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Abstract- Gas leakages in domestic, industrial, and commercial environments pose significant safety threats, including the risk
of fire, explosion, and suffocation. An advanced gas detection system integrated with an automatic cutoff regulator and exhaust
fan can significantly mitigate these risks by immediately detecting gas leaks, cutting off the gas supply, and ventilating the
affected area. This paper presents a comprehensive study on the working principles, system architecture, components,

technologies involved, and implementation challenges of such a system.
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I. INTRODUCTION e Integration, communication, and
control systems
Gas leaks, especially involving combustible gases ® Challenges and future directions

like LPG, CNG, methane, and toxic gases such as
carbon monoxide, can lead to catastrophic
accidents. Conventional gas leak detectors alert

II. System Overview

users through alarms but rely heavily on human
intervention. A modern system with automation
features—such as auto shut-off and forced

ventilation—provides a proactive solution by
minimizing the reaction time and human
dependency.

This research paper aims to explore:

. Detection methods for hazardous gases

. Automatic gas supply cutoff
mechanisms

. Activation of exhaust systems for
immediate ventilation

. Integration, communication, and
control systems

. Challenges and future directions

® Activation of exhaust systems for
immediate ventilation

The Advanced Gas Detection System with Auto
Cutoff Regulator and Exhaust Fan primarily
includes:

Gas Sensors (Detection Layer)

®  Microcontroller Unit MCU)

(Control Layer)
e Solenoid Valve (Cutoff Layer)
Exhaust Fan Module (Ventilation Layer)

Alarm  and  Notification System
(User Alert Layer)

® Power Management System (Backup and
Fail-Safe)

e Optional: IoT Integration (Remote
Monitoring)

© 2025 IJSRET

2199



International Journal of Scientific Research & Engineering Trends
Volume 11, Issue 2, Mar-Apr-2025, ISSN (Online): 2395-566X

II1. Detailed Working Principle

1. Gas Detection Mechanism
Gas Sensors are the core components that continuously
monitor the environment. Some commonly used sensors:

e MQ-2, MQ-5, MQ-6: Detect LPG,
methane, smoke

®  MQ-7: Specialized for carbon monoxide

® TGS2611/TGS6812: High
precision methane detectors

® NDIR sensors: For CO: detection (non-dispersive
infrared)

Operating Principle of Gas Sensors: Most sensors operate
based on:

® Semiconductor Sensing: Gas molecules alter the
resistance of a sensing material (SnO:, tin dioxide),
causing detectable electrical changes.

® FElectrochemical Sensing: Gas reacts with electrode
materials producing a current proportional to
concentration.

® Infrared Absorption: Gas absorbs specific IR
wavelengths, changing the detected signal.

2. Signal Processing and Decision Making
The analog/digital signal from the sensor is fed into a
Microcontroller Unit (MCU) such as:

®  Arduino (ATmega328P)
o ESP32 (with Wi-Fi for IoT)
® STM32 series (for industrial-grade systems)

The MCU performs:
®  Analog to Digital Conversion (ADC)

e Signal Filtering: Using Kalman filters, Moving
Average filters

® Threshold Analysis: Pre-set ppm (parts per
million) value to trigger actions
Error Checking: Sensor fault detection, environmental

compensation

3. Auto Cutoff Regulator Mechanism
The Solenoid Valve is an electromechanical device used for
gas cutoff.

Working:
® Normally Open (NO) or Normally Closed (NC)
configurations.
® On detection, the MCU sends a signal to the
solenoid.

®  Solenoid immediately closes the gas supply valve.

® Manual reset required after fault clearance (for

safety).
Design Considerations:
® Valve material must resist  gas

corrosion (Brass, Stainless Steel)
Fast switching time (< 1 second)

e Fail-safe: In case of power loss, valve defaults
to CLOSED.

4. Exhaust Fan Activation Parallel to gas cutoff:

e The MCU triggers a Relay Module to power ON
the Exhaust Fan.

® Fans must be explosion-proof for gas-heavy
environments.

®  Ventilation significantly reduces the gas
concentration in the environment.
Fan Placement:

® Near the ceiling for light gases (like methane)
® Near the floor for heavier gases (like LPG)

5. Alarm and Notification Upon detection:
®  Buzzer or Siren is activated locally.
® LED Indicators (Red for danger, Green for safe)

e LCD/OLED
For IoT Systems:

e Data pushed via Wi-Fi/Bluetooth to mobile apps
®  SMS alerts, email notifications

® Real-time monitoring dashboards
6. Power Management

e System Run Primarily on A.C Supply.

® Integrated UPS system or Battery backup (Li-Ion,
18650 cells).

® Low power modes in MCU during idle operation

IV. Technologies Used

Component Specification/
Technology

Gas Sensors Semiconductor,
Electrochemical NDIR

Controller Arduino, ESP32, STM32

Solenoid Valve | NC type, brass/stainless
steel

Exhaust Fan Industrial explosion-
proof fan

Communication | Wi-Fi (MQTT, HTTP),
Bluetooth LE

Power Backup Lithium-Ion UPS
module

Alarm System Buzzer, LED Display,

GSM Module
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V. Challenges and Considerations

False Positives/Negatives
®  Cooking vapors, alcohol sprays can trigger false
alarms.
Advanced
learning algorithms.

®  Solutions: calibration, machine

1.
Environmental Sensitivity
® Sensors drift due to humidity, temperatur.
variations.
® Regular recalibration and temperature3,

compensation circuits needed.
Response Time
®  The system must respond within 5- 10 seconds 4.
after leak detection.
Power Failures 5.
® Fail-safe Mode must ensure gas cutoff in power
loss situations.
Maintenance

® Sensors have a finite life span (~2 years).
Solenoids must  be tested periodically.

VI. Applications

e Domestic kitchens

e Hotels and Restaurants

e Industrial chemical plants
e Gasoline filling stations

e laboratories and Hospitals

VII. Future Enhancements

® Machine Learning: Self-learning models to
distinguish between dangerous and harmless gas
levels.

® Integration with Smart Home Systems (Alexa,
Google Home).

® Multi-gas Detection: Simultaneous detection of
various gases.

® Blockchain Logging: For unalterable incident record-
keeping in industrial settings.

VIII. CONCLUSION

An Advanced Gas Detection System with Auto Cutoff and
Exhaust Control represents a major advancement over
traditional gas alarms. It not only alerts the occupants but takes

preventive actions that can save lives and property. Integration
of smart technologies can further enhance system reliability,
user-friendliness, and adaptability to different environments.
A robust design considering environmental and mechanical
challenges is crucial for effective real-world deployment.
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