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Abstract: Air is the most essential natural resource for the 

survival of humans, animals, and plants on the planet. Air is 
polluted due to the burning of fuels, exhaust gases from factories 
and industries, and mining operations. Now, air pollution 
becomes the most dangerous pollution that humanity ever faced. 
This causes many health effects on humans like respiratory, lung, 
and skin diseases, which also causes effects on plants, and 
animals to survive. Hence, air quality prediction and evaluation as 
becoming an important research area. In this paper, a machine 
learning-based prediction model is constructed for air quality 
forecasting. This model will help us to find the major pollutant 
present in the location along with the causes and sources of that 
particular pollutant. Air Quality Index value for India is used to 
predict air quality. The data is collected from various places 
throughout India so that the collected data is preprocessed to 
recover from null values, missing values, and duplicate values. 
The dataset is trained and tested with various machine learning 
algorithms like Logistic Regression, Naïve Bayes Classification, 
Random Forest, Support Vector Machine, K Nearest Neighbor, 
and Decision Tree algorithm in order to find the performance 
measurement of the above-mentioned algorithms. From this, the 
prediction model is constructed using the Decision Tree algorithm 
to predict the air quality, because it provides the best and highest 
accuracy of 100%. The machine learning-based air quality 
prediction model helps India meteorological department in 
predicting the future of air quality, and its status and depends on 
that they can take action. 

  Keywords: Prediction, Decision Tree algorithm, Air Quality 
Index, Air Pollution. 
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I. INTRODUCTION 

In earlier days, the air is fresh and pure to breathe. But, the 
rapid increase of industries and the concentration of 
dangerous gases in the environment make the air more toxic to 
breathe. These gases cause many health effects on human 
beings like asthma, bronchitis, and other respiratory and lung 
diseases. Air pollution not only affecting humans but also it 
affects plants and animals [3]. So, an air quality  
forecasting system is essential to prevent this problem in these 
areas. In India, the vehicle contributes 35% of air pollution in 
major cities like Mumbai, Delhi, Bangalore, Chennai, and 
Kolkata. India is the fifth largest polluted country all around 
the world and it also estimated that every year 2 million 
people were died due to this pollution. In the year 2005 to 
2006, about 8.9 million vehicles were sold and it reaches up to 
15 million from 2010 to 2011. This shows that when the 
number of vehicles increased that leads to emission of 
hazardous gases which will finally affect the air quality.  
In Delhi, November 2017 an event is known as Great Smog of 
Delhi causes air pollution beyond the acceptable level. The 
level of particulate matter PM 2.5 and PM 10 rises up to 999 
micrograms per cubic meter, while the secure limits for those 
pollutants are 60 and 100 respectively.  
There was much research for air quality forecasting, but many 
methods not given the most efficient model with the best 
accuracy. Most of the air quality forecasting models majorly 
use Machine Learning techniques [7]. There were many 
machine learning techniques to predict the model with the 
highest accuracy.  
In this work, the proposed system is to develop the air quality 
forecasting system to predict the major pollutants present in 
those places. The prediction model is constructed using 
Machine Learning algorithms. This model will help people to 
prevent themselves from affecting air pollution. 

II. LITERATURE SURVEY 

 The abundant air quality forecasting research works are 
carried out. Ishan Verma et al., [13] proposed a Bi-directional 
LSTM model to predict the severity level of air pollution. In 
this system, the prediction is improved using three 
Bi-directional LSTM that model short term, long term, and 
immediate effects of the severity level of PM 2.5.  
An IoT based air pollution system is developed by Temesegan 
Walelign Ayele et al., [26] which is used to monitor the air, 
pollutant level in a particular location, and the quality of the 
air is analyzed as well as predict the quality of air pollution. 
This system is developed using IoT along with ML algorithm 
more specifically Recurrent 
Neural Network-LSTM. 
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 In Delhi, PM 10 pollutant level is high in severity level. To 
predict and analyze the pollution level of pollutant PM 10 in 
Delhi, a system is developed by Aly Akhtar et al., [1] using 
Multi-Layer Perception, which is an Artificial Neural 
Network, Naïve Bayes, and Support Vector Machine. In this 
system, the accuracy of all the above-mentioned algorithms 
are compared to find the highest accuracy algorithm.  
Among these algorithms, MLP achieved 98% accuracy so the 
model is constructed using the MLP algorithm for prediction 
of pollutant level in Delhi.  
Shweta Taneja et al., [25] proposed a system for predicting 
trends in air pollution using data mining. This system uses two 
types of time series analysis they are linear regression and 
Multi-Layer Perception to understand different patterns in 
various types of pollutants. This system interprets the data and 
predicts the trends of air pollution.  For urban PM 2.5 
concentration, CNN and LSTM techniques were combined to 
construct the prediction model developed by Dongming Qin 
et al., [5]. This model uses two kinds of deep learning such as 
Convolution Neural Network as a base layer and Long Short 
Term Memory Neural Network as an output layer. The base 
layer is used to extract features of input data and the output 
layer is used to consider the time dependence of pollutants. 
Semantic ETL framework for air quality prediction and 
analysis is developed on the cloud platform by Yue Shan 
Chang et al., [30]. This system utilizes ontology to analyze the 
relationship of PM 2.5 from different data sources and merge 
the data together from the dataset. Then these dataset is 
analyzed and show the visualized result to make a prediction. 
Saba Ameer et al., [22] proposed a comparative analysis for 
the prediction of air quality forecasting system using Machine 
Learning techniques. An air quality forecasting system using 
an ensemble learning approach developed by Chao Zhang et 
al., [3]. Multi-channel Ensemble Learning via Supervised 
Assignment algorithm is used to predict and analyze the 
quality of air pollution. 

III. MATERIALS AND METHODS 

The dataset used for analysis is air pollution data in India. The 
data is collected between the periods of 1990 to 2018. The 
dataset is collected from the metrological department and it is 
in CSV file format. This dataset contains nine attributes like 
country, state, city, place, last update, average, maximum, 
minimum, and pollutants. The unit used to measure air 
pollution is micrograms per cubic meter. The ML method is 
useful to predict the present and future by analyzing the 
historical information. This historical data contains the air 
pollution data in earlier years. The ML algorithms like LR, 
NB, SVM, RF, KNN, and DT are used to measure the 
performance of the dataset.  

A.  Logistic Regression: 

 Logistic regression produces the result in a binary format 
that is used to predict the outcome of a categorical dependent 
variable. The outcome of the logistic regression should be 
discrete/categorical such as "one or zero", "yes or no", and 
"high or low". This algorithm uses sigmoid function which 
converts any value into a discrete value.  

B.  Naïve Bayes: 

 Naïve Bayes algorithm is a statistical classification 
technique based on Bayes theorem. Baye's theorem depends 

on the naïve assumption that the input variables are 
independent of each other. It is a simple and powerful 
algorithm for predictive analysis that uses probabilities of 
each attribute belonging to each class to make the prediction. 
Naïve Bayes classifier is easy to build and it is useful for a 
very large dataset.  

C.  K-Nearest Neighbor: 

 K-Nearest Neighbor is a simple algorithm that stores all the 
available data correspond to training data points in 
n-dimensional space and classifies the new data based on a 
similarity measure. Once an unknown discrete data is 
received, it analyzes the closest k number of instances saved 
and returns the most common class as the prediction and for 
real-valued data; it returns the mean of k nearest neighbors.  

D.  Support Vector Machine: 

Support Vector Machine is a classification algorithm that is 
formally designed by a separate hyperplane. The aim of this 
algorithm is to segregate the given data points in the best 
possible way. SVM algorithm is suitable for high dimensional 
space.  It uses s subset of training points in the decision 
function that makes it memory efficient.  

E. Random Forest: 

 Random Forest is an ensemble machine learning algorithm 
that is used for both classification and regression. However, it 
is mostly used for classification tasks. The random forest 
algorithm is constructed by combining multiple decision 
trees, resulting in a forest of trees. Random Forest algorithm 
creates a decision tree on data items and then makes a 
prediction for each of them and finally selects the best 
solution. Hence, Random Forest is an ensemble method it 
reduces over-fitting by averaging the result.  

F.  Decision Tree: 

 The decision tree algorithm is a popular and simplest 
machine learning algorithm. It builds classification or 
regression models in the kind of a tree structure. The aim of 
the decision tree algorithm is to create a model that can be 
used to predict the class of the end result variable by learning 
the decision rules inferred from prior training data. This 
algorithm uses if-then rule which is mutually exclusive and 
exhaustive for classification technique. 

IV. WORKING MODULES 

 The dataset is collected from different places that need to 
be converted into a generalized format, to recover from 
missing and null values. Then on this generalized dataset ML 
algorithms were applied in order to extract patterns and to 
find the highest accuracy. Figure 1, represents the complete 
workflow of the Air Quality System. 

A.  Air pollution dataset: 

  The dataset consists of 824 tuples and 9 attributes. The 9 
attributes are country, stste, city, place, last update, minimum, 
maximum, average, and pollutants. These attributes are os 
string and numeric.  
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The dataset is collected from 
https://www.kaggle.com/venky73/airquality. 

B.  Pre-processing dataset: 

 Data pre-processing is used to convert the raw format of 
data into an understandable format because the data in the real 
world is incomplete, noisy, and inconsistent data.  

The generalized dataset undergoes pre-processing which 
helps to recover from missing values, null values, duplicate 
values, and convert the data into the numeric format. The AQI 
and class attribute is added based on the metrological data. 

C.  Splitting dataset: 

 Dataset is split into training and testing datasets. Generally, 
by default the dataset is split in the ratio of 80:20 but this 
system dataset is divided into the ratio of 70:30 that is 70% 
training dataset and 30% of the testing dataset. 

D. Classification algorithm: 

 The dataset is trained by applying ML algorithms such as 
Logistic Regression, Naïve Bayes, Support Vector Machine, 
Random Forest, K Nearest Neighbor, and Decision tree. The 
performance measurement parameter used for calculation is 
precision, recall, f1-score, specificity, sensitivity, and 
accuracy.  
1)  Precision: 

Precision is defined as the ratio of true positive divided by 
the sum of a truly positive and false positive. 

2)  Recall:  
The recall is defined as the ratio of true positive divided by 
the sum of a truly positive and false negative.  

3) F1-score: 
F1 score is defined as the mean between precision and 
recall. 

4)  Specificity: 
Specificity is defined as the ratio of true negative divided 
by the sum of a true negative and false positive. 

5)  Sensitivity: 
Sensitivity is defined as the ratio of true positive divided 
by the sum of a truly positive and false negative.  

6)  Confusion matrix: 
A confusion matrix is represented in the form of a table 
that is used to describe the performance of the 
classification model on a test dataset for which the correct 
values are known.  

E.  Decision tree model: 

 A decision algorithm is used to construct the model 
because it produces the highest accuracy. So this algorithm is 
used for further steps to predict the air quality. 
 

 
Fig 1: Workflow of Air Quality System 

F. Prediction result: 

 CLASS 1: if the AQI value of the pollutant is <100 then the 
cause of the pollutant is minimal. 
 CLASS 2: if the AQI value of the pollutant is >100 then the 
cause of pollutant is severe.  

V. EXPERIMENTS AND RESULTS 

 The proposed system is to analyze the air pollution dataset 
to predict the air quality of the pollutants with the highest 
accuracy using supervised machine learning algorithms. 
Table I shows the performance measurement analysis of ML 
algorithms. Table II shows the comparison of the confusion 
matrix parameter. The procedure of the proposed system is 
completely described below: 

Step1: The air pollution dataset is collected from 
different places that are pre-processed. 
Step 2: After the dataset is pre-processed divide the 
dataset into training and testing dataset. 
Step 3: Train the dataset by applying LR, SVM, DT, 
K-NN, NB, and RF ML algorithms on the training 
dataset.  
Step 4: Compare the accuracy of the algorithms to get 
the highest accuracy and then the model is constructed 
using the highest accuracy algorithm.  
Step 5: Input test dataset to the prediction model in order 
to obtain the result. 

Accuracy of the ML algorithm is calculated using TP, TN, FP, 
and FN. TP refers True Positive, TN refers True Negative, FP 
refers False Positive, and FN refers False Negative. Figure 2 
represents the analysis of the classification algorithm to 
predict air quality. 
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Table 1: Performance measurement of ML algorithms 
PARAMETERS LR NB SVM RF KNN DT 

PRECISION 0.97 0.93 0 0.98 0.95 1 
RECALL 0.97 0.98 0 0.98 0.97 1 
SENSITIVITY 0.97 0.98 0 0.98 0.97 1 
SPECIFICITY 0.98 0.97 1 0.99 0.98 1 
F1-SCORE 0.97 0.95 0 0.98 0.96 1 
ACCURACY 
(%) 

98% 97% 70% 99% 97% 100
% 

 
Table 2 Comparison of confusion matrix parameters 

PARAMETER LR NB SVM RF KNN DT 
TP 71 72 0 72 71 73 
TN 173 170 175 174 173 175 
FP 2 5 0 1 3 0 
FN 2 1 73 1 2 0 
 

 
Fig 2: Represents the accuarcy of the ML algorithms 

VI. CONCLUSION 

 Air pollution causes many health effects on human beings 
as well as affects plants and animals. In this paper, the 
proposed system is developed to predict the air quality of the 
pollutants using supervised machine learning algorithms. 
Indian air pollution dataset is used to predict air pollution. 
The collected dataset is pre-processed to recover from 
missing, null, and duplicate values. The pre-processed dataset 
is divided into training and testing datasets in the ratio of 
70:30 that is 70% of training and 30% testing dataset. Apply 
ML algorithms such as LR, SVM, NB, K-NN, RF, and DT on 
the training dataset to train the dataset in order to obtain the 
highest accuracy. The performance measurement parameters 
like precision, recall, f1-score, specificity, and sensitivity are 
calculated for each algorithm. Confusion matrix parameters 
like TP, TN, FP, and FN are calculated for each algorithm. 
The accuracy achieved by LR is 98%, NB is 95%, RF is 99%, 
SVM is 70%, K-NN is 97%, and DT is 100%, from this six 
ML algorithm Decision Tree algorithm provide the highest 
accuracy. The prediction model is constructed using the 
Decision Tree algorithm to predict the pollutant present in the 
location, causes, and sources of the pollutant. This prediction 
system helps asthma affect a person to prevent themselves 
from the polluted area and also is developed to help the 
metrological department to predict air quality forecasting. In 
the future, this air quality forecasting system can be optimized 
to implement in the Artificial Intelligence environment and 
can also automate this system by showing the prediction result 
in either web or desktop application. 
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