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Abstract-Fire accidents are a significant risk to life,
property, and the environment, and require quick detection
and prompt suppression to reduce damage. The project
describes the development and design of an embedded fire
detection and suppression robot that can automatically
detect and put out fire sources in dangerous conditions. The
system has temperature and flame sensors for effective fire
detection, and a control unit based on a microcontroller to
make decisions and navigate. The robot includes an
obstacle avoidance mobility platform and an active
response fire suppression system, for example, a water
pump or CO:-based extinguisher. Wireless communication
is used to facilitate remote monitoring and manual override
when needed. The embedded design guarantees real-time
processing, low power usage, and consistent performance.
Experimental testing shows the robot's high sensitivity to
detect fire, move towards the source, and successfully put
out flames in a controlled setting. This project illustrates the
possibilities of intelligent embedded systems in improving
safety, lowering human risk, and providing cost-saving
solutions for fire management within residential, industrial,
and public environments.
Keywords-Embedded System, Fire Detection, Fire
Suppression, Autonomous Robot, Microcontroller, Safety
System.
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1. INTRODUCTION

Fire accidents are among the most destructive fire hazards
capable of inflicting severe damage to life, property, and the
environment. Conventional firefighting frequently puts
human firefighters in risky situations involving extreme heat,
harmful smoke, and structural collapses. In order to reduce
these risks, technology has increasingly been used to create
firefighting robots.

A fire robot is a specialized appliance programmed to sense,
reach, and put out fires without the need for direct human
intervention. Fitted with sensors, cameras, and firefighting
equipment like water sprays or extinguishers, fire robots are
able to move through dangerous terrain and react quickly in
crisis situations. They are particularly valuable in areas
direct human intervention is complicated or
hazardous, like industrial locations, high buildings, chemical

where
plants, and tight spaces.

The basic purpose of a firefighter robot is to increase safety,
decrease response time, and offer effective firefighting
solutions without the risk to human lives. With the
availability of more advanced robots, artificial intelligence,
and sensor technologies, the firefighter robot is becoming a
vital  innovation in the contemporary  disaster
management system
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In contrast to human firefighters, robots can venture into
danger zones freely, operate continuously in harsh
environments, and supply real-time data to rescue teams.
They can be deployed in multi-storey buildings, confined
tunnels, chemical plants, and areas inaccessible to human
entry. Certain sophisticated firefighter robots are even able
to navigate autonomously by artificial intelligence (AI) and
computer vision, enabling them to navigate through intricate
environments and target high-risk areas.

2.LITERATURE SURVEY

1. Embedded Systems

An embedded system is a hardware and software system that
runs on a microprocessor with the sole purpose of executing
a specific function. In fire detection robots, the embedded
system serves as the controller unit, managing sensor input,
decision-making, navigation, and triggering the suppression
mechanism. Popular controllers are Arduino, Raspberry Pi,
and ARM-based boards based on their real-time processing
and low power consumption.

2. Fire Detection Technologies

Fire can be sensed through different sensing techniques:
Flame Sensors (IR/UV sensors): Identify particular light
wavelengths that are emitted by fires.

Temperature Sensors (Thermistors, DHT11, LM35): Sense
abnormal temperature increases in the surroundings.
Sensors (MQ series gas sensors):
combustion particles or gases of smoke.
FLIR-based detection: Utilizes infrared cameras and heat-
based vision to see fire.

Vision-based Detection: Combines cameras and computer
vision processing to visually detect fire.

Sensor fusion using multiple sensors enhances accuracy and
decreases false alarms.

Smoke Identify

3. Robotics and Navigation

The robot uses a mobility platform (wheeled or tracked) to
move around. Navigation is generally done through:
Obstacle Avoidance Sensors (Ultrasonic / IR sensors): For
collision avoidance.

Motor Driver Circuits (H-bridge, L298N): To drive the
wheels.

Path Planning Algorithms: For autonomous movement
towards the source of the fire.

4. Fire Suppression Mechanisms

When a fire has been detected, the robot will deploy its
suppression unit. Some common methods are:

Water Pump + Nozzle: Sprays water to extinguish flames.
CO: Cartridge or Fire Extinguisher: Releases gas to smother
the fire.

Fan-based Systems: Blow out small flames (experimental).
Suppression choice is influenced by the type of fire,
portability, and safety concerns.
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5. Wireless Communication & Control

Bluetooth, Wi-Fi, or RF wireless modules can be
incorporated for remote monitoring and override. This
guarantees human operators will be able to intervene in
hazardous environments if autonomous control proves
inadequate.

6. Working Principle

1. Sensors are constantly observing the surroundings.

2. On detecting fire, data is processed by the embedded
controller and the threat is verified.

3. The robot moves towards the source of the fire, taking
care to avoid any obstacles.

4. The suppression unit (water pump/CO-) is initiated to
smother the fire.

5. Data and warnings can be sent to a remote monitoring
system.

3.METHODOLOGY

The methodology for designing and developing the
embedded fire detection and suppression robot involves
systematic stages, beginning with problem
identification, followed by system design, component
selection, hardware and software development, integration,
and testing. Each stage is explained in detail below.

several

1. Problem Identification and Requirement Analysis

The initial step is to define the requirement for an
autonomous robot that can detect and put out fire in
dangerous or following
requirements were specified:

Real-time sensitive fire detection with low false alarms.
Autonomous obstacle-avoidance navigation.

Efficient suppression mechanism (water or CO2).

Remote monitoring and control for reliability and safety.
embedded implementation for

inaccessible locations. The

Low-cost real-world

deployment.

2. System Design

The system is structured as a mix of three chief subsystems:
1. Sensing Unit — flame, temperature, and smoke sensors to
sense fire.

2. Control Unit — a microcontroller (Arduino/Raspberry
Pi/ARM) to receive sensor inputs and act accordingly.

3. Actuation Unit — motor drivers for movement and a
suppression system (pump/CO: release system).

The structure adopts a module-by-module methodology
where every subsystem can be developed and tested
separately before integration.

3. Hardware Component Selection
Microcontroller: Arduino Uno (for real-time processing, low
price, and simple interfacing).
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Sensors:

Flame sensor (IR-based) for flame presence detection.
Temperature sensor (LM35/DHT11) for abnormal
temperature increase monitoring.

Smoke sensor (MQ-2/MQ-135) for combustible gas and
smoke detection.

Mobility: DC motors with an H-Bridge (L298N motor
driver) for bidirectional motion.

Obstacle Avoidance: Ultrasonic sensor (HC-SR04) for
collision avoidance.

Suppression Mechanism: Mini water pump with nozzle or
CO: release valve.

Communication: Bluetooth/Wi-Fi module for remote control
and data transmission.

Power Supply: Rechargeable Li-ion battery pack for
mobility as well as peripherals.

4. Software Development

The embedded software is responsible for controlling the
operation of the robot. The software comprises:

Initialization Module: Initializes all the sensors, motors, and
communication modules.

Sensing Algorithm: Continuously reads sensor readings to
determine the presence of fire (if flame intensity or
temperature exceeds a threshold, fire is indicated).
Navigation Algorithm: Utilizes ultrasonic sensor to sense
and avoid any obstacles to reach the source of fire.
Decision-Making Algorithm:

If no fire detected — remain in patrolling mode.

If fire detected — halt patrol, compute direction, and head
towards source.

Suppression Algorithm: Triggers pump/CO: release for a
predetermined time until fire is minimized.

Communication Protocol: Reports alerts/status to remote
operator over Bluetooth/Wi-Fi.

The code is in C/C++ (Arduino IDE) or Python (for
Raspberry Pi) based on the controller.

5. Hardware-Software Integration

The sensors are connected to the microcontroller using
analog/digital input pins.

The motor driver circuit is interfaced with DC motors and
regulated through PWM signals.

The suppression pump is powered through a relay that is
connected with the microcontroller.

The communication module is set up with a mobile app/PC
for remote commands.

Embedded code is uploaded and repeatedly tested with each
module.

6. Prototype Development

The robot structure is made of light material
(aluminum/acrylic/3D printed components) to support all the
components. The suppression unit is fixed at the front, and
mobility platform is built with wheels for movement. The
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structure supports balance, endurance, and maintenance
simplicity.

7. Testing and Validation

Testing is performed in several steps:

a. Sensor Testing: Sensors are tested one by one for
sensitivity and response time.

b. Navigation Testing: Movement of the robot is tested in
an obstacle-ridden environment.

c. Detection Testing: Detection accuracy is tested using
small controlled sources of fire (candle, paper).

d. Suppression Testing: Effectiveness of the robot's
water/CO: spraying mechanism is tested.

e. System Integration Testing: Entire robot tested for
complete operation from detection — navigation —
suppression — reporting.

f. Performance Evaluation: Detection time, supression
efficiency, mobility speed, battery life, and range of
wireless control are measured.

8. Safety and Optimization

Safety features are incorporated for reliability, including:
Redundancy of sensors to prevent false alarms.

Auto shutdown of suppression unit in case of low battery
voltage.

Fail-safe mode for manual override via wireless control.
Motor speed, suppression time, and power consumption
optimization for extended operating time.

9. Final Deployment : The last prototype is tested in semi-
realistic settings (labs, small enclosed rooms) prior to
suggesting its use for industrial or home fire safety
purposes. Further advances could involve enhanced Al-
based vision detection, multiple modes of fire extinguishing,
and IoT integration for intelligent monitoring.

4.IMPLIMENTATION

Implementation of Design & Development of an Embedded
Fire Detection and Suppression Robot

Objective:

The objective of this project is to create and develop an
autonomous robot with the capability to detect fire, travel
towards the point of origin, and automatically suppress the
fire in order to minimize loss and decrease the risk of
humans.

System Overview:

The robot keeps on patrolling a region with sensors to
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identify fire or smoke. Once fire is identified, it moves
towards the location of the fire, verifies it with multiple
sensors, and triggers a suppression system (e.g., a water
pump or CO: spray).

Primary Components:

Microcontroller: Arduino Uno / ESP32 — for decision-
making and controlling.

Sensors:

Flame Sensor — identifies light intensity of fire.

Smoke Sensor (MQ-2) — identifies presence of smoke or gas.
Temperature Sensor (DS18B20) — detects ambient heat.
Ultrasonic Sensor — for obstacle detection during navigation.
Actuators:

DC Motors — for locomotion.

Water Pump / CO: Discharge Unit — to put out fire.

Power Supply: 12V Li-ion Battery with BMS.
(ESP32) for

Communication Module: Wi-Fi remote

monitoring and control.

Working Principle:
The robot navigates the space with its motors.
Sensors continuously scan for flame, smoke, or heat.

When fire signs are identified, the robot halts and verifies
with several sensors.

After being confirmed, it approaches the fire source without
any obstacles in between.

The pump or spray mechanism is triggered to suppress the
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fire.

Following suppression, it verifies that the fire is

extinguished and reverts to patrol mode.

It is possible to notify the user through Wi-Fi.

Benefits:

Giving rapid response to fire accidents.
Reduces human firefighter risk.

Works automatically in dangerous locations.

Available for use at home, offices, and industries.

Weaknesses:
Short suppression range and capacity.
Not to be used with big or electric fires.

Sensors must be calibrated for proper detection.

Uses:

Industrial safety systems

Home fire prevention
Warehouses and labs

Educational and research demonstrations

S5.DISCUSSION AND INSIGHTS

1. Overview

The fire-fighting robot project demonstrates how automation
and embedded systems can be used to enhance safety and
efficiency in hazardous environments.

This robot detects a fire source using flame sensors and
automatically moves toward it to extinguish the flame with a
water pump system. The entire process is controlled by an
Arduino microcontroller, making it a smart, cost-effective,
and educational prototype

2. System Performance

The robot successfully detects flames within a short range
using IR flame sensors.

The directional control through multiple sensors allows it to
determine where the fire is located (left, right, or center).

The L298N motor driver ensures smooth control of the DC

Page 4


https://ijsrem.com/

Volume: 09 Issue: 11 | Nov - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

motors for accurate movement.

The relay-controlled pump efficiently switches the water
spray on and off automatically when a flame is detected or
extinguished.

The servo-based nozzle provides good flexibility for
targeting the flame.

3. Technical Insights

Modular design: The system integrates sensing, control,
actuation, and communication modules in a modular way,
making it easy to debug or upgrade.

Real-time operation: The robot processes sensor data
continuously, enabling autonomous real-time response to
fire.

Safety automation: The project highlights the potential for
robots to replace humans in dangerous environments like
laboratories, warehouses, or factories.

Control logic: The Arduino program combines conditional
statements and PWM motor control to make the robot’s
navigation adaptive and efficient.

Sensor reliability: Flame sensors are sensitive to infrared
light, so ambient light can sometimes cause false detections
— this insight suggests future improvement using more
robust sensors (like IR + temperature + smoke combination).

4. Challenges Faced

Maintaining different lighting

conditions.

sensor accuracy under

Ensuring stable motor control on uneven surfaces.

Power management issues due to high current draw from
motors and pump.

Water leakage or nozzle direction inconsistency when servo
movement is abrupt.

5. Advantages
Fully automatic fire detection and extinguishing system.
Compact and portable design.

Low cost and easy to build using readily available
components.

Can be scaled up for industrial applications or integrated into
smart systems.

Promotes learning in robotics, electronics, and embedded
systems.
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6. Future Enhancements

Adding temperature and smoke sensors for more accurate
detection.

Incorporating wireless communication (Wi-Fi/Bluetooth) to
send alerts or control the robot remotely.

Using ultrasonic for obstacle detection and

avoidance.

s€nsors

Upgrading to an Al-based flame detection system using
image processing.

6.CONCLUSION

In conclusion, the firefighting robot based on Arduino has
proven to be a reliable and effective solution for combating
fires. The robot's ability to detect fires, navigate through
obstacles, and extinguish fires has been demonstrated in both
simulated and real-world scenarios. With the potential for
future improvements in machine learning algorithms,
thermal imaging, and swarm robotics, the firefighting robot
can become an even more valuable tool in the fight against
fires.

This project successfully demonstrates how a simple
Arduino-based system can autonomously detect and
extinguish fire. It bridges the gap between theoretical
knowledge and practical implementation of embedded
systems, sensors, and robotics. With further refinements,
such fire-fighting robots can play a crucial role in safety
automation and disaster management..
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