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Abstract— This research paper discusses the design and development of a fire fighting robot based on the Arduino
microcontroller platform. The robot is designed to navigate manually through an environment and extinguish fires using a
water pump and nozzle pair. The servo motor adjusts the water spray direction to ensure efficient fire suppression. Overall,
this study demonstrates the feasibility and effectiveness of using Arduinobased platforms for the development of advanced
firefighting robots!Y. This project contributes to the advancement of 10T-based fire safety solutions, offering a scalable and
efficient approach to fire management in hazardous environments.

Index Terms— Firefighting robot, prototype, navigation, fire suppression, Arduino Mega, Bluetooth module (HC-05), Water
pump, Motor controller (L239D),

I.INTRODUCTION

Fire accidents are a significant threat to both human life and property. Despite advances in firefighting technology, firefighters
continue to face numerous challenges while extinguishing fires, such as accessibility to the fire site, visibility, and smoke
inhalation. This paper presents the design and development of a firefighting robot based on the Arduino microcontroller platform.
The robot is equipped with a water pump and a range of sensors to detect fires and obstacles in its path. The robot is also capable
of navigating manually through the environment and can be remotely controlled by a human operator. The use of Arduino platform
makes the robot cost-effective and easily accessible for researchers. The paper presents a step towards the development of advanced
robotic systems that can assist firefighters in their tasks, making firefighting safer, more efficient, and effective. The main function
of this robot is to transform it into a self propelled fire extinguisher. Various vehicles are available to fight domestic and forest
firest2, The proposed robot is designed to be automated or remotely controlled. With the help of such robots, fire detection and
rescue operations can be carried out with better security and externally threatening the safety of firefighters. By using such robots,
rescue and rescue operations can be carried out quite safely without endangering the firefighters. Put another way, robots can
reduce the need for firefighters to enter potentially dangerous situations. In addition, the size of the robot is small and independent,
allowing it to be used in case of fire in dangerous areas, such as nuclear power plants or power plants.

I1. . DESIGN AND DEVELOPMEN

The firefighting robot prototype was developed with a focus on key features necessary for effective firefighting assistance. The
robot is equipped with thermal imaging cameras for fire detection, LIDAR sensors for navigation in smoke-filled environments,
and a manipulator arm for operating fire suppression tools. The robot's chassis is constructed from heat-resistant materials to
withstand high temperatures and exposure to flames(®l.

A. System Architecture

The system architecture of the firefighting robot consists of hardware components such as sensors, actuators, and communication
modules, as well as software components for sensor data processing, decision making, and control. The robot is controlled
remotely by firefighters using a joystick interface, allowing for precise navigation and operation in dynamic fire scenarios®!.
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Figure 1 ||Block diagram of fire fighting robot!
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B. EVALUATION

The firefighting robot prototype underwent rigorous testing in simulated fire scenarios to evaluate its performance and
effectiveness. Tests were conducted to assess the robot's ability to detect fires, navigate through smoke-filled environments, and
extinguish flames using fire suppression tools. The prototype demonstrated promising results, effectively detecting fires, navigating
obstacles, and assisting in fire suppression efforts.

C. Environmental Impact Assessment

An essential aspect of deploying firefighting robots involves evaluating their environmental impact. This assessment considers
factors such as energy consumption, emissions, and waste generation associated with robot operation and maintenance. By
quantifying the environmental footprint of the firefighting robot prototype, stakeholders can make informed decisions regarding
its adoption and integration into firefighting practices. Additionally, strategies for mitigating environmental impacts, such as
implementing energy efficient components and recycling materials, may be explored to ensure the sustainability of firefighting
robot deployments in the long termf®l,

I11. PERFORMANCE METRICS

In evaluating the firefighting robot prototype, various performance metrics were considered. These metrics included response time
to fire detection, accuracy of fire location identification, efficiency of navigation in obstructed environments, effectiveness of fire
suppression methods employed, and overall reliability of the robot's operation in simulated firefighting scenarios. Quantitative data
on these metrics were collected during testing and are presented in subsequent sectionst,

IV. COMPARATIVE ANALYSIS

A comparative analysis was conducted to assess the firefighting robot prototype against existing firefighting methods and
technologies. This analysis included a review of traditional firefighting techniques, such as manual firefighting and the use of
firefighting equipment, as well as other robotic systems designed for similar applications. By comparing the performance,
capabilities, and limitations of the firefighting robot prototype with alternative approaches, insights were gained into the potential
benefits and challenges associated with its deployment in realworld firefighting situationst®l.

V.HUMAN-ROBOT INTERACTION

Human-robot interaction (HRI) played a crucial role in the operation and effectiveness of the firefighting robot prototype. The
interface between firefighters and the robot, including control inputs, feedback mechanisms, and communication protocols, was
carefully designed to facilitate seamless collaboration and coordination during firefighting operations. Insights into the usability
and user experience of the HRI system were gathered through feedback from firefighters and are discussed in this section®l.

V1. CIRCUIT DIAGRAM

The complete circuit diagram for the Fire Fighting Robot is shown in the figure below. The diagram illustrates all electrical
connections between the Arduino Uno, L298N motor driver, flame sensors, servo motor, DC gear motors, water pump transistor
circuit, and the 18650 battery power supplyt™,

B .
Figure 2 || Complete Circuit Diagram of the Fire Fighting Robot*4

Key circuit connections visible in the diagram:

Power Rail: Red wire from battery positive — toggle switch — VCC rail. Black wire — GND common ground.

Motor Driver L298N: IN1, IN2, IN3, IN4 connected to Arduino digital pins 2, 3, 4, 5. ENA and ENB connected to PWM pins 6
and 7. OUT1/OUT2 to left motor, OUT3/0OUT4 to right motor.

Flame Sensors: Three sensor modules with DO (digital output) connected to Arduino A0, Al, A2 (used as digital inputs). VCC
from 5V, GND to common ground.

Servo Motor MG90S: Signal wire (orange) to Arduino pin 9 (PWM). VCC to 5V, GND to common.
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Water Pump Circuit: Arduino pin 8 — Base resistor (1k€) — NPN transistor base. Pump positive — collector, pump negative —
GND.
Emitter to GND.
IR Obstacle Sensors: OUT pin to Arduino digital pins 10 and 11.

VIL. HARDWARE AND SOFTWARE REQUIREMENTS

A. Arduino Uno:

The ATmega328P-based Arduino Uno microcontroller board was created by Arduino.cc and is open source. The board has groups
of analogue inputs/outputs (1/0) and digital pins that can be connected to other boards (shields) and areas. The board is prepared
using the Arduino IDE (Integrated Development Zone), and it comes with a USB type B cable. It includes 14 digital 1/0 pixels
(six PWM outputs), six PINM analogue 1/0 pixels, and is formatted. For receiving voltages between and 20 volts, either a USB
cable or external 9-volt battery can be used. The design and production files for different hardware versions are also accessible,
and the hardware reference design is still made available on the Arduino website under a Creative Commons Attribution Share-
Alike 2.5 licensel*2I3],

B. Ultrasonic sensor:

Devices that produce or sense ultrasound force include ultrasonic transducers and ultrasonic sensors. Transceivers, receivers, and
transmitters are the three broad categories into which they can be separated. Ultrasound can be sent and received using transmitters
that transform electrical impulses into ultrasound, and receivers that do the opposite. Airspeed may be measured and tracked using
ultrasound™. The device uses a number of indicators to indicate speed or direction and calculates speed based on the distance to
air or waterborne particles. The sensor measures the distance to the liquid surface for tank or channel liquid level readings and for
sea level as well.

C. Flame sensor:

A fire detector is a sensor that is created to recognise and react to the presence of flames, allowing for the detection of fire. At a
distance of around 0.8 m, flames like lighter flames can be seen. A 60 degree angle is the detection angle. The flame spectrum is
one to which the sensor is especially sensitive“I*®l, Because of the techniques it employs to detect fires, a flame detector is
typically able to react quicker and more precisely than a smoke or heat exchanger.

D. Power Switch
The power switch is a fundamental component used to control the flow of electrical energy to the fire fighting robot system. It acts
as a manual interface that allows the user to turn the entire system ON or OFF as required.

E. Water Pump and Nozzle Assembly
A miniature submersible DC water pump (similar to those used in aquarium systems) provides the water flow for fire suppression.
The pump is mounted inside or adjacent to a 50ml water reservoir and connected via silicone tubing to the servo-mounted nozzle
at the front of the robot.

F. L298N Motor Driver Module

The L298N is a dual full-bridge motor driver IC capable of driving two DC motors or one stepper motor. It forms the critical
interface between the Arduino's 5V logic signals and the 7.4V DC gear motors, providing the current amplification needed to drive
motors at full torque. The red PCB module includes the L298N IC, flyback diodes for motor back-EMF protection, and a 5V
voltage regulatorf*sl,

G. DC Gear Motors

Two DC gear motors with integral gearboxes provide the locomotion for the robot. The yellow plastic gear motor (commonly
found in Arduino robot kits) features a 1:48 gear reduction ratio, providing a good balance between torque and speed for the robot's
weight and floor terrain.

H. MG90S Servo Motor

The MG90S is a miniature metal-gear servo motor used to aim the water nozzle toward the detected fire.

Its metal gear train (as opposed to plastic gears in cheaper alternatives like SG90) provides greater durability and torque, which is
important for reliably rotating the nozzle assembly even with the weight of a water hose attached

I. 5v Battery cell

The battery pack is a critical component of the fire fighting robot system, providing the required electrical power for all hardware
modules, including the Arduino Uno, DC motors, flame sensors, relay module, and water pump. A rechargeable battery pack is
typically used to ensure portability and continuous operation.

J. Temperature sensor:
A temperature sensor is a device that uses an electrical signal to provide a legible measurement of temperature. It is typically a
thermocouple detector or temperature resistor.

K. Arduino IDE:

Java was used to create the cross-platform Arduino Integrated Development Environment (IDE), which runs on Microsoft
Windows, macOS, and Linux. It is built using strings and an IDE for language processing. With just one click, it offers simple
ways to integrate and upload programmes to the Arduino board. It comes with a code editor that contains capabilities like cut and
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paste text, search and replace text, auto-loading, brace matching, and syntax highlighting. A message section, a text terminal, a
toolbar with buttons for common operations, and a list of job offers are also included. The GNU General Public License, version
2, is used to release the IDE source codel®IOI6],

L. WORKING

Figure 4 || Complete Circuit Diagram of the Fire Fighting Robot

Autonomous firefighting robots operate through a combination of advanced sensing, decision-making algorithms, and
mechanical action. The process typically begins with the robot's sensors scanning the environment for signs of fire, including
heat signatures and smoke. Once a fire is detected, the robot's artificial intelligence algorithms analyze the data to determine
the fire's location, size, and potential hazards. Based on this analysis, the robot autonomously plans a firefighting strategy,
considering factors such as the accessibility of the fire, the presence of obstacles, and the availability of resources!*®l, The
robot then moves towards the fire using its mobility system, which could be wheels, tracks, or legs, navigating through debris
and obstacles as necessary. Throughout the operation, the robot maintains communication with human operators, providing
updates on its progress and receiving commands or adjustments as needed. Once the fire is extinguished or brought under
control, the robot may continue to monitor the area for potential flare-ups or hazards, ensuring that the firefighting operation
is comprehensive and effectivel'®l, Overall, the working principle of autonomous firefighting robots involves a seamless
integration of sensing, decisionmaking, and action to combat fires autonomously and efficiently.

CONCLUSION

The development and evaluation of the firefighting robot prototype represent a significant step forward in augmenting
firefighting capabilities and improving firefighter safety. Through rigorous testing and analysis, the prototype has demonstrated
promising performance in detecting fires, navigating hazardous environments, and assisting in fire suppression efforts. By
addressing key challenges and leveraging emerging technologies, the firefighting robot holds great potential as a valuable tool for
enhancing firefighting operations in the future. In essence, these diverse firefighting robots collectively represent a technological
frontier in enhancing fire emergency responses, emphasizing safety, efficiency, and adaptability in the face of evolving challenges.
Through this we can conclude that robot can be placed where mortal lives are at threat. The robot can operate in the terrain which
is out of mortal reach in veritably short time. In similar surroundings, Fire Fighting robots can be useful for extinguishing fire. The
robot directly and efficiently finds the fire within minimal time after the fire is detected. This design presents the design and the
perpetration of a firefighting robot that moves towards the fire and pump out water to extinguish the fire.
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