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ABSTRACT 

 

 
The existence of dangerous or excessive amounts of pollutants in the atmosphere that endanger 

human health, the environment, and general quality of life is referred to as air pollution. Short-

term exposure to air pollution results in acute health issues such headaches, exhaustion, and 

irritation of the throat, nose, and eyes. Prolonged exposure raises the risk of heart disease, lung 

cancer, chronic respiratory disorders, brain, nerve, liver, and kidney damage. Children who are 

exposed for an extended period of time may also have problems. As a result, assessing and 

forecasting air quality is a crucial step in reducing environmental risk. To measure pollution 

levels, we use AQI. In recent years, there has been a growing interest in the use of machine 

learning (ML) and deep learning (DL) techniques for air pollution forecasting. These 

techniques have the potential to provide more accurate and timely predictions of air pollution 

levels, which can be used to inform public health interventions and environmental policy 

decisions. This thesis reviews the existing literature on the use of ML and DL techniques for 

air pollution forecasting. The thesis provides an overview of the different types of ML 

algorithms that have been used for this purpose. For the previous two years, Delhi, the capital 

of India, has been the most polluted city in the world. So, this research paper collected data on 

air pollution from CPCB (Central Pollution Control Board) specifically focusing on fine 

particles such as PM2.5, PM10, NO2, NH3, SO2, CO and OZONE from five different areas or 

stations in Delhi. Different machine learning algorithms such as Logistic Regression, K Nearest 

Neighbors (KNN), Support Vector Machine (SVM), Random Forest, Decision Tree and 

XGBoost are used to analyses the collected data. Evaluation metrics such as accuracy, 

Precision and are used. The comparison between the models is also discussed in this thesis. 
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CHAPTER 1 

INTRODUCTION 
 

Air pollution is a wide spread problem and one of the major environmental issues that not only 

effecting humans but also other living being of the planet. WHO research states that 7 million 

deaths globally occur each year as a result of diseases linked to air pollution, including cancer, 

bronchitis, asthma, disorders of the throat and eyes, and heart problems. The major pollutants 

present in the air and causing these diseases includes Particulate Matter (PM10 and PM2.5), 

CO, NO2, SO2, Suspended Particulate Matter (SPM), Ground level Ozone (O3).  

 

 

Figure 1.1: pollutants 
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levels. However, as machine learning progressed, everyday activities began to use very 

accurate machine learning models that were trained using probability functions and produced 

precise predictions. Machine learning has proven to be remark ably resilient in its ability to 

anticipate natural phenomena. 

 
 

1.1 INDOOR AND OUTDOOR AIR POLLUTION 

Air pollution is categorized into two types Indoor and Outdoor pollution. The pollutants 

mentioned above comes under outdoor pollution. The Indoor pollution refers to the 

contaminants that come from furniture, paints and adhesives inside the building. Tobacco 

smoke, household goods and insecticides, wood-burning stoves, and gases including CO, lead 

(pb), and NO2 are among the causes of indoor pollution. A study reveals that indoor pollution 

levels are 2-5 times high than outdoor pollution levels 

 

Figure 1.2: Sources of air pollutants 

So, in order to control the emission of gases into the atmosphere, government is using air 

quality monitoring systems. The pollution prediction, forecasting and updation has gained 

tremendous importance in the recent years. 
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Figure 1.3: AQI Index 

 

The AQI is divided into six categories, each of which has a distinct color and corresponds to 

a different health problem.  

AQI is for five major pollutants. They are 

1. Ground level ozone 

2. Particle pollutants (Particulate Matter including PM2.5 and PM10) 
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3. Carbon monoxide 

4. Sulphur dioxide 

5. Nitrogen dioxide  

 

Table 1.1: AQI values 

 

1.3 Research problem 

To forecast the air pollution in Delhi, this study uses machine learning models to predict and 

forecast the air pollution on a time series dataset which consists of AQI values of various 

pollutants such as PM2.5, PM10, NO2, SO2, NH3, CO and OZONE. The data of these 

pollutants is collected from CPCB (Central Pollution Control Board). 

To achieve our problem statement, we have studied various research papers that uses machine 

learning models on a time series dataset and compared the accuracy of various models by 

running the models on our own dataset. 

1.4 Purpose of Dissertation 

The purpose of this dissertation is to forecast the air pollution in Delhi by collecting the data 

of various pollutants of five different stations or areas in Delhi from CPCB. This study 

provides a comprehensive overview and analysis of implementation of various machine 

learning models on the dataset. This research aims to address the need for prediction and 

forecasting of air pollution through extensive literature survey of existing work on forecasting 

air pollution. In addition to implementation of various machine learning models, this thesis 
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also aims to provide a comprehensive review of various existing machine learning models 

used by researchers on various datasets and also provides the research gaps in those papers. 

The outcome of this research can help the researchers in future for analyzing a time series 

data on machine learning models and help them in predicting better air quality. 
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CHAPTER 2 

RELATED WORK 

 
The data of various pollutants that we are getting from sensors, air monitoring systems requires 

rigorous analysis for getting accurate and reliable predictions, which only ML and DL 

algorithms can handle efficiently. This paper [5] is a survey of ongoing examinations which 

utilizes three strategies, Bibliometrics technique to survey the exploration status of anticipating 

air contamination techniques, Developmental trees for spatial transient information 

investigation and Markov chain technique to anticipate future exploration patterns for 

significant air pollutants. The two algorithms utilized in this research article [6] are Random 

Forest and Naive Bayes. 32516 record datasets are used to assess these models. A definite 

depiction of each algorithm utilizing pseudocodes was remembered for the distribution what's 

more, IBM SPSS form 21 was used to execute this paper what's more, Random Forest beats 

with an exactness of 99.154% contrasted with Naive Bayes. The biggest city in Australia, 
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The article gives an outline of the writing on a couple algorithms that have been applied to 

various information mining approaches for climate expectation by various scholastics. The 

work that numerous researchers in this field did has been examined furthermore, differentiated 

in a plain way. Decision trees and k mean clustering show unrivaled weather conditions 

conjecture execution also, exactness when contrasted with different information mining 

strategies [11].  

 

An air quality observing framework with evaluation and estimating modules in light of 

information features such contamination levels, climate, and compound parts gotten from the 

WRF-Chem model was presented by the creators of [12]. The authors performed trials on 74 

Chinese cities using several feature groups and classification techniques such random forest, 

SVM, and linear regression. Their outcomes showed that the consolidated model delivered 

expectations that were more precise than those of the individual models. The study [13] 

discusses air pollution and emphasises the serious health and financial risks it poses. The study 

centres on precise evaluation of air quality, specifically in Delhi, India, by utilising three 

machine learning models: SARIMAX, Prophet, and LSTM. SARIMAX is determined to be 

the most dependable of these. The Central Pollution Control Board provided the data, which 

was then pre-processed and managed by replacing missing values with mean values. The 

RSME values for the dataset mentioned above are as follows. 39.11- SARIMAX, 37.84 

Prophecy and 120.70- LSTM. The highest performing model for univariate time series 

forecasting, according to the paper's conclusion, was SARIMAX. The performance of LSTM 

could be enhanced by additional training. Parameter adjustment for SARIMAX and extending 

the study to further places should be priorities for future development.  

 

This research [14] examines how measurement errors in time series data might cause 

ambiguity and uncertainty in the data. Owing to the uncertainty in the data, different forecasting 

models may yield different results. In order to deal with data uncertainty, this work proposes 

fuzzy symmetry, which in turn uses triangular fuzzy numbers (TFN). After the data has been 

fuzzified, the midpoint of the fuzzy set is calculated to complete the defuzzification process. A 

basic average method is employed to determine the midway, however it is ineffective in cases 

where the data is unclear. Thus, this work uses a linear programming technique known as 

"defuzzification" to determine the middle point of fuzzy data. The suggested linear 

programming method outperforms in terms of accuracy, the article says. In order to test the 

dataset using machine learning models such as linear regression, lasso regression, random 
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Table 2.1: Literature Review 

 

Referen

ce 

Year Description Model used Dataset 

used 

Performance 

evaluation 

Result Limitations 

[1] 2021 Uses bibliometric, 

evolutionary and 

Markov chain 
methods to 

explain the re- 

search did so far 

CMAQ,

 ADM

S, 

ANN, 
multiple 

linear 

regression 

Top   10   

disciplines 

and journals 

that were 
most active 

in three 

periods 
(1990- 

1999, 2000-

2009, 

2010-2018) 

Bibliometrics   

and    geo- 

graphic 

evolutionary 
tree analysis 

Hotspots 

and trends 

of 

air 
pollution 

prediction 

research 

Focussed more on 

only three major 

pollutants. No 
further discussions 

are made on other 

pollutants. 

 

[2] 

 

2021 
 

Proposes a new 

method- ology to 

 
IMDA-

based DL 

 
Air pollutant 

data of four 

For 

timesteps-3: 

RMS

 
Outperform

s the recent 

 
The dataset is 

limited to only 



 
 

10  
 

forecast air 
pollution using a 

DL model called 

IMDA 

model, 
variational 

autoencoder 

US states E-
13.44 

MAE-

5.620 

R2 -
0.873

69 

LSTM, 
bidirection

al LSTM 

models 

four states 

 

 

 

[3] 

 

 

 

2020 

 

 

 

Proposes a new 
method- ology to 

forecast air 

pollution using a 
DL model called 

CNN-LSTM-

SVR to calculate 

PM10 and SPM 
concentrations 

for the next 14 

days 

 

 

 

CNN-
LSTM-SVR 

DL model 

 

 

 

Time series 

air pollution 
dataset of 

Odisha state 

For PM10: 

RMSE
-6.29 

MSE-

1317.3
2 

MAE-

35.52 

 

For 

SPM: 

RMS
E-

2.52 

MSE-
6.36 

MAE

-2.11 

 

 

 

Time series 

air 
pollution 

dataset of 

Odisha 
state 

 

 

 

The dataset is 

limited to only 
one state. 

[4] 2021 Investigate the 
studies related to 

DL under frame- 

work of smart 
cities 

DL models Research 
papers   

related to 

DL 

RMSE, MAE Hotspots 
and trends 

of 

air pollution 
in DL 

Focused only on 
one pollutant 

 

 

[5] 

 

 

2021 

 

 

Analyzes and 

compares three 
different models 

on the dataset to 

predict air 
quality. 

 

 

Linear 

Regression, 

CNN and 
Random 

Forest 

 

 

Kaggle’s 

“Air quality 

data in 
India”. 

For city-
day data: 

MSE-

936 

 

For city-

hour 
data: 

MSE-

1834 

Random 

Forest 
yielded the 

best 

outcome for 
the data 

from City 

Day. 

 

CNN-

produced 

the best 
result for 

city hour 

data. 

 

 

Focused only on 

one pollutant and 

limited dataset 

[6] 2020 Analyzed 

different ML 

techniques for 

forecasting 
PM2.5 on 

“Taiwan Air 

Quality 
Monitoring Net- 

work dataset 

Random

 Fores
t, 

Gradient       

Boosting 
Regressor,

  K- 

neighbor 

Regressor, 

Taiwan Air 

Quality 

Monitoring 
Network 

dataset 

(TAQMN) 

R2 -0.9336 

 

RMSE-

0.1302 

Using the 

TAQMN 

data, the 

gradient 
boosting 

regressor 

model 
performs 

better in 

Focused only on 

one pollutant 

PM2.5. The 

difference 
between the 

results of the 

predictive models 
and other model 

are close to each 
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(TAQMN)” 
dataset 

decision
 tre

e regressor 

(CART). 

predicting 
air 

pollution. 

 

other. Not 

[7] 2021 The paper studies 
the behavior of 

pollutants be- fore 

and during 
lockdown across 

the top 10 listed 

polluted cities. 

Comparative 
evaluation of 

dataset 

Air Quality 
data in India 

(2015-2020) 

AQI The   
pollution    

levels 

especially 
PM2.5 and 

PM10 have 

decreased 
during 

lockdown 

and the air 

quality is 
improved 

in major 

cities 

No model is used 

 

[8] 

 

2021 

 

Compared three 

different 

architectures 
LSTM, GRU and 

Simple RNN 

with ARIMA 

model on 
different sliding 

window lengths 

6h, 12h and 24h 
and proposed the 

best model for 

PM 
concentration. 

 

ARIMA,

 LST

M, 

GRU, 

Simple RNN 

 

Measureme

nts of the air 

quality 
made by 

sensors 

placed in 
various 

Skopje 

areas 

RMSE for 

 

24h-3.33 

12h-24.77 

6h-62.28 

 

Predicted 

the best 

model for 
each time 

horizon 

 

restricted dataset 

and the ARIMA 

model's 
performance was 

not assessed 

throughout a 24-
hour period 

 

[9] 2022 This   paper    uses    

two 

algorithms Naive 
Bayes and 

Random Forest 

on a 32516 
record dataset 

and compare’s 

the accuracy of 

the model 

Naive Bayes 

and Random 

Forest 

32516 record 

dataset 

Accuracy 

Random 

Forest- 
99.154%   

Naive   

Bayes- 
97.32% 

Random 

Forest 

outperforms 
Naive 

Bayes 

only two models 

have been 

used. 

[10] 2023 This paper 

suggests fuzzy 

symmetry to 
handle 

uncertainty in 

data which then 

involve TFN 
followed by 

defuzzification 

ARIMA and   

Linear 

Programmin
g 

SMKPasir 

Gudang, 

SMK Bukit 
Rambai, 

Komplek 

Sukan 

Langkawi,S
K 

Cenderawas

ih 

RMSE of

 differe

nt 
datasets are 

compared 

Utilizing LP 

to identify 

middle 

point is 
more re- 

liable 

No other 

evaluation metrics 

other than RMSE 

is calculated 
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[11] 2023 This     paper      
collected 

data    from     

CPCB, Delhi      

and       tested data 
on three models 

SARIMAX, 

Prophet and 
LSTM 

SARIMAX, 
Prophet 

and LSTM 

Data 
collected 

from 

CPCB 

contains 

29531 rows 
of data 

RMSE 
SARIMAX-

39.10, 

Prophet-

37.83 and 

LSTM- 
120.700 

SARIMAX 

outperform
s compared 

to other 

two models 

For better   
prediction   they 

have to expand 

the scope of study 

beyond Delhi 

[12] 2023 This paper uses 

different 

machine learning 
models to 

analyze the data 

and compared 
the results of all 

models 

Li near   

Regression, 

Lasso 
Regression, 

K Nearest 

Neighbors 
and 

Random 

Forest 

Dataset 

accessible to 

the public 
from Sri 

Lanka. Data 

on PM2.5, 
NO2, C0, and 

SO2 

concentration

s are included 
in the 

collection, 

which spans 
the years 

January 2018 

through 
December 

2021. 

 

Accuracy:

 Li

near 
regression-

89.23%, 

Lasso 
Regression-

88.95%, 

KNN- 

92.65% and 
Random 

Forest-

99.87% 

When 

compared to 

other 
models, the 

Random 

Forest 
model 

yields the 

best overall 

accuracy 
and the 

lowest 

RMSE 
value. 

 

For better   

prediction   they 

would have gone 
for deep learning 

models as the 

dataset is large 
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CHAPTER 3 

METHODOLOGY 

 
For forecasting air pollution, we have prepared our own dataset and tested the dataset on the 

existing machine learning models. Various authors have proposed various methods but used 

the existing machine learning and deep learning models. The results of any model depend on 

the dataset used. For forecasting we need the time series dataset which consists of AQI values. 

So, depending upon the dataset and the model results may vary. 

 

 
 

3.2 Data Analysis and Model building 

 
 Preprocessing the data: 

Before training the dataset, it is important to check for the missing values in the dataset. This 

paper handled the missing values using “simple Imputer” from “sklearn.impute”, where the 

missing values are replaced with the mean of each feature 
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 Training the model: 

Once the data preprocessing is done, the dataset is divided into two phases Training phase and 

Testing phase.  

Training phase: After examining the data in the dataset, the ML system builds a model that is 

represented as a line or curve using the chosen ML technique. In our case, we just used 80% 

of the dataset for training. 

Testing Phase: The system receives the inputs and is then evaluated for functionality. The 

precision is assessed. We used 20% of the dataset across all datasets for testing.  

 

 
 

Figure 3.1: Architecture of the proposed model 

 

The following are the algorithms that are used to train the dataset: 

 Logistic Regression 

 K-Nearest Neighbors 

 Support Vector Machine 

 Random Forest 

 Decision Tree  
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 XGBoost 

The data is trained according to the above method and used by python libraries (like pandas, 

sci-kit-learn etc.). 

 

3.3 Model Evaluation 

 
Using a pre-processed dataset, the model is used to predict the AQI value after the training 

phase is finished. Accuracy is used to determine which machine learning algorithm is the best. 

For regression problems, commonly used evaluation metrics are: 

 Accuracy 

 Precision 

 Recall 

 F1 Score 

The formulae for the above evaluation metrics are shown below 

Accuracy = (TP+TN)/ (TP+TN+FP+FN) 

Precision = TP/(TP+FP) 

Recall = TP/(TP+FN) 

F1 Score = 2*((Precision * Recall)/ (Precision + Recall)) 

Table 3.1: Confusion matrix 

 

 Predicted Negative (0) Predicted Positive (1) 

Actual Negative (0) True Negative (TN) False Positive (FP) 

Actual Positive (1) False Negative (FN) True Positive (TP) 

 

Where TP (True Positives): Correctly predicted positive instances 

 TN (True Negatives): Correctly predicted negative instances 

 FP (False Positives): Incorrectly predicted positive instances 

 FN (False Negatives): Incorrectly predicted negative instances 

 

The two main pollutants, SO2 and NO2, are predicted by the author of [13] using a linear 

regression model. Five different machine learning techniques were employed by the author of 

[14], who compared the outcomes using the single parameter of RMSE values. However, six 

machine learning methods and seven contaminants were employed for prediction in this study. 
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The results were predicted based on comparison between the models using accuracy, recall, 

precision and F1 Score. 

 

 

3.4 Machine Learning Models 

 
1. Logistic Regression: Logistic regression is a statistical model used for applications 

involving binary categorization. It calculates the likelihood that a specific input is a 

member of a particular class. assumes that the log-odds of the result and the input 

features have a linear relationship. models the likelihood using a logistic function and 

outputs probabilities that are thresholded to produce binary forecasts. This model has 

shown an accuracy of 78%. 

 

 
Figure 3.2: Logistic Regression architecture 
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data points into classes (SVM). The term "16 hyperplane" refers to this ideal border. 

The extreme vectors that SVM selects to find the hyperplane are known as support 

vector.  SVM has shown an accuracy of 84%. 

 
Figure. 3.3: Support Vector Machine 

 

4. Random Forest Regressor: Random Forest is an ensemble learning strategy that 

creates many decision trees during training and combines their output to improve 

accuracy and decrease over-fitting. uses random feature selection and bootstrap 

aggregating (bagging) for robustness. lowers variance and enhances generalization 

through the use of multiple tree averages. provide measures of feature importance. This 

model has shown the accuracy of 99%, which is better compared to logistic regression, 

KNN and SVM. 

 

 

Figure 3.4: The general architecture of Random Forest 
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5. Decision Tree Regressor: The supervised learning method used to solve regression 

and classification problems is the decision tree. It creates a tree-like structure by 

dividing the data into subsets in order of importance. It is easy to understand and 

explain. Ability to handle confidential and digital information. It is so thin that it 

overfits, but pruning techniques help control this. 

 

 
 

Figure 3.5: Decision Tree 

 

6. XGBOOST: An effective and scalable gradient boosting framework implementation 

is called XGBoost (Extreme Gradient Boosting). It performs regression and 

classification in supervised learning problems. utilises a gradient boosting framework 

to merge multiple base learners' predictions and has regularisation built in to avoid 

overfitting. Extremely effective and frequently produces cutting-edge outcomes in 

machine learning contests. 
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CHAPTER 4 

RESULTS AND DISCUSSION 
 

Six machine learning models were used in the study to predict AQI based on different features: 

random forest regression, logistic regression, K-nearest neighbor, decision tree, XGBoost, and 

SVM. This data includes AQI values for seven major pollutants from five different monitoring 

stations in Delhi. Data from the Central Pollution Control Board (CPCB) was used to train the 

air quality algorithm. Since AQI values are numerical, the data set is trained using a regression 

algorithm. 

Table 4.1 shows that we have 100% accuracy in the Decision Tree Regressor and 

XGBoost models for the given dataset. Since, in comparison to the other models, the Decision 

Tree Regressor and XGBoost models has the highest overall accuracy. It is possible to 

determine which model is most appropriate for this prediction process. 

 

 

 
 

Figure 4.1: Accuracy of Machine Learning Models 
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The confusion matrix of machine learning models are shown below. 

 

          
 

        Figure 4.2: Logistic Regression                              Figure 4.3: K Nearest Neighbor 
 
 

 

                  
 

                 Figure 4.4: SVM                                             Figure 4.5: Random Forest 

 
 

 

 

 
 



 
 

21  
 

              
 

            Figure 4.6: Decision Tree                                              Figure 4.7: XGBoost 

 

 

 
Table 4.1: Machine Learning Models comparison 

 
 

Machine Learning 

Model 

Precision Recall F1 score Accuracy 

Logistic Regression 0.80 0.81 0.81 0.78 

KNN 0.93 0.91 0.92 0.91 

SVM 0.86 0.87 0.86 0.84 

Random Forest 0.98 1.00 0.99 0.99 

Decision Tree 1.00 1.00 1.00 1.00 

XGBoost 1.00 1.00 1.00 1.00 
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CHAPTER 5 

CONCLUSION 

 
In the twenty-first century, air pollution poses serious threats to public health as well as the 

environment. The accuracy of aviation forecasts and predictions is an effective way to shield 

individuals from pollution exposure by implementing early-warning systems. Precise 

projections of air pollution aid in increasing public consciousness, enabling marginalized 

communities to make arrangements, and informing legislators of health concerns. Different 

methodologies that were proposed in different papers were discussed. The approaches used by 

different researchers to improve the accuracy of forecasting the air pollution were seen and 

tabulated based on approach, dataset and model used. Through this thesis, how essential to 

measure the air quality to improve air pollution is understood. This thesis selected some of the 

areas in Delhi and AQI values for a number of pollutants from CPCB from January 1st, 2023 

to December 31st, 2023, including PM2.5, PM10, SO2, CO, OZONE, NH3, and NO2 are 

gathered. The dataset is trained and tested on some of the ML models such as Logistic 

Regression, KNN, SVM, Random Forest, Decision Tree and XGBoost after handling the 

missing values.  

The findings reveal that both Decision Tree and XGBoost provides the highest accuracy 

on the provided dataset compared to other models.  
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