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Abstract. This capstone project aimed to enhance fire safety in school environments by developing a system that detects and
suppresses fires automatically. The project was designed for Diplahan National High School, addressing the lack of advanced fire
protection measures in rural educational institutions. Using a flame sensor, Arduino microcontroller, relay module, and water
pump, the system detects fire, triggers an alarm, and activates water discharge to suppress flames without human intervention.
The study followed a system development methodology, including hardware integration, Arduino programming, and prototype
testing. Results showed that the system could detect flames up to 24 cm in front and within a 30° angle when turned to the right or
left, activating water discharge within two seconds through the relay module's precise control. Its 18.5V lithium-ion battery
provided reliable power for up to four hours. Key findings demonstrated the system's effectiveness in fire detection, suppression,
and emergency alerting.
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Introduction

Fire detection systems and alarms are crucial for the safety of communities, especially in schools. While having a fire alarm
and fire extinguisher is beneficial, they do not guarantee 100% effectiveness in preventing excessive fire damage. Many
communities, including our school, Diplahan National High School, lack sufficient resources to respond quickly and effectively to
a fire outbreak. Unlike other countries with advanced school fire safety systems, such as those equipped with automatic fire
suppression systems that activate when smoke is detected, our local schools are less equipped to handle such emergencies promptly.

There have been studies on developing robotic fire extinguishers, which can also help in fire emergencies. The capstone
project aimed to create a similar automated system, but specifically designed for a school setting. This system would not only
detect fire but would also automatically activate a suppression mechanism to control or extinguish the fire before it can spread.

Many fires in schools occur after hours when the building is unoccupied or has minimal supervision. In such cases, the time
between the fire starting and its detection can be critical. Without an automated system, fires might not be detected until someone
notices smoke or flames, often leading to significant delays in response and allowing the fire to spread unchecked. An automated
fire detection and suppression system would immediately detect the presence of flame that activates suppression mechanisms,
reducing damage and potentially saving the structure.

Schools, especially in less equipped or rural areas, may not have sufficient fire-fighting resources or trained personnel on-
site. Traditional fire safety equipment, like extinguishers, requires manual operation and quick, knowledgeable response, which
may not always be available. Automated systems can detect and suppress fires without the need for human intervention, providing
a reliable solution in situations where manual firefighting is impractical or impossible.

In some schools, frequent false alarms from traditional manual alarms can lead to complacency among staff and students,
reducing the urgency of response when an actual fire occurs. An automated fire detection and suppression system reduces the
likelihood of false alarms by using advanced sensors that accurately detect fire. By providing a more reliable detection method,
these systems ensure that alarms are taken seriously, and responses are swift and effective, enhancing overall safety in the school
environment.

The problem addressed by this study is the lack of advanced fire detection and suppression systems in schools within our
community. While traditional fire safety equipment like alarms and extinguishers are available, they often require manual
intervention, which may not always be timely or effective. This is particularly concerning in schools, where the safety of many
students and staff is at stake. The absence of advanced systems increased the risk of significant damage and potential loss of life
in the event of a fire.

The number of fire occurrences is alarmingly high in underprivileged and low-income countries, largely due to inadequate
investment in the mobilization of fire extinguishing tools. Fires represent a significant concern in these regions, including the
Philippines, where global statistics reveal that over 300,000 deaths occur annually from fire-related incidents, with approximately
95% of these fatalities happening in low- and middle-income countries. This stark reality underscores the vulnerability of these
areas, where insufficient investment in fire safety infrastructure heightens the risks associated with fire incidents.

In many economically and socially disadvantaged localities, the percentage of fire-related deaths is disproportionately high,
largely because essential firefighting equipment, such as smoke detectors and warning systems, are rarely found in buildings. To
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combat this issue, it is crucial to allocate necessary governmental or non-governmental budgets specifically for equipping
organizations and schools with effective fire safety devices. Additionally, these organizations needed to implement operational
plans focused on the renovation, mobilization, and continual upgrading of firefighting tools to minimize casualties during fire
emergencies.

The Philippines, with a poverty rate of 15.5% as of 2023, faces severe challenges related to fire disasters. The country's
high population density in informal settlements exacerbates the situation, as these areas often lack adequate fire extinguishing tools
and emergency services. Furthermore, rapid urbanization and the growth of slum areas contribute to the increased frequency and
severity of fire incidents, highlighting the urgent need for improved fire safety measures in these vulnerable communities.

Studies have shown that schools in other countries are equipped with automated fire suppression systems that can detect
fires early and respond immediately without human intervention. These systems greatly reduce the risks associated with fires and
are proven to be more reliable than traditional methods. There are also ongoing developments in robotic fire extinguishers, which
provide a new level of safety by automatically detecting and extinguishing fires. Inspired by these innovations, our study sought
to adapt such technology for school use, ensuring a more effective response to fire emergencies.

In a school environment, the choice between fire sensors and smoke detectors is critical for ensuring the safety of students
and staff. Fire sensors offer distinct advantages in educational settings for several reasons, such as their comprehensive detection
capabilities and ability to minimize false alarms. These sensors are designed to detect a variety of fire indicators, including heat
and specific gases, in addition to smoke. This is especially important in schools, where activities such as the burning of organic
waste, paper products, and natural materials, as well as science experiments, can produce smoke that may not indicate an actual
fire. By detecting heat and gas emissions, fire sensors can identify potential fire hazards earlier, allowing for quicker responses
and significantly reducing the risk of injury or property damage.

One of the major challenges in school fire safety is the occurrence of false alarms, which could cause panic and disrupt
learning. Fire sensors are less prone to false alarms compared to traditional smoke detectors that relied solely on smoke detection.
This reliability is crucial in a school setting, where frequent false alarms can desensitize students and staff to genuine emergencies,
ultimately undermining the effectiveness of fire safety protocols.

The need for this study is evident in the gaps present in current fire safety measures in schools. By developing an automated
fire detection and suppression system tailored to school environments, we aim to enhance safety and minimize the risks associated
with fires. This project not only addressed a practical need but also contributed to the overall well-being of our community by
providing a safer learning environment for students and staff. While automated fire detection and suppression systems are designed
to operate without human intervention, it is crucial not to depend solely on these automated solutions. These systems, though
efficient, could not replace the expertise and adaptability of human responders.

Manual fire suppression efforts, led by trained firefighters, individuals with specialized knowledge in fire mitigation, and
the Local Disaster Risk Reduction and Management (LDRRM) team play a vital role in effectively managing fire

emergencies. These human elements bring critical thinking, experience, and the ability to adapt to complex situations that
automated systems might not fully address. Therefore, a balanced approach that integrates both automated and manual fire
suppression strategies is essential for comprehensive fire safety and disaster management.

Results and Discussions

This chapter presents the results of the Automated Fire Detection and Suppression System and discusses the findings related
to the research questions and objectives outlined in Chapter I. Each specific objective is addressed, and the results are discussed in
detail. Relevant data such as tables, graphs, figures, algorithms, and source code are included to support the findings.

The first objective involved testing each component of the system, including the flame sensor, Arduino microcontroller,
relay module, power supply, and suppression mechanisms. The flame sensor was tested for its response to fire, and the Arduino
board was successfully programmed to detect signals from the sensor. The relay module was integrated to trigger the fire
suppression system based on sensor input.

Results:

Flame Sensor: The flame sensor detected the presence of fire within 24 cm in front and a 30° angle if you turn it in a left or right
angle. Its response time was quick, with a delay of less than 2 seconds after detecting the flame.

Arduino Board: The microcontroller successfully received data from the sensor and processed it to control the relay module,
triggering the fire suppression mechanism.

Relay Module: The relay responded as expected, activating the fire suppression system when the sensor detected a flame.
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Arduino Code
To detect the presence of a flame and trigger appropriate actions, the following code was used.

int flame=0;// select analog pin O for the sensor int Beep=9;// select
digital pin 9 for the buzzer int val=0;// initialize variable int relay= 13;
/* The setup() function is called when a sketch starts. It is used to initialize variables, pin modes, start using libraries,
etc. This function would only run once, after each power up or reset of the Arduino board. */
void setup()
{
pinMode(Beep,OUTPUT);// set buzzer pin as “output” pinMode(relay, OUTPUT);// set LED pin as “output”
pinMode(flame, INPUT);// set flame pin as “input”
Serial.begin(9600);// set baud rate at “9600”
}

/* The loop() function executes the program repeatedly until Specified. */
void loop()

val=analogRead(flame);// read the analog value of the sensor
Serial.printin(val);// output and display the analog value
if(val>=500)// when the analog value is larger than 600, the buzzer would buzz {
digitalWrite(Beep,HIGH); digitalWrite(relay,HIGH);
Yelse

{

digitalWrite(Beep,LOW); digitalWrite(relay,LOW);
} delay(500);
}
The flame sensor reads the analog values using the analogRead{} function, and the buzzer and relay are activated
when the value exceeds 500.

Figures/Flowcharts/Diagrams:

This flowchart illustrates the sequence of actions from flame detection to suppression activation.
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Hardware Diagrams:

A diagram showing the connections between the flame sensor, Arduino, relay module, and the fire suppression
system (e.g., water pump or sprinkler).
The second objective involved the integration of all system components into a functional prototype. This included
connecting the sensor to the Arduino board, integrating the relay module, and connecting the power supply.
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Results:

The system operated effectively, detecting fire and triggering the suppression mechanism in the test environment. The fire
suppression system responded within 2 seconds of fire detection.

The power supply (2 7.4V lithium batteries and a 3.7 lithium battery) provided sufficient power for continuous operation for
up to 4 hours during testing.

Tables/Graphs:

System Performance Table: Below is a summary of the system's performance during

tests.
Test Condition Response Time Battery Life (Hours)
(Seconds)

Flame detection (5 cm) 1.0 4
Flame detection (10 cm) 1.5 4
Flame detection (20 cm) 2.0 4
Flame detection (24 cm) 2.0 4

Suppression system 2.0 4
active
Suppression of burning paper (1 3.0 3.5
paper)
Suppression of burning paper (2 3.5 3.5
paper)
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Suppression of burning paper (3 4.0 3
paper)

Suppression of burning paper (4 4.5 3
paper)

Battery Performance Graph
The final objective involved the creation of a housing structure for the system components, ensuring that the sensor
was optimally placed for detecting fire.

Result:

A compact frame was designed to hold the sprinkler and sensor, ensuring they were positioned for maximum
coverage in a classroom. The frame allowed the sensor to be placed at a height of 24 centimeters, which is the optimal
location for fire detection in a typical school setting.

Prototype Design

Conclusions

The research was able to construct an Automated Fire Detection and Suppression System that would improve fire safety
levels in Diplahan National High School. Integrating flame sensors, a microcontroller from Arduino, a relay module, and a mini
water pump, the system was able to detect fire effectively within a range of 24 cm and an angle of 30° and suppress it in two
seconds. Testing verified that the system was able to run for a maximum of four hours continuously on lithium-ion batteries. These
findings indicate the system's ability to reduce fire damage, safeguard property, and maintain student and personnel safety. The
research verifies that automated fire detection and suppression systems can be a cost-effective and viable solution, particularly in
rural school settings with reduced fire safety structures.

Recommendations

To further enhance the system, it is suggested that learners increase the detection range of the flame sensor and make the
system more integrated into other school fire alarm systems to provide redundancy. For prolonged use, backup power solutions
like solar charge or larger batteries would be preferred. Installing automated maintenance notices, such as battery levels and sensor
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calibration notifications, will help in maintaining long-term system effectiveness. Deployment of the system to all areas of the
school—Ilaboratories, offices, and libraries—is highly recommended. Future researchers are advised to use locally accessible
materials to prevent undue delays and to see to it that all members of the team are well-versed in programming, especially Arduino,
to effectively deploy and debug the system. Also, providing synchronized rotation of the sensor and nozzle
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