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Abstract

As a reaction to the increasing population everywhere globally and the rapid process of urbanization, development
and manufacturing industries have increased. Growth has, however, increased levels of pollution, thus contributing
to vast environmental issues like global warming. Out of all the sources of pollution, car emissions have a crucial
role in affecting the condition of the atmosphere, thus making air pollution a primary cause of climate change.

This research tries to examine the effect of vehicle emissions on air pollution in India and forecast the Air Quality
Index (AQI) using machine learning methods. This research is interested in learning about the effect of vehicle
pollutants on the increase and decrease in AQI. Machine learning algorithms are used to predict AQI from wvehicle
emissions. Different prediction models are used to compare their efficacy in determining air quality. The research
mostly utilizes information regarding vehicle pollution in India and its effect on AQI lewels.

The research proves the capability of machine learning to forecast AQI based on vehicle emissions. Varying algorithms
vyield varying outcomes when it comes to predicting AQI, and this further highlights the importance of data-driven
solutions in tracking the environment. Emissions from vehicles are a primary source of air pollution and contribute
to significant AQI wvalues. Machine learning methods provide an efficient way to predict AQI, supporting
environmental evaluation and decision-making for preventing air pollution impact.
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INTRODUCTION

Now everyone wants clean and good air, but people do not get air, its pollution. In today's world air
pollution is an important environmental problem. All the countries are facing the same problem of air
pollution and all of them are trying to reduce it in one way or the other. They have also implemented
various rules and practices to reduce air pollution, but it is still a big problem and not a 100% solution
(1,12].

They emit large amounts of pollutants and particulate matter (PM), both of which pose a high risk to
health because of exposure. As per the figures from the world health organization, The high mortality
rate from air pollution is because of maximum population of world lives in areas where air quality in
very high mode [1].

As we know, one of the main sources of air and particulate matter (PM) pollution is road transport. This
sector mainly uses oil, diesel, kerosene and methanol kind of fossil fuels [4]. According to a German
study, the transport sector of our economy emits almost a third portion of lead, nitrogen oxides and all
volatile organic compounds.

In Germany, 3% of car trips were discovered to be under 500m. 33.33% of car journeys are found to be
not over 3 km, and 50% of car journeys are not over 5 km. These visits normally last a very short time,
about 15 minutes. That implies that private cars are highly inefficient when it comes to using energy.
When used for short trips, car engines overheat and lose efficiency through the incomplete combustion
of fuel, greatly influencing the composition and quantity of organic emissions of the vehicles [2, 21].
Therefore, especially in many cities, there is the problem of traffic and traffic congestion. As a result,
when cars are stuck in traffic, more fuel is used, and emissions rise much faster than they actually do.
Furthermore, Bull (1991) showed that older cars contribute disproportionately to air pollution [3].
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AIR QUALITY INDEX [AQI]

Government agencies employ several measures to give information regarding present air pollution levels.
A rise in the Air Quality Index (AQI) signifies a greater threat to public health in everyday life. Nations
have their own air quality indices and national air quality standards; for example, Canada's is known as
the Air Quality Health Index. The air quality index is split into various classes, with a corresponding
color code, description, and prescribed health guidelines. Several factors are input to calculate the AQI,
which  includes data on  traffic as well as industrial  discharges  [5,16,22].
The National Air Quality Index (AQI) was launched on 17 September 2014 in New Delhi, India under
the Swachh Bharat Abhiyan. [Eleven]. National Weather Monitoring Program (NAMP).
Continuous monitoring system with real-time data has been set up in Ahmedabad, Kolkata, Mumbai,
New Delhi and Pune. Air quality index is categorized into six categories: Good, Satisfactory, moderately
polluted, Poor, Very Poor, and Severe. The air quality index suggested will consider eight pollutants
PM10, PM2.5, NO2, SO2, CO, O3, NH3, and Pb [13,25,30].

1. Vehicle Emission

Exhaust gases from vehicles emit a large number of harmful substances into the environment. This
material is called a pollutant. On human health and the environment, it has many adverse effects. Due
to the high demands of people, for air pollution in the world, road traffic is the most important source.
In urban areas and major cities of India, Air pollution from cars is a major problem. Car pollution causes
ailments like headaches, cough and vision problems from time to time [7,26].

1.2 Vehicle Pollutants

Cars produce a lot of pollutants, depending on the quality of the type of vehicle, fuel, maintenance, etc.
The main pollutants emitted by vehicle exhaust gases are oxides of nitrogen (NOx), namely carbon
monoxide (CO), butadiene (C4H6), particulate matter (PM), airborne toxins, benzene (C6HO),
photochemical oxidants, hydrocarbons (HC), aldehydes, polycyclic aromatic hydrocarbons (PAHs), and
lead sulfur oxides (SO2) [6,15,17].

1.3 Vehicle Pollution In India

One of the major environmental issues of Air pollution in our country are most of the people are
suffering from health problems due to poor air quality. Rapid urbanization in India has led to an increase
in the number of cars. That's why the crowd is increasing. Today, the main source are cars of air pollution
in Indian cities. The country will need to improve traffic planning and management by, among other
things, improving fuel quality, passing necessary legislation and enforcing vehicle emission standards.
He is trying to improve the quality of urban air in many ways [9,10,20].

2. Machine Learning Prediction Methods

In this study, machine learning algorithms were utilized to predict future air quality index values. Several
techniques, including Support Vector Machine (SVM), K-Nearest Neighbor (K-NN), Logistic Regression,
Random Forest (RF), and Decision Tree (DT), were applied. To develop classification models, data
modeling software and tools such as NAM and Orange were employed. These tools facilitate various
tasks, including (1) dataset loading, (2) segmentation of the dataset into 70% for training and 30% for
validation, (3) model construction, (4) storing the model on a hard drive, (5) testing and prediction, and
(6) displaying performance scores [11,18].
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Figure 1 Basic flow of machine learning algorithm [21]
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2.1 SUPPORT VECTOR MACHINE

Support Vector Machine (SVM) is a machine learning algorithm that can be used for classification,
regression, and the detection of outliers. It does this by creating a hyperplane that is a separator of points
of data with the objective of maximizing separation. Figure 2 illustrates two uses of the SVM technique.
Support vectors are the points at the boundary of the region nearest to the hyperplane in Figure 2(a),
and the boundary between two distinct classes is determined by the space between these regions. The
hyperplane parameter determines the number of classes in the data set, and it is utilized to predict new,
unseen observations and to determine the nearest class. In Figure 2(b), the linear model predicts a
hyperplane with the maximum margin. The &insensitive loss is another very important parameter in this

approach [27,28].
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Figure 2 (a) SVM for classification [7] Figure 2 (b) SVM for regression.[7]

2.2 Random Forest

Random Forest is yet another machine learning method applied for prediction of data. It is a supervised
learning algorithm and works as an ensemble method by using many decision trees. Random Forest adds
randomness in the process of model building by using two major mechanisms: randomly selecting
features to distinguish trees and randomly selecting samples to create subsets of training data for every
decision tree. At prediction time, every test point traverses all the decision trees in the forest to contribute
towards the ultimate result. An example of a Random Forest model with multiple decision trees is shown

in Figure 3 [19,20].
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Figure 3 Basic flow of a random forest algorithm [20]

2.3 Decision Tree [Dt]

For predicting, one of the most common and effective used algorithms is Decision tree method. Decision
tree is a concept tree model for prediction. Each internal node represents functions that multiply the
data using statistics such as profit and information gain. Partitioning the data until it reaches the leaf
nodes is an iterative process. For medium, it provides 99.928% accuracy [23].
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2.4 Logistic Regression

Logistic Regression is a very popular statistical machine learning classifier. Logistic Regression considers
results in terms of non-linear functions, such as the logistic function and sigmoid function. This model
has been found to achieve a 91.598% accuracy [23].

2.5 K-Nearest Neighbor (K-Nn)

K-Nearest Neighbors (K-NN) is a lazy learning model that is widely applied to classification and
regression. It categorizes data points according to their similarity to other samples in the training set by
using distance measures such as Euclidean and Manhattan distances. The most accurate result obtained
was 93.886% when applying K-NN with k=6 and 99.714% when applying a numerical distance measure
(23,24].

3. Impiementation Methodology

This study collected the main pollutant emissions from any transport sector. India monitors six
pollutants (O3, PM2.5, PM10, CO, SO2 and NO2). AQI is calculated manually using equations (1) and
(2), where O3, PM2.5 and PM 10 are required to determine AQI.

max{los, Ipm25, Ipvno, Ico, Isoz, Inoz) o3, Ipv2 5, Ipvmio # ©
AQI = (1)
@ ,otherwise
Pollutant concentration (value;) is converted to pollutant index (I;) by the following formula:
walue; — lb;
li= LBj+ ——— x|UB; - LB; 2
: y uby — Ib; ( : } @

Here i = O3, NO2, SO2, PM2.5, CO, PM10, and j from specific pollutants is the concentration using

the different categories like wise "good", "moderate", "unhealthy" according to the air quality index level.
It also includes certain groups such as unhealthy, very unhealthy, and dangerous.

4. CONCLUSION

Demand and base on that production in the transportation sector are increasing rapidly with rapid
globalization and urbanization. Therefore, To the development of more vehicles and the deterioration
of air quality around the world. By analyzing the data and based on predictions made using various
machine learning methods, we can show that vehicle emissions from the transport sector contribute
significantly to air pollution. In recent time, most people in every country suffer from air pollution and
poor air quality, which can cause lung cancer, asthma, etc. lead to the spread of diseases. New innovative
technologies, alternative fuels and government policies can reduce pollution from vehicle emissions.

If implemented correctly, we can improve air quality and achieve a more sustainable environment. Drive
as little as possible, government regulations and policies, invest in zero-emission vehicles, have proper
pollution control technology, there are many ways to control vehicle emissions, such as scrapping old
cars. Also, if people change their minds, we can make great progress. In this way, we can reduce the
vehicle pollution and get clean air and good air quality index.
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