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Abstract— Ensuring safety in commercial, industrial, 

and residential settings requires efficient gas leak 

detection. With the help of the MQ-2 gas sensor and the 

ESP32 microcontroller, this study presents a novel 

Internet of Things-based gas monitoring system that 

provides real-time detection and alerting. When gas levels 

above specified safety limits, the system initiates multi-

layered alerts via visible indications (LEDs), aural 

warnings (buzzers), and remote notifications using 

Twilio's SMS and phone services. Accessible through an 

intuitive website, gas measurements and history data are 

safely kept in a Firebase database. This interface offers 

historical trends, real-time PPM readings, and a 

sophisticated analytics dashboard with machine learning 

(ML) models for proactive safety monitoring. AI/ML 

integration improves the system's capabilities by 

anticipating dangerous situations based on past data, 

allowing proactive action. 

 

I. INTRODUCTION 

Gas detection systems play a critical role in ensuring safety 

across residential, commercial, and industrial settings by 

identifying hazardous gas leaks. Traditional systems often 

fall short in providing real-time monitoring and immediate 

user notifications, leaving significant gaps in safety 

protocols. This research addresses these limitations by 

developing a comprehensive gas monitoring and alert 

system leveraging IoT and AI technologies. 

The system employs an ESP32 microcontroller and an MQ-

2 gas sensor to enable real-time gas level detection. Visual 

alerts are triggered through red and yellow LEDs, while an 

audible buzzer provides on-site warnings. When gas 

concentrations exceed predefined thresholds,  

the system uses the Twilio platform to send SMS alerts and 

automated calls, ensuring prompt remote notifications. 

To enhance functionality, the system integrates with a 

Firebase database for storing live gas readings and historical 

data. A user-friendly webpage offers real-time display of 

gas levels in PPM (parts per million), graphical trends, and 

a robust analytics dashboard. The dashboard incorporates 

AI/ML models for predictive analysis, enabling the 

identification of trends and forecasting future gas levels for 

proactive safety management. This combination of IoT-

enabled real-time          monitoring, automated alerts, and 

AI-driven insights offers a significant advancement over 

traditional methods, ensuring reliable and efficient safety 

solutions across diverse applications. 

 

II. LITERATURE REVIEW 

Over time, gas detection systems have made great progress. 

Their dependability in real-time hazardous gas detection 

was limited by the low sensitivity and poor accuracy of early 

systems, which were based on mechanical and 

electrochemical sensors. 

The range of gases detected, reaction times, and sensitivity 

were all enhanced with the advent of semiconductor sensors 

in gas detection. But problems with calibration and the 

effect of ambient conditions on sensor performance 

persisted. 

To get around these restrictions, gas detecting devices have 

developed with the introduction of the Internet of Things 

(IoT). A major advancement has been made possible by 

IoT-based systems, which now allow data tracking, remote 

notifications, and continuous real-time monitoring. These 

systems' use of GSM modules has improved user safety by 

providing customers with immediate SMS or phone alerts 

when gas. 

Since these systems include not only the detection but also 

the communication and alerting components of gas 

monitoring, they provide more complete and dependable 

solutions than conventional techniques. 

In order to enable sophisticated data storage, processing, 

and visualization, recent studies highlight the significance 

of combining IoT with cloud technology. This change is 

further supported by the application of machine learning 

algorithms, which improve the system's capacity to 

anticipate future gas levels and proactively reduce any 

hazards. 

These developments increase the flexibility and scalability 

of IoT-based gas detection systems across a range of sectors, 

from large-scale industrial applications to home safety. 

III. METHODOLOGY 

Application Architecture For effective and dependable 

gas monitoring, the suggested system makes use of an 

ESP32 microcontroller and a MQ-2 gas sensor. When 

exposed to flammable gases, the MQ-2 sensor measures 

changes in conductivity to determine the gas levels. The 

ESP32 receives these analog signals, evaluates them, and 

compares the output to predetermined safety criteria. 
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Additionally, the ESP32 is in charge of controlling cloud-

based Wi-Fi communication and sending out alerts via a 

variety of methods. A Firebase database receives real-time 

data, making monitoring and managing historical data easy. 

The system triggers remote notifications using Twilio SMS 

and automated calls, as well as visible alerts (LEDs) and 

audio warnings (buzzers) when thresholds are surpassed.  

 
1. Frontend Development: A user-friendly webpage 

provides real-time insights into gas concentration levels, 

represented in parts per million (PPM). Key features 

include: 

 Graphical Trends: Interactive visualizations showing 

live and historical data trends. 

 Analytics Dashboards: Integrated dashboards powered 

by machine learning models that forecast potential hazards 

based on historical patterns. 

This intuitive design ensures critical information is easily 

accessible, aiding users in making informed decisions 

during hazardous scenarios. 

2. Backend Development: The backend architecture 

utilizes Firebase to ensure robust and scalable data storage. 

Key functions include: 

 Data Collection: Real-time gas readings are stored along 

with timestamps for historical analysis. 

 Threshold Management: Gas concentration levels are 

continuously compared against safety thresholds to trigger 

alerts. 

 Predictive Analytics: AI and ML models process 

historical data for trend prediction, empowering users to 

take proactive measures to prevent hazardous incidents. 

3. Alert and Notification System: The alert system 

provides both local and remote notifications: 

 

 Local Alerts: Visual warnings via LEDs and an audible 

buzzer immediately inform nearby users of gas leaks. 

 Remote Alerts: Twilio facilitates SMS and automated 

phone calls to ensure users are informed even when off-site. 

These alerts are designed to be timely and reliable, ensuring 

swift action can be taken. 

4. AI/ML Integration for Predictive Analytics: Machine 

learning models enhance the system’s functionality by 

analyzing historical gas concentration data to:  

Identify patterns and trends in gas leakage incidents. 

Forecast potential future spikes in gas levels. 

These predictive capabilities enable proactive safety 

management by warning users before hazardous situations 

arise. 

5. Testing and Validation 

The system underwent comprehensive testing to ensure 

reliability and performance: 

 

 Functional Testing: Verified the accuracy of gas 

detection, data transmission, and alert mechanisms. 

 Performance Testing: Assessed response times, system 

robustness, and data accuracy under diverse environmental 

conditions. 

The tests confirmed the system's ability to detect gas leaks, 

trigger alerts, and provide accurate real-time data across 

various scenarios. 

 

 

 

 

IV.  IMPLEMENTATION FLOW 

The ESP32-based gas monitoring and alert system performs 

the following key functions through its software 

implementation: Initialization: Configures Wi-Fi for cloud 

connectivity, serial communication for debugging, and sets 

up pin modes for interfacing with LEDs.               

Gas Detection: Continuously reads analog values from the 

MQ-2 sensor and converts them into digital PPM (Parts Per 

Million) levels. These readings are compared against a 

predefined safety threshold to detect hazardous gas 

concentrations. Alert Mechanism: When gas levels exceed 

the threshold Activates visual alerts via red and yellow LEDs. 

Triggers an audible warning through the buzzer for 

immediate on-site alerts. 

Sends SMS notifications and automated phone calls via the 

Twilio system, ensuring timely remote alerts. 

Data Management  Updates live gas readings to the Firebase 

database, maintaining a record of both current and historical 

data for tracking and analysis. Enables seamless 

synchronization between the ESP32 and the user interface. 

User Interface Updates Sends real-time gas levels to a user-

friendly webpage, displaying PPM values and trends through 

graphical representations. Integrates an analytics dashboard 

powered by AI/ML models to provide insights, predict 

potential gas level spikes, and suggest proactive measures. 

 

Fig.02 Connection in System 

 

The integration of data analytics further enhances the 

system's value. By leveraging cloud storage and machine 

learning algorithms, the system can identify patterns in gas 

concentration data, predict potential gas level spikes, and 

suggest proactive measures to mitigate risks. This predictive 

capability is particularly beneficial in industrial and 

residential settings, where early intervention can prevent 

accidents and ensure compliance with safety standards. 

The user interface plays a critical role in making the system 

accessible and informative. A web-based dashboard provides 

a clear visualization of gas levels, trends, and alert statuses, 

enabling users to monitor the environment effectively. This 

interface bridges the gap between raw sensor data and 

actionable insights, empowering users to make informed 

decisions. 

Overall, the ESP32-based gas monitoring and alert system 

exemplifies the integration of IoT technology, data analytics, 

and user-centric design. By providing real-time monitoring, 

comprehensive alert mechanisms, and advanced analytics, it 

addresses the need for safety. 
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Fig.03 Flowchart of the System Operation. 

 

V. RESULT 

The accuracy, dependability, and usefulness of the Internet of 

Things-based gas leak detection system were thoroughly 

examined in a variety of scenarios. Below is a summary of 

the main findings: 

1. Real-Time Monitoring 

Gas concentration levels in parts per million (PPM) were 

consistently shown by the system on an easy-to-use webpage. 

The use of graphical trends to display both historical and 

current data improved user comprehension and safety 

management. 

2. Alerts and Notifications 

Local Alerts: To ensure timely onsite responses, visual 

warnings (LEDs) and audio alarms (buzzer) were triggered 

instantly when gas levels exceeded thresholds. 

Remote Alerts: Reliable remote communication was 

maintained with Twilio notifications (both SMS and phone 

calls). By reducing redundant notifications during recurrent 

leak instances, the call flag feature improved performance. 

3. Performance Comparison 

When compared to conventional techniques, the suggested 

system showed definite advantages: 

Response Time: Less than a second, as opposed to three to 

five seconds in current systems. 

Improved Qualities: included machine learning-driven 

predictive analytics, which were not available in traditional 

systems that only used GSM modules. 

4. Predictive Analytics 

Through the analysis of past data trends and the prediction of 

possible gas level spikes, the integration of AI/ML models 

produced actionable insights. This capacity made it possible 

to take preventative action against risks. 

 

5. Data Management 

Reliable storage and retrieval of both historical and real-time 

gas readings were ensured by the smooth synchronization of 

data with Firebase. This made it possible to track and analyze 

safety in great detail. 

VI. ADVANTAGES AND APPLICATIONS 

advantages of the comprehensive gas monitoring and alert 

system project are significant in enhancing safety through the 

integration of IoT and AI technologies. Utilizing an ESP32 

microcontroller and an MQ-2 sensor, this system provides 

real-time gas level detection, ensuring immediate visual 

alerts via red and yellow LEDs, as well as an audible alert 

through a buzzer. When gas concentrations exceed a 

predefined threshold, an SMS alert is dispatched through the 

Twilio system, guaranteeing prompt notifications to users. 

system is versatile, with applications in residential homes, 

industries, offices, colleges, hotels, and restaurants where 

LPG gas cylinders are utilized. Its integration with a Firebase 

database allows for the storage of live gas readings and 

historical data, enabling users to track trends over time. A 

user-friendly webpage presents real-time PPM values and 

graphical representations, while an analytics dashboard 

utilizes AI and machine learning models to analyze historical 

data, predict future gas levels, and identify trends, offering 

actionable insights for proactive safety management. 

Moreover, the system’s high sensitivity and rapid response 

time make it particularly effective for dangerous gas 

detection, fire hazard prevention, and oxygen level 

measurement. The tamper-proof and reliable design ensures 

long-term functionality, with significantly lower 

maintenance costs compared to existing systems. By refining 

this project with additional features such as GPS integration, 

it can further enhance safety protocols and emergency 

response measures, making it an invaluable tool for 

comprehensive gas monitoring and safety management 

across various sectors. 

The comprehensive gas monitoring and alert system 

represents a transformative approach to safety and hazard 

prevention, combining IoT, AI, and advanced sensing 

technologies. Its integration of the ESP32 microcontroller 

with the MQ-2 sensor provides highly accurate and real-time 

detection of combustible gases, enabling immediate 

responses to potentially hazardous situations. By 

continuously monitoring gas concentrations in the 

environment and comparing them against predefined safety 

thresholds, the system ensures timely detection and proactive 

alerts, safeguarding lives and property. 

A. One of the system's standout features is its ability to 

provide layered alerts. Visual indicators such as red and 

yellow LEDs offer an intuitive way to signal gas 

concentration levels, while an integrated buzzer provides an 

audible warning to ensure on-site awareness. The system's 

connectivity enhances its functionality, utilizing platforms 

like Twilio to dispatch SMS alerts and automated phone calls. 

This guarantees that remote users receive critical 

notifications, even when they are far from the site of the 

hazard. 

B. The versatility of this system is another significant 

advantage, making it suitable for a wide range of 

applications. In residential homes, it serves as a reliable tool 

for detecting LPG leaks, enhancing kitchen safety. In 

industrial settings, where gas leaks can have catastrophic 

consequences, the system offers continuous monitoring and 

rapid alerts to minimize risks. Similarly, offices, colleges, 

hotels, and restaurants can benefit from this technology by 

ensuring the safety of staff, patrons, and infrastructure. 

C. The integration with Firebase adds a dimension of long-

term data management. Real-time gas readings are stored in 

the cloud, allowing users to access both current and historical 
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data. This capability is particularly beneficial for trend 

analysis, enabling stakeholders to identify patterns and gain 

insights into recurring safety issues. The data-driven 

approach facilitates informed decision-making, encouraging 

proactive measures to mitigate risks before they escalate. 

D. Additionally, the incorporation of AI and machine 

learning further enhances the system's functionality. Through 

advanced analytics, the system not only monitors gas 

concentrations but also predicts potential spikes based on 

historical data. This predictive capability is invaluable in 

preventing accidents, as it enables users to take premptive 

actions. The user interface, featuring an intuitive webpage, 

ensures that the system is accessible and easy to use, 

presenting real-time PPM values alongside graphical trend 

visualizations for better understanding and responsiveness. 

E. The high sensitivity and rapid response of the MQ-2 sensor 

make the system particularly effective in critical scenarios 

such as fire hazard prevention and oxygen level monitoring. 

Its tamper-proof design and low maintenance requirements 

contribute to its reliability and cost-effectiveness, making it a 

sustainable solution for long-term safety management. 

F. By exploring additional enhancements like GPS 

integration, the system could further broaden its scope. GPS 

functionality would allow for precise location tracking during 

emergencies, enabling faster and more coordinated 

responses. This added feature could be particularly valuable 

in large-scale industrial settings or public spaces where rapid 

emergency localization is crucial. 

In summary, the comprehensive gas monitoring and alert 

system combines advanced technology, reliability, and user-

centric design to deliver an indispensable safety solution. Its 

real-time monitoring, robust alert mechanisms, and 

predictive analytics make it a vital tool for managing gas-

related hazards across a diverse range of sectors, ensuring 

safer environments and peace of mind for users. 

 

 

VII. APPLICATIONS & FEATURES 

The comprehensive gas monitoring and alert system is a 

versatile solution designed to enhance safety across various 

environments through the integration of IoT and AI 

technologies. Here are some of its key applications and 

features: 

A. Real-Time Gas Detection: Utilizing an ESP32 

microcontroller and an MQ-2 sensor, the system detects gas 

levels in real time, ensuring immediate awareness of any 

potential leaks. 

B. Portable and Low-Powered: The module's low power 

consumption and portability make it suitable for a variety of 

applications, including smoke detection and gas monitoring 

in locations where constant supervision is not feasible. 

C. Automated Alerts: In residential settings, the system 

allows homeowners to monitor and regulate gas leakage even 

in their absence. When gas concentrations exceed predefined 

thresholds, visual alerts via red and yellow LEDs and audible 

alerts through a buzzer are triggered, alongside SMS 

notifications sent through the Twilio system. 

D. Flammable Gas Detection: The system effectively detects 

flammable gases and those that lead to oxygen depletion, 

making it essential for environments where such hazards 

exist. 

E. Industrial Applications: In oil plants and manufacturing 

units, the system can be deployed to continuously monitor 

processes involving the use of flammable materials, ensuring 

a safer     working environment. 

F. Firefighting Support: The system can be integrated into 

firefighting operations, providing immediate gas alerts to 

firefighting departments, thereby enhancing their response 

capabilities to fire hazards related to gas leaks. 

G. Health and Safety Assurance: By ensuring that gas levels 

are monitored and alerts are issued promptly, the system 

plays a crucial role in safeguarding worker health and 

preventing fire hazards related to gas leakage. 

H. Data Management and Analytics: The integration with a 

Firebase database allows for the storage of live gas readings 

and historical data. A user-friendly webpage displays real-

time PPM values and graphical trends, while the analytics 

dashboard employs AI/ML models to analyze historical data, 

predict future gas levels, and identify trends, facilitating 

proactive safety management. 

I. This combination of advanced monitoring, automated 

alerting, and predictive analytics makes the comprehensive 

gas monitoring and alert system highly effective for 

enhancing safety in industrial, residential, and commercial 

applications.It also supports firefighting operations by 

providing real-time gas alerts, enhancing response to fire 

hazards caused by leaks. 

 

VIII. FUTURE SCOPE 

This monitoring system can be further increased by using 

Bluetooth in place of GSM to send the alert messages to the 

user, which abetment another real-time application. For the 

industrial sector, the data collected by the mobile application 

is beneficiary and used for data analytics. The combination of 

other sensors like temperature, pressure sensors, etc. makes 

the system a home computerization project. IoT turns drones 

into gas observation sensors. Another very interesting and 

extraordinary improvement would be to board reoccurring 

receiver MODEMS at different positions in the geographical 

area carrying duplicate SIM cards. The display can be another 

added variant in the project. Audio output can be settled to 

make it user-friendly. 

A. In industrial sectors, the data collected through mobile 

applications can be harnessed for advanced analytics. By 

integrating machine learning algorithms, this data can be used 

to predict patterns, optimize safety protocols, and improve 

operational efficiency. Combining the system with additional 

sensors, such as temperature and pressure sensors, expands 

its functionality beyond gas monitoring, transforming it into 

a comprehensive environmental safety system. This 

integration aligns the system with the broader concept of 

home and industrial automation, enabling seamless control 

and monitoring of multiple environmental parameters. 

B. Emerging IoT applications open up intriguing 

possibilities, such as deploying drones equipped with gas 

monitoring sensors. This approach is particularly valuable for 

large-scale industrial complexes, remote locations, or disaster 

zones, where drones can access areas that are unsafe or 

difficult for humans to reach. These drones, when integrated 

with real-time IoT frameworks, can provide live updates and 

detailed mapping of hazardous areas, enhancing emergency 

response efforts. 

C. Another promising development involves using 

reoccurring receiver modems strategically placed across 

geographical areas. These modems, equipped with duplicate 

SIM cards, ensure uninterrupted communication and robust 

data relay, even in cases of localized signal disruption. This 

network of receivers can significantly improve the reliability 

of alerts, especially in widespread industrial or residential 

setups. 

D. Incorporating a visual display into the system offers 

another user-friendly enhancement, enabling users to view 

real-time gas levels and system status at a glance. This feature 

could be particularly useful in industrial settings where visual 

indicators complement auditory alarms. For added 

accessibility, the inclusion of customizable audio outputs can 

improve usability for individuals with specific needs, 

ensuring the system is intuitive and effective for a diverse 
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user base. 

E. Future iterations of the system could also explore 

integrating emerging technologies such as edge computing 

and blockchain for enhanced data security and faster 

processing. These advancements ensure that the system not 

only remains scalable but also adapts to the evolving 

demands of modern safety and monitoring applications. Such 

developments position the gas monitoring system as a 

cornerstone of intelligent, interconnected safety solutions for 

homes, industries, and beyond. 

 

IX. CONCLUSION 

The gas monitoring and alert system greatly improves 

property and human safety by providing an effective and 

economical way to reduce the hazards related to gas leaks. 

The system uses an ESP32 microcontroller and a MQ-2 

sensor to monitor gas levels in real time by utilizing IoT and 

AI technologies. It provides instant alerts through visual 

indications, audio alarms, and Twilio SMS notifications. 

By integrating a Firebase database, users can easily save and 

retrieve both historical and real-time gas readings, track 

trends, spot malfunctioning parts like valves and regulators, 

and take care of possible problems before they get out of 

hand. By encouraging prompt interventions and 

replacements, this proactive approach to maintenance 

improves safety. The system has a two-level preventative 

mechanism in addition to its core purpose of gas leak 

detection, which improves its overall effectiveness and 

dependability. Widespread acceptance is made possible by its 

low development cost and scalability, especially as LPG use 

shifts from conventional cylinders to contemporary 

petroleum infrastructure. 

This system offers a reliable, real-time monitoring solution 

appropriate for both home and commercial applications, 

thereby addressing a significant safety risk related to gas 

technologies. Its integration of predictive analytics, 

automated alarms, and real-time monitoring makes it an 

essential tool for improving safety in a variety of settings.  
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