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I. ABSTRACT 

    Gas leakage is a critical safety issue in residential, commercial, and 

industrial environments, often leading to accidents such as fire, explosions, 

and health hazards due to toxic gas exposure. Early detection and quick 

response are essential to reduce risks and ensure safety. This project presents 

an AI-driven IoT-based gas leakage prediction and automated emergency 

response system integrated with cloud analytics for efficient monitoring and 

control. The system uses gas sensors to continuously detect the presence and 

concentration of harmful gases. The collected data is processed using a 

microcontroller and transmitted to a cloud platform for storage and analysis. 

Artificial Intelligence techniques are applied to analyze both real-time and 

historical data, enabling the system to predict possible gas leakage 

conditions before they become dangerous. In addition to detection and 

prediction, the system includes an automated emergency response 

mechanism. When a gas leak is detected or predicted, the system 

immediately activates alarms and initiates safety actions to minimize 

potential hazards. It reduces the human intervention. The IoT integration 

allows users to monitor the system remotely and receive alerts through 

cloud-based applications. The cloud platform also maintains historical data 

for performance analysis and system improvement. The proposed system is 

cost-effective, reliable, and easy to implement, making it suitable for 

various real-world applications. Overall, the project enhances safety by 

combining IoT, AI, and cloud technologies into a smart gas leakage 

detection and prevention system. 

 

Keywords:  Gas Leakage Detection, Internet of Things (IoT), Artificial Intelligence (AI), Cloud Analytics, Gas 
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II. INTRODUCTION    

 

Gas leakage is a major safety hazard in residential, 

commercial, and industrial environments, often causing 

fire accidents, explosions, and serious health risks. 

With the increasing use of LPG and other gases, the 

need for reliable monitoring and early warning systems 

has become more important. In such situations, quick 

detection and immediate response are essential to 

reduce damage and ensure safety. Traditional gas 

detection systems mostly use fixed threshold methods 

to detect leakage. However, these methods are not 

suitable for dynamic conditions, where gas levels can 

change due to environmental factors. This can result in 

delayed alerts or false alarms. Although IoT technology 

enables continuous monitoring and real-time data 

transmission, many existing systems still lack 

predictive capability and adaptive decision-making. 

 

To overcome these limitations, this project proposes an 

AI-driven IoT-based gas leakage prediction and 

automated emergency response system with cloud 

analytics. The system uses gas sensors and a 

microcontroller to collect and process data in real time. 

Artificial Intelligence is applied to analyze patterns and 

predict possible leakage conditions. In addition, cloud 

integration supports data storage, analysis, and remote 

monitoring. The main objective of this project is to 

improve detection accuracy, reduce false alarms, and 

provide timely alerts through automatic safety actions. 

The proposed system is simple, reliable, and suitable 

for real-time applications in different environments. 

The main objective of this project is to improve 

detection accuracy, reduce false alarms, and provide 

timely alerts through automatic safety actions. The 

system can also be expanded for smart home and 

industrial safety applications.  

 

III. LITERATURE SURVEY 

     Several studies have explored gas leakage detection 

systems using sensor-based and IoT-enabled 

approaches. Sharma et al. [1] proposed an IoT-based 

gas monitoring system integrated with cloud platforms 

for real-time analysis. However, the system relies on 

predefined threshold values, limiting adaptability under 

varying environmental conditions. Kumar et al. [2] 

developed a gas leakage detection system using gas 

sensors and GSM communication for alert 

transmission, but the use of single-parameter sensing 

reduces accuracy. Patel and Mehta [3] introduced a gas 

monitoring system based on wireless sensor networks 

(WSN), improving data collection from different 

locations. However, the system lacks predictive 

capability and does not analyze changes in gas 

concentration over time, which may delay early 

warnings. Reddy et al. [4] presented an IoT-based 

model combining gas sensing with environmental 

parameters, but fixed threshold logic can still lead to 

false alarms. From these studies, key limitations 

include dependence on static thresholds, lack of 

intelligent prediction, and limited analysis of gas 

concentration variation. To address these issues, the 

proposed system uses an AI-driven approach with 

adaptive decision-making and cloud analytics for 

improved accuracy and faster response. 

 

IV. PROPOSED METHODOLOGY 

      The proposed system is an AI-driven IoT-based gas 

leakage detection and prediction system designed for 

real-time monitoring and safety. Gas sensors are used 

to continuously detect the concentration of harmful 

gases in the environment. The sensed data is processed 

using a microcontroller and transmitted to a cloud 

platform for storage and analysis. Artificial Intelligence 

techniques are applied to analyze data patterns and 

predict possible leakage conditions. Based on the 

analysis, the system makes adaptive decisions to 

identify risk levels accurately. When a gas leak is 

detected or predicted, an automated emergency 

response is triggered, including alarms and safety 

control actions. The system also logs data continuously 

in the cloud for further analysis. The integration of IoT 

and cloud analytics enables remote monitoring, 

improved accuracy, and timely alerts for effective 

hazard prevention. 

 

 

 

 

 

 

 

 

 

 

 

 

               Fig. 4.1. Gas Concentration vs Time Curve 
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V. HARDWARE COMPONENTS 

5.1 AT89C51 Microcontroller 

An 8-bit microcontroller used as the main control unit 

of the system. It processes sensor data and controls all 

connected components. 

 

5.2 Gas Sensor (MQ-2) 

Used to detect gases such as LPG, methane, and 

smoke. It provides an analog output based on gas 

concentration. 

 

5.3 Temperature Sensor (LM35) 

Measures the surrounding temperature and provides a 

linear analog output in degree Celsius. 

 

5.4 ADC (0808/0809) 

Converts analog signals from sensors into digital data 

for the microcontroller. 

 

5.5 GSM Module (SIM800L) 

Enables wireless communication by sending alerts and 

notifications to users via SMS. 

 

5.6 Wi-Fi Module (ESP8266) 

Provides internet connectivity for cloud data 

transmission and remote monitoring. 

 

5.7 LCD Display (16×2) 

Displays real-time gas levels, system status, and alert 

messages. 

 

5.8 Buzzer 

Produces an audible alarm when gas leakage is 

detected. 

 

5.9 LED Indicators (Green/Red) 

Used to indicate normal and warning conditions 

visually. 

5.10 Relay Module 

Controls external devices such as gas valves or 

exhaust fans during emergency situations. 

 

5.11 Voltage Regulator (7805) 

Maintains a constant 5V power supply for the system 

components. 

 

5.12 Crystal Oscillator 

Provides clock signals required for microcontroller 

operation. 

 

VI. SYSTEM ARCHITECTURE 

 

 

    

 

 

 

 

 

 

 

 

 

Fig. 6.1. Overall System Architecture 

 

The system is organized into three layers: sensing, 

processing, and alert/communication. The sensing 

layer consists of gas sensors that continuously monitor 

the concentration of harmful gases in the environment. 

The sensor outputs are analog signals, which are 

converted into digital form using an ADC before being 

processed. The processing layer is built around the 

AT89C51 microcontroller, which acts as the central 

control unit. It performs real-time data analysis and 

applies AI-based logic along with adaptive threshold 

techniques to classify system states as normal, warning, 

or critical. The alert and communication layer handles 

user notification and system output. A GSM module is 

used to transmit SMS alerts during critical conditions, 

and IoT connectivity enables cloud data transmission 

for remote monitoring. Local alerts are provided using 

a buzzer and LED indicators (green for safe and red for 

danger). An LCD display is used to present real-time 

system status and gas concentration levels. This layered 

architecture ensures continuous monitoring, fast 

decision-making. 

 

VII. WORKING PRINCIPLE 

       The system operates through continuous 

monitoring and intelligent analysis of environmental 

parameters. The working flow is illustrated in Fig. 7.1. 

 

 

 

 

 

 

 

 

 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 07 July-2026 | Impact Factor: 3.5 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                                     4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             

                                    Fig. 7.1. Flow Chart 

 

The system begins by initializing all the components, 

including the gas sensor, ADC, microcontroller, GSM 

module, and LCD display. The gas sensor continuously 

monitors the surrounding environment and detects the 

presence of harmful gases. It generates an analog signal 

based on the gas concentration, which is then converted 

into digital data using the ADC. The microcontroller 

(AT89C51) processes this data in real time and applies 

AI-based analysis along with adaptive threshold logic 

to evaluate the gas levels accurately.  

 

Based on this evaluation, the system classifies the 

condition into normal, warning, or critical states. In 

normal conditions, the system indicates safety using a 

green LED. In warning conditions, it provides alerts 

through display messages and notifications. In critical 

situations, the system activates a buzzer, turns on a red 

LED, and triggers emergency alerts. The GSM module 

sends SMS notifications to the user, while IoT 

connectivity updates the cloud platform for remote 

monitoring. The LCD display continuously shows real-

time gas concentration and system status. This process 

repeats continuously to ensure effective monitoring and 

quick response to gas leakage. 

 

 

VIII. PERFORMANCE ANALYSIS 

 

Parameter Conventional 

System 

Proposed System 

Threshold Fixed Adaptive  

(AI-Based) 

Detection Gas Level Only Prediction + Level 

Analysis 

Sensor Single Gas 

Sensor 

Multi-Parameter / 

Smart Sensing 

Accuracy Moderate High 

False Alarm 

Rate 

High Low 

Response 

Time 

Slower Faster 

 

IX. RESULTS AND DISCUSSION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9.1: Implementation of Hardware 

 

The proposed system was evaluated under different 

conditions by varying gas concentration levels and 

environmental parameters. It successfully performed 

real-time monitoring and responded dynamically using 

AI-based analysis and adaptive threshold logic. The 

system demonstrated improved detection of gas 

leakage compared to conventional fixed-threshold 

methods, generating early warnings with faster 

response during sudden increases in gas concentration. 

During normal conditions, the system maintained a safe 

state indicated by a green LED, while critical 

conditions triggered a red LED along with alert 

notifications. The adaptive threshold mechanism 

effectively reduced false alarms by adjusting decision 

levels based on variations in gas concentration. Sensor-

based monitoring enhanced detection reliability by 
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continuously analyzing real-time data rather than 

relying on a single fixed value. The GSM module 

reliably transmitted alert messages to users, while local 

indicators such as LEDs, buzzer, and LCD display 

provided immediate on-site warnings. The 

experimental results confirm that the system accurately 

classifies safe and danger conditions, achieving higher 

accuracy, faster response, and improved reliability 

compared to traditional gas leakage detection systems. 

 

X. CONCLUSION 

     This paper presented an AI-driven IoT-based Gas 

Leakage Prediction and Automated Emergency 

Response System with Cloud Analytics to improve the 

reliability and responsiveness of gas leakage detection. 

The proposed system integrates gas sensors with an 

AT89C51 microcontroller to continuously monitor gas 

concentration levels in the environment. By 

incorporating AI-based analysis along with adaptive 

threshold logic, the system effectively overcomes the 

limitations of conventional fixed-threshold methods. It 

enables early detection of abnormal gas concentration 

changes, resulting in improved accuracy, faster 

response time, and reduced false alarms. The system 

successfully generates alerts through both GSM 

communication and local indicators such as LEDs, 

buzzer, and LCD display. Experimental results 

demonstrate that the system can reliably classify 

conditions into normal and critical states, ensuring 

timely warning delivery. Overall, the proposed system 

provides a cost-effective, efficient, and scalable 

solution for gas leakage monitoring, making it suitable 

for deployment in residential, industrial, and 

commercial environments. 

 

XI. FUTURE SCOPE 

      In future, the proposed gas leakage detection 

system can be further enhanced by integrating 

advanced machine learning algorithms to improve 

prediction accuracy based on long-term gas 

concentration data patterns. The system can also be 

upgraded to detect multiple hazardous gases such as 

LPG, methane, and carbon monoxide using different 

sensor modules for improved safety coverage. More 

powerful IoT platforms like Raspberry Pi or ESP-based 

controllers can replace the current microcontroller to 

support faster processing and advanced analytics. The 

cloud system can be improved with real-time 

dashboards, historical data tracking, and intelligent 

alert systems for better monitoring and decision-

making. A dedicated mobile application can be 

developed to provide instant notifications and remote 

control features for users. Integration with smart home 

systems can enable automatic actions such as activating 

exhaust fans or shutting off gas supply during leakage 

conditions. Future enhancements may also include low-

power wireless communication technologies like LoRa 

or 5G for better connectivity and wider coverage. The 

system can be further extended for industrial-scale 

deployment with centralized monitoring and AI-based 

predictive maintenance, ensuring higher reliability and 

improved safety standards. 
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