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Abstract— Air pollution is one of the biggest problems of our
time because it not only contributes to climate change but also
has a negative influence on public and individual health, which
raises morbidity and mortality rates. The general comfort and
health of a building's occupants are significantly influenced by
the indoor air quality (IAQ). Numerous detrimental health
outcomes, such as allergies, headaches, and respiratory issues,
can be brought on by poor IAQ. An IoT-based indoor air quality
monitoring system can be used to solve this problem. We suggest
a three-phase air pollution monitoring system to address the
issues with current systems. With the help of gas sensors and a
Raspberry Pi 4, an IoT kit was created. This device can actually
be put into different rooms to monitor air pollution. The gas
sensors collect information from the atmosphere and transmit it
to the Raspberry Pi 4. The Wi-Fi module on the raspberry pi4
sends the data to the cloud. Users can get pertinent cloud-based
air quality data via an android app that has been built. In order
to efficiently monitor air quality and foresee the negative effects
that prolonged exposure to these pollutants may have, our project
aims to develop a real-time air monitoring system.
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I. INTRODUCTION

According to the World Health Organization (WHO), air
pollution is a major issue for 99% of the global population.
According to the recommendations of the central pollution
control board and the air quality model, 92% of the world's
population lives in areas where air quality levels are above
WHO-recommended safety limits. The suggested architecture
for data collection and transmission will be used by the
cloud-based network to monitor air quality. We are now able
to monitor people's working and living environments at any
time because of the steady progress of Internet of Things
(IoT), sensors, and information and communication
technology (ICT).
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An Internet of Things (IoT)-based indoor air quality
monitoring system is a device or network of devices that uses
sensors and linked technologies to continually monitor and
measure the quality of the air inside a building or structure.
These systems can be utilized in a variety of settings,
including homes, offices, schools, and hospitals, to assist
guarantee that the air people breathe is safe and healthy.
Temperature, humidity, and the presence of contaminants like
mould, carbon monoxide, and volatile organic compounds can
all have an impact on indoor air quality. These contaminants
can cause allergies, respiratory problems, and even cancer.

Sensors are used by IoT-based indoor air quality
monitoring systems to measure the temperature, humidity, and
presence of different pollutants in the air inside a structure.
These sensors gather data, which is then sent via a network to
a hub or server where it can be processed and used to spot any
possible issues or patterns.Some IoT-based indoor air quality
monitoring systems offer features like alarms, warnings, and
automatic controls that can help to minimize any problems
found in addition to monitoring air quality. For instance, the
system may automatically shut off any gas-burning equipment
or notify building occupants to leave if excessive amounts of
carbon monoxide are found.Overall, an IoT-based indoor air
quality monitoring system can help to improve people's health
and safety by continually monitoring and measuring the air
they breathe and offering alarms and controls to mitigate any
identified concerns.

II. LITERATURE SURVEY

Air pollution is a major issue in India, which is having a
negative impact on both the economy and the environment.
The sources of air pollution include congested traffic,
emissions from vehicles and industries, and the burning of
fireworks, among others. These factors are not only affecting
human life, but also the well-being of plants and animals.

In [1] a new environmental monitoring system that uses a
combination of physical and communication redundancies to
improve its quality. The system uses multiple sensor motes to
monitor the same parameters and incorporates an energy
-efficient control algorithm. The system has been tested in
laboratory conditions and in real-world air quality monitoring,
with results showing good correlation and high fault tolerance.
The system has potential for use in microclimate analysis for
cities and is a promising solution for low-cost air pollution
assessment.

In the study conducted in [2] , the Air Quality Monitoring
System is integrated between Connectionless sensor networks
and Internet of Things based on the ThingSpeak cloud and the
aim is to have completed remote monitoring in the air quality
of the indoor environment. Here, the MQTT lightweight
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protocol is implemented for IoT-based system connection. In
[3] a system which can monitor air quality is made. Various
types of sensors such as Gas sensors and particulate matter
sensors are used to create this system. Gas sensors are used to
detect various types of gases such as sulfur dioxide, nitrogen
dioxide, methane, carbon monoxide and particulate matter
sensors used to detect the dust which presents in the
environment of a crowded city. Sensing units sense the data
from the environment and transfer the data wirelessly to the
microcontroller. It analyzes the data and sends it to the cloud.
If the pollution level crosses its normal limit then it will
display in android phones or computer screen. In [4] a network
for monitoring air pollution is implemented. To implement this
a system of the sensor nodes are connected and placed in an
environment where the data is to be collected. The aim of this
paper is to aid in reducing respiratory problems due to
industrial activities and to monitor the level of air pollution.
The paper’s main focus is on finding solutions to the
increasing problem of harmful gasses amounting from
industrial practices in the country.

Advancements in Al have led to the creation of Al sensors,
which have the ability to transform the Internet of Things
(IoT) industry. These sensors are capable of providing precise
and trustworthy real-time data for various purposes. [5]
describes the design and development of a prototype for an
IoT-enabled TAQ monitoring system, with a custom app for
data logging and user recommendations. An IAQI has been
proposed to present a measure for air quality to the user. The
data can be viewed in real-time or reported as an hourly or
daily average.The paper [7] provides valuable insights into the
current state of the technology and its future prospects,
making it an important resource for researchers, practitioners,
and anyone interested in the development and deployment of
Al-based sensors for IoT applications.

In [8] device proposed uses sensors to identify the dangerous
gases that are harmer for the human lifestyle. By sending the
input to the sensors to the monitor. When the smoke parameter
is above the normal range, the analogue values will be
produced after code execution. The sensor updates the values
every 30s by air sensing. The proposed air pollution
monitoring kit along with the integrated mobile application in
[9] can be helpful to people suffering from respiratory
diseases. The app had following features, indices of air quality
for a specific city using real-time computation, air quality
daily forecasts, timing outdoor activities for different
recommendations of generation, air quality dips related to
health risks, specific reports for air quality measures based on
locations, air quality maps generation.

The paper [11] presents a low cost and portable air pollution

monitoring system (APMD) prototype. The APMD consists of
an on-board PM sensor and other sensors to measure different
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ambient pollutants. The system uses cloud-based service to
create realtime high-resolution pollution maps of a large area.
The system in [12] focused on air quality monitoring in the
Pakila district of Helsinki, specifically on the health effects of
indoor and outdoor air pollution.The use of low-cost air
quality sensors allowed for the identification of outdoor air
pollution hotspots and creation of real-time air pollution maps
for citizens.The study faced challenges such as accidental
damage to sensor devices and usability issues, but was able to
overcome these with replacements and user feedback.The data
was presented in diurnal cycles and heatmap plots to show the
distribution of pollutants in space and time, and to provide
personalized exposure information on an individual. The
proposed system described in [13] was able to successfully
collect and analyze air quality data using a combination of an
Arduino microcontroller, Wi-Fi module, MQ135 gas sensor,
and an LCD screen. The data was sent to a remote server
called ”Thing-speak” for analysis and displayed in the form of
scatter line graphs or bar charts. The system was able to
update the air quality data regularly and provide a visual
representation of the data for users to access at any time.

I11. METHODOLOGY

This  chapter discusses in detail the proposed
implementation.As mentioned, the basic architecture of indoor
air quality monitoring system consists of
three parts:

1)  Sensing Module

2) Cloud Storage

3) Application Interface(API)
From the extensive literature survey conducted, we have
identified the following architecture for the initial prototype.

) >
=" Moblle Application

THINKSPEAK
cLoup

DHT22 MGB11

!‘“’“
2 |

- )
H Database Manager Database Management
J system
V.
Fig. 1. Basic Architecture of Proposed System

The MQ-7, DHT-22, and MG-811 sensors are used as part of
an loT-based indoor air quality monitoring system to measure
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various parameters that are relevant to indoor air quality. The
Raspberry Pi 4 is used as a microcontroller to collect data
from the sensors and transmit it to the cloud using the ZigBee
protocol.

In this implementation, the Raspberry Pi 4 would be
connected to the MQ-7, DHT-22, and MG-811 sensors using
appropriate wiring and circuitry as shown in figure 1. The
Raspberry Pi 4 would also be connected to a Xbee module,
which would be responsible for transmitting the sensor data to
the cloud using the ZigBee protocol. The cloud platform that
is used in this implementation is ThingSpeak, an open-source
IoT platform. ThingSpeak provides tools for storing,
managing, and analyzing data from sensors and other devices,
as well as providing a user interface for accessing and
visualizing the data.

The Raspberry Pi 4 would be responsible for sending the
sensor data to ThingSpeak via the ZigBee module, where it
would be stored and made available for analysis. ThingSpeak
can also be configured to trigger alarms or take other actions
based on the data, such as optimizing the building’s HVAC
system to maintain comfortable and healthy indoor air.

V. ExpPECTED OUTCOME

The expected outcomes of an indoor air quality monitoring
system using a Raspberry Pi are

e Real-time monitoring: The system will provide
real-time measurement of various air quality
parameters, allowing for continuous monitoring of
indoor air quality.

e Improved air quality: By continuously monitoring air
quality, the system can help identify areas that need
improvement, and assist in taking steps to improve
air.

e Early warning system: The system can be configured
to trigger alarms or notifications when the air quality
crosses a certain threshold level, alerting people to
take action to improve air quality.

e Data analysis: The collected data can be analyzed to
identify trends, patterns, and correlations, providing
insights into the factors that influence indoor air
quality.

e Customizable: The system can be customized to meet
specific needs, such as monitoring specific pollutants
or integrating with other home automation systems
.The threshold values are updated automatically.
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The results of the designed monitoring system are discussed in
this section. The system measurements are compared with the

VI. RESULTS

threshold values described by WHO as shown in figure 2

Pollutant Averaging Time 2005 AQGs 2021 AQGs

PMas, pg/m? Annual 10 5
24-hour® 25 15

PMig, pg/m? Annual 20 15
24-hour? 50 45

03, ug/m? Peak season® - 60
8-hour® 100 100

NO;, ug/m? Annual 40 10
24-hour? - 25

S0y, pg/m? 24-hour? 20 40

€O, mg/m? 24-hour? 4

Fig. 2. AQG level by WHO

The figure 3 presents the temperature variation and figure 4
presents the CO level in the current atmosphere.
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Fig. 3. Temperature data collected
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Fig. 4. CO data collected

VII. CONCLUSION

In the past, pollution was hardly noticeable. However, at the
moment, pollution is getting worse by the day due to a number
of factors, including industrial development and the
development of automobiles. Therefore, this air pollution kit
was created to let a person identify, monitor, and test air
pollution in a specific location in order to lower the level of
pollution from such sources and to safeguard persons and the
environment from hazardous gases.The drawbacks and
performance of each of the methodologies were discussed and
the following conclusions can be drawn:

e High cost
e High power consumption
e Security issues

The air pollution issue, which has both social and economical
implications, could be addressed with IoT. Asthma and other
respiratory conditions may be triggered by carbon dioxide,
ground-stage ozone, and particle matter. One of the most
difficult aspirations of modern society is to monitor the air
quality in critical areas. So, using a Raspberry PI, we attempt
to develop an intelligent method of tracking various
environmental requirements. The IoT concept affects
temperature, humidity, noise levels, and air quality. The
monitoring technique is economical, dependable, and
effective. The evaluation of complex patterns is aided by the
observation of the accumulated data in cloud storage, which in
turn informs the public.
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