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ABSTRACT-

Over the last few years, technology has taken the lead in transforming the monitoring of the environment, especially in the detection of toxic gases that present
severe public health and safety threats. This study presents a novel Internet of Things (IoT) and cloud-based platform that can monitor air quality in real time.
When you combine an MQ-135 gas sensor with an Arduino Uno microcontroller, the system identifies the gases' concentration in real time such as carbon
dioxide (CO2), ammonia (NH3), and smoke. The data obtained is sent to the cloud through a Wi-Fi module (ESP8266), giving users to remotely access the data
through ThingSpeak. The main purpose of this system is to have an efficient, cost-effective, and scalable method of gas leak detection, which provides real-time
alerts and analysis for enhanced safety across various industries, including residential, industrial, and environmental surveillance.
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INTRODUCTION

Leaks of gases and air pollution are increasingly becoming a problem owing to their negative impacts on human health and the environment. Toxic
gases like carbon monoxide (CO), carbon dioxide (CO2), and ammonia (NH3) can lead to serious health issues or fatal accidents if not detected.
Traditional gas detection systems typically utilize localized sensors that do not have real-time access to information or capability to analyze past
information, thus being less efficient in the event of emergency. Most of the traditional systems are also expensive, thus less feasible for large-scale
application in home environments and small-scale industries. With the integration of IoT, gas detection systems are now capable of accessing and
analyzing information remotely, allowing real-time monitoring via cloud platforms. This project seeks to bridge the gap between traditional gas
monitoring systems and contemporary IoT-based systems. With the integration of the MQ-135 gas sensor and cloud technology, the proposed system
offers a low-cost, scalable, and efficient system for toxic gas detection and real-time visualization, allowing instant alert and improved decision-making
for the users.

BACKGROUND

The demand for effective gas detection systems has grown immensely because of industrial emission issues, environmental pollution, and indoor air
quality. Traditional gas detectors are typically standalone devices that provide localized alarms when gas levels increase beyond specific levels. These
systems, however, do not provide the ability to monitor long-term trends, provide forecast data, or be part of integrated monitoring systems. This is an
issue in the detection of potential hazards and countermeasures against them before they become serious problems. With the advent of IoT, gas
detection systems have become much sophisticated. The systems now provide continuous monitoring and continuous data collection in real time, which
is processed and stored on the cloud for remote access and analysis. Integration on the cloud provides visualization of historical data, and trends can be
viewed and future conditions predicted, improving the efficiency of hazard management. Additionally, through wireless communication, these systems
provide flexibility in air quality monitoring from any location, resulting in an integrated approach to safety management

MOTIVATION

The motivation for this project is the need for affordable, efficient, and accessible gas detection systems that can be utilized in different environments.
Gas leaks are a major safety hazard in residential, industrial, and commercial environments. Gas leaks that go undetected have led to explosions,
respiratory illnesses, and environmental pollution, and the need for reliable detection systems is thus a priority. Most detection systems in use today are
too expensive, or they do not provide real-time data that could be utilized to prevent the occurrence of such events. Most traditional detectors also
operate in a stand-alone, isolated manner with no ability to remotely monitor gas levels or analyze long-term exposure patterns. This project overcomes
these challenges by taking advantage of the benefits of IoT technology and cloud storage to create a gas detection system that is not only affordable but
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also scalable and able to provide real-time monitoring. Through the utilization of these technologies, the system provides continuous monitoring of gas
levels, alerts when hazardous levels are achieved, and making decisions to enhance safety.

FUNDAMENTAL CONCEPTS

This project draws on a range of underlying technologies that support efficient gas detection, data processing, and cloud integration:
1. MQ-135 Gas Sensor - A highly sensitive sensor capable of sensing many gases such as CO2, NH3, benzene, and smoke. It offers immediate

gas concentration output, which is why it is highly significant in air quality monitoring.
2. Arduino Uno - The microcontroller that captures the sensor information, processes it, and sends it to the cloud.
3. ThingSpeak - Cloud-based real-time IoT analytics platform for data storage, visualization, and analysis to remotely monitor the gas

concentration levels.
4. Python Script - Manages data processing, cloud integration, and automatic notifications based on threshold values.
5. Wi-Fi Module (ESP8266) - Offers wireless communication between the Arduino board and the cloud, enabling cable-free data transfer with

ease.

Literature review of the research papers:

1. IoT-based Real-Time Gas Leakage Detection System (Jiawei Wu, Chia-Hsiu Chen, 2020)
This paper addresses how IoT technology can be integrated with gas sensors to develop an efficient gas leak monitoring system for various
environments. The system transmits sensor information to a cloud platform through wireless communication modules, and the information is monitored
and processed in real-time. The research targets real-time monitoring in a bid to curb hazardous conditions within the domestic and industrial
environments.

Advantages: The system incorporates timely alarms and continuous gas monitoring, offering an active solution for gas leakage detection.
Limitations: The system is designed primarily for industrial application, therefore less appropriate for small-scale or domestic application.

2. Intelligent Gas Detection and Monitoring System Based on IoT (Vijayakumar V, B. Shanmugapriya, 2018)
This article introduces the architecture of an intelligent IoT-based gas monitoring system with multiple sensors that identify dangerous gases such as
CO2, CO, and methane. Sensor measurements are sent to a cloud platform where they are processed, visualized, and trended. The research emphasizes
the significance of real-time alerting to increase safety management and avoid accidents.

Advantages: The system offers real-time monitoring and alerts users as soon as gas levels become dangerous.
Limitations: Sensor calibration problems are not mentioned, nor is the issue of how the system can be scaled up for longer-term monitoring.

3. Cloud-Based IoT System for Gas Leakage Detection and Environmental Monitoring (Nisha Kumari, Arvind Kumar, 2019)
This article explains the use of cloud computing to enhance the performance of gas leak detection systems. With the assistance of IoT sensors and cloud
platforms, the system can provide real-time air quality monitoring, producing data for analysis and decision-making. Users can view historical data,
track trends, and receive alerts with this cloud-based system.

Advantages: Remote monitoring and real-time inspection through cloud integration for improved safety and operational efficiency.
Weaknesses: Its main applications are in industry, and no home application is even under consideration at the time of writing.

4. Real-Time Gas Leak Detection System Based on IoT with Cloud Integration (Ravi Kumar, Ananya Tiwari, 2021)
This research paper formulates an integrated system to identify gas leakages in real time through IoT devices and cloud technology. The system is
provided with continuous data that is processed and visualized in the cloud. The work shows the capability of cloud integration in improving security
with early warning signals and provision of information across remote locations.

Advantages: The system provides instant monitoring and automatic alerting to users, enabling immediate action against hazardous gas leaks.
Limitations: The system is industrial in size, and the paper does not discuss the scalability to residential use.

EXISTING SYSTEMS

Current gas detection systems, as much as they are useful in the detection of toxic gases, do not have functionalities and accessibility. Conventional
systems are mostly standalone units that detect specific gases such as methane or carbon monoxide. Such systems tend to provide alerts once the
amount of gases exceeds a set value but do not remotely monitor, store historical data, or real-time analyze data. Users therefore cannot determine
trends in long-term exposures or make historical data-driven decisions.

For industrial applications, even though the detection equipment is advanced, these are usually expensive and require specialized servicing. The
detection equipment is also rigid when integrating with other monitoring equipment, and thus the whole safety infrastructure becomes more complex.
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Most home and small industrial setups also do not integrate with the cloud, and thus become less sensitive to the needs of the moment. The absence of
cloud-based remote monitoring or data visualization does not lend itself to solving the situation at hand in case of emergencies

PROBLEMSTATEMENT

Although traditional gas detection systems can identify hazardous gases, they lack real-time monitoring, cloud integration, and historic trend data
analysis. Such shortcomings render effective hazard management challenging due to the inability of users to analyze historical trends or predict the
concentration of gas in the future. Moreover, traditional systems are typically expensive and not easily scalable for mass deployment, especially in the
home or small-scale industrial environment. There is a great need for an affordable, efficient, and scalable gas detection system that offers real-time
monitoring, data logging, and remote access to further enhance safety and decision-making. Without such a system, hazardous conditions can have
delayed responses, which can lead to preventable accidents and health hazards.

PROPOSED SYSTEM

The system presented herein aims to circumvent the drawbacks of existing gas detecting technologies with the synergistic effect of IoT and cloud
computing. The system utilizes the MQ-135 gas sensor that has the capability of detecting a wide range of gases including carbon dioxide (CO2),
ammonia (NH3), and benzene. The reading from the sensor is processed using a microcontroller, Arduino Uno, and transmitted wirelessly to a cloud
platform (ThingSpeak) via a Wi-Fi module (ESP8266). The system offers a series of crucial features:

Real-Time Monitoring: Continuous monitoring of gas levels guarantees that variations are detected in real time, providing real-time feedback to users.

Cloud Integration: Data is stored by the system within the cloud, which enables remote visualization and remote access to trends, thus simplifying it for
users to keep track of air quality from anywhere.

Data-Driven Insights: The cloud platform enables analysis of historical data, such that users can track trends and identify possible risks before they
become an issue.

Automated Alerts: Whenever gas levels are beyond safety levels, the system sends automated alerts through email or SMS, so that the users can react
very quickly.

Cost-Effectiveness: The system, using low-cost sensors and cloud computing, offers an affordable option as opposed to traditional gas detection
systems.

Scalability and Remote Access: Modular nature of the system makes it easy to scale, and remote monitoring features make it flexible and convenient.

Through the combination of IoT technology and cloud analytics, the system proposed is to be an efficient, scalable, and cost-effective solution to real-
time gas detection and monitoring.

Fig: Proposed System Architecture
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METHODOLOGY

The approach for this IoT-based gas detection system is broken down into several key stages: setting up the sensors, processing the data, integrating
with the cloud, and establishing an alert system. This step-by-step method guarantees that everything runs smoothly, offering real-time monitoring and
insightful data.

Sensor Setup: We start by connecting the MQ-135 gas sensor to an Arduino Uno microcontroller to keep an eye on air quality. The MQ-135 was
selected because it’s highly sensitive to a variety of gases, including carbon dioxide (CO2), ammonia (NH3), benzene, and smoke, making it perfect for
numerous environmental applications. It detects gas concentration levels by measuring changes in resistance that occur when specific gases are present
in the air.

Data Processing: The Arduino Uno takes the data from the MQ-135 sensor and transforms it into a format that’s easy to read. It calculates the
concentration of gases and gets the data ready for transmission. The Arduino communicates with the ESP8266 Wi-Fi module, which enables the data to
be sent wirelessly to a cloud platform called ThingSpeak. This wireless setup allows for real-time monitoring without needing any physical connections,
making the system both flexible and scalable.

Cloud Integration: The information gathered from the sensor is sent to ThingSpeak, an IoT analytics platform where it’s stored and analyzed.
ThingSpeak provides a user-friendly dashboard that visualizes the data, allowing users to track gas concentration trends in real time. Plus, it can be set
up with analytics tools to help users make sense of the data and spot patterns in gas concentration levels.

Alert System: To boost safety, the system includes an alert feature that sends notifications when gas concentrations go beyond set thresholds. These
alerts can be sent via email or SMS, ensuring users get immediate updates and can act quickly if there’s a dangerous gas leak. The alert thresholds can
be customized based on specific needs, providing a tailored safety solution.

CONCLUSION

This research highlights the exciting possibilities of an IoT-based gas detection system that works hand-in-hand with cloud computing to deliver real-
time monitoring, data analysis, and alerts for dangerous gas levels. By using affordable and readily available components like the MQ-135 sensor,
Arduino Uno, and ThingSpeak, this system offers a smart and budget-friendly solution. The cloud platform allows users to access data remotely,
visualize it in real-time, and analyze trends, providing crucial insights that can enhance environmental safety and health management. Thanks to its
real-time monitoring features and automated alert system, this tool is highly effective in spotting gas leaks and preventing potential accidents. The
combination of IoT and cloud technologies makes it scalable, meaning it can be tailored for various settings, whether in homes or industrial
environments. Plus, the ability to monitor long-term gas concentration trends helps in taking proactive safety measures and supports better decision-
making. Looking ahead, future developments for this system could include adding machine learning models for predictive analytics, enhancing sensor
accuracy, and broadening its compatibility with other smart home or industrial automation systems. These upgrades would significantly boost the
system's capability to foresee and avert hazardous situations, ultimately improving safety and minimizing accident risks.

RESULT

Fig 1: Project Kit Connection
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Fig 2: Project Kit Connection

Fig 3: Air Pollution Display
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