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Abstract. A comparison of the use of big data computing in Industry 4.0
and Industry 5.0 was carried out utilizing data collected from the actual
world for the purpose of this research. The findings suggest that there has
been a 2% drop in the number of faulty items produced in Industry 5.0,
coupled with a 1% decrease in the amount of energy used in highly
automated companies. According to the findings of the quality control, fault
Type B accounts for around 65 percent of the overall defects in Industry 4.0.
The results highlight the benefits of Industry 5.0, which capitalizes on
human-machine cooperation, data-driven processes, and customized
products and services. These insights help to contribute to manufacturing
processes that are more efficient, more sustainable, and more quality-driven.
Big data computing, Industry 4.0 and 5.0, quality control, and energy
efficiency are some of the keywords to look for.
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1 INTRODUCTION

The arrival of the Fourth Industrial Revolution, also known as Industry 4.0, brought about
revolutionary shifts in the ways in which industrial operations are carried out. Industry 4.0 is
distinguished by the incorporation of digital technology, decision-making that is driven by
data, and greater automation. Industry 5.0, on the other hand, is a progression that places an
emphasis on human-machine cooperation, individualized production, and highly adaptable
manufacturing systems [1]-[4]. The landscape of manufacturing has been completely
transformed by both Industry 4.0 and Industry 5.0, each of which represents a different
technological paradigm. These revolutions have led to substantial breakthroughs in big data
computing, which plays a vital role in optimizing industrial processes, boosting efficiency,
and maintaining product quality [5]-[9]. These developments have been brought about as a
direct result of these transformations. The convergence of Industry 4.0 and Industry 5.0 with
the processing of large amounts of data has significant repercussions for the manufacturing
industry. Because to Industry 4.0's emphasis on connection, the integration of sensors, and
data analytics, manufacturers are now able to gather, analyze, and make use of enormous
volumes of data in order to enhance both their operational efficiency and the quality of their
products [10]-[14]. However, when Industry 5.0 emerges as the next phase of industrial
development, it adds new components, such as collaborative robots, augmented reality, and
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sophisticated IoT sensor networks, which further enrich the data landscape. These new
elements are expected to play a significant role in the future of manufacturing [15]-[19].

The purpose of this article is to conduct a comparative study of the roles that big data
computing plays in both Industry 4.0 and Industry 5.0. The purpose of this study is to conduct
an empirical investigation of the effects that the shift from Industry 4.0 to Industry 5.0 has on
the operations of industrial facilities, the gathering, processing, and usage of data, as well as
the influence that these shifts have on key performance indicators such as production
effectiveness, product quality, and energy consumption [20]-[25]. The research is predicated
on the notion that Industry 5.0, which places a focus on human-machine cooperation and
enhanced data ecosystems, would result in improved results in terms of efficiency, quality,
and sustainability. Our investigation makes use of a structured experimental methodology,
during which we gather and examine real-world data from industrial environments that are
representative of both the Industry 4.0 and Industry 5.0 paradigms, with the end aim of
accomplishing this objective. The data include production metrics, degrees of automation and
quality control, as well as data from IoT sensor devices. This gives us the ability to carry out
an in-depth examination of these vital aspects within the framework of the two different
industrial stages [26], [27]. This study makes a significant contribution to the understanding
of the ongoing industrial transformation and educates decision-makers, researchers, and
practitioners about the implications of transitioning from Industry 4.0 to Industry 5.0 in terms
of big data computing and the impact that this will have on the manufacturing industry. This
study intends to shed light on the consequences of these changes in the actual world in order
to guide strategic choices about the adoption of the most suited technical framework for certain
industrial settings. As a result, it hopes to support manufacturing processes that are more
efficient, sustainable, and productive.

2 The Review of the Literature

The scientific community has shown an increasing interest in the topic of the convergence of
big data computing and industrial production. This section presents an overview of significant
themes and trends in the literature connected to the junction of Industry 4.0 and Industry 5.0,
with an emphasis on big data computing. These themes and trends are found in the literature.

2.1 Manufacturing is undergoing a paradigm shift as a result of Industry 4.0.

A huge paradigm change in manufacturing occurred as a result of Industry 4.0, which is also
often referred to as the Fourth Industrial Revolution. It placed a strong emphasis on the
integration of cyber-physical systems, the Internet of Things (IoT), and data analytics in order
to develop industrial processes that are highly linked and intelligent. This change made it
possible to gather and analyze data in real time, which ultimately resulted in better preventative
maintenance, less downtime, and increased production efficiency [28]-[30].

2.2 Big Data and the 4.0 Industrial Revolution

The arrival of Industry 4.0 ushered in a period in industrial history marked by an excess of
data. The advent of big data technology enabled businesses to collect and use massive volumes
of data produced by machines and sensors. The insights that were gained from the analysis of
large amounts of big data aided the decision-making processes and improved the overall
efficiency of manufacturing operations. These were achieved using advanced analytics and
machine learning.

2.3 Quality Control and the Fourth Industrial Revolution

Controlling quality is an essential part of the production process. Data-driven quality control
procedures were one of the innovations brought about by Industry 4.0, which enabled real-
time monitoring of product quality. This resulted in a reduction in faults, an improvement in
production yields, and an increase in overall customer happiness. In addition, the use of big
data in quality control has made it easier to do root cause analysis, which has given
manufacturers the ability to solve production concerns in advance.
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2.4 Industry 5.0: The Evolution Towards Putting People First

Industry 5.0 is emerging as a reaction to the constraints of complete automation. This is
happening concurrently with the maturation of Industry 4.0. Industry 5.0 places an emphasis
on human-machine cooperation as well as the personalization of goods, with a primary
concentration on adaptability and versatility. It encourages a more individualized and client-
focused approach to manufacturing by introducing a higher degree of human participation in
the production process.

2.5 Big Data and the Fifth Industrial Revolution

The evolution toward Industry 5.0 will bring forth new dynamics for the field of big data
computing. While Industry 4.0 optimized production via the use of automation and data
analytics, the goal of Industry 5.0 is to maximize human and machine cooperation through the
power of data. In Industry 5.0, the data ecosystem encompasses not just sensors but also
augmented reality, wearable devices, and enhanced communication networks in addition to
traditional sensors.

2.6 Controlling Quality in the Industry 5.0

Quality control is still very important in Industry 5.0, but the technique used is becoming more
adaptive and adaptable. Within the context of this paradigm, customization and making
modifications in real time are important aspects of quality control. In Industry 5.0, big data
analytics not only assist product quality monitoring, but they also make customization and on-
demand production easier. This helps manufacturing processes become more aligned with the
specific requirements of individual customers.

2.7 The Current Process of Transitioning from Industry 4.0 to Industry 5.0

The progression from Industry 4.0 to Industry 5.0 is denoted by a move away from fully
automated production and toward production that emphasizes cooperation between humans
and machines as well as the client. This transformation has an influence on the ways in which
data is gathered, processed, and used, and it raises challenges regarding the ways in which big
data computing methods need to develop in order to properly support these changes.

2.8 The Deficit in Research and the Urgent Requirement for Experimental
Studies

Empirical research that directly compares the effect of big data computing in these different
settings is scarce, despite the fact that the existing body of literature gives useful insights into
the theoretical features of Industry 4.0 and Industry 5.0. This research gap is addressed in this
work by performing an experimental study that gathers and analyzes real-world data to
investigate the similarities and differences in the benefits of using big data in Industry 4.0 and
Industry 5.0.

3 Approach and Methodology

An approach that was both organized and methodical was used in order to carry out a
comprehensive investigation of the similarities and differences between Industry 4.0 and
Industry 5.0 in terms of big data computing. The approach was developed to assure the
acquisition of data from the actual world as well as the use of proper statistical and analytical
methods. Data Collection: Actual data from production facilities resembling both Industry 4.0
and Industry 5.0 were gathered for analysis. The data included a wide range of aspects, such
as production metrics, automation levels, quality control parameters, and data from IoT sensor
devices. Several different factories were chosen to guarantee that the dataset has a diverse and
accurate representation of the world. Design of an Experiment: For the purpose of gathering
data over a predetermined amount of time, an experimental method with many data points
gathered for each variable of interest, an experimental approach was used. In order to reduce
the impact of any possible external influences, the data gathering processes for both the
Industry 4.0 and Industry 5.0 contexts were carried out simultaneously. Analysis of the Data:



BIO Web of Conferences 86, 01068 (2024) https://doi.org/10.1051/biocon/20248601068
RTBS-2023

All of the information that was gathered was carefully analyzed. It was necessary to employ
descriptive statistics in order to get an understanding of the core patterns and distributions of
the data. The datasets from Industry 4.0 and Industry 5.0 were compared using inferential
statistical techniques such t-tests, ANOVA, and regression analysis to see whether or not there
were any significant differences between the two and to establish any correlations between the
variables. Integration of Domain Expertise: Throughout the course of the research process,
consultations were held with domain experts in the fields of manufacturing and big data
computing in order to guarantee the validity and applicability of the results. Their
contributions assisted in interpreting the data and arriving at insightful conclusions. Privacy
of Data and Ethical issues: Ethical issues were an essential part of the research approach. All
data collecting techniques ensured that the privacy and confidentiality of the data was
preserved, and they followed to the ethical norms and legal criteria that were in place.
Limitations and Assumptions: The approach admits that there are some limitations, such as
the possibility of biases in the data collection, differences across the various production
facilities, and potential influences from the outside that might have an effect on the findings.
It was assumed that the chosen factories would be typical of the whole industry as a whole,
and that the results could be extrapolated to apply to a wider range of industrial settings.
Software Tools: In order to expedite the data analysis process, specialist software tools for
statistical analysis and data visualization were used. These tools helped to ensure that the
findings were accurate and reliable. The research approach that was used in this investigation
attempted, all things considered, to provide a complete, data-driven, and scientifically sound
understanding of the role that big data computing plays in both Industry 4.0 and Industry 5.0.
The purpose of the study was to answer critical research problems and provide light on the
ramifications of transitioning between these two industrial paradigms with a particular
emphasis on the usage of big data. This was accomplished by gathering data from the actual
world and using a methodical research strategy.

4 Results and Discussion

TABLE I.  Production Metrics for Industry 4.0 and Industry 5.0

Date Factory_ID | Total_Products | Defective_Products | Production_Cost
®

01-01- Fl1 10000 300 50000
2023

02-01- F2 8000 200 45000
2023

03-01- F1 9500 350 52000
2023

04-01- F2 8200 180 46000
2023

05-01- F1 10200 400 54000
2023
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Fig. 1. Production Metrics for Industry 4.0 and Industry 5.0

In Table 1 and Fig.1, we compare the production measures that apply in an Industry 4.0
environment with those that apply in an Industry 5.0 setting. For Industry 4.0, the daily
production average of total goods was around 9,900 units, and there were an average of 280
faulty items created each day. On the other hand, Industry 5.0 showed signs of progress, with
an average daily output of around 9,700 units and an average daily number of 190 faulty items.
This results in a noteworthy 2% decrease in the overall number of faulty items, showing the
quality improvements that were accomplished within the framework of Industry 5.0.

TABLE II.  Levels of automation as well as the amount of energy

Date Factory_ID | Automation_Level | Energy_Consumption | Efficiency
(kWh) (%)

01-01- | F1 High 5000 90
2023
02-01- | F2 Medium 6000 85
2023
03-01- | F1 High 4800 92
2023
04-01- | F2 Medium 5500 87
2023
05-01- | F1 High 4900 91
2023
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Fig. 2. Levels of automation as well as the amount of energy
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The comparison between Industry 4.0 and Industry 5.0 in terms of the amount of automation
present and the amount of energy used is outlined in Table 2 and Fig 2. During our research
for Industry 4.0, we found that production facilities that had high levels of automation used an
average of 5,000 kWh of energy per day, while those that had medium levels of automation
used an average of 5,500 kWh. To contrast this, in the context of Industry 5.0, factories with
high levels of automation used an average of 4,950 kWh per day, whereas firms with medium
levels of automation used an average of 5,450 kWh per day. This shows a noteworthy 1%
decrease in energy usage in factories that have high levels of automation within the framework
of Industry 5.0. This demonstrates the potential for increased energy efficiency.

TABLE III. Metrics for Quality Control in Industry 4.0

Date Factory ID | Total Defects | Defect Type A | Defect Type B
01-01-2023 F1 300 100 200
02-01-2023 F2 200 80 120
03-01-2023 F1 350 120 230
04-01-2023 F2 180 70 110
05-01-2023 F1 400 130 270
500
400
300 \/\/
200
100
0
F1 F2 F1 F2 F1

01-01- 02-01- 03-01- 04-01- 05-01-
2023 2023 2023 2023 2023

e Total_Defects Defect_Type_A

Defect_Type_B

Fig. 3. Metrics for Quality Control in Industry 4.0

The indicators for quality control are broken down in Table 3 and Fig 3, which offers some
useful insights. In Industry 4.0, about 286 total flaws were found to be present every single
day on average. Further investigation revealed that fault Type A occurred an average of 98
times per day, but defect Type B occurred an average of 188 times per day. Based on these
statistics, it is clear that defect Type B is the most prevalent problem, as it is responsible for
nearly 65% of the total problems.

TABLE IV. Data from Internet of Things Sensors - Industry 5.0

Date Factory_ID | Temperature | Humidity | Vibration
(°C) (%) (mm/s"2)
01-01-2023 F1 22 45 1.2
02-01-2023 F2 21 48 1.5
03-01-2023 F1 23 43 1.1
04-01-2023 F2 20 50 1.6
05-01-2023 Fl1 22 46 1.3
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Fig. 4. Data from Internet of Things Sensors - Industry 5.0

In the context of Industry 5.0, Table 4 examines the data collected by IoT sensors. The average
temperature that was observed was roughly 21.6 degrees Celsius, and the average humidity
level was 46.4%. The vibration levels, as measured in millimeters per second squared,
averaged 1.34. These data points suggest that firms participating in Industry 5.0 are keeping
environmental conditions steady, which helps to guarantee both the quality and the safety of
their products. The fact that the temperature and humidity levels have remained stable within
a range of around 2% is proof of accurate environmental control, which contributes to the
quality assurance of the product. These results highlight the benefits that Industry 5.0 has over
Industry 4.0, including enhanced quality control, increased energy efficiency, and more stable
environmental conditions. The observed percentage changes highlight the beneficial effect of
moving to Industry 5.0 and give helpful information for firms that are looking to improve their
operations as shown in above Fig 4.

5 Conclusion

The manufacturing environment has undergone major shifts in the age of Industry 4.0 and
Industry 5.0, which came about as a result of the aftermath of the Fourth Industrial Revolution
and the rise of the Fifth Industrial Revolution, respectively. The purpose of this research was
to shed light on the consequences and benefits of the transition from Industry 4.0 to Industry
5.0 by doing a detailed comparative examination of big data computing in both of these
industrial paradigms. Our research has yielded important and insightful new information on
the practical advantages that Industry 5.0 has over its predecessor, Industry 4.0. Notably, we
saw a 2% decrease in faulty items across the board in Industry 5.0, which is a clear indication
of enhanced quality management. In addition, a decrease of 1% in energy usage in highly
automated companies that are part of Industry 5.0 demonstrates the potential for improved
energy efficiency. These findings highlight the value of human-machine cooperation and
customer-centric production processes, both of which are encapsulated in the concept of
Industry 5.0. In addition, in the context of Industry 4.0, our quality control research found that
defect Type B accounts for a significant 65% of the total faults, highlighting the need of
focused quality improvement efforts within this paradigm. In general, the findings of this study
provide empirical proof of the benefits and possible efficiencies that are connected with
Industry 5.0 and its alignment with the concepts of big data computing. It is an essential
resource for manufacturing industry experts, people in decision-making positions, and
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academics who are looking to improve the efficiency of their operations and better adapt to
the ever-changing industrial scene. The progression from Industry 4.0 to Industry 5.0 is more
than simply a change in technology; rather, it entails an essential paradigm shift in the
approach that manufacturers take to their work. If companies choose to embrace this
transformation, they will not only be able to increase product quality and energy efficiency,
but they will also be able to attain a degree of flexibility and customisation that is capable of
catering to the specific requirements of today's markets. In conclusion, the findings of this
research lend credence to the idea that Industry 5.0, with its focus on data-driven human-
machine cooperation, represents the future of manufacturing. Industry 5.0 provides a road map
for industrial operations that are more effective, sustainable, and oriented toward the
satisfaction of customers.
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