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Abstract - The Internet of Things (IoT) is revolutionizing how
physical systems interact with the digital world by enabling real-
time data collection and intelligent decision-making through
networked sensors and devices. This paper presents the design
and implementation of an loT-based system aimed at
automatically monitoring industrial environments. The system
detects critical parameters, such as gas leakage or fire, and
responds by triggering alerts, alarms, or activating safety
mechanisms. It leverages components such as the Arduino UNO
R3, sensors, DC motor and driver, and the ESP8266 Wi Fi
module for wireless communication. The primary goal is to
enhance safety and operational efficiency in industrial settings by
offering a proactive and intelligent monitoring solution.
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1.INTRODUCTION

Automation is becoming an increasingly vital need across both
industrial and domestic applications. It significantly reduces
human effort by replacing manual tasks with self-operating
systems. Among the technologies enabling this shift, the
Internet—particularly the Internet of Things (loT)—has emerged
as a powerful platform for automation. With 10T, users can easily
monitor and control systems remotely via the internet, allowing
for secure, real-time data access and system management.

In industrial environments, especially those involving the
processing of hazardous gases, ensuring worker safety is a critical
concern. loT-based automation systems can enhance safety by
continuously monitoring gas levels and immediately triggering
alarms in case of leakage. This alert mechanism can notify
workers and supervisors in real time, helping prevent accidents
and ensuring a swift response.

Furthermore, the system supports remote decision-making from
anywhere in the world, as long as internet connectivity is
available. A Wi-Fi shield is used to bridge the local sensor
network with the internet, enabling seamless data transmission
and control In the modern technological landscape, automation
has become a central pillar across various domains, particularly
in industrial and domestic environments. The objective of
automation is to reduce human involvement in routine or
hazardous tasks, thereby increasing productivity, precision, and
safety. As industries evolve toward smart manufacturing and
digital transformation, automation systems are being enhanced
through the integration of Internet of Things (10T) technologies.
The convergence of 10T and automation not only introduces

remote operability and scalability but also revolutionizes
traditional industrial processes. The Internet of Things (1oT)
refers to a network of interconnected physical devices embedded
with sensors, software, and communication technologies. These
devices are capable of collecting and exchanging data over the
internet, enabling real-time decision-making and control. In the
context of industrial automation, 10T facilitates machine-to-
machine (M2M) communication, predictive maintenance, and
real-time system monitoring, all of which contribute to
operational efficiency and reliability.

How is loT Changing Industrial Automation
6 Different Wavs

Data Driven X Enhance
Decision-Making Safety & Security

Effclent Inventory Reduce Manual
Management Errors
Quakty Controd s . |
& Defect Detection B 811 |

Figure 1. 10T is Changing Industrial Automation

. Improve Regulatory
Compliance

2. PROBLEM STATEMENT

Industrial processes have traditionally relied on manual
operations and isolated control systems, which often lead to
significant inefficiencies, higher operational costs, delayed
responses to equipment failures, and increased safety risks. These
conventional systems, though reliable in the past, lack the
adaptability and responsiveness required to meet the demands of
modern industry, where real-time monitoring, rapid decision-
making, and interconnected operations are essential. As industries
scale and processes become more complex, the limitations of
traditional automation become increasingly apparent—
particularly in environments where safety and precision are
paramount.

The emergence and rapid expansion of the Internet of Things
(loT) present a transformative opportunity for industrial
automation. By integrating smart sensors, edge devices, cloud
computing, and real-time analytics, 10T enables a connected
ecosystem where machines and systems communicate seamlessly.
This connectivity allows for continuous data acquisition, remote
monitoring, and intelligent control of industrial processes. For
example, sensors embedded in machinery can provide real-time
feedback on parameters such as temperature, pressure, vibration,
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and gas concentration, enabling predictive maintenance and
minimizing unplanned downtime.

Despite its vast potential, integrating 10T into industrial
automation is not without challenges. Designing such systems
requires addressing issues related to interoperability between
legacy and modern devices, the secure transmission and storage
of large volumes of data, and ensuring system resilience against
cyber threats. Furthermore, achieving low-latency responses to
critical events—such as gas leaks or system failures—demands
robust edge processing capabilities in addition to cloud
integration. Reliability is also a key concern, as industrial
environments often involve harsh conditions that can affect sensor
performance and network stability.

Moreover, the implementation of loT-driven automation must
also consider scalability and cost-effectiveness, especially for
small and medium-sized enterprises (SMEs) that may lack the
infrastructure of larger organizations. The successful deployment
of such systems hinges on selecting appropriate hardware,
establishing reliable communication protocols (such as MQTT or
HTTP), and designing intuitive user interfaces for operators and
technicians. Addressing these challenges will not only enhance
operational efficiency and safety but also pave the way for smart
factories and Industry 4.0 practices, where automation, data, and
connectivity converge to create intelligent, self-optimizing
production environments.

2.1 OBJECTIVE

The objective of this research is to explore how the integration
of Internet of Things (1oT) technologies can significantly improve
the efficiency, safety, and flexibility of industrial automation
systems. Traditional industrial processes often suffer from a lack
of real-time monitoring, limited responsiveness to critical events,
and heavy reliance on manual intervention. This study aims to
address these issues by designing and developing an loT-based
automation system capable of continuous data acquisition, remote
monitoring, and intelligent control.A key goal of the research is to
develop a prototype system that uses sensors, microcontrollers,
and wireless communication to collect and transmit real-time data
over the internet. This system should be capable of automatically
responding to abnormal conditions, such as hazardous gas leaks,
by triggering alarms and sending instant notifications to relevant
personnel. By enabling remote control and decision-making
capabilities, the system will reduce the need for on-site presence
and enhance operational flexibility.Additionally, the research
seeks to ensure that the proposed system is both secure and
scalable. It will investigate methods for safeguarding data
transmission and protecting the system from potential cyber
threats. Another important objective is to evaluate the system’s
overall performance, including its responsiveness, reliability, and
ease of integration into existing industrial environments.
Ultimately, the research aims to demonstrate how loT can drive
smarter, safer, and more efficient industrial operations, aligning
with the broader goals of Industry 4.0.

2.3 PROPOSED SYSTEM

The proposed system for [briefly state your system's purpose,
e.g., "environmental monitoring and intelligent automation"] is

processing, coupled with 10T connectivity for remote monitoring
and control.
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Figure 2: Block diagram of proposed system

1. Arduino The Arduino/Genuino Uno serves as the central
microcontroller unit (MCU) for the proposed system. Based on the
ATmega328P datasheet, it features 14 digital input/output pins
(including 6 Pulse Width Modulation (PWM) outputs), 6 analog
inputs, a 16 MHz quartz crystal oscillator, a USB connection for
programming and serial communication, a power jack, an In-Circuit
Serial Programming (ICSP) header, and a reset button. Its robust
design and user-friendly development environment make it suitable
for embedded control applications.

2. Wi-Fi Module The ESP8266 Wi-Fi Module is integrated into
the system to provide wireless connectivity. This self-contained
System-on-Chip (SoC) includes an integrated TCP/IP protocol
stack, allowing the Arduino microcontroller to access Wi-Fi
networks. The ESP8266 can either host an application directly or
offload Wi-Fi networking functions from another application
processor. For seamless integration with smart devices, the Arduino
software's inbuilt library for the Wi-Fi ESP8266 Shield enables
direct connectivity to Android devices. This establishes a network
connection that is automatically detected by Android Wi-Fi,
eliminating the need for additional modules and facilitating
automated program code implementation for network detection and
connection.

3. Temperature and Humidity Sensor The DHT11
Temperature and Humidity Sensor is utilized for environmental
parameter monitoring. This sensor complex provides a calibrated
digital signal output, incorporating a resistive-type humidity
measurement component and an NTC (Negative Temperature
Coefficient) temperature measurement component. Its exclusive
digital signal acquisition technique ensures high reliability and
excellent long-term stability. Interfacing with an 8-bit
microcontroller, the DHT11 offers commendable quality, fast
response, anti-interference capability, and cost-effectiveness for
combined temperature and humidity sensing.

4. Gas Sensor The MQ-6 Gas Sensor is employed for the detection

designed with a modular and robust architecture, as depicted inof yarious gases, particularly combustible gases. It consists of a micro
the block diagram in Figure 1. This architecture leverages the ) 203 ceramic tube, a Tin Dioxide (SnO2) sensitive layer, measuring
capabilities of microcontrollers for real-time data acquisition a”delectrodes, and an integrated heater. The heater provides the necessary

operating conditions for the sensitive components. The encapsulated
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MQ-6 features 6 pins, with 4 dedicated to signal fetching and 2 for
providing heating current. This sensor detects gas concentrations in
parts per million (ppm) and outputs an analog value. This analog value
is converted to a 10-bit digital measure (ranging from 0 to 1023) using
the Arduino's built-in Analog-to-Digital Converter (ADC). The system
allows users to define a dangerous leakage level based on this digital
measure, triggering an alarm when the detected value matches the set
threshold. Calibration of the MQ-6 sensor can be achieved by
interfacing a fixed load resistance.

5. Pressure Sensor A pressure sensor is incorporated to transduce
pressure into an analog electrical signal, the magnitude of which is
proportional to the applied pressure. These devices are also referred to
as pressure transducers and are widely applied across diverse fields
such as automotive systems, manufacturing processes, aviation,
biomedical measurements, air conditioning, and hydraulic systems.

6. Relay Module A relay module functions as an electromagnetic
switch, enabling a low-power electrical current from the Arduino to
control a significantly larger electric current, thereby switching
industrial loads ON or OFF. The core of a relay is an electromagnet, a
coil that becomes temporarily magnetized when energized. The control
circuit acts as the coupling between the input and output circuits, with
the coil performing this function in electromechanical relays. The
relay's output circuit is responsible for switching the load, analogous to
the mechanical contacts in electromechanical relays. Relays are
essential for applications requiring circuit control by a separate low-
power signal or when multiple circuits need to be controlled by a single
switch.

7. Flame Sensor A flame detector is integrated to sense and respond
to the presence of a flame or fire. Its primary function is flame detection,
with responses typically including sounding an alarm, deactivating fuel
lines (e.g., propane or natural gas), or activating a fire suppression
system, depending on the installation. In industrial furnace applications,
flame detectors confirm proper furnace operation and can be used to
disable ignition systems, though often they primarily notify operators
or control systems. Flame detectors can offer faster and more accurate
responses compared to smoke or heat detectors due to their specific
flame detection mechanisms.

8. Light Sensor (LDR) Light Dependent Resistors (LDRs) are
light-sensitive devices utilized to indicate the presence or absence of
light, or to quantify light intensity. LDRs exhibit a sensitivity that varies
with the wavelength of the incident light and are characterized by their
non-linear response.

9. Touch Sensor A touch sensor is an electronic sensor designed to
detect and record physical touch. These sensors operate as a switch
upon physical contact, providing an intuitive user interface. They are
commonly found in applications such as touch-sensitive lamps and
mobile device touchscreens.

10. Liquid Crystal Display (LCD) A 16x2 Liquid Crystal
Display (LCD) is employed to provide visual feedback on the
system's status, display sensor values, and aid in program
debugging. This specific LCD configuration can display 16
characters per line across two lines, with each character rendered
within a 5x7 pixel matrix. The 16x2 intelligent alphanumeric dot
matrix display is capable of rendering 224 distinct characters and
symbols. The LCD operates with two primary registers: Command
and Data.

2.4 OPERATIONAL WORKFLOW

The system's operational workflow is initiated by continuous
data acquisition from the sensor module. The Arduino
microcontroller receives analog and digital inputs from the
Temperature, Humidity, Gas, Pressure, Flame, and Light sensors.
These raw sensor values are then processed by the Arduino based

on predefined logical thresholds and algorithms. For instance, if the
temperature sensor indicates a value exceeding a pre-set industrial
safety limit, the Arduino activates the cooling fan via the relay
module. Similarly, the gas sensor's output is continuously
monitored against a user-defined dangerous leakage level,
triggering an alarm if matched.

Concurrently, the collected sensor data and system status are
transmitted wirelessly via the ESP8266 Wi-Fi module to a cloud-
based loT platform. This connectivity enables remote monitoring of
industrial environmental conditions and allows for remote control
of connected appliances. Users can access a web interface or a
dedicated mobile application (e.g., on an Android phone) to view
real-time data, analyze historical trends, and issue commands to
actuators like the fan and lamp. The LCD provides immediate, local
visual feedback of critical parameters.

Fig -3: The developed Model

2.5 SOFTWARE

The software development for this loT-based industrial
automation system was carried out using the Arduino Integrated
Development Environment (IDE). Arduino IDE is an open-source
platform that supports the development, compilation, and uploading
of code onto Arduino microcontroller boards. It provides a user-
friendly environment with various built-in libraries and pre-defined
functions that simplify sensor integration, module communication,
and device control. The Arduino programming language is based on
C/C++, making it accessible for both beginners and experienced
developers.

The Arduino IDE plays a crucial role in enabling hardware-
software interaction. It allows developers to write and upload
programs (also known as sketches) to the microcontroller with ease.
In addition to the desktop IDE, Arduino also offers a web-based
editor, which provides the flexibility of working on cloud-
connected devices from any location with internet access. This
feature supports real-time collaboration, automatic updates, and
online storage of code, enhancing the development process for loT
applications.

To enable internet connectivity and remote data transmission, an
Ethernet Shield was interfaced with the Arduino board. The
Ethernet Shield allows the microcontroller to communicate with
web servers or cloud services, facilitating the collection and
visualization of sensor data in real time. It eliminates the need for
external networking modules or complex code for network setup, as
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the shield includes libraries that handle IP configuration, HTTP
requests, and data formatting.

This setup provides a robust foundation for real-time monitoring
and control in industrial environments. As part of the
implementation, several sensors were connected to the Arduino
board to measure environmental parameters such as temperature
and humidity. The data collected from these sensors was displayed
on a local Liquid Crystal Display (LCD) and simultaneously
transmitted to a cloud server for remote access.

2.6 RESULTS AND DISCUSSION

The implementation of this proposed system is anticipated to
yield significant improvements in industrial environmental
monitoring and appliance management. The real-time data
acquisition from multiple sensors provides a comprehensive
overview of the industrial environment, enabling proactive
responses to potential hazards such as elevated temperatures, gas
leaks, or fire incidents.

The integration of the Arduino with a relay module for fan
control demonstrates an effective localized automation strategy for
temperature regulation, contributing to machinery longevity and
operational efficiency. Furthermore, the 10T integration via the Wi-
Fi module extends the system's utility beyond local control, offering
remote accessibility and management capabilities. This remote
functionality is crucial for large industrial facilities or for scenarios
requiring off-site oversight, allowing for timely interventions and
data-driven decision-making.

The system's modular design, utilizing readily available and
cost-effective components like the Arduino and ESP8266, suggests
high scalability and ease of deployment in various industrial
settings. Future work will focus on extensive validation of sensor
accuracy, system response times under varying industrial
conditions, and the robustness of the loT communication link.
Performance metrics such as data latency, reliability of sensor
readings, and the effectiveness of automated responses will be
rigorously evaluated to quantify the system's overall efficacy and its
contribution to industrial safety and operational optimization

3. CONCLUSIONS

The integration of Internet of Things (loT) technologies into
industrial automation represents a significant advancement in
how modern industries operate. This research has demonstrated
that loT-enabled systems can greatly enhance the efficiency,
safety, and flexibility of industrial processes. By utilizing
interconnected sensors, microcontrollers, and cloud-based
platforms, the system developed in this study successfully
monitored real-time environmental parameters and transmitted
data for remote access and control.

The use of Arduino IDE, along with appropriate hardware
components such as sensors and Ethernet shields, allowed for the
creation of a reliable and cost-effective prototype capable of
supporting industrial needs. The system not only displayed real-
time sensor data on local interfaces like LCDs but also
transmitted that data to remote servers, enabling quick decision-
making from any location. Additionally, the incorporation of
safety mechanisms, such as gas leak detection and alert
notifications, illustrated the potential of 10T to enhance worker
safety in hazardous environments.

While the system was effective in meeting its primary objectives,
it also highlighted some of the challenges associated with 10T
deployment in industrial settings, including concerns related to
data security, network reliability, and system scalability.

Addressing these challenges will be essential for widespread
adoption across larger and more complex industrial
infrastructures.

In conclusion, this research confirms that loT can be a
transformative tool in the field of industrial automation, paving
the way for smarter, safer, and more responsive industrial
operations. Future work can focus on expanding the system’s
capabilities by incorporating machine learning for predictive
analytics, adopting wireless communication protocols such as
LoRa or NB-loT, and integrating more advanced cloud platforms
for improved scalability and data visualization

4 ACKNOWLEDGEMENT

The authors would like to express their sincere gratitude to the
faculty and staff of the Electrical And Electronics Engineering,
Sandip University, School of Engineering & Technology,
Nashik, for their continuous support and guidance throughout
this project. Special thanks are extended to our project
supervisor, Dr. Mangesh Nikose , for their valuable insights,
feedback, and encouragement that greatly contributed to the
successful completion of this work.

We also acknowledge the contributions of our peers and
laboratory technicians who assisted during the experimental
setup and testing phases. Lastly, we are grateful to our families
for their unwavering support and motivation throughout the
research journey.

5.REFERENCES

1. Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M.
(2013). Internet of Things (1oT): A vision, architectural
elements, and future directions. Future Generation
Computer Systems, 29(7), 1645-1660.
https://doi.org/10.1016/j.future.2013.01.010

2. Zanella, A., Bui, N., Castellani, A., Vangelista, L., &
Zorzi, M. (2014). Internet of Things for smart cities.
IEEE Internet of Things Journal, 1(1), 22-32.
https://doi.org/10.1109/J10T.2014.2306328

3. Madakam, S., Ramaswamy, R., & Tripathi, S. (2015).
Internet of Things (1oT): A literature review. Journal of
Computer and Communications, 3(5), 164-173.
https://doi.org/10.4236/jcc.2015.35021

4. Li, S, Xu, L. D., & Zhao, S. (2015). The Internet of
Things: A survey. Information Systems Frontiers, 17(2),
243-259. https://doi.org/10.1007/s10796-014-9492-7

5. Arduino. (n.d.). Arduino IDE and Software. Retrieved
from https://www.arduino.cc/en/software

6. Ray, P. P. (2016). A survey on Internet of Things
architectures. Journal of King Saud University -
Computer and Information Sciences, 30(3), 291-319.
https://doi.org/10.1016/j.jksuci.2016.10.003

7. Patel, K. K., & Patel, S. M. (2016). Internet of Things-
IOT: Definition, characteristics, architecture, enabling
technologies, application & future challenges.
International Journal of Engineering Science and
Computing, 6(5), 6122-6131.

8. IRJET. (2017). Industrial Automation using loT.
International Research Journal of Engineering and
Technology (IRJET), 4(6), 1458-1462. Retrieved from
https://www.irjet.net

© 2025, IJSREM | www.ijsrem.com

| Page 4


http://www.ijsrem.com/
https://www.irjet.net/

