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Abstract:

This work provides a summary of an [oT-Based Smart Industrial Process Monitoring and Control System,
paying attention to the changes that have been experienced in modern industries as they shift towards
smartness. Traditional industrial processes were characterized by reliance on manual supervision and
separate automation processes, but intelligent monitoring and control systems are increasingly being adopted
to improve operations.

The IoT facilitates the connection of various devices used to facilitate sensing, machine, and control
processes. Information about what happens in different sections of industrial settings is collected
continuously through these processes. Decisions can then be made based on the gathered information and
applied in order to achieve desirable levels of performance and efficiency.

There are various ways in which different technological advancements can be used to promote industrial
performance. This paper analyses some of the ways [oT technology and embedded control techniques have
been utilized in conjunction with cloud computing for the purposes of promoting industrial processes. The
discussion will be divided into two broad areas: technical and applications.

Although these processes are promising, there are certain challenges that need to be considered before
successful implementation of the process monitoring and control system.

In conclusion

gathering live data from the machines as well as the

e INTRODUCTION immediate surroundings. The second element is the

What Is An IoT Based Industrial Monitoring
System?

An 0T based industrial monitoring system could
be termed as a smart way to monitor and control the
activities within an industry in a continuous manner.
Within this system, there are various measurements
made on the physical parameters like temperature,
pressure, humidity, and even performance levels of
the machines using sensors. The sensors within the
system are linked via communication channels.

Contrary to conventional industrial systems where
there was a separation of monitoring and control
processes or where they needed some level of human
intervention for their implementation, the loT-based
industrial monitoring system brings together the
sensing process, communication process, and
control process in one platform. In general, there will
be three major elements that make up the whole
system. The first one involves the use of sensors for

use of communication channels like Wi-Fi, Zigbee,
and others for transferring the collected data to a
central system or to cloud storage. Lastly, controllers
or processors will be used for analyzing the collected
data and making necessary decisions either
automatically or minimally supervised by humans.

e LITERATURE REVIEW
1. Development of Industrial Monitoring Systems

Earlier industrial monitoring systems used wired
communication technology including SCADA,
Modbus, and CAN bus. Although these systems
offered reliable features, they were inflexible, non-
scalable, and lacked real-time remote accessibility
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The evolution of IoT made industrial systems
move toward a connected, smart, and distributed
network where physical and digital interactions take
place.

2. Importance of IoT for Industrial Monitoring

Several research articles indicate that IoT makes
possible:

Data collection
Monitoring and control remotely
Sensor and actuator integration

Sensor networks are vital components in IoT-
based industrial monitoring systems since they help
collect both environmental and operation data

According to research findings, IoT greatly
enhances visibility, efficiency, and decision making
in industry.

3. IoT Architecture and System Design

Most articles describe an architecture based on
layers including:

Sensing Layer
Network Layer
Processing Layer
Application Layer

It was found out from most research studies that
WSNs are key in connecting physical world and
digital systems in loT-based industrial systems.

Standard protocols include ZigBee, Wireless
HART, and ISA100.
4. 10T in Industrial Automation Applications

Multiple research papers focus on IoT applications
in:

Smart manufacturing
Energy management
Predictive maintenance
Supply chain management
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IoT provides industries with the ability to monitor
equipment performance, track assets, and optimize
manufacturing processes through real-time data
analysis.

Moreover, it is reported that IoT technology aids
in developing smart factories and automated
manufacturing systems.

5. 10T and Advanced Technologies Integration

Latest research highlights the role of IoT
integration with advanced technologies such as:

Artificial intelligence (Al)
Machine learning (ML)
Cloud computing

Edge computing

Digital twin

Such technologies contribute towards improving
IoT systems through:

Predictive analytics
Intelligent decision-making
Optimization

It is suggested that such technologies play a crucial
role in transforming industries towards Industry 4.0.

6. IoT Communication Technologies in Industries

In literature review, it is observed that several
researchers focus on different IoT communication
technologies such as:

Wi-Fi
Zigbee
LoRa
NB-IoT

The latest research highlights that low latency and
reliable communication are essential requirements
for industrial real-time control systems. However,
maintaining consistent performance in wireless
communication networks remains a challenge.
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e Problem Statement

The current era of industry sees industries
operating in highly dynamic and complex
environments. Continuous monitoring and effective
control of such systems is crucial to ensure the
maintenance of productivity, efficiency, and safety
of the processes. The conventional monitoring
systems used by most industrial setups rely on a lot
of manual supervision and wired communications
that often lead to inefficient operations. These
systems usually involve delayed decision-making,
increased costs of operation, and chances of human
errors. They further lack the real-time accessibility
and scalability required in handling the demands of
the present environment.

The advent of Internet of Things (IoT) technology
has opened doors for new methods of intelligent
automation. Using IoT, it has become possible to
monitor the real-time activities, perform remote
control of various processes and acquire valuable
information. However, there still exist a number of
challenges in the loT-enabled industrial monitoring
and control systems. The major problems include
those of security, interoperability of different devices,
reliability in industrial settings, network latency, and
efficient processing of data for decision-making.

Thus, there exists an urgent need for designing and
developing a smart loT-based industrial process
monitoring and control system. Such a system
should be able to meet the following requirements.

e Methodology of Research :

1. Research Design Approach

This research adopts a system design and
experimental approach, where a WSN IloT
monitoring and control system is designed,
implemented, and analyzed. The research employs
the use of principles involved in WSNs, Industrial
IoT, cloud computing, and automation systems.

Available at www.ijsred.com

The methodology adopted is developed by
analyzing over 50 research papers on various aspects
of WSN IIoT, including architectural designs,
communication protocols, and approaches to
monitor industrial processes in real time.

2. System Architecture Development

This paper employs a layer design of Internet of
Things architecture model. In most research papers
that describe IoT architecture models, data travels
through various stages from sensor to cloud, then
back to sensor to control operations.

¢ Layers Involved in IoT Architecture Model:
* Sensing layer (for data collection)
* Network layer (for communication)
* Processing layer (data processing)
* Application layer (control operations)

The sensors capture various industrial parameters
such as pressure, temperature, humidity, and flow
rate while actuators conduct control activities.

. Data Acquisition Method

The industrial parameters are measured with the
help of smart sensors.

The analog signal is transformed into the digital
format via data acquisition units.

Microcontrollers (for instance, Arduino, ESP32)
are used for the sensors' connection.

Research findings indicate that an effective data
acquisition technique plays a critical role in ensuring
the proper monitoring and timely controls.

3. Communication Strategy

The information obtained from the sensors is sent
by using wireless communication standards, such as:

Wi-Fi
ZigBee
LoRa
NB-IoT
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They are widely used in the IoT solutions of
industry for reliable and efficient communication
between devices and servers.

The gateway is employed to gather the data
coming from sensors and send it to cloud or edge

computing facilities.

4. Data Processing and Storage Strategies

The strategy includes two types of data processing:

¢ Edge Computing
It allows for real-time processing in the vicinity of
the device.
Latency and bandwidth consumption reduction.
¢ Cloud Computing
Long-term data storage.
Data analysis and visualizations.

5. Monitoring & Control Strategy

A dashboard-based user interface will be created
for real-time monitoring.

Threshold values will be predefined for industrial
parameter.

In case of any abnormality:

An alert will be raised

Control operation will be executed automatically
through actuators

IoT solutions support two-way communication
and allow not only for monitoring but also
controlling industrial operations remotely.

6. Procedure of Implementation

Selecting suitable sensors based on industrial
needs

Hardware
microcontrollers

Creating communication interfaces

Setting up a cloud platform like AWS IoT /
ThingSpeak

Designing dashboards

Creating a control system

configuration involving
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Conducting tests in real-time
7. Experimental Setup

Industrial prototype will be created
Sensors will be installed in number
Monitoring and logging of data
Performance evaluation based on:
Accuracy

Response time

Reliability

Power consumption

Many research works involve testbed setups with
sensors and gateways to evaluate performance
parameters.

8. Parameters of Performance Evaluation

For performance assessment of the above-
mentioned system, the following factors will be
considered:

Latency — Time required for data transfer
Accuracy — Accuracy of readings by sensors
Scalability — Extending the number of devices
Reliability — Operational reliability and robustness
Security — Ensuring safety of data exchange.

9. Comparative Analysis (50 Papers)
From the analyzed research articles:

Layered IoT system architecture is widely used

Wireless systems are more favored than wired
systems

The combination of cloud and edge computing
offers superior performance

Real-time monitoring is commonly employed, yet
integration of control systems remains rare

10. Proposed Improvement to Methodology

The present study enhances the conventional
approach through:
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Real-time monitoring + control automation
Low-cost, scalable system architecture
Secure data transfer protocol

Industry 4.0 compatible.
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e ADVANTAGES
1. Real-Time Monitoring and Visibility

Using IoT allows for constant real-time
monitoring of industrial conditions like temperature,
pressure, flow rate, and humidity. Unlike
conventional methods where operations can only be
checked periodically and manually, IoT provides
instant visibility and enables engineers to notice any
issues right away and correct them immediately.

2. Increased Operational Efficiency

IoT decreases human interference by automating
the data collection and management process. The
benefits include:

Faster decision-making
Fewer mistakes made
More efficient use of resources

As mentioned in several sources, IoT helps
improve productivity and operational efficiency for

businesses.

3. Remote Monitoring and Management
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With IoT technology, industries have the
possibility of remotely monitoring and managing
their processes via web or mobile applications. It
proves to be quite useful when dealing with:

Dangerous working environment
Large facilities
Multiple locations

Thus, engineers are able to access system data
anywhere they need.

4. Predictive Maintenance

The main benefit of using IoT that has been
pointed out in research literature is its capacity for
predictive maintenance. [oT can:

Constantly evaluate equipment performance
Spot potential problems
Prevent sudden breakdowns

In this way, IoT increases uptime and extends
machinery lifetime.

5. Reduced Operational Costs

While some upfront investment costs might occur,
IoT technologies play an important role in
decreasing operational costs because they:

Decrease maintenance expenses
Save on power consumption
Cut down workforce costs

According to research, automated monitoring
systems contribute to reducing the total cost of
operation (OPEX).

6. Improved Data Accuracy and Reliability

Sensors and automated data collection prevent
possible human mistakes caused by manual

measurement. The [oT technology guarantees:

Exact measurements
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Constant data recording
Stable system performance

Precise data contributes to accurate data analysis.
7. Scalability and Versatility

The IoT technology allows companies to scale
their business by adding new sensors or devices,
extending systems without considerable redesign, or
integrating loT with current infrastructure. This
versatility makes IoT solutions applicable for small
and large industries.

8. Energy Saving

The IoT technology helps save energy through
monitoring consumption patterns and managing
equipment. IoT technologies provide automated
management that makes machines work only when
necessary, thus ensuring:

Saving on energy consumption
Economical energy use
Environmental sustainability

9. Increased Safety and Risk Management

In most industrial settings, there is a high risk of
hazards. [oT technologies improve security by:

Tracking critical process parameters regularly
Providing alerts during unsafe conditions
Switching off equipment automatically if needed

This feature increases safety for workers and
reduces potential incidents.
e DISADVANTAGES
1. Security Weaknesses
Perhaps one of the biggest limitations of
IoT-enabled industrial facilities 1is the

potential security risks they might encounter.
With devices being connected, [oT systems
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are prone to security breaches ranging from
hacking to malware infection and intrusion.
It has been shown that [oT systems of
industry are very vulnerable because of
inadequate measures to protect data and
increase connectivity.

2. Issues Related to Privacy of Information

As we have mentioned before, [oT systems
constantly process significant amounts of
confidential data. Protecting it against
potential threats can be a difficult task when
the information is being handled by third-
party entities such as cloud computing.
Maintaining compliance with regulations
adds complexity and financial burden to the
process.

3. High Investment Expenses at the
Beginning

Although implementing IoT can help
reduce expenses in the long term, setting up
an 10T system can be costly. The expenses
include:

Sensor and device equipment
Network construction

Cloud service fees
Development of software

It can be particularly expensive for smaller
organizations.

4. Integration Complexity

As we have already mentioned, IoT systems
incorporate several technologies including
sensors, communication protocols, cloud
systems, and control units. Integrating them
all into an existing industrial facility may not
be

5. Interoperability Problems

O©IJSRED: All Rights are Reserved
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Various  vendors  utilize  different
communication protocols and data formats
making it challenging for devices to work
properly together. Absence of standards
results in problems of system architecture,
maintenance, and scaling.

6. Internet Dependence and Reliability
Problems

The functioning of an IoT system depends
on stable internet connection. Failure in
connectivity and other related issues may
negatively impact:

Data transfer process
Efficiency of monitoring
Actions of control

Lag and unreliability may lead to industrial
inefficiencies in real-time.

7. Small Devices' Capacities

A vast majority of IoT devices have
insufficient resources in terms of processing
capacity, data storage, and electricity. This
may affect:

Security measures implementation
Data processing ability

System's general efficiency

This makes IoT systems weaker in harsh
industrial settings.

8. Problems of Big Data
An IoT system collects enormous amounts
of data from various sensors. Processing and

managing such volumes of data includes:

Storing data
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Processing lags
Data filtration and analysis

Dealing with big data requires proper
infrastructure and analytics.

9. Issues in Devices' Management

Management of numerous connected
devices is problematic. The problem consists
in the necessity to deal with:

Updating firmware

Devices breakdowns
Battery replacements
Troubleshooting procedures

Growing number of devices leads to
increased difficulties in maintenance.

e RESULT / DISCUSSION
1. Effective Real-Time Data Acquisition

The vast majority of researches confirm the ability
of IoT systems to continuously collect data in real-
time mode from industrial sites. Sensor nodes can
accurately measure the parameters, including
temperature, pressure, humidity, and voltage, and
transfer them to central systems in near real-time. It
is proved that IoT systems provide a high level of
responsiveness and accuracy in data collection
within the industrial process.

2. Increased Efficiency and Productivity

The application of IoT monitoring systems in
experimental settings leads to increased efficiency in
industrial settings because of:

Increased speed
Improved accuracy
Optimal use of resources

It is evident that IoT systems have a positive
impact on the performance of operations.
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3. Cost Reduction

The findings of scientific researches prove that loT
systems lead to the reduction of costs through:

Decreased maintenance needs
Minimal energy usage
Low labor involvement

Moreover, [oT edge systems are known to
minimize the cost associated with cloud
communication.

4. Improved Monitoring Precision

The IoT technology ensures high precision and
consistency in measuring various parameters in
comparison with manual monitoring techniques. The
readings obtained by sensors are free from human
errors, thus ensuring the exact measurement of
industrial parameters.

5. Efficient Remote Monitoring and Control

It is evident from several studies that the use of IoT
systems enables remote monitoring and control of
industrial activities via web or mobile applications.
Thus, the operators can observe the status of systems
and remotely operate the equipment.

6. Rapid Fault Detection and Response

By continuously evaluating the real-time data
against threshold values, IoT systems automatically
detect faulty operation. According to available
research literature, it is noted that:

Faults are detected instantly.
Automatic controls can be initiated upon detection.

Therefore, rapid fault detection and response can
be achieved using IoT technology.

7. Consolidation of Monitoring and Control
Capabilities
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The integration of monitoring and control
capabilities within one system was not seen in
previous technological advancements, but the
current research reveals the potential of IoT
technology for integrating these two processes into
one. Hence, it becomes possible to:

Automatically adjust industrial parameters.
Minimize human intervention.

Such an approach may help in developing
automated industrial operations.

8. Safety Enhancement in Industrial Settings

Based on the results of research, IoT technologies
make industrial environments safer through constant
monitoring of dangerous conditions. For example,
when some abnormalities occur (overheating, gas
leakage, etc.), then:

Alerts can be sent out
Equipment  shutdown
automatically

will be initiated

It helps decrease risks for both people and the
equipment used.

9. Effective Data Processing by Edge and Cloud
Computing

The analysis conducted shows that using edge and
cloud technologies allows achieving better
efficiency in processing information due to:

Decrease in latency
Facilitating real-time decision-making

Enabling large-scale data storage and analysis

This combination of approaches is common
practice in [oT.

10. Scalability and Flexibility of the [oT

The experimental results have confirmed that the
IoT systems could easily scale by adding more
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devices or sensors without much system changes.
Therefore, such systems are perfect for:

Small industrial operations
Large-scale manufacturing factories

e FUTURE SCOPE

1. Integration with Artificial Intelligence and
Machine Learning

Future IoT systems would integrate with Artificial
Intelligence (AI) and Machine Learning (ML),
which would help in decision-making. IoT systems
would be capable of:

Predicting failures
Optimizing manufacturing processes
Learning from previous experiences

The latest trends in research indicate that Al and IoT
integration would revolutionize industries into
becoming self-optimized and autonomous.

2. Utilization of Digital Twin Technology

The future of industrial IoT systems would involve
using digital twins extensively. Digital twins refer to
a virtual representation of a physical process, which
allows for:

Real-time simulation
Predicting system behaviors
Testing without impacting physical processes

It would lead to optimized system designs and better
performance.

3. Expansion of Edge Computing

Future IoT solutions would shift towards edge
computing, wherein data is processed on the edge
rather than in the cloud. It would result in:
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Lower latencies
Improved real-time decision-making capabilities
Reduced bandwidth consumption

Hybrid edge-cloud systems are expected to become
the preferred architecture in industrial IoT
applications.

4. Implementation of 5G and Future 6G Networks

The emergence of 5G networks and future 6G
networks would transform the IoT communication
infrastructure by delivering:

Ultra-low latency
Ultra-fast data transmissions
Uninterrupted connectivity

5. Modern Wireless Communication Protocols

Some of the trends that have come to light in future
researches relate to the use of technologies like:

LoRa
NB-IoT
Sigfox

They involve:
Wide coverage
Energy-efficient operation

Economical deployment

Such protocols are predicted to become popular in
large-scale industries.

6. State-of-the-Art Cybersecurity Protocols

Security will continue to be one of the main areas
of concern in future IoT developments. Among them
may appear:

Blockchain-based security protocol
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End-to-end data encryption
Improved authentication system

Future IoT devices will be protected against
possible security threats.

7. Self-Sufficient Automated Industrial Systems

In future developments, IoT devices are expected
to make up completely autonomous industrial
complexes in which:

Devices exchange information
communication)

Processes control themselves

Human intervention is minimized

(M2M

Such systems will be in line with Industry 4.0
vision.

8. Spread of Industry 4.0 and Smart
Manufacturing Solutions

The development of [oT in future will bring about:

Smart manufacturing
Automated production lines
Process monitoring systems

Such innovations will be used to achieve the full
potential of Industrial IoT.

9. Big Data Analytics and Data Visualization
Tools

With the development of future IoT networks,
there is a growing need in advanced analytics for
processing data from IoT devices. Future systems
will provide:

Advanced visualization dashboards

Insights obtained in real time
Optimized IoT infrastructure

e CONCLUSION
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From the analysis of a variety of scholarly articles,

it is possible to conclude that the implementation of
IoT in industrial settings has radically revolutionized
the conventional system of monitoring and
controlling the operations of industries. loT makes it
possible to connect different devices, sensors, and
control units, which makes it possible for companies
to gather and share data continuously. Consequently,
these companies can make informed decisions based
on the analysis of the collected information.
To summarize the findings of the analysis carried out,
one should state that loT-based intelligent systems
represent a revolutionary step forward compared to
the traditional approach to the functioning of
industries. Taking into consideration the continuous
development of technology, it is possible to predict
the development of the analyzed systems to fully
autonomous and efficient systems within the next
few years.
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