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ABSTRACT: An Internet of Things (IoT)-based air quality monitoring system that measures and analyzes ambient air
quality in real time is presented in this study. The system detects pollutants like carbon monoxide, alcohol, and
flammable gasses by integrating gas sensors (MQ2, MQ3, and MQ7) with an ESP32 microprocessor. The data is
analyzed, transformed into percentages, and shown on a 16x2 LCD for local monitoring. Through interactive graphs,
users can remotely monitor trends in air quality, thanks to the system's usage of ThingSpeak for real-time data
presentation and storage. The system offers precise and dependable monitoring, making it an affordable and expandable
solution for environmental health management. Its threshold value of 4095 indicates 100% gas concentration.

KEYWORDS: ESP32, 10T, real-time data, integration of ThingSpeak, environmental monitoring, LCD, Arduino IDE,
MQ2 Sensor, MQ3 Sensor, MQ7 Sensor

L. INTRODUCTION

The health and well-being of people and communities are greatly influenced by the quality of the air. There are serious
threats to both human health and the environment from poor air quality, which is brought on by pollutants like carbon
monoxide, alcohol vapors, and flammable gasses. Conventional air quality monitoring methods frequently depend on
costly, stationary equipment that can be difficult to implement widely. The emergence of the Internet of Things (IoT)
has created a rising opportunity to create scalable and affordable technologies that offer real-time air quality
monitoring.

To detect and analyze air quality in real time, this project suggests an Internet of Things-based Air Quality Monitoring
System that combines gas sensors, an ESP32 microcontroller, and ThingSpeak cloud services. Three different kinds of
sensors—MQ2, MQ3, and MQ7—are used by the system to identify different contaminants, such as carbon monoxide,
alcohol vapors, and flammable gasses. The data is wirelessly sent to the ThingSpeak platform after sensor readings are
processed and shown locally on a 16x2 LCD screen. This allows users to remotely assess pollution levels and see
patterns. To provide precise and trustworthy monitoring, the threshold value for sensor readings is set at 4095, which
corresponds to 100% pollution concentration.

The system is appropriate for a variety of applications, including industrial settings and urban air quality monitoring,

due to its low cost and lightweight design, as well as its real-time data display capabilities. The suggested solution
overcomes the drawbacks of conventional monitoring systems by utilizing IoT technology, offering a user-friendly
instrument for people and enterprises to evaluate and control air quality efficiently. To illustrate the system's potential
for improving environmental health monitoring, this paper describes its architecture, installation procedure, and
experimental findings.

II. LITERATURE SURVEY

With numerous research concentrating on using the Internet of Things (IoT) for real-time data collection and analysis,
air quality monitoring has become a crucial component of maintaining public health. A low-cost air quality monitoring
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system that uses Arduino and ThingSpeak to provide real-time monitoring of pollutants was developed in a study by
Kelechi et al. [15]. The system gives customers easy-to-use visualization tools and incorporates sensors to detect air
pollution levels. Similar to this, Murad et al. [17] suggested an Internet of Things-based pollution monitoring system
that integrates cloud platforms for data management. It uses ThingSpeak and the Blynk application to track air quality
in real time. These studies show how IoT is increasingly being used to monitor air quality, particularly in urban settings.

Several sensor technologies have been used to further investigate the adoption of inexpensive air quality monitoring
systems. In Dhaka, Khan [16] concentrated on an Internet of Things (IoT)- based air quality index assessment system
that uses sensors to track particle matter and other contaminants. This method demonstrated the value of cloud
platforms in data management and visualization while enabling effective data gathering in an urban environment. A
Raspberry Pi- based IoT-enabled air quality monitoring system was also presented by Balasubramaniyan and
Manivannan [4], who showed how to track different pollutants in real time and transfer the data to a cloud server for
analysis. These studies demonstrate how well IoT devices and inexpensive sensors may be combined to create scalable,
real-time air quality monitoring systems.

A cloud-based platform called ThingSpeak is frequently used in air quality monitoring systems because of its ease of use
and integration potential. Emphasizing the value of cloud-based data management, Corral-Plaza et al. [6] created an
Internet of Things platform for smart air station monitoring and remote sensing. To create a comprehensive air quality
monitoring system, their team investigated how sensor data could be sent to the cloud for processing. Additionally,
ThingSpeak is a flexible and dependable platform for such applications, according to the study by Grace and Manju [9],
which examined a variety of wireless sensor network-based air pollution monitoring systems. These systems'
integration of ThingSpeak improves data accessibility and visualization, facilitating users' remote air quality monitoring.
The integration of cloud platforms and IoT sensors to control dynamic indoor air pollution has been the subject of
numerous research projects. To solve problems with fluctuating pollution levels in real time and enable efficient
decision-making based on sensor data, Edupuganti et al. [8] investigated a dynamic air pollution monitoring system
deployed using IoT. In a related work, Rana et al. [19] used cutting-edge technology like blockchain and node
authentication to guarantee the accuracy of air quality data sent by Internet of Things sensors. By enhancing the security
and precision of air quality monitoring systems, these developments hope to advance the creation of increasingly
complex and dependable indoor and urban air quality management solutions.

INFERENCES FROM LITERATURE SURVEY.

The literature review emphasizes the growing usage of Internet of Things (IoT) technology in air quality monitoring
systems, emphasizing the use of inexpensive sensors, cloud-based data management, and real-time data collecting.
Research shows how well platforms like ThingSpeak work to manage and visualize air quality data, allowing for remote
monitoring and analysis. In urban and residential settings, low-cost sensor-based systems—Iike those that use
Arduino—have been effectively used to track a variety of contaminants, offering important information for
environmental management and public health. Additionally, new research highlights how crucial it is to improve data
security and accuracy using cutting-edge technology like blockchain and node authentication. All of these studies show
that IoT-based air quality monitoring systems provide dependable, scalable, and effective real-time environmental
monitoring solutions.

III. PROPOSED METHODOLOGY

A. Problem Statement

The absence of affordable, easily accessible, and real-time air quality monitoring technologies for identifying and
controlling environmental contaminants is the issue this research attempts to solve. Conventional techniques for
monitoring air quality are frequently costly, have a restricted coverage area, and do not give the public continuous or
publicly available data. With the use of inexpensive sensors connected to the ThingSpeak platform, this project seeks to
create an Internet of Things-based air quality monitoring system that will enable real-time tracking and visualization of
air pollution levels. The system aims to enhance air quality

monitoring and support well-informed decision-making for environmental health management by offering an easily
accessible, scalable, and effective solution.
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B. Objectives

LREAL-TIME AR QUALITY MONITORING:

The main objective of this project is to develop and put into place a system that offers ongoing, real-time monitoring of a
Several air quality measures, such as carbon monoxide concentration, alcohol content, and gas levels. When evaluating
the effects of air pollution on the ecosystem and human health, several factors are crucial. The system gathers data at
regular intervals using sensors like MQ2 (for gas detection), MQ3 (for alcohol vapor detection), and MQ7 (for carbon
monoxide detection). By facilitating wireless connectivity, the ESP32 Wi-Fi module is essential in enabling the sensors
to send their data to an internet platform. The precise measurement of air quality, which can be used to evaluate pollution
levels in various environments, is the main goal of this mission.

IL Integration with Cloud Platform:

This air quality monitoring system's integration with the ThingSpeak cloud platform is one of its key features. Through
this connectivity, real-time sensor data may be transferred to the cloud and made available for remote monitoring.
Viewable from any internet-connected device, ThingSpeak provides an intuitive interface for displaying sensor data as
graphs and charts. Analyzing historical trends over time is made feasible by cloud integration, which also guarantees
that the data is stored securely. The technology can notify users of possible pollution spikes or long-term environmental
changes by using the cloud to deliver actionable insights on air quality patterns. Additionally, additional capabilities
like data logging and pattern detection are made possible by cloud-based analysis.

IIT Cost-Effective Solution

Creating an affordable air quality monitoring system that can be extensively implemented without the financial burden
of conventional, pricey air quality monitoring stations is one of the project's main goals. The entire system is kept below
a reasonable budget by utilizing dependable but reasonably priced sensors, like the MQ series, and an inexpensive
microcontroller (ESP32). Small enterprises, households, and educational institutions can all use this system because it
uses free cloud platforms like ThingSpeak and minimizes the expense of hardware. This goal also emphasizes how
crucial it is to develop a solution that is affordable for areas or communities that might lack the funds to install
sophisticated air quality monitoring devices.

IV User-Friendly Display:

The local, real-time display of air quality data is a crucial component of this project, in addition to the cloud-based
monitoring. A 16x2 LCD with an I2C module is incorporated into the system to give users instant information on
the

Quality of the air in their surroundings. Without requiring an internet connection or additional devices, this display will
provide real-time information about the quality of the air by displaying vital sensor data, including gas levels, alcohol
concentrations, and carbon monoxide concentrations. This goal guarantees that users can still engage directly with the
system and get crucial information about their surroundings, particularly in places without convenient internet
connectivity.

C. Data Acquisition

1. Sensor Selection: To identify different air quality metrics, the system makes use of a collection of sensors. The
following are these sensors: MQ2 Gas Sensor: Determines the concentrations of gases like methane, smoke, and LPG.
The MQ3 Alcohol Sensor measures the amount of alcohol vapor present. The MQ7 Carbon Monoxide Sensor keeps
track of the amount of carbon monoxide (CO) in the atmosphere. These sensors are perfect for an Internet of Things-
based air quality monitoring system because they were chosen for their sensitivity, range, and affordability.

2. Sensor Interfacing: The ESP32 microcontroller's analog input pins are used to interface with each sensor. The
ESP32 transforms the analog signals from the sensors into digital signals and then analyzes the data to extract useful
information like the gas concentration in parts per million (ppm). Data is acquired at regular intervals, usually every few
seconds or minutes, depending on the arrangement, and the sensors are powered by the ESP32's 3.3V output.

3. Data Processing and Calibration: The ESP32's integrated analog-to-digital converter (ADC) is used to process the
raw data obtained from the sensors. The conversion of the signals to digital form for additional analysis is guaranteed by
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this procedure. To guarantee precise measurements, the raw sensor data usually has to be calibrated. For instance,
environmental variables like temperature and humidity must be taken into consideration when calibrating the MQ
sensors because they can have an impact on sensor readings. Accurate figures that represent the actual concentration of
gases are guaranteed by calibration.

Wi-Fi Integration: To ensure that it has an internet connection, the ESP32 joins a Wi-Fi network. This makes it possible
for data to be transmitted continuously to the cloud, where it is stored and made accessible for additional analysis.

ThingSpeak Platform: This cloud-based platform was created specifically for gathering data from the Internet of
Things. Users may monitor real-time data from their devices with its user-friendly UI. Depending on the settings, the air
quality data is transferred to ThingSpeak at regular intervals, usually once or twice per minute. To provide consumers
with a clear picture of the trends in air quality over time, ThingSpeak automatically processes the data and presents it in
graphical formats like bar charts or line graphs.

4. User Interface and Real-Time Display

The system has a local display to give the user real-time feedback in addition to cloud-based monitoring. Air quality
parameters, including gas concentrations (in parts per million)

Each of the detected gases is continuously displayed on the LCD panel that is attached to the ESP32. This enables users
to get instant visual input regarding the air quality in their surroundings, which is crucial in circumstances where
prompt action could be required.

Features of Local Displays: The concentration levels of gases identified by the sensors are shown on the LCD screen,
together with any thresholds that could have been crossed. Without requiring a connection to the cloud platform, it
offers an easy-to-use interface for rapid air quality inspection.

Summary of Data Acquisition

To sum up, sensors that monitor important air contaminants, an ESP32 microcontroller for signal processing and
transmission, and cloud-based platforms for data storage and display make up the data acquisition system. After
processing real-time sensor data to eliminate noise and guarantee accuracy, the system transmits the data to ThingSpeak
for additional analysis. The system is an effective instrument for guaranteeing air quality safety because it provides
both immediate and long-term monitoring choices, triggers threshold-based alarms, and has local display capabilities.

IV. PROPOSED SYSTEMS WORKING PRINCIPLE

Sensors like MQ2, MQ3, and MQ?7 are used in the planned Air Quality Monitoring System to identify contaminants like
carbon monoxide, alcohol vapors, and gases. The ESP32 microcontroller reads and processes the electrical signals that
these sensors translate into when dangerous substances are present. To guarantee that the readings are precise and
trustworthy, the microcontroller applies thresholds and calibrates data. An LCD (16x2) with I2C connectivity is used to
display the real-time data locally, providing on-site visibility of the air quality.

Along with local monitoring, the system uses the ESP32's Wi-Fi capabilities to send the processed data to ThingSpeak,
a cloud-based platform. Through graphs and charts, ThingSpeak offers real-time data visualization that is accessible
from a distance using online or mobile interfaces. With the help of this connection, users may check pollution levels
more accurately and take preventative action when thresholds are crossed by recording and analyzing changes in air
quality over time. The technology provides an efficient and user-friendly way to monitor air quality by fusing local data
gathering with cloud-based analysis.

To gather, process, and display air quality data, the Air Quality Monitoring System's system design combines several
physical elements with cloud-based services. Three important gas sensors (MQ2, MQ3, and MQ7) are part of the
architecture; they measure gas, alcohol, and carbon monoxide, respectively. An ESP32 microcontroller, which acts as
the main processing unit for communication and data collection, is coupled to these sensors.
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Figl: System Architecture

The sensor data is processed by the ESP32, which then uses an I2C connection to display it locally on an LCD screen
before uploading it to the cloud platform ThingSpeak for remote monitoring and viewing. To monitor real-time data
and trends, the user can access the cloud platform using a mobile or web interface. An effective and scalable solution
for air quality monitoring is offered by the system architecture, which makes use of a Wi-Fi connection to facilitate
smooth integration between the ESP32, sensors, LCD, and cloud.

V.RESULT AND DISCUSSION

The goal of the successfully constructed and tested air quality monitoring system is to provide real-time data on
environmental contaminants. The system detects a variety of air contaminants, such as smoking, alcohol, CO2, and
CO2, using several gas sensors. The ESP32 microcontroller was used to gather and handle the sensor readings from the
indoor monitoring of these contaminants. The ThingSpeak cloud platform received the processed data and displayed it
in real time. The technology accurately measured gas concentrations and effectively warned users of possible health
hazards by sending out alerts when thresholds were surpassed.

The system's efficacy was greatly influenced by the sensors' accuracy. The MQ sensors were calibrated to make sure
the data closely matched the concentrations of air quality seen in the real world. The sensors were tested in controlled
settings with known gas concentrations as part of the calibration procedure, and the system's readings were contrasted
with reference values. The findings demonstrated that, with minor deviations caused by environmental variables like
temperature and humidity, the MQ sensors did a good job of detecting gasses. But for general monitoring, the system
worked well, giving precise air quality level estimates.
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Data transmission and storage were made easier by the ESP32 microcontroller's connection with the ThingSpeak cloud
platform. Users were able to remotely monitor air quality because real-time data on air quality was regularly transferred
to the cloud without any noticeable latency. An assessment of the trends in air quality over time was made possible,
thanks in large part to the visualizations provided by the cloud platform. Bar charts and line graphs made the data easily
readable, enabling users to see abrupt increases in pollution levels. The effective cloud storage of data from several
monitoring sessions allowed for long-term study of air quality trends, which is essential for locating reoccurring
patterns and possible pollution sources.
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The system's capacity to transmit alarms when pollution levels are above predetermined criteria was one of its primary
benefits. Notifications were delivered to users through the ThingSpeak platform when the concentration of gases,
including CO or CO2, exceeded safe limits. Additionally, the device alerts users in real time to dangerous air quality
circumstances by displaying warning messages on the LCD screen. These warnings made it possible to take quick
action, including utilizing air purifiers or improving ventilation, to lessen the consequences of pollution. This real-time
feedback system was very helpful in making sure consumers understood the possible health hazards linked to low air

quality.

While the system performed well in terms of monitoring and reporting air quality, there were some limitations observed
during testing. The sensors, although effective, had limitations regarding their sensitivity to certain gases, which can be
affected by factors such as environmental humidity and temperature. In addition, the system was designed for use in
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smaller indoor environments, and its performance in larger, more complex spaces may require further testing.

The cloud platform provided accurate visualizations and long-term data storage, but connectivity issues, such as
occasional Wi-Fi interruptions, led to minor delays in data transmission. However, these limitations did not significantly
impact the system's overall effectiveness for real-time air quality monitoring.

VI. CONCLUSION

In conclusion, the air quality monitoring system developed for this project effectively achieved its goal of providing real-
time monitoring of air pollutants, offering valuable insights into indoor air quality. By utilizing sensors to detect key
pollutants and transmitting data to the ThingSpeak cloud platform, the system enabled continuous monitoring and
immediate alerts when pollutant levels exceeded safe thresholds. Despite some limitations in sensor sensitivity and
environmental factors, the system demonstrated strong performance in providing accurate air quality data and
facilitating user awareness through notifications. With future improvements, such as enhanced sensor calibration and
integration with additional technologies, the system has the potential to serve as an essential tool for improving air quality
management in indoor environments.
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