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Abstract

Defined as the development of computer systems that can perform diverse tasks that typically require human
intelligence, Artificial Intelligence (Al) whose tasks encompass a wide range of activities such as learning,
reasoning, problem-solving, perception, and language understanding has emerged as a transformative force that
revolutionizes various aspects of human life, industry, and technology. This article explores the burgeoning
landscape of Al applications in manufacturing, delving into the myriad ways in which these technologies are
transforming the industry, which include automation in manufacturing processes, predictive maintenance, quality
control, robotic process automation, supply chain optimization, energy management, process optimization,
human-machine collaboration, optimization and flexibility, as well as remote monitoring and control. The
challenges and risks, the regulatory and ethical considerations, as well as the future trends and implications of
Al implementation were also reviewed in detail.
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I Introduction

Artificial Intelligence (Al) is a transformative technology that involves the development of algorithms
and systems that enable machines to perform tasks that typically require human intelligence. Saleh (2019), defined
Al as a branch of computer science that involves developing computer programs to complete tasks which would
otherwise require human intelligence. He explained that Al “algorithms can tackle learning, perception, problem-
solving, language-understanding and/or logical reasoning.” In the context of manufacturing, Al is revolutionizing
the way businesses operate, making processes more efficient, adaptive, and intelligent.

In an era characterized by rapid technological advancements, the integration of Artificial Intelligence
(Al) into various industries has emerged as a transformative force, which reshapes traditional paradigms and drive
unprecedented innovation. One such sector at the forefront of this Al revolution is manufacturing, where
intelligent automation, predictive analytics, and machine learning algorithms are redefining the way products are
designed, produced, and optimized. The manufacturing sector has long been associated with precision, efficiency,
and scalability. However, the evolving demands of a globalized market, coupled with the complexities of modern
supply chains, have spurred a growing need for advanced technologies to enhance productivity and
competitiveness. Artificial intelligence, with its ability to process vast datasets at incredible speeds and derive
actionable insights, has emerged as a cornerstone for achieving these goals in manufacturing.

One of the key areas where Al is making significant in-roads is in the optimization of production
processes. Machine learning algorithms are being deployed to analyze historical production data, identify patterns,
and predict potential bottlenecks or inefficiencies. This proactive approach allows manufacturers to pre-emptively
address issues, reduce downtime, and optimize resource allocation which leads to improved overall efficiency.
Furthermore, the integration of Al-powered robotics is reshaping the shop floor, augmenting human capabilities
and performing tasks with unprecedented precision and speed. Collaborative robots, or cobots, equipped with
advanced Al algorithms, are working alongside human workers to streamline tasks that require a combination of
cognitive and physical skills. This collaboration not only enhances efficiency but also contributes to a safer and
more ergonomic working environment.
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In addition to operational efficiency, Al is playing a pivotal role in product innovation and design.
Generative design algorithms are being employed to explore a multitude of design possibilities based on specified
parameters, allowing engineers to discover optimized solutions that may not be immediately apparent through
traditional design approaches. This iterative and data-driven design process is accelerating the pace of innovation,
enabling manufacturers to bring cutting-edge products to market more rapidly.

Al is a powerful tool that is reshaping the manufacturing landscape. According to Renner (2023),
manufacturers now have an unmatched capacity to increase throughput, streamline their supply chain, and
accelerate research and development because of Al. Its applications range from improving product quality and
production efficiency to transforming entire supply chain processes. According to Foundrymag (2021),
empowering manufacturers to do more with less using Al automation is the best approach to accelerate digital
transformation, helping to reduce costs, improve efficiency and solve new problems. As technology continues to
advance, the integration of Al in manufacturing will in the nearest future become more widespread, driving further
innovation and competitiveness in the industry.

1. Efficiency Gains Through Automation
i Automation in Manufacturing Processes
Acrtificial Intelligence (Al) plays a crucial role in enabling automation in manufacturing processes by leveraging
advanced technologies to enhance efficiency, productivity, and decision-making. According to Chowdhury and
Sadek (2012), Al provides the benefits of permanency, reliability, and production cost effectiveness while also
addressing uncertainty and speed in either solving a problem or reaching a decision.
Here are different approaches Al contributes to automation in manufacturing:

Predictive Maintenance:

Kamel (2022), explained that predictive maintenance is a technique where maintenance is conveniently
scheduled according to the condition of a machine in terms of its degree of degradation and probability of failure,
and that Al has been increasingly used in predicting the requirement and planning of maintenance operations for
machines. Al algorithms can analyze historical data and sensor information to predict when equipment or
machinery is likely to fail. This allows for proactive maintenance, downtime reduction, as well as prevention of
unexpected breakdowns.

Quality Control:

Al-powered vision systems can inspect and assess the quality of products in real-time, while machine
learning algorithms can identify defects or deviations from the quality standards. Thereby ensuring that only high
quality products are manufactured. Nur and Harshini (2022), observed that the application of Al to quality control
in manufacturing can enhance the quality of life, product, service, and environment.

Robotic Process Automation (RPA):

RPA according to Kumar at al. (2021), is an evolving technology that enables rules-based business
processes and activities to be automated by using software bots. They explained that “it is a methodology that
performs routine business processes by automating the way people interact with multiple applications or systems
via an overlay user interface, and also by following simple rules for decision making.” Al-powered robots can
automate repetitive and manual tasks on the manufacturing line, such as assembly, packaging, and material
handling. These robots can adapt to changes in the production environment and work collaboratively with human
workers.

Supply Chain Optimization:

Al helps in optimizing supply chain processes by predicting demand, managing inventory, and
identifying the most efficient routes for transportation. This ensures that the right amount of raw materials and
components are available at the right time, thereby leading to the reduction of production costs and delays.
Norgren and Hagglund (2023), the successful implementation of Al in Supply Chain Management (SCM) has the
potential to revolutionize operational efficiency and decision-making processes. They concluded that by fostering
collaboration, the chances of manufacturing firms to develop more successful implementations of Al to SCM
might increase.

Inventory Management and Demand Forecasting

Having goods available at the appropriate time, location, and cost is the focus of inventory management.
Godwin et al. (2022), pointed out that an efficient inventory management plays a critical role in the success of
any manufacturing organization. However, determining and maintaining optimal levels of inventory is a
herculean task for any manufacturing company dealing with physical inventory. Al algorithms can provide
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solutions by analyzing historical inventory data to predict future demands, thus aiding the manufacturing company
to maintain optimal inventory levels and preventing overstocking or stock outs. Artificial intelligence algorithms
can improve inventory management by streamlining all aspects of a manufacturing system. According to Akash
(2023), Al can timely and effectively respond to a customer's needs by taking location-specific demand into
account and analyzing customer data. This all-encompassing strategy lowers mistakes, saves money, and improves
customer’s satisfaction.

Energy Management:

Al are being applied in the optimization of energy usage in manufacturing facilities, by analyzing patterns
and making adjustments to energy-intensive processes, thereby leading to cost savings. Its application to
manufacturing industry also contributes to sustainability efforts.

Process Optimization:

Appian (2023), stated that Al process optimization refers to applying “Al and machine learning
technologies to improve business process management, support organizational strategies, and meet goals—from
analyzing data to automating repetitive tasks to helping team members make better decisions.” Machine learning
algorithms are applied in data analysis from various sensors to optimize manufacturing processes for efficiency
and cost-effectiveness. This includes adjusting parameters such as temperature, pressure, and speed in real-time.

Human-Machine Collaboration:

Al enables safe and efficient collaboration between humans and machines on the factory floor. This is
because collaborative robots (cobots) equipped with Al can work alongside human workers, taking care of
strenuous or dangerous tasks.

Data Analysis and Decision-Making:

Al algorithms can process vast amounts of data generated by manufacturing processes to extract insights.
This data-driven decision-making helps in the optimization of production, identifying areas for improvement, as
well as for the enhancement of overall production efficiency.

Customization and Flexibility:

Wan et al. (2020), noted that the characteristics of a customized smart factory are to include the
following: self-perception, operations optimization, dynamic reconfiguration, and intelligent decision-making.
They concluded that the application Al to manufacturing companies will not only lead to enhanced customization
and flexibility, but also enable the production systems to perceive the environment, adapt to the external needs,
and extract the process knowledge, including business models, such as intelligent production, networked
collaboration, and extended service models
The automation driven by Al allows for more flexible manufacturing processes, accommodating changes in
product specifications or production volumes. This adaptability is crucial in the era of mass customization and
changing consumer preferences.

Remote Monitoring and Control:

The enabling of remote monitoring and control of manufacturing processes by Al is particularly useful
for global supply chains, thereby allowing for centralized management and troubleshooting of production facilities
from a distance. By incorporating Al into manufacturing processes, businesses can achieve higher levels of
automation, reduce costs, improve product quality, and also respond more effectively to dynamic market
conditions.

ii. Manufacturing Processes that can be Automated with Al

Al can be applied to automate various tasks across different industries. Here are few specific examples.
Kane et al. (2023), defined Predictive Maintenance (PdM) as a concept, which is implemented to effectively
manage maintenance plans of a firm’s assets by predicting their failures with data driven techniques. They pointed
out that PdM also has the potential to bring about novel sustainable practices in manufacturing by completely
utilizing the useful lives of components. The application of Al algorithms in manufacturing processes can analyze
sensor data from machinery to predict when equipment is likely to fail, thereby allowing for proactive maintenance
and downtime reduction. Also, PdM can be applied to vehicles, such as trucks or airplanes, by monitoring
performance data to anticipate and prevent mechanical failures.

Al-powered computer vision systems can inspect products on production lines, and also identify defects
or deviations from quality standards. Al can be applied to analyze images of food products in food industry, to
ensure that they meet quality standards. It can also identify imperfections or contaminants.
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Al algorithms can analyze historical data and real-time demand to optimize inventory levels, reduce
excess inventory, while ensuring that products are available when they are required. Okpala, Nwankwo, and Onu
(2020), noted that reduction in excess inventory in manufacturing industries reduces unprofitable time large
quantities of raw materials are kept in the warehouse after purchase. They observed that excess inventory include
excessive storage of raw materials, intermediates, consumables, and finished products.

The application of Al can optimize shipping routes, considering factors like traffic, weather, and delivery
schedules to improve efficiency and costs reduction. Also, Al can analyze past sales data, market trends, and other
variables to predict future demand, thereby assisting manufacturing companies to optimize their production and
distribution processes.

Al-powered chatbots and virtual assistants can be applied to handle routine customer queries, provide
instant responses, thereby freeing up staff for more complex issues. For sentiment analysis, Al are applied to
analyse customer feedback, reviews, and social media mentions to gauge public sentiment, thereby helping
companies to understand and respond to customer needs. The Al algorithms are applied to manufacturing
processes to analyze transactions in real-time, in order to detect patterns indicative of fraudulent activity, thus
providing a more secure financial environment. For algorithmic trading, the application of Al automates trading
strategies by analyzing market data, identifying trends, and executing trades at optimal times.

For improved medical imaging analysis, Al is applied to analyze medical images, such as X-rays and
Magnetic Resonance Imaging (MRI), to assist in diagnosis, by detecting anomalies or patterns indicative of
diseases. In researches on drug discovery, Al algorithms are applied to analyze vast datasets to identify potential
drug candidates, which accelerates drug discovery process.

These examples illustrate the versatility of Al in automating tasks across various domains, thus enhancing
efficiency, accuracy, and decision-making processes in manufacturing industries and other areas of human
endeavors.

iii. Al Potential for Increased Efficiency, Production Costs Reduction, and Improved Overall
Productivity

The application of artificial intelligence in manufacturing has the potential to significantly impact various
processes by increasing efficiency, reducing production costs, and improving overall productivity. These can be
achieved through the following approaches:

The application of Al handles repetitive and mundane tasks in the factory floors, thereby freeing up
human workers to focus on more complex and creative aspects of their jobs. This can lead to increased efficiency
as Al systems can work round the clock without the need for breaks or sleep. Al algorithms can analyze large
datasets to identify patterns and trends, thus enabling manufacturing firms to make more informed decisions. Also,
predictive analytics can be applied to demand forecasting, supply chain management, and resource planning,
thereby reducing waste and optimizing production schedules.

Al-powered image recognition and machine learning is applied for quality control in manufacturing
processes. This leads to reduction in defective products, lower production costs, and improved overall product
quality. The application of Al can optimize supply chain operations by predicting demand, identify potential
disruptions, and also suggest the most cost-effective routes for transportation. Thereby leading to reduced lead
times and inventory costs, as well as improved overall supply chain efficiency.

Al is applied in the optimization of energy consumption in manufacturing processes by analyzing data
in real-time, which leads to significant cost savings and a reduction in the environmental impact of production.
The application of Al enables mass customization by efficiently handling the production of personalized or
customized products, this can cater to individual customer preferences and increase customer satisfaction.

The application of Al to manufacturing facilities and other businesses streamlines HR processes, such as
recruitment, employee onboarding, and performance evaluations, thus leading to time and cost savings. Chatbots
and virtual assistants can also handle routine HR queries, thereby enabling human HR professionals to focus on
more strategic tasks.

According to Garro (2023), Al can analyze large volumes of data and learn patterns to identify
inefficiencies in industrial processes. He explained that by identifying bottlenecks and areas for improvement, Al
provides precise recommendations for optimizing production, reducing cycle times, and maximizing overall
efficiency. Al algorithms can optimize complex industrial processes by adjusting parameters in real-time based
on data analysis. This can result in improved efficiency, reduced waste, and enhanced productivity.

In innovation and research, Al can accelerate innovation by automating research processes, analyzing
vast amounts of scientific literature, and suggesting new avenues for exploration. This leads to faster product
development cycles and increased competitiveness. Also, Al-powered chatbots and virtual assistants enhance
customer service by providing quick and accurate responses to customer inquiries. Improved customer service
can lead to increased customer satisfaction and loyalty.
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1. Challenges and Risks of Al Implementation in Manufacturing Industries
The adoption of artificial intelligence (Al) in manufacturing brings about various benefits, but it also comes with
its own set of challenges and risks. Here are some key considerations:

Challenges:

Commenting on the challenges of Al implementation in manufacturing companies, Schweizerische
(2022), stated that while Al has certainly enabled applications that mimic cognitive and perceptual human abilities
and simulate certain aspects of intelligence, Al in its current form is far from comparable to human intelligence.
The integration of Al into existing manufacturing systems can be challenging. This is because compatibility issues
with legacy systems, and the need for significant changes in infrastructure can pose serious hurdles.

The initial cost of implementing Al technologies, including the purchase of hardware, software, and
training of personnel, can be substantial. Small and medium-sized manufacturers may find it challenging to afford
such investments. Meanwhile, the integration of Al often requires a skilled workforce. Training existing
employees or hiring new personnel with the necessary skills can be time-consuming and expensive. Also, Al relies
heavily on data. Ensuring the availability of high-quality data, as well as addressing issues related to data privacy
and security, is a significant challenge. Inconsistent or incomplete data can affect the performance of Al models.

The absence of standardized protocols and frameworks for Al in manufacturing can complicate
interoperability and collaboration among different systems and devices. As Al becomes more pervasive in
manufacturing, ethical concerns such as job displacement, bias in algorithms, and the ethical use of Al need to be
carefully addressed to gain public trust and acceptance.

Risks:

Increased connectivity and reliance on Al introduce new cyber-security risks. Manufacturers need to
protect sensitive data and ensure the security of their Al systems against hacking and other cyber threats. Also, Al
systems may produce unexpected results or unintended consequences, especially if the data used for training
contains biases. It's crucial to thoroughly test and validate Al models to minimize the risk of undesirable outcomes.

The automation brought about by Al has the potential to replace certain jobs, leading to workforce
displacement. This can result in social and economic challenges if not managed properly. It is quite risky for
manufacturing companies to over-rely on Al without proper fallback mechanisms, this is because if an Al system
fails, either due to technical issues or malicious attacks, it can disrupt manufacturing processes. Also, adhering to
existing and emerging regulations related to Al in manufacturing, including data protection and safety standards,
can be complex. However, non-compliance can lead to legal consequences for businesses.

Some Al models, especially complex ones like deep neural networks, lack transparency and are
challenging to interpret. This lack of explainability can be a barrier to understanding and trusting Al-generated
decisions. Addressing these challenges and risks requires a comprehensive and strategic approach, involving
collaboration between manufacturers, technology providers, regulators, and other stakeholders. Regular risk
assessments, ongoing training, and a commitment to ethical Al practices are essential components of a successful
Al adoption strategy in manufacturing.

2. Regulatory and Ethical Considerations

According to Wong (2021), over the past few years, the world has deliberated and developed numerous ethical
principles and frameworks of Ai implementation. He explained that is the general opinion that the time has arrived
to move from principles and to operationalize on the ethical practices of Al.

Regulatory Considerations

The regulatory landscape surrounding Al in manufacturing was evolving, and various countries are
developing frameworks to address the challenges and opportunities presented by artificial intelligence
technologies. Commenting on the need for regulation of Al implementation, Carter (2020), noted that major
potential harms caused by Al which are regularly cited are bias and consequent discrimination, the trustworthiness
of decisions rendered by Al and ML technologies, data privacy and protection, and the threat of cybercrime. It is
pertinent to note that regulations and policies can change, so it is advisable to check for the latest updates from
official sources. Some general aspects and trends related to the regulatory landscape for Al in manufacturing are
discussed below:

Compliance with data protection and privacy regulations is crucial. In the European Union, the General
Data Protection Regulation (GDPR) sets strict guidelines on the processing of personal data. Manufacturers using
Al need to ensure that their Al systems adhere to these regulations. Manufacturers may be held liable for the safety
of Al-enabled products. Regulatory bodies may require adherence to safety standards, and companies may need
to demonstrate that their Al systems comply with these standards.

There is a growing emphasis on the ethical and responsible use of Al. Regulatory frameworks may
encourage or mandate the implementation of ethical Al principles, such as transparency, accountability, and
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fairness, in manufacturing processes. Regulations may address the cybersecurity aspects of Al in manufacturing
to ensure that Al systems are secure against potential cyber threats. This is particularly important given the
interconnected nature of manufacturing processes.

Organizations like the International Organization for Standardization (1SO) are developing standards
related to Al, and adherence to these standards may be encouraged or required by regulatory bodies. As Al
adoption in manufacturing may impact the workforce, regulations may be developed to address issues related to
job displacement, upskilling, and the overall impact on employment. Companies involved in Al in manufacturing
may need to navigate intellectual property regulations, particularly regarding patents and copyrights for Al
algorithms and technologies.

Some countries have initiated national strategies or task forces to study and regulate Al. These initiatives
may include recommendations for the responsible adoption of Al technologies in manufacturing. Regulations may
focus on how data, especially sensitive data, is collected, stored, and used in Al applications. Clear guidelines on
data governance and consent may be required. Regulations may also address the environmental impact of Al
technologies in manufacturing, especially concerning energy consumption and waste management. It's crucial for
manufacturers to stay informed about the regulatory developments in the regions where they operate. Given the
dynamic nature of the field, ongoing monitoring of legal and regulatory changes is essential. Additionally,
consulting with legal professionals who specialize in technology and Al law can provide valuable insights and
guidance.

Ethical Considerations

Ethical considerations in Al are crucial to ensure that the development and deployment of these
technologies align with values and respect for human rights. Here are some key ethical considerations related to
Al, including issues of bias, transparency, and accountability:

Bias in Al refers to the presence of prejudice or favoritism in the data, algorithms, or decision-making
processes that can result in unfair outcomes for certain individuals or groups. However, Al systems can inherit
biases from training data, leading to discriminatory outcomes. This can reinforce existing social inequalities and
marginalize certain demographics. Manufacturers are usually advised to regularly audit and test Al systems for
bias by using diverse and representative datasets, and implement fairness-enhancing interventions.

Transparency in Al involves making the decision-making processes and inner workings of Al systems
understandable and explainable to both developers and end-users. Lack of transparency can lead to a lack of
accountability and trust. Users may be uncomfortable with systems making decisions without providing insights
into how those decisions are reached. It is advisable to develop Al systems with interpretable algorithms, by
providing clear documentation, as well as the implementation of mechanisms for explaining decisions like
explainable Al.

Accountability in Al means assigning responsibility for the actions and decisions of Al systems,
including the consequences of those decisions. Without clear accountability, it's challenging to address the impact
of Al on individuals or communities. This can lead to a lack of recourse for those affected by Al-generated
decisions. The need to establish clear lines of responsibility, accountability frameworks, and mechanisms for
addressing and rectifying harmful outcomes cannot be over-emphasized.

Privacy concerns the protection of personal information and the right of individuals to control their own
data. As Al systems often rely on vast amounts of data, and the misuse of this data can result in privacy violations,
unauthorized access or inappropriate use of personal information can lead to severe consequences. There is
therefore the need to implement robust data protection measures, obtain informed consent for data usage, and
adhere to privacy regulations and standards.

Security involves safeguarding Al systems from unauthorized access, manipulation, or exploitation.
Insecure Al systems can be vulnerable to attacks, leading to malicious use or unintended consequences. This can
jeopardize user trust and have significant societal implications. There is the need to prioritize cyber-security,
conduct regular security assessments, and implement measures to protect Al systems from external threats.

Inclusivity in Al refers to ensuring that the benefits of Al technologies are distributed fairly across diverse
populations. If Al development and deployment disproportionately benefit certain groups while disadvantaging
others, it can exacerbate existing social disparities. These is therefore need to foster diversity and inclusivity in
Al development teams, by considering the needs of diverse user groups, and actively address potential biases in
the design and deployment of Al systems.

Considering the broader societal, economic, and environmental impacts of Al technologies over the long
term. Short-sighted or narrowly focused Al development may neglect the broader implications of these
technologies, leading to unforeseen consequences. Efforts should therefore be made to encourage interdisciplinary
collaboration, conduct comprehensive impact assessments, and involve stakeholders in discussions about the long-
term implications of Al.
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Ethical considerations in Al are dynamic and may evolve as technology advances. It is essential for
developers, policymakers, and society as a whole to actively engage in ongoing discussions to address emerging
ethical challenges and ensure responsible Al development and deployment.

1. Future Trends and Implications of Al Implementation

Commenting on the future trends of Al, Mirabella (2023), opined that apart from optimizing logistics
and supply chains, by making them more efficient and cost-effective, that Al is expected to play a crucial role in
the field of transportation, as self-driving cars like Teslas are becoming popular. He concluded that highly
technologically advanced cars should be expected in the near future. Other future trends and Al implications are
discussed below:

Al-powered autonomous systems are likely to become more prevalent, enabling machines and robots to
operate with minimal human intervention. This can lead to increased efficiency and cost savings. Al can be
employed to predict equipment failures and schedule maintenance proactively. This will assist in downtime
reduction, resources optimization, and extending the lifespan of machinery. The concept of smart factories, where
interconnected devices and systems communicate with each other in real-time, is expected to grow. Al is expected
to play a central role in coordinating and optimizing these interconnected processes.

Al algorithms can improve quality control by quickly analyzing vast amounts of data to identify defects
or irregularities in the manufacturing process. This leads to higher-quality products and reduced waste. Al can be
applied to optimize the entire supply chain, from raw material procurement to distribution. Predictive analytics
will play a crucial role in demand forecasting, inventory management, and logistics planning. With the recent
advances in Al deployment to the manufacturing sector, Al-powered robots can work alongside human workers,
taking care of repetitive and dangerous tasks. This collaboration will enhance overall productivity and also ensure
a safer working environment. Al-driven manufacturing systems can also easily adapt to changes in product
specifications, allowing for greater customization and flexibility in production processes.

The application of Al to manufacturing will immensely contribute to energy efficiency by optimizing
equipment usage, scheduling, and resource allocation, thereby leading to reduced energy consumption and
environmental impact.

Implications:

The implementation of Al in manufacturing may require upskilling the existing workforce to operate and
maintain advanced technologies. However, while some routine tasks may be automated, new roles may emerge
for managing and maintaining Al systems, thereby creating a shift in job requirements rather than necessarily
leading to job losses. As the increased reliance on Al involves collecting and analyzing large amounts of data,
ensuring the security and privacy of this data becomes crucial to prevent unauthorized access and potential cyber
threats.

When Al becomes more integrated into manufacturing processes, regulatory frameworks will definitely
evolve to address safety, ethical, and legal concerns associated with autonomous systems. Meanwhile, there will
be substantial upfront costs associated with implementing Al in manufacturing, as companies will have to weigh
these against the long-term gains in efficiency, cost savings, and competitive advantage. Countries and companies
that effectively adopt and integrate Al into manufacturing processes will achieve a competitive edge in terms of
efficiency, innovation, and market leadership.

v. Conclusion
The widespread adoption of Al in the manufacturing sector has the potential to bring about significant
improvements in efficiency, productivity, and innovation. Al technologies has the potential to transform
manufacturing industries, making them more efficient, cost-effective, and productive. However, it is crucial to
carefully consider challenges related to workforce transition, ethical considerations, potential job displacement,
the need for human oversight, as well as the need for regulatory frameworks to ensure responsible and beneficial
Al deployment to manufacturing.
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