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Abstract: Fire hazards pose a significant threat to life and property, necessitating the development of automated
firefighting systems. Firefighting robots have emerged as a promising solution, offering enhanced efficiency,
safety, and reliability. This paper reviews the design and development of firefighting robots, focusing on their
structural components, control mechanisms, and sensor technologies. Various approaches, including autonomous
navigation, remote operation, and artificial intelligence integration, are discussed. The paper also highlights
recent advancements and challenges in this domain, providing insights into future research directions.
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I.INTRODUCTION

Fire hazards remain a significant threat to urban environments, industrial facilities, and residential areas, often
putting human lives and valuable property at risk. With the rapid advancement of robotics and embedded systems
technology, innovative solutions have emerged that aim to enhance fire detection and suppression while
minimizing human exposure to danger. One such innovation is the Bluetooth-based firefighting robot, designed
to operate autonomously in complex and hazardous environments. This robot leverages a suite of modern sensor
technologies to detect and respond to fires efficiently. Traditional fire detection methods, such as smoke and gas
sensors, provide an initial alert; however, integrating advanced distributed fire optic temperature sensors offers a
more detailed analysis of temperature variations, allowing the robot to pinpoint the source of the fire accurately.
In addition, the robot is equipped with ultrasonic sensors that facilitate real-time obstacle detection, ensuring safe
navigation in cluttered and unpredictable environments. Digital image processing further enhances the system by
analyzing color video feeds to identify active flames and monitor fire spread, which is critical for effective
intervention. The inclusion of Bluetooth technology enables wireless communication, allowing for remote control
and data exchange between the robot and the central monitoring system. The primary objective of this project is
to develop a robust, responsive, and intelligent firefighting robot capable of operating in the aftermath of disasters,
and potentially even during active fire situations, to mitigate risks and limit damage. This document outlines the
design, implementation, and testing of the Bluetooth-based firefighting robot, discussing its architecture, key
components, and potential applications in urban safety and emergency response scenarios.

Need of firefighting robot

Robotic firefighting systems are designed with certain tasks in mind. These include analyzing and locating fires,
conducting search and rescue, monitoring hazardous variables and the primary task of fire control and
suppression.
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Objectives:
® The main objective of the project is to automatically or manually design and implement a fire fighter robot
to extinguish fire. The robot is equipped with sensors that help us detect fire, smoke or any obstacles in its
path.
e The robot will allow for firefighters to not only put out a fire remotely, but allow rescuers to scout a
burning building before sending any firefighters inside. The implementation of this robot will increase the
safety of firefighters and therefore help mitigate deaths from unsafe conditions.

1. LITERATURE SURVEY

The robot is designed to navigate manually through an environment and extinguish fires using a water pump and
nozzle pair. The paper presents the hardware and software components of the robot, including the motor control
system, sensors, and algorithms for obstacle detection and fire detection (OpenCV). The robot is also equipped
with a wireless communication (Bluetooth module) system that enables remote control and monitoring of its
activities. Overall, this study demonstrates the feasibility and effectiveness of using Arduino-based platforms for
the development of advanced firefighting robots. [1]

Fire incident is a disaster that can potentially cause the loss of life, property damage and permanent disability to
the affected victim. They can also suffer from prolonged psychological and trauma. Fire fighters are primarily
tasked to handle fire incidents, but they are often exposed to higher risks when extinguishing fire, especially in
hazardous environments such as in nuclear power plant, petroleum refineries and gas tanks. They are also faced
with other difficulties, particularly if fire occurs in narrow and restricted places, as it is necessary to explore the
ruins of buildings and obstacles to extinguish the fire and save the victim. With high barriers and risks in fire
extinguishment operations, technological innovations can be utilized to assist firefighting. Therefore, this paper
presents the development of a firefighting robot dubbed QRob that can extinguish fire without the need for fire
fighters to be exposed to unnecessary danger. QRob is designed to be compact in size than other conventional
fire-fighting robot in order to ease small location entry for deeper reach of extinguishing fire in narrow space.
QRob is also equipped with an ultrasonic sensor to avoid it from hitting any obstacle and surrounding objects,
while a flame sensor is attached for fire detection. This resulted in QRob demonstrating capabilities of identifying
fire locations automatically and ability to extinguish fire remotely at particular distance. QRob is programmed to
find the fire location and stop at maximum distance of 40 cm from the fire. A human operator can monitor the
robot by using camera which connects to a smartphone or remote devices. [2]

Firefighting robots are becoming increasingly important tools for combatting fires, particularly in hazardous
environments. This paper reviews the latest advancements in real-time wireless firefighting robots. We explore
the design considerations, functionalities, and sensor technologies employed in these robots. The paper highlights
the importance of autonomous navigation, fire source detection and localization, and fire suppression mechanisms
for effective firefighting. We discuss various fire extinguisher options beyond traditional water-based systems to
address the limitations of water in extinguishing specific fires. Additionally, the paper examines the role of real-
time communication for remote control and data transmission, enabling firefighters to make informed decisions
and ensure their safety during operations. Finally, the review concludes by emphasizing the potential of real-time
wireless firefighting robots to revolutionize fire response strategies and improve firefighter safety. [3]

With the advent of technology, humans are replaced with robots in life-threatening situations. We aim to design
a robot capable of detecting and suppressing fires. By designing and implementing an autonomous robot capable
of detecting and extinguishing flames, disasters can be avoided with minimal risk to human life. In this research,
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we illustrate an autonomous robot capable of detecting flames indoors and maneuvering towards the flame to
extinguish it with the help of carbon dioxide. [4]

A fire fighter's work entails detecting and extinguishing fires. In this rapidly evolving technological age, the world
is gradually moving toward automated systems. Firefighters, on the other hand, are often in danger of losing their
lives. The majority of the deaths were caused by toxic gases found in the firefighting environment. As a result,
in order to resolve these issues, our system was developed a fire-fighting robot. This firefighting robot uses
ARDUINO, Fire sensors, etc. When the Robot detects a fire, it gives a message to the ARDUINO. Then
ARDUINO sends the signal to the motor driver and thus water is sprayed in the direction of the fire. It assists
firefighters in extinguishing the fire. And it will perform its operation where firefighters can’t reach. This will
save the risk of fire fighters' life and avoid any further damage. [5]

1. PROPOSED SYSTEM

The proposed system for the fire-fighting robot is designed to detect and extinguish fires autonomously using a
combination of sensors, actuators, and a microcontroller-based control system. The microcontroller serves as the
central processing unit, managing all operations such as motor control, sensor data processing, and
communication. A flame sensor continuously monitors the environment for fire, and upon detection, the
microcontroller processes the sensor data and activates the motor driver, enabling the robot to navigate toward
the fire. The power supply and battery provide the necessary voltage and current to ensure uninterrupted
operation. Additionally, the system incorporates an HC-05 Bluetooth module, which allows for wireless
communication, enabling remote monitoring and manual control if needed. Once the robot reaches the fire source,
the relay module triggers the pump, which sprays water or fire-extinguishing fluid to suppress the flames. The
motors and motor driver facilitate the movement of the robot, allowing it to respond dynamically to different fire
scenarios. This design enhances fire-fighting efficiency, reduces human intervention in hazardous environments,
and ensures a rapid and effective response to fire emergencies.

V. CONCLUSION

The design and development of fire-fighting robots have emerged as a crucial innovation in modern fire safety
systems, significantly reducing human risk and enhancing fire suppression efficiency. This review highlights the
key components and working mechanisms of a fire-fighting robot, including the integration of a microcontroller,
flame sensor, motor driver, Bluetooth module, relay module, and water pump. By leveraging automation and
wireless communication, these robots can detect fires, navigate hazardous environments, and extinguish flames
effectively. Despite advancements, challenges such as real-time decision-making, power efficiency, and
adaptability to different fire conditions remain areas for further research. Future improvements, including the
incorporation of artificial intelligence (Al), l1oT-based monitoring, and advanced sensor technologies, can further
enhance the reliability and autonomy of fire-fighting robots. Overall, the continuous development of such robotic
systems holds great potential in revolutionizing fire safety and emergency response mechanisms.
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