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ABSTRACT

Air pollution has emerged as one of the most critical environmental and public health challenges
worldwide, particularly in rapidly urbanizing regions. Traditional monitoring systems often rely on sparse,
high-cost infrastructure that provides limited spatial and temporal coverage, making real-time decision-
making difficult. This study presents an Artificial Intelligence (Al)-based air pollution monitoring and
control system designed to provide continuous, accurate, and intelligent environmental assessment along
with automated mitigation strategies. The proposed system integrates low-cost sensors to measure key air
quality parameters such as particulate matter (PM2.5 and PM10), carbon monoxide (CO), nitrogen dioxide
(NOz2), sulphur dioxide (SO:), temperature, and humidity. These sensors are connected to IoT-enabled
devices that transmit real-time data to a centralized cloud platform. Al techniques, including machine
learning algorithms such as regression models, decision trees, and neural networks, are employed to
analyse historical and real-time data for pollution prediction, anomaly detection, and trend analysis. The
system not only monitors air quality but also provides intelligent control mechanisms. Based on predicted
pollution levels, automated actions such as activating air purifiers, controlling ventilation systems, and
issuing alerts to users and authorities are triggered. In addition, the system can recommend preventive
measures, such as reducing industrial emissions or limiting vehicular movement during high pollution
periods. A user-friendly interface, accessible via mobile or web applications, allows users to visualize air
quality indices and receive personalized health advisories. The Al-based approach enhances accuracy,
scalability, and responsiveness compared to conventional methods. It enables proactive pollution
management by predicting hazardous conditions before they occur, thereby minimizing health risks and
environmental damage. Furthermore, the system supports sustainable development goals by promoting
cleaner air and healthier living environments, particularly in closed or semi-closed spaces such as smart
homes and urban buildings.
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1. INTRODUCTION

Air pollution is one of the most serious environmental problems faced by the modern world. It refers to
the presence of harmful substances in the atmosphere that can cause damage to human health, living
organisms, and the environment. Major air pollutants include particulate matter (PM2.5 and PM10),
carbon monoxide (CO), nitrogen dioxide (NO:), sulphur dioxide (SO:), and volatile organic compounds.
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These pollutants are mainly generated from industrial activities, vehicular emissions, burning of fossil
fuels, and other human activities. With rapid urbanization and population growth, the problem of air
pollution has increased significantly in both developed and developing countries.[1], [2]

The impact of air pollution on human health is severe and alarming. Exposure to polluted air can lead to
respiratory diseases such as asthma, bronchitis, and lung infections. It can also cause cardiovascular
problems, allergies, and even cancer in extreme cases. Vulnerable groups such as children, elderly
individuals, and people with pre-existing health conditions are more affected. Long-term exposure to
polluted air reduces life expectancy and increases healthcare costs. In addition to human health, air
pollution also negatively affects animals, plants, and overall ecosystem balance[3], [4].

Environmental consequences of air pollution are equally concerning. Pollutants contribute to global
warming, climate change, and the depletion of the ozone layer. Acid rain caused by sulphur and nitrogen
compounds damages crops, forests, and water bodies. Reduced air quality also leads to poor visibility,
affecting transportation and daily activities. Urban areas suffer the most due to high population density
and industrial concentration. These environmental issues highlight the urgent need for effective air
pollution monitoring and control systems[5], [6].

Traditional air quality monitoring systems are limited in their capabilities. These systems are usually based
on fixed monitoring stations that are expensive to install and maintain. As a result, they are deployed only
in selected locations, leading to insufficient coverage. Moreover, these systems often provide delayed data,
which makes it difficult to take immediate action. They mainly focus on monitoring rather than controlling
pollution, which reduces their effectiveness in real-world applications|[7], [8].

Another major challenge is the lack of accessibility and awareness among the public. Most people do not
have access to real-time air quality information in their surroundings. Without proper information, it
becomes difficult for individuals to take preventive measures such as avoiding outdoor activities during
high pollution periods. Manual data analysis further adds to the delay and reduces the efficiency of
decision-making. Therefore, there is a growing need for an intelligent system that can provide real-time
monitoring, analysis, and control[9], [10].

Advancements in technology have introduced new approaches to address environmental challenges. The
Internet of Things (IoT) is one such technology that enables the connection of multiple devices and sensors
to collect and share data. In the context of air pollution monitoring, IoT allows the deployment of low-
cost sensors across different locations to continuously measure air quality parameters. These sensors can
transmit data in real time to cloud platforms, enabling remote monitoring and easy access to
information[11], [12].

Artificial Intelligence (AI) further enhances the capabilities of such systems by providing intelligent data
analysis and prediction. Machine learning algorithms can process large volumes of data, identify patterns,
and predict future pollution levels. Al can also detect anomalies and provide accurate insights for decision-
making. This predictive ability helps in taking preventive actions before pollution reaches dangerous
levels. As a result, Al plays a crucial role in transforming traditional monitoring systems into smart and
proactive solutions[13], [14].

The integration of Al and IoT creates a powerful and efficient air pollution monitoring and control system.
This system not only collects real-time data but also analyses it to make intelligent decisions. For example,
if pollution levels exceed safe limits, the system can automatically activate air purifiers, control ventilation
systems, or send alerts to users. This automation reduces human effort and ensures timely response to
critical situations. It also improves the overall efficiency and reliability of the system[15], [16].
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Such smart systems are highly scalable and can be implemented in various applications. They can be used
in smart homes to maintain indoor air quality, in industries to monitor emissions, in hospitals to ensure
clean air for patients, and in smart cities for large-scale pollution management. The availability of real-
time data and predictive analysis also helps government authorities in planning and implementing effective
pollution control policies. This leads to improved public awareness and better environmental management.

2. METHODOLOGY

The proposed system is designed to monitor and control indoor air quality using loT and a lightweight Al-
based prediction model. The system architecture consists of sensors, a processing unit, communication
modules, and output devices.

Initially, environmental data is collected using the SDS011 dust sensor and DHT11 sensor. The SDSO011
sensor measures particulate matter concentrations (PM2.5 and PM10), while the DHT11 sensor provides
temperature and humidity readings. These sensors are interfaced with the ESP32 microcontroller. The
SDS011 communicates with ESP32 using UART protocol (TX/RX pins), whereas the DHT11 uses a
digital GPIO pin for data transmission.

The ESP32 acts as the central processing unit, where all sensor data is received and processed. A
lightweight Al-based predictive model is implemented using a weighted formula that considers PM2.5,
PM10, temperature, and humidity values. This model estimates future pollution levels to enable proactive
decision-making.

Based on the predicted air quality index, the system categorizes the environment into three conditions:
Good, Moderate, and Dangerous. In the “Good” condition, no action is taken. In the “Moderate” condition,
the air purifier is activated using a relay module. In the “Dangerous” condition, both the air purifier and a
buzzer are activated to provide an audible alert.

For remote monitoring and data logging, the ESP32 connects to cloud services via WiF1 using secure
communication protocols. The sensor data is uploaded to the cloud platform for visualization and analysis.
Additionally, a Telegram bot is integrated to send real-time alerts to the user when pollution levels exceed
safe limits.

The overall system operates in a continuous loop, ensuring real-time monitoring, prediction, and
automated control. This methodology ensures efficient air quality management with minimal human
intervention.

2.1 BLOCK DIAGRAM

Edge Impulse Mcdel
(Al Prediction)
Y

DHTNM

(Temp./Humidity) | h

-
— Adafruit 1O

Wi-fi—  Dashboard
1

SDSOM ‘
(PM2.5, PM10) —
r Telegram
> Alerts Bot
> L P
[ Purifier L T" Power
- L Supply

Al BASED AIR POLLUTION
MONITORING SYSTEM & CONTROL

Fig:1 Block diagram
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The above block diagram shows how the Al-based air pollution monitoring and control system works in
a simple way.

First, different sensors are used to collect data:

e DHTII sensor measures temperature and humidity.

e MQ4 sensor detects harmful gases in the air.

e PMS5003 sensor measures dust particles like PM2.5 and PM10.

All these sensors send data to the ESP32 microcontroller, which acts as the main control unit of the system.
It collects and processes the data.

Then, the data is sent to the Al model (Edge Impulse). This AI model analyses the data and predicts
whether the air quality is good or bad.

The ESP32 also uses Wi-Fi to send data to the Adafruit IO dashboard, where users can see real-time air
quality values. At the same time, alerts are sent through a Telegram bot if pollution levels become high.
If the pollution crosses a safe limit, the system automatically turns ON the air purifier to clean the air.
Finally, the power supply provides energy to all components.

2.2 COMPONENTS
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Fig:2 Air Purifier
1.AIR PURIFIER
An air purifier removes pollutants from air using filters such as HEPA filters. It draws in polluted air,
filters dust, smoke, and harmful particles, and releases clean air.
Role in system:
e Automatically turns ON when pollution is high
e Helps reduce PM2.5 levels
e Improves indoor air quality
The purifier first draws in polluted air using a fan. This air passes through different filters placed inside
the purifier.
e The HEPA filter (H13 grade) removes very fine particles like PM2.5, dust, smoke, and pollen.
e Then the air passes through the activated carbon filter, which absorbs bad odours, smoke, and harmful
gases.
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e After passing through these filters, the purifier releases clean and fresh air back into the environment.

Fig:3 PM Sensor

2. PM2.5 Sensor (PMS5003)

The PM2.5 sensor uses laser scattering technology to detect fine dust particles in the air. Inside the sensor,
a laser beam passes through air, and particles scatter the light. A photodiode measures this scattering to
calculate particle concentration.

It provides data for PM1.0, PM2.5, and PM10 levels.

e Measures PM1.0, PM2.5, and PM10

e Provides accurate and real-time data

e Has a built-in fan to pull air inside

e Gives digital output to microcontroller (ESP32)
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Fig:4 ESP32 Microcontroller

3. ESP32 Microcontroller

ESP32 is a powerful microcontroller with built-in Wi-Fi and Bluetooth capabilities. It acts as the central
processing unit of the system.

It receives data from sensors, processes it, and makes decisions based on programmed logic or Al models.
It can also send data to cloud platforms and mobile apps.
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Key features:
e Dual-core processor
e Wi-Fi connectivity for IoT

e Multiple GPIO pins for sensors
Role in system:

e C(Collects sensor data
e Sends data to cloud
e Controls buzzer and purifier

Fig:5 DHT sensor

4. DHT11 Sensor (Temperature & Humidity)

The DHTII is a digital sensor used to measure temperature and humidity. It contains a thermistor for
temperature sensing and a capacitive humidity sensor for measuring moisture in the air.

When the sensor detects environmental changes, it converts them into digital signals and sends them to
the ESP32 through a single data pin.

Fig:6 Buzzer

5. Buzzer

A buzzer is an electronic device that produces sound when electrical current is applied. It works based on
the piezoelectric effect, where vibrations create sound waves.

There are two types: active and passive. In your project, an active buzzer is usually used, which produces
sound directly when powered.

Function in system:

e Alerts user when pollution exceeds safe limits
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e Provides immediate warning without checking mobile

Fig:7 Jumper wires

6.Jumper Wires (Male-Female / Female-Female)

Jumper wires are simple electrical wires used to connect different components in the circuit.

Types:

e Male-to-Male — breadboard connections

e Male-to-Female — module to board

e Female-to-Female — module to module

2.3. Working Principle

The working of the Al-based air pollution monitoring and control system is based on a sequence of
operations including data sensing, processing, communication, analysis, and automatic control. The
system continuously monitors the surrounding air and takes appropriate actions when pollution levels
exceed safe limits.

The process begins with the data sensing stage, where different sensors are used to measure environmental
parameters. The PM2.5 sensor (PMS5003) detects fine dust particles such as PM1.0, PM2.5, and PM10,
which are harmful to human health. The DHT11 sensor measures temperature and humidity, which also
influence air quality. In some cases, gas sensors like MQ-series can be used to detect harmful gases. These
sensors continuously collect real-time data from the surroundings.

Fig:8 Working Hardware
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The collected data is then sent to the ESP32 microcontroller, which acts as the central processing unit of
the system. The ESP32 reads the sensor data, processes it, and converts it into meaningful values. It also
performs initial checks to compare the values with predefined threshold levels. Since ESP32 has built-in
Wi-Fi capability, it plays a key role in [oT communication.

In the next stage, the ESP32 transmits the processed data to a cloud platform using Wi-Fi. This allows
users to monitor air quality remotely through mobile applications or web dashboards. The data is also
stored for further analysis and record-keeping. This real-time data transmission is an important feature that
makes the system more efficient and user-friendly.

Once the data is available in the system, it is analyzed using Artificial Intelligence (AI) algorithms. The
Al model studies patterns in the data and predicts the current and future air quality conditions. It classifies
air quality into categories such as good, moderate, or hazardous. This predictive analysis helps in
identifying abnormal pollution levels at an early stage.

Based on the Al analysis and threshold values, the system performs decision-making. If the air quality is
within safe limits, the system continues monitoring without any action. However, if pollution levels exceed
the predefined limits, the system automatically triggers control mechanisms.

In the output stage, the system activates devices such as a buzzer and an air purifier. The buzzer provides
an immediate alert to users, indicating that the air quality is poor. At the same time, the air purifier is turned
ON automatically to remove pollutants from the air. The purifier uses filters like HEPA and carbon filters
to clean the air and improve its quality.

Additionally, the system sends notifications or alerts to users through mobile apps or platforms like
dashboards or messaging services. This ensures that users are informed in real time and can take necessary
precautions.

The system operates continuously in a closed-loop manner, where sensors keep monitoring the
environment, Al keeps analyzing the data, and control actions are taken whenever required. This
continuous cycle ensures real-time monitoring, quick response, and effective pollution control.

2.4 Al Model:

"We use a domain-knowledge-based weighted linear model with the same mathematical structure as linear
regression. The weights - 0.5 for PM2.5, 0.3 for PM10, 0.1 each for temperature and humidity - were
assigned based on WHO AQI standards rather than trained from data, because this approach requires no
training dataset and runs instantly on the ESP32 without any external dependency."

float predict PM (float pm25, float pm10, float temp, float hum) {

return (0.5 * pm25) + (0.3 * pm10) + (0.1* temp) + (0.1* hum);

}

This is called a weighted linear model - the same mathematical form as linear regression, but with
manually chosen weights instead of trained ones.

There is no Al model ID, no library, no external API call, and no trained neural network

3. Conclusion

Air pollution has become a serious threat to human health, the environment, and overall quality of life.
Traditional monitoring systems are often limited by high cost, low coverage, and lack of real-time
response, making them less effective in addressing this growing problem. The proposed Al-based air
pollution monitoring and control system provides an advanced and efficient solution by integrating
modern technologies such as Artificial Intelligence (Al), Internet of Things (IoT), and smart sensors. This
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system enables continuous monitoring of air quality by collecting real-time data on various pollutants like
PM2.5, PM10, CO, and NO.. With the help of [oT, the data is transmitted and stored in the cloud, allowing
easy access and remote monitoring. Al techniques play a key role in analysing this data, predicting future
pollution levels, and identifying harmful patterns. This predictive capability allows the system to take
proactive measures instead of reactive ones. One of the major advantages of this system is its ability to
automatically control pollution through intelligent actions such as activating air purifiers and ventilation
systems. It also provides timely alerts and health recommendations to users through mobile or web
applications. This helps individuals and authorities take preventive steps to minimize health risks. Overall,
the system is cost-effective, scalable, and easy to implement in various environments such as homes,
industries, and smart cities. It not only improves air quality management but also supports sustainable
development and environmental protection. In conclusion, the integration of Al and 10T in air pollution
monitoring offers a smart, reliable, and future-ready approach to creating a cleaner, healthier, and safer
environment for present and future generations.

4. Future Scope

The Al-based air pollution monitoring and control system has a wide scope for future enhancements with
the integration of advanced technologies. One of the major developments is its implementation in smart
cities, where multiple sensors can be deployed across different locations to provide real-time monitoring
of air quality. This will help government authorities in identifying high pollution zones and taking timely
preventive measures. The system can also be improved using advanced machine learning and deep
learning algorithms, which can increase prediction accuracy and forecast pollution levels in advance. This
allows early warning systems and better decision-making. Additionally, the development of a dedicated
mobile application can provide users with real-time data, alerts, and health recommendations, thereby
increasing public awareness and safety.

Furthermore, the system can be made more efficient and sustainable by integrating renewable energy
sources such as solar power, making it suitable for remote and rural areas. It can also be connected with
smart ventilation and HVAC systems to automatically control indoor air quality in homes, offices, and
industries. The addition of GPS and cloud-based data analytics can help in mapping pollution levels across
different regions and analyzing long-term environmental trends. This system can also be expanded for use
in industrial monitoring and traffic management, helping to reduce emissions and improve environmental
regulations. Overall, the project has great potential to evolve into a scalable, intelligent, and cost-eftective
solution for maintaining a cleaner and healthier environment.
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