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Abstract
Objective of this paper is to design and implement a system for air
quality monitoring for smart city using Internet of Things called also the
model initiates from sensor devices that can sense, compute, and
communicate data in a network. This study measures real-time PM2.5,
temperature, humidity, Air Quality Index. Monitored data is wireless
transmitted via Wi-Fi module to a server. When the sensor node reads
pollutant gases composition, temperature and humidity it will be
displayed on the website. The monitored data with date and time can be
retrieved as a tabular data for future analysis. With implementation of
this work, precautionary alerts can be given to public on the designed
website to wear anti-pollution mask, change paths while transporting
where the relishing air pollution ensuring high reliability. It will
promote the public awareness about state of air pollution and how much
important it is to reduce it. There will be news, surveys regarding
pollution in different countries, different ways to reduce air pollution on

the website.

Keywords: 10T, Air Quality Index, Cloud, Wi-Fi node, Sensor data,
Smart City.
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INTRODUCTION

Air pollution has been common health
concern not only for humans but also for
animals, plants, oceans, aquatic life
worldwide. In most of countries air quality
monitoring is done manually via centrally
located station. Meanwhile, many
populated areas of the world lack
Continuous, long term air quality
measurement. To date, the Geographic
coverage of air quality monitoring
networks has been constrained due to the
implementation cost, architecture, and
individual requirements for monitoring

stations.

Internet of Things (IoT) has become a
very popular paradigm in the modern
wireless communication era. The basic
idea of the
10T is the distribution of all-over “objects”
or “things”, which collects and exchanges
data in order to achieve a common
objective by means of mutual interactions.
The networked connection of these
physical objects to the Internet provides
access to monitored remote sensor data, so
that it is possible to control the physical

world from a distance [1].

A fundamental aspect of the Internet of
Things is the integration with the Cloud

infrastructure, which hosts interfaces and
web-based applications that enable the
communication with sensors and external
systems. Therefore, the Cloud computing
infrastructure might provide data access
and management features, with the aim of
collecting and managing data made

available by smart objects.

A real time monitoring of the existence
and the concentration of air pollutants is
necessary, in order to check air quality
status and trends. By continuous real time
monitoring of outdoor pollutant levels,
10T might help health departments to take
the most suitable and effective decisions
in case the environmental conditions
become incompatible with the public
health [1].

In this paper, will present a system for
monitoring the air pollution based on
Arduino and will implement a prototype
of this system, deploy it in Dept.
Moreover, we will design a website on
Cloud-based platform that manages data
collected from sensor send will display it

on the website.

Finally, will design and investigate the
system performance in terms of long-term
measurement

operability, real-time
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accuracy compared with nearby stations,
and feasibility for application in other

location.

LITERATURE SURVEY

Some of the existing methodologies for
the air pollution monitoring are described
as below. In plug and sense device
method, it Uses multiple sensors with
location co-ordinate, AQI LED indicator
is actuated as per pollution level and the
Real time pollution level visualized using
line graph. In distributed sensor data
computing, it uses distributed intelligence
for the sensor nodes and uses spatial

database for locations [1].

In Arduino based method it uses sensor
devices for data, Uses ESP8266 Wi-Fi
module for connection to server, Uses
Node.js and Node RED for displaying data
on the server side. In personal assessment
methods, Biochemical dose assessment
methods are used Ex. Bio markers. In
ZigBee technology, ZigBee transmitters
and receivers are used. GPS module is
used for locations for pollution level on
map [1].

PROPOSED SYSTEM
The proposed system includes Arduino

software and our own hardware based

transmitting monitored data to cloud based
server. In detail, the following
environmental parameters are collected
with the aim of measuring air pollution
Monoxide  (CO),
Particulate Matter (PM2.5), Ozone (03),

and Ammonia (NH3).

levels: Carbon

The hardware collects all the data
uploading from sensors and transmits it to
the Cloud server by using the Wi-Fi
module ESP8266, which is mounted on-
board serial port. Then the data is

analyzed in a form of air quality index.

The data on the cloud server will be
displayed location wise. The designed app
will be hosted on the same cloud. (See

Figure:-1)

Arduino is an open source micro-
controller which is used with other
communication and sensing technologies.
This single-board development
environment, which allows user to read
uploaded data from sensors and allows to

control different devices.
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Fig -1: System Architecture

ESP8266 is a low cost Wi-Fi module with
an AT commands library .It allows the
Arduino to connect to the Internet through
a Wi-Fi connection. Moreover, ESP8266
has a full TCP/IP protocol stack integrated
on the chip.

There are some constraints in terms of
resolution. Indeed, the inputs upload in the
from analog sensors operate by default
at10-bit resolution. The on/off switch in
go the sensors can be operated remotely
according to sensor-based data that are
stored and maintained directly at the
Cloud server. The Arduino collects all the
data uploading from sensors and transmits
it to the Cloud server by using the ~ Wi-Fi

module ESP8266,which is mounted on
Arduino through an on-board serial port to
air quality etc. will be updated on the
website.

Power supply / \ ) l .

B [ ' |
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' ™
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Microcontroller
Analog values

of CO,NH3
PM,03,Temp,
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Fig-2:Block Diagram
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DEFINITION OF AIR QUALITY
INDEX

An air quality index is defined as an
overall scheme that transforms the
weighed values of individual air pollution
related parameters (for example, pollutant
concentrations) into a single number or set
of numbers (Ott, 1978). The result is a set
of rules (i.e. most set of equations) that
translates parameter values into a more
simple form by means of numerical

manipulation[2].

If actual concentrations are reported in
pug/m3 or ppm (parts per million) along
with  standards, then it cannot be
considered as an index. At the very last

step, an index in any system is to group

specific concentration ranges into air
quality descriptor categories[2].
Pollutants
X ]
o Li=hHX1) ——
L= f(X2)

Xn T -
L In=fa(Xn) |

Step 1

Structure of index:

Primarily two steps are involved in
formulating an AQI

I.  formation of sub-indices (for each

pollutant) and

ii. aggregation of sub-indices to get

an overall AQI.

Formation of sub-indices (11, 12,...., In)
for n pollutant variables (X1, X2....,
Xn) is carried out using sub-index
functions that are based on air quality

standards and health effects.
Mathematically;
li=f (Xi), i=1, 2,..,n
Sub-Index Aggregation
I§
12 —
Aggregate
' Index, [ =F
(1, Bysesslii)
In __

Step 2
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Each sub-index represents a

relationship between pollutant
concentrations and health effect. The
functional relationship between sub-
index value (li)) and pollutant
concentrations (Xi) is explained later in
the text. Aggregation of sub-indices, li
is carried out with some mathematical
function (described below) to obtain

the overall index (1), referred to as

AQl.
I=F (11, 12,....,In)
Min or Max Operator (Ott 1978)
I = Min or Max (11, 12, 13,..., In)

The revised air quality standards (CPCB,
2009) necessitate that the concept of AQI

in India is examined afresh. An AQI
system based on maximum operator
function (selecting the maximum of sub-
indices of various pollutants as overall
AQI) is adopted. Ideally, eight parameters
(PM2.5,CO, O3, N H3,Pb) having short-
term standards should be considered for
near real-time dissemination of AQI. It is
recognized that air concentrations of Pb
are not known in real-time and cannot
contribute to  AQIl.  However, its
consideration in AQI calculation of past
days will help in scrutinizing the status of

this important toxic.

The proposed index has six categories and

the schemes shown below [2].

AQI valnes

51 - 100
101 — 200

201 —300

401 - 500

Al

| AIR QUALITY INDEX |

Levels of health concern

Satisfactory
Moderately-polluted

Poor

Severe
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HARDWARE IMPLEMENTATION
Sensors: This sensors has a high
sensitivity and fast response time. The
sensor's output is an analog resistance.
The drive circuit is very simple, just a
voltage divider; all you need to do is
power the heater coil with 5V DC or AC,
add a load resistance, and connect the
output to an ADC[3].

MQ7: This is a Carbon Monoxide (CO)
sensor, suitable for sensing Carbon
Monoxide concentrations(PPM) in the air.
The MQ-7 sensor can measure CO
concentrations ranging from 20 to
2000ppm[4].

MQ-131: This is a OZONE(O3) sensor,
OZONE

concentrations(PPM) in the air. This

suitable for sensing

sensor can measure O3 concentrations

ranging from 10 to 1000ppm.

MQ-137: This is a AMMONIA(NH3)
sensor, suitable for sensing AMMONIA
concentrations(PPM) in the air. This
sensor can measure NH3 concentrations

ranging from 5 to 200ppm.

GP2Y1010AUOQOF: This is a particulate
matter(PM)sensor, suitable for sensing

PM concentrations(mg/m3) in the air. The

Sensor can measure concentrations ranging
from up to 500mg/m3[4].

Printed Circuit Board: For the signal
conditioning of all sensors we required
controller board which made by own This
circuit board we make compatible with
Arduino IDE. In this board we use same
Arduino board controller ATmega328P in
DIP package.

Nodemcu: For establishment of wireless
connection between station and cloud we

used Nodemcu board[4].

SOFTWARE IMPLEMENTATION
Station-side software: In the station
software we use Arduino IDE which is

based on ¢ & c++ programming language.

Station-side workflow:

Server-side software: In the server
software we used the PHP as back end
language and HTML, CSS & JS used as

front end language.
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Station-side workflow:

CAPTURE ANALOG READINGS FROM SENSORS

|

COVERT ANALOG VALUES TO ITS J

EQUIVALENT DIGITAL VALUES

|

‘ COMPUTE SUB INDEXING FOR EACH GAS ‘

SENSOR VALUES

l

COMPUTE FINAL INDEXING FOR CALCULATING
AIR QUALITY INDEX

!

SEND DATA TO CLOUD

Server-side software: In the server software we used the PHP as back end language and
HTML, CSS & JS used as front end language.

Server-side workflow:

CREATE CONNECTION BETWEEN SERVER AND
DATABASE

STORE DATA IN DATABASE WHICH IS COMING
FROM RESPECTIVE STATION

DISPLAY DATA ON WEB PAGE WHICH IS STORED
IN DATABASE
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Database: We used the MYSQL database for the storage air quality data.

phpMyAdm in bl L7 Server MySQL 8.0 Server:3306 » (@ Database: agigroup » [ Table: AQI

mn@ )4 @ [E Browse | A4 Structure L] SQL 4 Search | ¥¢ Insert | = Export | [& Import | ¥ More
Recent Favorites [
— « Showing rows 0 - 2 (3 total, Query took 0.0015 seconds.)
(=4 aqigroup SELECT * FROM ~AQI"
5 New Profiling [Edit inline] [ Edit ] [ Explain SQL ][ C PHP code ] [ Refresh|
-5 Air Qualily Index [ Profiling [Edit inline] [ Edit ] [ Explain ][ Create code ] [ Refresh]
+-4 AQI —
- information_schema O Showall | Numberofrows: | 25 + Filter rows: | Search this table Sortby key: | None
+ Options
+~ T v ID STATION CO PM25 03 NH3 HUMIDITY TEMP AQI
[ &7 Edit 3¢ Copy @Delete 1 1 2 3 2 M 13 29 33
[0 &7 Edit #&Copy @ Delete 2 1 H M 2 14 18 32 34
(O &7 Edit 3¢ Copy @ Delete 3 1 39 54 1 10 18 33 54

[ Checkall With selected: g7 Edit ~ %< Copy @ Delete 5 Export
[ Show all ‘ Number ofrows: | 25+ Filter rows: | Search this table ‘ Sortby key- | None

“i Query results operations |

'm Console B Options History Clear

Press CtrltEnter to execute query

>SELECT * FROM ~AQI™
>

RESULT

AlIR QUALITY INDEX

GEQOGRAPHICAL LOCATION OF STATIONS

[ &) eesa WMdasj m &
{Qabristan) =t bﬁ
name &
Station 1 Fortune Cineplex Q Q‘?
iyt ) Niramaya MAGD UM
S Multigpeciality Hospital. cCOLOMNY
Ajir Quality Index Monitor Station 1

HiTEH
Latitude=16.68208 @ Hie

Longitude= 74 47164 Hralrmaiimans @

&
2
talpana Talkies =
= A
pe Hospita) - RAJWADA
ation 2 8,
L Mangpg B
mama |7 - Swami Samarth Temple
tl og Rajwar_la.e 9 il fi
Stawon 1

viththal Mandir ()
(p Madina Mas|id
sl wafty

A

T GAVBHAG

AIR QUALITY DATA

CARBOM PARTICULATE
MOMNOXIDE MATTER {PM2.5)

ID STATION

CZLZONE AMMOMNIA HUMIDITY TEMPARATURE AQI

1 33 2 13 29 33

3 1 39 54 1 10 18 33 54
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CONCLUSION G.Spandana and R.

This paper presents the summary of
various techniques of air quality
monitoring.  These  techniques are
elaborately discussed in the paper. In the
proposed system, one of the  most
preferred technique is cloud based air
quality monitoring system. Using the same
cloud data, website is hosted and data is
displayed on the website. There are more
design options are present. We choose one

of them.
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