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ABSTRACT

Industrial automation is experiencing a significant transformation with the
integration of edge computing technologies, which bring computational power closer
to data sources, enabling real-time processing and intelligent decision-making at the
network edge. This paradigm shift optimizes data analytics and enhances system
responsiveness in industrial settings, addressing critical issues such as latency,
bandwidth limitations, and reliability concerns associated with traditional cloud-based
systems. The paper explores edge computing's applications in industrial automation,
including real-time monitoring and control, predictive maintenance, and quality
assurance, highlighting benefits like improved operational efficiency, reduced
downtime, and enhanced product quality. While implementation challenges such as
security concerns, interoperability problems, and data governance issues exist, the
potential of edge computing to reshape industrial automation is immense. As technology
advances and industry standards evolve, edge computing is poised to unlock new levels
of efficiency, reliability, and scalability in industrial processes. The integration of edge
computing with emerging technologies like 5G and artificial intelligence promises to
further revolutionize the industrial landscape, despite the hurdles that need to be
overcome.
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1. INTRODUCTION

By putting data processing and decision-making capabilities closer to the point of data
collection, edge computing represents a substantial advancement in industrial
automation. Important issues with conventional cloud-based systems, like latency,
bandwidth restrictions, and dependability issues, are addressed by this paradigm shift
[1]. Edge computing is a game-changing answer in industrial environments where
milliseconds can determine production outcomes. It improves overall system efficiency
and reliability by enabling real-time reactions to changing situations through local data
processing [2]. The industrial automation sector has been quickly adopting edge
computing, and by 2025, the worldwide edge computing market size is estimated to
reach $8.9 billion, rising at a compound annual growth rate of 16.4% [3].

The decrease in latency is one of the main factors propelling the growth of edge computing.
Time-sensitive industrial operations may suffer from the introduction of latencies of
100-500 milliseconds by traditional cloud-based solutions. On the other hand, edge
computing can achieve near-instantaneous decision-making by reducing latency to less
than 5 milliseconds [1]. Additionally, edge computing solves the bandwidth constraints
that are frequently present in industrial environments. The amount of data collected is
significant due to the growing number of 10T devices in factories, which is predicted to
reach 75 billion connected devices by 2025 [4]. By enabling on-site processing of this
data, edge computing minimizes the volume of data that must be transferred to the cloud.

Furthermore noteworthy are the dependability gains that edge computing provides. Network
interruptions might result in severe downtime and production losses in a system that
depends on the cloud. Edge computing makes it possible to keep running even in the
event that cloud connectivity is lost. The average cost of downtime in industrial settings
is $260,000 per hour, according to a Ponemon Institute research [2]. Edge computing
has the ability to prevent millions of dollars' worth of downtime expenses for industrial
facilities by guaranteeing continuous operation during network disruptions. Edge
computing is positioned to become more and more important in providing more
responsive, dependable, and efficient systems as industrial automation develops.
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Metric Value
Expected edge computing market size in industrial automation by 2025 8.9
(billion $)

CAGR of edge computing market in industrial automation (2019-2025) (%) 16,4
Traditional cloud-based system latency (milliseconds) 300
Edge computing latency (milliseconds) 5
Estimated number of connected 10T devices in factories by 2025 (billions) 75
Average cost of downtime in industrial environments ($ per hour) 260,000

Table 1: Quantifying the Impact of Edge Computing on Industrial Operations [1-4]

2. CORE PRINCIPLES OF EDGE COMPUTING IN INDUSTRIAL
AUTOMATION

The foundational ideas of edge computing drastically alter the way data is handled and used

in industrial settings. Together, these ideas overcome the drawbacks of conventional
centralized computer models and open up other avenues for industrial automation.

Decentralized processing distributes the strain and lessens reliance on a single point of

failure by shifting computation from centralized data centers to the network edge. In
actual practice, this strategy has proven to be highly beneficial. Decentralized
processing, as opposed to a centralized cloud solution, reduced data transfer volume by
up to 90%, according to a study of an industrial Internet of things system that used edge
computing [5]. This significant decrease enhances overall system responsiveness and
reliability while also relieving network congestion.

Since edge computing entails putting computer power closer to data sources and end users,

proximity is essential. This idea is especially helpful in industrial situations where
processing data in real time is essential. Faster response times in industrial control
systems are made possible by edge computing, which can cut latency by up to 50%
when compared to cloud-based solutions, according to research [6]. This might, in
effect, mean the difference between making defective products or identifying a
manufacturing flaw in time to fix it.

One direct advantage of proximity and decentralized processing is low latency. Edge

computing can greatly enhance industrial operations by facilitating almost immediate
data processing and decision-making. Edge computing increased production efficiency
by 30% in a smart manufacturing plant case study by cutting response times from 100
ms to less than 5 ms [7]. This significant latency reduction might be especially important
in high-speed industrial settings or safety-critical systems where milliseconds count.

Reducing the volume of data transferred across networks is the first step toward bandwidth

efficiency. This is especially crucial in industrial Internet of things applications where
a lot of data is generated by sensors. Edge computing was shown to cut data transmission
by 75% in an oil and gas facility research, which resulted in significant cost reductions
in network infrastructure [8]. In addition to saving money, this optimization makes it
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possible to add more sensors and data collection tools without using up all of the
available network bandwidth.

Systems with offline operation capability are more dependable and resilient because they
can continue to operate even when they are not connected to central networks. This is
especially important in industrial settings where network outages might result in
expensive downtime. Edge computing allows for uninterrupted system function even in
the event of a network loss, potentially reducing system downtime by as much as 20%
in industrial settings, according to research [5]. This idea is particularly helpful in
isolated industrial areas or situations where network connectivity can be erratic or
patchy.

Together, these fundamental ideas of edge computing produce an industrial automation
environment that is more resilient, effective, and responsive. The next generation of
smart factories and industrial systems is being made possible by edge computing, which
is tackling the major issues of latency, bandwidth, and reliability. We may anticipate
seeing even more cutting-edge uses of these ideas as technology develops further,
raising the bar for productivity and industrial efficiency.

3. APPLICATIONS OF EDGE COMPUTING IN INDUSTRIAL
AUTOMATION

Numerous industrial automation applications of edge computing have revolutionized many
elements of production and operational processes. These applications make use of the
fundamental ideas of edge computing to provide observable gains in productivity,
security, and quality assurance. Edge computing facilitates real-time decision-making
and process optimization by moving computation closer to the data source, which is
essential in hectic industrial settings.

In industrial environments, one of the main uses of edge computing is real-time monitoring
and control. Edge computing enables real-time modifications to industrial processes by
facilitating the instantaneous interpretation of sensor data. Edge devices, for instance,
can process temperature sensor data in a steel factory and modify furnace conditions in
real-time to maximize energy efficiency and product quality [9]. Reducing waste and
preserving consistent product quality depend heavily on this real-time control. 10%
more consistent product quality and 15% less energy use were recorded in a case study
of a major steel industry using edge computing for real-time process control [10]. These
enhancements show the real benefits of edge computing in industrial processes,
translating into significant cost reductions and improved product reliability.

Another important application area where edge computing is having a big influence is
predictive maintenance. Edge computing makes it possible to implement predictive
maintenance plans that can greatly minimize downtime and increase machine life by
directly evaluating equipment data. Predictive maintenance can extend equipment life
by 20-40% and cut downtime by up to 50%, according to a McKinsey research [11].
These numbers demonstrate the large cost reductions and productivity gains that might
be realized. By putting edge-based predictive maintenance into practice, a large
automaker was able to reduce unplanned downtime by 30%, which resulted in $2
million in yearly savings per production line [12]. Edge-based predictive maintenance
not only promises lower costs but also more efficient production processes and
improved overall equipment effectiveness (OEE) by anticipating probable equipment
breakdowns before they happen.
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The combination of edge computing and machine vision systems has completely changed
quality control. Real-time quality checks can be completed by edge-based machine
vision systems with previously unheard-of speed and accuracy. For example, edge
computing allows for immediate flaw identification in pharmaceutical packaging lines,
lowering recall risks and guaranteeing regulatory compliance [9]. Compared to cloud-
based solutions, defect detection is made faster and more accurate by the capacity to
process image data at the edge. After deploying edge-based vision systems, a top
pharmaceutical business reported a 40% decrease in quality-related recalls, with fault
detection accuracy increasing from 92% to 99.5% [10]. In addition to improving product
safety, this improvement in quality control also considerably lowers the expenses
related to recalls and regulatory non-compliance.

One area where edge computing is making major progress is worker safety. Through the
real-time analysis of data from environmental sensors and wearable technology, edge
computing can improve worker safety. Edge-based systems can identify dangerous gas
concentrations or equipment failures in mining operations, prompting the
implementation of immediate safety procedures [11]. In these safety-critical
applications, where even a small delay could have dire effects, edge computing's low
latency is essential. After putting in place an edge-based worker safety system, a major
mining company reported a 60% decrease in safety occurrences, with response times to
possible hazards dropping from minutes to seconds [12]. This significant increase in
safety performance shows how edge computing can save lives in industrial settings.

Another area where edge computing is significantly advancing is supply chain optimization.
Distribution centers that use edge computing can streamline logistics and inventory
management, improving inventory accuracy and expediting order fulfillment.
According to reports, Amazon's fulfillment centers have used edge computing to cut
picking times by 50% and increase inventory accuracy to almost 100% [9]. Both
operational effectiveness and consumer happiness are directly impacted by these
advancements. By implementing edge computing in its distribution centers, a major
retailer was able to achieve a 25% gain in overall operational efficiency and a 30%
reduction in order fulfillment time [10]. Edge computing allows for real-time tracking
and decision-making, which helps businesses optimize their supply chains and react
faster to shifting consumer demands.

These uses highlight edge computing's revolutionary potential in business environments.
Enhancing productivity, safety, and quality control in industries can be accomplished
by facilitating real-time data processing and decision-making at the edge. We anticipate
seeing even more cutting-edge applications emerge as edge computing technologies
develop, further changing industrial automation.
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Percentage Improvements Across Industrial
Applications with Edge Computing
Operational Efficiency Increase IS 25
Order Fulfillment Time Reduction HIImmmmmmmms 30
Inventory Accuracy HEE 5
Picking Time Reduction Il 50
Safety Incidents Reduction NI 0
Defect Detection Accuracy HEEE 8
Quality-Related Recalls Reduction IS 40
Unplanned Downtime Reduction NI 30
Machine Downtime Reduction HIIIN—————_ 50
Product Quality Consistency IS 10
Energy Consumption Reduction s 15

0 20 40 60

Fig. 1: Impact of Edge Computing on Key Industrial Metrics [9-12]

4. BENEFITS OF EDGE COMPUTING IN INDUSTRIAL SETTINGS

In industrial settings, edge computing provides a number of noteworthy benefits that help
traditional centralized computing models overcome many major obstacles. These
advantages apply to many facets of industrial processes, such as dependability,
efficiency, performance, and security.

Reduced Latency:

Edge computing drastically cuts latency, which is important in industrial applications that
require quick response times. It does this by processing data locally. This can result in
increased precision and quicker production cycles in robotic assembly lines [13]. An
automobile manufacturing factory that used edge computing in its robotic assembly line,
for example, saw a 15% boost in production speed and a 20% improvement in assembly
precision as a result of a reduction in response time from 100 ms to less than 10 ms [14].
Higher-quality products and more efficient manufacturing are the results of this
significant reduction in latency, which makes it possible to perform more intricate and
precise robotic operations.

Enhanced Security:

Retaining sensitive data in an industrial setting reduces the dangers of transmitting it to the
cloud. According to a Forrester report, 57% of businesses list increased security as one
of edge computing's main advantages [15]. Practically speaking, important operational
data and patented manufacturing processes can be seriously compromised by this
increased security. A pharmaceutical company's edge computing case study revealed a
70% drop in data-related security events and a 40% drop in risks connected to
compliance [13]. Edge computing adds another level of protection against outside
threats and data breaches by processing and storing important data locally.

Bandwidth Optimization:

https://iaeme.com/Home/journal/lJCET editor@iaeme.com



Vishvesh H. Khisty

Edge computing minimizes the quantity of data sent to the cloud, which is very helpful for
businesses that produce a lot of data. Edge computing can save bandwidth requirements
in oil and gas operations by up to 80%, as remote stations produce gigabytes of data
every day [16]. In addition to saving money, this large drop in data transmission also
makes it possible to employ network resources more effectively. For instance, after
using edge computing throughout its remote activities, a significant oil and gas business
reported yearly savings of $5 million in network infrastructure expenditures [14].
Furthermore, operational resilience is increased due to the decreased dependence on
network access, particularly in difficult or distant environments.

Enhanced Reliability:

Decentralized architecture improves system reliability, which is essential for industrial
processes and critical infrastructure. Edge computing shortens outage durations in
power distribution networks by enabling quicker problem detection and self-healing
capabilities [13]. A 40% decrease in average outage length and a 60% improvement in
fault localization accuracy were observed in a study of an edge computing-based smart
grid implementation [15]. As an example, a major utility company predicted yearly
savings of $10 million owing to reduced downtime and enhanced service quality after
deploying edge computing in its distribution network [16]. This increased reliability
translates to huge economic benefits.

Beyond these four main categories, edge computing in industrial contexts has many
advantages. For instance, edge computing makes it possible for industrial facilities to
manage energy more effectively. A 25% decrease in total energy consumption was
observed in a big manufacturing plant that was using edge-based energy management
systems, according to a study [14]. Moreover, edge computing makes predictive
maintenance tactics more effective. One aerospace manufacturer reported that using
edge-based predictive maintenance resulted in a 25% increase in equipment lifespan
and a 30% reduction in unexpected downtime [15].

To sum up, edge computing has numerous and substantial advantages in industrial contexts.
Edge computing is revolutionizing industrial operations by lowering latency, boosting
security, and optimizing bandwidth utilization and reliability. We may anticipate that
these advantages will grow as the technology develops and matures, spurring even
higher productivity and inventiveness in industrial automation.

. CHALLENGES IN IMPLEMENTING EDGE COMPUTING

Although edge computing has many advantages, there are a few issues that need to be
carefully considered before implementing it in an industrial setting. These issues are
related to resource management, data governance, security, and interoperability.

Security Concerns:

Unlike conventional centralized systems, edge computing's dispersed architecture presents
unique security issues. It is imperative to implement safe boot procedures, strong
encryption, and frequent security assessments [17]. According to an IDC report, 73%
of enterprises cite security as the biggest obstacle to the adoption of edge computing
[18]. In actuality, these worries are not baseless. Strong security measures are crucial,
as evidenced by the study on industrial edge computing implementations, which found
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that 62% of edge devices had at least one major vulnerability that was unpatched [19].
Industries are substantially investing in edge security solutions to address these issues.
One large automaker, for example, claimed to have reduced security incidents involving
edge devices by 40% by allocating an extra 15% of its edge computing budget to
security measures [20].

Interoperability Problems:

It might be difficult to integrate various edge devices and platforms, which frequently
results in incompatibilities and higher implementation costs. These issues are being
addressed by the creation of edge-specific protocols and the acceptance of open
standards like OPC UA [17]. Interoperability problems plague 75% of firms deploying
0T initiatives, according to a Gartner report [18]. Industries are increasingly using
standardized methods to counter this. For instance, the use of OPC UA in a sizable
chemical processing facility resulted in a 25% reduction in total maintenance costs
associated with system interoperability and a 30% reduction in the integration time for
new edge devices [19].

Resource Restraints:

In comparison to cloud servers, edge devices frequently have lower processing and storage
capacities. To get beyond these restrictions, edge-optimized algorithms and effective
resource management are crucial [17]. Typical edge devices only have 1/100th the
processing power and 1/10,000th the storage capacity of cloud servers, according to an
IEEE research [20]. The complexity of algorithms that can be executed at the edge can
be strongly impacted by this limitation. Nevertheless, creative solutions are being
created to deal with this. A semiconductor company, for example, developed a
distributed edge computing architecture that evenly dispersed workloads among several
edge nodes, increasing overall processing capability by 40% without requiring upgrades
to individual devices [18].

Data Governance:

To guarantee data integrity, privacy, and regulatory compliance, managing data across
dispersed edge locations calls for extensive governance structures [17]. This is
especially difficult in sectors like banking and healthcare where regulations are
stringent. According to a KPMG survey, 67% of businesses have trouble with data
governance in environments that use edge computing [19]. The difficulties are complex
and include problems with data ownership, access management, and adhering to laws
like the CCPA and GDPR. Industries are creating complex edge data governance plans
in response to these issues. For instance, a global bank's edge computing infrastructure
saw the implementation of a federated data governance model, which reduced data-
related compliance issues by 50% and improved data quality metrics by 30% [20].
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These problems are complicated, which frequently creates major implementation obstacles.
According to a Deloitte research, these difficulties cause 30% of edge computing
projects to fall short of their goals [18]. Nonetheless, these success rates are rising as
best practices and technology advance. Businesses who implemented edge computing
gradually, tackling each obstacle one at a time, for example, reported a 60% higher
success rate in their initiatives [19].

The advantages of edge computing nevertheless motivate its use in industrial environments
in spite of these obstacles. We should anticipate seeing more reliable, secure, and
effective edge computing systems when these problems are resolved. Careful planning,
ongoing oversight, and a readiness to adjust to the particular needs of edge computing
environments are crucial.

Challenge or Improvement Percentage
Security as top concern in adoption 73%
Devices with critical vulnerabilities 62%
LoT interoperability difficulties 75%
Integration time savings with standards 30%
Interoperability maintenance cost reduction 25%
Edge vs. Cloud processing power ratio 10%
Edge vs. Cloud storage capacity ratio 1%
Processing capacity gain with distribution 40%
Data governance challenges 67%
Compliance issue reduction with new models 50%
Data quality improvement with new models 30%
Success rate increase with phased approach 60%

Table 2: Edge Computing: Hurdles and Progress Indicators [17-20]

6. EMERGING TRENDS AND FUTURE DIRECTIONS IN INDUSTRIAL
EDGE COMPUTING
With a number of new trends and potential future directions, the field of edge computing in
industrial settings is fast developing and has the potential to significantly alter industrial
automation and operations. These advancements hold the potential to expand the

capabilities of edge computing, opening the door to more complex applications and
promoting increased productivity and creativity in industrial operations.

5G Integration:
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The introduction of 5G networks would greatly improve industrial settings' ability to use
edge computing. Higher bandwidth and ultra-low latency of 5G will allow for more
advanced edge applications, like remote control of large machines and augmented
reality for maintenance [21]. By 2030, edge computing enabled by 5G could contribute
up to $15.7 trillion to the global GDP, according to an Ericsson estimate [22]. A
significant automaker claimed practical uses such as a 35% decrease in production cycle
times and a 50% improvement in fault detection rates after integrating 5G-integrated
edge computing into its assembly lines [23]. New applications in remote operations are
also made possible by the combination of 5G and edge computing. For example, a
mining business used edge computing and 5G to effectively implement remote-
controlled excavators, which increased operating efficiency by 20% and reduced the
need for on-site workers by 40% [24].

Al at the Edge:

More complex Al features are being added to edge devices as a result of developments in
hardware and algorithms. It is anticipated that edge Al would allow industrial processes
to make increasingly autonomous decisions [21]. According to an IDC research, 75%
of enterprise-generated data will be processed at the edge by 2025, with a large share
utilizing artificial intelligence (Al) applications [22]. Numerous businesses are already
witnessing encouraging outcomes from this trend. One semiconductor factory, for
instance, claimed a 25% boost in overall yield and a 30% decrease in defect rates after
using edge Al for quality control [23]. Another example involved a smart plant that
reduced material waste by 20% and improved energy efficiency by 15% by using edge
Al for process optimization [24].

Edge-Cloud Continuum:

This smooth fusion of edge and cloud resources, sometimes referred to as the edge-cloud
continuum, is probably where industrial computing is headed. Using this method,
computational jobs can be dynamically assigned according to real-time requirements
[21]. 75% of enterprise-generated data will be created and handled outside of a
conventional centralized data center or cloud by 2025, according to Gartner's prediction
[22]. More adaptable and effective industrial operations are made possible by this move
to a distributed computing paradigm. A significant oil and gas corporation reported a
30% increase in overall operational efficiency and a 40% decrease in data processing
latency after adopting an edge-cloud continuum strategy [23]. Additionally, the edge-
cloud continuum is enabling more sophisticated analytics capabilities. For example, a
global manufacturing company that used this strategy for supply chain optimization saw
a 25% decrease in inventory expenses and a 20% increase in the precision of demand
forecasting [24].

Quantum Edge Computing:

In the future, industrial optimization and cryptography may be completely transformed by
the incorporation of quantum computing concepts with edge devices [21]. Quantum
edge computing, however still in its infancy, has enormous promise to resolve
challenging industrial issues. Comparing quantum edge computing to classical edge
computing, an IEEE research suggests that quantum edge computing could speed up
some optimization problems by 100-1000 times [22]. Early research in this area is
yielding encouraging findings.
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For instance, a quantum edge computing prototype that resolved a challenging molecular

simulation problem 50 times quicker than traditional approaches was demonstrated in a
research cooperation between a top tech business and a chemical producer [23].
Quantum edge computing is anticipated to offer unbreakable encryption for industrial
communication in the field of cybersecurity. Quantum key distribution at the edge can
secure industrial control systems against even the most sophisticated cyber assaults,
according to a large telecoms company's pilot project [24].

The aforementioned tendencies and prospective avenues underscore the continuous
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progression and possibilities of edge computing within industrial environments. We
may anticipate radical shifts in the optimization, management, and security of industrial
processes as these technologies develop and merge. The convergence of 5G, Al, edge-
cloud continuum, and possibly quantum computing at the edge will probably propel
industrial processes to hitherto unheard-of heights of productivity, independence, and
creativity.

The Edge Advantage: Percentage Gains
in Industrial Operations

5% 75%
50%
40% 40%
35%
30% 30%
25% %
20% 20% 20%
I 15%
Value
B Production Cycle Reduction m Defect Detection Improvement
Mining Efficiency Increase On-site Personnel Reduction
M Edge Data Processing by 2025 B Semiconductor Defect Reduction
B Semiconductor Yield Increase B Smart Factory Energy Efficiency
B Smart Factory Waste Reduction B Non-Traditional Data Processing by 2025
W Oil & Gas Latency Reduction W Oil & Gas Efficiency Improvement

Manufacturing Inventory Cost Reduction m Forecast Accuracy Improvement

Fig. 2: Measuring the Edge Effect: Percentage Improvements in Industrial Sectors [21-24]
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7. CASE STUDIES IN INDUSTRIAL EDGE COMPUTING
IMPLEMENTATION

These case studies illustrate the tangible benefits of edge computing in real-world industrial
applications:

Siemens Wind Farm:

Siemens implemented edge computing in its wind turbines, resulting in a 20% increase in
energy output and significant reductions in maintenance costs [25]. The system enabled
predictive maintenance, reducing unplanned downtime by 30% and extending turbine
lifespan by 15%. Real-time data processing allowed for dynamic adjustment of turbine
parameters, optimizing yaw and pitch of blades. This solution paid for itself within 18

months, with annual savings estimated at €2 million per 100 MW of installed capacity
[26].

Boeing Aircraft Manufacturing:

Boeing's edge computing implementation in assembly lines led to a 25% reduction in
production time and improved quality control [25]. Integrated with AR technology, it
resulted in a 90% reduction in wiring errors and a 30% decrease in inspection time. The
edge-based quality control system increased defect detection accuracy from 92% to
99.5%. Real-time tracking of tools and components reduced search time by 50%.
Boeing estimated annual savings of approximately $100 million in its commercial
aircraft division [26].

Procter & Gamble Smart Factories:

P&G's adoption of edge computing in manufacturing facilities resulted in a 20% increase
in overall equipment effectiveness (OEE) and substantial energy savings [25]. It led to
a 35% reduction in unplanned downtime and a 15% increase in production throughput.
The edge-based energy management system reduced energy consumption by 23%.
Quality control improvements reduced waste by 18% and improved first-pass yield by
10%. P&G reported cost savings of over $500 million annually across its global
operations [26].

These case studies demonstrate how edge computing enables real-time data processing,
predictive maintenance, energy optimization, enhanced quality control, and improved
worker productivity in industrial settings

CONCLUSION

Edge computing has emerged as a transformative force in industrial automation, offering
unprecedented opportunities for enhancing efficiency, reliability, and decision-making
capabilities across various sectors. The case studies of Siemens, Boeing, and Procter &
Gamble clearly demonstrate the tangible benefits of edge computing implementation,
including significant improvements in productivity, quality control, and cost savings.

As we look to the future, the integration of edge computing with emerging technologies
such as 5G, Al, and potentially quantum computing promises to unlock even greater
potential. These advancements are poised to revolutionize industrial processes, enabling
more autonomous operations, predictive maintenance, and real-time optimization at a
scale previously unattainable.
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However, the road to widespread adoption is not without challenges. Security concerns,
interoperability issues, and data governance complexities must be addressed to ensure
the robust and reliable implementation of edge computing solutions. Industry
stakeholders must collaborate to develop standardized protocols and best practices that
can facilitate smoother integration and mitigate potential risks.

Despite these challenges, the potential benefits of edge computing far outweigh the hurdles.
As the technology matures and industries gain more experience in its implementation,
we can expect to see even more innovative applications and impressive results. The
companies that successfully navigate this transition and harness the power of edge
computing will likely gain a significant competitive advantage in an increasingly data-
driven industrial landscape.

In conclusion, edge computing stands at the forefront of the next industrial revolution,
promising to reshape manufacturing, energy production, and supply chain management.
As we move forward, continued research, development, and practical implementation
of edge computing solutions will be crucial in realizing its full potential and driving the
future of industrial automation.

REFERENCES

[1] W. Shi, J. Cao, Q. Zhang, Y. Li and L. Xu, "Edge Computing: Vision and Challenges," in IEEE
Internet of Things Journal, wvol. 3, no. 5, pp. 637-646, Oct. 2016, doi:
10.1109/J10T.2016.2579198.

[2] M. Satyanarayanan, "The Emergence of Edge Computing,"” in Computer, vol. 50, no. 1, pp. 30-
39, Jan. 2017, doi: 10.1109/MC.2017.9.

[3] Grand View Research, "Edge Computing Market Size, Share & Trends Analysis Report By
Component, By Application, By Industry Vertical, By Region, And Segment Forecasts, 2019 -
2025," 2019.

[4] Statista, "Internet of Things (1oT) connected devices installed base worldwide from 2015 to
2025," 2021.

[5] F. Bonomi, R. Milito, J. Zhu, and S. Addepalli, "Fog computing and its role in the internet of
things," in Proceedings of the first edition of the MCC workshop on Mobile cloud computing,
2012, pp. 13-16.

[6] W. Shi and S. Dustdar, "The Promise of Edge Computing,” Computer, vol. 49, no. 5, pp. 78-81,
2016.

[7] A. V. Dastjerdi and R. Buyya, "Fog Computing: Helping the Internet of Things Realize Its
Potential," Computer, vol. 49, no. 8, pp. 112-116, 2016.

[8] M. Chiang and T. Zhang, "Fog and IoT: An Overview of Research Opportunities,” IEEE Internet
of Things Journal, vol. 3, no. 6, pp. 854-864, 2016.

[9] S. Wang, X. Zhang, Y. Zhang, L. Wang, J. Yang and W. Wang, "A Survey on Mobile Edge
Networks: Convergence of Computing, Caching and Communications,” in IEEE Access, vol. 5,
pp. 6757-6779, 2017.

[10]  P.Porambage, J. Okwuibe, M. Liyanage, M. Ylianttila and T. Taleb, "Survey on Multi-Access
Edge Computing for Internet of Things Realization,” in IEEE Communications Surveys &
Tutorials, vol. 20, no. 4, pp. 2961-2991, 2018.

[11] McKinsey & Company, "The Internet of Things: Mapping the Value Beyond the Hype," June
2015.

[12]  A. Salman, A. Al-Salihi, I. Ahmad and M. Al-Ani, "Edge Computing and Industrial Internet of
Things: A Review," 2019 2nd International Conference on Electrical, Communication,
Computer, Power and Control Engineering (ICECCPCE), Mosul, Iraqg, 2019, pp. 1-6.

https://iaeme.com/Home/journal/lJCET @ editor@iaeme.com



Edge Computing: Revolutionizing Industrial Automation for Enhanced Efficiency and
Reliability
[13] W. Shi, J. Cao, Q. Zhang, Y. Li and L. Xu, "Edge Computing: Vision and Challenges," in IEEE
Internet of Things Journal, vol. 3, no. 5, pp. 637-646, Oct. 2016.

[14] F. Bonomi, R. Milito, J. Zhu and S. Addepalli, "Fog computing and its role in the internet of
things," in Proceedings of the first edition of the MCC workshop on Mobile cloud computing,
2012, pp. 13-16.

[15]  Forrester Research, "The Future Of Edge Computing,” 2020.

[16] M. Chiang and T. Zhang, "Fog and loT: An Overview of Research Opportunities,” in IEEE
Internet of Things Journal, vol. 3, no. 6, pp. 854-864, Dec. 2016.

[17] S. Wang et al., "Edge Computing: A Comprehensive Survey," in IEEE Access, vol. 8, pp.
85714-85755, 2020.

[18] IDC, "Edge Computing Solutions Survey," International Data Corporation, 2021.

[19] Gartner, "Top 10 Strategic Technology Trends for 2021: Distributed Cloud," Gartner, Inc.,
2020.

[20] IEEE, "Edge Computing in Industrial Environments: Challenges and Opportunities,” IEEE
Industrial Electronics Magazine, vol. 14, no. 4, pp. 42-49, 2020.

[21]  W. Shietal., "Edge Computing: Vision and Challenges,” IEEE Internet of Things Journal, vol.
3, no. 5, pp. 637-646, 2016.

[22]  Ericsson, "The 5G for Business: a 2030 market compass,” Ericsson.com, 2019.

[23] IDC, "Worldwide Edge Infrastructure (Compute and Storage) Forecast, 2019-2023,"
International Data Corporation, 2019.

[24]  Gartner, "Top Strategic Technology Trends for 2021," Gartner, Inc., 2020.

[25] K. Zhang et al., "Edge Intelligence: Paving the Last Mile of Artificial Intelligence With Edge
Computing," Proceedings of the IEEE, vol. 107, no. 8, pp. 1738-1762, 2019.

[26] IEEE, "Industrial Internet of Things and Edge Computing: A Comprehensive Survey," IEEE
Internet of Things Journal, vol. 8, no. 6, pp. 4153-4190, 2021.

Citation: Vishvesh H. Khisty, Edge Computing: Revolutionizing Industrial Automation for Enhanced
Efficiency and Reliability, International Journal of Computer Engineering and Technology (IJCET), 15(4),
2024, pp. 273-286

Abstract Link: https://iaeme.com/Home/article_id/IJCET_15 04 023

Avrticle Link:
https://iaeme.com/MasterAdmin/Journal_uploads/IJCET/VOLUME_15_ ISSUE_4/IJCET_15 04_023.pdf

Copyright: © 2024 Authors. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).

e

B editor@iaeme.com

https://iaeme.com/Home/journal/lJCET editor@iaeme.com



