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Abstract- Air Quality assessment and foreseeing are the
requirements today and they captivating many researchers.
Environmental organizations consistently monitor and predict
the air contaminants to make the public acknowledgement,
provide a better environment, and suitable for human health.
Physical factors like climate changes, Westernization, Fires
and Urbanization are some of the factors which straightly
affect and bring down the air quality. All these data are time-
series and real-time data. Slight attentiveness is given to
applying the artificial neural network (ANN) modeling
technique to understand site—specific air pollution dispersion
mechanisms in order to know the importance of
meteorological variables in determining concentrations as
well as the important time scales that influence emission
patterns. Modeling a system that initiates a future value from
earlier observations is considered as time series forecasting
system. Artificial neural network is a machine learning
method that is widely used in the prediction of future values.
In this paper, we propose a methodology for gathering the key
information from daily—available meteorological parameters
and the emission pattern of sources present throughout the
year (e.g. Industrial emissions, traffic emissions, residential
emissions) to build a reliable and bodily based ANN air
pollution forecasting tool. The proposed approach illustrates
how the ANN modeling technique can be used to identify the
key meteorological variables required to adequately seize the
temporal flexibility in air pollution concentrations for a
specific scenario.

Keywords- Artificial neural Network, Air Quality Index,
Particulate Matter, Respirable Suspended Particulate Matter,
Air Quality Model.

I. INTRODUCTION

Air pollution is a serious environmental problem in
metro cities of India. Air pollution is nothing but changes of
quality of air. Activities of humans are the major goal for the
mortification of air quality (1-3). Air is said to be polluted
when it is diluted by a mix of particulate matter like
particulate matter 2.5 (PM2.5) (particles that have size less
than 250nm), particulate matter 10 (PM10) (particles that have
size less than 1000nm) and other gases like sulphur oxides
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(SOx), nitrogen oxides (NOx), ozone (O3), carbon monoxide
(CO) and RSPM. Each pollutant has allowable range in
ppm(3-7). In case of high or low level of concentration it is
dangerous to human who inhale it (7-12). Therefore, proper
prediction and counter measures are necessary. The prediction
may be done by the following ways.

» Simulating the weather conditions and predict the air
quality (13-14).

»  Using Wireless Sensor Networks (WSN), to acquire “the
real-time” data by gaseous instruments and performing
the forecasting (14-16).

» Meteorological Elements can be collected from the
government official sites, and can be used as historical
data and apply different algorithms can be used for
current estimation and further prediction (17)

These pollutants exert a wide range of impacts on
biological, physical, and economic systems, especially, effects
on plant and human health are of particular concern (18). The
problem of air pollution has significant health impacts on
human and the environment (19). Air pollutants are under
escalated toxicological and epidemiological examinations (19)
and has been considered in affecting human health (20),
namely by causing diseases such as respiratory illness (21) and
cardiovascular diseases (22). Air pollutants also leave its
footprints on climatic system by bringing about changes in the
pattern of weather and temperature, which ultimately leads to
loss in the crops (23). This subsequently leads to a market
equilibrium shift in the food supply chain (24).Atmospheric
air pollutants concentrations have attracted increasing
worldwide attention during the past years due to its effect on
human health and the environment (25). Controlling the air
pollution is a challenging task in many developing countries.
Governments in international, national and regional levels
work along with the research institutions to develop and
implement an efficient policy for identifying the hot-spots and
controlling of air pollution, because it creates a harmful
consequence to the public health and the eco-system (26).

www.ijsart.com



IJSART - Volume 8 Issue 12 - DECEMBER 2022

The meteorological factors and gaseous pollutants are
ambient temperatures, relative humidity, wind speed, wind
direction, rainfall amount, sulphur oxides (SOx), carbon
monoxide (CO) and nitrogen oxides (NOx), RSPM and SPM.
Meteorological factors have a powerful influence on ambient
air quality through the different mechanisms in the
atmosphere, both directly and indirectly (27). Wind speed and
wind direction are accountable for some mechanisms of
particle emission in the atmosphere, such as re-suspension of
particles and diffusion, as well as the dissipation of particles
(28). The increase of wind speed results in low pollutant
concentration, as it adulterated the pollutant. Rain removes
particulates in the atmosphere through a “scavenging” process,
and it is able to liquefy other gaseous pollutants. The
persistent high rainfall amount generally results in better air
quality. Precipitation provides the information on the
removing process of pollutants in the atmosphere through wet
deposition. Measuring ambient temperature strengthens air
quality accomplish, air quality modeling and anticipated
forecasting model. Recorded daily maximum temperatures are
linked with low wind speed, little precipitation and high daily
maximum mixing height (29).

There is a growing interest in recent years on the use
of artificial neural networks (ANNSs) in predicting and
forecasting ambient air pollution and have been successfully
implemented in many short- and long-term forecasting
applications (30-35). Many recent studies have shown that
ANN-based air pollution models perform better than other
statistical techniques (36-39) and ANN-based air pollution
forecasting models are being implemented in some cities (40-
43). Several scholars have focused on improving ANN model
performance using different input data classification
techniques (44-48). Deep learning can take huge amount of
data within one single realm and learn to predict or decide at
superhuman accuracy (49-51).

The artificial neural network approaches are
frequently used for the relationship of pollutants and
metrological condition (52-54). Regression modelling is most
popular statistical approach has been used to develop air
quality  predictive models in  number of studies
(b).Furthermore, more practitioners resort to data-driven
approaches such as ANNs as stand in to conventional
deterministic or physics-based approaches, e.g. the Urban
Airshed Model (UAM) (55), Weather Research and
Forecasting Model with Chemistry (WRF/Chem) (56) and
Community Multiscale Air Quality model (CMAQ) (57).

Artificial Intelligence (Al) has been a buzzword but it
is not some magical dust that can miraculously solve problems
rather, it is a powerful tool created by humans, to gauge and
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solve the problems of the humanity. In general, Al techniques
allow machines to mimic human behavior while utilizing the
deep involved techniques such as Machine learning, deep
learning, neural networks and synthetic data. Moreover, Al
technologies possess the potential to transform everyday
processes and industries in a way that can lead us to greater
self-sufficiency and productivity (58).

Many fields of research are attempt in some way to
use this beneficial tool, to solve problems that previously
seemed very complicated or even impossible including
medical science, computational engineering, speech
recognition and movement, photography, agriculture,
advertisement, social media recommendations and the list
goes on and on. Hence, we see great possibilities for this
technology in the field of Sustainable Development as well by
WHO (2018, 2019)

The objective of this study is to design an ANN
pollutant predictor model of air contaminants (SOx, NOX,
RSPM and SPM) utilizing historical data from the year 2018—
2020. Thus, a separate ANN model was developed for each
pollutant of SOx, NOx, RSPM and SPM. Besides, a
comparative analysis between a linear (MLR) and a non-linear
method (ANN) of pollutant modelling to ascertain the better
air quality forecasting tool would be performed. Accurate
prediction of air quality is essential for efficient planning of
various sectors related to economic performances (61-62) and
strategic management of air quality as well.

Artificial neural network is a machine learning
approach that furnishes the compelling performance in the
field of time-series forecasting and prediction. ANN can
incorporate complex non-linear relationships between the
concentration of air pollutants and metrological variables (5).
Various ANN structures have been developed to predict air
pollution over different study areas, such as neuro-fuzzy
neural network (NFNN) (63).

The commonly used structure of the neural network
is the “feed forward” where the data goes from input to output
units is precisely feed forward and are able to discover and
identify complex patterns in datasets which may not be well
clarified by a simple mathematical formula or a set of known
processes(64).

Several attempts have been made to better predict
accuracy of time-series forecasting problems using ANN
models. In order to obtain advantages of several recurrent
neural network models, a combination of different models can
be applied (65).
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Due to a non-linear relationship between air
pollutant concentration and meteorological parameters,
advanced statistical approaches based on machine learning
algorithms are needed such as ensemble learning algorithms
(66).

The artificial neural network approaches are
frequently used for the relationship of pollutants and
metrological condition (67-69).

Neural networks have been shown to give acceptable
results for atmospheric pollution forecasting of pollutants such
as; SOx, NOx, RSPM and SPM and it allows for non-linear
relationships between variables (70-76).

These soft computing programs have own individual
structure; possess the ability to learn non-linear relationships
with confined prior knowledge about the process anatomy.
Since  ANNs showed their ability to model non-linear
functions in a wide range of applications, ANN-based models
would be assessed in this work for short-term concentrations.
A multi-layer perceptron neural network (MLP) trained with
back- propagation algorithm, a radial basis function (RBF)
neural network, and generalized regression neural network
(GRNN) would be used in the study to evaluate the best-suited
model for the pollutants concentration prediction(77-83).

I1. APPLICATION OF ARTIFICIAL NEURAL
NETWORK

An ANN tool was widely used to simulate and
identify the pollutants amount in the research area. Various
ANN structures have been developed to predict air pollution
over different study areas, such as neuro-fuzzy neural network
(NFNN) (84-86), there are several types of ANNs based on
their architecture, such as Multilayer Perceptron (MLP),
Elman Recurrent Network, and the Radial Basis Function
Network. Multilayer perceptron feed-forward network is the
most commonly used network for prediction modelling where
the flow of information is in one direction from input through
output (87)

The development of ANN was inspired by the human
nervous system and mathematical operators are used to
simulating this system by using predictors and predict and,
which act as inputs and output, respectively (88). There are
input, output, and hidden layers where the neurons are located;
the interconnection of neurons can form networks (89).

As ANN'’s have the capability to map the complex
nonlinear functions with the desired accuracy, found to be
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very flexible and is used in various research study to perform
seasonal predictions.

Artificial neural networks (ANNS), are networks of
simple processing elements (called ‘neurons’) working on
their confined data and communicating with other elements.
ANNs learns from training data to find patterns and
relationships between the input and the output. There are
many types of ANNs but the proposition is similar, each ANN
consists of an input layer, one or more hidden layers of
neurons and a final layer of output neurons. The input layer
passes the facts to the next layer. Each neuron in an individual
layer is bind with all neurons in the succeeding layer. The
connection between the ith and jth neuron is characterized by
the weight coefficient wij and the ith neuron by the threshold
coefficient 9i. The weight coefficient is the grade of
importance of the connection in the neural network. In the
hidden layer, all the processing and calculation are done.
ANNSs are fashioned from several neurons, depending on the
model. Each neuron is connected with a coefficient (weight).
They are also known as processing elements as they process
information (90-91). Each neuron has also a transfer function
(1,2) (92) and one output. The inputs of each neuron are
multiplied by the connection weights, then combined and
passed through a transfer function (3) (93) to make the output
of the neuron. There are many transfer functions in the
composition. The output value (activity) of the ith neuron xi is
set on by the equations below (94-95). Organizing data or pre-
processing for the neural network is an imperative and crucial
stage that has a massive influence on the success as well as the
performance of the ANN results(96). As suggested by (97-98),
very large or very small values of input variables cause
network overflow, so all model inputs had to be scaled before
entering the network. Forecast conventional neural networks
provide 24-h forecasts based on a history of 24-h observations
(of the previous day). The back propagation algorithm and
gradient- based amend technique are widely used for training
of such networks (99). Deep networks (with more computation
layers) with large initial weights usually lead to poor local
minima. Those with small initial weights, however, assemble
shallow gradients in the later layers, which degrade the
applicability of training networks with numerous hidden layers
(100). To settle this issue, (101) used a greedy layer-wise
learning technique to train deep networks efficiently. As the
training strategy for this technique, the first layer learned the
simpler concepts, and then the next layer learned more
hypothetical features using the feature representation provided
by the previous layer. Hence, the aim was to train the deep
network layer by- layer and use the back propagation
algorithm to fine tune all of the network parameters (102-103).
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I111. CONCLUSION

This research paper snooped the relationship between
AQI and supplementary factors affecting AQI. Our final goal
is to develop unique and more efficient models to predict AQI
with excellent efficiency in minimum computational time.
Many current air quality forecasting methods use only linear
techniques which would miss nonlinear relationship in the
data. After implementation, the result manifested that
Artificial Neural Networks can express the non-linear
relationship between the contributory variables and AQI even
though the accuracy to predict was less favorable.

This study has demonstrated the potential of using
nonlinear machine learning methods to improve air quality
forecasts. In the future, aggregation of model selection and
time series analysis can be considered for better efficiency of
the model and to provide results with higher accuracy in less
computational time.

As discussed here, the deep learning approach has
been widely used in the air quality classification and
forecasting problems. For Indian context also, researchers
have employed various conventional machine learning and
deep learning methods for predicting the air pollutants and
results show that meteorological factors play most vital role in
the prediction of pollutant concentration, whereas all factors,
including meteorological, traffic, and emission characteristics,
are significant in governing the prediction of pollutants &
Similarly, both the meteorological data and traffic data are
most important variables in predictions. The results we saw
in different papers prove that ANN and its model are well
suited for prediction of air pollutant concentrations.

The study also demonstrated that the predictions of
the ANN model were generally more accurate (higher I0A
and r values with a lower mean bias) for the prediction of air
pollutants.

The ANN model not only predicts real-time pollutant
concentration with favorable figures but also generates the
result within less than a minute of initiating the model. For
instance, a proper number of input variables (predictors)
should be used with a sufficiently large amount of training
data. However, if an important predictor of pollutant
concentration is missing (e.g., cloud fraction and solar
radiation), it will influence the sensitivity of the model to the
other input variables, which may lead to ‘‘misprediction.’’

The proposed approach in this paper can be applied
to and yield a high prediction accuracy for pollutants in other
metropolitan areas. In addition, the deep learning approach
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can potentially be used for a multiple day forecast of air
pollution or air quality index. Fast and accurate air quality
prediction using the ANN model could be used to reduce the
adverse health effects of urban air pollution. Given the
computational efficiency of the ANN algorithm, deep learning
could supplement deterministic models to more rapidly and
accurately forecast air pollution concentrations. We expect
that this paper will not only provide a more comprehensive
understanding of ANNSs but also facilitate future research
activities and applications within the field of atmospheric
sciences.
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