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Abstract

In this work, Internet of Things (10T) system has been devised to monitor in real time the basic pollutants
like Carbon dioxide, Carbon monoxide, Particulate matter, Temperature, Humidity, Pressure. The Primary
focus of this paper is to monitor air quality at indoor and outdoor level of residential and industrial sectors
by using in total of five sensors, ESP8266 Wi-Fi module and Arduino Uno. The emission from vehicle
modeling and vehicle’s other emissions can be monitored easily through the internet. A real time air
quality monitoring system is essential for Bangladesh especially in Dhaka City because, here the pure air
is getting denser and polluted day by day. All sensors real-time data will be displayed on LCD and only
the humidity and temperature will be shown on the server. With the help of this project, we have been able
to take real-time data of the North and the South side of Dhaka city in February 2023 and plotted curves
in Excel. After the analysis of output curves from the Excel plots, we found out our air is very polluted
and getting thicker day by day.
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Introduction

In the era of fast data transmission over internet, Internet of Things (1oT) has gained a lot of momentum.
Air is invisible gaseous substance[1]. On average a person breathes in about approximately 14,000 liters
of air. People’s health can be affected by the presence of contaminated elements in the air. The Air Quality
Indicator (AQI) is calculated and supported on air pollutants like CO, CO2, NO> Compounds that consume
opposing possessions happening the atmosphere and human health[1]-[3]. The air of Dhaka city is
hazardous for human body as the volume of poisonous particles in air has reached far beyond safe level.
Statistics shows that, gas leakage is a common phenomenon in Bangladesh. This project is an
implementation of 10T Based Air Pollution Monitoring System Using Arduino. The air around us is getting
polluted day by day and it is necessary to monitor air quality for a better future [11]-[12].

Literature Review

This chapter reviews some of the past works in processing and understanding of 1oT based Air Quality
Monitoring system. Air quality monitoring has gathered a lot of attention and many researchers have
developed several microcontroller-based systems . People in Dhaka were able to inhale fresh air only 38
days in the last six years, revealed by the Center for Atmospheric Pollution Studies (CAPS) at Stamford
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University Bangladesh. Analyzing six years of data on the air quality index in January CAPS found the
average air pollution of level increased 9.8% in 2021 compared to 2020[5]. Temporal variation of CO and
CO- concentration in indoor environment has been investigated in detail by Kiuriski et al[4]. It concludes
the level of these two gases increases to a peak value at certain times in a day and proper ventilation could
help in reducing the harmful effect of these gases within the confined environment. Our work takes into
consideration this growing problem of air pollution and provides a solution by constantly monitoring air
quality and vehicular flow if air is polluted beyond threshold level.

Proposed System and Method
A. Materials:
The primary materials we use in this system are as follows:
e Arduino Uno R3

e ESP8266 Wi-fi module

e MQ135 gas sensor

e MQ7 carbon monoxide sensor
e GP2Y1014AUOF dust sensor
e BMP280

e DHTI11

In this study we used Arduino Uno as a microcontroller and ESP8266 as a wi-fi module. The Arduino
Uno is a low-cost and low-power microcontroller series integrated with atmega328p microcontroller. The
ESP8266 is a low-cost wi-fi microchip, with built in TCP/IP networking software, and microcontroller
capability. The Arduino Uno and ESP8266 pin diagrams are given in Fig. 1 and Fig. 2 respectively.
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Figure 1: Pin diagram of Arduino Uno
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Figure 2: Pin diagram of ESP8266
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The gas sensor we used in this system is MQ135 and MQ7. This sensor has a pin for both digital and
analog output. The onboard potentiometer can be used to adjust this threshold value. An analog voltage
that is produced by the analog output pin can be used to approximatively determine the concentration of
various gases in the atmosphere (MQ135). On the other hand, MQ7 only determines the concentration of
carbon monoxide in ppm from air. Both of these sensors use the 12C interface.

Figure 3: Pin diagram of MQ135
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Figure 4: Pin diagram of MQ7
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GP2Y1014AUOQF dust sensor uses an optical sensing method to detect dust. A photosensor and an infrared
light-emitting diode which is known as an IR LED are optically arranged in the dust sensor module. The
photo-sensor detects the reflected IR LED rays which bounced off of the dust particles in the air.

Figure 5: Pin diagram of GP2Y 1014AUOF dust sensor
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BMP280 Barometric Pressure and Altitude sensor 12C/SPI module is a cheapest and tiny atmospheric
sensor breakout to measure barometric pressure, altitude and temperature. Here in this system, we have
used this sensor only to measure the pressure and altitude.

Figure 6: Pin diagram of BMP280

The DHT11 is a commonly used temperature and humidity sensor that comes with a dedicated NTC to
measure temperature and an 8-bit microcontroller to output the values of temperature and humidity as
serial data.
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Figure 7: Pin diagram of DHT11
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B. System Architecture and Design

The paper aims at designing an air quality monitoring system using Arduino which can be installed in
a specific locality and to enhance the system from the previously developed systems beating earlier
disadvantages by developing an android app for the public. The project uses Arduino integrated with
individual gas sensors like carbon monoxide, carbon dioxide along with particulate matter, humidity,
temperature and pressure which measures the concentration of substances separately from air. 1oT
mainly deals with connecting smart devices to internet by joining the advantage of OSI architecture.
In the context of this work, we propose a cluster of Air Quality Monitoring system which uses the
sensors: DHT11, MQO7, MQ135, BMP280 and GPY2Y1014AUOQF Dust Sensor. These sensors are
directly connected to Arduino uno and used ESP8266 chip as a Wi-Fi module to transfer the real time
data to the server. The system architecture, design and flowchart are given in Fig. 8 and Fig. 9 and Fig.
10 respectively:

Figure 8: Pin diagram of System Architecture
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Figure 10: (a) Circuit for the whole system

Circuit Diagram
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We have also developed a circuit diagram for enabling us to transfer the real-time data to the server
(ThingSpeak). The circuit diagram can be seen in Fig. 10. (b).
Figure 10: (b) Circuit for wi-fi connection
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C. Hardware and software configuration
All the sensors are connected with Arduino Uno and the Arduino Uno is connected to ESP8266 to
transfer the data to server (ThingSpeak). The picture given in Fig. 10 is the final prototype:

]

Figure 11: Final Prototype for the proposed system
The following figs contain codes for the system where the code in Fig. 12 is used to show the real-
time data on display and the code in Fig. 13. (a) is used to enable wi-fi connection and the code in
Fig. 13. (b) is used to send the real-time data of DHT11 to the server (ThingSpeak).
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Figure 12: Code for the whole system
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Figure 13: (a) Code for the wi-fi connection
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Results & Discussions

The Final prototype that has been presented in Fig. 10 can show real-time data on LCD and pass data to
the server. We gathered 7 days of data from South and North City of Dhaka using our prototype and
imported it into Excel to plot and compare it between them.

Figure 14: (a) Outdoor Air Quality of South vs North city Dhaka
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Figure 14: (b) Outdoor Carbon Monoxide of South vs North city Dhaka
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Figure 14: (c) Outdoor PM 2.5 of South vs North city Dhaka
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Figure 14: (d) Outdoor Pressure level of South vs North city Dhaka
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Figure 14: (e) Outdoor Humidity level of South vs North city Dhaka
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Figure 14: (f) Outdoor Temperature level of South vs North city Dhaka
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Figure 14: (f) Monitoring real-time Temperature and Humidity of South vs North city Dhaka

Conclusion

The main purpose of this paper was to present a system where it will not only help the environment but
also will improve the healthy life cycle of our planets ecosystem by ensuring a good air quality. Air Quality
Monitoring allow the measurements, operation and predictive analysis of the evolution of air pollution in
different areas. In the near future, this system can be turned into a compact and advanced device that can
monitor the data in any type of environment. Further implementation or modifications can help this system
to improve better analyze our air quality levels.
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