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Augmented Reality (AR) plays a pivotal role in shaping modern industrial
manufacturing, particularly as we transition into the era of Industry 5.0. This
paper explores how AR enhances comprehension of intricate elements like
robot movements and applied forces. It also addresses the complexity of
planning production systems, offering a cost-effective alternative by
overlaying virtual objects onto existing environments. While AR holds
immense potential, this paper acknowledges its limitations, emphasizing the
need for ongoing research to address these challenges. The integration of AR
with industrial design brings about revolutionary shifts. By augmenting real-
world environments with computer-generated data, AR profoundly
influences the industrial design process. Spatial Augmented Reality (SAR)
emerges as a critical technology for smart manufacturing. A novel SAR-
based system is introduced, providing real-time instructions, safety alerts,
and posture assessments for manual work in future smart factories. In

conclusion, this paper provides a comprehensive overview of AR's
applications in the industrial domain, especially as we transition into the era
of Industry 5.0. As AR systems continue to advance, their integration into
various aspects of industrial manufacturing is poised to revolutionize the
field, presenting both fresh opportunities and challenges.
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1. INTRODUCTION

In the annals of industrial progress, we have witnessed a series of transformative revolutions, each
redefining the landscape of manufacturing. From the mechanized wonders of Industry 1.0 to the digital
prowess of Industry 4.0 as shown in [Figure 1], our journey through the ages of industrialization has been
marked by leaps in innovation and efficiency. Today, we stand at the cusp of a new epoch, Industry 5.0 [1],
where the convergence of humans and machines promises to revolutionize the very fabric of industrial
production.

At the heart of this evolution lies Augmented Reality (AR), an immersive technology that bridges
the gap between the physical and the virtual [2]. AR, with its capacity to seamlessly blend real-world
environments with digital overlays, holds immense potential in enhancing the comprehension of intricate
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processes within the manufacturing realm [3]. It introduces a dynamic layer of information, providing
workers with augmented insights, and empowering them to make more informed, precise decisions [4]. As
we embark on this transformative journey, it is imperative to recognize the profound impact that AR is set to
make within the industrial domain. This paper endeavors to delve deep into the multifaceted applications of
AR, from elucidating the nuances of robot movements [5] to unraveling the forces at play in industrial
settings [6]. With AR as our compass, we navigate through the complex terrain of Industry 5.0, where
humans and machines forge an unprecedented partnership [7]. This symbiotic relationship between human
workers and universal robots, a cornerstone of Industry 5.0, transcends the traditional boundaries of
production [8]. It heralds an era of unprecedented collaboration, where the strengths of each entity are
amplified, leading to levels of productivity that were once deemed beyond reach [9]. AR, as the linchpin of
this collaboration, acts as the conduit through which humans and machines communicate, understand, and
coordinate their efforts [10].

Moreover, we venture into the realm of advanced technologies that underpin this transformative
journey. Artificial Intelligence, with its ability to comprehend and learn from vast datasets, empowers
machines to make decisions with an intelligence that rivals human cognition [11]. Cognitive computing, an
intricate tapestry of human-like thinking processes, further enhances the capabilities of machines, ushering in
an era where tasks once deemed exclusively human become collaborative endeavors [12].

Industry 5.0: Potential
Opportunities and Adoption
Challenges
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Figure 1. Industrial Evolution from Industry 1.0 to 5.0 [23].

The journey towards adopting Industry 5.0 necessitates a holistic approach, demanding a nuanced
understanding of robotics and artificial intelligence, along with a strategic emphasis on employee training
and interactive knowledge environments [13]. As we stand at the precipice of Industry 5.0, poised to
revolutionize the industrial landscape, it is imperative that we comprehend the transformative potential of
Augmented Reality. Through this paper, we embark on a journey to unravel the intricate tapestry of industrial
manufacturing [14], woven with the threads of human ingenuity and technological prowess, guided by the
beacon of Augmented Reality.

In the subsequent sections, we will delve into specific applications, case studies, and emerging
trends that exemplify the transformative power of AR within the context of Industry 5.0. Together, we shall
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navigate this uncharted territory, where human innovation and technological brilliance converge to shape the
future of industrial manufacturing [15].
2. KEY INSIGHTS AND CONTRIBUTIONS

This review meticulously navigates the dynamic landscape of Industry 5.0, providing an in-depth
exploration into the transformative role played by Augmented Reality (AR) in the realm of industrial
manufacturing. Drawing from diverse perspectives, this analysis sheds light on the nuanced dimensions that
characterize the amalgamation of AR and Industry 5.0, establishing a robust foundation for comprehensive
comprehension. Expanding its scope, this review delves into the practical applications poised to redefine the
industrial manufacturing domain within the framework of Industry 5.0. Sectors such as healthcare [16],
supply chain management, and manufacturing production are witnessing a revolutionary shift, driven by the
integration of AR technologies. Through critical examination, this review uncovers innovative prospects,
envisioning a future where AR reshapes the traditional boundaries of industrial processes.

The exploration extends to the core technologies pivotal for realizing the synergies between AR and
Industry 5.0. From the pervasive impact of Big Data analytics to the seamless integration of the Internet of
Things (IoT), and from leveraging collaborative capabilities of robots to establishing a secure framework
through Blockchain, this review meticulously navigates the technological landscape defining the augmented
era of Industry 5.0. Anticipating future developments, it also envisions the emergence of 6G systems as a
cornerstone, further elevating the industrial evolution [17].

Aligned with the prospects, this review addresses the intricate interplay between AR, robots, and
humans within manufacturing environments. Offering valuable insights, it unravels the dynamics of this
relationship and highlights areas that necessitate further exploration. By doing so, the review not only
identifies the potential but also acknowledges the challenges inherent in integrating AR into the
manufacturing processes of Industry 5.0 [18].

As the discourse advances, this paper charts a course toward the realization of Industry 5.0,
emphasizing potential avenues of growth and development facilitated by the pervasive influence of
Augmented Reality. Through the synthesis of these multifaceted dimensions, this review aims to significantly
contribute to the ongoing discourse surrounding Augmented Reality's transformative impact on industrial
manufacturing in the era of Industry 5.0. The intent is to provide a valuable roadmap for future research
endeavors and practical implementations in this rapidly evolving landscape [19].

3. AUGMENTED REALITY IN INDUSTRIAL MANUFACTURING

In this section, it is explained the results of research and at the same time is given the
comprehensive discussion. Results can be presented in figures, graphs, tables and others that make the reader
understand easily [2, 5]. The discussion can be made in several sub-chapters.
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Figure 2. Applications of Industry 5.0 [52].

3.1. DESIGNING THE FUTURE

In the crucible of Industry 5.0, AR orchestrates a paradigm shift in the design phase, transcending
conventional boundaries. Engineers, equipped with AR technology, seamlessly interact with three-
dimensional (3D) models in the tangible world, fostering an immersive and intuitive approach to product
development. Virtual prototypes, harmoniously overlaid onto physical spaces, empower designers to glean
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unprecedented insights into product form, function, and ergonomics. This collaborative design
transcendence, facilitated by AR, not only expedites the design cycle but ensures that the final product aligns
intricately with the vision and requirements of all stakeholders. This collaborative design transcendence,
facilitated by AR, not only expedites the design cycle but ensures that the final product aligns intricately with
the vision and requirements of all stakeholders, epitomizing the ideals of Industry 5.0 [20].

3.2. REVOLUTIONIZING ASSEMBLY AND MAINTENANCE

AR's transformative impact on the assembly process is nothing short of revolutionary in the Industry
5.0 era. The integration of AR provides real-time visual guidance, overlaying step-by-step instructions
directly onto the physical components. This democratizes complex tasks, enabling both seasoned
professionals and novices to execute operations with precision and confidence. The learning curve, once
steepened by extensive training and paper-based manuals, is significantly reduced by AR, accelerating the

onboarding process.

Table 1. A Detailed Analysis of Industry 4.0 and Industry 5.

Factors Industry 4.0 Industry 5.0

Definition Industry 4.0 is revolutionizing the Industry 5.0 marks an emerging
way companies design, produce, phase of industrial development
and deliver their products. where humans and advanced Al-
Manufacturers are integrating powered machines collaborate to
advanced technologies, including optimize workplace operations.
the Internet of Things (IoT), cloud This phase emphasizes a stronger
computing, data analytics, and AI- focus on human-centered
driven machine learning approaches, greater adaptability,
algorithms, into their production and a commitment to
processes and operations. sustainability.

Objective Smart factory Sustainability, = human-focused,

and resilient
Motivation High-volume manufacturing Intelligent  communities  and

Human Considerations

Methodology

Facilitating Technologies

Climate Insights

Human-computer interaction,

repetitive tasks

Continuous data monitoring, a
connected system that spans all
stages of the lifecycle.

Cloud computing, Internet of
Things (IoT), big data and
analytics, data security, and cyber-
physical systems (CPS)

Systems are economically
efficient, waste is minimized
through business intelligence,
additive = manufacturing, and
optimized processes. Material use
and energy consumption are
increased, while the product's
lifespan is extended.

sustainable progress

Employee safety and oversight,
workforce training and
advancement.

The effective application of
technology to address human
needs and priorities, socio-focused
technological choices, the 6R
framework, and design principles
for  enhancing transportation
efficiency.

Big data and analytics, cloud
computing, Internet of Things
(IoT), collaborative robots, digital
security, nature-inspired support
systems, decision-making
technologies, smart grids,
predictive maintenance, additive
manufacturing, and mixed reality.
Minimizing waste and promoting
regeneration, utilizing sustainable
energy sources, and employing
energy-efficient methods for data
storage, transport, and analysis.
Additionally, implementing smart,
energy-efficient sensors.
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In maintenance operations, AR proves invaluable, acting as a digital compass that superimposes
virtual cues onto physical equipment. Technicians armed with AR capabilities can swiftly identify faults and
malfunctions, ensuring not only the expeditious troubleshooting process but also accurate and efficient
repairs. The visual aids provided by AR enhance the technician's situational awareness, empowering them to
make informed decisions in real time, a crucial facet of the dynamic Industry 5.0 landscape [21].

3.3. TRANSFORMATIVE TRAINING AND ONBOARDING

AR's influence extends to the core of industrial education in Industry 5.0, redefining the paradigms
of training and onboarding. The advent of AR-based training modules has become a cornerstone of modern
industrial education. New employees engage in hands-on training within a simulated environment,
meticulously replicating real-world conditions. [22]. This not only expedites the onboarding process but
instills a deep sense of confidence in the workforce. Furthermore, AR training significantly mitigates the
risks associated with errors during actual operations, thereby enhancing overall safety and efficiency, core
tenets of the Industry 5.0 ethos [24].

3.4. ELEVATING QUALITY CONTROL AND INSPECTION

In the crucible of Industry 5.0, where precision and quality are non-negotiable, AR revolutionizes
the landscape of quality control processes. Technicians are equipped with AR devices that provide real-time
visual aids during inspections, overlaying reference points, measurements, and specifications onto the
physical object being examined. This not only reduces the margin of error but ensures that products meet the
highest standards of quality and compliance [25]. The introduction of AR-powered inspections facilitates
comprehensive documentation, creating a detailed record of each inspection for future reference.

3.5. DRIVING AUTOMOTIVE INNOVATION

The automotive manufacturing sector, under the influence of AR in the Industry 5.0 era, undergoes a
profound metamorphosis. The implementation of AR technology in automotive assembly plants has yielded
remarkable outcomes, including a 30% reduction in assembly time and a staggering 40% decrease in error
rates [26]. Workers, now active partners in the innovation process, report higher job satisfaction and
enhanced confidence in their tasks. This paradigm shift in automotive manufacturing exemplifies the
transformative potential of AR in aligning with the ideals of Industry 5.0.

3.6. AEROSPACE ADVANCEMENTS

In the aerospace industry, where precision and efficiency are paramount, AR-enabled maintenance
procedures signify a leap forward in the Industry 5.0 era. The integration of AR has led to a commendable
25% decrease in downtime for critical equipment. Technicians, armed with AR capabilities, can swiftly
identify and address faults, ensuring uninterrupted operations. This reduction in downtime not only enhances
operational efficiency but also contributes significantly to the broader goals of Industry 5.0 [27].

3.7. PRIORITIZING WORKER SAFETY AND ERGONOMICS

Within the intricate tapestry of the manufacturing environment in Industry 5.0, AR technology takes
center stage in enhancing worker safety and ergonomics. The real-time visual overlays provided by AR serve
as a critical tool for workers to identify potential hazards and navigate through complex machinery and
equipment safely. This is particularly significant in industries where precision and attention to detail are
paramount, such as in semiconductor manufacturing or pharmaceutical production [28]. Moreover, AR-
assisted ergonomics assessments are transforming how workstations are designed. By superimposing virtual
representations of the human body onto physical spaces, engineers can optimize workstation layouts to
minimize strain and fatigue. This not only leads to a healthier and more comfortable work environment but
also significantly reduces the risk of work-related injuries [29].

3.8. GLOBAL COLLABORATION UNLEASHED

AR technology, serving as a technological bridge, dismantles geographical barriers in the Industry
5.0 landscape, enabling global collaboration on an unprecedented scale. Engineers, designers, and technicians
from different parts of the world can now collaborate in real time on complex projects. This not only
expedites decision-making processes but also leverages the diverse expertise of global teams [30]. For
instance, in the construction of large-scale industrial facilities [31], AR allows architects and engineers to
visualize the project in its entirety, even before construction begins [32]. This leads to more efficient
planning, precise execution, and ultimately, substantial cost savings [33].

3.9. AR-POWERED QUALITY ASSURANCE
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Quality assurance, a critical aspect of industrial manufacturing in the Industry 5.0 era, witnesses a
revolutionary transformation through AR technology. Providing real-time feedback on product quality, AR
overlays visual magnification [34], ensuring miniature components in electronics manufacturing meet the
highest standards. This level of precision in quality control ensures that only products meeting the highest
standards reach the market [35]. For example, in electronics manufacturing, where miniature components are
assembled with utmost precision, AR-powered magnification and visual overlays assist technicians in
detecting even the tiniest imperfections, ensuring flawless final products [36].

In this immersive integration of AR into industrial manufacturing, every facet echoes the principles and
aspirations of Industry 5.0. The alignment of AR technologies with the tenets of Industry 5.0 marks a
transformative journey toward unparalleled efficiency, precision, and global collaboration [37].

4. CASE STUDIES - TRANSFORMATIVE IMPLEMENTATIONS OF AR

In the realm of industrial manufacturing, the successful integration of augmented reality (AR) has
yielded transformative outcomes. This section presents a selection of case studies that illustrate the real-
world impact of AR on various aspects of the manufacturing process.

4.1. Case Study 1: Improving Assembly Efficiency Automotive Manufacturing with AR

In an automotive manufacturing facility, the challenge of complex assembly tasks was addressed
with the introduction of AR technology. Workers were equipped with AR-enabled smart glasses that
provided real-time visual guidance during the assembly process. This guidance included step-by-step
instructions, 3D visualizations of components, and overlaid arrows indicating precise placement. The results
were remarkable. The implementation of AR led to a substantial reduction in assembly errors and a notable
increase in overall efficiency. Workers reported higher levels of confidence in their tasks, leading to
improved job satisfaction. Additionally, the onboarding of new employees became more streamlined, as AR
provided an intuitive training tool.

Furthermore, the AR system incorporated features for remote assistance. Experienced technicians
could remotely view the live feed from a worker's smart glasses and provide guidance in real-time. This
capability proved invaluable in scenarios where specialized expertise was required, reducing the need for
physical presence and expediting problem resolution.

4.2. Case Study 2: Enhancing Maintenance Operations in Heavy Machinery Manufacturing

In the realm of heavy machinery manufacturing, maintenance operations are of paramount
importance. Downtime due to equipment failure can result in significant financial losses. To address this
challenge, a company implemented an AR-based maintenance solution.

Technicians were equipped with AR headsets that provided them with a comprehensive view of the
machinery, including internal components. Through AR overlays, the system highlighted areas requiring
attention, indicated optimal tool selections, and displayed real-time diagnostic information. This augmented
information significantly expedited the troubleshooting and repair process.

The impact on maintenance efficiency was substantial. Downtime for critical machinery was
reduced by over 30%, leading to a marked increase in overall production capacity. Additionally, the accuracy
of repairs improved, resulting in fewer instances of recurrent issues. This translated to significant cost
savings and heightened customer satisfaction due to improved delivery timelines.

4.3. Case Study 3: Augmented Reality in Quality Control in Aerospace Manufacturing

In aerospace manufacturing, stringent quality control measures are non-negotiable. A leading
aerospace manufacturer adopted AR technology to enhance their quality assurance processes. Through AR-
enabled tablets, inspectors were able to conduct detailed examinations of aircraft components. The AR
system provided inspectors with the ability to overlay digital models onto physical components, allowing for
precise comparisons and measurements. Deviations from specifications were immediately highlighted,
enabling inspectors to take corrective actions promptly. Moreover, the system facilitated the documentation
of inspection results with integrated reporting features.

The implementation of AR in quality control led to a substantial reduction in inspection time while
simultaneously increasing the accuracy of assessments. This translated to higher levels of confidence in the
quality of manufactured components and a notable reduction in the occurrence of defects.

5. CHALLENGES AND CONSIDERATIONS IN IMPLEMENTING AR IN INDUSTRIAL
MANUFACTURING
While the potential benefits of integrating augmented reality (AR) into industrial manufacturing are
substantial, there are several challenges and considerations that must be addressed to ensure successful

Int J Eng & App Phy, Vol. 5, No. 1, January 2025: 1127 - 1135



Int J Eng & App Phy ISSN: 2737-8071 0 1133

implementation. This section delves into the key hurdles that industries may face and outlines strategies to
navigate them effectively.

5.1. Technological Infrastructure and Integration

One of the foremost challenges in implementing AR is establishing a robust technological
infrastructure. This encompasses not only the hardware, such as AR-enabled devices and sensors, but also the
software systems needed to create, manage, and deploy AR applications. Integrating AR into existing
manufacturing processes can be complex, especially in industries where legacy systems predominate.
Companies must invest in compatible technologies and ensure seamless integration with their current
systems. This may require significant financial and time commitments, necessitating a clear roadmap for
adoption [38].

To mitigate this challenge, companies should engage with experienced AR solution providers and
conduct thorough assessments of their existing technology stack. Additionally, adopting open standards and
interoperable platforms can facilitate smoother integration and future scalability.

5.2. Workforce Training and Adoption

Introducing AR technologies requires a workforce that is proficient in their use. Training employees
to effectively leverage AR tools is a critical step that should not be underestimated. This includes not only
technical training on the operation of AR devices and applications but also instruction on how to interpret
and apply the augmented information in real-world scenarios. Companies should develop comprehensive
training programs that cater to employees at all skill levels. These programs should be ongoing, with
opportunities for continuous learning and skill development. Moreover, providing user-friendly interfaces
and intuitive AR applications can expedite the learning curve [39].

5.3. Data Security and Privacy Concerns

As AR systems rely on extensive data collection and processing, ensuring the security and privacy
of sensitive information is paramount. Industrial manufacturing often involves proprietary designs, trade
secrets, and confidential production processes. Companies must implement robust data protection measures
to safeguard against unauthorized access, theft, or breaches. This entails employing encryption, access
controls, and secure authentication protocols. Additionally, companies should stay abreast of evolving data
protection regulations and compliance standards, such as GDPR or CCPA, and adapt their AR
implementations accordingly [40].

5.4. Environmental and Operational Considerations

AR applications must function effectively in diverse operational environments, ranging from
cleanrooms in semiconductor manufacturing to rugged, high-temperature settings in heavy industry. Ensuring
that AR devices are resilient to environmental factors like dust, humidity, and temperature variations is
crucial for their reliable operation.

Moreover, devices should have the necessary battery life and durability to withstand extended shifts on the
factory floor [41]. For specialized environments, companies may need to invest in custom-designed AR
hardware or protective enclosures.

5.5. Return on Investment (ROI) and Scalability

Measuring the return on investment for AR implementations in industrial manufacturing can be
complex. While the potential benefits are substantial, quantifying them in tangible terms may require careful
tracking of key performance indicators (KPIs) such as improved production efficiency, reduced error rates,
and enhanced worker satisfaction. Companies should develop clear benchmarks for success and implement
robust monitoring and evaluation processes. This involves tracking metrics before and after AR integration to
assess its impact on various aspects of operations [42].

Furthermore, scalability is a critical consideration. AR implementations should be designed with
future growth in mind, ensuring that they can accommodate evolving manufacturing processes and
technologies.

6. CONCLUSION

In the grand symphony of Industry 5.0, Augmented Reality emerges as the maestro orchestrating a
transformative narrative. Beyond a mere tool, AR becomes the guiding hand in design, the revolutionary
force in education, the guardian of precision in quality control, and the bridge fostering global collaboration.
It ensures worker safety, transcends physical boundaries, and in the crescendo of quality assurance, AR
becomes the virtuoso of precision. As we step into the future, AR stands as the torchbearer of Industry 5.0
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ideals, weaving augmented realities that blueprint a landscape where industries evolve, thrive, and resonate
with the harmonious convergence of human ingenuity and technological prowess. In this augmented potential
lies the driving force behind the unparalleled metamorphosis of the industrial landscape.

REFERENCES

[1] J. Leng, W. Sha, B. Wang, P. Zheng, C. Zhuang, Q. Liu, and L. Wang, "Industry 5.0: Prospect and retrospect," J.
Manuf. Syst., vol. 65, pp. 279-295, 2022.

[2] J. Carmigniani and B. Furht, "Augmented reality: an overview," in Handbook of Augmented Reality, pp. 3-46,
2011.

[3] F. Doil, W. Schreiber, T. Alt, and C. Patron, "Augmented reality for manufacturing planning," in Proc. Workshop
Virtual Environments 2003, May 2003, pp. 71-76.

[4] W. Hurst, F. R. Mendoza, and B. Tekinerdogan, "Augmented reality in precision farming: Concepts and
applications," Smart Cities, vol. 4, no. 4, pp. 1454-1468, 2021.

[S] Z.Makhataeva and H. A. Varol, "Augmented reality for robotics: A review," Robotics, vol. 9, no. 2, p. 21, 2020.

[6] E. Bottani and G. Vignali, "Augmented reality technology in the manufacturing industry: A review of the last
decade," IISE Trans., vol. 51, no. 3, pp. 284-310, 2019.

[71 Li, M., Gao, J., Zhou, C., Shen, X., and Zhuang, W., "Adaptive mobile VR content delivery for industrial 5.0," in
Proc. 1st Workshop Digital Twin & Edge Al Industrial IoT, Oct. 2022, pp. 1-6.

[8] Pozharliev, R., De Angelis, M., and Rossi, D., "The effect of augmented reality versus traditional advertising: a
comparison between neurophysiological and self-reported measures," Marketing Letters, vol. 33, no. 1, pp. 113-
128, 2022.

[9]1 Ricci, S., Calandrino, A., Borgonovo, G., Chirico, M., and Casadio, M., "Virtual and augmented reality in basic and
advanced life support training," JMIR Serious Games, vol. 10, no. 1, p. €28595, 2022.

[10] Chalhoub, J., and Ayer, S. K., "Exploring the performance of an augmented reality application for construction
layout tasks," Multimed. Tools Appl., vol. 78, no. 24, pp. 35075-35098, 2019.

[11] Grech, A., Mehnen, J., and Wodehouse, A., "An extended Al-experience: Industry 5.0 in creative product
innovation," Sensors, vol. 23, no. 6, p. 3009, 2023.

[12] Noor-A-Rahim, M., Firyaguna, F., John, J., Khyam, M. O., Pesch, D., Armstrong, E., and Poor, H. V., "Toward
industry 5.0: Intelligent reflecting surface in smart manufacturing," IEEE Commun. Mag., vol. 60, no. 10, pp. 72-
78,2022.

[13] Nenna, F., Zanardi, D., and Gamberini, L., "Emphasizing humans in Industry 5.0: A cross-age analysis of
behavioral entropy and cognitive workload in VR-based telerobotics," unpublished.

[14] Egger, J., and Masood, T., "Augmented reality in support of intelligent manufacturing — a systematic literature
review," Comput. Ind. Eng., vol. 140, p. 106195, 2020.

[15] Mourtzis, D., Angelopoulos, J., and Panopoulos, N., "A literature review of the challenges and opportunities of the
transition from Industry 4.0 to Society 5.0," Energies, vol. 15, no. 17, p. 6276, 2022.

[16] Gerup, J., Soerensen, C. B., and Dieckmann, P., "Augmented reality and mixed reality for healthcare education
beyond surgery: an integrative review," Int. J. Med. Educ., vol. 11, pp. 1-16, 2020.

[17] Chander, B., Pal, S., De, D., and Buyya, R., "Artificial intelligence-based internet of things for industry 5.0," in
Artificial Intelligence-Based Internet of Things Systems, pp. 3-45, 2022.

[18] Rozanec, J. M., Novalija, 1., Zajec, P., Kenda, K., Tavakoli Ghinani, H., Suh, S., and Soldatos, J., "Human-centric
artificial intelligence architecture for industry 5.0 applications," Int. J. Prod. Res., vol. 61, no. 20, pp. 6847-6872,
2023.

[19] Tao, W., Lai, Z. H., Leu, M. C., and Yin, Z., "Manufacturing assembly simulations in virtual and augmented
reality," in Augmented, Virtual, and Mixed Reality Applications in Advanced Manufacturing, 2019.

[20] Giunta, L., O'Hare, J., Gopsill, J., and Dekoninck, E., "A review of augmented reality research for design practice:
looking to the future," in Proc. NordDesign 2018, Linkoping, Sweden, Aug. 2018, pp. 1-10.

[21] Etonam, A. K., Di Gravio, G., Kuloba, P. W., and Njiri, J. G., "Augmented reality (AR) application in
manufacturing encompassing quality control and maintenance," Int. J. Eng. Adv. Technol., vol. 9, no. 1, pp. 197-
204, 2019.

[22] Gonzalo, S. G., "Augmented reality: Improving productivity and reducing failure for new workers and new tasks,"
in Proc. 3rd Adv. Manuf. Student Conf. (AMSC23), Chemnitz, Germany, July 2023, vol. 13, p. 291.

[23] Adel, A., "Future of industry 5.0 in society: Human-centric solutions, challenges and prospective research areas," J.
Cloud Comput., vol. 11, no. 1, pp. 1-15, 2022.

[24] Mourtzis, D., Siatras, V., Angelopoulos, J., and Panopoulos, N., "An augmented reality collaborative product
design cloud-based platform in the context of learning factory," Procedia Manuf., vol. 45, pp. 546-551, 2020.

[25] Ariansyah, D., Erkoyuncu, J. A., Eimontaite, 1., Johnson, T., Oostveen, A. M., Fletcher, S., and Sharples, S., "A
head mounted augmented reality design practice for maintenance assembly: Toward meeting perceptual and
cognitive needs of AR users," Appl. Ergon., vol. 98, p. 103597, 2022.

[26] Aslam, F., Aimin, W., Li, M., and Ur Rehman, K., "Innovation in the era of IoT and industry 5.0: Absolute
innovation management (AIM) framework," Inf., vol. 11, no. 2, p. 124, 2020.

[27] Farsi, M., and Erkoyuncu, J. A., "Industry 5.0 transition for an advanced service provision," in Proc. 10th Int. Conf.
Through-Life Eng. Serv., Oct. 2021.

[28] Pereira, A. C. R., "The use of augmented reality in the lean workplaces at smart factories," unpublished.

Int J Eng & App Phy, Vol. 5, No. 1, January 2025: 1127 - 1135



Int J Eng & App Phy ISSN: 2737-8071 g 1135

[29]

[30]
[31]

[32]

[42]

[43]

Bruno, F., Barbieri, L., Marino, E., Muzzupappa, M., D’Oriano, L., and Colacino, B., "An augmented reality tool to
detect and annotate design variations in an Industry 4.0 approach," Int. J. Adv. Manuf. Technol., vol. 105, pp. 875-
887, 2019.

Rejeb, A., Keogh, J. G., Wamba, S. F., and Treiblmaier, H., "The potentials of augmented reality in supply chain
management: A state-of-the-art review," Manag. Rev. Q., pp. 1-38, 2020.

Hasan, S. M., Lee, K., Moon, D., Kwon, S., Jinwoo, S., and Lee, S., "Augmented reality and digital twin system for
interaction with construction machinery," J. Asian Arch. Build. Eng., vol. 21, no. 2, pp. 564-574, 2022.

Szajna, A., Stryjski, R., Wozniak, W., Chamier-Gliszczynski, N., and Kostrzewski, M., "Assessment of augmented
reality in manual wiring production process with use of mobile AR glasses," Sensors, vol. 20, no. 17, p. 4755,
2020.

Demir, K. A., Doven, G., and Sezen, B., "Industry 5.0 and human-robot co-working," Procedia Comput. Sci., vol.
158, pp. 688-695, 2019.

Kubag, L., "Logistics and the industry 5.0 concept," Acta Logist. Morav., vol. 1, pp. 31-38, 2023.

Polakova, M., Suleimanova, J. H., Madzik, P., Copus, L., Molnarova, 1., and Polednova, J., "Soft skills and their
importance in the labour market under the conditions of Industry 5.0," Heliyon, vol. 9, no. 8, 2023.

Zafar, M. H., Langas, E. F., and Sanfilippo, F., "Exploring the synergies between collaborative robotics, digital
twins, augmentation, and Industry 5.0 for smart manufacturing: A state-of-the-art review," Robotics and Computer-
Integrated Manufacturing, vol. 89, p. 102769, 2024.

Doyle-Kent, M., and Kopacek, P., "Adoption of collaborative robotics in industry 5.0 production environments,"
IFAC-PapersOnLine, vol. 55, no. 11, pp. 167-172, 2022.

Sivathanu, B., and Pillai, R., "Industry 4.0 and industry 5.0: Technology and organizational readiness implications,"
Benchmarking Int. J., vol. 29, no. 6, pp. 1913-1945, 2022.

Doyle-Kent, M., and Kopacek, P., "Adoption of collaborative robotics in industry 5.0 production environments,"
IFAC-PapersOnLine, vol. 55, no. 11, pp. 167-172, 2022.

Leng, J., Chen, Z., Huang, Z., Zhu, X., Su, H., Lin, Z., and Zhang, D., "Secure blockchain middleware for
decentralized IToT towards industry 5.0: A review of architecture, enablers, challenges, and directions," Machines,
vol. 10, no. 10, p. 858, 2022.

Donmezer, S., Demircioglu, P., Bogrekei, 1., Bas, G., and Durakbasa, M. N., "Revolutionizing the Garment
Industry 5.0: Embracing Closed-Loop Design, E-Libraries, and Digital Twins," Sustainability, vol. 15, no. 22, p.
15839, 2023.

Noghabaei, M., Heydarian, A., Balali, V., and Han, K., "Trend analysis on adoption of virtual and augmented
reality in the architecture, engineering, and construction industry," Data, vol. 5, no. 1, p. 26, 2020.

Tao, W., Lai, Z. H.,, Leu, M. C., and Yin, Z., "Manufacturing assembly simulations in virtual and augmented
reality," in Augmented, Virtual, and Mixed Reality Applications in Advanced Manufacturing, 2019.

Sahu, C. K., Young, C., and Rai, R., "Artificial intelligence (AI) in augmented reality (AR)-assisted manufacturing
applications: a review," International Journal of Production Research, vol. 59, no. 16, pp. 4903-4959, 2021.
McKnight, R. R., Pean, C. A., Buck, J. S, Hwang, J. S., Hsu, J. R., and Pierrie, S. N., "Virtual reality and
augmented reality—translating surgical training into surgical technique," Current Reviews in Musculoskeletal
Medicine, vol. 13, pp. 663-674, 2020.

Kraus, K., and Kraus, N., "Digital cubic space as a new economic augmented reality,” Scientific Innovations, vol.
16, no. 3, pp. 92-105, 2020.

Mourtzis, D., Siatras, V., and Angelopoulos, J., "Real-time remote maintenance support based on augmented reality
(AR)," Applied Sciences, vol. 10, no. 5, p. 1855, 2020.

van Lopik, K., Sinclair, M., Sharpe, R., Conway, P., and West, A., "Developing augmented reality capabilities for
Industry 4.0 small enterprises: Lessons learnt from a content authoring case study," Computers in Industry, vol.
117, p. 103208, 2020.

Vergel, R. S., Tena, P. M., Yrurzum, S. C., and Cruz-Neira, C., "A comparative evaluation of a virtual reality table
and a HoloLens-based augmented reality system for anatomy training," IEEE Transactions on Human-Machine
Systems, vol. 50, no. 4, pp. 337-348, 2020.

Suzuki, R., Karim, A., Xia, T., Hedayati, H., and Marquardt, N., "Augmented reality and robotics: A survey and
taxonomy for AR-enhanced human-robot interaction and robotic interfaces," in Proceedings of the 2022 CHI
Conference on Human Factors in Computing Systems, 2022, pp. 1-33.

Igbal, H., Tatti, F., and Baena, F. R., "Augmented reality in robotic assisted orthopaedic surgery: A pilot study,"
Journal of Biomedical Informatics, vol. 120, p. 103841, 2021.
https://intellias.com/industry-5-0-announcing-the-era-of-intelligent-automation/
https://www.eitdigital.eu/newsroom/news/2021/industry-50-the-era-of-intelligent-green-and-human-centric/

B. Alojaiman, "Technological modernizations in the industry 5.0 era: A descriptive analysis and future research
directions," Processes, vol. 11, no. 5, p. 1318, 2023.

Applications of Augmented Reality in Industrial Manufacturing in the Era of Industry 5.0 (Uzam Haider)



