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Purpose: The purpose of this publication is to present the usage of Poka-Yoka approach in
Industry 4.0 conditions.

Design/methodology/approach: Critical literature analysis. Analysis of international literature
from main databases and polish literature and legal acts connecting with researched topic.
Findings: The integration of Poka-Yoke with Industry 4.0 signifies a transformative leap in
error prevention methodologies, aligning seamlessly with the objectives of advanced
manufacturing. By merging the principles of Poka-Yoke with smart technologies like sensors,
IoT devices, and real-time data analytics, a dynamic and sophisticated approach to error
prevention emerges in the era of Industry 4.0. With applications ranging from simple visual
cues to complex technological solutions, Poka-Y oke finds resonance across various industries,
particularly in the automotive sector, where sensors and devices on assembly lines swiftly detect
and rectify deviations, elevating both product quality and operational efficiency.
The incorporation of artificial intelligence and machine learning in Industry 4.0 augments Poka-
Yoke, enabling systems not only to identify errors but also to learn from them, fostering
continuous improvement and adaptability in response to evolving production scenarios.
Emphasizing proactive error prevention at the source, continuous improvement,
and a commitment to training and education, the key principles outlined in Table 1 contribute
to creating resilient, reliable processes delivering consistently high-quality outputs.
Table 2 demonstrates the seamless integration of Poka-Yoke with Industry 4.0, showcasing
technological advancements that collectively form an adaptive approach to error prevention and
quality management. Additionally, Table 3 highlights the advantages of this integration,
emphasizing improved quality control, operational efficiency, and adaptability in modern
manufacturing environments. However, challenges outlined in Table 4, including complex
implementation, data security concerns, high initial costs, interoperability issues, and skill gaps,
necessitate strategic planning and investment in overcoming obstacles. In conclusion, the
integration of Poka-Yoke with Industry 4.0 signifies a strategic evolution, where technology-
driven error prevention, continuous improvement, and a commitment to quality converge to
create resilient, adaptive, and highly efficient manufacturing systems, positioning this
integration as a cornerstone for excellence in the evolving landscape of industrial production.
Originality/value: Detailed analysis of all subjects related to the problems connected with the
usage of Poka-Yoka in Industry 4.0 conditions.
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1. Introduction

Poka-yoke principles align seamlessly with the goals of Industry 4.0 by addressing the
challenges and opportunities presented in this era of advanced manufacturing. The use of
sensors, Internet of Things (loT) devices, and real-time data analytics enables a more
sophisticated and dynamic approach to error prevention. In smart factories, these technologies
play a pivotal role in monitoring and controlling processes, offering the capability to detect
deviations from the norm instantly.

One notable aspect of poka-yoke in Industry 4.0 is the integration of artificial intelligence
(Al) and machine learning algorithms. These technologies empower systems to not only
identify errors but also learn from them, continuously improving and adapting to evolving
production scenarios. Predictive analytics, powered by Al, contribute to a preemptive approach,
allowing for the anticipation and elimination of potential issues before they escalate (Barsalou,
2023; Maganga, Taifa, 2023).

The purpose of this publication is to present the usage of Poka-Yoka approach in Industry
4.0 condition.

2. The basics of Poka-Yoka approach

Poka-yoke, a term originating from Japan, translates to "mistake-proofing" or "error
prevention™ in English. It refers to a method or approach employed in various industries to
eliminate or reduce errors in processes by designing systems that prevent mistakes or make
them immediately apparent. The concept of poka-yoke revolves around the idea that human
errors are inevitable, but their consequences can be mitigated through thoughtful design.
By incorporating fail-safes and intuitive mechanisms into workflows, businesses aim to
minimize the occurrence and impact of mistakes (Gajdzik et al., 2023).

Poka-yoke techniques can take various forms, ranging from simple visual cues to
sophisticated technological solutions. For instance, using color-coding, shape differentiation,
or specific labeling can help operators identify correct components or steps in a process
(Wolniak, Grebski, 2018; Wolniak et al., 2019, 2020; Wolniak, Habek, 2015, 2016; Wolniak,
Skotnicka, 2011; Wolniak, Jonek-Kowalska, 2021; 2022). Additionally, physical constraints or
mechanisms can be implemented to prevent improper actions, ensuring that processes unfold
seamlessly (Jokovic et al., 2023).
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The automotive industry is one sector where poka-yoke is extensively applied. Assembly
lines are equipped with sensors and devices that detect deviations from the standard procedures,
instantly alerting operators to rectify the issue. This not only enhances product quality but also
contributes to overall efficiency by reducing the need for rework.

Poka-yoke aligns with the broader philosophy of continuous improvement and lean
manufacturing. It emphasizes the importance of preventing errors at the source rather than
relying solely on inspections or corrections downstream. This proactive approach not only
reduces the likelihood of defects but also fosters a culture of accountability and attention to
detail within organizations. As industries continue to evolve and embrace automation,
the principles of poka-yoke remain relevant. By integrating error-proofing measures into
processes, businesses can enhance reliability, customer satisfaction, and ultimately,
their bottom line (Alrabadi et al., 2023).

Automation, a cornerstone of Industry 4.0, synergizes effectively with poka-yoke strategies.
Automated systems can be designed with inherent error-proofing mechanisms, ensuring that
tasks are executed accurately and consistently. Robots and autonomous machines equipped
with sensors can navigate complex workflows with precision, minimizing the risk of errors and
enhancing overall operational efficiency. Furthermore, the connectivity fostered by Industry
4.0 facilitates the seamless communication of data across the entire production ecosystem.
This interconnectedness enables a holistic view of the manufacturing process, allowing for
a comprehensive poka-yoke strategy that spans the entire value chain (Jonek-Kowalska,
Wolniak, 2021, 2022, 2023; Rosak-Szyrocka et al., 2023; Gajdzik et al., 2023; Jonek-Kowalska
et al., 2022; Kordel, Wolniak, 2021; Orzet, Ponomarenko et al., 2016; Stawiarska et al., 2020,
2021; Stecuta, Wolniak, 2022; Olkiewicz et al., 2021).

The usage of poka-yoke in Industry 4.0 conditions represents a strategic evolution of error
prevention methodologies. By leveraging the capabilities of advanced technologies, industries
can create resilient, adaptive, and highly efficient manufacturing systems. The integration of
poka-yoke in the era of Industry 4.0 reflects a commitment to quality, innovation,
and the continuous pursuit of excellence in the ever-evolving landscape of industrial production
(Singh et al., 2023).

Table 1 contains description of Poka-Yoka key principles. These principles collectively
contribute to the overarching goal of Poka-Yoke, which is to create processes and systems that
are robust, reliable, and capable of consistently delivering high-quality outputs.



616 R. Wolniak

Table 1.
Key principles of Poka-Yoka

Key principle Description

Poka-Yoke focuses on preventing defects and errors at the source rather than
Elimination of Defects detecting them later in the process. The goal is to eliminate the possibility of
mistakes before they occur.

Poka-Yoke systems should be simple and easy to understand. Complex systems
Simplicity can be prone to failure or may not be used effectively by operators. Simplicity
encourages widespread adoption and success.

Incorporate fail-safe mechanisms that automatically correct or highlight errors.
Fail-Safe Mechanisms This ensures that even if a mistake occurs, it is quickly identified and rectified
before it leads to a defect.

Provide immediate feedback to operators when an error is made. This could be
Feedback and Alarms visual or auditory alarms that alert the operator to the mistake, allowing for
prompt correction.

Design processes and systems with anticipation of potential errors. By
understanding where mistakes are likely to occur, preventive measures can be
implemented to avoid those errors altogether.

Shift the focus from inspection at the end of the process to inspection at the
Source Inspection source. By inspecting components or inputs as early as possible, defects can be
identified and corrected before they propagate through the entire process.

Aim for 100% inspection or verification to ensure that no defects escape

100% Inspection undetected. This involves checking every unit or output for errors, leaving no
room for defective products to reach the customer.

Incorporate automation to detect and stop the production process when a defect is
Autonomation (Jidoka) | identified. This prevents the production of defective items and allows for timely
correction.

Provide comprehensive training to operators to ensure they understand the
Training and Education | importance of error prevention and are equipped with the knowledge and skills to
use Poka-Yoke effectively.

Implement a culture of continuous improvement where the Poka-Yoke system is
regularly reviewed and updated. This ensures that it remains effective in
preventing errors in the evolving production environment.

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023;
Liu et al., 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023; Antony et al.,
2023).

Preventive
(Anticipatory) Design

Continuous
Improvement

3. How Poka-Yoka method can be integrated with Industry 4.0 and Quality
4.0 concept

The integration of the Poka-Yoke method with the Industry 4.0 framework and the concept
of Quality 4.0 represents a synergistic approach toward enhancing manufacturing processes in
the digital era. Industry 4.0, characterized by the use of smart technologies and interconnected
systems, aligns seamlessly with the principles of Poka-Yoke, contributing to a more
sophisticated and adaptive quality management system (Maganga, Taifa, 2023).

In the context of Industry 4.0, the deployment of advanced sensors, 10T devices, and real-
time data analytics facilitates the early detection of deviations or errors in production processes
(Sutkowski, Wolniak, 2015, 2016, 2018; Wolniak, Skotnicka-Zasadzien, 2008, 2010, 2014,
2018, 2019, 2022; Gajdzik, Wolniak, 2023; Swarnakar et al., 2023). Poka-Yoke principles can
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be applied in conjunction with these technologies to create intelligent, self-correcting systems.
For instance, sensors can monitor various aspects of production, and if a deviation from the
norm is detected, automated corrective actions can be initiated, preventing the production of
defective goods (Bousdekis et al., 2023).

The concept of Quality 4.0, which leverages digital technologies for comprehensive quality
management, aligns with Poka-Yoke's emphasis on error prevention. Integrating Poka-Yoke
into a Quality 4.0 framework means incorporating mistake-proofing mechanisms at every stage
of the value chain. This includes not only the prevention of defects in the manufacturing phase
but also extends to aspects such as supply chain management, logistics, and customer
interactions (Jonek Kowalska, Wolniak, 2021; Jonek-Kowalska, Wolniak, 2022).

Furthermore, the data generated by Industry 4.0 technologies can be utilized to continuously
improve Poka-Yoke systems. Machine learning algorithms can analyze historical data to
identify patterns and root causes of errors, allowing for the refinement of error-prevention
strategies. This dynamic feedback loop enables organizations to adapt and optimize their
processes in real-time, fostering a culture of continuous improvement.

Integrating the Poka-Yoke method with Industry 4.0 and Quality 4.0 enhances the
effectiveness of error prevention by leveraging digital technologies, real-time data analytics,
and automation. This holistic approach not only ensures the production of high-quality goods
but also contributes to the overall agility and resilience of manufacturing systems in the rapidly
evolving landscape of the Fourth Industrial Revolution.

Table 2 is listing examples of integration of Poka-Yoka method with Industry 4.0.
These aspects collectively contribute to the integration of Poka-Yoke with Industry 4.0,
fostering a technologically advanced and adaptive approach to error prevention and quality
management in manufacturing processes (Antony et al., 2023; Escobar et al., 2023; Antony
et al., 2023; Salimbeni, Redchuk, 2023).

Table 2.
Poka-Yoka integration with industry 4.0

Aspect Description
Integration of advanced sensors and Internet of Things (10T) devices to monitor
and collect real-time data from production processes. Sensors can detect

Sensors and loT

Devices o . . : . .
deviations, abnormalities, or potential errors, enabling proactive error prevention.
Leveraging automated systems and robotics for the implementation of Poka-

Automation and Yoke mechanisms. Automated processes can quickly identify errors and take

Robotics corrective actions, minimizing the need for human intervention and reducing the

risk of human error in repetitive tasks.

Utilizing data analytics tools to analyze large datasets generated by sensors and
other sources. This allows for the identification of patterns, trends, and root
causes of errors, enabling organizations to make data-driven decisions for
continuous improvement and optimization of Poka-Yoke systems.
Incorporating artificial intelligence (Al) algorithms for advanced error detection
and prediction. Al can learn from historical data to anticipate potential issues,
enhance the accuracy of error prevention measures, and adapt to evolving
production environments for improved overall system efficiency.

Data Analytics

Avrtificial Intelligence
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Cont. table 2.

Ensuring seamless connectivity and interoperability between different

components of the production ecosystem. Integration with Industry 4.0 involves
creating a network where devices, systems, and processes can communicate and
share information in real-time, facilitating a cohesive and responsive production
environment.

Integrating cyber-physical systems where physical processes are connected with
digital systems. This integration enables the synchronization of physical actions
with digital information, allowing for real-time monitoring, control, and
coordination of production processes in line with Poka-Yoke principles.
Implementing predictive maintenance strategies based on data analytics to
anticipate and address potential issues before they lead to equipment failures or
errors in the production process. This proactive approach aligns with Poka-Yoke
principles to prevent defects and disruptions in manufacturing operations.

Utilizing cloud computing for storage, processing, and analysis of large volumes
of data generated by integrated systems. Cloud-based solutions provide

scalability, accessibility, and collaborative capabilities, supporting the effective
implementation and management of Poka-Yoke measures across diverse
manufacturing facilities.

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023;
Liu et al., 2023; Amat-Lefort et al., 2023; Alrabadi et al., 2023; Singh et al., 2023; Barsalou, 2023;
Antony et al., 2023; Saihi et al., 2023; Sureshchandar, 2023; Swarnakar et al., 2023; Gimerska et al.,
2023; Salimbeni, Redchuk, 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023;
Antony et al., 2023).

Table 3 is describe the advantages visual management approach usage in industry 4.0.
These advantages highlight how the synergy between Poka-Y oke and Industry 4.0 technologies
contributes to improved quality control, operational efficiency, and adaptability in modern

Connectivity and
Interoperability

Cyber-Physical Systems

Predictive Maintenance

Cloud Computing

manufacturing environments.

Table 3.

The advantages of Poka-Yoka integration with industry 4.0

Advantage

Description

Real-time Error
Detection

Integration with Industry 4.0 enables real-time monitoring through sensors and
10T devices. This results in the immediate detection of errors or abnormalities in
production processes, allowing for prompt corrective actions and minimizing the
likelihood of defective products reaching the end of the line.

Increased Automation
and Efficiency

By combining Poka-Yoke with automation and robotics in an Industry 4.0
setting, there is a significant increase in process efficiency. Automated systems
can quickly identify and rectify errors, reducing manual intervention,
streamlining workflows, and optimizing overall production efficiency.

Data-Driven Decision
Making

The integration facilitates the collection and analysis of large datasets through
data analytics tools. This data-driven approach allows organizations to make
informed decisions, identify root causes of errors, and continuously improve
Poka-Yoke systems based on insights derived from real-time and historical data.

Adaptability to
Dynamic Environments

The use of artificial intelligence (Al) in Poka-Yoke integration with Industry 4.0
enhances adaptability. Al algorithms can learn from evolving production
environments, adjusting error prevention strategies accordingly. This adaptability
is crucial in today's fast-paced manufacturing landscape, ensuring the resilience
of quality control measures.

Enhanced Connectivity
and Communication

Integration with Industry 4.0 promotes seamless connectivity and interoperability
between various components of the production ecosystem. This facilitates
efficient communication between devices and systems, fostering a collaborative
and responsive manufacturing environment that aligns with the principles of
Poka-Yoke.
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Cont. table 3.

The integration allows for predictive maintenance strategies based on data
analytics. By anticipating equipment issues before they lead to errors,
organizations can implement timely maintenance, preventing disruptions and
ensuring the continuous functionality of the production systems in line with
Poka-Yoke objectives.

Cloud computing in Industry 4.0 provides scalability and accessibility benefits.
Organizations can easily scale their Poka-Yoke systems across multiple facilities,
and cloud-based solutions enable remote access and collaboration, enhancing the
manageability and effectiveness of error prevention measures.

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023;
Liu et al., 2023; Amat-Lefort et al., 2023; Alrabadi et al., 2023; Singh et al., 2023; Barsalou, 2023;
Antony et al., 2023; Saihi et al., 2023; Sureshchandar, 2023; Swarnakar et al., 2023; Gimerska et al.,
2023; Salimbeni, Redchuk, 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023;
Antony et al., 2023).

Table 4 is describe the problems of Poka-Yoka approach usage in Industry 4.0 and methods
to overcome them. Addressing these problems requires a comprehensive approach that
combines technological solutions, organizational strategies, and a commitment to change
management principles. By proactively tackling these challenges, organizations can maximize

Proactive Predictive
Maintenance

Scalability and
Accessibility

the benefits of visual management integration with Industry 4.0.

Table 4.

The problems of Poka-Yoka integration with industry 4.0

Privacy Concerns

data may expose vulnerabilities, leading to
potential breaches or unauthorized access,
which could compromise the effectiveness
and reliability of error prevention systems.

Problems Description of Problem Overcoming Strategies
The integration of Poka-Yoke with CO”."L!C.‘ thoroggh planning and
feasibility studies before
Industry 4.0 may face challenges due to ; X .
. ; : implementation. Collaborate with
the complexity of implementing advanced . .
Complex : experienced technology providers.

. technologies, such as sensors, Al, and loT : - L
Implementation devices. in existing manufacturin Provide comprehensive training to
Challenges ' 9 g personnel. Gradual implementation

systems. Integrating these technologies L .
phases to minimize disruptions. Ensure
seamlessly can be a complex and Lo .
; . strong communication and collaboration
resource-intensive process. .
between IT and operational teams.
Implement robust cybersecurity
The increased connectivity and data measures, including encryption and
exchange in Industry 4.0 raise concerns access controls. Comply with relevant
about data security and privacy. The data protection regulations. Regularly
Data Security and | integration of Poka-Yoke with sensitive update and patch security systems.

Conduct regular audits and assessments
of cybersecurity protocols. Establish
clear data governance policies and
educate personnel on security best
practices.

High Initial Costs
and Resource
Investments

The adoption of Industry 4.0 technologies
and the integration of Poka-Yoke can
entail significant initial costs, including
the acquisition of advanced hardware,
software, and personnel training.
Organizations may face financial
challenges in justifying and allocating
resources for the integration.

Develop a comprehensive cost-benefit
analysis to showcase long-term savings
and benefits. Explore potential funding
or financing options. Consider phased
implementation to spread costs over
time. Leverage government incentives or
grants for technology adoption.
Collaborate with technology vendors for
cost-sharing or flexible payment plans.
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Cont. table 4.

Interoperability
Issues with Legacy
Systems

Existing legacy systems in manufacturing
environments may not seamlessly
integrate with modern Industry 4.0
technologies. Interoperability challenges
between legacy systems and new
components can lead to data
inconsistencies, communication
breakdowns, and hinder the smooth
functioning of integrated Poka-Yoke
systems.

Prioritize compatibility when selecting
new technologies. Invest in middleware
solutions to bridge the gap between
legacy and modern systems. Develop

a roadmap for gradual legacy system
upgrades. Collaborate with vendors to
ensure compatibility. Establish clear
communication protocols and standards
for data exchange.

Skill Gaps and
Workforce
Training Needs

The integration of advanced technologies
requires a skilled workforce capable of
managing and maintaining these systems.
Skill gaps may arise, leading to challenges
in effectively utilizing Industry 4.0 tools
and Poka-Yoke integration. Workforce
training and upskilling become crucial to
maximize the benefits of the integrated
system.

Invest in comprehensive training
programs for existing staff. Collaborate
with educational institutions to develop
tailored training modules. Recruit or hire
personnel with the necessary skills.
Foster a culture of continuous learning
and development. Provide ongoing
training and support as technology
evolves.

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023;
Liu et al., 2023; Amat-Lefort et al., 2023; Alrabadi et al., 2023; Singh et al., 2023; Barsalou, 2023;
Antony et al., 2023; Saihi et al., 2023; Sureshchandar, 2023; Swarnakar et al., 2023; Gimerska et al.,
2023; Salimbeni, Redchuk, 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023;
Antony et al., 2023).

4. Conclusion

The integration of Poka-Yoke with Industry 4.0 represents a strategic evolution in error
prevention methodologies, aligning seamlessly with the goals of advanced manufacturing.
The marriage of Poka-Yoke principles with smart technologies, such as sensors, 10T devices,
and real-time data analytics, offers a dynamic and sophisticated approach to error prevention in
the era of Industry 4.0.

Poka-Yoke's foundation in eliminating or reducing errors through thoughtful design finds
resonance in various industries, with applications ranging from simple visual cues to complex
technological solutions. The automotive industry stands out as a notable example, employing
sensors and devices on assembly lines to detect and rectify deviations promptly, enhancing both
product quality and operational efficiency.

In the context of Industry 4.0, the integration of artificial intelligence and machine learning
brings a transformative dimension to Poka-Yoke. These technologies empower systems not
only to identify errors but also to learn from them, leading to continuous improvement and
adaptability in response to evolving production scenarios. Predictive analytics, fueled by Al,
contributes to a preemptive approach, allowing organizations to anticipate and eliminate
potential issues before they escalate. Table 1 outlines key principles of Poka-Y oke, emphasizing
the proactive nature of error prevention at the source, continuous improvement,
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and a commitment to training and education. These principles collectively contribute to creating
robust, reliable processes capable of consistently delivering high-quality outputs.

The seamless integration of Poka-Yoke with Industry 4.0 is evident in Table 2, showcasing
aspects such as sensors, automation, data analytics, artificial intelligence, and connectivity.
These elements collectively form a technologically advanced and adaptive approach to error
prevention and quality management, fostering efficiency and reliability in manufacturing
processes.

Furthermore, Table 3 highlights the advantages of this integration, emphasizing real-time
error detection, increased automation, data-driven decision-making, adaptability to dynamic
environments, enhanced connectivity, proactive predictive maintenance, and scalability.
These advantages underscore how the synergy between Poka-Yoke and Industry 4.0
technologies contributes to improved quality control, operational efficiency, and adaptability in
modern manufacturing environments. However, as presented in Table 4, challenges arise during
the integration of Poka-Yoke with Industry 4.0, including complex implementation,
data security concerns, high initial costs, interoperability issues with legacy systems, and skill
gaps. Overcoming these challenges requires meticulous planning, cybersecurity measures,
cost-benefit analyses, prioritizing compatibility, and investing in workforce training and
development.

The integration of Poka-Yoke with Industry 4.0 signifies a strategic evolution in
manufacturing practices, where technology-driven error prevention, continuous improvement,
and a commitment to quality converge to create resilient, adaptive, and highly efficient
manufacturing systems. The collaborative efforts of stakeholders, coupled with technological
advancements, position this integration as a cornerstone for excellence in the ever-evolving
landscape of industrial production.
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