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Abstract

The rise in air pollution is causing health problems to millions of lives. Urbanization,
industrialization, increase in number of vehicle and many more are the reasons behind sudden
increase in air pollution. Location, time, surroundings and other uncertain things affect the
quality of air. To avoid above problems, we are creating a system. There occurs a mild health
problem, when we are unprotected to air over a period of time like shortness of breath, eye
irritation, skin irritation; all the problems are linked to the level of pollution. In this system, we
are focusing on RSPM and AQI levels. We are using neural network learning models like LSTM,
CNN. These models will help in the prediction of unhealthy levels of pollution.

I. Introduction

Health care is a major issue in our country since the environmental
hygiene is below standard. The air quality of our surrounding is degrading
day by day due to increase in pollution. There are many components in air
like gases and particles such as SO2, CO2, and PM2.5. SO2 causes shortness
of breath, coughing and PM2.5 gets inhaled and irritate and damage alveoli
and consequently impair lung functions [6]. If these things we inhale
regularly more than expected quantity or breathable level, it might lead to
death. There are various reasons that increase the amount of PM2.5, SO2 and
other harmful things in air. One of the main reasons for increment of these

things is industrialization. The plantation of industries causes exhaustion of
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harmful gases in air through chimneys [7]. There are many air quality
monitoring systems installed and setup in many cities throughout the
country by the state government and central government to monitor air
quality at that particular place. In this system, we are going to predict the air
quality by using deep learning (DL) algorithms. The historical data we get
from official websites will include some variables such as SO2, CO2, PM2.5,
etc. [9] We are using deep learning algorithms because it gives more accurate
results than traditional machine learning approach. It trains on much larger
dataset than we use in machine learning, it learns patterns in data and

analyse it to predict the outcome [10].
II. Related Work

Ibrahim K. OK, Mehmet Ulvi SIMSEK, Suat OZDEMIR proposed a model
in 2017, in that they have managed to get data through IOT devices. They
have used LSTM. They have divided their model into three sections. In first
section, LSTM neural network model is built and experiments conducted for
the parameters to give its best LSTM structure and SVR model is trained for
evaluating its success. In the subsequent section, a naming unit is made that
names information as indicated by the day by day AQI readings. In section
three, a choice unit is created which depicts as indicated by the watched and
anticipated caution circumstances. Their acquired outcomes represent that
the work of the LSTM based forecasting model to IOT information is powerful
and satisfying [1].

Ziyue Guan, Richard O. Sinnott proposed a model in 2018, in that they
have used three models for the prediction of PM2.5. They have used linear
regression, artificial neural network (ANN) and LSTM. Then, they compared
these models and came to a conclusion that LSTM gave them the best results.
LSTM performed best and was able to estimate high PM2.5 values with
reasonable precision. ANN and linear model have their downsides in forecast

of excessive PM2.5, they offered sensible performance. [2]

Timothy M. Amado, Jennifer C. DelaCruz, proposed a model in 2018, in
this model, they have used various sensors that can measure the
temperature, humidity, quantity of gases in air and many other. They have

applied five methods to build predictive model for air quality. They have used
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KNN, SVM, Random Forest, Naive Bayes and neural network. Among all
these methods, neural network gave them the best results [3].

Chavi Srivastava, Shyamli Singh, Jen Amit Prakash Singh proposed a
model where they estimate the air pollution in Delhi using various machine
learning algorithms such as linear regression, decision tree, support vector
regression etc. they have used PM2.5, PM10, SO2,C0O2, etc as variables. For
evaluation of model they used mse, mae, R2 [4].

Pratyush  Singh, Lakshmi Narasimhan T, Chandra Shekar
Lakshminarayanan proposed a model in 2019 that uses LSTM network model
for various variables such as PM2.5, CO2, etc. They used 50 neurons each in
3 layers of network. They have used root mean squared error (RMSE) for

measuring the measure [5].
II1. Problem Statement

The rise in air pollution is causing health problems to millions of lives.
Urbanization, industrialization, increase in number of vehicle and many more
are the reasons behind sudden increase in air pollution. Location, time,
surroundings and other uncertain things that affects the quality of air. This
system will help in forecasting air quality using neural networks with the

help of historical data sets.
IV. Data Collection

In this system, we have gotten our data from the official Maharashtra
Pollution Control Board (MPCB) website. As the data is being provided by the
government of Maharashtra it is trusted. Data should be complete and there
should be no missing values. All the values in dataset should have only one
unit for that particular variable. So, data is an important factor in any type of

data analytics.
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Index Value Name Color Advisory

CtosS0 Good m None

Unusually sensitive individuals should consider

51t 100 Moderate Yellow limiting prolonged outdoor exertion
Unhealthy for Children, active adults, and people with respiratory
Sensitive disease, such as 3sthma, should limit prolonged
10110150 Groups Orange outdoor exertion

Children, active adults, and people with respiratory
disease, such as asthma, should avoid outdoor
Very exertion; everyone else should limit outdoor
20110 300 Unhealthy exertion

301-500 Everyone should avoid all physical activity outdoors.
Hazardous Maroon

Figure 1. AQI Chart.

Children, active adults, and people with respiratory

disease, such as asthma, should avoid prolonged

outdoor exertion; everyone else should limit
15110200 Unhealthy prolonged outdoor exertion

The above chart indicates the AQI values and corresponding level of
threat to it.

V. Proposed Model

This section describes the work flow of the project and the system
architecture. It describes how the data will be used in various stages of the
project and the various algorithms and modules that will act upon it.

Extraction. In this system we will be collecting the historical data of air
quality from the trusted sources. Maharashtra government site provides this
data through their website named Maharashtra Pollution Control Board. We
will store this data as a .csv (comma separated values) file.

Input. In the implantation of this system we will first import the
libraries which we are going to use such as numpy, pandas. These libraries
are going to help us in importing, managing of the data. Then we import the
dataset using pandas library.

Pre-processing. Data pre-processing is a procedure of converting raw
data into a reasonable format. True information is commonly inadequate,
conflicting and is probably going to contain mistakes. In this block, the data
gets cleansed, noise and outliers get removed, and missing data is handled
and other things. So, this method is used to resolve those issues and prepare

it for further processing.
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Model Building. We will build LSTM and CNN model. We will give
some input variables to the input layer which will be relevant to the outcome.
Then the second layer is hidden layer, in hidden layer we have to choose the
number of hidden layers as well as number of neurons or units in each hidden
layer. Also, we have to specify that if it is going to be the last hidden layer.
The last layer is output layer, in which we have to specify output variable. We
also have to specify the optimizer in this stage. Analyse the output predicted
by this block. And iterate this process by adjusting some values to get the
best model.

Visualization of Results. In this block, we are just visualizing the
predicted outcome given by the model we trained in the previous block. The

results are represented in graphical format and as well as in tabular format.

Pre
processing

Pre
processing
fools

Building
Model

iterate to gat
bast model

Deep learning!
algorithms

Figure II. Block Diagram 3.

Importing
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Built model

Visualize
resulis

Best Model

VI. Types of Model

A. LSTM Model

For LSTM model building, we import packages from keras. After that, we
have sequential function for initializing, LSTM function for LSTM layers,

dropout function for eliminating neurons and a dense layer for output.
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B. CNN Model

For CNN model building we need to import packages such as
convolutional layer, pooling layer, flatten layer and dense layer. Each layer
has its own job. The parameters provided to these are in the next section.

VII. Results and Analysis

The parameters we used to build our model are as below.
For LSTM MODEL for CNN MODEL
Table 1. LSTM Parameters Table II: CNN Parameters.

Hyperparameters Values Hyperparameters Values
Input layer 1 Input layer 1
Hidden layers 3 Filter 64
LSTM units 50 Kernel size 2
Dropout 0.2 Dense layer 3
Output layers 1 Pool size 2
Batch size 32 Verbose 1
Number of epochs 100 Number of epochs 100
Optimizer Adam Optimizer Adam
Loss Mean squared error Loss Mean squared error

We have represented the outcome of model in graphical format as follows:

A. LSTM Model Graph

AQ| Prediction
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=== Real AQI
—— Predicted AQI

120

1o

100

Figure III. Graph of AQI using LSTM.
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Figure IV. Graph of RSPM using LSTM.

As you can see from the graphs that the LSTM model was able to capture
the flow in both AQI readings and RSPM readings.

B. CNN Model Graph
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Figure V. Graph of AQI using CNN model.
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Figure VI. Graph of RSPM using CNN model.

As you can see from the graphs that CNN model has not captured the trend
as better as LSTM did. The below table shows the error calculated in model.
We have used two different methods of error calculation.

Table III. Error Evaluation.

Prediction Model Error Evaluation
RMSE MAE
LSTM-for AQI 0.45 0.002
LSTM-for RSPM 0.69 0.002
CNN-for AQI 2.89 0.0295
CNN-for RSPM 0.52 0.0295

The above table gives error values corresponding to that predictive model.
We have made a table that compares actual values and the predicted values
which we have gotten by respective model.
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A. LSTM Table

Table IV: Comparison of LSTM.

AQL | AQI RSPM | RSPM
Actual | Predicted | Actusl | Predicted
101 9613508 | 100 9223765
89 746323 | 89 9428902
83 8615217 | 83 54 0819
81 97285964 | 81 50.25763
84 8632033 | 84 78 69816
94 9310336 | 94 5167512
84 819397 9 9161615
G 101111725 | 57 63.84814
7 TE0178 | 350 52778763
60 696638 | 60 50.997913
83 87808346 | 74 6189905
127 | 446663 | 111 7481721
10 | 9160618 | 78 101.922433
9 8112796 | 94 85627734
88 8776121 | 88 £9.934346
104 8486338 | 73 §6.70084
™ 82878204 | 67 7769414
81 BLE13%E | 73 70.60411
81 90085636 | 71 74.13933
3 95477036 | 63 7216263
56 0432805 | 56 6737898
73 5499644 | 73 62325533
7 737042 7 72.03344
89 6972439 | 89 54.92337
84 86387024 | 84 5248868

B. CNN Table

Table V. Comparison of CNN.

AQL | AQT RSPM | RSPM
Actual | Predicted | Actual | Predicted
101 [ 841823 | 102 82.158455
59 86.358505 | 88 8407325
83 93.357976 | 83 9107833
51 9434595 | 81 9222309
84 85.02984 | 84 86.80616
94 7695362 | 94 77.7493
84 70.09761 | 58 60.1592
1 TL69368 | 57 TL6137
75 67.920815 | 50 65.94495
60 75.68939 | 60
85 83.57478 | 74
127 [ssmesas | 1n
110 79
[ [

58 9239537 | 88
104 | 7824991 | 73
4 86.33046 | 67 8041003
51 9087915 | 73 8137432
81 9049584 | 71 83 14709
63 9129528 | 63 74.04281
56 86.71601 | 56
B 80.60182 | 73
97 97
59 59
54 54

2517

The above two tables give a comparison between actual values and

predicted values by the models for 25 days.
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VIII. Conclusions

This framework proposed an air quality expectation framework for 25
days using neural network models such as LSTM and CNN. As we
experimented with the models for predictions; we observed that LSTM model
has given better results than the CNN models. For better understanding of
the outcome we have provide graphs and comparison table between actual

values and predicted values.
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