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ABSTRACT 

This project focuses on developing an Air 

Quality Prediction System using Machine 

Learning techniques to analyze and 

forecast air pollution levels. With rapid 

industrialization and urbanization, air 

pollution has become a major 

environmental and public health concern. 

Harmful pollutants such as Sulphur 

Dioxide (SO₂), Nitrogen Dioxide (NO₂), 

Respirable Suspended Particulate Matter 

(RSPM), Suspended Particulate Matter 

(SPM), and PM2.5 significantly affect 

human health and environmental 

sustainability. Therefore, predicting air 

quality in advance is essential for effective 

environmental monitoring and public 

safety. The proposed system utilizes 

machine learning algorithms such as 

Linear Regression, Decision Tree, 

Random Forest, Gradient Boosting, and 

Support Vector Machine to analyze 

historical air quality data and predict 

pollutant concentrations. 
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INTRODUCTION 

In the present era of rapid 

industrialization and urban expansion, air 

pollution has emerged as one of the most 

critical environmental and public health 

challenges across the world. The increasing 

concentration of harmful air pollutants such 

as Sulphur Dioxide (SO₂), Nitrogen 

Dioxide (NO₂), Respirable Suspended 

Particulate Matter (RSPM), Suspended 

Particulate Matter (SPM), and PM2.5 has 

resulted in severe health issues including 

respiratory diseases, cardiovascular 

disorders, and reduced life expectancy. 

Continuous monitoring and timely 

prediction of air quality have therefore 

become essential to safeguard public health 

and ensure environmental sustainability. 

Traditional air quality monitoring systems 

mainly depend on real-time sensor 

measurements and static threshold-based 

analysis. Although these methods provide 

http://www.ijerst./


Int. J. Engg. Res. & Sci. & Tech. 2026 
 
 

ISSN 2319-5991                                www.ijerst.org               Vol. 22, No. 2, 2026              945 

 
 

current pollution levels, they lack the 

capability to predict future air quality 

conditions accurately. 

 With the advancement of Artificial 

Intelligence (AI) and Machine Learning 

(ML), it is now possible to analyze large 

volumes of historical air quality data and 

identify complex patterns that are difficult 

to detect using conventional techniques. 

Machine learning models can learn from 

past data and provide accurate predictions 

of air pollutant concentrations, enabling 

proactive environmental monitoring. 

RELATED WORK 

Air pollution has become a major concern 

in today’s world due to rapid urbanization, 

industrial growth, and increased vehicular 

emissions. Poor air quality directly affects 

human health, leading to respiratory 

illnesses, heart diseases, and other long-term 

health complications. Despite the 

availability of air quality monitoring 

stations, most existing systems provide 

only real-time pollution data and lack the 

ability to predict future air quality 

conditions. This limitation reduces the 

effectiveness of preventive measures and 

timely decision-making. 

LITERATURE SURVEY 

The study of air quality monitoring and 

prediction has evolved significantly over 

the past few decades. In the early stages, air 

quality assessment was mainly based on 

manual observations and statistical analysis 

of pollutant concentrations collected from 

monitoring stations. These traditional 

methods relied on fixed thresholds and 

simple mathematical models, which 

provided limited accuracy and were unable 

to capture complex relationships among 

different air pollutants. 

 Air quality prediction systems can be 

broadly classified into different categories 

based on the techniques and methodologies 

used for analyzing and forecasting air 

pollution levels. Each category has its own 

advantages and limitations depending on 

data availability, complexity, and prediction 

requirements. 

EXISTING METHOD 

Traditionally air quality monitoring 

systems primarily rely on real-time data 

collected from air quality monitoring 

stations and sensors installed at specific 

locations. These systems measure pollutant 

concentrations such as SO₂, NO₂, and 

particulate matter and display the current 

air quality status based on predefined 

threshold values. While such systems are 

effective in reporting present conditions, 

they lack the capability to predict future air 

quality levels. 

PROPOSED METHOD 
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The proposed system introduces an 

intelligent Air Quality Prediction System 

using Machine Learning techniques to 

overcome the limitations of traditional 

approaches. The system analyzes historical 

air quality data and predicts the 

concentration of multiple air pollutants, 

including SO₂, NO₂, RSPM, SPM, and 

PM2.5. Multiple machine learning 

algorithms such as Linear Regression, 

Decision Tree, Random Forest, Gradient 

Boosting, and Support Vector Machine are 

implemented and evaluated. For each 

pollutant, the best-performing model is 

selected based on accuracy metrics. The 

trained models are stored and reused for 

efficient prediction without retraining. 

SYSTEM ARCHITECTURE 

 

Fig 2: Block Diagram 

METHODOLOGY DESCRIPTION 

System design is a crucial phase in software 

development that transforms system 

requirements into a structured framework 

for implementation. In the Air Quality 

Prediction using Machine Learning project, 

the system design focuses on creating an 

efficient, scalable, and user- friendly 

architecture that enables accurate 

prediction and visualization of air pollutant 

concentrations. 

Data Source Layer: This layer contains 

historical air quality datasets collected from 

monitoring stations across different cities 

and years. The dataset includes pollutant 

parameters such as SO₂, NO₂, RSPM, SPM, 

and PM2.5. The data serves as the primary 

input for the prediction system. 

Data Preprocessing Layer: The 

preprocessing layer cleans and prepares the 

raw dataset for analysis. It handles missing 

values, removes inconsistencies, converts 

data types, and normalizes pollutant values. 

This step ensures that high-quality data is 

provided to the machine learning models, 

improving prediction accuracy. 

 Machine Learning Model Layer: This 

layer is the core of the system and includes 

multiple machine learning algorithms such 

as Linear Regression, Decision Tree, 

Random Forest, Gradient Boosting, and 

Support Vector Machine. Each algorithm is 

trained using preprocessed data to learn 

pollution patterns and relationships among 

pollutants. 

Prediction Layer: The selected models are 

used to predict future concentrations of air 
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pollutants based on historical patterns. This 

layer generates predicted values for SO₂, 

NO₂, RSPM, SPM, and PM2.5. 

Visualization and User Interface Layer: 

The final layer presents prediction results 

through a web-based interface. Graphs, 

charts, and statistical summaries help users 

easily interpret air quality trends and 

prediction outcomes. 

RESULTS AND DISCUSSION 

The image shows the Air Quality Prediction 

project running in Visual Studio Code, with 

the command app.py and multi_ml.py used 

to start the backend server. 

 

Fig 2: Executing the Application in VS 

Code 

Technology Stack – Description: Python is 

used as the core programming language for 

data analysis, preprocessing, and machine 

learning model development due to its 

simplicity and extensive library support. 

 

Fig 3: Technology Stack 

Visualization Page Description: The 

Visualization page of the Air Quality 

Prediction System presents interactive and 

graphical representations of air pollution 

data to help users understand pollution 

levels and trends effectively. This page 

plays a key role in analyzing historical data 

and identifying pollution patterns across 

different cities and time periods. 

 

Fig 7.3: Visualization 

Cities by Pollution Levels: The figure 

illustrates a bar chart representing the top 

10 cities based on average pollution levels. 

The chart compares the average 

concentrations of three major air pollutants: 
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SO₂ (Sulphur Dioxide), NO₂ (Nitrogen 

Dioxide), and PM2.5 (Particulate Matter) 

across selected cities. 

 

Fig 5: Result 

CONCLUSION 

The Air Quality Prediction project 

demonstrates the practical application of 

Machine Learning and web technologies in 

developing an intelligent system for 

environmental monitoring. With the 

growing concern over air pollution and its 

impact on public health, this project 

provides a reliable solution for analyzing 

and predicting air quality levels across 

different cities. By leveraging historical 

pollution data and advanced learning 

algorithms, the system helps users 

understand pollution conditions in an easy 

and meaningful way. The system was tested 

with multiple datasets and varying pollutant 

values to evaluate its performance. In all 

cases, the prediction model produced 

accurate and consistent air quality 

classifications such as Good, Moderate, and 

Poor. This demonstrates the effectiveness of 

machine learning techniques in capturing 

complex relationships among air pollutants 

and predicting overall air quality 

conditions. The project is also 

economically feasible, as it uses open-

source libraries and lightweight 

deployment technologies. Its modular 

architecture allows easy extension, 

customization, and scalability for different 

cities or regions. The system can be adapted 

for use in environmental monitoring 

agencies, educational platforms, and public 

awareness applications. 

FUTURE SCOPE 

While the current system predicts air quality 

using historical data, future versions can 

integrate real-time data from government 

APIs or IoT-based air quality sensors. This 

enhancement would enable continuous 

monitoring and more accurate, up-to-date 

air quality predictions for cities. The system 

can be extended into a mobile application 

with GPS-based location detection. This 

would allow users to automatically receive 

air quality predictions for their current 

location, improving accessibility and 

usability for everyday users. Future 

enhancements may include the use of 

advanced deep learning techniques such as 

LSTM or neural networks to improve 

prediction accuracy. These models can 

capture complex temporal and spatial 

pollution patterns more effectively than 
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traditional algorithms.The air quality 

prediction system can be integrated with 

smart city and environmental monitoring 

platforms. This would help government 

authorities and urban planners analyze 

pollution trends, issue alerts, and take 

preventive measures to improve air quality 

management. 
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