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Abstract: Air pollution has become a major environmental and public health concern due to rapid industrialization, urbanization,
and increasing vehicular emissions. Poor air quality can lead to severe health issues such as respiratory diseases, cardiovascular
problems, and reduced life expectancy. To address this issue, this project presents an Internet of Things (IoT)-based air quality
monitoring system that continuously measures and analyzes environmental parameters in real time.

The proposed system uses various sensors to detect air pollutants such as carbon monoxide (CO), carbon dioxide (CO-), particulate
matter (PM2.5/PM10), temperature, and humidity. These sensors are interfaced with a microcontroller, which collects and processes
the data. The processed information is transmitted to a cloud platform using wireless communication technologies such as Wi-Fi
or GSM. Users can monitor air quality levels remotely through a web dashboard or mobile application, enabling timely awareness
and decision-making.

This system aims to provide a low-cost, portable, and scalable solution for continuous air quality monitoring in urban and rural
areas. By providing real-time data and historical analysis, the system can assist government agencies, researchers, and individuals
in identifying pollution sources and taking preventive measures. The proposed loT-based solution enhances environmental
monitoring efficiency and contributes to creating a healthier and safer living environment.

(CO»), nitrogen dioxide (NO-), particulate matter (PM2.5
and PM10), temperature, and humidity. These sensors are

1.Introduction

Air pollution has become one of the most serious connected to microcontrollers and wireless communication

environmental challenges affecting human health and the modules that transmit data to cloud platforms or web

ecosystem. Rapid urbanization, industrial growth, vehicular applications for analysis and visualization.

emissions, and the use of fossil fuels have significantly

increased the concentration of harmful pollutants in the By integrating loT technology, air quality data can be

atmosphere. Poor air quality can lead to severe health issues accessed remotely, enabling authorities and individuals to

such as respiratory diseases, cardiovascular problems, and take preventive actions when pollution levels exceed safe

reduced life expectancy. Therefore, continuous monitoring limits. Additionally, IoT-based systems allow automation,

of air quality is essential to ensure public safety and to scalability, and continuous data logging, which helps in

support environmental protection efforts. identifying pollution trends and supporting smart city

initiatives. Overall, IoT-enabled air quality monitoring

The Internet of Things (IoT) provides an efficient and cost-
effective solution for real-time air quality monitoring. IoT-
based air quality monitoring systems use sensors to detect
pollutants such as carbon monoxide (CO), carbon dioxide
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systems play a crucial role in improving environmental
awareness, promoting public health, and enabling data-
driven decision-making.
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2.Literature Review

Air pollution has become a serious environmental and public
health issue worldwide due to rapid urbanization,
industrialization, and increased vehicular emissions.
Traditional air quality monitoring methods rely on expensive
fixed monitoring stations, which provide limited spatial
coverage and require significant maintenance. To overcome
these limitations, researchers have explored Internet of
Things (IoT)-based air quality monitoring systems that offer
real-time, low-cost, and scalable environmental monitoring
solutions.

Several studies have proposed IoT architectures using low-
cost gas and particulate matter sensors integrated with
microcontrollers such as Arduino and Raspberry Pi. These
systems measure pollutants such as carbon monoxide (CO),
nitrogen dioxide (NO2), sulfur dioxide (SO2), ozone (Os),
and particulate matter (PM2.5 and PM10), and transmit data
to cloud platforms for storage and visualization. loT-based
monitoring systems provide continuous environmental data
and enable remote access, which makes them suitable for
smart city applications and environmental management.

Recent research highlights the importance of real-time data
acquisition and visualization in air quality monitoring
systems. Many IoT frameworks integrate wireless
communication modules such as Wi-Fi, ZigBee, and LoRa
to transmit sensor data to web servers or cloud platforms.
The collected data is analyzed to compute the Air Quality
Index (AQI), which helps users understand pollution levels
and associated health risks.

3.Methodology

The methodology of the proposed loT-based air quality
monitoring system involves designing a sensing unit, data
acquisition process, communication framework, cloud
storage, and visualization platform. The system continuously
measures environmental parameters and transmits the data

for real-time monitoring and analysis.

1. System Architecture Design
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The system is designed with three main layers:

1. Sensing Layer — Collects air quality data using
sensors

2. Processing and Communication Layer —
Processes data and transmits it via [oT

3. Application Layer — Displays data on a web or
mobile dashboard

This layered approach ensures modularity, scalability, and
efficient data handling.

2. Sensor Selection and Data Acquisition

Various sensors are used to measure air pollutants and
environmental conditions:

e  Gas Sensors (MQ 135) for detecting harmful
gases such as CO, NO2, LPG, and smoke

e  Particulate Matter Sensor (PM2.5/PM10) for
detecting fine dust particles
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e  Temperature and Humidity Sensor
(DHT11/DHT?22) for environmental monitoring

These sensors are interfaced with a microcontroller to
continuously collect real-time data

4.Implamentation
1. Hardware Implementation

1.1 Sensors Used

The system uses multiple gas and environmental sensors to
measure air quality parameters:

e  MQ-135 Gas Sensor: Detects harmful gases
such as CO2, NHs, NOx, alcohol, benzene, and
smoke.

e DHTI11/DHT22 Sensor: Measures temperature
and humidity, which influence air pollution
levels.

e  Optional Sensors: PM2.5 sensor (for particulate
matter), MQ-7 (carbon monoxide), and MQ-2
(smoke and LPG detection).

1.2 Microcontroller Unit

A Node MCU ESP8266 or ESP32 microcontroller is used
as the main processing unit. It reads sensor values and
transmits data to the cloud using Wi-Fi.

1.3 Power Supply

14

The system is powered using:
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e A5V DC adapter or

e A rechargeable battery with voltage
regulation.

1.4 Circuit Design

All sensors are connected to the analog or digital pins of
the microcontroller. The circuit includes:

e Sensor modules
e Breadboard and jumper wires
e  Voltage regulator (if required)

e  Microcontroller board

The microcontroller continuously reads sensor values and
processes them before transmission.

2. Software Implementation

2.1 Programming Environment

The system is programmed using Arduino IDE. The
firmware is written in C/C++ to control the sensors and Wi-
Fi communication.

5.Conclution: The Air Quality Monitoring System using [oT
demonstrates an effective and reliable approach for
continuously monitoring environmental air quality in real
time. By integrating sensors, microcontrollers, and cloud-
based platforms, the system is capable of collecting,
processing, and transmitting air quality data such as
temperature, humidity, and pollutant concentrations. This
enables wusers and authorities to access accurate
environmental information remotely and make informed
decisions to reduce pollution-related risks.

6.Future Enhancement

The proposed IoT-based air quality monitoring system can
b8e further improved and expanded in several ways to make
it more accurate, intelligent, and useful for real-world
applications. One of the major future enhancements is the
integration of advanced sensors that can detect a wider range
of pollutants such as ozone (Os), sulfur dioxide (SOx),
nitrogen dioxide (NO2), carbon monoxide (CO), and volatile
organic compounds (VOCs). Using high-precision
industrial-grade sensors will improve the reliability and
accuracy of pollution measurements.
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Another important enhancement is the use of machine
learning and artificial intelligence algorithms to predict air
quality trends and detect abnormal pollution patterns.
Predictive models can help authorities take preventive
measures before pollution levels become dangerous. Al-
based data analytics can also classify pollution sources and
provide recommendations for pollution control.

The system can also be extended by implementing real-time
alert and notification mechanisms using mobile applications
and SMS services. When pollution levels exceed safe limits,
the system can automatically send warnings to users,
government agencies, and environmental organizations.
This will help in protecting public health and raising
environmental awareness.
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RESEARCH HIGHLIGHTS:

1. Real-time monitoring of air pollutants using loT
sensors to provide accurate and continuous
environmental data.

2. Integration of wireless communication for remote
data transmission and cloud-based storage and
analysis.

3. Development of a user-friendly dashboard or
mobile application to visualize air quality levels
and alerts.

4. Cost-effective and scalable system design suitable
for smart cities, industries, and residential
environments.
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