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ABSTRACT

The development of Industry 5.0 aligns with the aims of the European Commission’s 2024~
2029 priorities and contributes to three of the six key goals. Therefore, enhancing manu-
facturing practices remains a growing priority. However, flexible manufacturing systems (FMSs)
and smart workplace solutions are still not widely used, especially in small and medium-sized
enterprises (SMEs). A possible reason for this is that the process of adjusting and reconfiguring
assembly lines is time-consuming, labour-intensive, requires higher investment and specialized
expertise. However, an up-to-date review and analysis of the field is needed to start finding
advanced solutions. This research identifies potential improvement areas for smart workplace
solutions.

The current study provides an overview of the technologies of existing flexible manu-
facturing systems, pinpoints current limitations and research gaps, analyzes which areas could
be improved by implementing Al methods and tools. The drawbacks of current solutions and
existing Al capabilities are analyzed. Current solutions and Al-enhanced approaches are
summarized and possible benefits of Al integration are highlighted. As a result, optimization
strategies and procedures tailored to particular production processes will be developed in a
future study.

1. Introduction

The advancement of Industry 5.0 is an important topic for research efforts because it
aligns with the three key goals of the European Commission’s priorities: the European
Green Deal, due to the focus on sustainability; A Europe Fit for the Digital Age, due
to the implementation of smart technologies; and An Economy That Works for People,
due to its human-centric approach [1]. Flexible manufacturing systems (FMSs) are
an integral part of modernizing and optimizing production processes due to the ability
to adapt to customer demands and process smaller batches. However, the concept
used in Industry 4.0 requires an update to align with the new goals [2].

Industry 5.0 is defined as a humanized technological advancement in industry,
which focuses on workers, societal impacts and sustainability. A human-centric
approach requires better smart workplace solutions that would place humans at the
centre of technological advancements to ensure a more sustainable, resilient and
equitable industrial future by addressing both societal and environmental challenges.
The focus is primarily on the human worker and on the factory-side operator. [3]

The concepts of Industry 5.0 or even 4.0 are often not feasible for small and
medium-sized enterprises (SMEs), which play a substantial role in manufacturing.
The implementation of smart solutions in SMEs remains limited due to high cost,
complexity and the need for skilled workers. [4]

The current study concentrates on existing smart workplaces and the technologies
of (FMSs), as well as on possible improvements through the implementation of
human-centric Al solutions, especially in SMEs. The research for this article was
conducted using a systematic literature review approach, focusing on articles, con-
ference papers, book chapters and surveys published in English between 2015 and
2024 in the ScienceDirect database. A summary of the results is presented and
references are used accordingly — a selection of the most relevant articles has been
chosen to provide a concise overview.
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2. Current solutions, their drawbacks and
research gaps

Current solutions used in FMS focus on automation, modu-

larity and the possibility of reconfiguring production lines to

adapt to variable demands. These systems use advanced ro-
botics, collaborative robots, and IoT-enabled tools allowing

for custom and small-batch production. [2,4]

Smart workplaces utilize digital twins (DTs), augmented
reality (AR), Internet of Things (IoT), and Al-driven work-
flows to increase productivity and enable real-time decision-
making (Fig. 1), allowing enhancing operator assistance, pro-
ductivity, real-time analytics, and system agility [5,6]. These
technologies contribute to human-centric design by address-
ing the ergonomic and psychological needs of workers [ibid.].
AR applications provide guidance to operators to reduce errors
and improve efficiency [ibid.]. IoT sensors and analytics plat-
forms enable faster issue resolution by monitoring production
processes [2]. Intelligent workplaces prioritize collaboration
between humans and Al-enabled systems aiming to optimize
workflow and enhance operator well-being [7].

However, the potential of FMS and smart workplaces
remains largely unrealized, especially in SMEs, due to the
following drawbacks of existing solutions:

e High cost: the investment required for system installation,
maintenance, upgrades and reconfiguration of the lines all
contribute to the cost, making these technologies un-
attainable for SMEs. [8]

e Complex programming: current solutions often require
complicated programming to accommodate reconfigura-
tion and production line adjustments, limiting system
adaptability. [8]

e Lack of expertise: many companies, especially SMEs,
lack skilled personnel to manage, operate and trouble-
shoot FMS. For companies in remote locations, it is often
impossible to find such people locally. This expertise gap
slows the implementation of advanced manufacturing
technologies in SMEs. [4,8]

o Limited use of human-centric design: human-centric
solutions, which consider the physical, cognitive and
psychological needs of workers, are insufficiently im-
plemented in current FMS setups. This results in sub-
optimal operator well-being and productivity. [6,9]

e Insufficient focus on ergonomics and operator safety:
existing FMS and smart workplace solutions often lack
a focus on ergonomic and safety measures, exposing
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Fig. 1. Human-centric intelligent workplace technologies.

workers to risks and contributing to workplace injuries
and fatigue. Enhanced safety measures, such as Al-as-
sisted risk assessments and human-centric design,
remain underutilized. [6,10]

e Challenges in AI implementation: significant chal-
lenges hinder the implementation of Al, such as data
silos, integration difficulties, and high initial costs. [9]

o Lack of real-time analytics integration: many current
systems rely on reactive approaches, which means a
lack of real-time data use, causing delays in identifying
and resolving production inefficiencies. For example,
maintenance solutions are often reactive, causing
unplanned downtime. [11]

e Lack of integration between AR and Al: the full
potential of AR in manufacturing is unrealized due to
insufficient integration with AI. Al-enhanced AR sys-
tems could adapt instructions in real-time based on
contextual factors, further improving operator efficiency
and reducing cognitive load. [5]

e Scalability for SMEs: many solutions are tailored to
large enterprises and lack affordability or adaptability for
smaller setups [8]. Cloud-based Al platforms could help
SME:s to adopt and scale technologies dynamically [2].
A systematic approach would allow SMEs to identify auto-
mation opportunities by evaluating their existing work-
flows, resource allocation, and bottlenecks, which would
ensure that automation investments are targeted and cost-
effective. [12]

e Al-driven predictive maintenance: the integration of
Al-driven predictive maintenance is limited, despite its
ability to reduce downtime and improve system reli-
ability. Instead, reactive maintenance strategies domi-
nate current practices. [6]

e Operator training and upskilling: there is insufficient
focus on reskilling and upskilling workers to interact
effectively with Al-enhanced systems. Training pro-
grams tailored to foster Al-skilled workforces remain
underdeveloped. [7]

e Data silos and integration challenges: lacking data
integration across systems hinders the benefits of Al
Research is needed to develop open, interoperable sys-
tems to improve real-time analytics and decision-mak-
ing. [11]

e Sustainability and energy efficiency: the sustain-
ability aspect of automated systems is often over-
looked. Advanced Al systems could monitor efficiency,
optimize energy usage and reduce waste, contributing
to greener manufacturing environments. [3]

e Trust and transparency in Al systems: Al systems
often remain difficult to understand to the average person,
which hinders trust among operators and managers.
Research into explainable Al (XAI) could address this
issue, fostering greater acceptance. Building trust is
crucial, as the resistance to change often stems from
limited knowledge of the long-term benefits of new
technologies. [7,8]

The challenges and research gaps outlined above em-
phasize the need for transition towards Industry 5.0 that



Table 1. Summary of current solutions and Al-enhanced approaches

Smart workplace solutions

Topic Current solutions Al-enhanced approaches Benefits of Al integration
Safety measures Lacking Al-assisted risk assessment Enhanced safety
Ergonomics Basic Human-centric Al Improved operator well-being
Human collaboration Limited Enhanced human-AlI collaboration |Safer and more productive work
Maintenance Reactive Predictive Reduced downtime

Production optimization

Reactive adjustments

Al-driven analytics

Reduced bottlenecks and waste

Decision-making Manual Real-time Al Increased efficiency

Cost High Modular and scalable Increased accessibility for SMEs
Scalability Static Cloud-based, dynamic scaling Better resource utilization
Workers’ skill level General Al-competent workforce Reduced need for specialists
Sustainability Lacking Al metrics Monitored environmental impacts
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utilizes Al-driven, human-centric, and sustainable manufac-
turing practices. SMEs are a critical sector of the economy
and the barriers to adopting advanced technologies must
be addressed.

3. Possibilities of implementing Al

Al-driven technologies have the potential to transform FMS,
smart workplaces, and SMEs, aligning them with Industry 5.0.
The following Al applications in manufacturing have been
identified:

e Safety measures: current manufacturing systems often
lack proactive safety mechanisms. Al-assisted risk assess-
ment enables real-time hazard detection and prevention,
enhancing operator safety and reducing workplace in-
cidents. [10]

e Ergonomics: traditional systems provide only basic ergo-
nomic support, but human-centric Al systems adapt to the
physical and cognitive needs of workers. This improves
operator well-being by personalizing work environments
through real-time feedback, workload balancing and ergo-
nomic adjustments. [6,13]

e Human collaboration: unlike traditional setups that limit
interaction, Al can enhance human-AlI collaboration. This
allows machines and workers to collaborate seamlessly,
creating safer and more productive environments. De-
veloping XAl models to build trust and improve operator
adoption must be a priority. [7,13]

e Maintenance: Al enables the use of predictive mainte-
nance strategies instead of traditional reactive ones, signifi-
cantly reducing downtime. Al systems can predict poten-
tial equipment failures, enabling preemptive actions. [6,12]

e Production optimization: Al-driven analytics optimize
production workflows by identifying bottlenecks and re-
ducing waste. These improvements are particularly bene-
ficial in dynamic production environments. [11]

o Decision-making: traditional systems rely on manual
decision-making, which is slow and prone to errors. Real-
time Al decision-making increases efficiency by provid-
ing instructions based on real-time data. [7]

e Cost and scalability: conventional systems are often
costly and lack flexibility, which makes them difficult for
SMEs to implement. AI’s modular and cloud-based solu-
tions provide dynamic scaling, enable better resource
utilization and cost reductions. [2]

e Workers’ skill level: Al-driven tools reduce dependence
on highly specialized personnel, as the systems are de-
signed to assist and upskill general workers, fostering an
Al-competent workforce. A structured training framework
for SMEs to enhance operator competencies in Al-driven
systems would be beneficial. This can include leveraging
AR, virtual reality (VR), and interactive training modules
to familiarize operators with new technologies. [6,12]

e Sustainability: sustainability metrics embedded into Al
algorithms help to monitor the environmental impacts of
manufacturing processes and align them with Industry
5.0’s focus on environmental responsibility. [13]

Based on the above listed drawbacks of existing solutions
and Al capabilities, current solutions and possible Al-en-
hanced approaches are summarized in Table 1.

As shown in Table 1, several parameters can be improved
with Al implementation in smart workplace solutions. It can
improve safety, efficiency, cost-effectiveness, human-centrism,
and the resilience of manufacturing systems, in line with
Industry 5.0 initiatives [3]. By leveraging Al, manufacturers
can address evolving operational challenges and unlock new
opportunities for growth and innovation.

Some of the mentioned Al solutions have been imple-
mented in industry, but not on a large scale, and usually not
in SMEs due to lack of tailored solutions, uncertainty about
return on investment, and resistance to change [8]. The work-
ing group has long-term experience in applying Al methods
and tools, with recent research covering safety/risk analysis
[14—16], product/process optimization [17,18], etc.

Finding the best solutions requires collaboration between
SMEs, academic institutions and technology providers to fill
the knowledge gaps. A phased, data-driven approach is needed
for SMEs to reap the benefits of human-centric automation.
This includes using diagnostic tools to identify inefficiencies,
piloting small-scale Al solutions, and scaling up based on the
measurable outcomes. An iterative approach allows SMEs to
start with low-cost automation solutions and gradually inte-
grate Al-driven tools. [12]

4. Conclusion

This study provides an overview of current FMS and smart
workplace technologies, highlighting their limitations and
identifying areas where Al integration can make improve-
ments. The outlined Al solutions contribute to human-centric
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design, predictive maintenance, and scalability. Proper imple-
mentation of Al can solve issues that hinder SMEs from en-
hancing their manufacturing practices through the adoption
of advanced technologies. The study summarizes current so-
lutions and possible Al-enhanced approaches, highlighting
possible benefits of Al integration.

The current study may have missed some relevant
publications due to the specific search strings and keywords
used for reference selection. Publications not available on
ScienceDirect were not reviewed. Case studies are needed for
further research on this topic. Information from real work-
places needs to be collected and evaluated to ensure that
practical solutions are developed.

Future research will focus on defining and conducting
case studies, as well as developing Al algorithms that analyze
data from production lines and provide relevant information
and instructions to the operator. Further investigation into Al
communication design will also be conducted to enhance under-
standability and trust, thereby enabling wider applications.

Data availability statement

All research data are contained within the article and can be
shared upon request from the authors.

Acknowledgments

This study was supported by Al & Robotics Estonia (EDIH),
project No. 101083677; the projects “Master of Science in
smart, secure and interconnected systems (MERIT)”, “Devel-
opment of a new pan-European educational ecosystem for
the training of digital specialists” (project No. VEU22048,
DIGITAL-2021-SKILLS-01); and “Increasing the knowledge
intensity of Ida-Viru entrepreneurship”, co-funded by the
European Union. The publication costs of this article were
partially covered by the Estonian Academy of Sciences.

References

1. European Parliament. Directorate-General for Parliamentary
Research Services. The six policy priorities of the von der Leyen
Commission: state of play in autumn 2021: in-depth analysis.
https://www.europarl.europa.eu/RegData/etudes/IDAN/2021/69
6205/EPRS_T1DA(2021)696205 EN.pdf (accessed 2025-01-16).

2. Javaid, M., Haleem, A., Singh, R. P. and Suman, R. Enabling
flexible manufacturing system (FMS) through the applications
of Industry 4.0 technologies. Internet Things Cyber-Phys. Syst.,
2022, 2, 49-62. https://doi.org/10.1016/j.i0tcps.2022.05.005

3. Barata, J. and Kayser, I. Industry 5.0 — past, present, and near
future. Procedia Comput. Sci., 2023, 219, 778-788. https://
doi.org/10.1016/j.procs.2023.01.351

4. Zheng, C., Zhang, Y., Li, J., Bai, J., Qin, X. and Eynard, B.
Survey on design approaches for robotic manufacturing systems

10.

I1.

12.

13.

14.

15.

16.

17.

18.

in SMEs. Procedia CIRP, 2019, 84, 16-21. https://doi.org/10.10
16/j.procir.2019.04.183

Mahmood, K., Pizzagalli, S. L., Otto, T. and Symotiuk, I.
Development of an AR-based application for assembly assis-
tance and servicing. Procedia CIRP, 2024, 128, 638-643.
https://doi.org/10.1016/j.procir.2024.04.017

Romero, D. and Stahre, J. Towards the resilient operator 5.0: the
future of work in smart resilient manufacturing systems. Procedia
CIRP, 2021, 104, 1089-1094. https://doi.org/10.1016/j.procir.
2021.11.183

Zirar, A., Ali, S. I. and Islam, N. Worker and workplace artificial
intelligence (Al) coexistence: emerging themes and research
agenda. Technovation, 2023, 124, 102747. https://doi.org/10.10
16/j.technovation.2023.102747

Jimeno-Morenilla, A., Azariadis, P., Molina-Carmona, R.,
Kyratzi, S. and Moulianitis, V. Technology enablers for the
implementation of Industry 4.0 to traditional manufacturing
sectors: a review. Comput. Ind., 2021, 125, 103390. https://doi.org/
10.1016/j.compind.2020.103390

ElMaraghy, H., Monostori, L., Schuh, G. and EIMaraghy, W.
Evolution and future of manufacturing systems. CIRP Ann.,
2021, 70(2), 635-658. https://doi.org/10.1016/.cirp.2021.05.008
Simeone, A., Bica, G., Priarone, P. C. and Settineri, L. Enhancing
operator health and safety in manufacturing: an intelligent digital
humanization approach. Procedia CIRP, 2024, 122, 982-987.
https://doi.org/10.1016/j.procir.2024.01.133

Sun, X. and Song, Y. Unlocking the synergy: increasing pro-
ductivity through human-AlI collaboration in the Industry 5.0
era. Comput. Ind. Eng.,2025,200, 110657. https://doi.org/10.10
16/j.cie.2024.110657

Walker, J., Childe, S. and Wang, Y. Analysing manufacturing
enterprises to identify opportunities for automation and guide
implementation — a review. [FAC-PapersOnlLine, 2019, 52(13),
2273-2278. https://doi.org/10.1016/j.ifacol.2019.11.544
Gladysz, B., Tran, T., Romero, D., van Erp, T., Abonyi, J. and
Ruppert, T. Current development on the Operator 4.0 and tran-
sition towards the Operator 5.0: a systematic literature review
in light of Industry 5.0. J. Manuf. Syst., 2023, 70, 160—185.
https://doi.org/10.1016/j.jmsy.2023.07.008

Mehrparvar, M., Majak, J. and Karjust, K. A comparative
analysis of Fuzzy AHP and Fuzzy VIKOR methods for prior-
itization of the risk criteria of an autonomous vehicle system.
Proc. Est. Acad. Sci., 2024, 73(2), 116-123. https://doi.org/10.31
76/proc.2024.2.04

Mehrparvar, M., Majak, J. and Karjust, K. Effect of aggregation
methods in fuzzy technique for prioritization of criteria of
automated vehicle system. AIP Conf. Proc., 2024, 2989(1),
020011. https://doi.org/10.1063/5.0189323

Pikner, H., Sell, R., Majak, J. and Karjust, K. Safety system
assessment case study of automated vehicle shuttle. Electronics,
2022, 11(7), 1162. https://doi.org/10.3390/electronics 11071162
Tsukrejev, P., Karjust, K. and Majak, J. Experimental evaluation
and numerical modelling of the quality of photovoltaic modules.
Proc. Est. Acad. Sci., 2021, 70(4), 477-483. https://doi.org/10.31
76/proc.2021.4.15

Raamets, T., Majak, J., Karjust, K., Mahmood, K. and
Hermaste, A. Development of process optimization model for
autonomous mobile robot used in production logistics. AIP Conf.
Proc., 2024, 2989(1), 020008. https://doi.org/10.1063/5.0189299


https://www.europarl.europa.eu/RegData/etudes/IDAN/2021/696205/EPRS_IDA(2021)696205_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/IDAN/2021/696205/EPRS_IDA(2021)696205_EN.pdf
https://doi.org/10.1016/j.iotcps.2022.05.005
https://doi.org/10.1016/j.procs.2023.01.351
https://doi.org/10.1016/j.procs.2023.01.351
https://doi.org/10.1016/j.procs.2023.01.351
https://doi.org/10.1016/j.procir.2019.04.183
https://doi.org/10.1016/j.procir.2019.04.183
https://doi.org/10.1016/j.procir.2019.04.183
https://doi.org/10.1016/j.procir.2024.04.017
https://doi.org/10.1016/j.procir.2021.11.183
https://doi.org/10.1016/j.procir.2021.11.183
https://doi.org/10.1016/j.procir.2021.11.183
https://doi.org/10.1016/j.technovation.2023.102747
https://doi.org/10.1016/j.technovation.2023.102747
https://doi.org/10.1016/j.technovation.2023.102747
https://doi.org/10.1016/j.compind.2020.103390
https://doi.org/10.1016/j.compind.2020.103390
https://doi.org/10.1016/j.compind.2020.103390
https://doi.org/10.1016/j.cirp.2021.05.008
https://doi.org/10.1016/j.procir.2024.01.133
https://doi.org/10.1016/j.cie.2024.110657
https://doi.org/10.1016/j.cie.2024.110657
https://doi.org/10.1016/j.cie.2024.110657
https://doi.org/10.1016/j.ifacol.2019.11.544
https://doi.org/10.1016/j.jmsy.2023.07.008
https://doi.org/10.3176/proc.2024.2.04
https://doi.org/10.3176/proc.2024.2.04
https://doi.org/10.3176/proc.2024.2.04
https://doi.org/10.1063/5.0189323
https://doi.org/10.3390/electronics11071162
https://doi.org/10.3176/proc.2021.4.15
https://doi.org/10.3176/proc.2021.4.15
https://doi.org/10.3176/proc.2021.4.15
https://doi.org/10.1063/5.0189299

Smart workplace solutions 159

Ulevaade targa té6koha lahendustest ja véimalikest
parendusvaldkondadest Al-algoritmide rakendamiseks

Karolin Kelpman, Kristo Karjust ja Jiiri Majak

Td8stuse 5.0 arendus on kooskélas Euroopa Komisjoni 2024.-2029. aasta prioriteetidega ja panustab kolme
peamise eesméargi saavutamisse kuuest. Seetdttu on tootmistavade taiustamine jatkuv prioriteet. Siiski ei
ole paindlikud tootmisslisteemid (FMSs) ja nutikad té6kohalahendused veel laialdaselt kasutusel, eriti vai-
kestes ja keskmise suurusega ettevotetes. Voimalikuks pShjuseks on asjaolu, et koosteliinide reguleerimine
ja Umberseadistamine on aegandudev ja téémahukas ning nduab eriteadmisi. Kaasaegsete lahenduste leid-
miseks on vajalik valdkonna ajakohane lilevaade ja anallis. Uurimist66 kdigus maaratletakse véimalikud pa-
rendusvaldkonnad Al-algoritmide juurutamiseks FMS-i ja targa t66koha lahendustesse.

Uuringus antakse Ulevaade olemasolevatest paindlikest tootmistehnoloogiatest, tuuakse valja praegused
piirangud ja uurimisliingad ning anallusitakse, milliseid valdkondi saaks tdiustada tehisintellekti meetodite
ja tooriistade rakendamisega.




