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1. INTRODUCTION

The modern industrial landscape is changing quickly, and one revolutionary
change from traditional methods is the improvement of manufacturing processes through
automation and digitalization. Automation in manufacturing plants refers to the use of
control systems to manage machinery, whereas digitalization uses data-driven
technologies to enhance these procedures. The limitations of manual operations, which
frequently result in significant human error, inefficiencies, and slower production times,
are sought to be addressed by this technological integration. Through the utilization of
sophisticated robotics, machine learning, and data analytics, manufacturers can attain
previously unattainable levels of accuracy and uniformity in their operations. Robotic
arms and automated conveyor systems are examples of automation technologies that are
made to efficiently perform physically taxing and repetitive tasks. In the meantime, real-
time data analytics, 10T (Internet of Things) gadgets, and smart sensors are brought about

by digitalization.

Among the many advantages of incorporating automation and
digitalization into manufacturing processes are higher productivity and cost
effectiveness. Because automated systems can work continuously without getting tired,
they can produce more and take less time off from human labor. Furthermore, because
machines and robots perform tasks with a high degree of accuracy and consistency,
automation reduces the likelihood of errors. As a result, waste and rework are
significantly reduced, which lowers production costs. This is improved by digitalization,

which uses data analytics to give real-time insights into operational performance. [1]
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2. THE PROBLEM OF THE STUDY

2.1INTRODUCTION TO AUTOMATION AND DIGITALIZATION IN
MANUFACTURING

Modern manufacturing relies heavily on automation and digitalization to
increase productivity and competitiveness. Automation is the use of control systems for a
variety of tasks, such as steering ships, aircraft, turning on telephone networks, and
operating machinery in manufacturing plants, boilers, and heat-treating ovens. The
process of integrating digital technologies into all facets of manufacturing, or
"digitalization,” drastically changes the way goods are created, manufactured, and
delivered. Technological developments like machine learning (ML), artificial
intelligence (Al), and the Internet of Things (loT) have made manufacturing processes
smarter and more efficient, which is driving this change. The main goal of implementing
these technologies is to decrease expenses and human error while increasing production
speed, accuracy, and flexibility. The use of digitalization and automation is growing in
industries. It is necessary to thoroughly examine both the technological developments
and their useful applications in real-world situations in order to comprehend the

implications of these shifts.

2.2HISTORICAL CONTEXT AND EVOLUTION

Manufacturing techniques have changed significantly over the years, starting

with the invention of the steam engine and progressing to the development of assembly
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lines and computerized systems. Mechanized production got its start during the Industrial
Revolution and continued to develop with the advent of automated machinery. Digital
tools became increasingly important as technology developed, transforming
manufacturing from primarily mechanical processes to extremely complex, technology-
driven operations. The invention of computer numerical control (CNC) machines and
programmable logic controllers (PLCs), which transformed production capabilities, is
credited with the development of automation and digitalization. With the advancement of
time, these technologies have combined robotics, sensors, and real-time data analytics to
further improve manufacturing efficiency. The continuous progress in digital
technologies is expanding the limits of manufacturing capabilities, resulting in the

creation of Industry 4.0 paradigms and smart factories.

2.3ROLE OF DIGITALIZATION IN MODERN MANUFACTURING

Modern manufacturing is radically changed by digitalization, which uses
data and connectivity to streamline production procedures. Manufacturers can now
collect and analyze massive amounts of data in real-time thanks to technologies like
cloud computing, big data analytics, and the Internet of Things. Improved supply chain
management, predictive maintenance, and better decision-making are all made possible
by this data-driven approach. Digital twins, which are virtual representations of physical
assets that can be used to simulate and optimize manufacturing processes, are made
easier by the use of digital tools. Furthermore, digitalization facilitates the use of
advanced manufacturing processes like additive manufacturing (3D printing), which
minimizes material waste and increases design flexibility. Manufacturers can become

more innovative, efficient, and responsive to market demands by embracing
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digitalization.

24INTEGRATION OF AUTOMATION AND DIGITALIZATION

A cohesive and effective manufacturing ecosystem is created by integrating
different technologies through automation and digitalization. In order to improve
production capabilities, this integration frequently involves the use of robotics, data
analytics platforms, and smart sensors. For instance, real-time feedback on equipment
performance can be obtained by automated systems with Internet of Things sensors,
enabling quick modifications and optimizations. Furthermore, digitalization makes it
possible for various manufacturing process components to communicate with one
another seamlessly, improving synchronization and coordination. To ensure that the
resulting system is both scalable and effective, careful planning and alignment with
business objectives are necessary for the successful integration of these technologies.
The compatibility of various technologies and the potential need for specialized solutions
to meet particular operational requirements are other factors that manufacturers must

take into account.

2.5IMPACT ON WORKFORCE AND SKILLS DEVELOPMENT

The workforce in manufacturing will be significantly impacted by the rise of
automation and digitalization. There is an increasing need for workers with advanced
technical skills and experience in managing digital systems as routine and repetitive

tasks are replaced by automation. This change calls for a focus on workforce retraining
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and skill development to give staff members the skills needed to use and maintain new
technologies. Training programs and educational institutions are essential in ensuring
that the workforce of the future is ready for these changes. Manufacturers also need to
think about transition management tactics, such as supporting workers who are being laid
off and encouraging a culture of lifelong learning. In order to ensure that the advantages
of automation and digitalization are realized while maintaining a skilled workforce,

addressing these workforce challenges is crucial.

2.6CASE STUDIES AND REAL-WORLD APPLICATIONS

Analyzing case studies and practical automation and digitalization
applications offers important insights into how these technologies affect manufacturing
processes. For example, automakers have effectively used robotic systems to perform
welding, painting, and assembly, which has improved productivity and accuracy. To
maximize aircraft production and maintenance schedules, aerospace companies have also
embraced digital twins and predictive maintenance. These illustrations show how
incorporating automation and digital technologies into manufacturing processes can have
real advantages. Examining different case studies also demonstrates the range of ways in
which various industries use these technologies to meet particular needs and attain
operational excellence. Other manufacturers contemplating similar transformations can

draw inspiration and useful guidance from these real-world examples. [2]



3. THE IMPORTANCE AND OBJECTIVES OF THE STUDY

3.10BJECTIVES OF AUTOMATION IN MANUFACTURING

The main goal of automation in the manufacturing sector is to increase

efficiency and productivity. Humans who perform boring, repetitive tasks are replaced

by machines that can operate consistently and precisely through automation. This

guarantees consistency and quality in the finished products while also accelerating

production. Robotic arms and conveyor belts are examples of automation systems that

optimize processes, minimize human intervention, and lower the risk of error.

Furthermore, by maximizing resource utilization and reducing waste, automation lowers

costs. It makes production possible around-the-clock, increasing output and ROI.

Manufacturers can increase the scalability and adaptability of their operations through

automation. Additionally, it makes just-in-time production and other cutting-edge

manufacturing techniques possible, which improves operational efficiency even more.

Manufacturers can maintain their competitiveness in a global market that is increasingly

influenced by technological advancements by accomplishing these goals. Examining the

effects and applications of automation enables companies to comprehend the possible

advantages and difficulties related to these technologies.

3.2ENHANCING QUALITY AND PRECISION

Improving accuracy and quality in production processes is one of the major



advantages of automation and digitalization. Automated systems are made to work with
extreme precision and consistency, which lowers the possibility of errors and product
variability. Real-time monitoring and control are made possible by digital tools, which
enable quick adjustments to maintain product quality. Advanced quality control
techniques like statistical process control and anomaly detection based on machine
learning are also supported by these technologies. Manufacturers are able to spot
possible quality problems early on and take action to resolve them before they affect the
finished product by regularly reviewing production data. Meeting exacting customer
demands and strict industry standards is made easier with this emphasis on quality and
precision. It's crucial to research how automation and digitalization affect these factors in
order to create plans that guarantee excellent results. It also draws attention to the
possibility of ongoing innovation and improvement in manufacturing techniques.
Recognizing these advantages helps to advance the use of technologies that improve

overall product quality and manufacturing performance.

3.3COST EFFICIENCY AND RESOURCE MANAGEMENT

Automation and digitalization greatly improve cost efficiency and resource
management, two important manufacturing goals. By carrying out tasks that would
otherwise require human intervention, automation lowers labor costs and consequently
operating expenses. By streamlining production procedures and guaranteeing precise
material handling, it also reduces material waste. By revealing opportunities for
improvement and offering insights into resource usage, digitalization helps to further

support cost efficiency. Digital twins replicate production situations to maximize
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resource allocation, while predictive analytics can estimate maintenance requirements
and avert expensive malfunctions. This all-inclusive resource management strategy aids
in the attainment of more economical and sustainable operations for manufacturers.
Researching how these technologies affect cost effectiveness yields important data for
budgetary and strategic planning. It also emphasizes how effective resource management
can lead to long-term cost savings and competitive advantages. It is imperative to
comprehend these facets in order to optimize the financial advantages associated with

automation and digitalization.

3.4FLEXIBILITY AND CUSTOMIZATION IN PRODUCTION

Automation and digitalization improve manufacturing's adaptability to
shifting consumer preferences and market demands by increasing customization and
flexibility. Automated systems enable agile manufacturing processes by being quickly
reconfigured to handle varying product designs and specifications. By offering
comprehensive information on consumer preferences and production capabilities, digital
tools facilitate customization and enable the creation of individualized goods and
services. This degree of adaptability is especially useful in sectors of the economy where
consumer demands are diverse and trends are changing quickly. Manufacturers can
provide a greater range of goods and services without sacrificing effectiveness or quality
by utilizing these technologies. Businesses can better understand how to maintain their
competitiveness in dynamic markets by researching how automation and digitalization
can improve flexibility. It also highlights how crucial it is to implement technology that

facilitates flexible and responsive production procedures. Gaining an understanding of
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these advantages is essential to creating strategies that adapt to changing industry trends

and consumer demands.

3.5ENVIRONMENTAL SUSTAINABILITY AND IMPACT

By maximizing resource utilization and cutting waste, the integration of
automation and digitalization in manufacturing processes promotes environmental
sustainability. Automated systems increase productivity, which reduces energy use and
material waste. Better monitoring and management of environmental impacts, such as
emissions and resource depletion, are made possible by digitalization. Real-time data on
environmental performance is made possible by technologies like Internet of Things
sensors, which enable focused interventions to lessen the ecological footprint. Digital
tools also aid in the advancement of environmentally friendly materials and circular
manufacturing, two examples of sustainable practices. In order to meet regulatory
requirements and promote sustainable manufacturing practices, it is imperative to
conduct research on the environmental benefits of these technologies. It also emphasizes
how environmental goals can be met while still achieving operational and financial
success. Comprehending these facets facilitates the formulation of approaches that

reconcile industrial expansion with ecological conservation. [3]
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4. QUESTIONS ABOUT THE STUDY

4.1What are the fundamental principles of automation in
manufacturing, and how have these principles evolved with advances
in technology?

The use of control systems, such as computers, robots, and information
technologies, to manage various processes and machinery in an industry is referred to as
automation in manufacturing. Using machines to carry out tasks that were previously
completed by humans, applying feedback systems to monitor and control processes, and
incorporating automated systems into the manufacturing workflow are some of the core
ideas. Historically, early Industrial Revolution mechanization—the use of mechanical
devices to increase production efficiency—was the precursor to automation. Automation
has developed to include advanced robotics, artificial intelligence, and machine learning
since the introduction of digital technology. As a result of this evolution, more advanced
systems with complex decision-making and adaptive behaviors have been created,

greatly enhancing manufacturing processes' accuracy and productivity.

4.2How does digitalization contribute to the enhancement of
manufacturing processes, and what are the key technologies
involved?

The term "digitalization™” describes how digital technologies are incorporated
into manufacturing processes to improve productivity, accuracy, and adaptability. The
Internet of Things (IoT), which links devices and systems to gather and analyze data in

real-time, big data analytics, which processes massive amounts of data to produce
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actionable insights, and cloud computing, which offers scalable resources for data
processing and storage, are important technologies in the digitalization process. Digital
twins, which are virtual copies of real assets, also make manufacturing process
optimization and simulation possible. The combined effects of these technologies lead to
notable improvements in manufacturing performance through enhanced decision-

making, predictive maintenance, and overall process optimization.

4.3What are the challenges and barriers to implementing automation
and digitalization in manufacturing industries, and how can they be
addressed?

A number of obstacles and difficulties must be overcome in order to
implement automation and digitalization, including high upfront costs, the difficulty of
integrating new technologies with current systems, and the requirement for specialized
knowledge and training. Adoption may also be hampered by worries about data privacy
and cybersecurity. Manufacturers can take on these problems by implementing solutions
gradually, beginning with pilot programs that show benefits before expanding. Employee
skill development can be facilitated by offering training and development opportunities,
and data protection can be guaranteed by making significant investments in
cybersecurity defenses. Working together with consultants and technology providers can

also help to overcome technical obstacles and enable a more seamless integration.

4.4What role do robotics play in modern manufacturing, and how can
they be integrated effectively into existing production lines?
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Robots are essential to modern manufacturing because they can complete
dangerous, repetitive, or extremely precise tasks quickly and accurately. Through
methods like collaborative robots (cobots), which operate alongside human workers, or
by retrofitting existing machinery with robotic components, they can be integrated into
current production lines. Assessing the unique requirements of the production line,
choosing the right robotic systems, and making sure they work with the current processes
are all necessary for effective integration. Robotic performance optimization requires
accurate programming and calibration. Furthermore, continuous upkeep and assistance
are required to guarantee that robots function effectively and adjust to modifications in

manufacturing specifications.

4.5How can data analytics and machine learning be utilized to optimize
manufacturing processes and improve decision-making?

Manufacturing processes are improved by data analytics and machine
learning because they provide prescriptive and predictive insights. Analyzing historical
and current data to find trends, abnormalities, and patterns that can guide process
enhancements is known as data analytics. Large-scale data analysis is possible with
machine learning algorithms, which can be used to enhance quality control, optimize
production schedules, and forecast equipment failures. Predictive maintenance, for
example, lowers maintenance costs and downtime by using sensor data to predict
equipment breakdowns before they happen. These technologies can be incorporated into
manufacturing processes to improve overall operational efficiency, optimize resource

allocation, and enable data-driven decision-making. [4]
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4.6 What are the potential benefits of adopting a smart factory approach,
and how does it differ from traditional manufacturing models?

Smart factories use cutting edge technologies like robotics, artificial
intelligence, and the Internet of Things to create highly automated and adaptable
production environments. Enhanced responsiveness to market fluctuations, better
product quality, and enhanced operational efficiency are among the possible advantages.
Real-time monitoring and control of manufacturing processes are made possible by smart
factories, which facilitates quicker and more informed adjustments. In contrast to
conventional manufacturing models that might depend on labor-intensive procedures and
insufficient data integration, smart factories maximize production through networked
systems and data-driven strategies. Increased productivity, decreased waste, and the

capacity to quickly adjust to shifting customer demands are the outcomes of this shift. [4]

4.7How does the implementation of Industry 4.0 technologies impact
workforce dynamics, and what strategies can be employed to manage
these changes?

Automation and digitalization, two examples of Industry 4.0 technologies,
change the nature of the workforce by replacing manual labor with more specialized
roles centered on data analysis and technology management. Although there may be job
displacement as a result of this shift, there are also opportunities for new types of

employment. Investing in employee training and reskilling programs to get the
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workforce ready for new roles is one way to manage these changes. Establishing a
culture of ongoing learning and adjustment can also facilitate employees' transition to
new roles. It is also possible to support workforce development and guarantee that
workers have the skills required for the changing manufacturing landscape by partnering

with educational institutions and vocational training centers. [4]

4.8What are the environmental and sustainability considerations
associated with automation and digitalization in manufacturing?

By lowering waste, increasing resource management, and increasing energy
efficiency, automation and digitalization can support environmental sustainability. For
instance, by making real-time adjustments to processes, sophisticated monitoring
systems can maximize energy efficiency and reduce emissions. Additionally, automation
can result in more accurate manufacturing, which lowers material waste and increases
the products' capacity to be recycled. Concerns regarding electronic waste and energy
consumption may arise, though, with the growing use of data centers and electronic
devices. Manufacturers should use energy-efficient technologies, recycle electronic
components, create green supply chain initiatives, and other sustainable practices to

reduce their overall environmental impact in order to address these problems. [4]

15



4.9How can small and medium-sized enterprises (SMEs) benefit from
automation and digitalization, and what are the specific
considerations they should take into account?

Automation and digitalization can help small and medium-sized businesses
(SMEs) become more competitive, more efficient, and spend less on operating expenses.
Digitalization facilitates improved data management and decision-making, while
automation can expedite repetitive tasks and free up resources for more strategic
endeavors. SMEs might, however, run into issues like tight budgets and little funding for
implementing cutting-edge technology. SMEs can investigate cloud-based services and
scalable solutions, which provide flexibility without requiring a sizable upfront
investment, to get past these obstacles. Utilizing government grants, subsidies, or
business alliances can also offer financial assistance and direction for the adoption of
new technology. Businesses can optimize the advantages of automation and
digitalization by giving priority to solutions that provide a definite return on investment

and are in line with their objectives. [4]
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5. ASSUMPTIONS ABOUT THE STUDY

5.1INTRODUCTION TO ASSUMPTIONS STUDY

Numerous core presumptions underpin the study of improving
manufacturing processes through automation and digitalization. It is based primarily on
the assumption that automation and digital technologies can significantly increase the
productivity, efficiency, and quality of manufacturing systems. This presumption is
founded on the idea that digital systems and machines, when properly integrated, are
capable of performing repetitive tasks faster and more accurately than human workers.
Another fundamental premise is that real-time insights into manufacturing processes can
be obtained by digital tools like sensors, data analytics, and machine learning algorithms,
enabling more informed decision-making and predictive maintenance. Moreover, the
study assumes that although implementing these technologies will cost money initially,
the long-term advantages—Ilike lower operating costs and higher-quality products—will
exceed these costs. The study also assumes that although there will be an initial cost
associated with implementing these technologies, these will be offset in the long run by
lower operating costs and higher-quality products. It also suggests that as traditional
tasks become automated, the workforce will need to adjust to new roles and skills,
indicating the necessity for training and development initiatives. There is also an
underlying presumption that more uniform and standardized manufacturing processes
will result from the integration of automation and digitalization, which will lower

variability and defects. The evaluation of the effects and efficacy of automation and
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digitalization in manufacturing environments is predicated on these assumptions.

5.2VENDOR AND TECHNOLOGY SELECTION

The study makes the assumption that vendors and digitalization and
automation technologies are chosen with great care. This entails assessing possible
suppliers on the basis of their dependability, standing, and caliber of goods and services.
The research assumes that a comprehensive evaluation is carried out to guarantee that the
chosen technologies satisfy the particular requirements of the production process. It is a
given that companies select suppliers who offer reliable maintenance and support. The
potential for long-term partnerships and the vendors' capacity to adjust to new
technological advancements are also taken into account during the selection process.
Achieving effective automation and digitalization results requires making sure that

vendors and technology are aligned.

5.3REGULATORY AND COMPLIANCE ISSUES

It is expected that while studying automation and digitalization, regulatory
and compliance concerns will play a significant role. This involves making certain that
new technologies follow applicable laws, safety guidelines, and industry standards. The
study makes the assumption that companies are aware of and abide by the applicable
laws controlling the use of digital and automated technologies. It is considered that the
processes of planning and implementing compliance measures are interwoven. It is
imperative to take regulatory issues into account in order to prevent legal complications
and guarantee that technological progress does not jeopardize safety or moral principles.
The study makes the assumption that continuous oversight and modification are

implemented to sustain adherence to changing regulations. [5]
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6. PREVIOUS STUDIES

6.1ASTUDY PUBLISHED BY THE RESEARCHER " Hans Y.
Torvatn' THIS IS A SUMMARY OF THE SCIENTIFIC PAPER

Abstract

The ongoing digitalization of manufacturing work processes resulting from
Industry 4.0-defined as digitalization, automation, and data exchange in manufacturing-
challenges how we see and define the role of operators and managers. Consequently, this
study investigates the extent to which digital tools are used and available to managers
and operators in manufacturing who are experiencing digitalization due to Industry 4.0
movements. A cross-sectional study of production managers and operators (n = 417) was
conducted among 10 Norwegian manufacturing companies. Results from independent t-
tests and Chi-square tests indicate that, compared with operators, production managers'
report higher satisfaction with different digitalization experiences, more extensive use of
digital systems for registration and documentation, and greater availability of digital
tools. Thus, digitalization and digital tools based on the Industry 4.0 concepts seem to

have only reached the managerial level, and the revolution seems to be top down.

Keywords

Autonomy / Competence / Digitalization / Digital Tools / ICT / Industry 4.0 /

Manufacturing /Nordic work life / Operator role / Production management. [6]
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/. THEORETICAL FOUNDATIONS OF THE STUDY

Industrial Engineering Principles: The main goal of industrial engineering is
to optimize intricate systems and processes. Workflow analysis, operations research,
ergonomics, and other theoretical aspects of industrial engineering offer valuable
perspectives on how automation and digital tools can improve productivity, reduce

waste, and streamline production processes.

Theory of Constraints (TOC): Eliyahu Goldratt's Theory of Constraints is
centered on locating and resolving obstacles or bottlenecks in manufacturing processes.
These limitations can be lessened by automation and digitization, which can increase

process flow overall, decrease cycle times, and improve throughput.

Technology Acceptance Model (TAM): How people come to accept and
use new technologies is explained in part by the Technology Acceptance Model. TAM
can be used in the manufacturing context to comprehend how and why workers and
organizations adopt digitalization and automation technologies, including perceived

utility and ease of use.

Cyber-Physical Systems (CPS): The term "cyber-physical systems"
describes the fusion of physical procedures and computer-based algorithms. To create
intelligent manufacturing systems, CPS integrates sensors, software, and control systems

into actual machinery. [7]
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8. METHODOLOGY AND RESEARCH METHODS OF
THE STUDY

8.1METHODOLOGY AND RESEARCH METHODS

Using a mixed-methods research design, the study on improving
manufacturing processes through automation and digitalization combines quantitative
and qualitative techniques to offer a thorough analysis of the influence of technological
advancements on manufacturing efficiency. The quantitative component entails
gathering and statistically analyzing numerical data pertaining to production metrics,
including throughput, cycle time, and defect rates, both before and after automation
technologies are put in place. The direct effects of automation and digitalization on
manufacturing performance can be measured objectively with this approach. To acquire
insights into the real-world difficulties and advantages encountered during the switch to
automated systems, the qualitative component includes in-depth case studies and
interviews with industry professionals, plant managers, and engineers. The goal of the
research is to provide a comprehensive understanding of how automation and
digitalization affect manufacturing processes from both a statistical and experiential

standpoint by combining these two methodologies.

Several techniques are used during the data collection phase of the study in
order to produce a reliable and complete dataset. Real-time monitoring systems installed
in manufacturing facilities and the examination of previous production records are two

methods used to collect quantitative data. To evaluate the impact of automation, key
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performance indicators (KPIs) like error rates, production speed, and downtime are
closely monitored both before and after it is implemented. In order to learn more about
manufacturing professionals' opinions and experiences with automation technologies,
surveys and questionnaires are also sent to them. Semi-structured interviews and focus
groups are carried out with stakeholders from diverse manufacturing sectors to obtain
qualitative insights. Through these talks, we hope to learn more about the specifics of
decision-making procedures, implementation difficulties, and perceived advantages of
digitization. A comprehensive examination of the impacts of automation and digitalization on

manufacturing processes is made possible by the combination of these data collection techniques.

Stratified random sampling is the sampling strategy used in this study in
order to guarantee representation from various manufacturing sectors and geographic
areas. Manufacturing facilities are divided into strata that reflect a variety of contexts by
virtue of their size, automation adoption level, and industry type. To ensure that the
sample accurately represents the larger population of manufacturing organizations,
facilities are randomly selected to participate in the study within each stratum. This
method offers a more comprehensive understanding of their effects by taking into
consideration differences in automation practices and degrees of digitalization.
Furthermore, the research aims to investigate how the size of an organization affects the
results of automation and digitalization by focusing on a variety of small, medium, and
large businesses. The purpose of this sampling strategy is to provide a representative and

balanced dataset for the analysis of how manufacturing processes are affected by technological

advancements. [8]
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9. LIMITATIONS AND TOOLS OF THE STUDY

9.1LIMITATIONS OF THE STUDY

The technological limitations of the systems in place today constitute a
significant obstacle to the study on improving manufacturing processes through
automation and digitalization. Rapid advancements in digital tools and automation
technologies can make it more difficult to integrate them into current manufacturing
processes due to incompatibilities with legacy systems. Many manufacturing facilities
continue to use antiquated machinery, which might not work well with contemporary
automation systems. The technical difficulties involved in retrofitting or replacing
outdated machinery with more modern, automated systems may not be fully taken into
account by the study. This constraint may result in an inadequate comprehension of the
ways in which digitalization impacts manufacturing procedures, particularly in settings
where technological advancements are impractical. Furthermore, as new innovations
appear, the study's conclusions may quickly become out of date due to the rapid
advancement of technology. Over time, this might have an effect on how applicable and
relevant the study's findings are. Because of this, it can be difficult to fairly evaluate the
advantages and drawbacks of automation and digitalization in manufacturing

environments due to the quick advancement of technology.
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9.2TOOLS USED IN THE STUDY

Robotics and machine automation are the main tools used in manufacturing
automation to increase productivity, accuracy, and consistency. Robots, such as
industrial robots and collaborative robots, or cobots, are essential for accurately
completing repetitive tasks. These robots have sophisticated control systems and sensors
built in, enabling real-time adjustments and better communication with human operators.
Automated assembly lines, CNC machines, and conveyor systems are all examples of
machine automation; they decrease human intervention and increase output. These
automated processes are managed and controlled by technologies like Distributed
Control Systems (DCS) and Programmable Logic Controllers (PLCs). PLCs carry out
control tasks and make decisions in real time using data from sensors and other devices,
whereas DCS provides centralized control for intricate processes that are dispersed over
several sites. By taking on dangerous jobs, the combination of robotics and machine
automation increases safety while simultaneously increasing productivity. Manufacturers
can increase production volumes, decrease error rates, and improve product quality by
employing these technologies. In addition, developments in robotics, like artificial
intelligence and machine learning, are making it possible for robots to adjust to new jobs
and procedures with little reprogramming. These technologies have even more potential
to improve manufacturing processes as they develop because of their increasing capacity

to manage intricate, multi-step processes. [9]
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