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Abstract

Smart manufacturing is transforming the industrial sector with the use of cutting-
edge technologies like artificial intelligence (Al), big data analytics, and the
Internet of Things (1oT) to increase efficiency, flexibility, and decision-making.
However, because to their inability to manage the fast flow of data, traditional
centralized systems experience latency problems that impede real-time processing.
By reducing latency, improving data security, enabling data processing nearer to
the source, and boosting operational efficiency, edge computing offers a solution.
This study explores the ways in which edge computing might facilitate real-time
data processing for smart manufacturing applications in supply chain
optimization, quality assurance, and predictive maintenance. Edge computing
facilitates smooth and robust production processes by providing immediate
analysis and reaction to high-frequency, changeable data streams from loT
sensors, enabling quick reactions to changing circumstances. In order to improve
the overall effectiveness and responsiveness of smart manufacturing systems, this
study offers a paradigm for comprehending how edge computing might handle the

issues of data volume, interaction with legacy systems, and network stability.
bandwidth when utilizing centralized cloud infrastructures,
hindering their ability to capitalize on real-time data analytics
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1. Introduction
Modern technologies such as artificial intelligence (Al),

big data analytics, and the Internet of Things (loT) have
combined to make smart manufacturing a revolutionary idea
in the industrial sector [1]. This paradigm shift aimed to
optimize production processes by enhancing efficiency,
flexibility, and decision-making capabilities [2]. Previous
studies indicated that smart manufacturing not only improved
operational performance but also enabled real-time data
collection and analysis from diverse sources, facilitating
timely responses to market demands and operational
anomalies [3,4]. Moreover, the importance of real-time data
processing became evident as organizations increasingly
relied on accurate and instantaneous insights to drive their
manufacturing strategies [5-8].

The potential benefits of smart manufacturing, traditional
systems encountered significant challenges, primarily related
to data processing capabilities and system integration [9].
Many organizations experienced high latency and limited
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[10]. Research highlighted that these limitations often resulted
in delays in decision-making and inefficient production
processes [11,12]. The rapid influx of data generated by loT
devices further exacerbated these challenges, creating an
urgent need for innovative solutions that could manage and
analyze this information effectively [13]. The complexity of
integrating legacy systems with emerging technologies
underscored the necessity for a paradigm shift toward
enhanced data processing capabilities.

Through the facilitation of localized analytics and real-time
data processing, edge computing has become a feasible
solution to the shortcomings of conventional production
systems [14,15]. Edge computing greatly decreased latency
and increased the dependability of data-driven decision-
making by processing data closer to its source. Numerous
studies highlighted applications in supply chain efficiency,
quality assurance, and predictive maintenance to demonstrate
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the advantages of implementing edge computing technology
in smart manufacturing. The integration of edge computing
not only enabled manufacturers to enhance their operational
efficiency but also empowered them to leverage real-time
insights for strategic decision-making. Therefore, the
exploration of how edge computing transforms data
processing in smart manufacturing represents a critical area of
research that promises to contribute to the ongoing evolution
of industrial practices.

2. Research Methodology
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FIGURE 1. The Role of Edge Computing in
Enhancing Real-Time Data Processing for Smart
Manufacturing

Mechanisms of Real-Time Data Processing

Robust processing algorithms and efficient data gathering
methods were critical to real-time data processing in smart
manufacturing. The use of Internet of Things (IoT) sensors
and devices to collect data from machines, industrial lines, and
ambient factors was a common practice. These sensors
facilitated the continuous acquisition of data, allowing for
timely insights into operational performance. Data processing
techniques were categorized into stream processing and batch
processing. Stream processing enabled the immediate analysis
of data as it was generated, supporting real-time decision-
making and rapid response to changing conditions. In contrast,
batch processing involved the aggregation of large volumes of
data over a defined period, allowing for thorough analysis at
intervals that suited specific business needs. Both approaches
played essential roles in enhancing operational efficiency and
fostering data-driven decision-making in smart manufacturing
environments.

Advantages of Edge Computing in Real-Time

Processing

Among the numerous notable advantages of incorporating
edge computing into real-time data processing were decreased
latency and faster decision-making. By processing data closer
to its source, edge computing shortened the time required for
data transport to centralized cloud servers. This allowed for
almost immediate analysis and reaction to crucial production
conditions. This capability enhanced operational efficiency,
allowing manufacturers to adapt promptly to changes in
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production demands or equipment status. Furthermore, edge
computing improved the reliability and resilience of
manufacturing systems. Local processing ensured continued
functionality even in the event of network disruptions, thus
maintaining operational integrity and reducing downtime.
Additionally, improved data security and privacy were made
possible by the edge computing architecture. By processing
sensitive data locally, organizations decreased the chances of
data breaches and illegal access that may occur when
transmitting information to cloud services. When taken into
account, these advantages showed how crucial edge
computing is to enhancing real-time data processing in
intelligent industrial environments.

Challenges in Real-Time Data Processing
Real-time data processing in smart manufacturing faced
several notable challenges, particularly regarding data volume
and velocity, integration with legacy systems, and network
reliability issues. The rapid proliferation of 10T devices
generated an overwhelming amount of data, creating
difficulties in processing and analyzing this information in
real-time. High data velocity often exceeded the processing
capabilities of traditional systems, leading to delays in
decision-making and potential operational inefficiencies.
Additionally, integrating edge computing solutions with
existing legacy systems posed significant obstacles. Many
legacy systems were not designed to accommodate the new
data-driven paradigms of smart manufacturing, which
hindered seamless communication and data flow between
technologies. Furthermore, network reliability emerged as a
critical issue, as dependence on stable and fast network
connections was essential for effective real-time processing.
Interruptions in network service could disrupt data
transmission and  processing, compromising  system
performance and operational continuity. These challenges
highlighted the complexities involved in implementing
effective real-time data processing strategies in modern
manufacturing environments.

3. Results and Discussion

FIGURE 2. Sensor Readings Over Time
The graph depicts sensor readings from two sensors, labeled
"Sensor A" and "Sensor B," over a period of time. Sensor A's
readings are plotted in blue, while Sensor B's are shown in red.
The data highlights significant variability, especially in Sensor
B, where readings fluctuate sharply between approximately 45
and 80, suggesting dynamic conditions or processes in the
observed system. Sensor A, on the other hand, displays a more
consistent range, with values generally between 45 and 65. In
the context of our research on The Role of Edge Computing
in Enhancing Real-Time Data Processing for Smart
Manufacturing, this graph illustrates the importance of rapid,
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localized data processing to manage high-frequency and
variable data streams from multiple sensors. In smart
manufacturing, such real-time monitoring was essential for
tracking operational parameters, ensuring equipment stability,
and predicting potential faults before disrupt production. Edge
computing allows these high-volume sensor readings to be
processed closer to the source, reducing latency and enabling
instantaneous response to anomalies. For example, sharp
spikes in Sensor B could trigger immediate adjustments in a
manufacturing line if processed in real-time. Moreover, edge
computing helps filter and aggregate relevant data, sending
only critical information to the central system for further
analysis, thus optimizing bandwidth and storage. This
approach was crucial for maintaining smooth operations,
improving production efficiency, and ensuring quality control
in a smart manufacturing environment where multiple sensors
provide continuous and variable data inputs.
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The graph shows a distribution of readings from Sensor A,
with values ranging between 40 and 60. The histogram reveals
a normal distribution pattern, with a peak frequency around
the center values (approximately 50 to 52), indicating that
most readings from Sensor A cluster around these central
values. This distribution was essential to understanding
baseline operations in a smart manufacturing context, where
real-time data monitoring through edge computing allows for
quick detection of deviations from typical performance. Edge
computing enables data from sensors like Sensor A to be
processed locally, facilitating instant recognition of anomalies
when values stray significantly from the established norm. For
example, a sudden increase or decrease in sensor readings
beyond the usual 40-60 range could indicate machine
malfunction, environmental changes, or other critical
conditions requiring immediate intervention. By processing
this data at the edge, it was possible to maintain operational
efficiency and reduce downtime in smart manufacturing
systems, as alerts can be generated and actions can be taken
without relying on centralized data processing. Furthermore,
edge computing allows for the continual analysis of these data
patterns over time, supporting predictive maintenance
strategies by identifying early signs of wear or malfunction.
Thus, the distribution of Sensor A readings illustrates how
understanding baseline values, combined with real-time edge
processing, can enhance the resilience and responsiveness of
manufacturing systems.
TABLE 1: Advantages and Challenges of Edge
Computing in Smart Manufacturing

Aspect Advantages Challenges
Latency Reduces latency by processing data close | Requires robust local infrastructure to ensure
to the source for faster decision-making. | low latency.

Operational Efficiency

Enhances operational efficiency through
real-time data processing, enabling quick
adjustments.

High data volume from IloT devices can
overload processing.

Network Reliability

Local processing reduces dependency on
network reliability —and  mitigates
disruptions.

Dependence on network connectivity for
broader data sharing.

Data Security

Improves data privacy and security by
minimizing cloud transmissions.

Local storage may still be vulnerable to on-
premises threats.

Legacy System Integration

Can be tailored to work with legacy
systems for smoother integration.

Integrating with older systems may still require
customization.

This table highlights the dual role of edge computing in smart
manufacturing by outlining its key advantages and challenges.
By processing data close to its source, edge computing
minimizes latency, allowing for faster decision-making and
enhanced operational efficiency as adjustments can be made
in real time. It also improves network reliability by reducing
dependency on cloud connections, thus ensuring continuous
operations even if network disruptions occur. Edge computing
further strengthens data security by keeping sensitive data
local, reducing exposure to external threats. However, it
presents challenges, such as handling the high data volume
generated by loT devices, which can strain local processing
capabilities. Integrating edge computing with legacy systems
also poses difficulties, often requiring customization to ensure
seamless communication and compatibility.
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FIGURE 4. Scatter Plot: A vs Sensor B
The scatter plot above illustrates the relationship between
Sensor A and Sensor B readings, with respective means
marked by vertical and horizontal dashed lines. In the context
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of "The Role of Edge Computing in Enhancing Real-Time
Data Processing for Smart Manufacturing,” this graph can be
used to demonstrate how edge devices can analyze sensor data
in real-time to identify and address anomalies in a
manufacturing process. By positioning Sensor A and Sensor
B at various critical points within the manufacturing
workflow, these sensors continuously gather operational data,
which edge computing resources analyze locally, ensuring
swift response times without the need for cloud processing.
This was essential in environments where latency could
compromise product quality or safety. The proximity of
readings to the means reflects the stability or variability of
manufacturing conditions; consistent data near the mean
implies stable operations, while dispersed readings suggest
potential deviations that require immediate attention. This
setup supports the core goals of smart manufacturing
efficiency, reduced downtime, and enhanced quality control
by allowing real-time data-driven decisions at the edge.
Consequently, outliers in this plot could represent conditions
needing corrective actions, illustrating the practical utility of
edge computing in optimizing operational responsiveness
within a smart manufacturing ecosystem.
Conclusion
Edge computing has emerged as a transformative technology
for smart manufacturing, addressing the critical challenges of
latency, data volume, and integration with legacy systems that
traditional cloud-based infrastructures face. By enabling data
processing closer to the source, edge computing reduces
dependency on centralized cloud servers, allowing real-time
analysis of high-frequency, variable data streams from loT
sensors. This capability enhances operational efficiency,
minimizes downtime, and improves decision-making in areas
such as predictive maintenance, quality control, and supply
chain management. Moreover, by ensuring local data
processing, edge computing strengthens data privacy and
security, making it a robust solution for sensitive industrial
environments. As  manufacturing  systems  become
increasingly complex and data-driven, the adoption of edge
computing essential for maintaining responsiveness,
optimizing production processes, and supporting the evolution
of smart manufacturing. This research underscores the
importance of edge computing in achieving a resilient,
efficient, and scalable manufacturing ecosystem that meets the
demands of modern industry.
Data Availability Statement
All data utilized in this study have been incorporated into the
manuscript.
Authors’ Note
The authors declare that there is no conflict of interest
regarding the publication of this article. Authors confirmed
that the paper was free of plagiarism.
References
[1] Wang, B., Tao, F., Fang, X, Liu, C., Liu, Y., & Freiheit,
T. (2021). Smart manufacturing and intelligent
manufacturing: A comparative review. Engineering, 7(6),
738-757.

Communication Technology

2024, Vol. 01, Issue 01

[2] Upton, D. M. (1994). The management of manufacturing
flexibility. California management review, 36(2), 72-89.

[3] Tao, F., Qi, Q., Liu, A., & Kusiak, A. (2018). Data-driven
smart manufacturing. Journal of Manufacturing Systems,
48, 157-169.

[4] Parimi, S. S. (2017). Leveraging Deep Learning for
Anomaly Detection in SAP Financial Transactions.
Available at SSRN 4934907.

[5] Belhadi, A., Zkik, K., Cherrafi, A., & Sha'ri, M. Y.
(2019). Understanding big data analytics for
manufacturing processes: insights from literature review
and multiple case studies. Computers & Industrial
Engineering, 137, 106099.

[6] Balakrishnan, A., Kumara, S. R., & Sundaresan, S.
(1999). Manufacturing in the digital age: exploiting
information technologies for product realization.
Information systems frontiers, 1(1), 25-50.

[7] Oliveira, M. P. V. D., & Handfield, R. (2019). Analytical
foundations for development of real-time supply chain
capabilities.  International Journal of Production
Research, 57(5), 1571-1589.

[8] Azeem, M., Haleem, A., Bahl, S., Javaid, M., Suman, R.,
& Nandan, D. (2022). Big data applications to take up
major challenges across manufacturing industries: A brief
review. Materials Today: Proceedings, 49, 339-348.

[9] Zheng, P., Wang, H., Sang, Z., Zhong, R. Y., Liu, Y., Liu,
C., ... & Xu, X. (2018). Smart manufacturing systems for
Industry 4.0: Conceptual framework, scenarios, and
future perspectives. Frontiers of Mechanical Engineering,
13, 137-150.

[10] Zhang, S., Pandey, A., Luo, X., Powell, M., Banerji, R.,
Fan, L., ... & Luzcando, E. (2022). Practical adoption of
cloud computing in power systems—Drivers, challenges,
guidance, and real-world use cases. IEEE Transactions on
Smart Grid, 13(3), 2390-2411.

[11] Dekkers, R. (2011). Impact of strategic decision making
for outsourcing on managing  manufacturing.
International Journal of Operations & Production
Management, 31(9), 935-965.

[12] Toor, S. U. R., & Ogunlana, S. O. (2008). Problems
causing delays in major construction projects in Thailand.
Construction management and economics, 26(4), 395-
408.

[13]Ni, J., Zhang, K., Lin, X., & Shen, X. (2017). Securing
fog computing for internet of things applications:
Challenges and solutions. IEEE Communications
Surveys & Tutorials, 20(1), 601-628.

[14] Qiu, T., Chi, J., Zhou, X., Ning, Z., Atiquzzaman, M., &
Wu, D. O. (2020). Edge computing in industrial internet
of things: Architecture, advances and challenges. IEEE
Communications Surveys & Tutorials, 22(4), 2462-2488.

[15] Kong, X., Wu, Y., Wang, H., & Xia, F. (2022). Edge
computing for internet of everything: A survey. IEEE
Internet of Things Journal, 9(23), 23472-23485.



Edge Computing for Real-Time Data in Smart Manufacturing 2024, Vol. 01, Issue 01

kQ-EA © Jyotirmoy Banerjee and V. Mosherani. 2024 Open Access. This article is distributed under

the terms of  the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

Embargo period: The article has no embargo period.

To cite this Article: Jyotirmoy Banerjee and V. Mosherani, The Role of Edge Computing in Enhancing Real-
Time Data Processing for Smart Manufacturing, Communication technology 1. 1 (2024): 1 - 5.

Communication Technology 5


http://creativecommons.org/licenses/by/4.0/

