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Abstract - The destructive power and quick spread of fires
make them a major threat to people and their possessions.
Identifying fires before they cause substantial damage or loss
relies heavily on effective fire detection systems, particularly
those that provide early alarms. A system that can quickly
notify users or customers via an Android app and take action
to reduce harm is the main emphasis of this project. This
technology is ideal for use in outlying locations where fires are
common. Notifying distant users in the case of a fire mishap is
the main purpose of the suggested system. A fire sensor is used
by the system to identify when there are flames. The module
will sound an alarm to notify everyone around the moment it
detects a fire. At the same time, actions are taken to put out
the fire and lessen its damage. A water sprinkler system is
activated to put out the fire, an air filter is used to remove
toxic gasses produced by burning, and a DC fan works in
tandem with the air filter to disperse smoke efficiently. An air
filter to remove gasses from smoke and fire, a DC fan to
disperse water, and an instantaneous motor pump to sprinkle
water are all essential parts of the system. All of these parts
work in tandem to provide a thorough reaction to fires, with
the goal of protecting people and their possessions.

Key Words: Fire detection, early alarm, Remote
notification, Fire prevention, Water sprinkler system, Toxic
gas removal etc.

1. INTRODUCTION

The burning of materials generates intense heat and light,
often leading to fires that pose significant risks to both
human life and property worldwide.Due to inadequate fire
safety precautions and the lack of efficient fire alarm
systems, fire mishaps happen regularly in homes, industries,
and marketplaces. The development of an automated system
for fire detection and suppression is of the utmost
importance in order to lessen the impact of these dangers
and the devastation that flames may bring. Everywhere you
look, fire poses a significant risk to lives and possessions.
Combustion of materials is the main culprit, since it releases
a tremendous amount of heat and light. Inadequate fire
protection and the lack of a reliable fire alarm system

contribute to the high frequency of fire incidents in
residential areas, businesses, and industries. Since this
occurrence poses a significant threat to our lives, we are
making efforts to create an automatic fire detection system
thatincorporates a sprinkler system. Minimizing fire damage
and firefighter injury is the goal of an efficient firefighting
system. Fires have grown in frequency and severity in recent
years, making prompt and effective response essential for
minimizing casualties and damage.

1.1 The Importance of Real-Time Fire Alarm Systems

The possibility for extensive damage and loss of life has made
fires a significant cause for concern in recent years.
Preventing casualties and property damage requires prompt
detection and intervention. When it comes to fire safety,
automated fire detection systems thatare connected to water
sprinklers are indispensable, especially
on the premises of vital institutions such as schools, hospitals,
and banks, when prompt intervention is important.

1.2 Importance of Early Detection:

Avoiding fire-related losses requires early detection and the
use of smoke detectors. There is less property damage and a
much better probability of survival for building occupants
and first responders when early warning systems are in
place, according to research. Installation and maintenance of
fire detection systems play an active role in implementing
solutions to avoid fires.

2. EXPERIMENTAL WORK

The fire detection system, equipped with an loT-integrated
automated water sprinkler, offers an exceptionally efficient
and intelligent solution for fire safety. This system
automatically detects, alerts, and responds to fire situations
by utilizing a mix of sensors, a connected server, and 1oT-
enabled devices.
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2.1 Detecting fire

Fire Detection: The system's fundamental capability is on its
capacity to identify fire through the integration of three
essential sensors.

« Flame Sensor: This device identifies the existence of visible
flames in the surroundings. It employs infrared or ultraviolet
radiation to identify the thermal fingerprints of a flame,
facilitating prompt detection upon the onset of a fire.

e Temperature Sensor: This device observes variations in
temperature. An abrupt rise in temperature above a certain
threshold (e.g., 50°C) serves as a significant signal of a fire.
The temperature sensor corroborates fire circumstances
when utilized alongside the flame and gas sensors.
Collectively, these sensors offer thorough surveillance of
ambient parameters that signify the existence of fire.

2.2 Sending Data to the IoT Server

Upon detection of probable fire-related incidents (including
the presence of flames, smoke, or a temperature increase),
the data is transmitted to an IoT server for processing. The
server acquires real-time data from the sensors using a
wireless network, frequently employing Wi-Fi or other
technologies.Protocols for communication. The server
perpetually analyzes the data to evaluate the danger level and
verify the occurrence of a fire. Upon the server's confirmation
of a fire, the further actions in the emergency procedure are
initiated.

2.3 Activating the Alarm

Once the [oT server identifies thata fire is present, it activates
the alarm system. The alarm consists of a buzzer that sounds
an alert to notify everyone in the vicinity about the fire. This
alert is crucial for ensuring people’s safety by giving them
enough time to evacuate the premises or take immediate
action. In addition to the sound alarm, the system can send
notifications to remote users, notifying them about the fire
incident.

2.4 Activating the Sprinkler System

Upon sensing the fire, the [oT server activates the water
sprinkler system to autonomously discharge water over the
impacted area. The sprinkler system employs a water pump
to provide water to the sprinkler heads, which are
strategically positioned around the structure. These
sprinklers are designed to extinguish flames and mitigate fire
spread until assistance arrives. The pump operates efficiently
to deliver adequate water pressure, providing effective fire
suppression.

2.5 Clearing the Smoke

Alongside firefighting, smoke clearing is vital for
guaranteeing safety. Smoke can obstruct vision and hinder

safe evacuation for individuals. In response, the fire detection
system might initiate a fan or ventilation mechanism. This fan
assists in dissipating smoke. Enhancing evacuation pathways
and ameliorating air quality in the vicinity. The fan mitigates
the danger of smoke inhalation, a significant contributor to
injury and mortality in fire-related events.[2]

2.6 Remote Control and Monitoring

A prominent characteristic of this IoT-based system is its
capacity for remote monitoring and control. The system
connects to the internet using a Node MCU ESP8266 board,
serving as a conduit between the sensors and the cloud. The
NodeMCU ESP8266 is a Compact, economical microcontroller
with Wi-Fi functionality that enables the system to transmit
and receive data via the internet. Users may remotely manage
and oversee the system with the Blynk application or
alternative IoT platforms. The application allows users to
remotely activate or deactivate the system.

«Continuously see sensor data including temperature, gas
concentration, and flame detection in real time.

» Obtain alerts on their cellphones when the system identifies
a fire, delivering immediate notifications regardless of their
physical presence at the site.

* Remotely activate control operations, such as the sprinkler
or fan, which may be crucial during circumstances
necessitating prompt intervention.[1]

2.7 Arduino Fire Safety Model
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Fig -1: Arduino Fire Safety Model
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3. COMPONENTS

Fig -2: Power supply

A power supply is an electronic device designed to provide
electrical energy to a connected load. Its primary function is
to transform electrical input from a source into the
appropriate voltage, current, and frequency required by the
load. For this reason, power supplies are also known as
electrical power converters. some power sources function as
units, while others are incorporated within the gadgets they
power. Examples of the latter include power supplies
employed in desktop computers and consumer electronic
devices.

Power supplies may include features such as current
limitation to safe levels, automatic disconnection during
electrical faults, power conditioning to reduce electronic
noise or voltage surges impacting the load, power-factor
correction, and energy storage to maintain power to the load
during brief interruptions in the source power.

Modern electronic devices and systems typically operate on
stable DC voltage, while the electricity supplied from the
mains is in the form of alternating current (AC). To bridge
this gap, a power supply converts the incoming AC into the
required DC output. These power supplies are sometimes
also referred to as converters or transformers Rectification
alone is inadequate for a dependable DC power supply. The
pronounced peaks in the DC curve necessitate attenuation.
The output capacitor in the power supply performs this
function. The capacitor swiftly accumulates energy, which it
conveys between two maxima. This process calibrates the
droplets to an exact volume and optimizes the curve. The
result is a stable direct current voltage at the output,
delivered to the load. "Load" denotes the apparatus, system,
or machinery that necessitates an energy supply.[3]
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Fig -3: Arduino

Arduino is an open-source electronics platform designed to
be simple and accessible, built around easy-to-use hardware
and software components. Arduino boards can process
various inputs—such as light detected by a sensor, a button
press, or even a message from Twitter—and generate
outputs like powering an LED, activating a motor, or sharing
data online. Programming the board involves sending a series
of instructions to its onboard microcontroller. This process is
carried out using the Arduino programming language, based
on Wiring, along with the Arduino Integrated Development
Environment (IDE), which is developed from the Processing
platform. Since its creation, Arduino has been at the core of
countless innovations—from everyday tools to advanced
scientific equipment. A diverse global community of users,
including students, hobbyists, engineers, artists, and
developers, has contributed to its growth. Their shared
knowledge has created a rich and easily accessible resource
hub, making Arduino highly valuable for learners and experts
alike. Arduino originated at the Ivrea Interaction Design
Institute as a tool for quick and easy prototyping, specifically
targeting students with no background in programming or
electronics. As interest in the platform expanded, Arduino
evolved to support a broader range of needs. It now offers a
variety of boards suited for Internet of Things (1oT) projects,
wearable technology, 3D printing, and embedded systems.
One of the key reasons for Arduino’s widespread adoption—
especially among beginners—is its simplicity. Unlike older
programmable boards that required separate hardware to
upload code, Arduino allows programming directly through a
USB cable. Moreover, the IDE uses a simplified version of C++,
which lowers the barrier to entry for newcomers learning to
code and build electronics.

Fig -4: Motor Driver
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Motor drivers are fundamental components in robotics and
automation systems, as they provide the necessary power
and control signals to operate electric motors and other
actuated devices. These drivers regulate key parameters such
as voltage, current, direction, and safety protections to ensure
efficient and reliable motor performance. By interfacing
directly with a microcontroller, motor drivers enable
seamless communication between software and hardware.
This interface allows for fine-tuned control over operational
parameters such as acceleration and deceleration rates,
encoder feedback, and Proportional-Integral-Derivative (PID)
tuning. Such control is critical for enhancing system
performance and minimizing the limitations imposed by
hardware constraints. It also plays a crucial role during
testing and deployment, particularly in diagnosing and
resolving issues related to motion control. Motor drivers are
indispensable in industrial environments where precise
motion control is required, and they are often used alongside
data acquisition systems for real-time performance
monitoring. This ensures that motion systems operate
consistently and accurately over extended periods. Electric
motors, the devices driven by motor drivers, function by
converting electrical energy into mechanical motion. A motor
driver serves as the intermediary that makes this conversion
process manageable and programmable, thus enabling the
automation of tasks through electrical input. There are
several types of electric motors, each with distinct operating
principles and applications. Common categories include
Direct Current (DC) motors, stepper motors, and servo
motors. Selecting the appropriate motor driver is essential
for ensuring compatibility with both the motor and the
microcontroller being used. Proper driver selection directly
affects system efficiency, control accuracy, and overall
reliability. This article aims to provide a foundational
understanding of how motor drivers operate and their
importance in modern automation and robotic systems.[7]

Fig -5: Relay Module

Relay modules are electronic boards designed with one or
more integrated relays. They are usually rectangular in shape
and are commonly offered in configurations featuring 2, 4, 8,
or sometimes even 16 relays. In addition to the relays, these
modules are equipped with supporting components like
indicator LEDs, protection diodes, transistors, and resistors,
which help ensure reliable and safe functionality. At the heart

of the module is the relay, an electrically controlled switch
used to manage the operation of high-voltage circuits and
devices. Mostrelay modules use an electromagnet to open or
close the switch. Relay modules generally operate on DC
input voltage, while the load they control can be either AC or
DC, aslong as it falls within the rated limits of the relay. These
modules are available in different input voltage ratings, such
as 3.2V, 5V, 12V, or 24V, depending on the intended
application—ranging from low-power control to heavy-duty
switching. Specifications like input voltage, switching voltage,
and current ratings are usually printed on the module for
easy identification. The working principle is simple: the
electromagnet inside the relay is energized to open or close
electrical contacts, allowing control of external devices.

Fig -6: Fire Flame Sensor

A flame sensor is a specialized device designed to detect and
respond to the presence of fire or flame. Its response depends
on how and where it is installed. Typically, it is integrated
into systems like fire alarms, gas supply lines (natural gas or
propane), and fire suppression mechanisms. Flame sensors
are commonly used in industrial boilers to verify proper
operation. Compared to traditional smoke or heat detectors,
flame sensors offer quicker and more precise detection,
thanks to their detection mechanism. These sensors usually
operate using an electronic circuit equipped with a receiver
that detects electromagnetic radiation emitted by flames.

One common detection method used is the infrared flame
flicker technique, which allows the sensor to function even in
challenging conditions like the presence of dust, oil, moisture,
or ice. A flame sensor is highly sensitive to visible and
infrared light, making it suitable for flame detection
applications. These sensors can identify light wavelengths in
the range of 760 nm to 1100 nm. Due to their sensitivity to
heat, they must be installed at a safe distance from the flame
source—typically up to 100 cm, with a detection angle of
around 60°. Flame sensors can produce either analog or
digital signals as output. They are frequently used in
firefighting robots and automated flame alarm systems for
early fire detection and response.[8]

© 2025,IRJET | ImpactFactor value: 8.315

IS0 9001:2008 Certified Journal | Page 234



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 12 Issue: 06 | Jun 2025

www.irjet.net

p-ISSN: 2395-0072

\\\
AW

\

Fig -7: Servo Motor

A water pump is a device used to move or lift water from one
point to another, typically from a lower level to a higher one.
It's commonly found in construction sites, tunnels, homes,
and other settings where water transfer is needed. Most
pumps work using the positive displacement principle or
kinetic energy, and are powered by electric motors (AC/DC)
or fuel engines like gasoline or diesel. The core component,
the impeller, spins to draw water in and force it out using
centrifugal force, increasing both pressure and flow. Though
not flashy, water pumps are essential tools in many
industries. Manual pumps are also used, operated by hand
through repeated handle movement.

Fig -7: DC Motor

A DC motor is an electric motor that converts direct current
(DC) into mechanical energy. When its field coil is energized,
it creates a magnetic field that interacts with the armature,
producing opposing forces that generate torque and cause
rotation. There are two main types: brushed and brushless.
Brushed motors use a commutator to reverse current and
maintain torque, while brushless DC motors use electronic
controllers for smoother and more efficient operation.
Although brushed motors are still used, brushless motors are
increasingly preferred due to their higher efficiency and
durability.

3. Methodology

Existing fire detection systems discussed in the literature
primarily aim to suppress fires once detected but often
neglect the importance of rapid system responsiveness. Many
traditional setups detect fire effectively but suffer from
delayed response times, which canlead to increased property
damage and potential loss of life. To address this critical
limitation, the present study focuses on designing a highly
responsive and efficient fire detection system. The proposed
system integrates gas sensors, temperature sensors, and

smoke detectors to identify fires in their earliest stages.
These sensors continuously monitor environmental
conditions, detecting key indicators such as harmful gases
(e.g., carbon monoxide and carbon dioxide), sudden
temperature rises, and smoke accumulation. By cross-
referencing data from multiple sources, the system enhances
detection accuracy, speeds up response time, and
significantly reduces the likelihood of false alarms—
ultimately improving overall fire safety and damage
mitigation. Once the sensors detect early signs of a fire, data
is immediately transmitted in real time to a central
processing unit via Wi-Fi modules. This wireless
communication enables faster data analysis and decision-
making compared to traditional wired systems. Upon
verifying a fire threat, the central unit promptly activates the
sprinkler system, which is connected to a water pump
designed to release water efficiently and suppress the fire at
an early stage. This rapid response helps contain the fire,
safeguarding both property and lives until emergency
services arrive. The integration of the Bidets platform further
enhances the system by enabling faster, more reliable
communication between sensors, the central unit, and
connected devices. This improvement significantly reduces
the time between fire detection and sprinkler activation,
resulting in an average response time of just 5 seconds—a
notable advancement over conventional fire detection
systems.[9]

In addition to triggering the sprinkler system, the proposed
system also activates the water pump, which sucks water
from a storage tank and directs it to the sprinkler heads. This
rapid water deployment effectively suppresses the fire,
preventing it from spreading further until property owners
and emergency services can arrive on the scene. By
addressing both the speed and accuracy of fire detection and
suppression, this system significantly enhances safety.

Although the system performs well, it still encounters
challenges in terms of cost, effectiveness, and responsiveness
in certain situations. To enhance its adaptability and
resilience, further improvements are needed. One promising
direction is the integration of machine learning (ML) into the
fire detection system. ML can significantly elevate the system
from basic detection and suppression to predictive fire
prevention. By analyzing historical and real-time sensor data,
ML algorithms can identify patterns and environmental
factors that signal an increased risk of fire—often before it
ignites. This predictive capability allows the system to assess
vulnerabilities within a structure and recommend preventive
measures, shifting the approach from reactive to proactive.
As a result, operators can address risks early, potentially
preventing fires altogether and further improving safety and
system reliability.[6]

Ultimately, by combining advanced sensor technology with
IoT capabilities and machine learning, this proposed system
can revolutionize fire detection and prevention. The
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integration of these technologies leads to a more intelligent,
responsive, and reliable system that provides better
protection against fire hazards. As the system continues to
evolve and integrate more advanced features, it will become
an even more valuable asset for safeguarding lives and
property in residential, commercial, and industrial settings.

4. DESIGN AND FABRICATION

Fig -8: Arduino Fire Safety Model Measurement
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The flow diagram illustrates a fire detection and suppression
system that combines sensors, a microcontroller, and
supporting components. The system starts with a power
supply that converts 230V ACto 12V and 5V DC to operate all
components. Three flame sensors are placed in different
zones to detect fire or flames and send corresponding signals
to the microcontroller. Acting as the control unit, the
microcontroller processes these inputs and coordinates the
system’s response .The fire detection and suppression system
integrates sensors, a microcontroller, and various
components to automatically identify and extinguish fires. It
begins with a power supply that converts 230V ACto 12V and
5V DC to operate the system. Three flame sensors are
positioned in different zones to detect fire and send signals to

the microcontroller, which acts as the control unit. Based on
sensor input, the microcontroller activates a relay module
that controls the motor responsible for pumping water.
Simultaneously, a servo motor driver directs a servo motor
connected to a water pipe, aiming it precisely at the fire. The
water pipe then delivers water to extinguish the flame.
Physically, the system is laid out over a rectangular area
(such as a room or hall), with vertical lines representing
sensor placements and the water pipe or sprinkler system
positioned above. This setup ensures efficient fire detection,
targeted suppression, and automatic operation.[4}
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Fig-10: Process Flow Diagram

Although the system already performs well, it still encounters
challenges related to cost, efficiency, and responsiveness in
certain situations. To enhance its robustness and adaptability
across a range of scenarios, further improvements are
needed. One promising direction is the integration of machine
learning (ML) algorithms into the fire detection system. ML
can significantly advance the system beyond basic detection
and suppression by leveraging large datasets gathered from
sensors over time. These algorithms can analyze both
historical and real-time data to predict the likelihood of a fire
based on various environmental factors. For example, ML
models can be trained to identify patterns that signal
potential fire hazards before a fire actually ignites. This
predictive capability enables operators to recognize
vulnerabilities in a building or structure and take
preventative steps. Rather than relying solely on reactive
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detection, ML transforms the system into a proactive tool for
fire prevention.[5]

3. CONCLUSIONS

This study has aimed to develop an efficient and responsive
fire detection system that tackles the problem of delayed
response times and improves the overall effectiveness of fire
safety measure. The proposed system combines gas,
temperature, and smoke sensors to detect fires in their early
stages. By monitoring key indicators like harmful gases, heat
spikes, and smoke, the system cross-checks data for
accurate, reliable detection while minimizing false alarms.
Once fire indicators are detected, sensor data is sent in real
time via Wi-Fi to a central unit for rapid analysis. If a fire is
confirmed, the unit activates a sprinkler system connected to
a water pump, quickly suppressing the fire in its early stages
and helping to protect lives and property. The Bidets
platform allows for faster, more reliable communication
between the sensors, central processing unit, and connected
devices. The Bidets platform enables faster and more reliable
communication between the sensors, central processing
unit, and connected devices. As a result, the system responds
in just 5 seconds—significantly faster than traditional fire
detection systems.
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