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1. Introduction 29 

In the context of Industry 4.0, which represents a transformative era characterized by the 30 

integration of advanced technologies such as the Internet of Things (IoT), big data analytics, 31 

artificial intelligence (AI), and cyber-physical systems, the Taguchi methods find renewed 32 
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relevance and application. Industry 4.0 is marked by the digitalization and connectivity of 1 

manufacturing processes, resulting in unprecedented opportunities for optimization, efficiency, 2 

and quality improvement. 3 

One of the primary ways in which Taguchi methods can be effectively utilized in Industry 4 

4.0 is through the enhanced data collection and analysis capabilities provided by modern digital 5 

technologies. In traditional manufacturing settings, Taguchi's methods relied on physical 6 

experimentation and manual data collection. However, Industry 4.0 introduces sophisticated 7 

sensors and data acquisition systems that continuously monitor and record process parameters 8 

in real time. This real-time data facilitates the application of Taguchi’s experimental design 9 

principles on a much larger scale, allowing for more precise and timely adjustments to 10 

processes. 11 

Advanced analytics and machine learning algorithms can process the vast amounts of data 12 

generated in an Industry 4.0 environment to identify patterns and correlations that were 13 

previously difficult to discern. By integrating Taguchi methods with these analytical tools, 14 

organizations can perform more complex and refined analyses of the factors affecting quality 15 

and performance. For instance, using machine learning models, manufacturers can simulate 16 

various scenarios and predict the impact of different variables on process outcomes, enabling 17 

more informed decisions about process optimization (Yanamandra et al., 2023). 18 

The purpose of this publication is to present the usage of Taguchi methods approach in 19 

industry 4.0 condition. 20 

2. The basics of Taguchi methods approach 21 

The Taguchi methods, developed by the Japanese engineer and statistician Genichi Taguchi, 22 

represent an advanced approach to process optimization and experimental design in the fields 23 

of engineering and quality management. The primary goal of these methods is to minimize the 24 

impact of variability on product and process quality while simultaneously reducing production 25 

costs and enhancing operational efficiency. 26 

A fundamental premise of Taguchi's methods is the belief that quality is influenced not only 27 

by controllable factors but also by the effects of random factors that introduce variability. 28 

Taguchi introduced the concept of the "loss function", which posits that even minor deviations 29 

from specifications can lead to costs for both the manufacturer and the consumer. Consequently, 30 

the objective is to design systems and processes to minimize these losses regardless of whether 31 

the factors are controllable or not (Barsalou, 2023; Maganga, Taifa, 2023). 32 

The Taguchi methods rely on the application of "design of experiments" (DOE), which 33 

facilitates the systematic investigation of how various factors affect product or process quality. 34 

A key element is the use of "orthogonal arrays", which allow for efficient and economical 35 
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experimental planning. These arrays enable the simultaneous analysis of multiple variables, 1 

allowing for the drawing of conclusions with fewer experiments and resources. By using 2 

orthogonal arrays, Taguchi methods help identify the most influential factors and their optimal 3 

levels, thus improving the overall performance and robustness of processes. Moreover, Taguchi 4 

emphasized the importance of designing products and processes to be robust to variations, 5 

which means that they should perform consistently under a wide range of conditions.  6 

This approach shifts the focus from merely meeting specifications to achieving performance 7 

that remains stable despite external fluctuations. In essence, the Taguchi methods advocate for 8 

a proactive stance on quality improvement, where the aim is to make products and processes 9 

resilient to uncertainties and variations inherent in real-world scenarios. 10 

Industry 4.0 technologies enable greater flexibility and adaptability in manufacturing 11 

processes. The real-time feedback provided by digital systems allows for immediate 12 

adjustments based on the results of Taguchi-based experiments. This dynamic capability 13 

ensures that processes can be continually optimized, rather than relying on static adjustments 14 

based on periodic evaluations (Wolniak, Grebski, 2018; Wolniak et al., 2019, 2020; Wolniak, 15 

Habek, 2015, 2016; Wolniak, Skotnicka, 2011; Wolniak, Jonek-Kowalska, 2021; 2022). 16 

In the case of cyber-physical systems, where digital and physical processes are tightly 17 

integrated, Taguchi methods can be applied to optimize not only individual components but 18 

also the entire system's performance. By utilizing digital twins—virtual replicas of physical 19 

systems—manufacturers can simulate and analyze the effects of various factors on system 20 

behavior without disrupting actual operations. This approach aligns well with Taguchi’s 21 

emphasis on (Jokovic et al., 2023) design and optimization, as it allows for thorough testing 22 

and refinement in a virtual environment before implementation in the physical world. 23 

Additionally, the principles of Taguchi methods can be incorporated into the design and 24 

implementation of smart manufacturing systems. By embedding Taguchi-based algorithms into 25 

production control systems, manufacturers can automate the adjustment of process parameters 26 

to maintain optimal performance despite variations and uncertainties. This integration ensures 27 

that the principles of robust design are applied consistently across all stages of production 28 

(Sułkowski, Wolniak, 2015, 2016, 2018; Wolniak, Skotnicka-Zasadzień, 2008, 2010, 2014, 29 

2018, 2019, 2022; Gajdzik, Wolniak, 2023; Swarnakar et al., 2023). 30 

Overall, the synergy between Taguchi methods and Industry 4.0 technologies enhances the 31 

ability to achieve high-quality outcomes, reduce variability, and optimize processes in  32 

an increasingly complex and interconnected manufacturing landscape. The combination of real-33 

time data, advanced analytics, and adaptive systems allows for more effective application of 34 

Taguchi principles, leading to improved product quality, increased efficiency, and reduced 35 

operational costs (Singh et al., 2023). 36 

Table 1 contains description of Taguchi methods key principles. This expanded table 37 

provides a thorough explanation of each key principle of Taguchi methods, outlining their 38 

significance and application in the context of quality management and process optimization. 39 
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Table 1.  1 
Key principles of Taguchi methods 2 

Key principle Description 

Robust Design Robust design is centered on creating products and processes that maintain 

performance and quality despite variations in external conditions and uncontrollable 

factors. This principle aims to enhance the reliability and durability of a product by 

minimizing sensitivity to factors such as material inconsistencies, environmental 

changes, and operational variations. By incorporating this principle, manufacturers can 

achieve consistent performance and high quality across a range of conditions, reducing 

the likelihood of defects and enhancing customer satisfaction. 

Loss Function The loss function introduced by Taguchi quantifies the economic impact of deviations 

from the target specification of a product or process. According to this principle,  

any deviation from the desired target results in a loss, even if the product still meets the 

basic requirements. This loss can manifest as increased costs for repairs, warranty 

claims, or customer dissatisfaction. The loss function emphasizes that quality 

improvement should focus not only on meeting specifications but also on minimizing 

the total cost of quality, which includes both tangible and intangible costs associated 

with deviations. By applying this principle, organizations can better understand the 

financial implications of quality and strive for designs and processes that minimize 

these losses. 

Design of 

Experiments (DOE) 

Taguchi's methods incorporate the design of experiments (DOE) to systematically 

investigate and optimize the effects of various factors on product and process 

performance. DOE involves planning, conducting, and analyzing controlled 

experiments to identify the relationships between input factors and output performance. 

By using Taguchi's orthogonal arrays and other experimental designs, manufacturers 

can efficiently explore multiple variables and their interactions while minimizing the 

number of experiments required. This approach helps in identifying the most 

significant factors and their optimal settings, leading to more informed decision-

making and improved process efficiency. It also aids in achieving robust designs by 

testing products and processes under varied conditions to ensure consistent 

performance. 

Orthogonal Arrays Orthogonal arrays are a key tool in Taguchi’s methods, providing a structured approach 

to experimental design. These arrays allow for the efficient testing of multiple factors 

and their interactions while using a reduced number of experiments. By organizing 

factors into arrays that balance the levels of each factor, Taguchi methods enable  

a comprehensive analysis of how different variables affect outcomes. This systematic 

approach helps in identifying the critical factors that influence performance and 

quality, facilitating more effective optimization and reducing the experimental 

workload. Orthogonal arrays also support robust design by enabling thorough testing of 

various conditions to ensure that the product or process remains reliable across 

different scenarios. 

Signal-to-Noise 

Ratio (SNR) 

The Signal-to-Noise Ratio (SNR) is a measure used in Taguchi’s methods to quantify 

the robustness of a product or process. It evaluates the ratio of the desired signal 

(performance or quality) to the variability (noise) affecting it. By maximizing the SNR, 

manufacturers aim to enhance the consistency and reliability of their products and 

processes. High SNR indicates that the product or process performs well relative to the 

impact of noise factors, resulting in reduced variability and improved quality.  

Taguchi methods use SNR as a key metric in experimental design and analysis to 

optimize processes and achieve robust performance. 

Control Factors vs. 

Noise Factors 

Taguchi methods differentiate between control factors (variables that can be managed 

or adjusted) and noise factors (variables that cause variability but cannot be controlled). 

The objective is to optimize control factors to improve performance while making the 

system less sensitive to noise factors. By focusing on controlling the impact of noise 

factors through robust design and optimizing the control factors, manufacturers can 

enhance product quality and process reliability. This principle emphasizes the 

importance of designing systems that can maintain consistent performance despite the 

presence of uncontrollable variations. 

 3 

  4 
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Cont. table 1. 1 
Continuous 

Improvement 

Continuous improvement, also known as Kaizen in the context of Taguchi methods, 

involves an ongoing effort to enhance products, processes, and systems. This principle 

underscores the importance of regularly evaluating and refining designs and processes 

to achieve higher quality and efficiency over time. By applying Taguchi’s methods to 

continuously monitor and improve performance, organizations can adapt to changing 

conditions, incorporate new insights, and maintain competitiveness. Continuous 

improvement aligns with the overall goal of achieving robust design and minimizing 

the impact of variability, ensuring sustained progress and excellence in manufacturing 

and quality management. 

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023; 2 
Liu et al., 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023; Antony et al., 3 
2023). 4 

3. How Taguchi methods method can be integrated with Industry 4.0  5 

and Quality 4.0 concept 6 

The integration of Taguchi methods with Industry 4.0 represents a significant advancement 7 

in manufacturing and quality management practices. Industry 4.0, characterized by the seamless 8 

integration of digital technologies such as the Internet of Things (IoT), big data analytics, 9 

artificial intelligence (AI), and cyber-physical systems, provides a robust framework for 10 

enhancing the application of Taguchi’s principles in modern industrial settings.  11 

One of the primary benefits of integrating Taguchi methods with Industry 4.0 is the 12 

enhancement of real-time data collection capabilities. Industry 4.0 technologies enable 13 

continuous monitoring of production parameters through advanced sensors and data acquisition 14 

systems. This real-time data allows for immediate feedback and adjustments, aligning well with 15 

Taguchi’s emphasis on robust design. By leveraging this continuous stream of data, 16 

manufacturers can apply Taguchi’s experimental designs more dynamically, optimizing 17 

processes and maintaining high quality despite variations (Alrabadi et al., 2023). 18 

Advanced analytics and AI further amplify the effectiveness of Taguchi methods in  19 

an Industry 4.0 environment. The vast amounts of data generated in modern manufacturing 20 

settings can be processed using sophisticated analytics tools and machine learning algorithms. 21 

These technologies enable manufacturers to identify intricate patterns and correlations that may 22 

not be evident through traditional analysis methods (Jonek-Kowalska, Wolniak, 2021, 2022, 23 

2023; Rosak-Szyrocka et al., 2023; Gajdzik et al., 2023; Jonek-Kowalska et al., 2022; Kordel, 24 

Wolniak, 2021; Orzeł, Ponomarenko et al., 2016; Stawiarska et al., 2020, 2021; Stecuła, 25 

Wolniak, 2022; Olkiewicz et al., 2021). By integrating Taguchi principles with these advanced 26 

analytical tools, organizations can perform more nuanced analyses of factors affecting 27 

performance and make more informed decisions to optimize process variables. The use of 28 

digital twins, which are virtual replicas of physical systems, represents another crucial aspect 29 

of integrating Taguchi methods with Industry 4.0. Digital twins allow for the simulation and 30 



642 R. Wolniak 

analysis of manufacturing processes in a virtual environment. This capability aligns with 1 

Taguchi’s approach of robust design and optimization by enabling extensive testing and 2 

refinement without disrupting actual operations. Through digital twins, manufacturers can 3 

evaluate how different factors and conditions impact performance, leading to more effective 4 

and efficient process improvements (Bousdekis et al., 2023). 5 

Automated process control systems, empowered by Industry 4.0 technologies, also play  6 

a significant role in integrating Taguchi methods. These systems can continuously adjust 7 

process parameters based on real-time data, ensuring that performance remains optimal.  8 

By applying Taguchi’s principles within these automated control systems, manufacturers can 9 

maintain robust quality and performance, minimizing deviations and responding swiftly to 10 

changes in production conditions. Furthermore, Industry 4.0 enhances the scope and efficiency 11 

of experimental design, a core component of Taguchi methods. With the ability to process large 12 

datasets and automate experimentation, manufacturers can utilize Taguchi’s orthogonal arrays 13 

more effectively. This advancement allows for a comprehensive analysis of multiple factors 14 

and their interactions, facilitating more precise optimization of processes and designs 15 

(Maganga, Taifa, 2023). 16 

Adaptive manufacturing systems, which are integral to Industry 4.0, also benefit from the 17 

integration with Taguchi methods. These systems can quickly adapt to changes in production 18 

requirements or external conditions, and by applying Taguchi’s principles, they can be 19 

continuously optimized to ensure robustness and efficiency. This adaptability ensures that 20 

processes remain consistent and reliable even as conditions evolve. Predictive maintenance, 21 

another significant aspect of Industry 4.0, leverages real-time data and analytics to foresee 22 

equipment failures before they occur. Integrating Taguchi methods into predictive maintenance 23 

strategies allows for the optimization of maintenance schedules and processes, ensuring that 24 

equipment performance is consistently maintained and operational disruptions are minimized 25 

(Antony et al., 2023; Escobar et al., 2023; Antony et al., 2023; Salimbeni, Redchuk, 2023). 26 

Industry 4.0 facilitates scalable optimization across multiple production lines and facilities. 27 

Taguchi methods can be applied on a larger scale to maintain consistent quality and 28 

performance across diverse environments. By utilizing data from various sources, 29 

manufacturers can achieve comprehensive improvements and uphold high standards of quality 30 

throughout their operations (Jonek Kowalska, Wolniak, 2021; Jonek-Kowalska, Wolniak, 31 

2022). 32 

Table 2 is listing examples of integration of Taguchi methods method with Industry 4.0. 33 

This table illustrates how Taguchi methods can be integrated with Industry 4.0 technologies to 34 

enhance process optimization, quality control, and overall efficiency in modern manufacturing 35 

environments. 36 

  37 



The usage of Taguchi methods… 643 

Table 2. 1 

Taguchi methods integration with industry 4.0 2 

Aspect Description 

Real-Time Data 

Collection 

Industry 4.0 technologies, such as IoT sensors and data acquisition systems, enable 

continuous monitoring of production parameters. Integrating Taguchi methods 

with real-time data collection allows for dynamic adjustments and more accurate 

application of experimental designs to improve process robustness. 

Advanced Analytics and 

AI 

The vast amounts of data generated in Industry 4.0 environments can be processed 

using advanced analytics and artificial intelligence. This integration helps in 

identifying complex patterns and correlations, allowing for more precise 

application of Taguchi’s experimental designs and optimizing process variables. 

Digital Twins Digital twins—virtual replicas of physical systems—allow for the simulation and 

analysis of processes in a virtual environment. By integrating Taguchi methods 

with digital twins, manufacturers can test and optimize designs and processes 

virtually, reducing the need for physical experiments and enhancing robustness. 

Automated Process 

Control 

Industry 4.0 enables the use of automated control systems that can continuously 

adjust process parameters based on real-time data. Applying Taguchi principles in 

these systems helps maintain optimal performance by adjusting variables to 

minimize deviations and ensure robust quality. 

Enhanced Experimental 

Design 

With Industry 4.0 technologies, the scope and efficiency of experimental designs 

are significantly improved. Taguchi’s orthogonal arrays can be utilized more 

effectively to analyze complex interactions between multiple factors, thanks to the 

ability to process large datasets and automate experimentation. 

Adaptive Manufacturing Industry 4.0 supports adaptive manufacturing systems that can quickly respond to 

changes in production requirements or external conditions. Integrating Taguchi 

methods allows these systems to be optimized continuously, ensuring they remain 

robust and efficient despite variability in the manufacturing environment. 

Predictive Maintenance Predictive maintenance, powered by real-time data and analytics, helps in 

anticipating equipment failures before they occur. By applying Taguchi methods 

to maintenance strategies, manufacturers can optimize maintenance schedules and 

processes to ensure equipment performance remains consistent and robust. 

Scalable Optimization Industry 4.0 technologies facilitate the scaling of optimization efforts across 

multiple production lines and facilities. Taguchi methods can be applied to large-

scale operations to maintain consistent quality and performance across diverse 

environments, leveraging data from multiple sources for comprehensive 

improvements 

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023; 3 
Liu et al., 2023; Amat-Lefort et al., 2023; Alrabadi et al., 2023; Singh et al., 2023; Barsalou, 2023; 4 
Antony et al., 2023; Saihi et al., 2023; Sureshchandar, 2023; Swarnakar et al., 2023; Gimerska et al., 5 
2023; Salimbeni, Redchuk, 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023; 6 
Antony et al., 2023). 7 

Table 3 is describe the advantages Taguchi methods approach usage in industry 4.0.  8 

This table provides a clear overview of the various advantages of integrating Taguchi methods 9 

with Industry 4.0 technologies, emphasizing the enhanced capabilities and improvements that 10 

result from this integration. 11 

  12 
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Table 3. 1 

The advantages of Taguchi methods integration with industry 4.0 2 

Advantage Description 

Enhanced Data 

Utilization 

Industry 4.0 technologies provide access to vast amounts of real-time data 

through IoT sensors and monitoring systems. Integrating Taguchi methods 

with these technologies allows for more effective use of this data in 

optimizing processes and identifying critical factors affecting quality. This 

results in more precise and informed decision-making. 

Improved Process 

Optimization 

The combination of Taguchi’s robust design principles with advanced 

analytics and AI from Industry 4.0 enables more effective and dynamic 

optimization of manufacturing processes. This integration helps identify 

optimal settings for various process parameters, leading to improved 

performance and efficiency. 

Real-Time 

Performance 

Monitoring 

Industry 4.0 provides continuous monitoring capabilities, which when 

combined with Taguchi methods, allows for real-time adjustments based on 

experimental results. This leads to immediate improvements in process 

performance and quality, as deviations can be promptly addressed. 

Increased 

Experimentation 

Efficiency 

With Industry 4.0 tools, such as digital twins and automated 

experimentation systems, the efficiency of applying Taguchi’s experimental 

designs is greatly enhanced. This results in reduced time and resource 

expenditure for testing and optimizing processes, while providing more 

accurate results. 

Enhanced Predictive 

Maintenance 

Integrating Taguchi methods with predictive maintenance systems powered 

by Industry 4.0 technologies helps in optimizing maintenance schedules. By 

predicting potential failures and adjusting maintenance strategies 

accordingly, manufacturers can reduce downtime and extend equipment 

life. 

Scalable Quality 

Improvement 

Industry 4.0 technologies enable scalable implementation of Taguchi 

methods across multiple production lines and facilities. This scalability 

ensures consistent quality and performance improvements across diverse 

manufacturing environments, leading to uniform high standards. 

Greater Flexibility 

and Adaptability 

The adaptive capabilities of Industry 4.0 systems, when combined with 

Taguchi’s principles, provide greater flexibility in manufacturing. Processes 

can be adjusted in real-time to accommodate changes in production 

requirements or external conditions, maintaining robustness and efficiency. 

Enhanced Robust 

Design 

Taguchi methods emphasize robust design, and Industry 4.0 technologies 

support this by allowing comprehensive simulation and analysis through 

digital twins. This helps ensure that products and processes are designed to 

perform reliably under various conditions, reducing variability and 

improving overall quality. 

Cost Reduction By leveraging real-time data, advanced analytics, and automated systems, 

the integration of Taguchi methods with Industry 4.0 can significantly 

reduce costs associated with quality control and process optimization. 

Efficient experimentation and real-time adjustments lead to lower 

production costs and fewer defects. 

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023; 3 
Liu et al., 2023; Amat-Lefort et al., 2023; Alrabadi et al., 2023; Singh et al., 2023; Barsalou, 2023; 4 
Antony et al., 2023; Saihi et al., 2023; Sureshchandar, 2023; Swarnakar et al., 2023; Gimerska et al., 5 
2023; Salimbeni, Redchuk, 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023; 6 
Antony et al., 2023). 7 

  8 
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Table 4 is describe the problems of Taguchi methods approach usage in Industry 4.0 and 1 

methods to overcome them. This table highlights the potential challenges faced when 2 

integrating Taguchi methods with Industry 4.0 technologies, along with strategies for 3 

addressing these issues effectively. 4 

Table 4. 5 
The problems of Taguchi methods integration with industry 4.0 6 

Problems  Description of Problem Overcoming Strategies 

Data Integration 

Challenges 

Integrating data from diverse sources 

such as IoT sensors, manufacturing 

systems, and enterprise software can 

be complex. Inconsistent data formats 

and communication protocols may 

hinder effective use of Taguchi 

methods. 

Develop a unified data integration 

framework or middleware that 

standardizes data formats and 

facilitates seamless communication 

between systems. Employ data 

integration platforms to manage and 

harmonize data flows. 

High 

Implementation 

Costs 

Implementing Industry 4.0 

technologies alongside Taguchi 

methods may involve significant costs 

related to new technologies, 

infrastructure, and training. This can 

be a barrier for some organizations. 

Conduct a cost-benefit analysis to 

prioritize investments in technology 

that offers the highest return on 

investment. Explore phased 

implementation and incremental 

upgrades to manage costs more 

effectively. 

Complexity of 

Systems 

Integration 

The integration of Taguchi methods 

with complex Industry 4.0 systems, 

such as digital twins and automated 

control systems, can be technically 

challenging and may require 

specialized knowledge. 

Invest in training and upskilling for 

personnel to handle the complexities 

of new systems. Collaborate with 

technology providers and consultants 

to facilitate smoother integration and 

implementation processes. 

Data Security and 

Privacy Concerns 

The use of real-time data and 

interconnected systems in Industry 4.0 

raises concerns about data security and 

privacy. Ensuring that sensitive 

information is protected while 

integrating with Taguchi methods is 

crucial. 

Implement robust cybersecurity 

measures, including encryption, 

access controls, and regular security 

audits. Develop a comprehensive 

data protection policy to address 

privacy concerns and comply with 

relevant regulations. 

Over-Reliance on 

Automated 

Systems 

Dependence on automated systems for 

process control and optimization, 

driven by Industry 4.0 technologies, 

may lead to reduced human oversight. 

This can potentially overlook nuanced 

issues that Taguchi methods aim to 

address. 

Maintain a balance between 

automation and human oversight. 

Ensure that key decision points and 

quality checks involve human 

expertise to complement automated 

systems and prevent potential 

oversight. 

Scalability Issues While Industry 4.0 offers scalability, 

integrating Taguchi methods across 

multiple sites or production lines may 

present challenges, including ensuring 

consistency and uniformity in process 

optimization. 

Develop standardized procedures and 

protocols for applying Taguchi 

methods across different sites. Use 

centralized data management systems 

to ensure consistency in process 

optimization and quality control. 

 7 

  8 
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Cont. table 4. 1 
Complexity in 

Experimental 

Design 

The application of Taguchi’s 

experimental design principles can 

become more complex when 

integrated with the high volume of 

data and multiple variables in Industry 

4.0 environments. 

Use advanced analytical tools and 

software to manage and simplify 

experimental design. Implement 

automated systems for running and 

analyzing experiments to reduce 

complexity and improve efficiency. 

Resistance to 

Change 

Employees and management may 

resist adopting new technologies and 

methods, such as Taguchi principles 

integrated with Industry 4.0 tools, due 

to a lack of familiarity or perceived 

disruption. 

Implement change management 

strategies, including training 

programs and clear communication 

about the benefits of integration. 

Engage stakeholders early in the 

process to gain buy-in and support. 

Integration of 

Legacy Systems 

Many industries still rely on legacy 

systems that may not be easily 

compatible with new Industry 4.0 

technologies. Integrating these older 

systems with Taguchi methods can be 

problematic. 

Explore options for bridging legacy 

systems with modern technologies 

through middleware or custom 

interfaces. Gradually phase out 

outdated systems while integrating 

new solutions to ensure 

compatibility. 

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023; 2 
Liu et al., 2023; Amat-Lefort et al., 2023; Alrabadi et al., 2023; Singh et al., 2023; Barsalou, 2023; 3 
Antony et al., 2023; Saihi et al., 2023; Sureshchandar, 2023; Swarnakar et al., 2023; Gimerska et al., 4 
2023; Salimbeni, Redchuk, 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023; 5 
Antony et al., 2023). 6 

4. Conclusion 7 

The integration of Taguchi methods with Industry 4.0 represents a significant leap forward 8 

in manufacturing and quality management practices. Industry 4.0, characterized by its use of 9 

advanced digital technologies such as IoT, big data analytics, AI, and cyber-physical systems, 10 

provides a transformative environment that enhances the application of Taguchi’s principles. 11 

This convergence allows for a more dynamic and robust approach to process optimization, 12 

leveraging real-time data and advanced analytics to achieve superior quality and efficiency. 13 

The real-time data collection capabilities introduced by Industry 4.0 technologies enable 14 

more immediate and precise application of Taguchi’s experimental designs. This integration 15 

facilitates a more agile response to process variations, leading to improved process robustness 16 

and product quality. Additionally, the use of advanced analytics and machine learning 17 

algorithms in Industry 4.0 environments enriches the analysis of complex data sets, enabling  18 

a deeper understanding of factors affecting performance and supporting more informed 19 

decision-making. 20 

Digital twins, which offer virtual simulations of physical systems, align closely with 21 

Taguchi’s emphasis on robust design by allowing extensive testing and optimization in  22 

a controlled virtual environment. This capability reduces the need for disruptive physical 23 
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experiments and enhances process refinement. Moreover, automated process control systems 1 

in Industry 4.0, empowered by Taguchi principles, ensure that processes maintain optimal 2 

performance and quality through continuous adjustments based on real-time data. 3 

Despite these advancements, integrating Taguchi methods with Industry 4.0 is not without 4 

its challenges. Issues such as data integration complexity, high implementation costs,  5 

and the integration of legacy systems require thoughtful strategies and investments. 6 

Overcoming these challenges involves developing unified data frameworks, conducting cost-7 

benefit analyses, and implementing robust cybersecurity measures. Additionally, addressing 8 

scalability issues, complexity in experimental design, and resistance to change is crucial for 9 

successful integration. 10 

The synergy between Taguchi methods and Industry 4.0 technologies promises significant 11 

benefits, including enhanced data utilization, improved process optimization, and increased 12 

flexibility. This integration not only advances manufacturing capabilities but also contributes 13 

to achieving higher standards of quality and operational excellence. By effectively addressing 14 

the associated challenges, organizations can harness the full potential of this integration to drive 15 

sustained improvements and competitive advantage in the modern industrial landscape. 16 
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