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Abstract. This project involves the integration of multiple sensors and actuators to create a
comprehensive safety monitoring system using an Arduino microcontroller. The primary
components include a flame sensor, an MQ2 gas sensor, an OLED display, LEDs, a buzzer, and a
fan. The flame sensor detects the presence of fire or excessive heat, triggering visual and audio
alerts via LEDs and a buzzer. The MQ2 sensor monitors for hazardous gas concentrations,
similarly activating alerts to warn of potential danger. Additionally, a fan is incorporated to help
dissipate harmful gases and reduce risk. The OLED display provides real-time data visualization,
enhancing the system'’s usability. This project demonstrates the practical application of Arduino in
developing a low-cost, effective safety solution for fire and gas leak detection. The results highlight
the system's capability to promptly respond to dangerous conditions, ensuring improved safety and
preventive measures in various environments.
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1. Introduction

Fire is an unpredictable and devastating event that can cause immense harm to both life and
property. When fires occur, they often spread uncontrollably, leading to significant disruptions in
people's lives and livelihoods. According to the National Disaster Management Agency (BNPB), a
disaster encompasses situations that threaten and disrupt lives due to natural, abnormal, or human
factors, resulting in loss of life, environmental damage, property damage, and psychological
impacts. The timely response to fires is crucial, as delays can result in severe human and material
losses. Residential houses, in particular, are highly susceptible to fires due to their everyday
activities and dense occupancy [1].

Ensuring the safety of residents during a fire is paramount. Early warning systems are essential
to provide timely alerts, enabling occupants to evacuate quickly and safely. Additionally, accurate
information about the fire's location is vital for emergency services to respond effectively and
minimize damage [2].

Traditional methods of fire extinguishing focus on removing one or more components of the
fire tetrahedron, which includes heat, oxygen, fuel, and the chemical chain reaction [3]. These
methods are categorized as cooling (limiting temperature), smothering (limiting oxygen), starving
(limiting fuel), and interrupting (inhibiting the chemical chain reaction) [4] . While these methods
are effective, integrating modern technology, such as Arduino-based sensors, offers a more
advanced and efficient approach to fire detection and suppression [5].

An advanced fire alarm system aims to detect fires at their earliest stages, providing immediate
alerts and enabling prompt evacuation or firefighting efforts. Such systems protect life and property
by detecting fires early, alerting occupants, notifying emergency services, and activating auxiliary
functions like smoke control and lift homing [6].

The motivation behind this project is to develop a comprehensive fire and gas detection system
using Arduino [7]. This system will emit audio and visual alerts at the early stages of fire or gas
leaks, leveraging Arduino's capabilities to integrate various sensors for a multilayered defense
against fire hazards. Real-time data analysis will enable faster response times, providing precious
seconds for evacuation. Moreover, the open-source nature of Arduino allows for cost-effective
solutions, making advanced fire detection systems accessible in resource-limited areas. By
combining technology and safety, this project aims to revolutionize fire alarm systems, enhancing
protection for homes, companies, hospitals, and other vulnerable locations [8].

2. Related Work
2.1 Overview of Fire Detection Systems

Fire detection systems are critical in ensuring safety by providing early warnings to prevent the
escalation of fires. Traditional fire detection systems typically rely on smoke detectors, heat
sensors, and manual alarms. However, advancements in technology have led to the development of
more sophisticated systems that integrate various sensors and microcontrollers to enhance accuracy
and response times [9].
2.2 Fire Detection Using Arduino

The integration of Arduino microcontrollers in fire detection systems has gained significant
attention due to their versatility, affordability, and ease of use. Arduino-based fire detection systems
offer several advantages, including the ability to interface with multiple sensors, real-time data
processing, and the capability to trigger alarms and notifications efficiently [10] .
2.2.1 Arduino UNO

The Arduino Uno, based on the ATmega328P microcontroller, is a popular choice for building
fire detection systems. It features 14 digital I/O pins, 6 analog inputs, a USB connection, and a
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power jack, making it suitable for connecting various sensors and modules needed for fire
detection. The open-source nature of Arduino allows for extensive customization and scalability,
which is essential for developing robust fire detection systems [11][12].

2.2.2 Sensors for Fire Detection

Flame Sensor: Flame sensors are designed to detect the presence of fire by responding to the
infrared radiation emitted by flames. They provide faster and more accurate detection compared to
traditional smoke and heat detectors, making them ideal for early fire warning systems.

MQ-2 Gas Sensor: The MQ-2 gas sensor detects various gases such as smoke, propane,
methane, alcohol, and carbon monoxide. This sensor is crucial in fire detection systems as it can
identify the presence of combustible gases, which are often indicative of fire hazards. The sensor's
output is an analogue voltage that varies with the gas concentration, providing real-time data for fire
risk assessment [13].

2.2.3 Alarm and Notification Mechanisms

Buzzer: A buzzer is used in fire detection systems to produce audible alarms when a fire is
detected. It converts audio signals into sound, alerting occupants to the presence of a fire. Buzzers
are widely used due to their reliability and effectiveness in emergency alert systems.

LEDs: LEDs serve as visual indicators in fire detection systems. They can be programmed to
light up when a fire is detected, providing a clear visual alert alongside audible alarms. LEDs [14]
are energy-efficient, have a long lifespan, and offer fast response times [15].

2.2.4 Display and User Interface

OLED 128x64 Display: The OLED [16] display module provides a clear and detailed visual
interface for displaying real-time data from the fire detection system. With its high contrast ratio,
wide viewing angles, and fast response times, the OLED display is suitable for monitoring the
status of sensors and system alerts [17] .

2.3 Software for Fire Detection Systems

The Arduino Integrated Development Environment (IDE) is used to write, compile, and upload
code to the Arduino board. The IDE supports C/C++ programming languages and provides a user-
friendly interface for developing and debugging code. The Arduino IDE's open-source nature
allows developers to create custom functions and libraries tailored to specific fire detection
requirements [18].

2.3.1 Programming and Functions

Programming the Arduino for fire detection involves setting up the sensors, defining their
input/output modes, and writing logic to process sensor data and trigger alarms. The basic structure
of an Arduino sketch includes variable declarations, a setup function for initializing sensors and
outputs, and a loop function that continuously monitors sensor data and executes the appropriate
response [19].

2.3.2 Error Handling and Debugging

Error handling in Arduino programming is crucial for ensuring the reliability of fire detection
systems. Common errors include incorrect board configuration and syntax errors in the code. The
Arduino IDE provides detailed error messages to help identify and resolve these issues, ensuring
the system operates as intended [20].
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2.4 Benefits and Limitations of Arduino-Based Fire Detection Systems

Arduino-based fire detection systems offer several benefits, including cost-effectiveness, ease
of customization, and the ability to integrate multiple sensors for comprehensive fire detection.
However, these systems also have limitations, such as the need for periodic calibration of sensors
and potential interference from environmental factors like humidity and temperature.

3. Methodology

To develop an effective fire detection system using Arduino, the methodology involves several
key steps. First, the system architecture is designed, outlining the components and their
connections. Next, hardware components such as sensors, LEDs, buzzers, and an OLED display are
assembled and integrated with the Arduino board. Software is then developed and tested to process
sensor data and trigger alerts, ensuring reliable detection and response mechanisms. After
integrating all components, the system is deployed in real-world environments to validate its
performance. Continuous improvement is achieved through iterative testing, calibration, and user
feedback, ensuring the system remains effective and reliable over time.

4. Result and Discussion

In our project, we integrated several sensors and supplementary equipment to enhance fire and
gas detection capabilities. The primary sensor used was the Flame sensor, which was crucial for
detecting heat or fire incidents. When triggered, the Flame sensor promptly activated alerts in the
form of audible signals (buzzer) or visual indicators (LED lights). This immediate response
mechanism is essential for ensuring timely evacuation and intervention during fire emergencies.

Additionally, we incorporated the MQ2 sensor, which specializes in detecting various gases and
specific gas concentrations. This sensor provided an additional layer of safety by alerting users to
the presence of harmful gases through LED alerts or buzzer alarms. This feature is critical for early
detection of gas leaks or environmental hazards, allowing for preventive measures to be taken
promptly as shown in figure 1.

Fig.1. Arduino for Fire and Gas Detection
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To complement these detection capabilities and mitigate risks further, we integrated a fan into
our system. The fan's role was to ventilate and disperse gases effectively, thereby reducing the
concentration of hazardous gases and minimizing potential dangers to occupants and property.

Overall, the combination of these sensors and equipment forms a robust fire and gas detection
system that not only detects threats early but also provides mechanisms to mitigate risks effectively.
This integrated approach ensures comprehensive protection against fire hazards and gas-related
incidents in various environments, enhancing overall safety and security.

5. Conclusion

The comprehensive Safety Monitoring System utilizing Arduino for fire and gas detection
exemplifies a significant advancement in safety technology. By integrating versatile sensors,
efficient data processing, and real-time alerts, this system not only enhances emergency response
capabilities but also sets a foundation for future innovations in smart safety solutions, ensuring
proactive protection against fire and gas hazards. in the future Implementing machine learning
algorithms could significantly enhance the system's ability to distinguish between false alarms and
real emergencies, thereby improving reliability and reducing response times.
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