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Abstract— Air is the most important natural resource for 

people, animals, and plants to survive on this world. Fuel 

combustion, exhaust emissions from factories and industries, 

and mining operations all contribute to air pollution 

surpassing all other forms of pollution as the deadliest threat 

humanity has ever faced. This has a variety of health 

consequences for people, as well as consequences for plants 

and animals' ability to thrive. As a result, air quality 

forecasting and evaluation are becoming more essential study 

topics. For air quality forecasting, a machine learning-based 

prediction model is developed in this study. This model will 

assist us in identifying the principal pollutant present in the 

area, as well as the causes and sources of that pollutant. The 

value of India's Air Quality Index is used to forecast air 

quality. The information is gathered from various locations 

across India and then preprocessed to remove null values, 

missing values, and duplicate entries. Various machine 

learning methods are used to train and test the dataset. 

Keywords: Machine Learning, Air Pollution, Regression, Air 

Quality Index Prediction 

I. INTRODUCTION 

The Air Quality Index (AQI) is a tool for determining how 

contaminated the air is and the potential health consequences. 

Air quality monitoring allows us to get a better knowledge of 

the origins, amounts, and impacts of numerous air pollutants, 

as well as the exposure to various compounds in the air we 

breathe. 

 In this study, we use Machine Learning to estimate 

air quality in several Indian cities. More than half of the 

world's population lives in cities, and it is predicted that by 

2030, one out of every three people would live in a city 

having at least half a million population. There are now 31 

"megacities," each with a population of over 10 million 

inhabitants. 

 
Fig. 1: AQI Buckets 

 As the world's fastest expanding industrial nation, 

India produces a record quantity of pollutants, including Co2, 

PM2.5, and other dangerous aerial contaminants. According 

to the Indian air quality standard, contaminants are indexed in 

terms of their scale, and these air quality indices show the 

amounts of main pollutants in the atmosphere. There are 

several atmospheric gases that pollute our environment. Each 

pollutant has its own index and scale at various degrees. 

 The fast rise in population and economic boom in 

cities in emerging nations such as India has resulted in 

environmental challenges such as air pollution, water 

pollution, noise pollution, and many more. Human health is 

directly impacted by air pollution. In our country, there has 

been a greater public awareness of the issue. Long-term effects 

of air pollution include global warming, acid rain, and an 

increase in the number of asthma sufferers. Predictive air 

quality forecasts can lessen the impact of maximum pollution 

on humans and the ecosystem. As a result, improving air 

quality forecasts is one of the society's top priorities. 

 Sulfur Dioxide is an inert gas. It is one among the 

most significant pollutants in the atmosphere. It is colorless 

and has a foul, harsh odor. It easily reacts with other chemicals 

to generate hazardous compounds such as sulphuric acid and 

Sulphurous acid. 

 When we breathe in Sulphur dioxide, it has an effect 

on our health. It irritates the nose, throat, and airways, 

resulting in coughing, wheezing, shortness of breath, or a 

tight feeling in the chest. The quantity of Sulphur dioxide in 

the atmosphere can affect the appropriateness of habitat for 

plant groups and animal life. The suggested approach can 

forecast Sulphur Dioxide concentrations over the following 

months/years. 

II. LITERATURE REVIEW 

A. Air Indian Air Quality Prediction and Analysis using 

Machine Learning by Mrs. A. Gnana Soundari, Mrs. J. 

Gnana Jeslin, Akshaya A.C (Jeppiaar Engineering College) 

(International Journal of Applied Engineering Research 

ISSN 0973-4562 Volume 14, Number 11, 2019 (Special 

Issue)) 

The dataset used in this paper was collected from the Indian 

government database, which contains pollutant concentration 

occurring at various places across India. The model used here 

is capable of forecasting the air quality of India in any given 

area. 

 In the proposed system, the authors calculate the air 

quality index of all the pollutants using the AQI formulae to 

know the air quality level in a particular city using gradient 

descent and Box-Plot analysis. Naive Bayes, Gradient 

Descent and Linear Regression are the models that were 

implemented in this paper. The model is capable of predicting 

the current data with 95% accuracy and it will also 

successfully predict the upcoming air quality index of any 

particular data within a given region. 

B. Air Quality Prediction using Machine Learning 

Algorithms by Pooja Bhalgat and Sejal Pitale (M.Sc. Big 

Data Analytics MIT-WPU, Pune, India), Sachin Bhoite 

(Assistant Professor Computer Science MIT-WPU, Pune, 

India) (International Journal of Computer Applications 

Technology and Research Volume 8–Issue 09, 367-370, 

2019, ISSN: -2319–8656) 

In this paper, the authors have proposed a system which is 

capable of predicting concentration of Sulphur Dioxide for 
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forthcoming months/years. The source of the dataset used is 

from Kaggle which consists of Structured Data in CSV 

format. The authors have developed a model to predict the air 

quality index based on historical data of previous years and 

predicting over a particular upcoming year as a Gradient 

decent boosted multivariable regression problem. The major 

objective of this paper was to provide a snapshot of the vast 

research work and useful review on the current stateof-the- 

art on applicable big data approaches and air quality 

evaluation using machine learning techniques. Visualization 

of air quality was done on data collected from China. 

Artificial neural network (ANN), Genetic Algorithm ANN 

Model, Random Forest, decision tree, Deep belief network 

are the algorithms which were used and various pros and cons 

of the model were presented. The model used in this paper is 

not able to show expected output as the data is not in sequence 

as per date column. The same is the problem for cities. 

C. Prediction and Analysis of Pollutant using Supervised 

Machine Learning by Akiladevi R, Nandhini Devi B, Nivesh 

Karthick V, Nivetha P (International Journal of Recent 

Technology and Engineering (IJRTE) ISSN: 2277-3878, 

Volume-9 Issue-2, July 2020) 

In this paper, the proposed air quality pollutant prediction 

system is developed using supervised machine learning 

algorithms. The Indian air pollution dataset is used to predict 

air pollution. The collected datasets are preprocessed for 

recovery from missing, null, and duplicate values. 

Preprocessed dataset is divided into training and test datasets 

by the ratio of 70:30. This is 70% of the training and 30% of 

the test dataset. Applied ML algorithms such as LR, SVM, 

NB, KNN, RF, DT on the training dataset to train the dataset 

to get the highest accuracy. Performance measurement 

parameters precision, recall, f1 score, specificity, sensitivity, 

etc. are calculated for each algorithm. Confusion matrix 

parameters like TP, TN, FP, FN, etc. are calculated for each 

algorithm. Six ML algorithms were applied, out of which LR 

got an accuracy of 98%, while models like RF and NB got 

99% and 95% respectively. Decision Tree algorithm provided 

the highest accuracy, with 100%. 

III. PROPOSED SYSTEM 

A. Dataset  

Our dataset contains air quality data and AQI (Air Quality 

Index) at hourly and daily level if various stations across 

multiple cities. The columns involve city, date, particulate 

matter data, concentration of Nitrogen oxide, Nitrogen di 

oxide, ammonia, carbon monoxide, Sulphur dioxide, ozone, 

Toluene, Xylene and AQI values. 

 
Fig. 2: Count of AQI Buckets 

B. Exploratory Data Analysis:  

Box plot is plotted to find the outlier values in our dataset, 

which was found to be all points with AQI > 500. 

 
Fig. 3: Box Plot for AQI 

C. Handling missing values  

Xylene column had large number of missing values; hence 

the entire column is dropped. Rows in AQI, CO are deleted 

as they are less in number. Distribution plot for all the rest of 

the columns shows skewed distribution, thus missing values in 

these columns are replaced by the mode of values in column. 

D. Data Preprocessing  

Year and month are important features which determine air 

pollution; hence these are extracted to new columns from date 

and the date column is deleted. 

E. Encoding Categorical Variables  

Our cities column contains a large number of unique names; 

thus, One Hot Encoding would lead to a high number of 

columns, which won't be feasible for predicting our AQI 

values. Therefore, we use Binning for smoothing data. The 

data in cities columns is sorted on the basis of AQI values for 

that city, and is divided into categories or bins. The number 

of bins is determined by Sturge's rule, 

K = 1 + 3. 322 logN 

where: 

K = number of class intervals (bins).  

N = total number of observations  

log = logarithm of the number 

 Using the formula for our city column, we get our bin 

number value as 6, thus we decide to create 6 bins grouping 

different cities, namely City group A, B, C, D, E, F. Thus, we 

perform One hot encoding using get dummies in python, for 

these 6 city groups, i.e. 5 columns. 
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F. Correlation Matrix 

After plotting correlation matrix, we conclude that our AQI 

value is the most dependent on Particulate matter values and 

least on Benzene and Toluene. 

G. Splitting of Data  

We take AQI column as our y, dependent variable, and other 

features of dataset as X, independent variables, which 

determine our AQI value. Our data is also divided into 

training and testing data, in 80:20 ratio. 

H. Feature Scaling  

Standardization is a scaling technique wherein it makes the 

data scale-free by converting the statistical distribution of the 

data into the below format: 

Z = (x-µ)/σ 

 By this method, the mean of all values in the 

columns have mean as 0 and variance as 1. This is done for 

distance-based models to be applied in future. 

I. Applying models  

1) Linear Regression - A basic regression model. The goal 

is to establish a relationship between dependent variable 

and independent variables and use this for prediction. 

2) Random Forest Regression - Every decision tree has high 

variance, but when we combine all of them together in 

parallel then the resultant variance is low as each 

decision tree undergoes training on given data and so the 

output considers the result of all these decision trees. For 

regression problems with continuous valued output 

variable, the mean of all outputs from each tree is 

considered. 

3) K - Nearest Neighbors Regression - K, the number of 

neighbors is selected through the elbow method. In our 

work we get k value as 6 which gives the least RMSE 

(Root Mean Square Error). The k nearest data points for 

the data point to be predicted are found, and average of 

their AQI values is taken into consideration as predicted 

AQI values. 

4) Extra Tree Regressor - It is an ensemble technique similar 

to Random Forest, but it provides randomization along 

with optimization as well. 

 
Fig. 4: Actual and Predicted for Extra Tree Regressor 

J. Hyperparameter Tuning  

A set of hyperparameters for best model, is selected. The 

entire data ki divided 5-fold, and random 10 combinations of 

these hyperparameters are applied 5 times, each time 

considering one-fold of data as test and remaining 4 as 

training (cross validation). Thus, the best possible 

combination giving least error is chosen, as the best 

hyperparameters for the model. This was done in our work 

for Extra Tree Regressors. 

IV. RESULT AND DISCUSSION 

The following table shows the Mean Absolute Error (MAE), 

Mean Squared Error (MSE), Root Mean Squared Error 

(RMSE) and R-squared value which we want to be as close as 

possible to 1. 

 In our work, we are applying multiple models, but 

hyperparameter tuning will only be applied on the best one, 

i.e., the model with least error (Extra Trees Regressor), so that 

we get best possible prediction. Our main target is to achieve 

as less error as possible(MAE, MSE, RMSE) and high R-

squared value. 

MODEL MAE MSE RMSE R-squared 

Linear 

Regression 
26.255 

1718.1

11 
41.45 0.8369 

KNN 

Regressor 
20.843 

1157.1

85 
34.017 0.89017 

Extra Trees 

Regressor 
16.787 

740.01

86 
27.203 0.9297 

After Hyperparameter Tuning… 

Extra 

Trees 

Regressor 

16.607 
726.47

89 
26.953 0.931 

Table 1: Performance of models 

 As we can see, the hyperparameter tuned Extra 

Trees Regressor model gives the best results with maximum 

R- squared value. 

V. CONCLUSION 

In this paper, we have mentioned various machine learning 

methods to predict the quality of air. Several features were 

extracted from the datasets and combined together. The 

accuracy can be enhanced by combining models, depending 

on their performance for every bin. Good amount of data 

preprocessing contributes effectively to developing better 

performance of traditional machine learning models. Air, as 

a resource is rare, thus a good method to detecting pollution 

of this resource is necessity. This prediction system can be 

helpful to people suffering from asthma move away from 

contaminated areas and to help the Weather Bureau predict 

air quality predictions. 

VI. FUTURE SCOPE 

We can add a multidisciplinary approach which detects the 

concentration of pollutants from environment. Real time 

database collection can also be added. Other features can also 

be added like real time update of pollution and an alert alarm 

whenever the concentration of pollutants increases. In the 

future, this air quality prediction system will be able to be 

optimized and implemented in an artificial intelligence 

environment. By displaying the prediction result on a web or 

desktop application, the system can also be automated. Thus, 

this work has a good future scope and can be enhanced by 

adding other various feature for better predictions. 
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