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ABSTRACT: In recent years, the development of autonomous robotic systems has garnered significant attention
across various fields, including firefighting. With the increasing occurrences of fire-related incidents, there is a growing
need for efficient and effective firefighting technologies. In response to this demand, the concept of an Automatic
Firefighter Robot (AFR) emerges as a promising solution. The AFR integrates advanced robotics, artificial intelligence
(AI), and sensor technologies to autonomously detect, navigate, and extinguish fires in diverse environments while
ensuring the safety of both property and human lives. This research presents a comprehensive overview of the design,
development, and implementation of an AFR system. The primary objective of this project is to design a robust and
reliable robotic platform capable of responding to fire emergencies swiftly and effectively. The AFR is equipped with a
range of sensors, including thermal imaging cameras, smoke detectors, and gas sensors, enabling it to detect fires
accurately and assess the surrounding environment in real-time. Leveraging state-of-the-art Al algorithms, such as
machine learning and computer vision, the AFR can analyze sensory data, identify potential hazards, and make
informed decisions autonomously. Key components of the AFR include its locomotion system, fire suppression
mechanism, and communication interface. The locomotion system employs a combination of wheels, tracks, or legged
mechanisms, allowing the robot to traverse various terrains and navigate through cluttered environments with agility
and stability. The fire suppression mechanism encompasses different firefighting techniques, such as water spraying,
foam application, or chemical suppression, tailored to extinguish different types of fires effectively. Moreover, the AFR
is equipped with a robust communication interface, enabling seamless interaction with human operators, emergency
response teams, and other ix autonomous systems. One of the critical challenges in designing an AFR is ensuring its
reliability and safety in dynamic and unpredictable fire scenarios. To address this challenge, the AFR incorporates
redundancy in its sensing, computing, and actuation systems to enhance fault tolerance and resilience. Furthermore, the
AFR's decision-making algorithms prioritize safety considerations, such as avoiding obstacles, minimizing collateral
damage, and preserving structural integrity, while executing firefighting tasks autonomously. The effectiveness of the
AFR is evaluated through extensive simulation studies and real-world experiments conducted in simulated fire
environments and controlled settings. Performance metrics, including response time, firefighting accuracy, and
resource utilization, are analyzed to assess the AFR's overall efficacy and identify areas for improvement. Additionally,
user feedback and stakeholder evaluations provide valuable insights for refining the AFR's design and functionality to
meet the evolving needs of firefighting professionals and emergency responders. In conclusion, the Automatic
Firefighter Robot represents a significant advancement in autonomous firefighting technology, offering a proactive and
adaptive approach to fire suppression and mitigation. By leveraging cutting-edge robotics and Al capabilities, the AFR
has the potential to revolutionize firefighting operations, enhance safety outcomes, and mitigate the impact of fire-
related incidents on society and the environment. Continued research and development efforts are essential to further
enhance the AFR's capabilities, address emerging challenges, and foster its widespread adoption in firefighting and
emergency response applications.

KEYWORDS: Robotics, Firefighting, Artificial Intelligence, Sensor Technologies, Fire Detection
I. INTRODUCTION

One of the most important parameter in fire disaster is life, i.e. lives lost in saving someone else life. It is sometimes
impossible for fire-fighters personnel to access the site of a fire because of explosive materials, smoke, and high
temperatures. A fast response to detect the fire can avoid many disastrous things. From the given statics (Fig.1), it is
observed that fire can take place at domestic as well as at industrial level. A normal spark can generate a massive fire
breakout. Not only lives of industrial people but also the lives of domestics people is at risk because of poor fire
management system. But it can be avoided using proper fire controlling methods. For such environments, fire-fighting
robot is proposed. In today’s generation a lot of robots are proposed and designed to remove the human factor from
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dangerous and deadly work. The use of robots is becoming very common that safely completes the labour intensive or
deadly work for human beings. A Fire Extinguishing Robot is based on IOT Technology. In Fire Extinguishing robot,
we intend to build a system that could extinguish a small flame by sensing and moving to the location itself. It will
automatically detect the fire with the help of flame sensors. Once it detects the fire breakout location, it navigates itself
accordingly to reach the fire source and extinguishes the fire by using built-in fire extinguishing system. For fire
detection it is using three flame sensors. First one for the left direction, second one for the forward direction and third
one for the right direction. Fire extinguishing system will get activated when fire detection system detects fire. It then
reaches the breakout point and water pump will start ejecting the water when it detects fire. The key features of this
system is to provide surveillance of fire so that major fire accidents can be prevented and loss of human lives gets
minimized.

II. EXISTING SYSTEM

e  The automatic firefighter robot utilizes advanced sensors to detect heat and smoke in its surroundings.

e  Upon detection, it swiftly navigates towards the source of the fire using GPS and mapping algorithms.

e Equipped with a high-pressure water nozzle or extinguishing agent, it effectively suppresses flames, limiting fire
spread and damage while ensuring the safety of human occupants.

III. PROPOSED SYSTEM

. Consists of temperature sensor, smoke sensor, flame sensor, MCU, water pump and geared motor. The robot
continously monitors variation of the surrounding area using these sensors. Robotic vehicle moves through the disaster
area as per the instructions from MCU. Whenever the temperature exceed a limit value and flame and smoke detected
MCU identifies that there is presence of fire and operate water pump. MCU operates the relay through the relay
interface. Audio and visual indications are attached to the robotic system.

IV. BLOCK DIAGRAM
POWER SUPPLY
—— LEFTSENSOR —— —————  SERVOMOTOR ——
| PRIGHTSENSOR | | CONTROLLER - | PUMP WITH
(ARDUIND) TANK
FRONT SENSOR
MOTOR DRIVER
LE;—T Rlé HT
MOTOR MOTOR
V. COMPONENTS
. Flame sensor
. Smoke sensor
. Arduino Uno
. Motor Driver & Geared DC Motor
. Relay
. Led
. Pump
. Servo Motor
5.1.ARDUINO UNO
. Arduino is an open-source electronics platform based on easy-to-use hardware and software. Arduino boards
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are able to read inputs - light on a sensor, a finger on a button, or a Twitter message - and turn it into an output -
activating a motor, turning on an LED, publishing something online.

crocontroller

RESE

5.2.L298D MOTOR DRIVER

e OPERATING SUPPLY VOLTAGE UP TO 46V.

e LOW SATURATION VOLTAGE.

e TOTAL DC CURRENT UP TO 4A.

e LOGICAL\"O\" INPUT VOLTAGE UP TO 1.5 V (HIGH NOISE IMMUNITY)
e  OVERTEMPERATURE PROTECTION.

5.3.WATER PUMP

Used to pump water when an abnormal

condition arises in the system.

When excess temperature, smoke and flame

detected, the water pump starts pumping 4
water.

Water pump is connected to the relay, the

relay becomes energizes according to the

instruction from the MCU

5.4.FLAME SENSOR

The Fire or Flame Sensor Module can detect flame in 700-1100nm. Small flames like a lighter flame can be detected at
roughly 0.8m. The detection angle is roughly 60 degrees and the sensor is particularly sensitive to the flame spectrum.

IJAREEIE © 2024 | AnISO 9001:2008 Certified Journal | 1452


http://www.ijareeie.com/

International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE)

| e-ISSN: 2278 — 8875, p-ISSN: 2320 — 3765| www.ijareeie.com | Impact Factor: 8.317|| A Monthly Peer Reviewed & Referred Journal |

FTITTY
IJAREEIE
; - |

[[Volume 13, Issue 5, May 2024||

|DOI:10.15662/1IJAREEIE.2024.1305023|

Photodiode Potentiometer (10K)

Capacitor- 100n|

Resistor-1K

Resistor-T0K Sy \ -
ND
LED-(indicator)
voltage Output(Digital value)

comparator
IC

VI. HARDWARE

VIL. RESULTS & CONCLUSIONS

* Here we successfully developed the FIRE EXTINGUSHER Robot. Robot detects temperature, smoke and flame at
the site where the robot exists. The movement of this robot vehicle is controlled by Arduino as per the program. This
robot is help full in those areas where natural calamity and bomb explosions where occurred. If fire is detected with the
help of sensors, Arduino operates the water pump mechanism through relay circuit.

¢ Remote control of robot.
¢ Camera and Video transmission can be added.
» Improve weight capacity of the robot.
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