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ENHANCING QUALITY ASSURANCE 

THROUGH AUTONOMOUS POKA-YOKE 

SYSTEMS IN INDUSTRY 5.0 

ENVIRONMENTS 

 
Abstract: This study analyzes the integration of poka-yoke 

systems within the concept of Industry 5.0, where human-

machine collaboration and intelligent autonomous systems play 

a key role. Poka-yoke, traditionally used to prevent errors at the 

source, is evolving into advanced, adaptive mechanisms 

supported by artificial intelligence (AI) and machine learning. 

This integration enables real-time process monitoring and 

predictive failure prevention, allowing poka-yoke to dynamically 

adapt to changing production conditions and demanding 

manufacturing environments. The analysis includes case studies 

that illustrate poka-yoke applications in smart factories, 

emphasizing proactive quality control, flexibility, and 

sustainability. Challenges related to implementing poka-yoke in 

Industry 5.0, such as technology interoperability, data security, 

and employee training needs, are also addressed. Findings 

indicate that poka-yoke in Industry 5.0 contributes to defect 

reduction, enhances product reliability, and supports the 

development of sustainable production systems aligned with 

modern standards of quality and efficiency. 

Keywords: poka-yoke, industry 5.0, quality management, 

artificial intelligence, machine learning, automation 

 

 

1. Introduction 
 

The evolution from Industry 4.0 to Industry 

5.0 marks a transformative shift, focusing not 

only on advanced automation and digital 

integration but also on the harmonization 

between human creativity and machine 

intelligence (Alrabadi et al., 2023; Colim et 

al., 2021). Within this context, the poka-yoke 

principle—long recognized as a cornerstone 

for error prevention and quality assurance—

adapts to new paradigms by integrating 

autonomous, intelligent systems. Unlike the 

automation focus of Industry 4.0, which 

emphasizes IoT devices, real-time analytics, 

and predictive AI-driven models, Industry 5.0 

introduces collaborative systems where 

human insight and adaptive technology work 

in tandem to ensure optimal quality outcomes 

(El Makrini et al., 2019; Grabowska et al., 

2022). 

In Industry 5.0 environments, poka-yoke 

systems advance by the use of autonomous, 

AI-empowered mechanisms that not only 

detect and correct errors but also dynamically 

learn and adapt based on evolving production 

scenarios. This autonomy, combined with AI 

and machine learning, allows for predictive, 

preemptive quality management, enabling 

systems to anticipate deviations and mitigate 

risks proactively (Jokovic et al., 2023). 

Furthermore, human-machine collaboration 
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in this context enhances poka-yoke by 

embedding real-time insights and data-driven 

adjustments that align quality management 

with flexibility and resilience—key attributes 

of modern, intelligent production ecosystems 

(Khan et al., 2024). 

This study explores how autonomous poka-

yoke systems are applied within the 

framework of Industry 5.0, examining how 

they contribute to a proactive and adaptive 

quality assurance model that leverages the 

latest advancements in AI, machine learning, 

and human-centric design principles 

(Mattsson et al., 2023; Żywiołek, 2024). 

Through this approach, we aim to showcase 

how industry stakeholders can benefit from 

integrating poka-yoke mechanisms in ways 

that enhance product reliability, minimize 

errors, and align with the sustainable and 

human-centered values of Industry 5.0. 

 

2. The basics of Poka-Yoka 

approach 
 

Poka-yoke, originating from Japanese, 

translates to "mistake-proofing" or "error 

prevention." It is an approach employed in 

various industries to eliminate or minimize 

errors in processes. It is possible by designing 

systems that prevent mistakes or make them 

immediately detectable. The concept of poka-

yoke is based on the premise that human 

errors are inevitable, but their impact can be 

effectively minimized through intelligent 

design. By incorporating safeguards and 

intuitive mechanisms into production 

processes, companies can reduce the 

occurrence and impact of errors, which 

enhances quality, efficiency, and customer 

satisfaction (Cimini et al., 2020; Iftikhar et 

al., 2024). 

Poka-yoke techniques encompass a wide 

range of solutions—from simple visual cues 

to advanced technological safety systems. 

Basic poka-yoke forms may rely on color 

coding, shape differentiation, or labeling, 

enabling operators to quickly identify the 

correct components or steps in a process, 

reducing the risk of errors (Gualtieri et al., 

2021; Hinrichsen & Bendzioch, 2018). In 

more advanced applications, physical 

constraints or specialized mechanisms are 

implemented to prevent improper actions, 

ensuring that processes unfold as required. 

In the automotive industry, where poka-yoke 

is widely applied, assembly lines are 

equipped with sensors and devices that detect 

deviations from standard procedures. This 

enables operators to be promptly alerted to 

rectify any errors. Such an approach not only 

improves product quality but also enhances 

operational efficiency by minimizing the 

need for rework (Singh et al., 2023), towards 

sustainability. 

Poka-yoke aligns closely with the philosophy 

of lean manufacturing, which emphasizes 

waste elimination and process optimization. 

Unlike traditional quality control methods 

that focus on detecting errors at the end of 

production, poka-yoke promotes error 

prevention at the source. This approach 

allows organizations to reduce the likelihood 

of defects and foster a culture of 

responsibility and attention to detail among 

employees. In this way, its commitment to 

continuous improvement and reduction of 

defects is reinforced (Antony et al., 2023; El 

Zaatari et al., 2019) where Customer 

Satisfaction is important. 

With the development of automation and 

Industry 4.0 technologies, poka-yoke has 

evolved to leverage advanced tools such as 

the Internet of Things (IoT), sensors, and real-

time data analytics. Automation systems 

designed with built-in error-proofing 

mechanisms allow tasks to be executed with 

high precision and consistency, minimizing 

the risk of human error. Robots equipped with 

sensors can navigate complex production 

processes with great accuracy, ensuring 

smooth workflow. Additionally, the 

interconnected data networks of Industry 4.0 

enable better communication and 

coordination across the entire production 

ecosystem, allowing for a comprehensive 

poka-yoke strategy that spans the entire value 
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chain (Hussain et al., 2024). 

As industry moves toward Industry 5.0, 

which emphasizes human-machine 

collaboration, poka-yoke takes the form of 

autonomous systems that not only detect and 

correct errors but also adapt to changing 

production scenarios. Integrating artificial 

intelligence and machine learning enables 

poka-yoke systems to predict potential issues 

and eliminate them before they impact 

product quality (Kartali et al., 2019; Khan et 

al., 2023). This shift from preventive to 

predictive quality management creates new 

opportunities for companies to adjust their 

poka-yoke strategies to dynamic production 

conditions, while highlighting the role of 

technological innovation in creating reliable, 

flexible, and highly efficient production 

systems. Poka-yoke in Industry 4.0 and 5.0 

conditions is not just a tool for eliminating 

errors but also a quality management strategy 

that evolves alongside technological 

advancements. The integration of error-

proofing mechanisms with advanced 

technologies allows companies to create 

production systems that are resilient, 

adaptive, and highly efficient. By applying 

poka-yoke, organizations can enhance 

product reliability, increase customer 

satisfaction, and strengthen their competitive 

position in the dynamic industrial market 

(Kim et al., 2019). Table 1 lists the main 

critical factors that link poka-yoke to Industry 

5.0. 

 

Table 1. Critical factors link poka-yoke to Industry 5.0 
Key principle Description 

Elimination of 

Defects at Source 

In Industry 5.0, poka-yoke aims to prevent errors at their origin, fostering a proactive 

approach that aligns with human-centered manufacturing by reducing the need for error 

detection later in the process. 

Simplicity and 

Usability 

Poka-yoke systems in Industry 5.0 should remain user-friendly, especially as 

collaborative roles between humans and intelligent machines expand. Simplicity 

ensures that both human operators and AI-driven systems can operate poka-yoke tools 

effectively. 

Autonomous Error 

Correction 

With the integration of autonomous systems, poka-yoke in Industry 5.0 can rely on fail-

safe mechanisms where machines automatically correct errors. This minimizes human 

intervention and aligns with the autonomy goal of Industry 5.0. 

Immediate 

Feedback and 

Alerts 

In the collaborative environments of Industry 5.0, providing real-time feedback through 

alarms or visual indicators supports the human role in quality assurance, allowing 

operators to quickly address errors alongside machine-led corrections. 

Predictive, 

Preventive Design 

Leveraging AI and machine learning, Industry 5.0 enhances poka-yoke by embedding 

anticipatory designs that use data to predict potential issues and prevent errors, leading 

to smarter, adaptive error-proofing systems. 

Source Inspection 

and Real-Time 

Monitoring 

Industry 5.0 emphasizes real-time quality control at the source, using IoT and sensors 

for constant monitoring, which aligns with poka-yoke’s principle of early-stage error 

detection. 

100% Inspection 

and Verification 

Complete inspection in Industry 5.0 is possible with advanced AI algorithms and 

robotics that verify each step of production, ensuring that defective products are 

identified instantly. 

Jidoka 

(Autonomation) 

Industry 5.0’s vision for autonomous systems extends the jidoka concept by allowing 

machines to detect and halt processes when a defect occurs, supporting immediate 

quality control 

Continuous 
Improvement 

through Learning 

Systems 

Continuous improvement in Industry 5.0 is supported by poka-yoke systems that adapt 
based on data feedback, aligning with self-optimizing processes. 

Enhanced Operator 
Training and 

Support 

With Industry 5.0, human-centric poka-yoke emphasizes operator training in tandem 
with advanced technology use, ensuring human operators can effectively manage and 

interact with automated poka-yoke systems 

Source: (Antony et al., 2023; Botti et al., 2022; Bousdekis et al., 2023; Brun & Wioland, 2021; Gajdzik & Wolniak, 

2022; Jonek-Kowalska & Wolniak, 2021; Khourshed & Gohar, 2023) 
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2. How the Poka-Yoke Method 

Can Be Integrated with 

Industry 4.0 and Quality 5.0 

Concepts - results 
 

The transition to Industry 5.0 brings a new 

dimension to manufacturing, where 

technology and human-centered values merge 

to create intelligent, adaptive, and 

collaborative production systems. Industry 

5.0 emphasizes not only advanced automation 

but also a close synergy between human 

creativity and machine precision, promoting 

sustainable, resilient, and highly customized 

production environments (Burggräf et al., 

2019; Hopko et al., 2021; Pervaz et al., 2024). 

This is also the way to improve the economy 

of countries, namely with better industry. 

This human-centric approach aligns naturally 

with poka-yoke principles, which focus on 

preventing errors at their source through 

simple, intuitive design, further enhanced by 

intelligent, self-correcting mechanisms. 

In Industry 5.0, poka-yoke systems benefit 

from integration with AI, robotics, and real-

time data, allowing for dynamic collaboration 

between human operators and machines. 

Advanced sensors, Internet of Things (IoT) 

devices, and data analytics enable poka-yoke 

mechanisms to instantly detect deviations and 

alert operators or initiate automated 

corrective actions. By learning from past 

errors, AI and machine learning algorithms 

embedded in poka-yoke systems allow 

continuous adaptation to changing production 

conditions, leading to smarter, anticipatory 

quality management systems (Iftikhar et al., 

2024; Liau & Ryu, 2020; Sureshchandar, 

2023). 

The concept of Quality 5.0 complements this 

integration by broadening poka-yoke's impact 

beyond the manufacturing floor to encompass 

the entire value chain, including supply chain, 

logistics, and customer interaction. This 

comprehensive approach fosters a holistic 

view of quality that leverages poka-yoke for 

mistake-proofing across diverse touchpoints, 

ensuring consistent quality and minimizing 

error at every step (Savković et al., 2022). 

Additionally, the data generated from these 

interconnected systems provide a valuable 

feedback loop, enabling poka-yoke strategies 

to be continuously refined based on real-time 

insights, fostering a culture of continuous 

improvement and resilience within 

organizations. 

By integrating poka-yoke with the 

frameworks of Industry 5.0 and Quality 5.0, 

manufacturers can achieve proactive, 

adaptive error prevention that enhances both 

product quality and system agility, 

positioning them to thrive in an era where the 

boundaries between human expertise and 

machine intelligence become increasingly 

seamless (Antony et al., 2023; Bousdekis et 

al., 2023). Table 2 presents examples of 

integrating the poka-yoke method with 

Industry 5.0. These aspects collectively 

contribute to the evolution of poka-yoke 

within Industry 5.0, fostering a human-

centered and intelligent approach to error 

prevention and quality management, 

enhanced by collaborative technologies and 

adaptive systems. 

Table 3 shows the main problems of Poka-

Yoke integration with industry 5.0 

 

Table 2. Poka-Yoka integration with industry 5.0 
Aspect Description 

Synergy between 

Humans and 

Machines 

Industry 5.0 focuses on harmonious collaboration between humans and machines, 

incorporating values like creativity, personalization, and sustainability. Through 

poka-yoke, intuitive support systems for operators can be designed to minimize 

operational errors. Examples include smart user interfaces and augmented reality 

(AR), which provide operators with guidance on the next steps in processes, enabling 

more effective interaction with automation systems and reducing the risk of errors 
(Grabowska et al., 2022). 
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Customization of 

Error Prevention 

Systems 

Industry 5.0 emphasizes tailoring technology to the individual needs of users. Using 

machine learning, poka-yoke can adjust operational functions to the skill level of the 

operator, supporting task personalization and increasing efficiency. This approach 

makes poka-yoke in Industry 5.0 more flexible, adapting to changing requirements 
and user experience levels (Botti et al., 2014; Bousdekis et al., 2023). 

Predictive Error 

Prevention 

Industry 5.0 leverages artificial intelligence (AI) algorithms to predict potential 

problems in processes. The poka-yoke method can utilize predictive analytics to 

prevent errors before they occur. By analyzing real-time data, poka-yoke systems can 
identify anomalies and proactively adjust their operation, which is key to preventive 

quality management (Bousdekis et al., 2023; Gualtieri et al., 2020). 

Automated Process 

Stopping (Jidoka) 

In the context of Industry 5.0, jidoka—automation with human oversight—plays a 

critical role. Integrating poka-yoke with jidoka allows for automatic stopping of the 
production process in case of an error, enabling immediate human intervention. This 

approach minimizes losses resulting from defective production and makes quality 

control more reliable (Jonek-Kowalska & Wolniak, 2021). 

Extending Poka-
Yoke across the 

Supply Chain 

In Industry 5.0, poka-yoke extends beyond production to encompass the entire supply 
chain. With IoT technology, poka-yoke can monitor stages of production, logistics, 

and distribution, preventing errors at every stage. Integrated poka-yoke ensures 

consistency and quality along the entire product journey from supplier to customer 

(Romero et al., 2022). 

Using Data 

Analytics for 

Continuous 

Improvement 

By applying data analytics and big data in Industry 5.0, poka-yoke can dynamically 

adapt based on historical operational data. Machine learning systems enable the 

identification of root causes of errors and optimization of preventive measures, 

creating a culture of continuous improvement (Antony et al., 2023; Escobar et al., 

2024). 

Predictive 

Maintenance 

Predictive maintenance, supported by IoT and data analysis, plays an important role 

in Industry 5.0, where poka-yoke helps in predicting and preventing machine failures 

before they impact production. This prevents downtime, increasing efficiency and 

reliability of production processes (Luttmer et al., 2024; Psarommatis et al., 2022). 

Employee Training 

and Competence 

Development 

Industry 5.0 emphasizes the importance of employee skill development in 

collaborating with intelligent systems. Poka-yoke can be integrated with training 

programs that help employees understand the importance of error prevention systems 

and effectively use advanced technology. Education is a foundation for the successful 

adaptation of poka-yoke in environments based on human-machine collaboration 

(Narkhede et al., 2023). 

 

Table 3. The problems of Poka-Yoka integration with industry 5.0 
Problem  Description  

Complexity of 

Implementation and 

Costs 

Integrating advanced technologies such as artificial intelligence (AI), the Internet of 

Things (IoT), and cyber-physical systems can be costly and complex. Implementing 

poka-yoke with automation and predictive elements requires significant financial 
investments and collaboration between technological and operational departments. 

Companies often need to modernize infrastructure and provide additional training for 

employees, leading to high initial costs (Antony et al., 2023; Gajdzik & Wolniak, 

2022). 

Interoperability 

Issues 

Many companies still rely on legacy systems that can be challenging to integrate with 

modern Industry 5.0 technologies. Achieving interoperability between poka-yoke 

systems and other production systems, such as ERP (Enterprise Resource Planning) 

and SCM (Supply Chain Management), can be problematic. The lack of unified 

standards and communication protocols may lead to errors, data incompatibility, and 

issues with information flow (Bousdekis et al., 2023; Escobar et al., 2024). 

Data Security and 

Privacy 

Industry 5.0, based on continuous data exchange, generates large volumes of 

sensitive information that may be vulnerable to cyber-attacks. Integrating poka-yoke 

with IoT and AI increases the risk of data breaches, requiring additional safeguards 

like encryption, access authorization, and regular security audits. Maintaining a high 

level of security is crucial to prevent data leaks and ensure trust among employees 

and customers (Jonek-Kowalska & Wolniak, 2021; Leng et al., 2023). 
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Skills Gaps and the 

Need for Employee 

Training 

Introducing advanced poka-yoke technologies in Industry 5.0 requires skilled 

employees capable of operating and maintaining these systems. Skills gaps can slow 

down the implementation process and increase the risk of errors when handling new 

technologies. Companies need to invest in training and skill development to ensure 
that employees can effectively use poka-yoke in an Industry 5.0 context (Antony et 

al., 2023; Martini et al., 2024; Mentzas et al., 2024). 

Balancing 

Automation with 
the Human Factor 

Industry 5.0 emphasizes close human-machine collaboration, which can be 

challenging in the context of poka-yoke. Excessive automation may limit the role of 
human operators, potentially reducing their engagement and sense of responsibility 

for quality. Achieving the right balance between machine autonomy and human 

oversight is essential to maintain human values and creativity while benefiting from 

automation (Colim et al., 2021; Grabowska et al., 2022). 

Change 

Management and 

Organizational 

Adaptation 

Implementing poka-yoke in Industry 5.0 requires organizational change, which may 

be met with resistance from employees and management. Companies need to 

effectively manage the change process, educate teams on the benefits of new 

technologies, and motivate employees to actively participate in the implementation 

(Cherubini et al., 2016; Gualtieri et al., 2021). 

 

Table 3 outlines the challenges of 

implementing the poka-yoke approach in 

Industry 5.0 and strategies to address them. 

Effectively overcoming these issues requires 

a holistic approach that integrates advanced 

technologies, organizational adaptability, and 

strong change management. By proactively 

addressing these challenges, organizations 

can fully leverage the benefits of integrating 

poka-yoke with Industry 5.0’s human-

centered and intelligent manufacturing 

systems. 

 

3. Poka-yoka and indutry 5.0 – 

study case 
 

1) Toyota – Human-Centric Error Prevention 

in Assembly Lines 

Toyota, long known for its commitment to 

quality and lean manufacturing principles, 

has adopted poka-yoke in innovative ways 

that align with Industry 5.0’s emphasis on 

human-machine collaboration. In their 

assembly lines, Toyota integrates poka-yoke 

principles through collaborative robots 

(cobots) that assist human workers in 

precision tasks, such as assembling complex 

components. These cobots are equipped with 

sensors and AI algorithms that monitor real-

time data and identify potential deviations 

from standard processes. 

 

For example, if a component is misaligned or 

placed incorrectly, the cobot stops and alerts 

the human operator, allowing them to correct 

the error before the assembly moves to the 

next stage. This human-centric poka-yoke 

approach enables Toyota to maintain high-

quality standards while supporting workers 

through automation, minimizing fatigue and 

reducing the risk of repetitive stress injuries. 

By enabling cobots to “learn” from past 

errors, Toyota’s poka-yoke system 

continually improves its accuracy in error 

detection, enhancing the safety and efficiency 

of the production line. 

2) Bosch – Predictive Maintenance with AI-

Driven Poka-Yoke 

Bosch leverages poka-yoke in Industry 5.0 by 

integrating it with predictive maintenance 

systems across their manufacturing plants, 

focusing on avoiding machinery-related 

errors before they occur. In traditional 

settings, poka-yoke would be applied to 

prevent operator errors; however, Bosch 

extends this concept to machinery, utilizing 

IoT sensors and AI algorithms to monitor 

equipment conditions such as vibration, 

temperature, and pressure. 

When these sensors detect readings outside 

the normal range, the poka-yoke system sends 

alerts to maintenance teams, allowing them to 

take preemptive action before a failure 

disrupts production. For example, if abnormal 

vibrations indicate a potential bearing failure, 
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the poka-yoke system will either slow down 

or stop the machine, preventing further 

damage and minimizing downtime. This 

predictive poka-yoke application not only 

ensures higher equipment reliability and 

product consistency but also supports 

Bosch’s commitment to sustainability by 

reducing waste from unexpected breakdowns. 

This system exemplifies Industry 5.0’s 

proactive approach to quality and 

maintenance, where machines work 

“intelligently” to prevent issues in 

collaboration with human oversight. 

3) Siemens – Augmented Reality for Quality 

Assurance and Error Prevention 

Siemens integrates poka-yoke with 

augmented reality (AR) to enhance quality 

assurance in complex assembly tasks, making 

it easier for operators to avoid errors and 

ensure precision. In Siemens' manufacturing 

lines for products such as industrial turbines 

and medical devices, AR systems display 

real-time, step-by-step instructions to guide 

operators through each stage of assembly. 

These instructions are visualized through AR 

headsets or screens, providing an immersive 

experience that enhances worker focus and 

accuracy. 

The AR system can detect when an operator 

deviates from the prescribed sequence or 

selects an incorrect part, immediately issuing 

an alert or providing corrective feedback. 

This poka-yoke solution not only reduces the 

risk of assembly errors but also accelerates 

the training process for new employees by 

offering on-the-job guidance, even for 

complex tasks. Siemens' AR-enabled poka-

yoke aligns with Industry 5.0’s focus on 

empowering human workers with advanced 

technology, ensuring a high standard of 

quality while supporting workers’ skills and 

efficiency. 

4) BMW – Customized Poka-Yoke for 

Individualized Production 

BMW has adapted poka-yoke to support mass 

customization in its production lines, which is 

central to Industry 5.0’s human-centric and 

flexible manufacturing approach. In BMW’s 

production environment, poka-yoke 

mechanisms are integrated with AI and 

machine learning to handle varying product 

configurations and customer-specific 

customization. For each unique vehicle, 

poka-yoke settings are automatically adjusted 

in real time based on data from previous 

production processes. 

For instance, if a vehicle model requires a 

unique combination of parts or specific 

assembly sequences, the poka-yoke system 

customizes its parameters to ensure the 

correct parts are used and assembled in the 

proper order. Should a deviation occur, the 

system immediately stops the process and 

alerts the operator, allowing them to make 

necessary adjustments. This intelligent poka-

yoke application not only maintains BMW’s 

commitment to quality but also allows the 

company to fulfill customized orders 

efficiently, aligning with the Industry 5.0 

vision of personalized, high-quality 

manufacturing. 

5) Procter & Gamble (P&G) – Smart 

Packaging Lines with Poka-Yoke and IoT 

Procter & Gamble (P&G) utilizes poka-yoke 

in its smart packaging lines, leveraging IoT 

and AI to ensure high-quality packaging 

standards and prevent defects. In these smart 

lines, poka-yoke is integrated with IoT-

enabled quality checks that monitor critical 

aspects of packaging, such as seal integrity, 

label accuracy, and fill levels. Sensors placed 

along the packaging line verify each step, and 

if discrepancies are detected—such as an 

incorrect label or insufficient fill—the system 

stops the process and alerts operators to 

correct the error. 

For example, in cases where a product 

package is sealed improperly, the poka-yoke 

system identifies the defect, and the package 

is redirected for re-sealing or quality checks. 

This application not only minimizes waste but 

also ensures that each product meets P&G’s 

strict quality standards, reducing the risk of 

recalls and enhancing customer satisfaction. 

Through this poka-yoke integration, P&G 

aligns with Industry 5.0’s sustainability and 
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quality objectives, where intelligent systems 

support both quality control and waste 

reduction. 

These examples illustrate how poka-yoke has 

evolved to meet Industry 5.0’s demands, 

enhancing collaboration between human 

operators and intelligent systems, ensuring 

product customization, and using real-time 

data to maintain consistent quality across 

manufacturing processes. 
 

4. Conclusion 
 

The integration of poka-yoke with Industry 

5.0 represents a transformative shift in error 

prevention and quality management, 

expanding upon the technological 

advancements of Industry 4.0 by 

incorporating a strong emphasis on human-

centered design and collaboration. In Industry 

5.0, poka-yoke not only leverages smart 

technologies—such as sensors, IoT, AI, and 

data analytics—but also focuses on 

enhancing the synergy between human 

operators and intelligent systems. This 

integration allows for real-time error 

detection, proactive prevention, and 

continuous improvement, fostering an 

environment where human insight and 

machine intelligence work in harmony. 

Industry 5.0 builds on poka-yoke's 

foundational principles of eliminating errors 

at the source, with additional emphasis on 

customization, adaptability, and 

sustainability. Through predictive analytics 

and machine learning, poka-yoke systems in 

Industry 5.0 are capable of learning from 

historical data and adapting to dynamic 

production conditions, supporting a proactive 

approach to quality control that anticipates 

and addresses potential issues before they 

arise. Furthermore, the emphasis on human-

machine collaboration enables workers to 

focus on tasks requiring creativity and 

problem-solving while relying on automated 

systems for routine, repetitive error-

prevention functions. 

Key benefits of integrating poka-yoke with 

Industry 5.0 include increased flexibility in 

production, enhanced safety and ergonomics, 

and improved training and support for 

workers. Real-time feedback, augmented 

reality (AR), and other assistive technologies 

create a supportive environment for 

employees, enabling them to engage more 

effectively with complex manufacturing 

processes and contributing to a culture of 

continuous learning and quality 

improvement. 

However, implementing poka-yoke in 

Industry 5.0 is not without challenges. 

Organizations must address issues such as the 

high initial costs of advanced technologies, 

data security concerns, and the need for 

skilled employees capable of operating and 

maintaining these systems. Achieving 

interoperability between legacy systems and 

modern Industry 5.0 technologies also 

requires careful planning and investment in 

technological infrastructure and training. 

The integration of poka-yoke with Industry 

5.0 represents a strategic evolution in 

manufacturing, where error prevention and 

quality management become more adaptive, 

resilient, and human-centered. By combining 

advanced technology with human expertise, 

Industry 5.0 and poka-yoke create a 

foundation for sustainable, flexible, and 

highly efficient production systems that align 

with the values of modern industrial 

production. This integration positions poka-

yoke as an essential component in building 

intelligent, responsive, and quality-focused 

manufacturing environments in the era of 

Industry 5.0. 

 

References: 
 

Alrabadi, T. D. S., Talib, Z. M., & Abdullah, N. B. (2023). The role of quality 4.0 in supporting 

digital transformation: Evidence from telecommunication industry. International Journal of 

Data and Network Science, 7(2), 717–728. https://doi.org/10.5267/j.ijdns.2023.2.006 

https://doi.org/10.5267/j.ijdns.2023.2.006


International Journal for Quality Research, 20(1), 77–88, 2026, doi: 10.24874/IJQR20.01-05 

85 

Antony, J., McDermott, O., Sony, M., Toner, A., Bhat, S., Cudney, E. A., & Doulatabadi, M. 

(2023). Benefits, challenges, critical success factors and motivations of Quality 4.0 – A 

qualitative global study. Total Quality Management & Business Excellence, 34(7–8), 827–

846. https://doi.org/10.1080/14783363.2022.2113737 

Botti, L., Gamberi, M., Manzini, R., Mora, C., & Regattieri, A. (2014). A bi-objective 

optimization model for work activity scheduling of workers exposed to ergonomic risk. In 

Proceedings of the XIX Summer School “Francesco Turco” (pp. 226–231). 

Botti, L., Melloni, R., & Oliva, M. (2022). Learn from the past and act for the future: A holistic 

and participative approach for improving occupational health and safety in industry. Safety 

Science, 145, Article 105475. https://doi.org/10.1016/j.ssci.2021.105475 

Bousdekis, A., Lepenioti, K., Apostolou, D., & Mentzas, G. (2023). Data analytics in quality 

4.0: Literature review and future research directions. International Journal of Computer 

Integrated Manufacturing, 36(5), 678–701. https://doi.org/10.1080/0951192X.2022.2128219 

Brun, L., & Wioland, L. (2021). Prevention of occupational risks related to the human-robot 

collaboration. In T. Ahram, R. Taiar, K. Langlois, & A. Choplin (Eds.), Human interaction, 

emerging technologies and future applications III: Proceedings of the 3rd International 

Conference on Human Interaction and Emerging Technologies: Future Applications (IHIET 

2020) (pp. 441–446). Springer. https://doi.org/10.1007/978-3-030-55307-4_66. 

Burggräf, P., Wagner, J., & Krenz, T. (2019). Enabling smart workplaces by implementing an 

adaptive software framework. In I. L. Nunes (Ed.), Advances in human factors and systems 

interaction: Proceedings of the AHFE 2019 International Conference on Human Factors and 

Systems Interaction (pp. 116–127). https://doi.org/10.1007/978-3-030-20040-4_12 

Cherubini, A., Passama, R., Crosnier, A., Lasnier, A., & Fraisse, P. (2016). Collaborative 

manufacturing with physical human–robot interaction. Robotics and Computer-Integrated 

Manufacturing, 40, 1–13. https://doi.org/10.1016/j.rcim.2015.12.007 

Cimini, C., Pirola, F., Pinto, R., & Cavalieri, S. (2020). A human-in-the-loop manufacturing 

control architecture for the next generation of production systems. Journal of Manufacturing 

Systems, 54, 258–271. https://doi.org/10.1016/j.jmsy.2020.01.002 

Colim, A., Morgado, R., Carneiro, P., Costa, N., Faria, C., Sousa, N., ... Arezes, P. (2021). Lean 

manufacturing and ergonomics integration: Defining productivity and wellbeing indicators in 

a human–robot workstation. Sustainability, 13(4), Article 1931. 

https://doi.org/10.3390/su13041931 

El Makrini, I., Merckaert, K., Vanderborght, B., & Lefeber, D. (2019). Task allocation for 

improved ergonomics in human-robot collaborative assembly. In C. Yang (Ed.), Human robot 

collaborative intelligence: Theory and applications (pp. 102). 

El Zaatari, S., Marei, M., Li, W., & Usman, Z. (2019). Cobot programming for collaborative 

industrial tasks: An overview. Robotics and Autonomous Systems, 116, 162–180. 

https://doi.org/10.1016/j.robot.2019.03.003 

Escobar, C. A., Macias-Arregoyta, D., & Morales-Menendez, R. (2024). The decay of Six Sigma 

and the rise of Quality 4.0 in manufacturing innovation. Quality Engineering, 36(2), 316–335. 

https://doi.org/10.1080/08982112.2023.2206679 

Gajdzik, B., & Wolniak, R. (2022). Influence of Industry 4.0 projects on business operations: 

Literature and empirical pilot studies based on case studies in Poland. Journal of Open 

Innovation: Technology, Market, and Complexity, 8(1), Article 44. 

https://doi.org/10.3390/joitmc8010044 

https://doi.org/10.1080/14783363.2022.2113737
https://doi.org/10.1016/j.ssci.2021.105475
https://doi.org/10.1080/0951192X.2022.2128219
https://doi.org/10.1007/978-3-030-55307-4_66
https://doi.org/10.1007/978-3-030-20040-4_12
https://doi.org/10.1016/j.rcim.2015.12.007
https://doi.org/10.1016/j.jmsy.2020.01.002
https://doi.org/10.3390/su13041931
https://doi.org/10.1016/j.robot.2019.03.003
https://doi.org/10.1080/08982112.2023.2206679
https://doi.org/10.3390/joitmc8010044


Żywiołek et al., Enhancing quality assurance through autonomous poka-yoke systems in industry 5.0 environments 

86                                     

Grabowska, S., Saniuk, S., & Gajdzik, B. (2022). Industry 5.0: Improving humanization and 

sustainability of Industry 4.0. Scientometrics, 127(6), 3117–3144. 

https://doi.org/10.1007/s11192-022-04370-1 

Gualtieri, L., Palomba, I., Merati, F. A., Rauch, E., & Vidoni, R. (2020). Design of human-

centered collaborative assembly workstations for the improvement of operators’ physical 

ergonomics and production efficiency: A case study. Sustainability, 12(9), Article 3606. 

https://doi.org/10.3390/su12093606 

Gualtieri, L., Rauch, E., & Vidoni, R. (2021). Emerging research fields in safety and ergonomics 

in industrial collaborative robotics: A systematic literature review. Robotics and Computer-

Integrated Manufacturing, 67, Article 101998. https://doi.org/10.1016/j.rcim.2020.101998 

Hinrichsen, S., & Bendzioch, S. (2018). How digital assistance systems improve work 

productivity in assembly. In Advances in intelligent systems and computing (Vol. 781, pp. 

332–342). Springer. 

Hopko, S. K., Khurana, R., Mehta, R. K., & Pagilla, P. R. (2021). Effect of cognitive fatigue, 

operator sex, and robot assistance on task performance metrics, workload, and situation 

awareness in human-robot collaboration. IEEE Robotics and Automation Letters, 6(2), 3049–

3056. https://doi.org/10.1109/LRA.2021.3062787 

Hussain, I., Qureshi, M., Ismail, M., Iftikhar, H., Zywiołek, J., & López-Gonzales, J. L. (2024). 

Optimal features selection in the high dimensional data based on robust technique: Application 

to different health database. Heliyon, 10(17), Article e37241. 

https://doi.org/10.1016/j.heliyon.2024.e37241 

Iftikhar, H., Mancha Gonzales, S., Zywiołek, J., & López-Gonzales, J. L. (2024). Electricity 

demand forecasting using a novel time series ensemble technique. IEEE Access, 12, 88963–

88975. https://doi.org/10.1109/ACCESS.2024.3419551 

Iftikhar, H., Zywiołek, J., López-Gonzales, J. L., & Albalawi, O. (2024). Electricity consumption 

forecasting using a novel homogeneous and heterogeneous ensemble learning. Frontiers in 

Energy Research, 12, Article 1442502. https://doi.org/10.3389/fenrg.2024.1442502 

Jokovic, Z., Jankovic, G., Jankovic, S., Supurovic, A., & Majstorović, V. (2023). Quality 4.0 in 

digital manufacturing – Example of good practice. Quality Innovation Prosperity, 27(2), 177–

207. https://doi.org/10.12776/qip.v27i2.1870 

Jonek-Kowalska, I., & Wolniak, R. (2021). Economic opportunities for creating smart cities in 

Poland. Does wealth matter? Cities, 114, Article 103222. 

https://doi.org/10.1016/j.cities.2021.103222 

Kartali, A., Janković, M., Gligorijević, I., Mijović, P., Mijović, B., & Leva, M. (2019). Real-

time mental workload estimation using EEG. In L. Longo & M. C. Leva (Eds.), Human mental 

workload: Models and applications. H-WORKLOAD 2019. Communications in computer and 

information science (Vol. 1107, pp. 20–34). Springer. https://doi.org/10.1007/978-3-030-

32423-0_2 

Khan, M. A., Kumar, N., Alsamhi, S. H., Barb, G., Zywiołek, J., Ullah, I., ... Almuhaideb, A. M. 

(2024). Security and privacy issues and solutions for UAVs in B5G networks: A review. IEEE 

Transactions on Network and Service Management. 

https://doi.org/10.1109/TNSM.2024.3487265 

Khan, M. A., Kumar, N., Mohsan, S. A. H., Khan, W. U., Nasralla, M. M., Alsharif, M. H., ... 

Ullah, I. (2023). Swarm of UAVs for network management in 6G: A technical review. IEEE 

Transactions on Network and Service Management, 20(1), 741–761. 

https://doi.org/10.1109/TNSM.2022.3213370 

https://doi.org/10.1007/s11192-022-04370-1
https://doi.org/10.3390/su12093606
https://doi.org/10.1016/j.rcim.2020.101998
https://doi.org/10.1109/LRA.2021.3062787
https://doi.org/10.1016/j.heliyon.2024.e37241
https://doi.org/10.1109/ACCESS.2024.3419551
https://doi.org/10.3389/fenrg.2024.1442502
https://doi.org/10.12776/qip.v27i2.1870
https://doi.org/10.1016/j.cities.2021.103222
https://doi.org/10.1007/978-3-030-32423-0_2
https://doi.org/10.1007/978-3-030-32423-0_2
https://doi.org/10.1109/TNSM.2024.3487265
https://doi.org/10.1109/TNSM.2022.3213370


International Journal for Quality Research, 20(1), 77–88, 2026, doi: 10.24874/IJQR20.01-05 

87 

Khourshed, N., & Gohar, N. (2023). Developing a systematic and practical road map for 

implementing Quality 4.0. Quality Innovation Prosperity, 27(2), 96–121. 

https://doi.org/10.12776/qip.v27i2.1859 

Kim, W., Lorenzini, M., Balatti, P., Nguyen, P. D., Pattacini, U., Tikhanoff, V., ... Ajoudani, A. 

(2019). Adaptable workstations for human-robot collaboration: A reconfigurable framework 

for improving worker ergonomics and productivity. IEEE Robotics & Automation Magazine, 

26(3), 14–26. https://doi.org/10.1109/MRA.2018.2890460 

Leng, J., Zhong, Y., Lin, Z., Xu, K., Mourtzis, D., Zhou, X., ... Shen, W. (2023). Towards 

resilience in Industry 5.0: A decentralized autonomous manufacturing paradigm. Journal of 

Manufacturing Systems, 71, 95–114. https://doi.org/10.1016/j.jmsy.2023.08.023 

Liau, Y. Y., & Ryu, K. (2020). Task allocation in human-robot collaboration (HRC) based on 

task characteristics and agent capability for mold assembly. Procedia Manufacturing, 51, 179–

186. https://doi.org/10.1016/j.promfg.2020.10.026 

Luttmer, M., Weigold, M., Thaler, H., Dongus, J., & Hopf, A. (2024). Towards data-driven 

quality monitoring for advanced metal inert gas welding processes in body-in-white. Journal 

of Manufacturing Systems, 77, 875–891. https://doi.org/10.1016/j.jmsy.2024.10.013 

Martini, B., Bellisario, D., & Coletti, P. (2024). Human-centered and sustainable artificial 

intelligence in Industry 5.0: Challenges and perspectives. Sustainability, 16(13), Article 5448. 

https://doi.org/10.3390/su16135448 

Mattsson, S., Kurdve, M., Almström, P., & Skagert, K. (2023). Framework for universal design 

of digital support and workplace design in industry. International Journal of Manufacturing 

Research, 18(4), 392–414. https://doi.org/10.1504/IJMR.2023.135652 

Mentzas, G., Hribernik, K., Stahre, J., Romero, D., & Soldatos, J. (2024). Editorial: Human-

centered artificial intelligence in Industry 5.0. Frontiers in Artificial Intelligence, 7, Article 

1429186. https://doi.org/10.3389/frai.2024.1429186 

Narkhede, G., Pasi, B., Rajhans, N., & Kulkarni, A. (2023). Industry 5.0 and the future of 

sustainable manufacturing: A systematic literature review. Business Strategy & Development, 

6(4), 704–723. https://doi.org/10.1002/bsd2.272 

Pervaz, J., Sremcev, N. Stevanov, B. & Gusel, L. (2024). Simulation-based Algorithm for 

Continuous Improvement of Enterprises Performance. International Journal of Simulation 

Modelling, 23(2), 212-226. https://doi.org/10.2507/IJSIMM23-2-670 

Psarommatis, F., Sousa, J., Mendonça, J. P., & Kiritsis, D. (2022). Zero-defect manufacturing 

the approach for higher manufacturing sustainability in the era of industry 4.0: A position 

paper. International Journal of Production Research, 60(1), 73–91. 

https://doi.org/10.1080/00207543.2021.1987551 

Romero, D., Gaiardelli, P., Powell, D. J., & Zanchi, M. (2022). Intelligent poka-yokes: Error-

proofing and continuous improvement in the digital lean manufacturing world. In D. Y. Kim 

(Ed.), Advances in production management systems. Smart manufacturing and logistics 

systems: IFIP WG 5.7 International Conference, APMS 2022, Gyeongju, South Korea, 

September 25–29, 2022, Proceedings, Part II (Vol. 664, pp. 595–603). Springer. 

https://doi.org/10.1007/978-3-031-16411-8_68 

Savković, M., Caiazzo, C., Djapan, M., Vukićević, A. M., Pušica, M., & Mačužić, I. (2022). 

Development of modular and adaptive laboratory set-up for neuroergonomic and human-robot 

interaction research. Frontiers in Neurorobotics, 16, Article 863637. 

https://doi.org/10.3389/fnbot.2022.863637 

https://doi.org/10.12776/qip.v27i2.1859
https://doi.org/10.1109/MRA.2018.2890460
https://doi.org/10.1016/j.jmsy.2023.08.023
https://doi.org/10.1016/j.promfg.2020.10.026
https://doi.org/10.1016/j.jmsy.2024.10.013
https://doi.org/10.3390/su16135448
https://doi.org/10.1504/IJMR.2023.135652
https://doi.org/10.3389/frai.2024.1429186
https://doi.org/10.1002/bsd2.272
https://doi.org/10.1080/00207543.2021.1987551
https://doi.org/10.1007/978-3-031-16411-8_68
https://doi.org/10.3389/fnbot.2022.863637


Żywiołek et al., Enhancing quality assurance through autonomous poka-yoke systems in industry 5.0 environments 

88                                     

Singh, J., Ahuja, I. S., Singh, H., & Singh, A. (2023). Application of Quality 4.0 (Q4.0) and 

industrial Internet of Things (IIoT) in agricultural manufacturing industry. AgriEngineering, 

5(1), 537–565. https://doi.org/10.3390/agriengineering5010035 

Sureshchandar, G. S. (2023). Quality 4.0 – A measurement model using the confirmatory factor 

analysis (CFA) approach. International Journal of Quality & Reliability Management, 40(1), 

280–303. https://doi.org/10.1108/IJQRM-06-2021-0172 

Żywiołek, J. (2024). Building trust in AI-human partnerships: Exploring preferences and 

influences in the manufacturing industry. Management Systems in Production Engineering, 

32(2), 244–251. https://doi.org/10.2478/mspe-2024-0024 

 

Justyna Żywiołek 
Faculty of Management 

Czestochowa University of 

Technology, 

Czestochowa,  
Poland 

justyna.zywiolek@wz.pcz.pl 

ORCID 0000-0003-0407-0826 

Gilberto Santos 
Design School, Polytechnic 

Institute Cavado Ave, 

Barcelos, 

Portugal 
gsantos@ipca.pt 

ORCID 0000-0001-9268-3272 

Muhammad Asghar Khan 
Department of Electrical 

Engineering,  

Prince Mohammad Bin Fahd 

University,  
Al Khobar 31952,  

Kingdom of Saudi Arabia 

m.asghar@ieee.org 

ORCID 0000-0002-1351-898X 

Ghayur Ahmad 
College of Business 

Administration, Prince 
Muhammad Bin Fahd 

University,  

Al Khobar,  

Saudi Arabia 
gahmad@pmu.edu.sa 

ORCID 0000-0001-8167-7424 

Hana Štverková 
VŠB-TU Ostrava,  

Faculty of Economics 
Department of Business 

Administration 

Czech Republic 

hana.stverkova@vsb.cz 
ORCID 0000-0002-8481-3767 

 

 

 

 

 
 

 

 

 
 

 

 

 
 

https://doi.org/10.3390/agriengineering5010035
https://doi.org/10.1108/IJQRM-06-2021-0172
https://doi.org/10.2478/mspe-2024-0024

