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Abstract

The core outcome of revolutionary
manufacturing, usually known as Industry 4.0,
is the development of intelligent factories.
These factories leverage advanced robotics,
big data, cloud computing, the robust security
measures, smart sensors, the Internet of Things
(IoT), and other cutting-edge technologies to
enhance efficiency, safety, and cost-
effectiveness. Robotics plays a vital role in
Industry 4.0, offering extensive capabilities in
manufacturing by improving automation,
performing repetitive tasks with precision, and
reducing operational costs. Another key
technology driving the transformation of
manufacturing is  Artificial Intelligence
powered block chain. In an Industry 4.0
environment, Al and block chain work
together to secure the vast amounts of data
generated by loT devices. Blockchain ensures
data integrity and immutability, while Al
analyzes the data to optimize processes and
extract valuable insights. Al algorithms also
enhance blockchain security and facilitate the
analysis of manufacturing data recorded over
the blockchain, enabling predictive
maintenance and the quality control. This
proactive approach helps detect and resolve
potential issues before they lead to defects or
downtime. Additionally, smart contracts on the
blockchain  can  autonomously execute
predefined tasks, streamlining processes and
reducing the need for intermediaries. This
paper explores the applications of robotics and
Al-powered block chain technology in
Industry 4.0, discussing their impact and
potential future research directions. These
technologies enable automation, support
hazardous and complex tasks, withstand
extreme temperatures, and operate
continuously over extended periods in
assembly lines.
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1.Introduction

The Fourth Industrial Revolution, commonly
known as Industry 4.0, is defined by the
integration of smart technologies, automation,
and data exchange across

various sectors of manufacturing and industry.
One emerging innovation in this space is Al-
powered blockchain  technology, which
combines artificial intelligence (AI) with block
chain systems to enhance their capabilities and
functionalities.

Block chain is a decentralized and distributed
ledger technology that ensures secure and
transparent record-keeping of transactions
across a network of computers [1]. Initially
developed as the foundation for the
cryptocurrency Bitcoin, blockchain technology
has since evolved to support a wide range of
applications beyond digital currencies [2].
Industrial automation refers to the use of
control systems, like computers and robots,
along with information technology to manage
various industrial processes and machinery,
reducing the need for human intervention.
Today, robots play a crucial role in
manufacturing,  working  alongside Al
technology to make intelligent decisions and
enhance productivity in production facilities.
This technology includes a wide ranges of
applications, from basic mechanization to
advanced robotics and artificial intelligence.
Initially, automations in manufacturing began
with mechanization, where machines are
introduced to support manual tasks. However,
modern automation has become far more
advanced, incorporating Al and robotics to
create systems that can operate independently,
continuously learning, and adapting to
improve performance. This transformation

www.ijmsrt.com 617

DOI: https://doi.org/10.5281/zenodo.18410282



http://www.ijmsrt.com/
https://doi.org/10.5281/zenodo.18410282

Volume-3-Issue-12-December,2025

have led to the rise of smart factories, where
inter connected machines communicate and
collaborate to enhance efficiency and good
productivity.

Fig. 2. Main Industry 4.0 technologies [3].

2.Need of artificial intelligence for industry
4.0

The use of artificial intelligence (Al) in
manufacturing has significantly improved
various aspects of the industry, from
workforce planning to product designs. Al
helps optimize performance, enhance product
quality, and support employee well-being.
Advances in Al play a key role in industrial
development, enabling robots to handle
complex computations and make real-time
decisions based-on environmental data,
contributing to the progress of Industry 4.0.
Industry 4.0 requires the development of
interconnected  factories that integrate
seamlessly with the supply chain, design
teams, production lines, and quality control
systems. With the support of Al, these smart
factories can generate valuable insights to
enhance efficiency. To fully leverage the
opportunities of Industry 4.0, manufacturers
must adopt a holistic approach that considers
entire  production  process,  requiring
collaboration across all the supply chain.
Currently, AL, machine learning (ML), and the
Internet of Things (IoT) are primarily applied
in asset management, supply chain
optimization, and resource allocation. By
integrating these technologies, manufacturers
can improve asset tracking accuracy, enhance
supply chain visibility, and optimize stock
utilization. Machine learning techniques, such
as predictive algorithms and Al-driven
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processes, contribute to better predictive
maintenance and quality control [5].
Additionally, Al enables real-time monitoring
of operational loads on the factory floor,
improving  production planning. When
combinedwithoverall equipment effectiveness,
machine learning can help manufacturers
enhance productivity, implement preventive
maintenance, and optimize asset utilization.

3.The Role of Al in Manufacturing

Al refers to ability of machines to exhibit
human-like intelligence, enabling them to
solve a wide range of

problems. In the production supply chains, Al
technology can predict product demand by
analyzing temporal, geographical, and the
socio-economic  factors  using  various
algorithm. These predictions take into account
macroeconomic trends and weather patterns to
optimize supply chain efficiency.

Al plays vital role in transforming
manufacturing through its applications in
industrial automation. According to the World
Economic Forum, the global AI market in
manufacturing was valued at $3.2 billion in
2023 and is expected to grow to $20.8 billion
by 2028. [6]

Machine learning and computer vision
technologies enable robots and automation
systems to perceive their surroundings, make
informed decisions, and learn from experience.
One key application is predictive maintenance,
where Al analyzes sensor data to monitor
equipment conditions and anticipate potential
failures. This reduces downtime and extends
machinery lifespan. Al also addresses several
industry challenges, including skill shortages,
complex decision-making, deployment
difficulties, and knowledge management. By
integrating Al into production plants,
companies can transform their operational
processes.

Al provides companies with advanced
analytical capabilities to evaluate the
performance of individual components,
improving overall facility efficiency and
product quality. Intelligent systems equipped
with Al can detect abnormalities, track key
parameters, and process large volumes of data.
This data is then analyzed and shared across
cloud-based networks for further optimization.
Beyond manufacturing, Al is also used in the
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entertainment industry, where it helps content
providers analyze user behavior and
recommend shows tailored to individual
preferences.

Al-driven quality control utilizes computer
vision for real-time product inspection, ensures
higher quality standards and reducing waste.
Additionally, Al enhances supply chain
management by analyzing large datasets to
optimize inventory control and logistics,
leading to cost savings and improved resource
utilization. = Machine  learning  further
contributes by identifying inefficiencies in
production processes, fostering continuous
improvement and boosting productivity.
Enhancing Productivity and Precision

The integrations of advanced robotics and Al
in manufacturing significantly improves both
productivity and precision. Robots operate
continuously without breaks, performing tasks
with consistent accuracy and efficiency. This
minimizes errors and increases overall
manufacturing output.

Furthermore, Al enables real-time monitoring
and control of production process. By
analyzing data from sensors and machinery, Al
systems can detect anomalies and make
immediate adjustments to maintain optimal
performance. This real-time feedback loop
hence enhances operational efficiency while
reducing material waste, ultimately improving
manufacturing effectiveness.

Reducing Labor Costs

A key benefit to industrial automation and
robotics is the reduction in labor costs. By
automating repetitive and labor-intensive
tasks, manufacturers can lessen their
dependence on human labor, resulting in
significant cost savings.

However, the move towards automation does
not automatically lead to job losses. While
some low-skilled jobs may be replaced,
automation also creates new opportunities for
higher-skilled roles. Workers are needed to
design, program, and maintain automated
systems, leading to the creation of new career
paths within the manufacturing sector.

Impact on Quality and Competitiveness

The integration of IoT, Al, and the advanced
robotics in manufacturing not only improves
efficiency but significantly enhances product
quality and competitiveness. With high real-
time data  collection and  analysis,
manufacturers can achieve higher quality
control standards, reduce defects, and ensure
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consistency. Al-powered systems can predict
also address potential issues before they occur,
helping  maintain  high-quality  levels
throughout production.

Additionally, the ability to quickly adapt to
market changes and customer demands
through flexible and automated manufacturing
processes allows companies to be competitive
in a fast-changing market. These technological
advancements help manufacturers produce
superior products more quickly, providing a
strong competitive advantage.

The future of manufacturing is closely linked
to the continued development of industrial
automation and robotics. As technology
progresses, we can expect more advanced
robots and Al systems capable of performing a
wider variety of tasks.

The integration of 10T, 5G, and the blockchain
into manufacturing is transforming the
industry by improving connectivity, data
exchange, and the operational flexibility.
These technologies allow for real-time
monitoring and control of manufacturing
processes, leading to high significant gains in
efficiency, quality, and flexibility.
Additionally, the quick return on investment
(ROI) that companies are seeing demonstrates
the transformative potential of these
innovations. By optimizing operations and
reducing downtime, manufacturers can also
achieve significant cost savings and strengthen
their competitive position. As these
technologies continues to develop, they are
likely to  improve the capabilities and
profitability of manufacturing businesses.

Al algorithms assist businesses in forecasting
market fluctuations, enabling them to optimize
production supply chains. This shift provides
management with significant advantages,
moving from a reactionary approach to a more
proactive competitive stance. Al algorithm
analyze market demand by identifying trends
in positioning, socio-economic and also
macroeconomic factors, environmental
patterns,  regulatory  policies, customer
behavior, and other variables.

This advancement enables manufacturers to
reduce production downtime, and improve the
overall operational efficiency of
manufacturing lines. Moreover, the application
of Al and machine learning enhances quality
control and standardization by generating
predictive analyses of equipment performance,
ultimately streamlining production processes.
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With Al integration, industries can make swift,
data-driven decisions, simplify production
workflows, reduce operational costs, and also
improve customer service.

With an Al-enabled smart plant, manufacturing
processes can operate more efficiently, reduce
costs, and enhance customer service.
Industries can minimize downtimes by
predicting delays, manage inventory through
stock tracking, forecast delivery times, and
ensure the production of high-quality products.
To monitor the production process and detect
errors, such as microscopic cracks in
manufacturing facilities, computer vision
technology can be utilized. Al can also alert
companies to potential issues on the
production line that may lead to quality
problems, allowing serious issues to be
addressed early in the development of Industry
4.0 [7]

Manufacturing  industries  utilize  this
technology to create a virtual representation
that mirrors the factory, product, or physical
attributes. By employing cameras, sensors, and
other data collection methods, it provides real-
time insights. The integration of interactive
and physical environments allows for plant
monitoring, data analysis, and proactive issue
resolution. The defect detection process in
production lines has become more advanced.
Computerized systems, equipped with deep
neural network integrations, can identify
surface defects such as scratches, cracks, and
leaks. Data scientists train visual inspection
systems to recognize these defects using image
recognition, object identification, and instance
segmentation algorithms

4.Major benefits/utilities of Robotics in
Revolutionary manufacturing

Automation is becoming increasingly reliable
compared to human workers. Robots are
precisely designed to ensure consistent output
and services without human error. The use of
robots in industry has been established for
several decades.

Although initial investment in industrial robots
appear to be high, they typically provide a
quick return on investment by lowering labor
costs and reducing production times. Over the
long term, the costs associated with operating
and maintaining robots are usually lower than
those of employing a human to perform the
same tasks.
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Industrial robots can carry out multiple
functions simultaneously, allowing facility
managers to make better use of floor space.
Substituting large multi-core computing
systems with existing programmable logic
controllers (PLCs), efficiency can be
enhanced. Major food companies have
integrated robots into their processing
facilities, where these machines undertake
various task using vision technology, cameras,
and artificial intelligence. They can perform
cutting, measuring, packing, and also
palletizing operations.

Industries equipped with numerous sensors
can monitor machines and manufacturing
processes in real-time to avoid defects in
output services. Machine vision robots are
capable of executing complex optical tasks
with high precision, allowing for the
immediate detection and correction of
microscopic structural defects or slight color
differences, thus  maintaining  quality
performance [8][9].

The automobile industry has been a significant
driver of industrial robotics, as it uses the
majority of the robots in operation today. One
of the most common robotic tasks in car
manufacturing is body welding, where two
metal pieces are fused together at a single
point. This is achieved by transmitting a high
electrical current and low voltage between two
opposite electrodes, with the parts to be
connected placed in between [10],

In addition to welding, robots are used for
tasks such as screwing, assembly, marking,
manipulation, and quality control within the
automotive  industry. While automation
changes the nature of work, it also created
significant profit opportunities in
manufacturing. Collaborative robots, a widely
used form of automation, are becoming more
flexible as their technology matures, enabling
them to take on more innovative tasks.
Industrial robotics plays a key role in helping
various  manufacturing sector  increase
efficiency and improve product quality by
automating production processes.

4.1 Internet of robotic things (IoRT)

The integration of IoT with manufacturing
robotics is known as the Internet of Robotic
Things (IoRT). This integration enables robots
to track their surroundings, merge sensor data,
utilize both local and distributed information
to determine actions, and it interact with
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physical objects in real time. Through IoT,
robots can function autonomously by
collecting data from their sensors, storing it, or
transmitting live data as needed [11].

The convergence of robotics and IoT is driven
by interconnected objectives. While IoT
emphasizes ubiquitous sensing, control, and
data  recording, robotics focuses on
development, interaction, and autonomous
functionality. Combining these technologies
into an Internet of Robotic Things provides
significant advantages.

Continuous  advancement in  robotics
technology are making these systems more
accessible and cost-effective.

4.2 Cobots

Collaborative robots, or cobots, are designed
to interact with human, enhancing human
capabilities in a safe and efficient manner.
These human-robot partnerships allow humans
to direct robots, control processes, or even
learn from them. In contrasts, traditional
robotic systems do not involve human-robot
collaboration typically operate independently
within enclosed spaces. Such systems may be
programmed to stop when a person enters their
working area, leading to delays in operations.
These interruptions can be avoided by using
cobots, which are specifically designed for
safe human interaction.

In a fully automated facility without human
presence, a cobot would require less
supervision compared to one operating
alongside humans. However, cobots in safety-
critical environments need advanced signaling,
high bandwidth, low latency, and also rapid
decision-making capabilities supported by
powerful computational systems.

The integration of cobots across various
industries is progressing rapidly.
Improvements in response time, movement
precision, alignment accuracy, and human-like
interaction are driving advancements in cobot
technology.  Additionally, brain-computer
interfaces have seen significant developments
in recent years. With the ability to accurately
interpret brain signals and transmit them to
robots, future cobots may be able to
collaborate with humans in entirely new ways.
Cobotics is a key innovation in intelligent
manufacturing, enhancing competitiveness and
efficiency in global production market. Unlike
traditional robots, cobots are lightweighted and
easy to configure. Their primary function is to
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collaborate ~ with  humans,  improving
automation in a stable and cost-effective
manner[12].

Cobots are widely used across various
industries, including life sciences, automotive,
engineering, electronics, aerospace, packaging,
chemicals, and also healthcare. Their ability to
integrate human labor with automation
provides businesses with a competitive
advantage. Additionally, cobots are user-
friendly, reliable, safe, and precise. Compared
to conventional robots, they are also more
affordable ~ while  delivering  consistent
performance.

By automating repetitive tasks, cobots allow
human workforce to focus on more complex,
high-priority activities, ultimately enhancing
productivity and efficiency in industrial
settings

5.Benefits and challenges of blockchain
integration in manufacturing

The integration of Al-powered block chain
technology in Industry 4.0 offers numerous
opportunities but also presents several
challenges[13]. One major issue is achieving
both  decentralization and  scalability
simultaneously. While blockchain is inherently
decentralized, ensuring high scalability
without compromising this decentralization
remains a persistent challenge [14].

Although  blockchain  guarantees  data
immutability and transparency, it also raises
privacy concerns. Finding a balance between
data security and the transparency inherent in
block chain is a significant challenge [15][16].
Additionally, integrating block chain and Al
systems with existing technological standards
can be complex. Ensuring interoperability
between various systems is crucial for
seamless data exchange and collaboration,
despite the difficulties involved [17].

The regulatory landscape for Al and block
chain continues to evolve, requiring companies
to navigate legal frameworks and ensure
compliance while also leveraging the benefits
of these technologies [18]. Furthermore, the
energy consumptions of block chain consensus
mechanisms  has raised environmental
concerns. Balancing the computational
demands of Al and blockchain with energy
efficiency remains an ongoing challenge [19].
A fundamental aspect of block chain
technology is the use of smart contracts, which
must be both reliable and secure. Ensuring the

www.ijmsrt.com 621

DOI: https://doi.org/10.5281/zenodo.18410282



http://www.ijmsrt.com/
https://doi.org/10.5281/zenodo.18410282

Volume-3-Issue-12-December,2025

accuracy of smart contracts, especially those
incorporating Al algorithms, is a complex task
that requires rigorous auditing [20].

The successful implementations of Al-
powered block chain solutions demands
specialized expertise, which may not be
widely available. Addressing the skills gap and
training professionals in both Al and
blockchain technologies remains an ongoing
challenge.

Additionally, the integration of Al with
blockchain raises ethical concerns, including
biases in Al algorithms and the implications of
decentralized  autonomous  organizations.
Balancing technological advancements with
ethical considerations is essential for the
responsible  deployment of Al-powered
blockchain technology in Industry 4.0 [21]

5.1 Smart Contracts

Smart contracts are self-executing agreement
with terms embedded directly into code,
enabling automation in manufacturing, supply
chain, and various industries [22]. This
automation minimizes reliance on
intermediaries, streamlining operations and
also reducing costs. Al enhance smart contract
by making them more adaptive and intelligent,
allowing for real-time adjustments based on
incoming data. By integrating Al these
contracts can execute automatically when
predefined conditions are met, further
optimizing business processes and reducing
manual intervention [23]

5.2 Supply Chain Management

The integration of Al and blockchain in supply
chain management enhances transparency,
efficiency, and also security. Al can process
the vast amount of data recorded on the block
chain, providing insights into supply chain
operations). This enables businesses to detect
inefficiencies, prevent fraud, and optimize
logistics [24]. Al techniques, such as image
recognition, can verify product authenticity by
analyzing features like packaging, labels, and
also serial numbers. Machine learning
algorithms optimize supply chain routes,
scheduling, and inventory management by
analyzing real-time data and making informed
decisions. These models can also be deployed
at different points in the supply chain to
support localized decision-making [25].
Additionally, machine learning analyze
historical data, including customer behaviour,
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market trends, and equally external factors, to
accurately predict future demand.

5.3 Predictive Maintenance

Predictive  maintenance leverages data,
machine learning, and equally artificial
intelligence (Al) to anticipate equipment or
machinery  failures, enabling  timely
maintenance interventions. Al algorithms
analyze sensor data collected from machinery
and equipment, securely storing this
information on the blockchain. Predictive
maintenance models utilize this data to
forecast  potential  failures, facilitating
proactive maintenance, minimizing downtime,
and improving operational efficiency. Through
machine learning, Al can detect patterns and
anomalies in sensor data, providing accurate
failure predictions [26]. This proactive
approach reduces maintenance costs and
operational disruptions compared to reactive
strategies. Implementing predictive
maintenance in Al-powered block chain
technology within Industry 4.0 offers
significant benefits, enhancing reliability and
efficiency.

5.4 Quality Control

Blockchain enhances data integrity by offering
a tamper-resistant and transparent ledger,
ensuring that quality-related data remains
unaltered. Al algorithms can process and
analyze data from sensors and IoT devices in
manufacturing process to identify product
defects. When integrated with blockchain, this
data is secured, maintaining both its integrity
and immutability. This combination 1is
particularly beneficial in industries where
maintaining high-quality standards is essential.
Moreover, integrating predictive maintenance
data with block chain creates a secure and
transparent record of equipment history,
maintenance activities, and also performance
metrics. This ensures an immutable record of
product quality throughout the production
process. For Industry 4.0, quality control in
Al-powered blockchain systems is vital to
maintain the reliability, security, and efficiency
of operations

5.5 Decentralized Decision-Making

In Industry 4.0, decentralized decision-making
leverages Al and blockchain technologies to
automate and enhance decision-making
processes without relying on centralized
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authorities. By combining Al with blockchain,
decentralized  autonomous  organizations
(DAOs) can be created, where decisions are
also made through smart contracts and Al-
driven algorithms. This integration streamlines
decision-making and minimizes the need for
centralized control in specific business
operations [27]

5.6 Data Security and Privacy through
Immutable Records

Block chain offers a decentralized and tamper-
proof ledger, improving data security and trust.
When integrated with Al-powered block chain
technology, immutable records further
strengthen data security and privacy within
Industry 4.0. The immutability of blockchain
ensures, once data is recorded, it cannot be
changed, providing a secure foundation for
data. Its cryptographic capabilities enhance the
security of data exchanges between different
entities within the supply chain, which is
essential for safeguarding sensitive
information [28]. Al can complement these
efforts by bolstering cybersecurity measures,
offering a robust defense against cyber threats.
Additionally, AI algorithms can analyze shared
data for valuable insights while preserving its
security [29]. Machine learning algorithms, in
particular, benefits from secure and reliable
data sources, making blockchain an ideal
platforms for storing and sharing data in
Industry 4.0 applications.
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Fig. 1. Blackchain-based security approach in
industry 4.0 [30]

5.7 Energy Trading

Energy trading within the framework of Al-
powered Block chain Technology in Industry
4.0 leverages advanced technologies that
enhances the efficiency, transparency, and also
decentralization of energy transactions.
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Industry 4.0, which represents the fourth
industrial revolution, involves the integration
of smart technologies, automation, and also
data exchange across various sectors,
including energy [31]. In the realm of smart
grids and energy trading, Al and blockchain
can collaborate to optimize energy use, support
peer-to-peer energy trading, ensure secure and
transparent transactions among connected
devices. In energy-intensive industry, Al
algorithms can analyze patterns in energy
consumptions. Blockchain technology can
provide a transparent and auditable record of
energy transactions while promoting energy-
efficient practices through incentivization [32].

Energy Trading Rlockchain

T el fel A, ol

‘ ' ! ! .
! 1.1 II

&8

Fig. 2. Blockchain-Enabled Secure Energy
Trading With Verifiable Fairness in Industrial
Internet of Things [33].

5.8 Product Lifecycle Management

Product Lifecycle Management (PLM) for Al-
powered Blockchain Technology in Industry
4.0 integrates advanced technologies by
improving the development, deployment, and
also management of products throughout their
entire lifecycle [34]. Blockchain’s
immutability provides a secure, tamper-proof
record of the products lifecycle. Al can utilize
the data for predictive maintenance, quality
enhancements, and  overall lifecycle
optimization.

5.9 Conceptualization and Design

Al Integration for Design Optimization:
Deploy Al algorithms to optimize products
design by analyzing historical data, customer
feedback, and also market trends.
Block chain for Intellectual Property
Protection: Use block chain to time-stamp and
secure intellectual property rights, ensuring
traceability and preventing unauthorized use
[35].
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Fig. 3. Blockchain-enabled product lifecycle
management [33].

6.Significant Advancements in Industry 4.0
Through Artificial Intelligence

The successful introduction of autonomous
vehicles and robots highlights the effective
integration of Al and machine learning (ML).
The use of sensors in conjunction with ML
allows for continuous evaluation during each
phase of development. One of the industry’s
common challenges is aligning supply with
demand, and ML integration helps address this
by optimizing energy requirement. Al
technologies are also employed to enhance
user service; for instance, Al-driven chatbots
on e-commerce sites are designed to answer
common consumer queries instantly. The
agricultural sector has seen a rise in the use of
advanced tractors and smart harvesting
machines. In the financial sector, Al plays a
crucial role in fraud detection [15]

Al is also integral to the operation of self-
driving or semi-autonomous vehicles. These
vehicles, connected to networks, can operate
under varying road conditions. Al systems in
these vehicles predict driver actions, classify
passengers, assess road conditions, and
monitor  traffic to  optimize driving
performance. Autonomous vehicles are poised
to be a key innovation in the automotive
industry. While Al-powered self-driving
vehicles are still in the research and testing
phase in many countries, they hold the
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potential to also replace manual driving and
improve road safety. AI’'s role in the
immobilizing sector offers valuable resources
for agents, brokers, and customers. Al-
powered platforms assist dealers and agents in
finding the right solutions for customers
interested in purchasing or selling assets.
Industrial companies are investing in
automated Al vehicles to streamline logistics
and manage delivery centers, thereby reducing
reliance on human drivers. Additionally, Al
systems equipped with predictive analytics can
effectively forecast products demand.

Al applications in manufacturing collects data
from various sources and use it to accurately
forecast products demand based on the
available evidence. These Al systems can
manage order records and facilitate the
installation or uninstallation of stock. It stands
out as one of the most effective technologies
for  production  management,  market
management, and also inventory management.
By analyzing historical product price data,
machine learning algorithm predict product
pricing. These algorithms can employ neural
networks and deep modeling techniques to
recognize images and oversee predictive
model learning.

Al also aids robots in detecting tiny air
bubbles and determining the location of gas
leaks. It efficiently identifies problem areas
and production line, significantly reducing
labor costs and detection errors, while
gathering data from the entire production
chains. In the Industry 4.0 environment,
sensors integrated into each hardware
component enable  machine-to-machine
communication. Furthermore, machine
learning, supported by data-physical systems
and cloud computing, ensures seamless
connectivity between humans, machines, and
resources. As a result, all elements in the
production processes, including vehicles,
manufacturing lines, factories, and facilities,
can closely be interconnected.
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