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Abstract

Purpose: This study aims to explore the cybersecurity threats and vulnerabilities unique to In-
dustry 5.0, emphasizing the need for a robust security framework to protect human-machine
interactions and industrial systems.

Study design/methodology/approach: This review adopts a systematic analysis of existing lit-
erature, identifying security risks, challenges, and potential countermeasures within Industry 5.0.
The study synthesizes findings from peer-reviewed journals, industry reports, and case studies
to provide a comprehensive assessment of cybersecurity concerns in this emerging paradigm.
Sample and data: The study evaluates cybersecurity trends and vulnerabilities based on recent
empirical research, industry reports, and case studies from multiple sectors implementing Indus-
try 5.0 technologies.

Results: The review identifies key cybersecurity challenges, including an expanded attack sur-
face, privacy risks, and the exploitation of intelligent systems. It underscores the need for adap-
tive and proactive security strategies tailored to the human-centric nature of Industry 5.0. Ad-
ditionally, it presents actionable recommendations for securing industrial ecosystems, ensuring
data integrity, and mitigating potential cyber threats.

Originality/value: This study contributes to the growing body of knowledge on cybersecurity
in Industry 5.0 by offering a structured framework for analyzing threats and vulnerabilities. It
provides valuable insights for policymakers, industry leaders, and researchers, facilitating the
development of secure, resilient, and ethically grounded industrial ecosystems.

Research limitations/implications: While this review provides a comprehensive assessment
of cybersecurity risks in Industry 5.0, future research should focus on empirical validations,
real-world case studies, and the practical implementation of recommended security measures.
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Introduction

Rapid technological improvements and changes have a significant impact on
many facets of our lives. To develop an intelligent, connected, and adaptable pro-
duction environment, Industry 5.0, the most recent industrial revolution, emphasiz-
es the integration of [oT, Al, and cyber-physical systems. Industry 5.0 is the newest
development in industrial production, with the goal of creating more efficient and
flexible production processes by integrating human knowledge with state-of-the-art
technology. In addition, Industry 5.0 focuses on digitalizing manufacturing practic-
es as the next stage of the artificial revolution. Building on earlier artificial revolu-
tions, Industry 5.0 integrates cutting-edge technology such as robots, automation,
Artificial Intelligence (Al), and the Internet of Things (IoT) to create a highly intel-
ligent and interconnected production environment (Adi et al., 2020). Also, unprec-
edented levels of data flow across the value chain and automation distinguish these
businesses. Changes in traditional industrial processes and enhanced organizational
management have also resulted from the development of information and commu-
nication technology and its incorporation into production processes.

Industry 5.0 marks a transformative evolution in industrial practices, building
on the advancements of previous industrial revolutions. The First Industrial Rev-
olution (Industry 1.0) brought mechanization powered by water and steam, while
the Second Industrial Revolution (Industry 2.0) introduced mass production en-
abled by the advent of electricity. The Third Industrial Revolution (Industry 3.0)
introduced electronics and IT into manufacturing, paving the way for automation.
Building on this, Industry 4.0 focused on cyber-physical systems, IoT, and Al,
enabling the development of smart factories with real-time data exchange capabil-
ities. In contrast, Industry 5.0 prioritizes human-centricity, resilience, and sustain-
ability, blending advanced technologies with human creativity and intelligence
to create a more adaptive, collaborative, and sustainable production ecosystem
(Sharma & Singh, 2020).

The First Industrial Revolution began in the late 18" century, around the
1780s, with the advent of mechanical power generated using basic resources such
as water, steam, and fossil fuels. The Second Industrial Revolution (Industry 2.0)
emerged in the 1870s, characterized by the adoption of electrical energy and mass
production, particularly in assembly line manufacturing. The Third Industrial
Revolution (Industry 3.0), which started in the 1970s, introduced automation into
manufacturing processes through the integration of electronics and Information
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Technology (IT). The Fourth Industrial Revolution (Industry 4.0) builds on these
advancements by leveraging artificial intelligence (Al), cloud computing, and the
Internet of Things (IoT) to create intelligent cyber-physical systems (CPS). These
systems enable real-time interaction and integration between the virtual and
physical worlds, revolutionizing industrial practices (Rashid & Kausik, 2024).
Industry 5.0 is a futuristic concept that blends precision, intelligence, and efficient
technology with the creative thinking of human professionals (Ivascu, 2020). In
the most recent industrial revolution, known as the fifth industrial revolution, re-
silience and sustainability in production systems combine with the advantages of
networked automation to foster both prosperity and sustainability. Experts now
see Industry 5.0 as fusing powerful, intelligent, and precise technology with the
extraordinary inventiveness of human workers. However, many digital visionar-
ies believe Industry 5.0 will bring back the human element in the manufacturing
industry (George, 2024). The industrial revolution has increased productivity of
industrial activities at the same time as it has increased the complexity of the in-
dustrial systems themselves (ElFar et al., 2021). The development of these quali-
ties has been hastened by advances in artificial intelligence (Al) and systems that
use human and machine collaboration as resources to build a network that can
execute orders with near-human intelligence.

The Industry 5.0 Revolution is characterized by the collaboration of humans
and machines to increase industrial production efficiency. Industry 5.0 is rapidly
expanding into various exciting technologies and applications that enhance pro-
duction and enable the spontaneous distribution of customized products. Security
is crucial in Industry 5.0, as it directly impacts an enterprise's success. A security
assessment is necessary, as threats can compromise availability, integrity, confi-
dentiality, and non-repudiation by exploiting software and hardware vulnerabili-
ties. Additionally, the core values of Industry 5.0 enhance the current Industry 4.0
paradigm by focusing on research and innovation to transition towards a sustain-
able, human-centric, and resilient industrial framework. In Industry 5.0, the term
"human-centric" refers to the fusion of human knowledge, intelligence, and crea-
tivity with machinery to enhance productivity. This approach ensures that manu-
facturing technology is adaptable to the diverse needs of the workforce. Technol-
ogy aims to benefit people and societies. Industry 5.0 fosters a culture of security
awareness by educating employees, reducing the likelihood of successful social
engineering attacks that capitalize on human error. This approach helps organi-
zations build a proactive workforce dedicated to safeguarding systems and data
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(Kour et al., 2024). Resilience involves strengthening industrial production to
withstand disruptions and ensure the continuous support of critical infrastructure.
Key components of resilience include intrinsic redundancy and adaptability, ena-
bling systems to recover from malfunctions. Industry 5.0 emphasizes sustainabil-
ity and resilience as fundamental design elements, utilizing data-driven projects
like closed-loop manufacturing and interconnected supply chains. However, this
interconnectedness creates a complex cybersecurity landscape that necessitates
robust security controls (Abuhasel, 2023).

The main objective of this review paper is to analyze the current cybersecurity
threats, vulnerabilities and challenges facing organizations embracing Industry
5.0. The following research questions are addressed in this study:

*  What are the key-enabling technologies and major applications for Indus-
try 5.0?

* How to protect the industry 5.0 from the current cybersecurity threats and
challenges?

The remainder of the paper is organized as follows: The next section describes
the key enabling technologies, followed by a discussion on the major applications
in the Industry 5.0 environment. The subsequent section focuses on the security
requirements. Then, the paper highlights the various security threats in Industry
5.0, explores the future of cybersecurity in Industry 5.0, and finally concludes
with some suggestions for future directions.

Key Enabling Technologies for Industry 5.0

With the advent of Industry 5.0, the industrial revolution gained human-cen-
tric, resilient, and sustainable characteristics. By saving human workers from
having to perform repetitive activities, it will completely transform production
processes across the globe. There are a lot more applications in Industry 5.0 than
in Industry 4.0. Having a broad, industry-spanning perspective is essential when
evaluating the strategic significance of Industry 5.0 (Ghobakhloo et al., 2023;
Rehman et al., 2022). The exponential growth of the Internet and related tech-
nologies is projected to drive the global number of social media users from 4.59
billion in 2022 to an estimated 5.85 billion by 2027 (Murteira & Antunes, 2024).
Nonetheless, manufacturing principles, control, and intelligent behavior are the
foundation upon which experts have created the industry 5.0 vision. Industry 5.0
places people at the center of processes and focuses on three ever-more-important
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areas: sustainability, inclusivity, and quality of life. Industry 5.0 aims to regulate

technological growth and systematically solve the social and environmental flaws

of Industry 4.0. It is a natural continuation of the present digital industrial revo-

lution. Additionally, Industry 5.0 relies on the integration of several technologies,

techno-functional concepts, and intelligent components to achieve a transition

towards a productive, human-centric, sustainable, and resilient future industry.

Several major technologies are used in Industry 5.0, such as digital twins (DT),

Al and extended reality (XR) technologies, 6G systems, cyber-physical systems
(CPS), intelligent healthcare, and the Internet of Things (IoT) (Alabdulatif et al.,
2022; Moustafa et al., 2019). These major technologies are explained as follows:
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6G: 6G will represent the new generation of wireless communication, ena-
bling low latency, a higher volume of data transfer rates, and connectivity.
This new communication is going to bring revolutionary changes to Indus-
try 5.0: seamless integration of Al-driven systems, real-time processing
of big data, and a much higher degree of automation. More particularly,
6G-amazing IoT networks and hyper-connectivity will drive innovation in
such fields as smart manufacturing, autonomous systems, and immersive
technologies like AR and VR (Mantri et al., 2024).

Digital Twins (DT): Digital twins are virtual replicas of physical systems
that facilitate real-time monitoring, simulation, and optimization. Integrat-
ing Al loT, and edge computing, DT thus enables predictive maintenance,
improves system efficiency, and enhances decision-making processes in
various industries (Hozdi¢ & Jurkovi¢, 2023).

Cyber-Physical Systems (CPS): CPS perfectly represents the integration
of physical processes with digital computation and communication. These
systems connect physical devices and machinery to intelligent software for
real-time monitoring, control, and automation. CPS acts as the backbone
for Industry 5.0 because it will enable adaptive manufacturing, improve
the resiliency of systems, and thus facilitate efficient collaboration between
humans and machines (Huang et al., 2022).

Internet of Things (IoT): IoT is a network of connected devices and sen-
sors that continuously monitor data, share information, and analyze it. In
the case of Industry 5.0, IoT provides smart manufacturing with a back-
bone when machines, systems, and humans freely communicate with each
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other. Integrated with Al and edge computing, IoT enables predictive an-

alytics to improve operational efficiencies and extend support for person-

alized, human-centric innovations across industries (Chander et al., 2022).

e Al and Extended Reality (XR): Virtual reality (VR) is a computer-gen-
erated simulation that replicates a real-world environment or creates an

entirely new, imaginary realm (Gkatzola & Papadopoulos, 2023).

* Intelligent Healthcare (IHC): Intelligent healthcare is a key application

in the era of Industry 5.0, signaling a paradigm shift in patient care and

medical services (Gkatzola & Papadopoulos, 2023).

Major Applications in Industry 5.0

Cutting-edge technologies such as cloud computing, robotics, artificial intel-
ligence (Al), and the Internet of Things (IoT) are used in Industry 5.0, or the fifth
generation of industrial production. Industry 5.0 places a strong emphasis on the

manufacturing sector's integration of people, equipment, and technology. Howev-

er, specialists have built the industry 5.0 vision on a foundation of manufacturing

principles, control, and intelligent behavior. Some of the major applications of
Industry 5.0 are highlighted in Table 1.

Table 1

Major Applications of Industry 5.0

Technology

Description

Collaborative Robotics
(Cobots)

Human-Centric Work-
places

Collaborative robot (cobot) systems play a transformative
role in enhancing workplace safety, efficiency, and collab-
oration across the workforce. Designed to operate along-
side human employees, cobots excel at performing repet-
itive tasks such as assembly, quality control, and material
handling with exceptional precision. By handling these
monotonous and physically demanding activities, cobots
not only reduce the risk of workplace injuries and mini-
mize human error but also free employees to concentrate
on more creative and strategic responsibilities (Rahman
et al., 2024).

Industry 5.0 creates more interactive and ergonomically
designed workplaces by leveraging digital twins, virtual
reality, and augmented reality (Maddikunta et al., 2022).
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Cont. Table 1

Major Applications of Industry 5.0

Technology

Description

Healthcare Innovation

Agriculture 5.0

Smart Manufacturing

Edge Computing (EC)

Robotic surgery, wearable health monitoring devices, and
personalized medicine are some of the healthcare solu-
tions that are being developed using Industry 5.0 technol-
ogies (Grybauskas et al., 2022).

Agriculture 5.0 optimizes crop yields, minimizes resource
consumption, and advances sustainable farming practices
through the application of drone technology, Al, and pre-
cision farming techniques (Raffik et al., 2023)

While smart manufacturing technology has hugely revo-
lutionized industrial processes, in the context of Industry
5.0, they would be efficient, sustainable, and human-cen-
tric in nature. Industry 5.0 applies IoT devices to connect
machines, sensors, and systems for real-time collection
and analysis of data. In such an ecosystem, predictive
maintenance is facilitated, thus minimizing downtime and
operational disruption owing to the identification of any
forthcoming equipment failure in advance. Al and machine
learning further enhance this by providing advanced ana-
Iytics and decision-making capabilities that enable manu-
facturers to optimize production schedules, reduce waste,
and improve resource allocation (Sarkar et al., 2024).

Edge computing is essential to Industry 5.0 because it
moves data processing closer to the sources of data genera-
tion, which include IoT devices and sensors utilized in pro-
duction and manufacturing processes (Dalal et al., 2023).

With an emphasis on sustainability, personalization, and improved collabo-

ration, these aforementioned Industry 5.0 applications are crucial in balancing

human brilliance with cutting-edge technologies. Furthermore, these applications

highlight Industry 5.0's dedication to improving human capacities, encouraging

environmental sustainability, and customizing goods and services across a range

of industries.

Security Requirements for Industry 5.0

Many industries are currently witnessing a significant improvement in the

quality of industrial production because of digitizing an increasing number of

industrial processes, utilizing automated big data collection from sensors and
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actuators, conducting inference, trend analysis, and employing Al-based future
event prediction. However, these developments also raise the demands on indus-
trial processes' dependability, including resilience to both intentional and uninten-
tional failures and cyberattacks (Anwar & Qureshi, 2023). Although significant
efforts were made to harness the technological revolution through simple evo-
lutionary activities, the variety of technologies underlying Industry 5.0, on the
other hand, produces an undesirable speed of change since firms must expend
enormous efforts to adapt them to the current organizational framework. Modern
technologies like artificial intelligence (Al), machine learning, cloud computing,
analytics, and the Internet of Things (IoT) are forcing businesses to integrate their
production processes. Industry 5.0 describes a new degree of smooth and harmo-
nious integration between people, automation, and robots in organizations like
distribution networks. Automation refers to the administration, enhancement, and
deployment of procedures and technological systems. Because the ubiquity of
these information and operation technologies has altered the appearance of cyber
dangers, cyber security risks are vital (Anwar & Abdullah, 2023).

Industry 5.0 is composed of multiple interdependent components that form
complex architectures. A significant security risk to the system could arise from
the jeopardizing of any one of these parts, which could then cause disruptions
in the way the system operates. Because of their interconnectivity, the system is
extremely vulnerable to attacks since if one link in the chain becomes compro-
mised, the entire system could fail. If the system is not designed to prevent such
attacks, it could lead to an abrupt end of all network operations. The primary ob-
jective of security in Industry 5.0 is to protect data, networks, and physical assets
from known and undiscovered threats, vulnerabilities, and assaults. Numerous
gadgets produce large amounts of data that are utilized as decision-making tools.
To maintain the availability and integrity of the collected data, experts view it as
the most precious asset and need sufficient protection. Integrity ensures that only
those who are authorized and expected to take action actually do so. It is the guar-
antee of the correctness of the resources within a system. Table 2 enumerates the
security requirements that authentication procedures and designers must consider
(Black et al., 2023; Boisrond et al., 2024; Liu et al., 2022).
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Table 2
Industry 5.0 Security Requirements

Security
Requirements

Description

Confidentiality

Integrity

Availability

Authentication

Authorization

Non-repudia-
tion

Anonymity

Attack Resist-
ance

With data related to trade secrets, customer information, and industri-
al processes accessible only to those with the appropriate permission,
the goal is to avoid unauthorized access to or exposure of sensitive
information.

The guarantee that information and procedures are correct, de-
pendable, and unaltered is known as integrity.

Availability means the capability and ability to ensure that industrial
systems, networks, or data are regularly accessible to authorized us-
ers when required. The challenge of this concept assumes extensive
importance in the frame of Industry 5.0. In Industry 5.0, advanced
technologies such as IoTs, Al collaborative robotics, and edge com-
puting will result in wide integration into the industrial environment,
thereby increasing dependency on digital infrastructure. The robust
strategy of Industry 5.0 involves avoiding downtime and ensuring
continuous access to critical resources (Boisrond et al., 2024).

Authentication becomes crucial to be implemented in the Industry 5.0
area, allowing the secure access of industrial networks, sensitive data,
and operational technologies. In cases where advanced technologies
like 10T, Al, and collaborative robots are being introduced into the
ecosystems by Industry 5.0, the surge in complexity and intercon-
nectivity of systems jumps to a whole new dimension. This brings in
broader attack surfaces where robust authentication mechanisms be-
come intrinsic needs for maintaining security (Boisrond et al., 2024).

Industry 5.0 requires authorization to be instantiated as the back-
bone in maintaining operational integrity, especially in environ-
ments where human-machine collaboration and advanced tech-
nologies are deeply ingrained. With smart systems, collaborative
robots, and IoT devices interacting. In connected ecosystems in-
volving smart systems, collaborative robots, and IoT devices, it
is crucial to ensure that only authorized individuals, devices, and
processes have access to critical resources, thereby protecting sen-
sitive data and operations (Hassan et al., 2024).

Non-repudiation provides the verifiability and traceability of acts,
data exchanges, or transactions conducted digitally within Industry
5.0 standards.

Data security and inaccessibility to potential adversaries are pro-
vided through anonymity.

It is the ability of industrial systems, networks, and devices to de-
fend against cybersecurity threats and attacks effectively.
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Industry 5.0 is currently facing cyberattacks targeting not only devices directly
but also their communication networks, associated applications, and underlying hard-
ware and software systems. Increases in devices, infrastructure availability, integrity,
scalability, and interoperability have led to the creation of new vulnerabilities.

Security Threats to Industry 5.0

Within the context of Industry 5.0, a "Cyber Threat" is any potential threat,
danger or harmful activity directed at the digital systems, networks, and data uti-
lized in sophisticated industrial processes (Natalia et al., 2024). On the other hand,
"Vulnerabilities" in the context of Industry 5.0 refer to shortcomings or imperfec-
tions in digital systems, networks, or devices that could be used by cyber threats
as a means of harm or disruption (Kour et al., 2024). Industry 5.0 is vulnerable to
many cyber risks and attacks due to its integration with human intelligence and
smart technology (Siddharth et al., 2021; Tallat et al., 2023). A summary of these
threats is provided in Table 3.

Table 3
Security Threats to Industry 5.0

Threat Description

Advance Persistent Industry 5.0 infrastructure is often vulnerable to complex stealthy
Threats (APTs) cyberattacks known as advanced persistent threats (APTs).

IoT Device Attacks Industry 5.0 is heavily dependent on IoT devices, making them

(IoT) an easy target for cybercriminals.
Supply Chain The interconnected supply chains of Industry 5.0 are suscep-
Attacks tible to cyberattacks that aim to compromise the integrity of

goods and services.

Man-in-the-Middle In Industry 5.0, Man-in-the-Middle (MitM) attacks occur when
Attack (MitM) an attacker intercepts and monitors communications between
two systems, such as an [oT device and its control system.

Ransomware Attacks like Ransomware have the potential to stop production
Attacks and cause significant financial losses.

Impersonation The attacker may try to fabricate fake communications as part
Attack of this assault that seems to have originated from a source entity.

Guessing (on-of- A malicious party can effectively guess a registered user's cre-
fline) Attack dentials (password and biometrics) in an access control scheme
by using intercepted messages (Turner & Oyekan, 2023).

445



AJ.A.S, Vol. 32, No. 2

Table 3 highlights the security requirements unique to Industry 5.0, addressing
the distinct challenges posed by this advanced industrial landscape. For instance:

Authorization: In Industry 5.0, authorization must go beyond simply verifying
users' access rights. It should dynamically adapt to evolving roles and respon-
sibilities within highly collaborative environments. The primary challenge lies
in implementing fine-grained access controls that consider real-time context and
user behavior.

Data Integrity: Ensuring data integrity is vital in Industry 5.0, where vast
amounts of data are generated by interconnected devices. Key challenges include
safeguarding data from unauthorized alterations by malicious actors and main-
taining its authenticity during transmission across multiple platforms.

Authentication: The integration of diverse technologies and human operators
in Industry 5.0 necessitates robust authentication mechanisms to accurately verify
identities while maintaining seamless workflow. This involves overcoming chal-
lenges associated with implementing multi-factor authentication in environments
where speed and efficiency are critical.

Resilience: The interconnected nature of Industry 5.0 systems demands a
strong focus on resilience against cyberattacks and operational disruptions. Or-
ganizations must implement adaptive security measures capable of addressing
evolving threats while ensuring uninterrupted operations.

Each requirement highlights the unique complexities brought about by the hu-
man-centric focus of Industry 5.0, calling for a redefinition of traditional security
paradigms.

Because Industry 5.0 depends so heavily on new technology and intercon-
nected systems, it is vulnerable to many cyber threats and attacks. A strong cy-
bersecurity strategy, including safe system design, vulnerability assessments, and
ongoing monitoring, is required to counter these attacks.

Cyber Security for Industry 5.0

The adoption of Industry 5.0 technologies has become essential for maintain-
ing competitiveness in today’s market. A smart, open manufacturing platform
aims to establish a human-centric, sustainable, and resilient foundation for the in-
terconnected industrial networks of Industry 5.0 (Kolosnjaji et al., 2018). On the
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other hand, this increased connectedness and complexity of Industry 5.0 systems
created new challenges in cybersecurity, thereby making them more vulnerable
and prone to various kinds of attacks. Every connected device, sensor, actuator or
cobot becomes a potential entry point for malicious actors. Cybersecurity breach-
es can cause a significant impact- namely, economic damage, production loss,
injury, and death. With the rising frequency and severity of cyberattacks, cyberse-
curity professionals face increasingly complex and challenging threats to manage
(Corallo et al., 2022).

The new attack vectors brought by emerging technologies like Al, IoT, and
5@ require innovative cybersecurity solutions. Furthermore, the vast volumes of
data generated and exchanged in Industry 5.0 raise significant concerns about
data privacy and confidentiality, particularly in the event of unauthorized access
or security breaches. In addition, the integration of Al and machine learning in
industrial processes, while improving operational efficiency, also poses cyber-
security threats and risks. The complexity of these technologies can be exploited
if not properly secured, leading to potential breaches and operational disruptions
(Santos et al., 2024).

Industry 5.0, as an interconnected ecosystem, introduces numerous cybersecu-
rity challenges that must be addressed to ensure system safety and security. The
proliferation of connected devices—such as machines, sensors, and robots—cre-
ates multiple potential entry points for attackers. Additionally, the vast amounts
of sensitive data generated and collected within Industry 5.0 systems, including
production data, customer information, and Al models, underscore the critical
need for robust data security measures. Industry 5.0 extends its influence beyond
the factory floor, encompassing suppliers and partners within its ecosystem. Any
vulnerabilities in the supply chain can be exploited to infiltrate core systems. Fur-
thermore, the intricate interactions between humans and machines in Industry 5.0
heighten the risk of social engineering attacks and the manipulation of human op-
erators, posing critical challenges that demand careful attention (Kour et al., 2024).

Industry 5.0 increases connectivity and devices, and the need for growing data
protection will increase in consequence. The manufactured devices of today's era
should consider cybersecurity as a core building block. This will ensure a better,
strong operational resiliency in Industry 5.0 against any cyber threats or attacks.
Additionally, Al-powered security solutions will give a new direction to threat
detection and incident response capabilities. The tools and devices that assure
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cybersecurity are crucial elements for Industry 5.0 systems; the sooner these tech-
nologies are in place, the longer it takes to unlock its full potential. With proper
countermeasures in place, an organization can ensure that its cybersecurity pos-
ture is improved to such an extent that the advancements of Industry 5.0 are real-
ized without compromising security (Lechachenko et al., 2023).

Future of Cyber Security for Industry 5.0

Cybersecurity is a growing concern since more sectors incorporate cut-
ting-edge technologies like robotics, 10T, and artificial intelligence into their daily
operations. Industry 5.0's cybersecurity landscape is expected to undergo signif-
icant changes. Along with increased personalization and efficiency, this integra-
tion also presents difficult cybersecurity issues. Future cybersecurity efforts will
likely concentrate on creating more complex defenses, using Al to analyze threats
in advance, and improving data privacy by using cutting-edge encryption meth-
ods to solve them. Securing the Industry 5.0 ecosystem against new cyber threats
will also depend on the proactive cooperation of industry stakeholders, ongoing
innovation in cybersecurity technologies, and adherence to strict norms and laws
(Tuptuk & Hailes, 2018).

The systems in Industry 5.0's intelligence and interconnection increase pro-
duction, but they also increase the attack surface area that cybercriminals can
target. For instance, the incorporation of IoT devices increases operational ef-
ficiency but also creates vulnerabilities because of their sometimes-inadequate
security features. As new and dynamic cyber threats emerge in Industry 5.0, a
proactive and comprehensive approach to cybersecurity is required. Although tra-
ditional cybersecurity measures are in place and are still relevant, they may not
be sufficient to address the sophisticated and evolving nature of these threats. The
integration of advanced cybersecurity technologies, along with the development
of robust security protocols and continuous monitoring, is imperative. In addition,
fostering a culture of cybersecurity awareness among the workforce is equally
important and crucial to mitigating the risks associated with human error. To pro-
tect industrial innovation and productivity in the future, it is imperative that we
comprehend and address these cyber dangers and vulnerabilities as we progress
further into the era of Industry 5.0. The digital infrastructure of Industry 5.0 is
susceptible to cyberattacks, which pose a risk of disrupting industrial operations,
gaining unauthorized access, and compromising data. The installation phase of
Industry 5.0 technologies is still in progress. However, adopting Industry 5.0 re-
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quires collaboration with smart machines and cobots while adhering to industrial
standards and regulations. The three future directions for Industry 5.0 are quan-
tum computing, cognitive computing, and human-machine interaction.

Conclusion and Directions for Future Research

This review-based study focuses on analyzing the various cybersecurity
threats and vulnerabilities Industry 5.0 is facing. Industry 5.0 ushers in a new era
of technology integration and human-centered innovation, yet it also unveils a
multitude of cyberthreats and vulnerabilities, necessitating robust and advanced
cybersecurity defenses. Industry 5.0's unique combination of 10T, Al, and collab-
orative robotics improves operational efficiency and personalization while pos-
ing challenging security issues. These challenges to the integrity and resilience
of industrial systems include advanced persistent attacks, data privacy breaches,
and the exploitation of Internet of Things vulnerabilities. Developing a culture
of cybersecurity awareness, establishing robust legislative frameworks, and in-
troducing cutting-edge technological solutions are all necessary components of
a multipronged strategy to tackle these issues. To ensure that cyberthreats do not
jeopardize the potential benefits of this technical advancement, the underlying
approaches to safeguarding these networked systems must also evolve in tandem
with Industry 5.0.
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