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Abstract

In this paper, we identify the drawbacks of current fire extinguisher robots
(FER) and outline the design and development of a fire extinguisher rover that
combines a sophisticated self-preservation program with automated response
to fires. Traditional fire extinguisher robot can detect and fight fire but
they don’t protect themselves from harsh environmental conditions causing
operational failures. In light of this, we have created a rover that fights fires,
while also exercising its own fire-stopping measures! At its core, the central
processing unit of the rover is an Arduino Mega microcontroller. It is the
hardware server and is composed of several sensors and components such as
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gas sensor, fire sensor, MLX90614 contactless temperature sensor, ultrasound
sensor, and HC-05 Bluetooth module which is used for communication In
addition, it has Peltier module, DC fan, relay modules, 2 X DC pumps, 4 X
DC motors, pipe outlets system and Arduino Uno. Thus, the proposed design
will improve not only the safety of the firefighting robot but would also aid
to reduce lives lost along with property damage caused.

Keywords: Fire extinguisher rover, Arduino mega, self-preservation mech-
anisms, emergency protocols, peltier module, autonomous navigation, fire-
fighting robotics.

1 Introduction

Here, we present the complete hardware and software architecture that make
this a self-preserving fire extinguisher rover (FER). It lays out the design
considerations, the implementation steps and the operational workflow. The
ability of the rover to autonomously navigate for its own safety around
fire extinguishing tasks is a huge step forward in the area of firefighting
robots [1]. Also explored is the ongoing improvements in the industrial
arena, discussing the prospect of implementing a camera module for visual
feedback and Wi-Fi capabilities for remote monitoring to further enhance its
functionality [2].

The first version contained many sensors and components like a gas sen-
sor, a fire sensor, an MLX90614 contactless temperature sensor, an ultrasound
sensor, and an HC-05 Bluetooth module. This is also why the rover has a heat
sink, controlled by a Peltier module and a DC fan, as well as two DC pumps
powered by relay modules. The mobility is provided by four DC motors, and a
pipe outlet system takes care of fire extinguishing in an efficient manner [21].
Rover can calculate and react to temperature on the ground. The ability to
monitor and respond to ground temperature is one of the essential properties
of this rover. The MLX90614 sensor reads the temperature periodically,
and if it’s more than 60 degrees Celsius, the rover runs a cooling system
for its tires. This mechanism consists of spraying cooled water from the
Peltier module, ensuring that the tires do not overheat and become damaged,
which could immobilize the rover in a dangerous zone [13]. Additionally, the
ultrasound sensor continually monitors the water level in the tank, alerting
the user if it becomes rather low, and triggering a critical emergency protocol
if necessary [14]. During each emergency case, such as flammable gases’
presence detected through the gas sensor or one overheating Arduino Mega,
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the rover will switch the control onto a backup Arduino Uno. This shift
is controlled via a relay module and lets the rover prioritize moving and
escaping from dangerous locations without users acting. Coding the Arduino
Uno just governs the L293D motor driver for DC motors, making sure of
rapid escape from hazard.

To assist in extinguishing of fires, several firefighting robots have been
developed, particularly in hazardous environments for which human interven-
tion is risky [3]. These same robots considerably improved the capabilities
of rescue squads, offering a safer option for actual firemen within perilous
spots. However, many existing models are limited in their ability to quite
sustain prolonged exposure to fairly extreme conditions, along with high
temperatures and in the presence of flammable gases [4, 5]. These limitations
with ease can lead into functional failures. They can also compromise the
robot’s effectiveness in critical scenarios.

The suggested rover employs on an Arduino Mega microcontroller; it
functions as the core processor, overseeing different sensors with actuators
that perceive at and react to fire crises. A gas sensor, fire sensor, MLX90614
contactless temperature sensor, ultrasound sensor, as well as an HC-05 Blue-
tooth module for communication, are necessary parts. The rover is built for
independently spotting of blazes, putting them out via a water setup, and to
shield itself against intense heat with a cooling feature that stops tire harm [6].
Also, it includes, with it, a safety measure that transfers command to an
alternate Arduino Uno during key malfunctions, promising active function
and secure removal from unsafe areas.

1.1 Objective

The chief objective during the time of this research is to carefully design and
to readily develop a Fire Extinguisher Rover cum Survey Robot that provides
an advanced and reliable solution for the improved fire detection and extin-
guishing while particularly ensuring its running safety. The research’s special
goals include several items: Autonomous Fire Detection and Extinguishing,
Self-preservation Mechanisms, and Emergency mechanism. Further goals
feature User Communication and Alerts, Improved Mobility and Navigation,
Scalability, and Educational and Practical Value.

1.2 Motivation

The underlying motivation behind the thorough development of the Fire
Extinguisher Rover comes from several key factors including improving the
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overall safety, reliability, greater effectiveness of firefighting operations in
hazardous environments, dealing with limitations of existing robots, technical
improvements, educational value, and future industrial applications.

1.3 Problem Statement

These robots have become necessary during emergency response, helping
in hazardous situations when humans cannot safely intervene. Although,
the effectiveness and dependability of the existing models are frequently
obscured by substantial constraints, which can be roughly divided into the fol-
lowing categories: Environmental Hazard Risk, Minimal Autonomous Util-
ity, Poor Alarm and Notification Systems, Absence of Urgent Instructions,
and Scalability. To overcome these limitations, a Fire Extinguisher Rover is
developed. It is designed to identify extinguish fires automatically and protect
itself from environmental dangerous, temperature monitoring, water level
detection, and a backup microcontroller, which ensure uninterrupted function
and safe escape from danger zone.

The contributions of this research are as follows:

• A robust and autonomous fire extinguisher rover is developed, integrat-
ing advanced self-preservation mechanisms and emergency protocols to
enhance firefighting operations in hazardous environments.

• The rover is equipped with an MLX90614 contactless temperature
sensor and Peltier module-based cooling system, ensuring continuous
operation and preventing component damage due to extreme heat.

• This work introduces a dual-microcontroller system with Arduino Mega
and backup Arduino Uno, enabling seamless control transfer during
critical failures and safe evacuation from dangerous zones.

• Reliable user communication and alert systems are established using
HC-05 Bluetooth modules, allowing real-time monitoring and remote
control of the rover.

• The rover features water level detection and gas sensors for early hazard
warning, supporting safer operation and timely refills.

• This design is scalable, allowing future upgrades such as Wi-Fi con-
nectivity, camera modules, and additional sensors to broaden its use in
industrial and remote firefighting applications.

• Comprehensive testing and calibration validate the rover’s functionality
in fire detection, extinguishing, and emergency response, making it a
valuable tool in environments where human intervention poses risks.
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Remaining sections are categorized as follows: Section 2 contains the
related work, Section 3 explains the proposed methodology, Section 4
analyses the results and Section 5 summarized the proposed work.

2 Related Work

Although there are many Arduino-powered fire extinguisher robots readily
accessible, they usually underperform after continuous exposition to exces-
sive temperatures and other dangers. This study extends previous models
through the inclusion of additional sensors and hardware for improving self-
preservation capabilities. These are a few instances of current work along
with its shortcomings. A fundamental illustration of a fire extinguishing robot
which makes use of sensors to recognize fire and releases chemical-based
or water extinguishers is an Arduino-based model [7]. These robots may be
destroyed or malfunction after being subjected to fire for a lengthy amount
of time because they usually lack protective mechanisms against extreme
temperatures.

The Self-Navigating Fire Prevention Robot uses flame sensors to find its
way to the fire’s origin on its own [8]. These robots are effective in identifying
and putting out flames, but they lack self-preservation mechanisms to shield
their parts from the extreme heat they experience while in use. In order
to identify dangerous gasses and take precautions against them, the Gas
Detection and Fire Fighting Robot combines gas sensors [9, 10]. Although
these robots have the capacity of recognizing harmful gasses, they could
possibly nevertheless not have all the necessary self-preservation mechanisms
to guard against heat or other environmental damage. Temperature sensors
have been employed within the Advanced Fire Fighting Robot with Tem-
perature Sensing to keep an eye on the area around it [11]. These robots
have the capability of monitoring their temperature, however they may lack
self-cooling or overheating systems, which may result in component failure.
Multiple functions, such as navigation on its own, gas detection, and liquid
spraying, are implemented in the Multipurpose Fire Fighting Robot [12].
Considering their advanced features, these robots typically lack emergency
procedures or backup systems to ensure uninterrupted operation in the case
of significant problems.

Enhancements Proposed in this Research

All of these constraints have been solved by the proposed Automatic Fire
Extinguisher Rover, which has complex self-preservation methods used in
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addition effective communication systems. Some of the primary improve-
ments are scalability, enhanced communication systems, detailed emergency
protocols, self-preservation mechanisms, and following developments. Sev-
eral capabilities, such as navigation on its own, gas detection, and water
spraying, are combined in the Multi-purpose Fire Fighting Robot [15]. Con-
sidering their technological advances, these robots usually do not have rescue
measures or backup systems to ensure uninterrupted functionality in the case
of significant breakdowns.

Uses a contactless temperature sensor (MLX90614) to measure the tem-
perature of the ground and turn on cooling mechanisms to prevent the rover
from becoming too hot. In addition, the rover has a Peltier module and a
DC fan to cool water before it is sprayed on the tires, avoiding damage
from excessive heat [16]. By switching control to a backup Arduino Uno
in the event of significant failures, including overheating or the detection
of combustible gasses, the rover can ensure safe evacuation from hazardous
zones and ongoing operation. Control is smoothly transferred to the backup
microcontroller using a relay module, which controls this emergency mecha-
nism [17]. For dependable communication with the remote control, the rover
makes use of HC-05 Bluetooth modules. This makes it possible to monitor in
real time and notify the user of dangerous situations like low water levels or
overheating, which guarantees prompt action and decision-making [18]. The
flexible architecture makes it possible to incorporate extra features like Wi-
Fi connectivity for remote monitoring, camera modules for visual input, and
more sensors for thorough environmental assessment. The rover’s capabilities
are expanded for industrial uses and upcoming technology developments by
these improvements [19, 20].

The concept for the Fire Extinguisher Rover Robot solves the deficiencies
of existing models while building on their strengths, making it an impor-
tant improvement in the field of firefighting robots. It provides a safer and
more reliable emergency response option, thereby improving the safety and
operational performance of firefighting operations.

3 Proposed Methodology

The design process of the Fire Extinguisher Rover cum Survey Robot
includes methodology that covers the selection of hardware, integration
of components, development of software, and testing. This methodology
enables the rover to autonomously discern fires and extinguish them, shield
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itself in hostile environments, and communicate with the user. These steps
descried below are aimed at achieving the set goals.

3.1 Hardware Selection

The hardware components are selected based on their functionality, reliabil-
ity, and cost-effectiveness. The key components include:

I. Microcontroller:

• Arduino Mega: It serves as the main microcontroller, coordinates
all sensors and actuators and provides sufficient I/O pins and
memory for complex tasks.

• Arduino Uno: It acts as a backup microcontroller, ensures con-
tinued operation during critical failures and handles emergency
evacuation procedures.

II. Sensors:

• Fire Sensor: It detects the presence of fire and triggers the fire
extinguishing mechanism.

• MLX90614 Contactless Temperature Sensor: It monitors
ground temperature to prevent overheating and ensures real-time
temperature data for responsive actions.

• Gas Sensor: It detects flammable gases, provides early warning to
prevent fire hazards.

• Ultrasound Sensor: It monitors water level in the tank, ensures
sufficient water supply for firefighting and alerts the user when
water level is low.

III. Actuators:

• L293D Motor Driver: It controls the four DC motors and man-
ages direction and speed of the rover.

• DC Motors (4x 150 RPM): It provide mobility to the rover and
ensure robust and efficient movement.

• DC Pumps: Pump water for extinguishing fires and cooling the
tires.

• Peltier Module and DC Fan: It is used to cool the water before it
is sprayed on the tires and protect the rover from overheating.

• Relay Module (5x): It manages switching of components and
emergency protocols and ensures reliable control of multiple
devices.
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Figure 1 Rover controller with liquid crystal display, LEDs, push button.

IV. Communication:

• HC-05 Bluetooth Module (Master & Slave): It enables commu-
nication between the rover and the remote control and provides
reliable data transmission.

V. Other Components:

• DC Pumps: Pump water for extinguishing fires and cooling the
tires.

• Liquid Crystal Display (LCD): Displays important messages
sent by the rover to the user.

• LEDs (5x): Indicate different alert signals from the rover.
• Push Buttons (10x): Provide manual control for various functions.

3.2 System Integration

System integration involves connecting all hardware components to the
Arduino Mega and Arduino Uno, ensuring seamless communication and
control.

I. Sensor Integration: Connect the fire sensor, MLX90614 temperature
sensor, gas sensor, and ultrasound sensor to the Arduino Mega. Pro-
gram the Arduino Mega to read data from these sensors and implement
algorithms to trigger appropriate actions based on sensor readings.

II. Actuator Control: Connect the L293D motor driver to the Arduino
Mega to control the DC motors, integrate the Peltier module and DC
fan with the relay module for temperature regulation, connect the DC
pumps to the relay module and program the microcontroller to control
water flow based on sensor data.

III. Communication Setup: Pair the HC-05 Bluetooth modules (Master
and Slave). Establish a reliable communication link between the rover
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and the remote control and program the Arduino Nano in the remote
control to display messages on the LCD. Also, manage manual controls
using the push buttons and LEDs.

IV. Software Development: Software development involves writing and
refining the code for the Arduino Mega, Arduino Uno, and Arduino
Nano to ensure seamless operation and communication.

V. Sensor Data Processing: Write code to continuously read data from
the fire sensor, temperature sensor, gas sensor, and ultrasound sensor
and implement algorithms to trigger the fire extinguishing mechanism
and cooling system based on sensor readings.

VI. Actuator Control: Develop functions to control the DC motors,
Peltier module, DC fan, and DC pumps. Program the relay module
to manage switching between the Arduino Mega and Arduino Uno in
emergency situations.

VII. Communication Protocols: Write code for the HC-05 Bluetooth mod-
ules to send and receive data between the rover and the remote control
and implement user alerts messages on the LCD display based on
sensor readings and system status.

VIII. Emergency Protocols: Implement an emergency protocol that
switches control to the backup Arduino Uno in case of critical fail-
ures and ensure seamless transition of control to handle emergency
evacuation.

3.3 Working Process

The working process of the Fire Extinguisher Rover involves multiple
operational steps, integrating sensor data processing, actuator control, and
emergency protocols.

I. Fire Detection and Extinguishing: The fire sensor detects a fire and
triggers the DC pumps connected to three pipe outlets. Water is sprayed
through the outlets to extinguish the fire. The system ensures continuous
monitoring and fire suppression.

II. Self-preservation Mechanisms: The MLX90614 temperature sensor
monitors ground temperature. If the temperature exceeds 60 degrees
Celsius, the Peltier module and DC fan activate to cool the water.
Cooled water is sprayed on the tires to prevent overheating and damage.
The ultrasound sensor monitors the water level and alerts the user if it
becomes too low. If water level is critically low, an emergency protocol
activates.
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III. Emergency Situations: If the gas sensor detects flammable gases, the
system alerts the user and activates the emergency protocol. If the
Arduino Mega overheats, it sends a signal to the relay module to switch
control to the Arduino Uno. The Arduino Uno takes over, ensuring
the rover evacuates from the hazardous zone. The emergency protocol
ensures continuous operation and safe evacuation.

3.4 Testing and Calibration

Rigorous testing and calibration ensure the reliable operation of the rover.
The testing process includes:

I. Sensor Calibration: Make sure that the fire sensor, temperature sensor,
gas sensor, and ultrasound sensor are all calibrated; make sure every
sensor communicates correctly to the changes in the environment.

II. Actuator Testing: Examine the DC motors to ensure precise movement.
Additionally, check the cooling capabilities for the Peltier Module and
DC cooling fan. Examine the DC pumps and water flow through the pipe
outlets to verify their functionality in fire suppression.

III. Emergency Protocols: Simulate emergencies to evaluate the DC motor
switching strategy between Master Arduino and Slave Arduino. Validate
the proper system activation for backup along with the rover evacuation
from dangerous areas.

IV. Communication Testing: Confirm the range between the rover and the
remote control using Bluetooth and examine the messaging and alert
systems activated on the LCD screen. Also, confirm functionality of
manual control through push buttons and LED indicators.

Following the provided methodology ensures robust development strate-
gies during the development of Fire Extinguisher Rover Robot integrating
features of autonomous fire detection and extinguishing, self-preservation
on hostile conditions, and user-friendly communication. This methodology
marks the start for further development and deepening the scope, turning the
robot to manage numerous tasks in various sectors.

4 Result and Analysis

The FER Robot application is created and tested for various performance
measure like its capability to tackle fire effectively with in built emergency
protocol and self protecting mechanism and effective measure and proper
communication.
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4.1 Fire Detection and Extinguishing

Performance: In this prototype FER can effectively control fire in 2 meter
range and in 2 seconds it can able to detect. The DC pumps activated
immediately upon fire detection. Three front pipe can throw water to manage
the situation. The extinguishing process was typically completed within
10 seconds. The fire sensor demonstrated high sensitivity, ensuring prompt
detection of fires. The system successfully avoided false positives during
testing, only activating in the presence of real fire.

Extinguishing Efficiency: The water spray pattern effectively covered the
area around the fire source, ensuring comprehensive extinguishing. Repeated
tests confirmed the system’s reliability in extinguishing fires quickly and
effectively.

Limitations: Frequent refilling is required as the capacity of water tank is
limited. Larger water container can reduce this overhead.

4.2 Self-Preservation Mechanisms

Performance: We have maintained the water temperature continuously and
if the temperature is more than 60 degree then the Peltier module and DC fan
immediately take step to cool down the system. In real time we can sense the
temperature using MLX90614 contactless temperature sensor and response
time is less than 1 second. It can cool the water in very short period.

Effective Water Level Monitoring: Water level is maintained and alert
system is there to inform water level downfall. The system can effectively
keep temperature low using the integrated Peltier module and DC fan and
maintain the temperature in permissible level.

Alert System: In this proposed model ultrasound sensor send alert if water
level is below permissible limit and self protecting mechanism help the rover
durability in extreme condition.

Limitations: Stable power system is required if recharging options are
constraint for remote areas.

4.3 Emergency Protocols

Emergency Detection: Here the proposed system can detect gases in 5
seconds and Arduino Mega able to find excess heat and the backup system
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take control in less than 1 second to rescure Rover from overheating or
hazardous zones.

Reliability: In the proposed model the emmergency protocol work seam-
lessly even in critical failure stage. The system can manage without external
intervention and the risk is minimized by quick response.

Limitations: The proposed system can not handle very complex scenario as
advance navigation and limited sensor data in partially observable environ-
ment. Further research is needed.

4.4 Communication and User Alerts

Bluetooth Communication: HC-05 module help to communicate between
rover and remote module and alert messages are generated and shown in
LCD.

Limitations: Due to bluetooth range there may be several issues in large or
obstructed areas.

4.5 Overall System Performance

I. The proposed system tested in different scenario and we have noticed
that it can douse the fire and can protect itself from hazards effectively.
System is scalable and can accommodate camera, or wifi communica-
tion in future.

II. Limitations: Efficient power management and power saving technolgy
is required for long duration operation and effective communication can
enhance range of the model

4.6 Detailed Working Process

I. Initial Setup and Calibration: Sensors and actuators are calibrated
to ensure accurate readings and reliable control. The HC-05 Bluetooth
modules are paired, establishing a communication link between the
rover and the remote control.

II. Normal Operation: The rover patrols the designated area, continuously
monitoring for fires, ground temperature, gas presence, and water levels.
Sensor data is processed in real-time, with appropriate actions taken
based on predefined thresholds and conditions.

III. Fire Detection and Response: Upon detecting a fire, the fire sensor
triggers the DC pumps, which spray water through the front pipe outlets.
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The system monitors the fire situation, adjusting water flow as needed to
ensure effective extinguishing.

IV. Self-Preservation: The MLX90614 sensor monitors ground tempera-
ture, activating the Peltier module and DC fan if the temperature exceeds
60 degrees Celsius. Cooled water is sprayed on the tires to prevent
overheating and ensure sustained mobility.

V. Water Level Monitoring: The ultrasound sensor continuously monitors
the water level in the tank. If the water level becomes low, the system
alerts the user and activates an emergency protocol if necessary.

VI. Emergency Situations: If the gas sensor detects flammable gases or
the Arduino Mega overheats, the system switches control to the backup
Arduino Uno. The backup Arduino Uno prioritizes navigating the rover
out of the hazardous zone, ensuring safe evacuation.

VII. User Communication: Critical alerts and messages are displayed on the
LCD, providing real-time feedback to the user. LEDs indicate different
alert signals, and push buttons enable manual control and response to
alerts.

4.7 Future Enhancements and Scalability

In future, a camera, Wi-Fi, and sensor array will be integrated and
advance navigation algorithms will be implemented for more efficient and
autonomous movement in complex environments. Adding a camera module
for visual feedback to enhance situational awareness and remote monitoring,
Wi-Fi modules for broader communication range and internet-based remote
control and incorporating additional sensors for comprehensive environmen-
tal assessment, such as smoke detectors and infrared sensors. Figure 2a & b
depict view of final rover and Figure 3 presents final model of rover.

     (a)                 (b)  

Figure 2 (a) Side view of the rover. (b) Front view of the rover.



612 Arghya Ghosh et al.

Figure 3 Final model of rover.

5 Conclusion

This model aimed to create a robot that not only autonomously detects
and extinguishes fires but also incorporates self-preservation mechanisms to
ensure its operational integrity in harsh environments. The comprehensive
integration of an Arduino Mega microcontroller, various sensors, and actu-
ators has resulted in a robust and reliable system capable of addressing the
limitations of existing fire extinguisher robots. Through meticulous hardware
selection and system integration, the rover successfully demonstrated its
ability to perform critical tasks under extreme conditions. The proposed
Rover achieves its primary objectives of providing an advanced, reliable, and
autonomous solution for fire detection and extinguishing while ensuring its
own safety in hazardous environments. The innovative design and successful
implementation of self-preservation mechanisms and emergency protocols
represent a significant contribution to the field of firefighting robotics. This
research not only demonstrates the feasibility of such advanced systems but
also opens avenues for future developments and applications, potentially
saving lives and reducing property damage in fire emergencies.
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