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ABSTRACT

Nowadays air pollution has turned out to be one of the significant issues because
of the increase in the quantity of vehicles and during the time spent
industrialization and urbanization. This expansion in the level of contamination
brings about destructive consequences for prosperity. This project explains the
depiction and execution of an Air Pollution detection system. The innovation
grasped here, is a hands-on execution of the idea of Internet of Things. This
detailed work is an exploration of the possibilities of consumption of this
innovation, in this world, where natural well-being is turning into a genuine risk.
The work is actualized utilizing the microcontroller board of Arduino. In this
project I am going to make an loT based Air Pollution Detection Monitoring
System in which | will monitor the Air Quality over a web server using ESP8266
Wi-Fi device and will a trigger alarm when the air quality goes down a certain
level means when there is number of harmful gases is present in the air like CO2.
It will show the air quality in PPM (Parts Per Million) like “Fresh Air”, “Poor

Air”, “Danger Air” on LCD and webpage so that I can monitor it very easily.

Researchers and scientists are relying on cutting-edge methods for real-time air
pollution detection in response to the growing concern about the catastrophic
effects of air pollution on public health and the environment. The Internet of
Things (10T) technology has become a promising remedy in this regard. This
paper provides a thorough overview of the loT-based air pollution monitoring
system, which consists of a network of inexpensive sensors, data processing
hardware, and cloud computing infrastructure. The sensors are carefully designed
to gather and report information on a variety of air contaminants, including
particulate matter, nitrogen oxides, sulphur dioxide, and carbon monoxide, among
others. The information is then filtered and analysed to produce air quality indices
by a data processing unit, which receives the data after it has been gathered.

Vi



CHAPTER 1 INTRODUCTION

1.1 Introduction

The Air Excellence guide (AEG) indicates unusual air wireless. We are able to calculate and
support the Air Indicator (AQI) of air pollutants like CO and NO2, among others, which are
substances that consume opposing possession from the environment and daily life. The best
meditation of the current underutilized wi-wi-fic air materials can be seen in the air quality
indicator. We recommend an air wi-fi and air pollution tracking solution that enables us to
view real-time air wi-fi and air pollutants in a location using the Internet of Things (IOT). To
detect dangerous gases and compounds in the air and to transmit this information continually,
we employed an air sensor (gas Sensor Mq135). Similar to this, the device continually
records and reports the air temperature. The sensors communicate with the Arduino Uno
Microcontroller, which is how we organize and transmit this record. This enables authorities
to continue monitoring air pollution levels around the country and responding accordingly.
Additionally, authorities may keep a fixed wireless watch on air pollution found close to
hospital and college areas. Little Concentration Area Unit typically assists in measuring ppb
component exploitations in the billions, which represents a device of masses of clothing
equivalent to one billion devices of well-known masses. The same and similar quantities used

to measure pollution concentration are additives per million (ppm).

It assesses product and wireless resource requirements to ascertain the need for a new device.
The product's needs include the need for inputs and outputs, and it fulfills the desire in terms
of input to achieve productivity. The Aid need provides a brief overview of the hardware that
would likely be required to provide the specified wireless functionality. In this project, we
would be creating a monitoring system for air pollution detection which involved the
concepts of IOT. We'll use a MQ135 device to represent the air through an internet server,
and if there are any harmful gases in the air, a buzz alert will sound if the air is moving in a
positive direction. On an LCD and webpage, it suggests that the air's PPM (parts per million)

varies depending on the surroundings.



1.2 Goal of Project

One of the world's largest problems is air pollution. Health problems have been becoming worse
more quickly, especially in urban areas of emerging countries where industrialization and a growth in
the number of automobiles contribute to the release of various gaseous pollutants.

From mild allergic reactions like throat, eye, and nose irritation to more serious illnesses

including heart disease, bronchitis, pneumonia, lung, and aggravated asthma, pollution has a

significant influence on health.

As you can see, the core goal of the loT-infused Air Pollution Detection project is to create a
cutting-edge, state-of-the-art device that can quickly and accurately evaluate and track a variety of
important air quality metrics. The deployment of a wide range of advanced sensors that are
seamlessly integrated into the [oT infrastructure will be used to put this cutting-edge system into
operation. These sensors will work in tandem to collect and relay data on a variety of harmful
atmospheric pollutants, including particulate matter, ozone, nitrogen oxides, Sulphur dioxide,

carbon monoxide, and volatile organic compounds, to name a few.

The resulting information will go through a laborious and careful analysis, producing sharp and
useful insights on the conceivable health risks that might result from extended exposure to
ambient air pollution. This ambitious project seeks to actively safeguard the public's health by
giving people and organizations the ground-breaking air quality monitoring capability they need
to make wise decisions about their exposure to the environment and take proactive steps to reduce

their noxious emissions.



1.3 Objectives of monitoring air quality

Air quality, the crucial environmental concern, possessing significant implications for public
health and the planet's well-being, is a prodigious challenge that ought to be addressed with
utmost urgency. In light of this, the monitoring of air quality has emerged as a critical task,
enabling us to track pollution levels and decipher sources of contaminants that exacerbate air
quality. However, the objectives of air quality monitoring do not merely confine to measuring the
concentration of pollutants; instead, it encompasses a multifaceted approach that we will explore
in this article, unveiling why it matters.

Unveiling the first objective of air quality monitoring, it aims to identify trends and patterns in
pollution levels, requiring the measurement of diverse pollutants over time and scrutinizing
fluctuations in their levels. This enables us to unearth long-term trends in pollution levels and
short-term changes caused by varying weather patterns, human activities, or other enigmatic
factors.

Another critical objective of air quality monitoring is to track and determine the sources of
pollution, which necessitates utilizing sophisticated equipment and techniques to recognize the
types of pollutants and their sources. While nearby factories may emit some pollutants, others
could result from traffic or natural calamities like wildfires. Identifying the sources of pollution
enables us to take targeted action to reduce emissions and promote better air quality.

In addition to identifying pollution trends and sources, monitoring air quality is paramount for
public health. Poor air quality has several negative health effects, including respiratory problems,
cardiovascular disease, and cancer. By monitoring air quality and apprising the public of potential
health hazards, we can mitigate these deleterious health effects and ensure that people are aware of
the risks that poor air quality poses.

Yet another objective of air quality monitoring is to inform policy and decision-making. By
furnishing accurate and up-to-date information about pollution levels, policymakers can make
informed decisions about regulating emissions and reducing pollution. This can be accomplished
through implementing new regulations on industries, advocating for the use of cleaner

technologies, and proffering an environmental advocacy roadmap, among others.



Air Quality parameters

The recommended framework can be adjusted to account for the following key variables: An
odorless, tasteless, and non-combustible fuel is carbon dioxide (CO2). Additionally, it belongs to
the class of smother gases, which can prevent tissues from receiving oxygen. Since it is one of the
most crucial elements of the evolving photosynthesis process, which converts solar energy into
chemical energy, carbon dioxide is a gas that is crucial to life on Earth. Particularly since there are

so many remaining fuels that are boiling, CO2 has gotten increased attention.

Air quality parameters are a convoluted and paramount field of exploration, encompassing a broad
range of measures utilized to evaluate the caliber of the air we inhale. In recent times, the
deleterious effects of air pollution on the well-being of the general public and the ecosystem have
become increasingly palpable, leading to a burgeoning awareness of the significance of overseeing

and controlling air quality parameters.

One of the most pivotal air quality parameters is particulate matter - infinitesimal particles
suspended in the air. These particles can emerge from an array of sources such as automobiles,
power plants, and wildfires, among others. The size of these particles is an essential factor that
determines their detrimental impact on health, as smaller particles can penetrate deep into the
lungs and lead to respiratory ailments. Particulate matter has been associated with a multitude of
health complications, including asthma, heart disease, and lung cancer, and is considered one of

the most harmful air pollutants.

Another crucial air quality parameter is ozone, which is a secondary pollutant produced when
nitrogen oxides and volatile organic compounds react with sunlight. Ozone is a significant cause
for concern in urban areas, mainly during summer months when sunlight and high temperatures
can cause it to form. Exposure to high levels of ozone can lead to respiratory issues such as
coughing, wheezing, and shortness of breath, and can exacerbate existing lung conditions such as

asthma.

Nitrogen oxides and sulfur dioxide are primary pollutants that emanate from burning fossil fuels
and industrial processes. Nitrogen oxides are a significant contributor to the formation of ozone,
while both nitrogen oxides and sulfur dioxide can lead to respiratory problems and acid rain.
Sulfur dioxide is also associated with the formation of particulate matter, as it can react with other

compounds in the air to form sulfate particles.

Carbon monoxide is another air quality parameter of concern, as it is a toxic gas that emerges from



incomplete combustion of fossil fuels. Exposure to high levels of carbon monoxide can cause

headaches, dizziness, and nausea, and can be lethal in severe cases.

Volatile organic compounds (VOCs) constitute a miscellaneous group of chemicals that can
emanate from an array of sources, including household products, paints, and solvents, among
others. VOCs can contribute to the formation of ozone and can also have direct health effects,

including eye and respiratory irritation and headaches.

Monitoring and regulating air quality parameters require advanced equipment and expertise. Air
quality monitoring stations are distributed worldwide, collecting data on pollutant concentrations
and other air quality parameters. This data is then utilized to develop air quality indexes that
provide information on the health risks associated with exposure to air pollution. Governments and
regulatory agencies use this information to develop policies and regulations aimed at reducing

emissions and improving air quality.

Despite these advances, significant challenges persist in monitoring and regulating air quality
parameters. The sources of air pollution can be diverse and challenging to identify, and the
interactions between pollutants and environmental factors can be complex. Additionally, air quality
is influenced by global factors such as climate change and international trade, which can make it

challenging to develop effective strategies for reducing emissions.



1.5 Importance of Air Pollution Monitoring System

In order to identify and address air pollution, quantify emission sources, safeguard public health,
and advance the fight against the greenhouse effect, monitoring air quality is crucial for local
governments as well as for the fundamental public and private sectors. Commercial operators
screen and modify emanations on their perimeter cost-effectively using air fine tracking
equipment, allowing them to rebuild connections with controllers and groups.

It has been crucial for enterprises to develop their own superior monitoring system because of the
air pleasant law, which shifted the burden from publicly sponsored tracking to watching financed
by businesses.

Air quality monitoring equipment is widely used to obtain information from the environment on
air pollution levels, toxicity, and human health risks. An aid that controls the quantity of common
air pollutants is an air exceptional monitor. Both indoor and outdoor areas are available for
presentations. Indoor air quality video display devices are undoubtedly sensor-based technology.
Some of them can measure ppb ranges and are offered as both different fuel and portable devices.

Outdoor ambience claims frequently use air-first tracking systems and sensor-based equipment.

1.6 Benefit and Beneficiary

Benefits

—

establishing the infrastructure required to offer a pollution-free environment
2. reducing the risk of health problems

3. Systems for detecting air pollution using the Internet of Things (IoT) may be less expensive than
conventional air quality monitoring systems. Data can be collected and analyzed remotely,
eliminating the need for manual data collection and processing. The sensors used in IoT systems

are often less expensive than conventional air quality monitoring equipment.

4. Policymakers can identify places with high levels of pollution and carry out targeted

interventions using real-time data on air quality.

5. Compared to conventional approaches, loT-based sensors can give air quality measures that are

more precise.



Beneficiary

6. Community Member

7. Hospital specialized care unit

8. System for Managing green building in urban and rural area

1.7 SWOT Analysis

Strength

Weakness

1. saving money

2. Information gathering on air

It's possible that capacity won't

meet every need in a bad

quality will be robust and easy. circumstance.
3. using high tech equipments
4. clever approach for solving the issue
Opportunity Thread

purifier

2. ability to provide facilities in
the appropriate environment.

1. Possible integration with a powerful air

Failure to identify an absolute or
accurate result might be brought
about by incorrect interpretation, data
anomalies, or incorrect

assumptions.

Table 1.1: SWOT evaluation




CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

This chapter summarizes some of the earlier analyses of [oT-based air pollution detection and
monitoring systems. The influence of air pollution on developing nations is not limited to natural
medical issues. Given the variety of sources and how their individual effects vary from one
another, the substantial effects of air pollution on health are truly astounding. The effects of air
pollution on both the environment and human health are increased by the synthetic compounds'
role in a number of human and natural health problems. The suggested framework unit includes an
Arduino, LCD, ESP8266 Wi-Fi device, and MQ135 Gas sensor. Almost all current and prior [oT

research is based on techniques that carry out these stages separately and consecutively.

2.2 Opportunities & Capabilities of IoT

Opportunity of IoT

A vast community of "matters" talking with one another is created by the Internet of Things. The
IoT isn't a rebellious revolution against the current technologies; rather, it is a far more extensive
use of them and the introduction of new communication channels. The Internet of Things (IoT)
connects the digital and physical worlds by fusing together a variety of concepts and technological
components, including ubiquitous networks, device discounts, mobile communication, and new
environments. In the Internet of Things, programmes, services, middleware extensions, networks,
and stop nodes are structurally planned and utilized in completely new ways. [oT provides a way
to investigate complex processes and transactions. The Internet of Things (IoT) proposes a
symbiotic relationship between the physical and digital worlds: physical objects have virtual
improvements and instances; problems have context awareness; and they experience,
communicate, interact, and exchange statistics, data, and knowledge. New probabilities are created
using just the most recent facts from the physical world, fully satisfying business requirements.
Any single virtual or actual global network may be connected via the Internet of Things. Everyone
may connect to the objects at a reasonable cost, and private devices cannot own the connection.
Practical training, rapid implementation, palatable record-keeping and interpretation technology,

security against fraud and hostile attack, and privacy protection are crucial criteria for loT.



Status Of IOT

Thanks to a new measurement of "matters" for integration and communication, the IoT is considered
as an enlargement of the present connection between people and programmes. The Internet of Things
is being developed through a difficult, extensive technological innovation process. From vertical
software to polymeric utility, the IoT is evolving. Utilizing location-specific requests is the major
enhancement strategy during the early stages of IoT deployment. One example of a domain-specific
utility is an industrial management system with built-in business functions. When combined with
enterprise manufacturing and business strategies, the software can provide a variety of agency
management offerings. Pass-enterprise packages based on public information carrier levels are
polymeric requests. Both domestic and business customers are served by these requests. Through
massively scalable communication operators and response providers, the programme is distributed

and marketed. For instance, an automobile.



2.3 Capability of IoT

Particularly, the IoT packages have the following capabilities. Locating a place and exchanging
location data: The IoT device may collect location information from exit nodes and IoT stations
before providing services based on the information. In addition to geographic position data gathered
through GPS, cell-id, RFID, and other sources, the location information also includes details about
the full or related function of the device. At least the following additional consultant IoT

programmes are included.

Monitoring cellular assets: This programme tracks and shows the reputation of the product using the

location-sensing device and the assertion function linked to the product.

Fleet management: Based on the company's resources and the real-time role data gathered by the
vehicles' traffic monitoring device, the fleet manager arranges the schedules for the drivers and
automobiles. By recording the position information of a huge number of cars, this application
compiles traffic statistics, road traffic conditions, and busy places. For this reason, the tool acts as a

motivating element while deciding on the greenest option.

Sensing of the Environment: IoT equipment collect and analyse a wide range of physiological or
chemical ambient data using locally or globally configured terminals. The typical environmental
data includes information on temperature, humidity, noise, visibility, moderate depth, spectrum,
radiation, pollution (CO, CO2, etc.), photographs, and frame ideas. The following are at least

occasionally included in consulting programmes.

Environment detection: IoT structures provide ecological and environmental monitoring, including
checks on glaciers and forests, disaster tracking, including tracking of earthquakes and volcanoes,
and industrial plant monitoring. They are all automated alarm systems that compile environmental

information from a variety of sensors.
Remote clinical monitoring: The Internet of Things (IoT) analyzes the regular indicator data

obtained from the device put on the patient's frame and provides customers with guidance on their

fitness and health.
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Faraway Controlling: IoT systems use software instructions combined with data gathered from
issues and service requirements to control IoT terminals and carry out functionalities.
Appliance management: People can remotely modify an appliance's operating state via an IoT

system.

Disaster recovery: Customers remotely engage error-correction solutions to lower losses caused by

catastrophes in accordance with the monitoring previously indicated.

Ad hoc Networking: IoT devices have the ability to swiftly set up their own networking and
communicate with the community/provider layer to offer associated services. The network between
cars and/or the infrastructure of the roads is surprisingly self-organized if you want to share

information within the automobile industry.

Based on carrier needs, [oT devices similarly build up a secure records transfer route between the

utility or provider platform and loT terminals.
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2.4 Motivation and General Description

The bulk of IoT packages in China were either software- or domain-specific, as was clear from the
prior examination of the modern IoT. Due to their fragmented architectures that are unable to
correlate and integrate the data from separate parking towers, these isolated IoT keys use private
protocols and pose serious issues with data sharing, time multiplexing, community managements,
and advancement.These kinds of issues are slowing the growth of the IoT. In order to minimise the
total [oT fee and exchange data, I need to integrate multiple skills and resources into a larger
machine. In order to address novel business situations, application-based needs, and cutting-edge
technology, the Internet of Things (IoT) must be created with an open and generic IoT framework
with open borders and resources. .I can now see the drive behind advocating for IoT integration with
the goal of reducing the overall cost and time associated with devices, features, and installations. An
integrated solution with interoperability is an open and essential IoT framework. It has the following
qualities. When comparing different personal IoT systems, a standard IoT form has the same

hardware and software interfaces as well as protocols.

Operational and Open: The open functioning public IoT packages are put up for control by a
contemporary IoT architecture. A public IoT device combines several IoT requests into a single

structure.

Open, scalable, and flexible An open IoT architecture with open assets, open needs, and open
interfaces may readily be expanded in terms of capability and breadth. It easily adapts to different

requirements, such as technological improvements.

2.5 Challenges & Prospects of IOT

[oT developments that are unified, seamless, and all-pervasive are anticipated. Large-scale service
deployment must be framed by a set of criteria. However, the IoT has a significant influence on the
widespread commercial deployment of linked services since it involves several manufacturers, cuts
across numerous sectors, and has a wide range of application scenarios and customer demands. The
Internet of Things is constantly being developed. Low power nodes and processing, low cost and
low latency communication, technologies for placement and identification, self-organized
distributed systems, and distributed intelligence are just a few of the issues that need to be

overcome.
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2.5.1 Challenge of IoT
In several utility industries, the IoT offers both businesses and end users a variety of new
opportunities. The IoT itself does not now have the principles, generational framework, or
prerequisites to combine the virtual and physical worlds in a single framework. For that reason, the

following significant difficulties are listed.

Structural Designation: IoT includes a wide range of potentially dangerous technologies, according
to the structural designation. The term "Internet of Things" (IoT) describes a large class of
intelligent, networked devices and sensors (such as cameras, biometric, physiological, and chemical
sensors) that are generally transparent, unobtrusive, and undetected. These interactions frequently
take place through wifi in an autonomous and ad hoc manner since connections between these
devices are anticipated to occur at all times, anywhere for any pertinent services. The services also

become considerably more cellular and localized.

IoT makes it difficult to integrate data across unusual contexts, necessitating the use of modular,
compatible add-ons. Infrastructure solutions call for structures that can govern relevant capabilities,
understand facts and illustrate how they relate to one another, compare information to historical
meaningful data, and enable decision-making. There can't be one role structure that all programmes
can follow. In the 10T, heterogeneous state of affairs architectures should coexist. Open architectures
that adhere to standards must not restrict consumers from using continuous, never-ending solutions.
IoT designs must be adaptable to include baggage in addition to identities (RFID, tags), sensible

devices, and intelligent devices (hardware and software solutions).

Technical difficulty: There are several reasons why creating IoT is challenging. First, there are
existing networking technologies and packages with legacy heterogeneous architectures. The tiers
and diverse capabilities of mobile, wi-fi local area network, and RFID technology, for instance, are
quite different from one another, and special applications and situations call for distinct networking
technology. Second, regardless of how complicated a gadget may be, communication
technology—including power stripe, wireless, and short-range wi-fi technologies—must be
affordable and have dependable connectivity. This covers both straightforward and intricate fixed
and mobile communication systems. There are a variety of different packages at the end; it is only
logical to have particular needs for who must speak with whom and what security measures are

necessary. To summarise, complexity and
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opportunity technologies may also cause problems; unwarranted competition and deployment
restrictions in markets may cause issues; and systems and communication mechanisms with
unnecessary dependencies may prevent the relocation of IoT systems to the highest levels of
efficiency and economy. All of the aforementioned can prevent IoT from signing up for as many

"matters" as they can.

Hardware challenge: Intelligent systems with high levels of intelligence will result from smart
devices with sophisticated inter-device communication. Its independence allows for quick IoT

application deployment and the introduction of new products.

Hardware researchers are concentrating on developing wi-fi recognisable structures that are small,
reasonably priced, and sufficiently functional. Since the bandwidth of IoT terminals may require to
range from kbps to mbps from detecting basic fee to video circulation, supplies on hardware are
diverging. However, the two key requirements—the exceedingly low value and the incredibly low
power usage when in sleep mode—remain in place. If the benefit of sleeping time over energetic
time is one million, then the breakout power of an IoT terminal should be at least one million times
lower than that of energetic. It is amazing when an IoT terminal is asleep and receiving RF signals.
It is difficult to use superior CMOS silicon with much increased leakage energy.Thus, hardware and
protocol code indicator for sleeping was the first Internet of Things hardware project. IoT terminals
are used in billions of devices, hence their price must be very low. A quick-range [oT terminal has
to have high site precision even if there isn't presently a low-cost location solution for IoT.
Limited-cost terminals must compete with one another due to low active power. Cost-effectiveness
has frequently been linked to slower displays or longer technique delays. Longer treatment delays
ultimately lead to higher power use. Due to the lower L band's relatively constrained range resource,
RF level increases the likelihood of greater energy consumption from RF PA. Utilizing very narrow
bands with great power neighbours causes the pace of the passive aspect to increase, which will
undoubtedly be a skill challenge in the future. Future IoT must use extremely tiny spectrum bands

between currently used bands that have not yet been used in any other fashion.

Privacy and Security: When compared to problems with prior networks, privacy and security
concerns with the Internet of Things are becoming more and more obvious. Protecting customer
privacy will be a key component of [oT security because it is a significant component of many facts.
IoT security must provide protection for a wider range of management levels and objects than

traditional community security because of the diversity
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of variables, services, and networks. The security architecture that is already in place is built on how
humans communicate, but it might not be suitable for usage with IoT technologies. The acceptance
of current safety measures hinders intelligent discussion of IoT-related problems. IoT requires
low-cost, M2M-focused technological solutions to provide privacy and security. Studies like this
one will increase public understanding of privacy protection. It is crucial to have low-cost,

low-latency, and power-efficient cryptography techniques for a sensor or device.

Preferred Challenge: The growth of the Internet of Things depends on standards. A popular is
required to grant equal access and usage to all actors. Trends and the coordination of requirements
and ideas have developed IoT infrastructures, packages, services, and devices in a sustainable

manner.

Standards created via cooperation multi parties will be used, and the facts, styles and protocols will
be transparent. The standard development process must be open to all parties, and the final standards
must be made freely and publicly available. In today's networked culture, global necessities are

unquestionably more significant than any local arrangements.

Enterprise Assignment: The business model and request scenario of a mature application are clear
and simple to map into technological requirements. Therefore, the developers do not want to devote
a lot of effort on business-related components. However, there are too many possibilities and
uncertainties in business trends and attentiveness levels for IoT. Regarding enterprise-era alignment,
it 1s really ineffective, and there aren't enough healthy options for everyone in one solution. A
fascinating traditional commercial company version is the Internet of Things. Although small-scale

applications were successful in a few sectors, they are unworkable when applied to many industries.

15



2.5.2 Prospect of IoT

IoT's potential to detect air pollution in the future is astounding, offering a tantalizing chance to
revolutionize and disrupt the long-established field of air quality monitoring. The project is now able
to track a variety of air contaminants in real-time with astounding accuracy and efficiency thanks to
the use of a battery of highly-accurate sensors intricately connected to the internet of things (IoT)
network. The resulting data flood produced by this network of sensors can offer a wealth of insightful
information about the potential health risks associated with prolonged exposure to air pollution,
empowering both people and organizations with rich and useful information to tailor their

environmental exposure and maximize their emissions.

Information interoperability: Utility models change from closed to open, and the globalization of IoT
software devices supports the creation of separate businesses and disciplines. Information
interoperability happens across disparate entities, organizations, industries, and regions or nations.
Interoperability is the fundamental problem with adventure layers of physiological, device, dialogue,
feature, and alertness. These degrees are usually made utilizing special protocols and languages. The
objective is for clear degree and area languages and processes. A thorough methodology is needed to

address and handle the interoperability of IoT devices and services at different tiers.

In addition, the loT-based air quality monitoring system's modular and scalable architecture makes it a
Swiss Army knife, easily adaptable to a variety of use cases, from huge industrial complexes to the
nooks and crannies of individual residences. The tremendous potential of IoT-based air pollution
monitoring heralds a new age for environmental sustainability and public health, serving as a crucial

launching pad for innovation and advancement in the years to come.
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2.6 Conclusion

In conclusion, the use of [oT to identify air pollution has completely changed how air quality concerns
are monitored and handled, creating a new system design that is a game-changer for air quality
monitoring. This cutting-edge technology makes use of a network of very accurate sensors placed in
crucial areas to provide real-time data that may identify patterns and trends and give users useful
insights. The system's precision and dependability are two important benefits made possible by the

employment of extremely sensitive and precise sensors.

The system's scalability and adaptability are additional notable advantages since they make it simple to
increase its capability in a variety of contexts, from huge industrial operations to individual homes.
Additionally, the data can be accessed and understood by non-technical users thanks to the
user-friendly interface, and the cloud-based platform ensures safe and simple access to the generated

data.

The cost of deploying and maintaining the system, as well as its dependability in locations with poor
power or internet connectivity, continue to be issues that necessitate ongoing system architecture
refinement, including research into new sensor technologies and enhanced data processing and

analysis capabilities.

In conclusion, the suggested Internet of Things (IoT)-based system architecture for monitoring air
pollution is a novel approach with enormous potential to address the current environmental and public
health concerns. Nevertheless, it poses difficulties that must be resolved through continued system

architecture development and improvement.
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CHAPTER 3 : System Design & Development

3.1 Introduction

The innovative system architecture for IoT-based air pollution detection is a ground-breaking approach
that fully utilized the IoT's limitless potential to build an all-encompassing, adaptable, and dynamic air
quality monitoring system. This ground-breaking architecture is built on a vast network of
hypersensitive sensors that are placed strategically in key areas to collect information on various
atmospheric pollutants. The superior precision, sensitivity, and dependability of these sensors ensure

that the data produced is of unmatched quality.

The sensors are connected to the system's central hub, which acts as its brain. Real-time data from the
sensors is sent into this hub and processed by cutting-edge analytics software to produce actionable
insights regarding the quality of the air. Users are enabled to quickly identify and react to air pollution
incidents in real-time by the hub's ability to decipher complicated patterns and multiple trends in the

data.

This ground-breaking system is distinguished by its unmatched scalability and modular design, which
make it simple to add new sensors or modules and increase its capabilities. The technology may be put

to use in a variety of settings, from enormous industrial complexes to cosy homes.

People and organisations may access and understand the system-generated data using the system's
user-friendly interface. Even non-technical users will find the interface to be simple and intuitive,
making it easy for them to understand the facts and take urgent action to mitigate the consequences of

air pollution.

The design of the system is based on a solid cloud-based platform that provides unrestricted access to
the data produced by the system. The platform is strengthened with many levels of authentication and

encryption to guarantee the highest data protection and privacy.

The suggested system architecture for loT-based air pollution detection is a massive game-changer for
the field of air quality monitoring. The system enables users to recognise and respond to air pollution
incidents in real-time, enabling the execution of crucial preventive steps to defend public health and the
environment. This is accomplished by using IoT and cutting-edge analytics. The system's unmatched
scalability and modular architecture make it a dynamic and flexible solution that can adapt to a variety

of contexts.
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3.2 Proposed System Architecture

As you can see, the core goal of the loT-infused Air Pollution Detection project is to create a
cutting-edge, state-of-the-art device that can quickly and accurately evaluate and track a variety of
important air quality metrics. The deployment of a wide range of advanced sensors that are seamlessly
integrated into the IoT infrastructure will be used to put this cutting-edge system into operation. These

sensors will work in tandem to collect and relay data on a variety of harmful atmospheric pollutants,

Wi-Fi Device
P vl
Air
) Web Bowser
e ARDUNIO
S UND
Gas Sensor [ *  [Microcontroller)
LCD Display

Fig 3.1: Proposed System Architecture

including particulate matter, ozone, nitrogen oxides, sulphur dioxide, carbon monoxide, and volatile
organic compounds, to name a few. The system has been carefully created to be modular and
expandable, enabling the quick integration of new sensors or modules as and when the need arises,
enhancing the system's capabilities. Its many benefits are enhanced by an intuitive interface that makes
it simple for both people and organisations to understand and decipher the data generated by the
system. This empowers them to take control of their exposure to air pollution and implement
corrective actions to lessen its negative effects. The proposed system design is, in short, a revolution
that will usher in a new era of unparalleled precision, accessibility, and proactive public health

management in the field of air quality monitoring.
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3.3 Circuit Diagram

Three resistors were connected in series as part of the circuit. Connect the RX and TX pins of the
ESP8266 to pins 9 and 8 of an Arduino, respectively. A device called ESP8266 is what I use to
access our internet. The MQ135 sensor is then connected to the Arduino. The VCC floor, and

analogue pins of the sensor should be connected to the Arduino's 5V, floor, and analogue pins, res

o
Ciw . L:
=
Gas Sensor MQ135 e P ; E
" e !V »
i .- E1 ve |" - Speaker
. o
)
71\ =T -
AR e u B
— A
% - N o
e, aw 0 0
| | C & Boo " b
ESPRIG6 Wi-Fi 50 - ;

Fig 3.2:Circuit Diagram

respectively. A beep should be connected to Arduino pin 7 so that it may start beeping when the
time is appropriate. Finally, I wired the liquid crystal display up to the Arduino. Following is the

representation of the above stated setup.
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floor, and analogue pins of the sensor should be connected to the Arduino's 5V, floor, and analogue
pins, respectively. A beep should be connected to Arduino pin 7 so that it may start beeping when the
time is appropriate. Finally, I wired the liquid crystal display up to the Arduino. Following is the

representation of the above stated setup.

3.4 Block diagram for proposed model of the system

A NodeMCU outfitted with an ESP8266 WLAN adapter interfaces with a MQ Series sensor as part
of an IoT-based air quality monitoring to transmit sensor readings to the ThingSpeak cloud. A

appropriate technique to forecast the degree of air pollution is also included in the work's further

scope.

Gas Sensor [ - | ") Web Browser

ARDUNIO [ "y LCD Display

Buzzer - ] UND
Microcontroller

A Serial Monitor

WI-Fl Device [ ol

Fig 3.3: Block diagram for proposed model of the system

22



3.5 Algorithm & Working Process

The method takes into account three different parameter categories (PM2.5, NO2, and PM10
concentrations) and four different risk thresholds each of them. All the specifics of the technological
implementation, including how to calculate the Air Quality Index—AQI—for each parameter, are

described in a step-like manner.

¥

MQ 135 Gas Sensor & ESP8266 WIFI connection
establish to Arduino

Yes | |

Check Sensor &
Wi-Fi connection

No

¥

Reset Connection

Yes

Perform sensor data analytic

Air Quality value

Display ‘Fresh Air" |«— — <0.5 ppm

Value >0.5 &
<1 ppm

Display ‘Poor Air’ |«

. No

. Yes Value »1
Display ‘Danger’ |~—————— — END
play ‘Dang opm

Fig 3.4 Flowchart for the Proposed System
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3.6 Implementation Technologies

It is a tool used to gather environmental data that has been selected as the subject of our inquiry. A
multitude of sensors that are built into the gadget gather data by detecting the environment. The
sensors gather digital data from the world, which is then converted to digital information by an

Arduino then sent to a website for storage.

3.6.1 Arduino Uno

Utilizing it is pretty simple. It is suitable for several electronic projects.

With Arduino, you may use computer software known as the IDE (Integrated Development
Environment) to create and upload computer code to a circuit board that is comprised of an Arduino

(often referred to as a microcontroller).

It is a microcontroller board based on the ATmega328P. It has a USB port, a power connection, an
ICSP header, a reset button, a 16 MHz ceramic resonator, 14 digital input/output pins, six of which

may be utilized as PWM outputs.

Fig 3.5 Arduino Uno microcontroller
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It consists of’:-
MICROCONTROLLER DIGITAL I/D PINS

ANALOG INPUT PINS DC CURRENT
CLOCK SPEED USB PLUG SERIAL OUT
RESET BUTTON

Reset Bytton  LED - Load & Pin 13

14x Digital IN/OUT
o h?l.l;j“ﬁrlﬂ:g! (EX PWMNOUT}
DXGITAL (Pwi~) E § (5V, 40mA)

N L 0N
- LD - Power ON
#3 _"J.-u- ) '“'.j W tGI’EEﬂ morange,
Ust AN (TN @' e I
: Wt v anos, ¢ - wase 1, vy T ATmega328P

- e M Ee e S e e e e -

Microcontroller

(8-bit, 16 MHz,
32 KB Flash,
1 KB EEPROM,
2 KB SRAM)
DC Power Jack Power OUT  PowerIN 6x Analog IN
(AC-to-DC adapter) (5V,3.3V)  (9V battery) (0-5V 10-hit ADC)

(7-12v)

Fig 3.6 Arduino Uno microcontroller
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3.6.2 Gas sensor MQ135

Hazardous gases and smoke .Like the other gas sensors in the MQ series, this one has a pin that may
be used for both digital and analogue output.

When the concentration of these gases in the air goes over a certain limit, the digital pin goes high.

LED

Regulator
threshold
bogic level

Pint Mo, Pin Name
1 1 Vee{+av)
2 2 Growund
3
a 3 Dipital Out

Fig 3.7 Gas Sensor MQ135
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PIN 1 is VCC PIN 2 is GND
PIN 3 is DIGITAL OUTPUT PIN 4 is ANALOG OUTPUT

3.6.316x2 LCD

Display 16 characters per line and we have the following 2 lines for that.

O E SR s s EEam
S== = e = T
—

= A (T6x2) LCD panel consisis of 16 columns and 2 rows.
= It can show up to 16 characters in 2 lines.

Fig 3.8:LCD

3.6.4 Buzzer
A buzzer is defined as the technology that produces an audible tone when an external voltage is

applied. This output can either sound like a beeping or a buzzing.

Fig 3.9 Buzzer
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3.6.5 ESP8266 Wi-Fi Device

The ESP8266 is a low-cost microchip that has a microprocessor and a complete TCP/IP stack. In
August 2014, the ESP-01 module, developed with the assistance of third-birthday.

Fig 3.10 ESP8266 Wi-Fi Device
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Manufacturer Ai-built-in integrated, first brought the chip to the attention of Western manufacturers.
This little module comes with microcontrollers that may be used to connect to a network and create
rapid TCP/IP connections using the Hayes technique. But initially, despite the popularity of its chip
and built-in features, there was hardly any English-language documentation. Due to its exceptionally
low cost and thge fact that it included few external components, which suggested that it might

eventually be wirelessly integrated to a significant degree, it attracted the attention of many hackers.

5.GPIO -0

7.Rx

‘e 8. VCC (+3.3V)
(o ——t-5_Reset
4. CH_EN

ﬁE-TH

1. Ground

3.GPIO -2

Fig 3.11 Wi-Fi Device

3.6.6 Arduino A-B Cable (0.5m)

Common USB 2.0 cable (0.5m) for Arduino Use it to connect any board, including the Arduino
Board, Earlier Draft Uno, Article of Faith Mega 2560, "truth 101," and others, to a USB A

connection on our computer. 50 centimetres or such is the length of the cable.

Fig 3.11 Arduino A-B Cable (0.5m)
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3.6.7 Jumper wire
A jump wire is an electromagnetic wire, or group of wires in such a cable, with a connection or pin
at each end. It is widely employed to link internal or external components of an idea or test circuits

without the need of welding, notably on a pegboard.

Fig 3.12 Jumper wire

Fig 3.13 Setup the Hardware
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CHAPTER 4 Experiments & Result Analysis

Coding Explanation

= Station mode (consumer)
= AP mode (host)
= AP + Station mode (sure, ESPE266 has a twin mode!)

Now I want to disconnect my module from the previously linked community, with the
aid of the usage of the command AT+CWQAP, as ESPE266 i1z defanlt automobile

connected with any formerly available network

After that, a person can reset the module with the AT+RST command This step is
optionally available.

MNow [ need to attach ESPE266 to router the use of given command
AT+CWIAP=" wiwi-fi vsemame”™ “wiwireless password”™

Wow get IP deal with via the use of given command:

AT+CIFSR

It returns an IP deal with.

Now allow the multiplex mode via vsing AT+CIPMUX=1 (1 for more than one

connection and 0 for unmarried connection)

WNow conwi-fisure ESP8266 as server through the use of AT+CIPSEREVER=1, port no
(port can be 80).

WNow vour a i1s prepared. right here “17 1s used to create the server and 07 to delete the

SErver.
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Now by way of the use of given command uvser can send statistics to neighborhood

created server:

AT+CIPSEND =wi-fi, period of facts

wi-ficationwireless = identity no. of transmit connection

duration = Max duration of data is two kb

After sending identity and period to the server, I need to ship information like:
Seral println{“mursil seip@gmail com™);

After sending statistics [ want near the relationship via given command:
AT+CIPCLOSE=0

Now data has been transmitted to local server.

Include Software Serial Library to allow serial communication on PIN no. and declare some
variables and strings.
zinclude<SoftwareSerial h>
SoftwareSerial client(2.3); /RX,

TX String webpage=""; int 1=0,k=0;
String readString; it x=0; boolean
No_[P=false; String IP=""; char
templ1="0";

After this, I have to define some functions for performing my desired tasks. In
Setup () function, I inttialize inbuilt serial UART communication for ESP8266 as
client. begin (9600); at the baud rate of 9600.
void setup ()

{

Serial begin(2600);
client begin(9600);
wifl it ();

Serial println("System Ready...");
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In the wifi init () function, I initialize the Wi-Fi module by sending some commands like
reset, set mode, connect to router, configure connection etc. These commands have also been
explained above in the description part.
void wifi_init ()

i connect wifi(" AT"_ 100);
connect_wifi(" AT+CWMODE=3"_1007;
connect wifi(" AT+CWQAP" 1007;
connect wifi(" AT+RST" 5000);

In the connect wifi() function, I send commands data to ESP8266 and then read responses

from ESPE266 Wi-Fi module.
void connect_wifi(String cmd, int t)
{ int
temp=0_i=0;
while(1)

{

send data(String webPage)
{ it
11=0;
while(1)
{
vnsigned int I=webPage length();
Serial print{" AT+ CIPSEND=0_"7;
client print("AT+CIPSEND=0,");
void send() function is used for sending data strings to send data() function. That is further
sent to the webpage.

void Send()
{

webpage = "<hl>Welcome to IoT based Air Pollution Detection Monittoring
Svstem<'hl>=<hody bgcolor=f0f0f0=>"; send data(webpage); webpage=name;

webpage+=dat;

get_ip() function is vsed for getting the [P address of the Local created server.

In the void loop () function, I send instructions to the user to refresh the page and check
whether the server is connected or not. When a uszer refreshes or requests the webpage, data is
automatically transmitted to the same IP address [14].

void loop()
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4.1 Result

Fig 4.1 Running the System
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MQ135 Sensor Detect Air Quality Value (AQV) Display Result
CO2 AQV<0.5 PPM Fresh
CO2 AQV>(.5 and AQV<I Poor
PPM
CO2 AQV>1 PPM Hazardous
Table 4.1:Air Quality Results
Result Analysis

On a scale of 0.1 to 1.0, this table displays the health risks and impacts of air quality. a vapor

is divided into three groups: good air, bad air, and safe air. This metric is employed to

Determine the danger and the level of air pollution. When compared to the revised statistics, the

basis data, the result is displayed using this scale.

Opening windows is suggested when the comparison data falls between 0.1 and 0.5, which denotes

little health

risk. It indicates that the air pollution is unsafe for humans when it rises to between 0.6 and 1.0, at

which point I immediately take action.
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Air Quality Indicator Result Health Impacts
Range (PPM)
0-0.5 Good Air NO EFFECT
0.6-0.9 Bad Air CAUSE BREATHING
PROBLEM
1 to above Harmful Air CAUSE DISEASE

Table 4.2:AQI level
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CHAPTER 5 CONCLUSION

5.1 Conclusion

As a result, an innovative design that acts as a matchup-changer for monitoring air quality has been
created through the usage of 10T to identify air pollution. This has radically changed how air quality
problems are monitored and treated. This state-of-the-art technology uses a network of extremely
precise sensors positioned in key locations to deliver immediate information that could reveal trends
and patterns and present users with helpful insights. The system's reliability and accuracy are two

significant advances made possible by the use of incredibly sensitive and accurate sensors.

The system's scalability and adaptability are additional notable advantages since they make it simple
to increase its capability in a variety of contexts, from huge industrial operations to individual
homes. Additionally, the data can be accessed and understood by non-technical users thanks to the
user-friendly interface, and the cloud-based platform ensures safe and simple access to the generated
data.The cost of deploying and maintaining the system, as well as its dependability in locations with
poor power or internet connectivity, continue to be issues that necessitate ongoing system
architecture refinement, including research into new sensor technologies and enhanced data

processing and analysis capabilities.

In conclusion, the suggested Internet of Things (IoT)-based system architecture for monitoring air
pollution is a novel approach with enormous potential to address the current environmental and
public health concerns. Nevertheless, it poses difficulties that must be resolved through continued

system architecture development and improvement.

5.2 Future Scope

The potential for [oT (Internet of Things)-based air pollution detection is pretty high. Real-time air
quality monitoring systems that can precisely gauge the quantity of different pollutants in the air are
becoming more and more necessary due to the rising levels of air pollution in the world. Compared to
conventional monitoring techniques, loT-based air pollution detection systems provide a variety of

advantages, such as:

1) Real-time monitoring: Internet of Things (IoT)-based air pollution detection devices can offer
real-time data on the concentration of different contaminants in the air, enabling more precise and

rapid decision-making.
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2) Cost-effectiveness: IoT sensors are more affordable than conventional air quality monitoring tools,

making them more widely available to users.

3) Scalability: 10T sensors are perfect for both large-scale and small-scale monitoring applications

since they can be readily scaled up or down depending on the size of the area being monitored.

4) Data analysis: [oT sensors can generate an abundance of data that can be used to analyse patterns
and trends in air pollution over time, assisting researchers and policymakers in better understanding

the causes and impacts of air pollution.

5) Integration: To provide a more comprehensive picture of air pollution in a specific location,
IoT-based air pollution detection systems can be combined with other smart city systems, such as

traffic management systems.

As governments and businesses search for more effective ways to address the issue of air pollution,
the future of air pollution monitoring utilising IoT appears to be promising. As a result, we may

anticipate seeing more widespread use of these systems in the upcoming years.
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