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Abstract - Throughout the previous decade, the fourth industrial revolution has created many chances to enhance manufacturing
and production processes. These innovations aim to bridge the divide between physical and digital technology in order to create a
more intelligent and efficient manufacturing system. To completely grasp the relationship between intelligent manufacturing and
IR4.0, first, we begin with reviewing eight advantages of intelligent manufacturing in relation to IR 4.0. Second, while deploying
an intelligent manufacturing system inspired by Al has several benefits, it also introduces several complications. Finally, we see
Cyber Physical Systems (CPS) as an innovative option for researching and developing intelligent manufacturing processes.

Index Terms - Industrial Research, Intelligent Manufacturing, Internet of Things, Manufacture

INTRODUCTION

Over the last few years, the fourth industrial revolution, (referred to as Industry 4.0) has created various enhancements to
manufacturing and production processes. These innovations aim to combine physical and digital technology to create a more
intelligent manufacturing system that is more efficient [1]. The aim of this paper is to provide an overview of the literature on
intelligent manufacturing systems, with a focus on the industrial revolution 4.0.

This paper is organized as follows: Next, we present benefits of implementing intelligent manufacturing for IR4.0. After that,
we discuss challenges in Al-inspired intelligent manufacturing systems (IMS). After that, we present a brief idea of how Cyber
Physical Systems (CPS) could be an innovative option for and developing intelligent manufacturing processes.

BENEFITS OF IMPLEMENTING INTELLIGENT MANUFACTURING FOR IR 4.0

The first benefit is that intelligent manufacturing exploits developments in wireless networking, the Internet of things, and big data
[2]. These technologies are convergent in the sense that they help organizations to boost their efficiency and minimize their
expenses. The purpose of an intelligent manufacturing system is to enable a corporation to minimize costs and boost efficiency
[3]. By building a platform for innovation support capacity it promotes collaboration across departments and production lines [4].

Second, as conventionally, the typical manufacturing process is sequential—on the other hand, intelligent manufacturing
permits the use of many machines to do the same task at various locations, controlled by computers. For instance, by utilizing
intelligent manufacturing techniques, a machine may produce more and more components concurrently. We refer these operations
to as concurrent engineering. Intelligent manufacturing systems accomplish these goals through the use of several technologies,
including sophisticated analytics tools [5].

Third, intelligent manufacturing technologies boost the machinery capability and return on investment, while also shortening
the time required and increasing efficiency. This is true with the advent of machine learning. It is a branch of artificial intelligence
that focuses on computers' ability to learn from, understand, and forecast data. In the smart factory setting, they used it for
predictive maintenance [6]. They may also use it with imaging and sensor technologies to monitor the functioning of systems [7].
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In addition, machine learning may predict the ideal production output and differentiate it from nonconforming products [8]. The
intelligent manufacturing system can then adjust to ensure the product meets specified quality criteria.

Fourth, intelligent manufacturing processes can improve the long-term efficiency of a machinery or plant based on the criteria
of mutual information [9]. In a production line, it is possible for each product to be created on many lines rather than one. For
instance, if a product must be created in three separate colours, three distinct lines might be used. The intelligent manufacturing
system will recognize this and will then pick the optimal mix of machines to finish the work. Beyond job sequencing, intelligent
manufacturing automation can determine the optimal combination of equipment and workers, resulting in a more fluid
manufacturing process towards [10].

Fifth, intelligent manufacturing makes production processes more adaptive and efficient, thus fostering rapid company growth
[11]. Intelligent manufacturing offers a more seamless and enhanced production process that is easier to monitor. Apart from these
advantages, intelligent manufacturing systems can dramatically reduce waste and disposal, for example using digital twin [12].
This would ultimately result in a more productive and sustainable production.

Sixth, intelligent manufacturing processes have the potential to have a broad variety of consequences for businesses' interests.
For example, it may be utilized to create new business models and boost the performance of small and medium-sized enterprises
(SMEs) [13]. Here, intelligent manufacturing processes can help reduce costs [14], improve health and safety standards [15],
expand production capacity and monitoring [16], as well as efficient inspection to adapt to ambiguity in industry demand [17].
Indeed, intelligent manufacturing may boost small SME’s innovation and competition edge.

Seventh, artificial intelligence (Al) and deep learning is expected to fuel the next generation of industrial systems. Artificial
intelligence may help organizations reduce mistakes, boost productivity, and operational performance to cater the ever-changing
landscape of Industry 4.0 [18]. The influence of artificial intelligence on manufacturing will be concentrated on the systems
themselves, as well as the added value they bring to their users. While artificial intelligence may be used to a wide variety of
industrial processes, Al will help to automate, optimize, and control manufacturing processes [19]. Artificial intelligence is rapidly
being integrated into production processes and has the potential to handle a range of manufacturing-related concerns.

Finally, intelligent manufacturing processes can help firms and governments boost their openness in managing manufacturing
data. For instance, using intelligent manufacturing processes may increase a process's visibility to stakeholders, allowing for more
effective monitoring and governance [20]. As a result, intelligent manufacturing processes have the potential to significantly
reduce costs, increase productivity, and increase profitability [20].

CHALLENGES IN Al-INSPIRED INTELLIGENT MANUFACTURING SYSTEMS (IMS)

While deploying Al-inspired intelligent manufacturing system has several advantages, it also poses a few challenges. This issue
demands investment in technology. To do so, corporations and governments must finance the technology, software, and staff.

The first challenge is that intelligent manufacturing system requires a comprehensive, integrated system to be considered from
top to bottom, from management systems to worker capabilities. For example, production engineering, and process control may be
influenced by intelligent manufacturing systems. Along with an increased importance on the Internet of Things (loT) in recent
years, there has been an increased emphasis on the development of IMS [21].

IMS systems provide a full and integrated solution for product and process development, as well as production processes [22].
For example, 10T facilitates machinery connectivity, allowing for the collecting of data from sensors and its application to
decision-making [23]. It also enables real-time data-driven monitoring of manufacturing processes [24]. Globally, the loT
technology is expanding at a great pace. Indeed, 10T enables the future of production by making systems smarter and more
connected. It has the potential to have a significant impact on not just industry, but also on society [25]. We expect ioT to
completely reengineer manufacturing processes, resulting in significant cost savings.

The second challenge is, we often view IMS as a time-consuming and difficult technology to deploy in industrial
organizations. This is because IMS includes a broad range of technologies, from sophisticated big data analytics [5], [18] to
innovative manufacturing methods. Additionally, the inherent complexity of industrial operations complicates integrating various
technologies effectively. Designing and deploying an IMS requires close collaboration across a range of stakeholders, including
managers, engineers, and employees [26]. While various barriers exist, the potential effect of IMS makes it an appealing study
issue.

Third, although artificial intelligence has been a subject of study for decades, it was not primarily concerned with factory and
machinery control engineering. Control engineering is concerned with the design of systems to regulate one or more variables.
However, recently, interest in fusing artificial intelligence with control engineering to produce intelligent controllers has soared.
One of these methods is distributed artificial intelligence (DAI) [27]. It may construct systems capable of independently changing
their behavior in response to changing operational situations or uncertainties encountered. An intelligent manufacturing system
utilizes humans, cyber systems, and physical systems to fulfill defined production objectives.

CYBER-PHYSICAL SYSTEMS (CPS) FOR IMS
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Cyber Physical System (CPS) is a cutting-edge research and development field devoted to the study and development of intelligent
industrial processes. Introducing the CPS concept and the growth of smart manufacturing has increased the competitiveness of the
manufacturing industry [28].

In the meantime, CPS has earned a reputation for automating machines to create more efficient manufacturing processes.
Real-time sensor data analysis is crucial for optimizing production flow and reducing downtime. CPS is based on integrating
various layers of information technology into manufacturing machinery, and it can change manufacturing processes, product
structure, and manufacturing system [29]. Many sensors and actuators, the use of embedded computers to gather data from sensors
and operate actuators, the use of standard protocols to improve the efficiency of production lines, and so on.

CONCLUSION

In summary, the fourth industrial revolution has improved manufacturing processes in several ways. We have discussed eight
benefits of improving intelligent manufacturing for IR 4.0. While implementing an intelligent manufacturing system inspired by
Al provides a lot of advantages, it also presents several problems. We also introduced Cyber Physical Systems (CPS) as a cutting-
edge branch of research and development dedicated to the study and development of intelligent industrial processes.
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