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Abstract

Ergonomics is an important factor for any worker's health and productivity. The incorporation of
ergonomic design concepts into the manufacturing industry has demonstrated the effects of product
quality improvement, cost reduction, and a more satisfied workforce. Considering the recent
technological advancement of artificial intelligence (Al), there is a rising consideration of adopting
Al-driven solutions to ergonomic evaluations and interventions in the manufacturing process. This
paper covers the whole scope of the use of Al-enabled solutions in manufacturing environments, with
a focus on the challenges and advantages. This study focuses on the current trends of Al technologies,
the use of them for ergonomic assessment, and their implementation, which will result in improved
workplace ergonomics. The review analyzes a variety of Al potentials in manufacturing ergonomics,
like predictive analysis, real-time monitoring, workflow optimization, automation of tasks, worker-
customized equipment design, and adaptive workstations. Moreover, it highlights Al-enabled
ergonomics solutions for manufacturing that can help in the education and training of staff, task
support, collaborative robots, and ergonomics assessment. The paper uses case studies and examples
to demonstrate successful implementations, challenges encountered, and their impact on worker safety
and productivity. Lastly, the paper is going to highlight the path and chances for research on Al-based
ergonomic solutions that should keep in mind the ethics of development, transparency, and innovation,
so that Al may help to maximize ergonomics in manufacturing industries.

Keywords: Ergonomics, Manufacturing Industries, Artificial Intelligence, Al-driven Solutions,
Implementation Challenges, Opportunities, Workplace Safety, Productivity, Human-Robot
Collaboration.

l. Introduction

1.1 Overview of Ergonomics in Manufacturing Industries

Ergonomics in manufacturing industries plays a crucial role in ensuring the well-being and
productivity of workers. Studies have shown that integrating ergonomics into manufacturing processes
can lead to improved product quality and reduced costs [1]. Furthermore, the integration of lean
manufacturing with ergonomics has been found to define productivity and well-being indicators in
human-robot workstations, emphasizing the importance of considering ergonomic factors in modern
manufacturing practices [2]. Additionally, the benefits of human-centered design in industrial
practices, particularly in the redesign of workstations, have been highlighted as essential for promoting
ergonomic improvements in manufacturing settings [3]. Moreover, the reduction of ergonomic risks
through the implementation of automated systems, such as automatic tape packaging machines,
demonstrates the potential for automation to optimize production processes while offering better
working conditions for operators [4]. These findings underscore the significance of ergonomics in
manufacturing industries and the potential for integrating ergonomic principles into various aspects of
industrial practices to enhance worker well-being and overall productivity.[5]

1.2 Introduction to Al-Driven Ergonomics Solutions

Al-driven ergonomics solutions have garnered significant attention due to their potential to
revolutionize ergonomic assessments and interventions in various industries, including manufacturing.
The integration of wearable devices and artificial intelligence (Al) has been explored to evaluate and
control physical loads or postures, demonstrating the potential for Al to enhance ergonomic
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assessments through advanced sensor technologies [6]. Furthermore, a systematic review by highlights
the use of wearable sensors and Al for physical ergonomics, emphasizing the promising perspectives
for diagnostic, prognostic, and preventive applications in ergonomics [7]. Additionally, provide
insights into the application of industrial artificial intelligence in the context of Industry 4.0, shedding
light on the challenges and outlook for integrating Al in industrial settings [8]. Moreover, present
research trends in Al applications in human factors healthcare, indicating the growing interest and
advancements in Al-driven solutions for addressing human factors, which can be extended to
ergonomic interventions in manufacturing industries [9]. These references collectively underscore the
potential of Al-driven ergonomics solutions to transform ergonomic assessments, interventions, and
preventive measures in manufacturing industries, offering valuable insights for the integration of Al
technologies to enhance workplace ergonomics. By synthesizing these references, it is evident that Al-
driven ergonomics solutions hold significant promise for revolutionizing ergonomic assessments and
interventions in manufacturing industries. The integration of wearable devices, advanced sensor
technologies, and Al presents opportunities for more comprehensive and proactive approaches to
ergonomic evaluations, with the potential for diagnostic, prognostic, and preventive applications.
Furthermore, the challenges and outlook for integrating industrial artificial intelligence in the context
of Industry 4.0 highlight the need for addressing potential barriers and leveraging Al technologies to
optimize ergonomic conditions in manufacturing settings. Overall, these findings emphasize the
transformative potential of Al-driven ergonomics solutions in enhancing workplace ergonomics and
promoting the well-being of workers in manufacturing industries.

1.3 Purpose and Scope of the Review

The purpose of this review is to comprehensively analyze the current state of Al-driven ergonomics
solutions in manufacturing industries. This includes an examination of the latest advancements in Al
technologies, their application in ergonomic assessments, and their impact on improving workplace
ergonomics. The review will also explore the benefits, challenges, and prospects of Al-driven
ergonomics solutions, as well as their potential implications for the manufacturing industry. By
synthesizing existing research and developments in this field, this review aims to offer valuable
insights for researchers, practitioners, and decision-makers seeking to enhance ergonomics in
manufacturing through Al-driven approaches.
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1. Al-driven Ergonomics Solutions: Concepts and Technologies

The integration of wearable devices and artificial intelligence (Al) has been explored to evaluate and
control physical loads or postures, demonstrating the potential for Al to enhance ergonomic
assessments through advanced sensor technologies. Wearable sensors and Al offer promising
perspectives for diagnostic, prognostic, and preventive applications in ergonomics. Furthermore, the
development of Al technologies continues to advance, providing opportunities for the integration of
Al in human factors and ergonomics research. Additionally, the design and interaction with machine
learning and Al in the context of ergonomics have been addressed, highlighting the significance of
considering human factors in Al design processes.

These insights are supported by [10], who discuss the significance of human-Al interaction in
advancing ergonomic assessments and interventions, emphasizing the role of wearable sensors and Al
technologies in Al-driven ergonomic solutions.

2.1 Definition and Scope of Al-driven Ergonomics Solutions

The scope of Al-driven ergonomics solutions encompasses a wide range of interdisciplinary
applications and implications. These solutions have been explored in various domains, including
healthcare, industrial settings, and human-computer interaction, reflecting the diverse potential of Al
in addressing ergonomic challenges. In the context of healthcare, Al-driven solutions have been
investigated for their potential to improve clinical decision-making, preventive care, and rehabilitation.
Wearable sensors and Al technologies have been integrated into robotic exoskeletons for upper limb
rehabilitation, demonstrating the potential for Al to enhance rehabilitation outcomes and promote
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ergonomic advancements in healthcare [11]. Furthermore, the application of Al in peer-to-peer lending
markets and pre-visit planning in ambulatory care highlights the diverse applications of Al-driven
solutions beyond traditional healthcare domains, emphasizing the potential for Al to optimize
processes and decision-making in various contexts [12], [13].

In industrial settings, Al-driven ergonomics solutions have been examined for their potential to
empower human-robot collaboration, improve operator welfare and safety, and enhance efficiency on
the shop floor [14]. Additionally, the use of Al to prevent work-related musculoskeletal disorders and
streamline modeling in multiple domains reflects the potential for Al to mitigate ergonomic risks and
optimize processes in industrial environments[15]; [16].

Moreover, the integration of Al in human-computer interaction and journalism underscores the broader
implications of Al-driven solutions in shaping user experiences, transforming newswork, and
influencing decision-making processes [17]; [18]. The potential for Al to support ethical decision-
making, risk assessment, and resource management in the context of modern distributed computing
systems further highlights the multifaceted scope of Al-driven ergonomics solutions [19]; [20].
Overall, the scope of Al-driven ergonomics solutions extends across diverse domains, encompassing
healthcare, industry, human-computer interaction, and decision-making processes. The
interdisciplinary nature of Al-driven ergonomics solutions underscores their potential to revolutionize
various aspects of work, healthcare, and user experiences, emphasizing the broad and transformative
impact of Al in addressing ergonomic challenges.

2.2 Overview of Al Technologies Used in Ergonomics: Machine Learning, Computer Vision,
Natural Language Processing and Robotics

The integration of Al technologies, including machine learning, computer vision, natural language
processing, and robotics, has been a subject of extensive research in the context of ergonomics. Studies
have explored the application of computer vision in assessing ergonomic risks, such as computer vision
syndrome among office workers, highlighting the prevalence and risk factors associated with this
condition [21]. Additionally, Al-based wearable robotic exoskeletons have been investigated for upper
limb rehabilitation, demonstrating the potential of Al to enhance motor rehabilitation through wearable
technologies [11]. Furthermore, research trends in Al applications in human factors healthcare
emphasize the need to integrate Al-enabled technologies with human factors and ergonomics
principles for better use and workflow integration [9].

In the field of robotics, Al technologies have been leveraged to optimize human-robot collaboration
and design collaborative robots with a focus on ergonomic indicators, aiming to generate efficient
robot designs and improve human-robot interaction [22]. Moreover, Al-driven solutions have been
explored in the context of surgical procedures, such as laparoscopic and robotic surgery, to evaluate
postural ergonomics and user comfort during surgical interventions [23], [24], [25]. The potential for
Al to disrupt the medical profession and its implications for healthcare ergonomics have also been
subjects of debate and investigation [26].

Furthermore, the application of Al technologies in construction robotics and human-robot teams has
been examined, particularly in hazardous work areas, aiming to improve productivity and shield
construction workers from strenuous work and accidents [27]. Additionally, the evaluation of
ergonomic risks using machine learning techniques and computer vision-based rapid entire body
analysis (REBA) estimation has been a focus of research, highlighting the potential of Al in assessing
ergonomic risks and improving workplace ergonomics [28].

The intersection of Al, cognitive ergonomics, and human-computer interaction has also been a subject
of interest, emphasizing the need for synergy between Al and cognitive ergonomics to create intelligent
interactive systems and enhance decision-making processes [18], [29], [30]. Moreover, the
collaboration between humans and Al in decision-making processes has been recognized as an
increasingly significant area of study, reflecting the evolving landscape of Al technologies and their
impact on human activities [31].
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These references collectively underscore the diverse applications and implications of Al technologies,
including machine learning, computer vision, natural language processing, and robotics, in the field of
ergonomics. From healthcare and rehabilitation to industrial settings and human-computer interaction,
Al-driven solutions have the potential to transform ergonomic assessments, interventions, and
decision-making processes, offering valuable insights for enhancing workplace ergonomics and user
experiences.

2.3 Applications of Al in Ergonomics for Manufacturing Industries

Some specific applications of Al in ergonomics for manufacturing industries:

a) Predictive Analysis for Hazard Identification:

Artificial intelligence machines can analyze the previous records of accidents, near-misses, and
ergonomic risk factors and discover patterns that can lead to the prediction of hazards before they
occur. Such as machine learning models able to process data from sensors, cameras, and others to
ascertain whether the work process being carried out is inline with the health and safety regulations or
to identify ergonomic deficiencies in manufacturing processes.

b) Real-time Monitoring of Ergonomic Risk Factors:

Al-powered monitoring systems can continuously assess ergonomic risk factors such as repetitive
motions, awkward postures, and excessive force exertion in real-time. Computer vision technology
can capture workers' movements and postures on the assembly line and recognize tensions that may
result in strains. It can, either provide instant feedback or send alerts to the workers.

C) Optimization of Workflows and Processes:

Through Al algorithms, production data can be analyzed to determine the best method in which to
rework and improve work patterns to minimize exposure to any ergonomic stress and maximize
efficiency. For example, an Al-guided scheduling system can allocate jobs to workers in such a way
that they are matched to their skills, capabilities, and ergonomics such that a substantial reduction in
fatigue and enhancement of production can be met.

d) Automation of Repetitive Tasks:

Al-assisted machine system might be used in automating repetitive and physically exhausting tasks in
manufacturing; thus it is very safe for the human workers to avoid ergonomic injuries. Co-bots which
have integrated Al can restructure and modify production processes to accommodate any dynamic
situations and assist human workers in many ways in the operation, such as safety and postures.

e) Customized Equipment Design:

Al-powered tools can create custom ergonomic solutions based on anthropometry and personal
preference, among others. These include adjustable workstations, tools, and equipment that can be
modified according to size, shape, and position of the user. These tools use machine learning
algorithms to investigate the user data, which will result in optimum designs that eliminate the
ergonomic risks and boost the comfortability and usability at the same time.

f) Adaptive Workstations and Tools:

Al-controlled systems can adjust their workstations and devices based on feedback from reaction
sensors and user control as well. For example, Al-powered exoskeletons can provide physical support
and assistance to workers performing strenuous tasks, reducing fatigue, and lowering the risk of
musculoskeletal injuries.
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I11.  Opportunities for Al-driven Ergonomics Solutions in Manufacturing

The integration of artificial intelligence (Al) in manufacturing presents various opportunities for the
advancement of ergonomics solutions. Al technologies can be applied to address workforce training,
task support, collaborative robotics, and ergonomics in the manufacturing industry [8]. The application
of Al in manufacturing is multifaceted, involving the analysis of data and process dependencies at
multiple levels, which can influence the future development of Al to better meet the needs of
manufacturing [32]. Furthermore, Al technologies enable manufacturing systems to perceive the
environment, adapt to external needs, and extract process knowledge, including intelligent production,
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networked collaboration, and extended service models, particularly in customized manufacturing [33].
Additionally, the synergistic human-Al collaborative data-driven platform can monitor, analyze,
manufacture, and retain atomic-scale structure and functions, thereby enhancing the potential for
ergonomic solutions in manufacturing [34].

Moreover, Al-driven manufacturing platforms, supported by automation and artificial intelligence,
have the potential to enable smart manufacturing hospitals, although precise regulatory guidance is
needed for their implementation [35]. The implementation and integration of Al systems in
manufacturing processes require significant effort to overcome existing technical and nontechnical
barriers, particularly in the automotive and semiconductor industry [36]. Furthermore, there is a
growing need to explore the synergy between Al and cognitive ergonomics in research and practice,
as Al has become integral in transforming industries, increasing productivity, and streamlining
processes [29].

In the context of ergonomic evaluations, proper hand tool designs are essential for preventing
agricultural farm-related injuries, emphasizing the significance of ergonomics in various sectors,
including agriculture [37]. Additionally, the scope of Al systems has expanded to include functionality
related to ergonomics and powertrain assembly, highlighting the relevance of Al in addressing
ergonomic challenges in the automotive industry [38]. Furthermore, even manufacturing subsidiaries
of multinational corporations are increasingly engaged in Al-specific research and development,
underscoring the growing importance of Al-supported product development, including ergonomic
considerations (Szalavetz, 2019).

The potential combined use of wearable devices and Al algorithms in physical ergonomics applications
has been explored, indicating the evolving landscape of Al applications in ergonomics [7]. To fully
exploit the potential of Al applications, it is crucial to address human factors and ergonomics,
facilitating the smooth implementation of Al applications [40]. Moreover, Al has been utilized to
evaluate and enhance human factors such as health, safety, environment, and ergonomics in chemical
plants, emphasizing the sustainability implications of Al in the industry [41].

In conclusion, the integration of Al in manufacturing presents significant opportunities for the
advancement of ergonomics solutions, encompassing various sectors and applications. The potential
for Al-driven solutions to address ergonomic challenges in manufacturing is evident, with a growing
emphasis on the synergy between Al and cognitive ergonomics, human factors, and sustainability
implications.

IV.  Implementation Challenges of Al-Driven Ergonomics Solutions

The implementation of Al-driven ergonomics solutions in manufacturing faces various challenges.
Hindering factors include barriers to the widespread diffusion of Al applications, non-negligible
challenges in applying Al to smart manufacturing, and difficulties in the implementation of
participatory ergonomics programs. Additionally, the reduction of ergonomic risks through the
implementation of automation, such as automatic tape packaging machines, presents challenges that
need to be addressed. Furthermore, a Delphi study highlighted specific Al implementation challenges
for organizations, emphasizing the need to overcome barriers to the successful implementation of Al.
Moreover, the exploration of barriers and challenges in the practice of Al in manufacturing firms in
Malaysia underscores the impact of incorrect machine operations on disrupting work processes and
decreasing productivity. These challenges underscore the need for a comprehensive understanding of
the hindering factors and facilitators to the successful implementation of Al-driven ergonomic
solutions in manufacturing. Overcoming these challenges is crucial for the effective integration of Al
in addressing ergonomic concerns and improving productivity in manufacturing environments.
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V. Case Studies and Examples

5.1 Successful Implementations of Al-driven Ergonomics Solutions

The successful implementation of Al-driven ergonomics solutions has been a topic of interest in
various studies. Participatory ergonomics has been identified as a successful approach in implementing
ergonomic improvements, particularly in reducing the risk factors of work-related musculoskeletal
disorders [42]. Furthermore, the success of problem identification and solution through participatory
ergonomics intervention has been demonstrated in several studies [43]. Additionally, the
organizational predictors of a successful implementation of an ergonomic training program have been
evaluated, shedding light on the factors contributing to successful implementation [44]. Moreover, the
critical success factors in the development and implementation of special purpose industrial tools from
an ergonomic perspective have been explored, providing insights into the factors crucial for successful
implementation [45].

51  Challenges Encountered and Lessons Learned

While successful implementations have been documented, challenges and lessons learned have also
been a focus of research. The difficulties in implementing ergonomic improvements have been
acknowledged, with studies emphasizing the complexities involved in the process [46]. Furthermore,
a systematic review has been conducted to determine the evidence regarding the barriers and
facilitators to the implementation of participatory ergonomic interventions in workplaces, highlighting
the challenges and contextual factors that influence implementation [47]. Additionally, the need to
meet specific requirements for the successful promotion of participation and production of effective
ergonomics solutions has been emphasized, indicating the complexities and considerations involved
in achieving successful implementation [48].

5.2 Impact on Worker Safety, Productivity, and Overall Performance

The impact of Al-driven ergonomics solutions on worker safety, productivity, and overall performance
has been a subject of interest. Studies have demonstrated the positive impact of participatory
ergonomics on working conditions, quality, and productivity, particularly in reducing the risk factors
of work-related musculoskeletal disorders [42]. Furthermore, the successful implementation of
ergonomic improvements through participatory ergonomics has shown promise in reducing neck
complaints in assembling, indicating positive outcomes for worker safety and health [46]. Moreover,
the impact of participatory ergonomics on reducing musculoskeletal pain in specific occupational
settings has been explored, providing evidence of the positive effects on worker safety and well-being
[49].

VI. Future Directions and Opportunities for Research

To explore the emerging trends in Al-driven ergonomic solutions, it is essential to consider the current
state of Al applications in various domains. Al is increasingly pervasive in critical sectors such as
urban infrastructure, law enforcement, banking, healthcare, and humanitarian aid, as well as in more
routine activities like dating [50]. This widespread integration of Al underscores the need for
ergonomic human-robot collaboration in industry to promote safety, health, and equality in workplaces
[51]. Furthermore, the potential for Al-driven banking services to enhance consumer experiences in
emerging markets has been identified, highlighting the need for further exploration and innovation in
this area [52].

Overcoming implementation challenges in Al-driven solutions requires a comprehensive
understanding of the legal, ethical, and societal considerations associated with the development of
ethical Al (eAl) solutions that uphold human values in the emerging data-driven era [19]. Additionally,
the acceptance of Al in medicine among both healthcare professionals and the public is a crucial aspect
to consider, as it can influence the successful implementation of Al-driven solutions in healthcare
settings [53]. Moreover, the use of explainable and transparent Al in public policymaking is an area
that requires further research to align explain ability techniques with regulatory requirements while
balancing performance and transparency [54].
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The future directions and opportunities for research in Al-driven ergonomics solutions also encompass
the potential for digital transformation to mitigate emergency situations, such as increasing opioid
overdose survival rates through explainable Al [55]. Furthermore, technology and Al have been
identified as tools to augment human-driven processes for pre-visit planning in ambulatory care,
indicating opportunities for further exploration and innovation in this area [13]. Finally, the transition
from big data to knowledge in Al 2.0 presents both challenges and opportunities that warrant continued
investigation and advancement [56].

In conclusion, the future of Al-driven ergonomics solutions lies in addressing the challenges of
implementation, exploring new applications in various sectors, and ensuring that these solutions are
developed ethically and transparently. The potential for Al to revolutionize industries and improve
societal well-being is vast, but it requires rigorous research and innovation to realize its full potential.

VII.  Conclusion

7.1  Summary of Key Findings:

In this review, we have analysed a significant amount of research that demonstrates the ability of Al-
driven ergonomic solutions to bring about significant changes in manufacturing industries. The key
findings highlight the adaptability of Al technologies, such as machine learning, computer vision, and
robotics, in tackling ergonomic challenges. Additionally, the study reveals the wide range of
applications for Al, including predicting hazards, monitoring risk factors, optimizing workflows,
automating tasks, designing personalized equipment, and creating adjustable workstations. Although
Al-driven solutions hold great potential, there are still persistent challenges when it comes to
implementing them. These challenges include obstacles to widespread adoption, intricate technical
issues, and problems with involving stakeholders in the decision-making process. There is evidence of
successful applications of Al-driven ergonomics solutions, which have shown to have a favorable
effect on worker safety, productivity, and overall performance.

7.2 Importance of Al-driven Ergonomics Solutions in Manufacturing:

The significance of Al-powered ergonomic solutions in manufacturing cannot be exaggerated. These
solutions provide unparalleled opportunity to optimize the ergonomics of the workplace, improve the
well-being of workers, and increase productivity. Through the utilization of Al technology,
manufacturers may actively detect and reduce ergonomic hazards, enhance processes, and establish
work environments that are both safer and more effective. Moreover, Al-powered solutions empower
firms to adjust to evolving demands and market conditions, promoting innovation and enhancing
competitiveness within the industry.

7.3 Final Thoughts and Implications:

To summarize, the incorporation of Al-powered ergonomic solutions signifies a fundamental change
in the manufacturing industry, with significant consequences for worker well-being, efficiency, and
overall company success. Although there are still problems to overcome, such as overcoming barriers
to implementation and ensuring ethical development and openness, the potential advantages are much
greater than the challenges. It is crucial for researchers, practitioners, and decision-makers to work
together and come up with new ideas, using Al to its fullest extent, to develop manufacturing
environments that are safer, healthier, and more efficient. Manufacturers may promote sustainable
growth and prosperity by adopting Al-driven ergonomic solutions, which facilitate the convergence of
technology and humans.
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