelligent logistics system to promote its rapid development.

Secondly, the implementation of intelligent logistics system requires enterprises to have a higher level of informatization. However, the information level of many manufacturing enterprises is still low, and it is difficult to achieve seamless docking with the intelligent logistics system. Therefore, enterprises need to strengthen the construction of information, improve the level of information, and lay a solid foundation for the implementation of intelligent logistics system.

In addition, the implementation of intelligent logistics system also requires enterprises to have a strong talent reserve and innovation ability. The construction and operation of intelligent logistics system needs the support of professional technical personnel and innovative teams. Therefore, enterprises need to strengthen talent training and introduction work, to build a high-quality talent team, to provide a strong talent guarantee for the implementation of intelligent logistics system.

In the process of implementing the intelligent logistics system, enterprises also need to pay attention to the cooperation with suppliers, customers and other stakeholders. The construction and operation of the intelligent logistics system not only involves the internal production and logistics links of the enterprise, but also involves the cooperation with the external suppliers and customers. Therefore, enterprises need to strengthen the communication and collaboration with suppliers and customers, and jointly promote the construction and operation of intelligent logistics system.
CHAPTER 3                                                                              FUNCTIONAL REALIZATION AND CHALLENGE OF ARTIFICIAL INTELLIGENCE IN INDUSTRY 4.0
3.1  Integration and application of artificial intelligence technology
1. Technical basis of AI technology in industrial systems

The integration of AI technology in industrial systems first relies on a series of advanced technology bases, including industrial big data, cloud computing, the Internet of Things, and machine learning. Together, these technologies form the cornerstone of AI technology application in industrial systems.

Industrial big data is an important data source for AI technology application in the industrial field. It covers all kinds of data generated during the production process, such as equipment status, production parameters, product quality, etc. By collecting, sorting out and analyzing these data, AI technology can dig out the rules and trends behind the data and provide strong support for enterprises to make decisions.

Cloud computing provides powerful computing power and storage resources for the application of AI technology in industrial systems. Through the cloud computing platform, enterprises can easily build AI models, and carry out large-scale data processing and computing. At the same time, the elastic expansion capability of cloud computing also allows AI technology to respond to the changing needs of industrial systems.

The Internet of Things technology enables the interconnection between devices, sensors and controllers in industrial systems. Through the Internet of Things technology, AI technology can obtain various data in industrial systems in real time, and conduct real-time analysis and processing. This makes it possible to realize the applications of intelligent manufacturing, remote monitoring and fault diagnosis.

Machine learning is one of the core algorithms of AI technology. It builds the model by training datasets and is capable of self-learning and optimization from new data. In industrial systems, machine learning algorithms can be applied to predictive analysis, quality control, production optimization and other fields, providing strong technical support for the intelligent transformation of enterprises.

2. Implementation path of AI technology in the industrial system

The implementation path of AI technology in industrial systems mainly includes data collection and pre-processing, model building and training, system integration and application, and continuous optimization and improvement, and other steps.

Data collection and preprocessing are the first step in the application of AI technology in industrial systems. Enterprises need to comprehensively collect all kinds of data generated in the production process, and carry out cleaning, weight, normalization and other pretreatment work. These preprocessing efforts are able to ensure the accuracy and consistency of the data, providing a reliable data basis for subsequent analysis and modeling.

Model construction and training are the core links of the application of AI technology in industrial systems. Enterprises need to choose the appropriate machine learning algorithms and models according to the specific application scenarios and requirements. Then, the preprocessed data were used to train and verify the model. Through continuous iteration and optimization, AI models with high precision and robustness are obtained.

System integration and application is the key link to integrating AI technology into industrial systems. Enterprises need to integrate trained AI models with existing industrial systems to realize real-time data interaction and sharing. At the same time, it is also necessary to develop corresponding user interface and interactive functions according to specific application scenarios, so that AI technology can truly serve the production and decision-making of enterprises.

Continuous optimization and improvement is a long-term task for AI technology application in industrial systems. With the continuous development and change of industrial systems, AI models also need to be continuously optimized and improved. Companies need to regularly evaluate and adjust their AI models to ensure that they are always accurate and robust. At the same time, new application scenarios and algorithms need to be continuously explored to promote the continuous innovation and development of AI technology in industrial systems.

3. Optimization method of AI technology in industrial systems

In order to give full play to the role of AI technology in industrial systems, enterprises need to adopt a series of optimization methods, including algorithm optimization, system integration optimization and process optimization.

Algorithmic optimization is a key means to improve the AI model performance. Enterprises need to choose appropriate machine learning algorithms and parameters according to specific application scenarios and requirements. At the same time, the algorithm also needs to be continuously iterated and optimized to improve the accuracy and efficiency of the model. For example, in the field of quality control, enterprises can use algorithms such as support vector machines or deep learning to accurately predict and classify product quality. Through continuous optimization and adjustment, these algorithms can realize the real-time monitoring and early warning of product quality, and provide strong technical support for the quality control of enterprises.

System integration optimization is the key link to realize the deep integration of AI technology and industrial system. Enterprises need to conduct a comprehensive evaluation and analysis of the existing industrial systems, and determine the integration mode and interface specification of AI technologies. At the same time, the architecture and process of the system need to be adjusted and optimized to ensure that AI technology can achieve seamless docking and efficient collaboration with industrial systems. For example, in the field of intelligent manufacturing, enterprises can use technologies such as microservice architecture or edge computing to deploy AI models close to data sources to realize real-time data processing and decision-making. In this way, AI technology can respond to the changes in the industrial system more quickly, providing a stronger power for the intelligent transformation of enterprises.

Process optimization is an important means to improve the overall efficiency of the industrial system. Enterprises need to comprehensively sort out and analyze the existing production process to find out the bottleneck and waste links. Then, AI technology is used to optimize and improve the process to achieve production efficiency improvement and cost reduction. For example, in the field of production scheduling, enterprises can use algorithms such as reinforcement learning to intelligently optimize and adjust production plans. By considering various production resources and constraints, these algorithms are able to generate optimal production plans and maximize production efficiency. At the same time, it can also conduct real-time monitoring and early warning of the abnormal situation in the production process, to provide strong support for the production scheduling of enterprises.

4. Construction and practice of smart factory

Intelligent factory is one of the important directions of the intelligent development of manufacturing industry. Take Haier Foshan Drum Washing Machine Factory as an example, through the use of high-precision assembly robot, personalized automatic production line and MES system technology, the factory has realized the interconnection of people, machines and things in the workshop. In intelligent factories, robots and automation equipment take on most of the production tasks, while human employees are more involved in the design, monitoring and maintenance work.

The construction of smart factories has brought significant benefits. First, the application of automated production lines greatly improves the production efficiency and shortens the product delivery cycle. Secondly, the construction of personalized production line meets the market demand for diversified products and improves the market competitiveness of enterprises. Thirdly, the introduction of MES system realizes the real-time monitoring and data analysis of the production process, and provides enterprises with more accurate production planning and decision support.

In addition, smart factories also focus on the integration and application of advanced technologies such as the Internet of Things and cloud computing. Through the Internet of Things technology, realize the device interconnection and data sharing, through cloud computing technology, realize the storage, processing and analysis of massive data. The application of these technologies has further improved the production efficiency and intelligence level of smart factories.

In the era of Industry 4.0, the intelligent manufacturing system has become the key to the transformation and upgrading of the manufacturing industry. This system integrates advanced technologies such as information technology, automation technology, Internet of Things technology and artificial intelligence technology, and realizes the digitalization, networking and intelligence of the production process. Among them, AI technology plays a vital role in the intelligent manufacturing system with its powerful data processing ability and self-learning ability.

The application of AI technology in intelligent manufacturing system is first reflected in production automation. Traditional automated production lines often rely on fixed programs and instructions for operation, lack of flexibility and self-adjustment ability. With the introduction of AI technology, the production line can be independently optimized and adjusted according to the production needs. For example, through machine learning algorithms, production lines can analyze production data in real time, predict equipment failures, and conduct maintenance in advance to avoid production disruptions. In addition, AI technology can also automatically adjust the equipment parameters and process flow according to the production requirements to achieve the flexibility and efficiency of the production process.

3.2 Ethics and safety of artificial intelligence

1. Data Privacy and security

The core of artificial intelligence technology is the collection, processing and analysis of data. In an industrial environment, a large amount of production data is used to train AI models to improve production efficiency and optimize production processes. However, the collection and use of these data often involves worker personal information and business trade secrets. How to ensure the security and privacy of these data has become an ethical issue that AI must be faced in industrial applications.

First, data collection should follow the principles of legality, legitimacy and necessity. When collecting data, enterprises must clearly inform the workers of the use, storage methods and protection measures of the data, and obtain their consent. At the same time, enterprises should also establish a sound data encryption and backup mechanism to prevent data leakage and loss.

Secondly, data involving personal privacy. In the process of data processing, direct personal identification information should be avoided as far as possible to reduce the invasion of workers privacy. In addition, companies should establish strict data access systems to ensure that only authorized people can access sensitive data.

Finally, enterprises should also strengthen the data security supervision, regular security inspection and vulnerability repair of the database, in order to prevent hacker attacks and data tampering. At the same time, enterprises should also establish an emergency response mechanism so that they can take quick measures to reduce losses in security incidents such as data leakage.

2. Employment structure and workers rights and interests

The widespread application of AI has had a profound impact on the employment structure. In the industrial sector, the promotion of automation and intelligent production lines has left many traditional jobs replaced by robots and AI systems. Although this improves the production efficiency, it also reduces the employment opportunities of workers to a certain extent.

Faced with this challenge, enterprises should take active measures to protect workers rights and interests and employment stability. First, enterprises should strengthen the training and education of workers to improve their skill level and adaptability. Through training, workers can master new technologies and processes to improve their competitiveness in the job market.

Secondly, enterprises should adopt the production mode of man-machine cooperation, and give full play to the advantages of robots and the wisdom of workers. In the process of human-machine collaboration, workers can be responsible for some work that requires high flexibility and creativity, while robots are responsible for some repetitive, dangerous or heavy labor. This mode of production can not only improve the production efficiency, but also reduce the physical consumption and labor risk of workers. In addition, enterprises should also establish a sound protection mechanism for protecting workers rights and interests. In the process of automation and intelligent production, the enterprises should ensure the safety and health of the workers working environment, and provide the necessary labor protection and welfare treatment. At the same time, enterprises should also establish a sound trade union organization to provide channels for workers rights protection and legal aid.

3. The decision-making transparency and responsibility attribution of AI

AI systems often play the role of decision-makers in industrial applications. However, these decisions are often based on complex algorithms and models, making it difficult to understand the logic and basis behind them. This leads to some potential ethical problems, such as unfair decision making, opacity and ambiguity of responsibility.

In order to improve the transparency of AI decision-making, enterprises should strengthen the interpretability of algorithms and models. By introducing interpretability algorithms and model evaluation tools, companies can understand how AI systems make decisions and evaluate the rationality and fairness of their decisions. This helps to ensure that the decision of the AI system that meets the values and ethical standards of the enterprise. At the same time, enterprises should also establish a sound responsibility attribution mechanism. In the event of mistakes or problems in AI decision-making, enterprises should be able to clarify the attribution of responsibility, so that they can take timely measures to correct and compensate. This requires enterprises to fully consider the possible risks and impacts when designing and deploying AI systems, and formulate corresponding contingency plans and remedial measures.

4. Artificial intelligence and sustainable development

The widespread use of AI in industrial applications has also had an important impact on sustainable development. On the one hand, AI technology can improve production efficiency, reduce energy consumption and reduce waste emissions, helping to achieve green production and circular economy. On the other hand, the rapid development of AI technology may also lead to problems such as excessive resource consumption and environmental pollution. In order to realize the benign interaction between artificial intelligence and sustainable development, enterprises should actively take measures to promote the development of green production and circular economy. First of all, enterprises should strengthen the monitoring and management of the production process, through the introduction of intelligent sensors and Internet of things technology, grasp the energy consumption and emissions in the production process in real time, and take corresponding measures to optimize and improve.

5. Human-machine relationship and ethics

The wide application of artificial intelligence has also brought about a profound change in man-machine relationship. In industry, robots and AI systems have gradually replaced many workers in traditional positions. This change has not only changed the way workers work and live, but also had an impact on human ethics and moral concepts. In order to meet this challenge, enterprises should actively advocate the concept of harmonious man-machine coexistence. When designing and deploying AI systems, enterprises should take full consideration to the needs and interests of people to ensure that AI systems can serve and bring benefits to humans. At the same time, enterprises should also strengthen the psychological counseling and humanistic care for workers to help them adapt to the new working environment and role positioning.

The security and privacy challenges faced by AI systems can be addressed in the following aspects:

In order to ensure the security of AI system data, it is necessary to strengthen the encryption processing of data. In the process of data transmission, security protocols such as SSL / TLS can be used for encrypted transmission to ensure that the data is not leaked during the transmission. At the same time, the data storage also needs to be encrypted to prevent the data from being illegally accessed in the storage process. In addition, data backup and recovery testing regularly will be required to ensure data integrity and availability.

In order to avoid the bias and discrimination problems of AI system algorithms, the supervision and review of algorithm design need to be strengthened. In the process of algorithm design, the diversity and fairness of the data need to be fully considered to ensure that the algorithm performs consistently on different groups. At the same time, it is also necessary to establish a corresponding regulatory mechanism, to regularly review and evaluate the decision-making results of the AI system, and to find and correct the existing problems in time.

In order to improve the security and stability of the AI system, it is necessary to strengthen the safety protection measures of the system. For example, security protection equipment such as firewall and intrusion detection system can be used for real-time monitoring and early warning. Meanwhile, it is necessary to scan and repair the system regularly to ensure the security of the system. In addition, it is also necessary to strengthen the stability and reliability testing of the AI system to ensure that the system can operate continuously and stably in practical application.

In order to protect users privacy rights and interests, it is necessary to strengthen the privacy protection measures of AI systems. For example, in the process of data collection and processing, relevant laws, regulations and privacy policy requirements should be strictly observed; meanwhile, users personal information needs to be desensitized or anonymized to ensure that their personal information is not leaked or abused. In addition, it is also necessary to establish a corresponding complaint and reporting mechanism to timely deal with and give feedback on the privacy issues reported by users.

In order to address the security and privacy challenges facing AI systems, technology research and development and innovation efforts need to be strengthened. For example, more secure and efficient encryption algorithms and transmission protocols can be developed, and emerging technologies such as blockchain can be explored for distributed storage and verification of AI system data to improve data security and credibility. In addition, the research and development of intelligent monitoring and early warning technology of AI system can be strengthened to improve the self-repair and emergency response ability of the system.

The rapid development of AI technology has brought about unprecedented changes to the manufacturing industry. Through deep learning, machine vision and other technologies, AI can achieve accurate control of the production process, improve product quality and production efficiency. At the same time, AI can also optimize the supply chain management, reduce inventory costs, and improve the market competitiveness of enterprises. However, with the wide application of AI technology, a series of ethical and safety issues have gradually surfaced. For example, AI may lead to the employment structure change, causing some jobs to be replaced by robots, thus causing social employment pressure; AI may have bias in the decision-making process, affecting the fairness and accuracy of decision-making; in addition, the security and reliability of AI system can not be ignored, once the failure or attack, it may bring great losses to enterprises and society.

In order to meet the AI ethical challenges, manufacturing enterprises need to strengthen the construction of ethical norms. First of all, enterprises should clarify the principles and bottom line of the use of AI technology to ensure that the application of technology does not violate social ethics and laws and regulations. For example, companies should prohibit the use of AI technology to make discriminatory decisions and protect the legitimate rights and interests of employees and consumers. Secondly, enterprises should establish a sound ethical review mechanism, conduct strict ethical evaluation on the research and development and application of AI technology, and ensure that the technology conforms to social ethical standards. In addition, enterprises should also strengthen the ethical education of employees, improve their ethical awareness and responsibility, and jointly maintain the ethical image of enterprises.

In terms of ensuring AI safety, manufacturing enterprises need to take multi-level security protection measures. First of all, enterprises should strengthen the security protection of AI systems, adopt advanced encryption technology and firewall and other security measures to prevent the system from hacker attacks and data leakage. Secondly, enterprises should establish a sound emergency response mechanism, once the safety accident occurs, can quickly start the emergency plan, reduce the loss. In addition, enterprises should also strengthen the daily maintenance and monitoring of the AI system, timely find and repair potential security vulnerabilities, to ensure the stable operation of the system.

In order to promote the sustainable development of AI technology, manufacturing enterprises need to actively fulfill their social responsibilities. First of all, enterprises should pay attention to the impact of AI technology on society, actively participate in social welfare undertakings, and make contributions to social development. For example, companies can use AI technology to improve production efficiency, reduce energy consumption and emissions, and promote green manufacturing and sustainable development. Secondly, enterprises should strengthen cooperation and exchanges with the government, academia and all sectors of society, jointly promote the research and development and application of AI technology, and promote technological innovation and industrial upgrading. In addition, enterprises should actively respond to social concerns, strengthen communication and interaction with the public, and improve the public awareness and acceptance of AI technology.

In view of the possible employment structure changes caused by AI, manufacturing enterprises need to actively adjust their human resource strategies. First of all, enterprises should strengthen the training and education of employees, improve their skills and quality, so that employees can adapt to the new production mode and working environment. For example, enterprises can organize employees to attend AI technology training, vocational skills upgrading and other courses to help them master new technology and knowledge. Secondly, enterprises should optimize the allocation of human resources, reasonably arrange jobs and responsibilities, and give full play to the advantages and potential of employees. In addition, enterprises should also actively explore new employment modes and business forms, such as flexible employment, employee sharing, etc., to provide employees with more employment opportunities and career development space.

In order to promote the healthy development of AI technology, the government needs to strengthen the supervision of AI technology. First of all, the government should formulate perfect laws, regulations and policy systems, clarify the scope and standards of the use of AI technology, and standardize the behavior of enterprises. For example, the government can introduce AI technology safety standards and data protection regulations to ensure the legal and compliant use of AI technology. Secondly, the government should strengthen the evaluation and review of AI technologies, and conduct strict testing and evaluation of new technologies and new applications to ensure the safety and reliability of the technologies. In addition, the government should also strengthen the supervision and law enforcement of enterprises, and severely crack down on and punish violations of laws and regulations.

Governments need to play an active role in promoting AI technology innovation. First of all, the government should increase the investment in AI technology research and development, and support universities, scientific research institutions and enterprises to carry out cutting-edge technology research and application innovation. For example, the government can set up a special fund for AI technology research and development to support the construction of AI technology innovation platform to provide a strong guarantee for the research and development of AI technology. Secondly, the government should strengthen the guidance and promotion of AI technology to promote the wide application and deep integration of AI technology in the manufacturing industry. For example, the government can introduce relevant policies to support enterprises to adopt AI technology for intelligent transformation and upgrading, so as to improve production efficiency and product quality. In addition, the government should also strengthen the publicity and promotion of AI technology to improve the public awareness and acceptance of AI technology.

In order to strengthen the international cooperation and exchanges on AI ethics and security issues, governments need to actively participate in the cooperation and dialogue between international organizations and multilateral mechanisms. First, the government should strengthen the research and tracking of international AI ethics and safety issues, understand the international trends and trends, and provide reference for the formulation of domestic policies and regulations. Secondly, the government should actively participate in the cooperation and dialogue between international organizations and multilateral mechanisms, and jointly promote the international governance and cooperation on AI ethics and security issues. For example, the government can participate in the international AI Ethics and security Conference, sign the international AI ethics and security agreements, and strengthen the cooperation and exchanges with other countries and regions. In addition, the government should also strengthen the supervision and coordination of multinational enterprises, and promote them to assume more responsibilities and obligations on AI ethics and security issues.

3.3 Future outlook and development trend
At present, the application scenarios of artificial intelligence in the industrial field are mainly concentrated in product marketing, after-sales service, non-manufacturing research and development and other fields, and the application of related disruptive technologies is mainly concentrated in the commercial field. Artificial intelligence is much more used in services than in manufacturing. In fact, the effect of artificial intelligence on promoting the total factor productivity of manufacturing industry and the transformation and upgrading of manufacturing industry is much higher than the application in other fields. By analyzing the impact of AI on the growth rate of industrial added value in various Chinese industries, Accenture predicts that the application of AI in the manufacturing sector will increase the growth rate of manufacturing output by more than 2 percentage points by 2035, ranking first among all industries. Smith pointed out that AI improves manufacturing technology and output efficiency, with GDP contributing about 1.4 percent. Therefore, in order to ensure the high-quality development of the manufacturing industry, how to promote the breadth and depth of the application of artificial intelligence and other information technologies in the manufacturing field is a problem that enterprises need to think deeply about. Therefore, we must attach great importance to the main difficult problems affecting artificial intelligence to promote the improvement of manufacturing technology and production efficiency.

Big data is the basis for artificial intelligence to play a driving role in the manufacturing field, but the availability and development of process data are quite difficult. On the one hand, the data generated during the operation of the production equipment is relatively messy, and nearly half of the data is not generally connected; on the other hand, the acquisition of the manufacturing process requires the installation of a large number of high-end sensors, which requires a lot of investment in the early stage and the long-term maintenance in the later stage; in addition, the large amount of information obtained through various electronic devices, the decision utilization rate also needs to be improved.

Different industries use artificial intelligence, which must be customized according to their own production environment, and copy their existing solutions in the business field, which is difficult to implement. There are great differences in manufacturing processes and manufacturing technologies among different manufacturing industries, and there are different application requirements for artificial intelligence. A single artificial intelligence design system cannot be fully applied to all manufacturing sectors. In fact, in the process of traditional manufacturing industry to high-end manufacturing industry, the differences of the industry determine that different departments need to introduce and develop different application systems. The common model is from the industry leading enterprises and information technology companies to develop mature systems and gradually promote them to the whole industry. This is quite different from the related applications in the commercial fields.

The application of artificial intelligence in the field of manufacturing and the formation of scale advantages require the manufacturing enterprises with strong driving forces and corresponding competitive advantages to play an exemplary and leading role. Since the 1990s, information technology has become one of the main development directions of Chinas manufacturing industry. Its development speed is fast, but the depth and breadth and foreign advanced manufacturing enterprises compared, there is still a relatively obvious gap. The application foundation of AI in manufacturing is weaker and lacks large enterprises to play a leading role. More than 90% of the enterprises do not have a clear understanding of the concepts of emerging technologies such as artificial intelligence, and lack specific plans and measures on how to realize the use of artificial intelligence in the manufacturing industry.

And the current lack of innovative professionals is the main problem restricting the development of intelligent manufacturing industry. At present, most talents in the field of artificial intelligence are concentrated in the information industry, and the relevant responsible persons in the industrial field do not have a thorough, inaccurate and comprehensive understanding of the concept of artificial intelligence, which makes it difficult to realize the traditional manufacturing to intelligent manufacturing. At the present stage, there is a serious shortage of innovative talents who not only master the rules and technologies of the manufacturing industry, but also are familiar with the core technology of artificial intelligence, and can integrate the two. Although some universities in China have started to set up AI-related majors, teaching in manufacturing-related fields still needs to be explored.

At present, in order to seize the strategic commanding heights of advanced manufacturing industry, major developed countries have introduced different development strategies of intelligent manufacturing industry to provide strong support for the upgrading of manufacturing industry. For example, in order to make up for the domestic labor cost disadvantage, the United States takes robots as an important development carrier to promote manufacturing upgrading; using the advantage of artificial intelligence education resources to cultivate compound talents in intelligent manufacturing, using advanced intelligent information technology to build industrial competitive advantage; and having different research fields and development directions, most countries explore the training of compound talents, constructing big data system, expanding basic field research, and the combination of artificial intelligence and manufacturing application scenarios.

In order to fill the gap that the manufacturing process data is difficult to obtain and provide reliable data sources for the independent learning of artificial intelligence, the government should support enterprises and build a database system with enterprises themselves as the main body. Artificial intelligence has a broad application field and mature development experience in e-commerce platforms. The consumption link forms a large amount of data, and machine learning and other technologies can be put to full use. But by contrast, the data of manufacturing enterprises is isolated from each other, small in scale, and the quality needs to be improved, hindering the application of artificial intelligence in the manufacturing industry. In order to promote artificial intelligence to become an important force to promote the upgrading of the manufacturing industry, the whole scope of the industry or the relevant database is built based on the data of various manufacturing enterprises. On the basis of constructing the industry database, the data collection method should be improved, and the data collection of the manufacturing link should be strengthened through the bar code, sensor and RFID technology. After the data is classified and coded, the main data include: materials, product batch number, personnel, resource number, equipment status (maintenance, fault shutdown, etc.). Bar code can improve the accuracy of input, improve input speed, reduce cost, and facilitate data acquisition in manufacturing; Some industries have strict requirements for pressure, humidity and heat, which can be realized through various electronic information transmission equipment and wireless data acquisition cardManufacturing process collection; and in the pipeline manufacturing process, RFID technology can be used to produce a large number of products. By equipped with RFID system, using reusable electronic tags with detailed record information, data collection through RFID

In the absence of a mature development model, in order to ensure the orderly and good development of the intelligent manufacturing industry, the government should formulate, improve and innovate the industrial development plan to point out the direction for the development of intelligent enterprises. Led by the competent government departments, academic circles and industry experts jointly discussed and compiled a technology roadmap for the application of AI in manufacturing products and production and processing processes. This is conducive to help enterprises to understand the status quo of advanced information technology industry and predict the future application prospects. In the process of improving the development plan map, experts in different fields have reached consensus on the application prospect of artificial intelligence, promoted knowledge interaction, and conducted fierce collision and in-depth research and discussion on the application of artificial intelligence in the manufacturing field, the direction of integrated development, and breakthroughs in key fields. At the same time, consolidate the foundation of industrial innovation and application scope expansion. In addition, after the technology roadmap is drawn up, it should be adjusted regularly according to the development status of the manufacturing industry, so that it can better meet the needs of technological innovation and manufacturing upgrading.

Based on the National Institute of Research, we will cooperate with domestic Internet giants and advanced manufacturing enterprises. The laboratory should be guided by the frontier basic technology research of artificial intelligence, relying on the advantages of interdisciplinary, large collaboration, a large amount of research and development fund support, and carry out strategic research and technological innovation in the field of artificial intelligence. Strengthen the discussion of basic theories such as big data, machine learning and autonomous learning. Strengthen the connection between the laboratory and the enterprise main body, and smooth the theory and the market product transformation channels.

In view of Chinas disadvantages in the talent competition in the AI industry, in order to cultivate the urgent need of talents in the industry, China should increase the expenditure in the education field while deepening the reform of the education system. Industrial talent cultivation has laid a foundation for improving the independent innovation ability and the level of intelligent manufacturing. In the process of promoting the development of intelligent manufacturing through innovation, developed countries such as Europe and the United States, all attach importance to research and development investment, improve the ability of independent innovation, resource integration, information digitalization processing, and promote value creation and information digitalization of equipment devices. Drawing on the experience of developed countries such as Europe and the United States, China should improve the management mechanism and innovation system of scientific and technological innovation, increase investment in research and development, and constantly enhance its research and development capabilities, knowledge accumulation capabilities and technology reference capabilities. In particular, we will increase the intensity and intensity of research and development in strategic areas. To this end, we should give full play to Chinas resources and market advantages, actively participate in the formulation of global standards, rely on global strategic analysis, effectively design the overall framework of the integrated development of artificial intelligence and manufacturing industry, and provide top design for industrial entities. In addition, we need to actively cultivate innovative talents. The current university curriculum and technical training cannot meet the needs of new manufacturing jobs. In the future, the mismatch between supply and demand of manufacturing labor force will become more serious. In this regard, cultivating relevant compound innovative talents and formulating talent development strategy is to obtain competitionThe key to advantage. Colleges and universities open courses and majors related to intelligent manufacturing, improve the compilation of teaching materials, scientific setting of disciplines, allocation of teachers, and form a perfect teaching system. Increase education expenditure in the field of AI, reform the technical education and assessment system to meet the demand of intelligent manufacturing enterprises for AI-related talents. At the same time, we will support a group of innovative talent service organizations with high credibility, norms and core competitiveness, and cultivate modern innovative people to adapt to the development of the industry as soon as possible
CONCLUSIONS
This study explores the role and function of artificial intelligence in the era of Industry 4.0 in depth. Through systematic review and analysis of relevant domestic and foreign studies, we draw the following main findings: 

Artificial intelligence plays a crucial role in Industry 4.0, which runs through many links such as product design, production planning, manufacturing execution, quality testing, logistics and transportation, significantly improving the intelligence level of the manufacturing industry. The application of artificial intelligence technology, such as the combination of sensors and machine learning algorithms, realizes real-time monitoring and automatic adjustment of production equipment status, improves production efficiency and reduces costs. At the same time, the application of big data analysis and machine learning algorithms has optimized the logistics transportation path and time, and further improved the logistics efficiency. The functional realization of artificial intelligence in Industry 4.0 has not only promoted the transformation and upgrading of the manufacturing industry, but also promoted the innovative development of the global economy. Through intelligent, digital, and green production methods, artificial intelligence improves product quality, reduces resource consumption, and promotes the sustainable development of the manufacturing industry. The study also found that artificial intelligence plays a key role in building intelligent factories and realizing intelligent manufacturing. Taking Haier Foshan drum washing machine factory as an example, the construction of smart factories has brought a substantial increase in production efficiency, met the market demand for diversified products, and improved the market competitiveness of enterprises. 

Based on the above research summary and main findings, we propose the following suggestions for the integrated development of Industry 4.0 and artificial intelligence to increase investment in research and development of artificial intelligence technology, especially in core technology fields such as deep learning and machine learning, so as to improve the autonomous learning and adaptability of artificial intelligence. Promote the deep integration of artificial intelligence and manufacturing, encourage enterprises to adopt intelligent production equipment and technology, and improve the automation and intelligent level of production lines. Strengthen the construction and practice of smart factories, through high-precision assembly robots, personalized automatic production lines and MES systems and other technologies, to achieve the interconnection of people, machines and things in the workshop, improve production efficiency and quality. The government should formulate and improve relevant policies to provide strong support for the integrated development of artificial intelligence and manufacturing. This includes measures such as the introduction of policies and tax incentives to support the development of the intelligent manufacturing industry, as well as the establishment of a world-leading and large-scale industry database, and the establishment of artificial intelligence-related education and training systems. Focus on training innovative talents who master the laws and technologies of the manufacturing industry and are familiar with the core technologies of artificial intelligence. By deepening the reform of the education system and increasing the expenditure in the field of education, we will provide talent guarantee for the development of the intelligent manufacturing industry. 

Although this research has achieved certain results, there are still some limitations: This research mainly focuses on the role and function of artificial intelligence in Industry 4.0, but the application and impact of artificial intelligence in other fields have not been deeply discussed. Due to the difficulty of data acquisition and processing, this study needs to be strengthened in terms of empirical analysis. In the future, more in-depth quantitative analysis of the application effect of AI in Industry 4.0 can be conducted by collecting more actual data. With the continuous development and innovation of artificial intelligence technology, new application scenarios and models may appear in the future. Therefore, this research needs to continue to pay attention to the latest progress of artificial intelligence technology in order to timely adjust the research direction and methods. 

Based on the above limitations, we propose the following future research directions: In-depth research on the application and impact of artificial intelligence in other fields to expand the application range of artificial intelligence. Strengthen empirical analysis, collect more actual data, and conduct a more in-depth quantitative analysis of the application effect of artificial intelligence in Industry 4.0. Continue to pay attention to the latest progress of artificial intelligence technology, and timely adjust the research direction and methods to meet the needs of technological change. At the same time, we will actively explore the integration of artificial intelligence and emerging technologies, such as the Internet of Things, big data, cloud computing, etc., in order to promote the development of the manufacturing industry in the direction of digitalization, networking, and intelligence.
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