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Abstract:

The major shortcomings of gas, fire, and smoke detection must be addressed to prevent accidents. Gas leaks, fires, and
smoke-related incidents pose a significant threat to the country. The main objective of this prototype is to develop a system
that detects, manages, and issues immediate alerts for gas leaks, fires, and smoke, thus enabling swift responses to mitigate
potential harm. This prototype highlights the importance of household safety by developing an integrated system to detect,
control, and manage gas, fire, and smoke incidents. Conventional systems often lack the necessary automation and speed
required for effective emergency responses. This project addresses the critical need to automate the detection and control
of such dangers. Gas leaks and fires can lead to rapid and severe damage, highlighting the importance of rapid detection
and response. This project utilizes an advanced methodology that integrates gas sensors, flame sensors, smoke sensors,
and automated control mechanisms. The system automatically secures a leak of gas utilized in cylinders or pipes. For
fires, it deploys water sprinklers to suppress flames, whereas fans automatically clear smoke. The implementation of an
Arduino-based system automatically controls the system. Flame, gas, and smoke sensors were integrated with the Arduino
to control and manage the system. Sensors and Arduino mathematical calculations were also monitored. This prototype
is designed to monitor detection over a 100 cm span. Inspired by the latest technologies, this prototype addresses the
critical need for household safety by automating the detection, control, and management of gas, fire, and smoke incidents.

Keywords: Real-time fire smoke detection, technology, microcontroller, prototype, development, monitoring, and con-
trolling.

I. INTRODUCTION

The global challenge of gas leakage is a major cause of fires. In this study, a robotic gas and fire detection scheme
was designed for flame extinguishers. In this study, the MQ2 sensor was used for smoke, gas, and fire detection. An
ultrasonic sensor was installed in the robotic system to detect barriers for efficient operation. The microcontroller is
integrated with the system to operate the actions of the water sprayer to stop the fire [1]. Innovation in technology and
electronics contributes to improving fire detection systems. This study investigates technological innovation in sensor
design and fire data control, and demonstrates the fire parameters to be extinguished. This study addressed several
issues encountered during fire detection [2]. The fire, smoke, and gas avoidance system construction is considered to
proficiently sense gas leaks and fires using gas and flame sensors. The gas leaks sense and switches off the gas supply
and opens the exhaust to suck the gas and send messages to users via the global system for mobile communication
technology. This technology was inspired by the Internet of Things-based technologies to provide real-time parameters
[3]. Smoke sensors are a major global issue of increasing accuracy, sensitivity, and efficiency. Innovation in the mech-
anism of smoke detection is considered in this study. This experimental study examined the efficiency of smoke atoms
fluctuating from 0 to 10% at concentrations of 2-5 parts per million [4]. This study demonstrates the design of a
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model-based project for flame detection to secure the lives of humans. This system demonstrated fire parameters
without any delay. By implementing innovative methodologies, the protection of human beings has increased in the
face of disasters. The application of this modern prototype promotes life security for domestic and industrial imple-
mentations [5]. This study focuses on an Internet of Things (10T)-based smoke detection system to ensure fire security
and facilitate real-time parameters for sensing smoke. The sensors were employed with a wireless communication
network to communicate with cloud-based servers, and instant notice and alert generation were considered during the
design of the prototype. The objective of this study was to determine fire safety algorithms and enhance the efficiency
of domestic and commercial applications [6]. An appropriate fire detection system is often a major global problem.
This study addresses a solution for fire detection using a programmable logic controller. The controller robotically
managed the operation. Two smoke sensors and one heat sensor were integrated with a controller to detect and com-
municate [7]. Indonesia has the third highest number of smokers worldwide. This study aimed to design an automatic
cigarette smoke detection system to control air cleanliness. The microcontroller UNO was integrated with an MQ-135
sensor for smoke and a TA12-100 sensor to calculate the energy consumption and exhaust fan automatic switches to
remove smoke [8]. This study provides an innovative 10T-based solution for anti-theft and fire detection in houses.
The motive of this system is to detect fires and theft in a single system. The smart system is integrated with a wireless
communication system to transmit data [9]. The major problem worldwide is the rapid detection of fire. The use of
innovative loT-based technologies using ESP32 Arduino Mega, along with sensors and 10T technologies for data
monitoring and control via the cloud. The sensor includes an MQ for gas and smoke data collection and transmits fire
data to the cloud [10]. The latest smoke detection system accuracy and efficient operation were considered in this
study to detect particles ranging from 0 to 10%. This system detects dust particles of different sizes for measurement
[11]. Fire damages and breaks people’s lives and things. Conventional fire alarms produce noise without indication.
The smart Arduino demonstrates real-time parameters and location detection through an alert system. The develop-
ment of an effective fire detection system is considered in this study [12]. The major concerns of the industry are
security and robotics. This study considered industrial robotics and security systems for industrial applications. The
prototype considers 10T technologies integrated with Node MCU and sensors, and data transmitted via loT technolo-
gies using a Wi-Fi module to switch the water sprinkler and alarm to alert [13]. Fast detection and notification save
lives. Internet-based technologies are deployed for information collected from sensors via an Arduino. Different sen-
sors sense flame and gas particles. The main objective of this study was to construct a sprinkler-based system for
spraying water after smoke detection [14]. This study aims to design a smoke detection system installed on distribution
panels and provide an optimal solution. The samples were taken from four smoke detectors, demonstrating that the
carbon concentration increased when installed on the left or right side of the exhaust system [15]. This study provides
an economical solution for automatic fire detection and quenching schemes utilizing a programmable logic controller.
The heat and smoke detection control temperature and smoke increased during fire events. The signals are transmitted
to the controller, which energizes the solenoid valve to release the rising pressure of carbon dioxide to quench the fire
[16]. Failure of safety equipment is a key problem worldwide for human life and property security. This study demon-
strates the latest innovations related to the safety of fire events. Thus, there is a need to implement an emerging re-
sponse scheme to prevent and monitor fires [17]. This study focuses on the response and operation of photoelectric
smoke detectors compared with conventional systems. Simulation-based studies compared the measured real smoke
parameters at six sites. The outcome shows that the conventional smoke detectors need 7.42 min while analogue
detectors need 11.57 min [18]. Internet of Things (10T)-based systems are rapidly being integrated with sensors and
web applications. The remote control of industrial applications is one of the biggest challenges in detecting gas leak-
age. In this study, the industrial application of the MQ-2 sensor integrated with an Arduino WSP32 module was
considered. loT-based gas detection and smart notifications use sensing data to diminish possible hazards. The proto-
type is capable of robotically optimizing the system [19]. Internet of Things (IoT) technology is rapidly growing
worldwide. 10T methods forecast future device malfunctions. The main goal of this study is to design a system inspired
by robotic technology. Remote access plays a vital role in the smart management of devices. This study focuses on an
loT-based intelligent home automated scheme using different modules and sensors for the domestic control of fire and
smoke. Immediate identification and solutions are considered in this study to notify the user via the smart mobile
application Blynk [20]. The utilization of Internet of Things-based fire detection and alarms has increased quickly
because of remote access and control. Thus, reliable and efficient alarm detection systems must be deployed. This
study investigated fire incidents and alarms over five years. Fuzzy logic system for identifying fire signal arrangement.

70



Design and application of automated gas, fire, smoke detection control and protection system

The study outcome found an approximately 80% increase in the implementation of the system over five years [21].
This study focuses on Rwanda, and East Africa considers that unexpected fires cause human damage. The real Internet
of Thing-based modern technologies were implemented in the ESP-8266 module integrated with flame, gas, and tem-
perature sensors to automatically locate the fire site. The Blynk application provides cloud server monitoring and
control to protect selected areas from flame and gas [22]. Conventional fire-detection systems require human interac-
tion to handle fire accidents after alarm situations. To address these boundaries, an automation-based system was
considered in this study, and a design system utilizing Raspberry Pi-based technologies integrated with various sen-
sors, including a DHT 11 temperature sensor, an IR flame sensor, and an MQ-2 smoke sensor. These sensors were
controlled by a Python programming-based controller to provide immediate, real-time detection and alerts. The system
loT framework uses the Blynk application to allow the control of parameters using cloud services. This system can be
implemented in domestic and industrial utilization [23]. Fire is a natural process that may occur wherever and at any
moment owing to an incident. This study aims to develop a quick fire-detection scheme for house monitoring using
sensors. Some sensors were integrated with an Arduino microcontroller with a Node MCU ESP8266 [24]. Gas leakage
is a global concern for emerging countries, especially Bangladesh. Many people have lost their lives due to fire inci-
dents. Gas leakages and explosions damage the climate. This work provides a prototype solution to detect gas leakage
and fire using Internet of Things-based technologies. The main aim is to minimize the gas leak, close the solenoid
valve, and initiate the fan to remove smoke. The flame sensor detects the fire, the and sucker drops the fire extinguisher
material into the fire. The Global System for Mobile Communications network module notifies the user. The buzzer
energizes, and the LCD demonstrates the parameters. This study provides an economical solution for detecting gas
leaks and fire [25]. Global fuel demand is increasing daily. Natural gas and liquefied petroleum gas are mostly utilized
as fuels in kitchens. Gas cylinder blast is sometimes due to gas leakage, and to avoid this case, this study provides
Internet of Things-based technologies to detect gas and provide alerts for emergency control. This system automati-
cally detects gas leakage to protect the cylinders from the blast [26]. A delay in fire incidents can increase the life of
materials. The motive for this study was to design a project that quickly notifies users. The house fire detection system
determines room and gas levels. The sensors were tested at various locations to analyze the temperature and room gas
leakage. [27]. Gas cylinders and explosions caused by leakage are major problems worldwide. The traditional leakage
detection system uses alarms for warning, while this study focuses on the Global System for Mobile Communications
network technology to inform users via a short message service. This system is equipped with a gas and flame sensor
to identify fires and explosions. An exhaust fan was installed at the site to remove the leaked gas, and the solenoid
valve opened the water. The project was designed using liquefied petroleum gas [28]. Current innovations and tech-
nical advancements improve safety and security. Daily cooking fuel gas leakage occurs, and incidents become uncon-
trollable if rapid action is not taken. This study aimed to demonstrate a detection system for domestic applications.
The MQ2 gas sensor was integrated with a controller to notify users via an SMS [29]. This intelligent system motivates
the design of a gas, smoke, fire, and motion detector with an SMS alarm. The system uses a smoke sensor for fire
detection and motion sensors for security purposes on domestic premises [30].

I1.MATERIALS AND METHODS

A. Components
The components used in the prototype are as follows:
Microcontroller: Arduino UNO Atmega328 represents a microcontroller board rooted in an open-source elec-
tronic design. The primary component of the prototype is the Arduino, which controls the operation of the entire
system as shown in Figure 1 and Table 1.
[ @

Figure 1: Arduino UNO
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Table 1: Arduino UNO specifications

S.No Description Specification
1. Operating Voltage 5 volts
2. Input Voltage Range 7 - 12 volts
3. Flash Memory 32 KB
4, Clock Speed 16 MHz

Flame Sensor: The hardware setup used a flame sensor, which is a critical component designed to detect and respond
to potential fire hazards. Therefore, as shown in Figure 2 and Table 2, it is imperative to position the sensor at an
optimal distance.

ol PMRALED

Figure 2: Flame sensor

Table 2: Flame Sensor Specifications

S.No Pin Name Specifications
1. Vce Power supply (+5V)
2. GND Connected to the ground of the DC supply
3. DO 0~5V Digital output to microcontroller
4. A0 0~5V Analog output to microcontroller

MQ-2 Sensor: The implementation of the MQ-2 sensor (as shown in Table 3 and Figure 3) is a pivotal element in the
hardware configuration of this project. This sensor operates under specific technical specifications and offers multi-
faceted functionality, making it suitable for detecting various gases and smoke.

Table 3: MQ-2 Sensors Specifications

S.No Pin Name Specifications
5. Vce Power supply (+5V)
6. Ground Connected to ground of DC supply
7. Digital out 0~5V Digital output to micro-controller
8. Analog 0~5V Analog output to micro-controller

Figure 3: MQ-2 sensor
Solenoid Valve: A Solenoid Valve is an electromechanical device designed for the precise control and regulation of
fluid or gas flow within a system. It operates based on the principle of using an electromagnetic coil to actuate a
plunger or piston, which in turn opens or closes a valve orifice, thereby governing the flow of the medium through the
valve.
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B. Methodology

This system is a model for comprehensive gas leakage, fire, and smoke detection and management. The system inte-
grates development, comprising sensors and detectors, microcontroller technology, and a control system, to enhance
the detection and management of gas, fire, and smoke. The main control mechanisms of the prototype depend on the
controller. The controller was integrated with fire, gas, and smoke sensors to manage the system operation. The LCD
demonstrates the parameters, and the buzzer energizes when detecting the incident. Upon gas leakage, the solenoid
valve operates and shuts down the gas, and the fire water sprinkler detects the temperature rise. It automatically pro-
vides a sufficient amount of water for fire suppression linked to Analog Pin A2 of the Arduino module, and upon the
detection of smoke, the exhaust fan starts and removes the smoke from the sensing area. The solenoid valve, which is
essential for controlling the gas flow and preventing leakage, is precisely connected to Digital Pin 3 on the Arduino
module. The water sprinkler deployed for fire suppression was intricately connected to Digital Pin 5 on the Arduino
module. The buzzer was linked to Digital Pin 6 on the Arduino module. Figure 4 shows the hardware flow of the
designed experimental setup and is further elaborated in Figures 5,6 and7.
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Figure 4: Hardware flow of the Automated gas, fire, and smoke detection control and protection system

Figure 5: Experimental Setup
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Figure 7: Gas Detection
Software Setup: The following method was used for the software implementation of gas, fire, smoke detection,
control, and management systems using Arduino UNO:
Main Program Logic:
The crux of the gas, fire, and smoke detection system's functionality resides within the “loop()" function. The code
structure is described as follows:
void setup() {
/I Initialization of sensors, components, and communication }
void loop() {
/I Read data from sensors
/I Process sensor data for detection and analysis
/I Control actuators based on sensor data and system logic
/I Display information on output devices (e.g., LCD)
/I Implement alarms, notifications, and safety protocols
}
To acquire data from gas sensors, fire detectors, smoke detectors, and other pertinent sensors, pertinent sensor libraries
and functions are utilized.
Mathematical calculation:
Current calculation of the exhaust fan

P=VXI e (i

P is the output in watts.

V is the voltage.

I currently go through the fan.
Voltage =12V

P= 4.8 watt

Now, solve for |
_48W

12V

Y- — (ii)
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I11. RESULTS AND DISCUSSION

In the result phase, the microcontroller, fire, smoke, and gas sensors operate experientially. The prototype works
proficiently and efficiently to manage the flow and experimental setup. This prototype is an economical and efficient
solution tailored to household applications. This stands out as a cost-effective endeavor, featuring an intuitive user
interface designed to meet the needs of individuals. This innovative system contributes to user control over the pres-
ence of gas leaks, fires, and smoke within the premises. This system holds promise for scalability and commerciali-
zation, with the potential to evolve into a comprehensive Home Automation System. The main goal of this system is
to develop a system that can quickly and accurately detect and manage potentially hazardous situations involving gas
leakages, fires, and smoke. This system achieves this strategy by employing hardware components, making the system
accessible to a wide range of users. A key advantage of this system is its ability to provide real-time feedback through
visual indicators. The activation of red LEDs and audible alarms promptly alerts users to the presence of gas leakages,
fires, or smoke. In addition, an LCD screen displays the concentration levels of these hazards, thereby enhancing
situational awareness. Moreover, this system goes beyond detection by enabling control mechanisms including sole-
noid valve operation, water sprinklers, and exhaust fan control. This holistic approach enhances safety measures in
home and industrial settings.
A. Compile results: Figure 8 shows the compilation results for the software setup.

Linking everything together. ..

"C:\\Users\\virus\\AppData\\Local \ \Arduino15\\packages \\arduino\\tools\\avr-gec\\7.3.8- atwel3.6. 1-anduino?/binfavr-gec” -4 -0s -g -flto -fuse-linker
"C:\\Users\\virus\\AppData\\Local \ \Arduino15\\packages \\arduino\\tools\\avr-gec\\7.3.8-atmel3.6.1-arduino?/bin/avr-objcopy” -0 ihex - .eeprom --set
"C:\\lisers) \wi rus\ \AppData\\l oral\\Arduinn15\\packages\\arduino\\tanTs\\avr-gre\\7.3.A-atmal3.6.1-ardiinn?/hin/avr-nhjcopy" -0 ihex -R _eepron "C:\\I

Using Library LiquidCrystal I2C at version 1.1.2 in folder: C:\Users\virus\Documents\Arduine\Libraries\LiquidCrystal I2-1.1.2

Using library Wire at version 1.8 in folder: C:\Users\virus\AppData\Local\Arduinot5\packages \arduino\harduare\avr\1.8.6\libraries\iire
"C:\\Users\\virus\\AppData\\Local \ \Arduino25\\packages \\arduino\\tools\\avr-gec\\7.3.8-atwe13.6. 1-anduino?/bin/avr-size” -A "C:\\Users\\irus\\AppDat
Sketch uses 4218 bytas (13%) of progran storage space. Maxinum is 32256 bytes.

Global variables use 449 bytes (21%) of dynamic memory, leaving 1608 bytes for local vardables. Maxinum is 2048 bytes.

Figure 8: Compile Results
B. Schematic diagram: To design a circuit, a simulation-based fire, smoke, and gas-based model was designed
using Proteus Software. An organizational mechanism that combines an automatic sensor, power, fire con-
trol, and protection was implemented. Figure 9 shows the schematic design of this system using the Proteus
Software (Figure 9)
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IV. CONCLUSION

The primary objective of this system is to offer a reliable, safe, and cost-effective solution for the detection and control
of gas leakages, fires, and smoke. This serves as a key tool for enhancing safety measures in both residential and
commercial settings. The components utilized in this project are readily accessible and budget-friendly. The most
notable advantage of this system is its ability to provide swift responses and accurate detection and control, thereby
facilitating the effective management of hazardous situations. The system employs visual indicators in the form of
LEDs, signalling the absence of gas leakage, fires, or smoke. Furthermore, it can transmit signals when dangerous
conditions are detected. In the event of gas leakage, fire, or smoke detection, the system promptly activates red LEDs
and sounds an alarm. Additionally, an LCD screen was integrated to display the concentration levels of gas leakages,
fires, and smoke. The system is equipped with a solenoid valve for water control, sprinkler systems, and exhaust fans
for comprehensive hazard management. This innovative technique enables controlled operation of home appliances,
mitigates potential safety risks, and promotes a secure environment. The cumulative results show that the design and
application of the automated gas, fire, and smoke detection control and protection system worked properly, and the
experimental setup was tested for fire, smoke, and gas detection. The simulation verification of Proteus software was
utilized to design a schematic model for the prototype. Compared with conventional systems, this system can detect
fire, smoke, and gas in a single system.
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