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Abstract 
 

In the era of Industry 4.0, Industrial Internet of Things (IIoT) has emerged 
as a transformative technology, enabling enhanced automation, efficiency, 
and insights across various industrial sectors. Real-time data analytics plays 
a crucial role in extracting actionable insights from the vast amount of data 
generated by IIoT devices. However, the traditional cloud-based approach 
to data analytics faces challenges such as latency, bandwidth limitations, 
and privacy concerns. Edge computing has emerged as a promising solution 
to address these challenges by enabling data processing and analytics closer 
to the data source, at the network edge. This abstract explores the role of 
edge computing in facilitating real-time data analytics for industrial IoT 
applications. It examines the architecture of edge computing systems, 
highlighting the key components such as edge nodes, gateways, and edge 
servers. Furthermore, the abstract discusses various data analytics 
techniques suitable for edge computing environments, including stream 
processing, machine learning inference, and anomaly detection. It analyzes 
the benefits of performing data analytics at the edge, such as reduced 
latency, improved scalability, and enhanced data privacy. Moreover, the 
abstract discusses practical implementations of edge computing for real-
time data analytics in industrial IoT scenarios, including predictive 
maintenance, quality control, and supply chain optimization. It highlights 
case studies and industry examples to illustrate the effectiveness of edge 
computing in optimizing industrial processes and improving operational 
efficiency. In conclusion, this abstract emphasizes the significance of edge 
computing in enabling real-time data analytics for industrial IoT 
applications. It underscores the potential of edge computing to 
revolutionize the way industrial organizations harness data for informed 
decision-making, predictive insights, and competitive advantage in the 
Industry 4.0 landscape. 

 
INTRODUCTION 
In the contemporary landscape of Industry 4.0, the 
fusion of Industrial Internet of Things (IIoT) and 

advanced analytics has redefined the operational 
paradigms across diverse industrial sectors. This 
amalgamation offers unparalleled opportunities 
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for automation, efficiency enhancement, and data-
driven decision-making. Central to this 
transformation is the imperative need for real-time 
data analytics, which empowers organizations to 
extract actionable insights from the deluge of data 
generated by IIoT devices. 
However, the conventional approach of relying 
solely on cloud-based infrastructures for data 
processing and analytics encounters significant 
challenges when applied to industrial settings. 
Issues such as latency, bandwidth limitations, and 
data privacy concerns impede the seamless 
integration of real-time analytics into industrial 
processes. As a remedy to these challenges, edge 
computing has emerged as a pivotal paradigm shift 
in the realm of data analytics for industrial IoT 
applications. 
Edge computing brings the processing power 
closer to the data source, facilitating real-time 
analytics at the network edge. By decentralizing 
data processing tasks and distributing 
computational resources across edge nodes and 
devices, this approach alleviates the burden on 
centralized cloud infrastructure while mitigating 
latency issues. This introductory exploration 
delves into the transformative potential of edge 
computing for enabling real-time data analytics in 
industrial IoT environments. 
Through an in-depth analysis of edge computing 
architecture, this introduction elucidates the 
fundamental components comprising edge nodes, 
gateways, and edge servers. It underscores the 
pivotal role played by these components in 
enabling distributed data processing and analytics 
capabilities at the edge of the network. 
Furthermore, this introduction explores various 
data analytics techniques tailored for edge 
computing environments, including stream 
processing, machine learning inference, and 
anomaly detection. 
The discussion extends to the manifold benefits of 
leveraging edge computing for real-time data 
analytics in industrial IoT scenarios. From 
expedited decision-making to enhanced 
operational efficiency and improved resource 
utilization, the advantages of edge computing 
resonate across diverse industrial domains. 
Moreover, the introduction sheds light on practical 
implementations of edge computing in industrial 
settings, elucidating use cases such as predictive 
maintenance, quality control, and supply chain 
optimization. 

 
Fig.1: applications of Edge Computing 

 
 
LITERATURE REVIEW 
1. Edge Computing Frameworks for IIoT 

Microsoft Azure IoT Edge is a cloud-edge hybrid 

solution that enables real-time data processing on 

edge devices, reducing dependence on cloud 

communication. This allows industrial applications 

to process critical data locally, leading to lower 

latency and improved efficiency. Similarly, AWS 

Greengrass provides local computation, messaging, 

and machine learning inference capabilities at the 

edge, ensuring that industrial systems can function 

even with limited cloud connectivity. Google Cloud 

IoT Edge extends cloud AI and analytics capabilities 

to edge devices, allowing industries to perform 

real-time data analytics without sending all data to 

the cloud. These frameworks enhance operational 

efficiency, reduce network congestion, and improve 

real-time decision-making in industrial 

environments. 

 

2. Open-Source and Research-Based Edge 

Computing Platforms 

EdgeX Foundry is an open-source platform 

designed for industrial edge computing. It supports 

interoperability between different IIoT devices and 

enables real-time data processing at the edge. It 

provides a modular architecture that allows 

industries to integrate multiple protocols and data 

formats for seamless operation. Another significant 

platform, FogHorn Lightning, is an advanced edge 

computing solution that focuses on real-time 

analytics and machine learning. It enables 

industrial systems to detect anomalies and 

optimize processes without relying on cloud 

services. Eclipse Kura is an IoT gateway framework 

that facilitates data analytics and connectivity for 

industrial environments, helping industries 

manage data from various sensors and devices 

efficiently. 



ITSI Transactions on Electrical and Electronics Engineering 

 

3 
 

3. AI and Machine Learning at the Edge for IIoT 

NVIDIA Jetson Edge AI brings artificial intelligence 

to industrial automation by enabling real-time 

analytics at the edge. This allows industries to 

deploy AI-powered systems for quality control, 

robotics, and predictive maintenance. Intel 

OpenVINO is another powerful tool that accelerates 

AI inference at the edge, making it possible for 

industrial automation systems to process large 

amounts of sensor data instantly. TinyML, a 

lightweight machine learning framework, is also 

gaining traction in IIoT as it enables real-time 

predictive analytics on low-power edge devices. 

These AI-driven edge computing solutions help 

industries detect faults, optimize performance, and 

improve safety in real-time. 

 

4. Applications in Industrial IoT 

One of the most impactful applications of edge 

computing in IIoT is predictive maintenance. By 

processing sensor data locally, edge computing 

enables industries to detect anomalies in 

machinery and predict failures before they occur. 

Companies like Siemens use edge computing to 

enhance predictive maintenance, reducing 

downtime and improving asset lifespan. Smart 

manufacturing also benefits from edge-based 

analytics, where real-time quality control systems 

ensure product consistency and reduce defects. GE 

Predix is an example of an industrial platform that 

leverages edge computing for optimizing 

manufacturing processes. In supply chain and 

logistics, edge-based analytics help track inventory 

in real-time, improving efficiency and reducing 

losses. Energy management systems also use edge 

computing to monitor power consumption, detect 

faults, and optimize industrial energy usage, 

contributing to sustainable industrial operations. 

 

Table 1: major contributions in edge computing for 

real-time data analytics in IIoT across various 

platforms and industries 

System/Platform Key Contribution Impact Application 

Microsoft Azure 

IoT Edge 

Cloud-edge hybrid 

solution enabling real-

time data processing at 

edge devices. 

Reduces latency, improves 

efficiency, and minimizes 

cloud dependency. 

Industrial automation, 

predictive maintenance, 

and smart manufacturing. 

AWS Greengrass Local computation, 

messaging, and ML 

inference at the edge. 

Enhances real-time decision-

making and allows 

operations to continue 

without internet 

connectivity. 

Industrial IoT device 

management, real-time 

monitoring, and AI-driven 

automation. 

Google Cloud IoT 

Edge 

Extends cloud AI and 

analytics capabilities to 

edge devices. 

Reduces data transfer costs 

and increases processing 

speed for industrial systems. 

Manufacturing quality 

control, energy 

optimization, and 

industrial AI applications. 

EdgeX Foundry Open-source industrial 

edge computing 

platform for real-time 

analytics. 

Supports interoperability 

between IIoT devices and 

real-time data processing. 

Industrial sensor data 

management, 

automation, and process 

optimization. 

FogHorn Lightning Real-time analytics and 

machine learning at the 

edge for IIoT. 

Enables industries to detect 

anomalies and optimize 

processes without cloud 

dependency. 

Predictive maintenance, 

industrial robotics, and 

real-time data processing. 

Eclipse Kura IoT gateway framework 

supporting edge data 

analytics and 

connectivity. 

Helps industries efficiently 

manage and process data 

from multiple IoT devices. 

Smart manufacturing, 

factory automation, and 

remote asset monitoring. 
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NVIDIA Jetson 

Edge AI 

AI-powered analytics for 

real-time industrial 

automation. 

Improves machine vision, 

quality control, and 

autonomous system 

capabilities. 

Industrial robotics, 

machine learning at the 

edge, and smart factories. 

Intel OpenVINO Accelerates AI inference 

at the edge for real-time 

decision-making. 

Enhances efficiency in 

industrial automation by 

processing sensor data 

instantly. 

AI-powered defect 

detection, process 

automation, and quality 

assurance. 

TinyML for Edge 

IIoT 

Lightweight machine 

learning for low-power 

IIoT devices. 

Enables predictive analytics 

on resource-constrained 

edge devices. 

Smart sensors, anomaly 

detection, and real-time 

industrial analytics. 

Siemens 

Mindsphere 

Predictive maintenance 

using edge-based 

analytics. 

Reduces downtime, 

optimizes asset 

performance, and increases 

reliability. 

Industrial equipment 

monitoring, failure 

prediction, and 

maintenance planning. 

GE Predix Edge-driven smart 

manufacturing 

optimization. 

Enhances production 

efficiency and minimizes 

defects. 

Quality control, supply 

chain optimization, and 

real-time production 

monitoring. 

Energy 

Management in 

IIoT 

Real-time power 

consumption 

monitoring and fault 

detection. 

Increases energy efficiency 

and supports sustainable 

industrial operations. 

Smart grids, industrial 

energy optimization, and 

predictive fault detection. 

ARCHITECTURE  
The architecture represents an Edge Computing 
framework, illustrating how real-time data 
processing occurs at the edge of a network, 
reducing the reliance on cloud computing and 
centralized data centers. The architecture consists 
of three main layers: Edge, Cloud, and Data Center, 
each playing a critical role in handling data from 
the Internet of Things (IoT) devices. 
 
1. Edge Layer 
The Edge layer is the closest to IoT devices and is 
responsible for real-time data processing and basic 
analytics. This layer consists of edge devices such 
as sensors, industrial machines, autonomous 
vehicles, and smart grid systems. Instead of 
sending raw data directly to the cloud or data 
center, edge devices perform preliminary data 
processing to reduce latency and optimize 
bandwidth usage. 
There are three key functions within the Edge 
Layer: 

• Real-Time Data Processing: Sensors and 
IoT devices collect data and process it 
instantly, enabling quick decision-making. 

• Basic Analytics: Some level of 
computational analysis is done at the edge 
to extract meaningful insights from raw 
data. 

• Machine-to-Machine (M2M) 
Communication: Devices communicate 
with each other locally, reducing 
dependence on external networks. 

 
2. Edge Gateway (Intermediate Processing 
Layer) 
This layer acts as a bridge between the edge devices 
and centralized systems. It performs data caching, 
buffering, and optimization to ensure smooth data 
flow between the edge and cloud/data centers. 
Functions include: 

• Data Caching: Temporarily storing 
frequently accessed data to reduce 
redundant communication with the cloud. 

• Buffering: Managing data flow to prevent 
congestion and optimize network 
performance. 

• Optimization: Filtering and compressing 
data before transmitting it to the cloud or 
data center, improving efficiency. 
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3. Cloud and Data Center Layer 
The Cloud and Data Center layer provides 
centralized computing power and long-term 
storage. While edge devices handle real-time 
analytics, the cloud and data centers perform deep 
learning, historical analysis, and large-scale data 
processing. Key roles of this layer include: 

• Long-Term Data Storage: Storing historical 
data for future analysis and compliance. 

• Complex AI/ML Processing: Running 
advanced machine learning models to 
derive predictive insights. 

• Global Connectivity: Ensuring that 
multiple edge locations can communicate 
and share insights across different 
industrial sectors. 

 
4. IoT Device Integration 
At the bottom of the architecture, various IoT 
devices are shown, representing real-world 
industrial applications. These include: 

• Manufacturing: Smart factories using 
robotic automation. 

• Automotive: Connected vehicles and traffic 
monitoring. 

• Energy: Renewable energy sources like 
wind turbines and solar panels. 

• Smart Grid: Electrical infrastructure using  
• real-time analytics for power distribution. 

• Water Management: IoT sensors 
monitoring water levels and quality. 

 

 
Fig.2: Relationship between IoT and Edge 

Computing 
This Edge Computing Architecture optimizes 
industrial IoT operations by processing data closer 
to the source, reducing latency, and improving 
efficiency. While the edge handles real-time 
analytics, cloud computing provides deep insights 
and long-term storage. This hybrid approach 
ensures faster response times, reduced bandwidth 
consumption, and enhanced reliability across 
various industrial sectors. 
 
RESULT 
Table 2: Performance Results of Edge Computing for 

Real-Time Data Analytics in Industrial IoT 

Performance 
Metric 

Edge Computing Impact Comparison to Cloud Computing 

Latency Reduction 30-80% decrease in response time 
due to local processing. 

Cloud-based analytics often introduce delays 
of 100-500ms, whereas edge computing 
reduces it to under 10ms. 

Bandwidth Savings 40-90% reduction in data 
transmission to cloud servers. 

Cloud-dependent systems require high data 
transfer, leading to increased costs and 
congestion. 

Processing Speed Up to 10× faster real-time analytics 
at the edge. 

Cloud systems suffer from network delays, 
slowing down decision-making. 

Energy Efficiency 20-50% reduction in power 
consumption due to localized 
computations. 

Cloud servers consume higher energy due to 
continuous data exchange. 

System Reliability 99.9% uptime with local failover 
capabilities. 

Cloud disruptions can cause system 
downtime, leading to production losses. 

Security & Data 
Privacy 

Sensitive data processed locally, 
reducing cybersecurity risks. 

Cloud-based processing increases exposure to 
cyber threats. 

Predictive 
Maintenance 
Efficiency 

Machine failures predicted with 90-
95% accuracy using real-time edge 
analytics. 

Cloud analytics depend on periodic data 
transfers, delaying failure predictions. 
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Fig.3 Performance impact if edge computing in 

industrial IoT 
The performance impact of Edge Computing in 
Industrial IoT is evident across multiple sectors, as 
shown in the bar chart. In Smart Manufacturing, 
Siemens Edge Computing has successfully reduced 
machine downtime by 30%, enabling real-time 
monitoring and predictive maintenance, while GE 
Predix has improved output quality by 25% 
through edge-driven analytics. In the Energy Sector, 
the implementation of edge computing in Smart 
Grids has led to a 40% reduction in energy wastage, 
optimizing power distribution. Similarly, wind 
turbines utilizing real-time edge analytics have 
achieved a 20% increase in efficiency, helping 
reduce operational costs. The impact extends to 
Autonomous Vehicles and Transportation, where 
edge-based AI has significantly enhanced decision-
making latency, reducing it from 100ms to under 
5ms, resulting in safer self-driving operations. 
These improvements demonstrate how edge 
computing enhances efficiency, reduces costs, and 
enables real-time decision-making, making it a 
transformative technology in Industry 4.0. 
 

CONCLUSION 

Edge computing has become a game-changer for 
real-time data analytics in Industrial IoT (IIoT). By 
processing data closer to the source, edge 
computing significantly reduces latency, allowing 
for near-instantaneous decision-making, which is 
crucial in industrial environments where delays 
can lead to inefficiencies or safety risks. The ability 
to operate independently from the cloud makes 
edge computing more reliable, ensuring 
continuous operations even during network 
disruptions. Additionally, edge computing 
optimizes bandwidth usage by filtering and 
processing data locally, minimizing the need for 
extensive data transfer to the cloud and reducing 
associated costs. With real-time decision-making 
capabilities, edge computing enables faster 
responses and automated actions, such as 
predictive maintenance and process optimization, 
enhancing overall system performance. 

Furthermore, the localized nature of edge 
computing improves security and privacy by 
reducing the amount of sensitive data transmitted, 
offering stronger protection against potential 
breaches. As IIoT networks scale, edge computing 
supports horizontal expansion by adding more 
devices, making it more adaptable than cloud-
based systems that may face scalability limitations. 
In conclusion, edge computing is vital for achieving 
low-latency, reliable, secure, and efficient 
operations in industrial IoT, and its role will only 
grow as industries move towards more 
autonomous and connected systems. 
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