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Abstract: Air pollution is the largest environmental and public health challenge in the world today. Air pollution leads to
adverse effects on human health, climate and ecosystem. Air is getting polluted because of release of Toxic gases by industries,
vehicular emissions and increased concentration of harmful gases and particulate matter in the atmosphere. In order to
overcome these issues an 10T based air and sound pollution monitoring system is designed. To design this monitoring system,
machine learning algorithms K-NN and Naive Bayes are used. K-Nearest Neighbour and Naive Bayes are machine learning
algorithms used to predict the status of pollution present in the environment. In this system, analog to digital converter, global
service mobile communication, temperature sensor, humidity sensor, carbon monoxide and sound sensors are interfaced with
raspberry pi using serial cable. The sensor data is uploaded in thinkspeak (IoT) and webpage. This data is compared with the
trained data to check accuracy. To calculate the accuracy of both algorithms, Python code is developed using python software

tool.
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1. Introduction

Air and sound pollution monitoring system is loT (Internet of Things) based application, used to detect
the pollution using machine learning algorithms[1-2]. The temperature sensor, humidity sensor, carbon
monoxide sensor and sound sensor interfaced with raspberry pi to detect pollution in the environment.
GSM SIM800L is a miniature cellular module which allows for GPRS transmission, sending and
receiving messages. The system proposed a comparative study between various techniques for
prediction. This work focuses on developing an optimized system model which predicts future weather.
There are some models that predict weather during real time, or monthly period. This system that carries
out weather prediction using previous or historical weather data having attributes (Date, Temperature,
Humidity, Carbon monoxide and Sound). In machine learning, K-Nearest Neighbour and Naive Bayes
algorithms are used for the purpose of weather forecasting. Comparison based on evaluation parameters
to identify which model has more accurately performed the predictions. The main objective of the
project is to design and implement a real-time monitoring system for pollution applications. The system
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is based on a single-chip microcontroller with a set of sensors and a wireless communication unit.
Sensor data is loaded directly into ThinkPick and the web server[3-4].

Components Required

2.1Temperature and Humidity Sensor (DTH11)

DHT11 is a humidity and temperature sensor. It can be used to monitor the temperature and
humidity levels in a region. It can be interfaced with a Raspberry Pi module and can give immediate
results. In this project, we are using this sensor to monitor the varying humidity and temperature
levels.

Figure 1: Temperature and humidity sensor (DTH11)

1.2 Carbon Monoxide (Mqg-7) Gas Sensor

This semiconductor gas sensor detects the presence of carbon monoxide in concentrations ranging
from 10 to 10,000 ppm. The simple analog voltage interface of the sensor requires a single analog
input pin of the microcontroller.

Figure 2: Carbon monoxide sensor (MQ7)
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This carbon monoxide (CO) gas sensor detects CO concentrations in the air and produces its reading
as an analog voltage. The sensor can measure concentrations of 10 to 10,000 ppm. Sensor - Operates
at temperatures from 10 to 50 ° C and consumes less than 150 mA at 5 V.

Microphone used to capture the audio signal. Sound is a sensitive material that converts sound into
electrical energy. Amplifier used to amplify the PM358 to amplify the electrical signal generated.

Figur.3: Sound sensor (LM393)

1.3 Analog-To-Digital Converter(Mcp3208) IC

Microchip technology Inc. The MCP3208 devices are analog-to-digital (A / D) converters with
sequential sampling in a 12-bit approximation with built-in sampling and maintenance circuits. The
MCP3208 is programmed to provide four pairs of pseudo-differential inputs or eight unbalanced inputs.
Differential nonlinearity (DNL) is specified in = 1 LSB, and integral nonlinearity (INL) is available in
versions + 1 LSB (MCP3204 / 3208-B) and + 2 LSB (MCP3204 / 3208-C).

Figure .4: Analog-to-Digital Converter IC (MCP3208)

1.4 GSM
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Packet-based standard for mobile data transmission in 2G and 3G cellular communication network's
Global Mobile Communication System (GSM). GPRS was created by the European Telecommunications
Standards Institute (ETSI) in response to previous packet-switched i-mode cellular CDPD technologies.
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Figure.5: Global System for mobile communication (GSM)

The SIM800L is a small cellular module that allows you to send GPRS, send and receive SMS, as well
as make and receive voice calls. Low cost, small footprint and support for four frequency bands make
this module an ideal solution for any project that requires a long distance connection. After connecting
the power supply module, it loads, searches for the cellular network and automatically enters the system.

3. Algorithms

3.1 Machine Learning

Machine learning (ML) is a machine that can be used to improve the performance of a machine that
implies the Artificial intelligence methods by which human seems to identify, recognize and the
expertise. Machine Learning (ML) is a sub-field of Artificial Intelligence (Al) which concerns with
developing computational theories of learning and building learning machines. Machine learning
algorithms can divide into three different groups based on their learning style[5-6]:

i.  Supervised learning
ii.  Unsupervised learning
iii.  Reinforcement learning
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3.2 Supervised Learning

Supervised learning occurs when an algorithm learns from input data also known as training data which
has known target responses or labels that can be a numeric value or string. And prepare a model through
training or learning process that assesses the correct answer when given a new example. The monitored
approach is divided into two: classification and regression. In classification, the algorithm predicts the
class to which the given tests data fall into whereas regression predicts a numeric value for target
variable. The classification is part of the supervised learning model in which the algorithm envisages
the class in which the new data are found, where the class should not be a numerical value, it will deal
with three important classification algorithms:

i. K-Nearest Neighbour
ii. Naive Bayes

3.3 K-Nearest Neighbour Algorithm

K-NN is slow supervised learning algorithm, more time to get trained classification like other algorithm
is divided into two steps training from data and testing it on new instance. The K Nearest Neighbour
working principle is based on assignment of weight to each data point which is called as neighbour. In
K, the distance of the nearest neighbour is calculated for the training data for each of the data points
coming from the nearest K, now the ranking is based on the majority votes. The KNN Euclidean
Distance, Manhattan, Minkowski Measured three types of distances, in which most of the following
formulas are used to calculate the distance.

Euclidian distance = D (X, y) =(x; — ¥i)2k,=1
K=number of clusters and (X, y) are coordinate sample spaces.

3.4 Naive Bayes Algorithm

It is a classification technique based on Bayes” Theorem with an assumption of independence
among predictors. : Simply put a naive Bayes classification umes that the existence of a particular
attribute in a class is not related to the existence of other attributes. For example, a fruit can be
considered an apple if it has a red, rounded and 3 inch diameter. Whether or not these traits depend on
one another, all of these traits contribute independently to the likelihood that the fruit is an apple and is
therefore called "innocent”. The Naive Bayes model is easy to build and is particularly useful for very
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large data sets.. The Bayes theory provides a way to calculate the posterior probabilities P (C | X) from
P (C), P (X)and P (X | C). So, the equation is:

P
p(clx) = —p(xllc(fo ©

Above,
The posterior probability of class is P(c|x) and (c, target) given predictor (X, attributes).
P(c) is the prior probability of class.
The probability of predictor given class is P (x|c) is the likelihood.
The P(x) is the prior probability of predictor.

4. Methodology

An 10T [7-8]based air and sound pollution monitoring system is developed by interfacing temperature
and humidity sensor, sound sensor, gas sensor, GPRS with the Raspberry pi Microcontroller. The
microcontroller forms the heart of the project because it controls the devices connected to each other
and communicates with the devices according to the written program. System uses air sensors to sense
presence of harmful gas in the air and constantly transmit this data to raspberry pi.

Power supply
v
Carbon monoxide ADC ~
Sensor | Mcp3208
” »  Thing Speak
Sound Sensor
Raspberry Pi
[Temperature and Humidity B Web page
Sensor I
USB
GSM

Figure 6: Block Diagram of Air and Sound Pollution Monitoring System

18
ISSN: 2582-1369 (online)




Journal of ISMAC (2020)

Vol.02/ No. 01

Pages: 13-25

http://irojournals.com/iroismac/

DOI: https://doi.org/10.36548/jismac.2020.1.002

Also, system keeps measuring temperature, humidity, gas and sound level and reports it to the online
server over loT. The sensors interact with microcontroller which processes this data and transmits it
over cloud. In webpage, data mining techniques are used for this purpose of prediction such as K-
Nearest Neighbour and naive Bayes. Comparison based on evaluation parameters identifies which
model made the predictions more accurate.

5. Results and Discussion

In this section, we have presented the results of the experimental trials performed to validate the
behaviour and evaluate the performance of the developed hardware and the software. The experimental
setup consists of a PCB with a sensor network [9-11] that takes samples monitoring on the serial monitor
of Raspberry pi. For the real-time monitoring, we are using a Wi-Fi module and we will be updating
the Thing Speak server forever 20s with different parameters. After uploading sensors [12] data into the
thinkspeak results is shown by open the website www.thinkspeak.com. Clicking on signup fill your
details. After this verifies your E-mail id and click on continue.

5.1 Hardware Setup

In this system we are used GSM, DTH11 sensor, LM393 sensor, MQ7 sensor, ADC which are
interfaced to microcontroller. The hardware model of system shows in fig:

Figure 7: Complete hardware setup
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5.2 Python Software Results

The reading sensors values are displayed and uploaded to thinkspeak and webpage directly. If any
abnormal changes occur in the environment alert message will be sent to the registered mobile number.

@ pi@raspberrypi: ~

SMP Sun Nov 4 17: 20 GMT 2018 armv71l

Figure 8: Output readings of sensors values in Python
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5.3 Thinkspeak Results

Click on the channel Air and sound pollution monitoring system be displayed by clicking on that
temperature, humidity, carbon monoxide and sound sensors graphs will be displayed on webpage.
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Figure 9: output of thinkspeak

5 .4 Mobile App Results

To install 10T app in mobile from play store. Give APl key and sign in. Channel will be opened which
is created in thinkspeak. Open the channel the results are obtained. This is another way to check the
results using mobile app.
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Figure 10: Output of mobile app

5.5 Machine Learning Algorithm Results

After performing the K-NN and Naive Bayes algorithm, air and sound pollution monitoring system
predicted results by using train data set and test data set are shown below:

22
ISSN: 2582-1369 (online)




Journal of ISMAC (2020)
Vol.02/ No. 01
Pages: 13-25

http://irojournals.com/iroismac/

DOI: https://doi.org/10.36548/jismac.2020.1.002

Temparature

Hurnidity

Co

Sound

SNO

13

14

15

16

17

18

19

20

21

30

60

121

SUBMIT

Figure 11: Predicted output

The train data set prepared in (excel sheet) air sound. xl is uploaded in the webpage. On
applying algorithms with train data and test data used to predict the status pollution present in the
environment.
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Figure 12: Output from K-NN and Naive Bayes Algorithm
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By using K-NN, Naive Bayes algorithms accuracy is calculated for various data sizes as shown below:

Table 1.0 Comparison of K-NN and Naive Bayes Algorithm

Data size K-NN Naive Bayes
14 90 70
61 98 75
100 100 75

7. Conclusion

loT based air and sound pollution monitoring system using machine learning algorithms are designed
with analog to digital converter, global service mobile communication, various sensors are interfaced
with raspberry pi. The sensors data obtained from the design are uploaded in thinkspeak (1oT) and
webpage. This data is compared with trained data by applying algorithms and on comparison, the
accuracy is improved by 100% using K-NN algorithm and by 75% using Naive Bayes algorithm.
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