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Abstract : This research examines the creation and deployment of an advanced system for monitoring and managing air quality in
industrial settings, harnessing the power of I0T technology with the ESP32 microcontroller at its core. The approach incorporates
a range of sensors to track pollutants like carbon monoxide, dust, and ozone continuously, delivering precise and immediate data.
The research underscores the system'’s effectiveness in elevating air quality standards, lowering health hazards for workers and local
populations, and enabling well-informed decisions through detailed data analysis. Notable aspects include its automated response
mechanisms and seamless integration with an loT network for data sharing.
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INTRODUCTION

The rapid growth of industrial sectors globally has intensified air pollution, presenting serious threats to the health of employees
and nearby communities. Industrial operations frequently emit harmful substances such as carbon monoxide, particulate matter, and
ozone, which can accumulate and degrade air quality in concentrated areas.

Conventional monitoring techniques, relying heavily on sporadic manual checks and subsequent lab evaluations, fail to address the
dynamic nature of pollution in these environments [3]. Such methods are often slow and lack the ability to initiate prompt actions,
leaving individuals exposed to dangerous conditions for extended periods. The emergence of 10T technology offers a promising
solution by facilitating ongoing, automated, and remote surveillance systems. This paper introduces an innovative loT-based air
quality monitoring and control system designed for industrial zones, utilizing the ESP32 microcontroller for its advanced processing
and wireless communication features. The ESP32’s capability to manage multiple sensor inputs and transmit data efficiently makes
it a fitting choice for this application [7]. The system is intended to provide real-time insights into air quality metrics, trigger
automated controls to address pollution surges, and supply industrial leaders with actionable insights for strategic management.
Targeting industrial regions where pollution sources are dense and health risks are elevated, this research aims to improve
occupational safety and support wider environmental conservation goals. The study also considers the system's adaptability,
proposing its potential application across various industrial settings with differing pollution characteristics, thus providing a flexible
response to a critical global challenge.

LITERATURE REVIEW

The integration of 10T technology into air quality monitoring has emerged as a pivotal area of research, with numerous scholars
contributing foundational insights that shape current innovations. Elumalai et al. [1] laid the groundwork with their exploration of
a smart industry monitoring and controlling system powered by loT. Their work underscored the value of real-time data collection
through sensor networks and the implementation of automated control strategies, providing a conceptual framework that influences
the hardware and software integration in this study. Their emphasis on operational efficiency through 10T connectivity has guided
the selection of robust communication protocols.

Lingamallu et al. [2] advanced this field by developing a smart air quality monitoring system that leveraged IoT to track pollutant
concentrations. Their research highlighted the practicality of deploying affordable sensors in diverse settings, a principle that has
directly informed the choice of MQ-series sensors for detecting specific gases and particulates in the current system. The focus on
cost-effectiveness and accessibility in their design resonates with the goal of creating a scalable solution.

[JNRD2504432 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | JNRD.ORG

Garcia et al. [3, 4] conducted an extensive study on loT-based infrastructures tailored for industrial environments, emphasizing the
importance of reliable data transmission and network stability. Their findings on the need for secure and efficient communication
channels have been incorporated into the system’s architecture, ensuring that data integrity is maintained under the demanding
conditions of industrial operations.

Das et al. [5] focused on an IoT-based industrial air quality monitoring system, prioritizing the protection of worker health through
timely notifications and visual data representations. This health-centric approach has been a driving force behind the inclusion of
alert mechanisms in the proposed system, aiming to safeguard personnel from exposure to harmful pollutants.

Veeramanikandasamy et al. [6] presented a real-time air quality monitoring and control system designed to enhance the safety of
industrial workers. Their integration of control functionalities with monitoring capabilities has inspired the development of
automated responses in this research, such as activating ventilation systems when pollution thresholds are exceeded.

H. and L [7] offered a technical perspective by implementing an ESP32-based solution for air quality detection, detailing the
microcontroller’s role in processing and transmitting data. This technical insight has been instrumental in configuring the ESP32 as
the system’s wireless communication hub.

Narayanasamy et al. [8] introduced an innovative addition by incorporating air filters into an 10T monitoring system, suggesting a
pathway for pollution mitigation that could be explored in future enhancements of this project.

Pendekanti et al. [9] provided a comprehensive review of recent advancements in loT-based air quality control, identifying emerging
trends such as enhanced sensor accuracy and data analytics, which have informed the system’s forward-thinking design.

Manusmare and Gajarlawar [10] developed an advanced pollution monitoring system with a focus on health-critical gas indexing,
adding a layer of analysis that prioritizes worker well-being. This approach has been adapted to ensure that the system’s outputs are
directly relevant to health safety protocols.

Nasution et al. [11] designed an loT-based air quality monitoring system, offering a detailed blueprint for network architecture and
data management strategies. Their work has been refined and tailored to meet the specific demands of industrial applications,
providing a solid foundation for the system’s operational framework. Together, these studies form a rich knowledge base, guiding
the creation of a comprehensive and effective air quality monitoring solution tailored to industrial needs.

METHODOLOGY

The system architecture is meticulously crafted to ensure effective monitoring and control of air quality within industrial
environments. The schematic is shown in Fig. 1. The block schematic illustrates the operational flow: the Power Supply energizes
the Arduino Mega, which interfaces with the sensors on the left side and the ESP32 on the right. The ESP32 then transmits the data
to the 10T platform, creating a cohesive network that supports real-time air quality management and control in industrial settings.
It is composed of interconnected components, each playing a critical role in the system’s functionality:

e Power Supply: This component delivers a stable electrical power source to the Arduino Mega, ensuring uninterrupted
operation of the entire system. Its placement at the core of the power distribution network highlights its importance in
maintaining system reliability.

e Arduino Mega: Serving as the central processing unit, the Arduino Mega collects raw data from the attached sensors,
processes this information, and prepares it for onward transmission. Its high input/output capacity makes it suitable for
managing multiple sensor inputs simultaneously, acting as the system’s nerve center.

e Sensors:

o MQ-7 Sensor: Specifically designed to measure carbon monoxide (CO) levels, this sensor provides critical data
on a common industrial pollutant known for its toxicity.

o MQ-135 Sensor: This sensor assesses general air quality by detecting a broad spectrum of gases, offering a
holistic view of the atmospheric conditions.

o Dust Sensor: Engineered to quantify dust concentration, it addresses particulate matter—a significant concern in
industrial settings where machinery generates fine particles.

o MQ-131 Sensor: Dedicated to monitoring ozone (O3) levels, this sensor targets another harmful pollutant often
emitted during industrial processes.

o These sensors are linked to the Arduino Mega, transmitting data inputs labeled as "CO data," "Air quality data,"
"Dust concentration data," and "Ozone data," respectively, ensuring a comprehensive pollutant profile.
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Fig. 1 Proposed System Architecture

e ESP32: Functioning as a Wi-Fi-enabled module, the ESP32 receives processed data from the Arduino Mega, labeled as
"Data Output," and forwards it to the 10T platform. Its wireless capabilities facilitate seamless data transfer, bridging the
gap between local monitoring and remote analysis.

e 10T Platform: This component receives data from the ESP32, labeled as "Data to 10T," where it is stored, analyzed, and
visualized. It serves as the system’s digital backbone, enabling remote access for industrial managers and authorities to
monitor air quality trends and initiate control measures.

RESULT AND DISCUSSION

The loT-Based Air Quality Monitoring and Control System for Industrial Area Using ESP32 demonstrates substantial effectiveness
through its practical implementation and testing. The system excels in providing real-time air quality monitoring, capturing precise
measurements of pollutants such as carbon monoxide, air quality indices, dust, and ozone. This capability ensures that any sudden
increases in pollution levels are detected promptly, allowing for immediate assessment of environmental conditions. Fig 2 depicts
the experimental setup and Fig.3 shows the output on LCD display for different metrics.

A key strength of the system lies in its ability to improve air quality actively; when pollutant levels surpass established thresholds, it
triggers control mechanisms such as enhanced ventilation or the activation of filtration units, a process validated through operational
trials and visual evidence from system logs. The reduction of health risks stands out as a critical benefit, with the system’s rapid
alert system notifying authorities and workers of hazardous conditions, thereby minimizing exposure and supporting safer working
environments. This is particularly evident in the detailed notification records maintained by the system. Additionally, the system
supports data-driven decision-making by offering detailed historical data and trend analyses, empowering industrial managers to
develop long-term strategies for pollution control and resource allocation. The integration of these features, as observed during
testing phases, highlights the system’s potential to transform air quality management in industrial zones, fostering both safety and
sustainability.
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Fig 2. Experimental setup

Fig 3 Metrics output on LCD display

CONCLUSION

The loT-based air quality monitoring and control system utilizing the ESP32 emerges as a robust and efficient solution for industrial
areas, delivering real-time monitoring capabilities, enhancing air quality through automated interventions, minimizing health risks,
and providing valuable data for informed decision-making. The synergy of multiple sensors with the ESP32 and IoT connectivity
establishes a scalable framework that can be adapted to various industrial contexts. Looking ahead, the system holds promise for
further development, including the incorporation of machine learning algorithms to predict pollution trends based on historical data,
the addition of sensors to detect a wider range of pollutants, and the expansion of the IoT platform to include mobile applications.
These enhancements could broaden the system’s reach, making air quality management more accessible and proactive across
different sectors.
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