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Abstract

After ten years of providing industry 4.0 to the benefits of industry and it address the inadequacy of the
industry, the time has come for industry 5.0. Industry 4.0 is limited as smart factories are raising corporate
productivity. This study discusses industry 5.0 opportunities, challenges, and potential directions for further
research. Industry 5.0 is bringing about a paradigm shift and resolution by placing less emphasis on
technology and assuming that human-machine cooperation is the foundation for success. By using
customised products, the industrial revolution is increasing client happiness. Industry 5.0 is necessary in
today's company with the paid technical advancements to obtain competitive advantages and spur
economic growth for the industrial unit. The purpose of the study is to examine industry 5.0's possible uses.
The definitions of industry 5.0 and the cutting-edge technology needed for this industrial revolution are first
discussed. The applications enabled by Industry 5.0, such as cloud manufacturing, healthcare, supply chain
and manufacturing production, and are also discussed. This article covers the following technologies: block
chain, digital twins, Internet of Things, big data analytics, collaborative robotics, and upcoming 6G systems.
In order to understand the problems generated by organisations between the people and robots on the
assembly line, the research also incorporated the challenges.

Keywords: Industry 5.0, Human Machine Collaboration, Supply Chain, Disaster Recovery, Smart
Healthcare, Cognitive Systems, Green Manufacturing.

INTRODUCTION

The eighteenth-century first industrial revolution, or Industry 1.0, brought about a
significant change in production methods by allowing machines to make goods using
newly devised means and techniques. By the end of the eighteenth century, it had spread
from England, where it had begun in 1760, to the United States. Industry 1.0 affected a
number of industries, including mining, textile, agricultural, glass, and others, and
signalled a change from the handcraft economy to one dominated by machines [1]. The
next industrial revolution, known as Industry 2.0, occurred between 1871 and 1914 and
was characterised by a quicker flow of people and creative ideas. During this revolution,
businesses are becoming more productive, which is leading to a rise in unemployment as
robots take the position of manufacturing workers.

The digital revolution, also known as Industry 3.0, began in the 1970s with the automation
of computers and memory-programmable controllers. Mass manufacturing and the use
of integrated circuit chips, or digital logic, are the focal points of this specific phase; related
technologies include computers, digital cell phones, and the internet [2, 3]. Technology
advancements are changing not just company processes but also traditional goods.
Technology is being transformed into digital format by the digital revolution. Industry 4.0
unites modern technologies like cloud computing, robotics, 3D printing, 10T, and artificial
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intelligence with physical assets. Organisations that have embraced 4.0 are adaptable
and ready to make decisions based on facts [4]. The next generation of technology,
known as Industry 5.0, was created for intelligent and productive machines. The industry
revolution from industry 1.0 to industry 5.0 is depicted in Figure 1. Table 1 lists the surveys
that cover the most relevant topics related to industry X.0.

The rationale following the progression of industry 5.0

The industry 5.0 revolution is characterised by the collaboration of humans and machines,
which enhances the productivity of industrial output. The industrial sector is becoming
more productive thanks to human labour and universal robotics [5]. The manufacturing
company's management teams must first establish the production line, then monitor key
performance indicators to make sure everything is operating well. The production of
industrial and robotic robots is the route that industry 5.0 will take. The manufacturing
industry is expanding rapidly, and company efficiency is rising thanks to the development
of Al and cognitive computing technologies [20]. Industry 5.0 offers advantages for
sustainability as well as the manufacturing sector because it seeks to create a sustainable
system based on renewable energy.

Workers must properly communicate with both machines and operators in order for
businesses to implement Industry 5.0. It is expertise in disciplines like artificial intelligence
and robotics [21, 22]. Making judgements based on sophisticated considerations is the
foundation of the corporate organization's function.

While production does not have to halt in order to provide employees with training, firms
must teach their staff virtually in order to save costs. It offers safe training that helps shield
employees from unnecessary problems during training sessions. Creating interactive
knowledge environments improves staff motivation and communication [1, 6, 23, 24]. The
employment positions are related to communication with the robotics systems as well as
artificial intelligence.

The goal of collaborative robot design is to enable natural human-robot communication.
Industry 5.0 requires technology that expands digital twins. Tests and understanding will
be improved with the use of visual representations of the generation, products, and
processes. The software needed to propel the industrial business's transition in industry
5.0 is the Nexus Integra platform [7].

It is an integrated solution that enables businesses to quickly adopt digital transformation
for the large-scale management of industrial assets. Past generations modified their way
of life to accommodate machinery [25, 26]. Nevertheless, industry 5.0 is distinct from all
other resolutions in that human beings are the primary focus of industrial processes.
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Fig 1: Industrial Evolution from Industry 1.0-5.0

Table 1. Summary table of most relevant surveys
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[1] M H L L | Main focus is on managing the barriers of Industry 4.0 adoption and
implementation in textile and clothing industry
[4] M M M H H | Main focus is on Value -oriented and ethical technology engineering
in industry 5.0
[6] H H IE H | Main focus is on blockchain for big data: approaches. opportunities,
and future directions
[30] H M H M - Main focus is on Industry 5.0—A human-centric solution.
[35] M M H H H | Main focus is on Industry 4.0 and Society 5.0: opportunities and
threats.
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[61] M H H H | Main focus is on Tackling faults in the industry 4.0 era—a survey of
machine-learning solutions and key aspects.

[67] M M H H Green loT and edge Al as key technological
enablers for a sustainable digital transition towards a smart circular
ecanomy: An industry 5.0 use case.

[73] L H H L | Main focus is on technologies, applications and open research issues [
industry 4.0.

[74] M H H L | Main Focus is on industry 4.0: Adoption challenges and benefits for
SME:s.

[75] M H L L framework to achieve sustainability in
manufacturing organizations of developing economies using industry
4.0 technologies’ enablers.

[98] M H H H investigation into emerging industry 4.0
technologies as drivers of supply chain innovation in Australia.

[122] M M H H M | Main focus is on critical components of Industry 5.0 towards a
successful adoption in the field of manufacturing

[128] M M M L M | Main focus is on an exploratory bibliometric analysis of the birth and
emergence of industry 5.0.

[132] L IC M M M | Main focus is on the birth of industry 5.0: Making sense of big data
with artificial intelligence.

[138] H M H Main focus is on industry 5.0: Ethereum blockchain technology based
DApp smart contract.

[156] H H L M | Main focus is on an approach and decision support tool for forming
Industry 4.0 supply chain collaborations.

I High Focus M Medium Focus L | Low Focus - Not Applicable

Note: references within the table [1, 5-19]
Challenges of industry 5.0

Approximately industry 5.0 makes it simpler to ignore the possible difficulties. The firm is
identifying and resolving the obstacles to the success of industry 5.0 innovations.

1) Human workers must acquire competence abilities in order to deal with sophisticated
robots. They must also learn about collaborating with smart machine and robot maker
[110]. For human workers, acquiring technical skills is a challenge in addition to the
soft skills needed [2, 101]. In the new roles, coordinating translation and programming
to the industrial robot are challenging duties demanding a high degree of technical
expertise.
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2) Itwill take more time and effort for human workers to adopt new technologies. Industry
5.0 requires the use of customized software-connected factories, internet of things,
collaborative robots, artificial intelligence, and real-time information [50, 111-113].

3) Investments in cutting-edge technology are necessary. Robots are not inexpensive.
The expenses of retraining human labour for new positions are increased. Upgrading
manufacturing lines for industry 5.0 has proven to be challenging for the firms [114].
Adopting Industry 5.0 is costly since it calls for highly trained workers and intelligent
machinery to boost output and efficiency.

4) Industry 5.0 has security challenges since ecosystem trust is essential. In order to
defend against potential quantum computing applications and facilitate the
deployment of Internet of Things nodes, authentication is employed on a large scale
in the business [60, 94, 115]. Industry 5.0's use of automation and artificial intelligence
poses risks to the company, therefore reliable security is necessary [88, 116—118].
Because Industry 5.0 applications are centred on ICT systems, stringent security
regulations are necessary to avoid security issues

Definitions of industry 5.0

It is clear from definitions of Industry 5.0 that this novel production model places a strong
emphasis on human-machine interaction [56, 119-122]. It involves making the most of
human ingenuity and cooperation with more powerful and effective machines. The current
projects that form the foundation of industry 5.0 are those that optimise artificial
intelligence to produce specialised goods [18, 46, 123-128]. This industry is being
adopted by worldwide norms.

Applications of industry 5.0

Industry 5.0 provides benefits for the industry for both the workers and society. There is
also an increase in the competitiveness of the business and help attract the best talents
[129-131]. Adoption of this industry supports technologies that make natural usage of the
resources properly. Human robotics, such as Sophia, personifies dreams of the future of
artificial intelligence [132, 133]. It helps in the decision making of humans and is supported
by enabling technologies that help in revolutionize various sectors. Even various
challenges are mentioned in this paper, like handling quantity of data, managing
resources, and others.

Enabling technologies

Industry 5.0's enabling technologies are designed to integrate several technologies into
complex systems, including big data analytics, cloud computing, smart materials, and
human-machine interaction [134]. Utilizing software resources to transmit data about
industrial sectors is made easier for businesses by smart manufacturing and intelligence,
which also helps to minimize network traffic, expedite transactions, and maintain privacy
[135]. Smart contracts handle security, authentication, and automated service-related
tasks, while block chain technology automates agreement procedures among several
stakeholders [136, 137]. The intelligent information standard that offers great energy
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economy, high dependability, and traffic capacity is anticipated to be met by the 6G
network. The technology that makes managing vast amounts of data possible is called
big data analytics [17, 116, 138]. Industry 5.0 may benefit from the internet of things as
well, since it can eliminate problems with waste management, supply chain management,
communication networks, manufacturing process optimizations and other areas to save
operating expenses.
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LIMITATIONS OF INDUSTRY 5.0

It's essential to accept technology and have faith in it. Training users of the new
technologies occurs concurrently with the technology's adaptation to humans
[139-143]. The difficulties of today include security, privacy, a shortage of
competent labour, labor-intensive procedures, and high costs. Adoption of
industry 5.0 necessitates adherence to industrial laws and regulations that
facilitate the coexistence of robots and intelligent machines. Quantum computing,
human-machine interaction, and cognitive computing are the future directions for
industry 5.0.

FUTURE DIRECTIONS

The goal of cognitive computing is to stimulate human mental processes into a
computerised model [16, 144, 145]. Utilising self-learning algorithms makes
advantage of data mining, pattern recognition, natural language, and other tasks
that the human brain can perform and that the computer is able to read.
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Interaction between humans and machines through a user interface is referred to
as human-machine interaction. Since they enable people to operate machines
using instinctive and natural behaviours, natural user interfaces like gestures are
employed to attract attention [86, 146—149]. It is the way that industry 5.0 will go
in the future as it keeps people at the core of the system and allows for the
integration of new technology. People may even learn about people's motives
and behaviours via the user interface.

A sort of computer known as quantum computing uses the collective
characteristics of quantum states, such as interference entanglement, to perform
computations. Quantum computers, as described by the devices, are used to
execute quantum computing [8, 150—-153]. It is carrying out computations that are
centred on the likelihood of the object's condition prior to measurement.

CONCLUSION

The study's findings indicate that the author began by defining industry 5.0 from the
viewpoints of the academic and industrial communities. After talking about enabling
technologies, even the apps that aid in comprehending industry 5.0's characteristics
have been covered. The goal of the Industry 5.0 idea is to properly balance human
and machine efficiency. This report also presents challenges that aid in managing
the problems brought forth by industry 5.0. This article discusses future directions
that need to be addressed more effectively in order to use this industry in the near
future.
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