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Abstract

A fire-fighting robot is an autonomous or remotely operated machine designed
to detect, suppress, and extinguish fires, ensuring safety in hazardous environments.
Equipped with advanced sensors such as infrared cameras, temperature sensors, and
gas detectors, these robots identify fire sources and assess environmental conditions.
They use water jets, foam dispensers, or extinguishing agents to combat flames
effectively. Some models are designed to navigate challenging terrains, including
staircases and debris-filled areas, using tracks or wheels. Integration with wireless
communication allows remote control and real-time monitoring. These robots are
invaluable in environments where human intervention is risky, such as industrial
facilities, chemical plants, and disaster zones. Fire-fighting robots reduce response
times, protect firefighters from life-threatening situations, and mitigate property
damage. With advancements in artificial intelligence, robotics, and materials, these
systems are becoming more efficient, reliable, and adaptable to diverse scenarios,

making them an essential tool in modern fire safety and disaster management.
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1 Introduction

A fire-fighting robot is a ground breaking innovation designed to combat fire hazards and
enhance safety in environments where human intervention is risky or impractical. Fire
accidents pose significant threats to lives, property, and the environment, often occurring
in unpredictable and inaccessible locations such as industrial plants, chemical facilities,
or disaster-stricken areas. Traditional fire-fighting methods, though effective, can expose
firefighters to extreme heat, toxic fumes, and structural instability. Fire-fighting robots
address these challenges by offering a safer, more efficient alternative.

These robots are equipped with advanced technologies, including thermal imaging
cameras, flame sensors, gas detectors, and temperature sensors, enabling them to detect
and assess fire conditions accurately. Their ability to navigate through challenging terrains,
such as debris-filled or narrow spaces, ensures they can reach fire hotspots that might be
inaccessible to humans. Depending on their design, these robots can extinguish fires using
water, foam, or other fire-suppressing agents.

Modern fire-fighting robots often feature autonomous and semi-autonomous capabilities
powered by artificial intelligence (AI). AI allows them to make real-time decisions, such as
identifying the most effective extinguishing method and planning optimal routes. Wireless
communication systems enable remote control and monitoring, providing operators with
critical data about the environment and robot performance.

The integration of robotics in fire safety has revolutionized emergency response, reducing
response times and minimizing risks to human lives. Fromindustrial facilities to residential
areas and large-scale disasters, fire-fighting robots are versatile tools capable of adapting to
various scenarios. As technology continues to evolve, fire-fighting robots are expected to
become more efficient, intelligent, and accessible, playing a crucial role in modern disaster
management and safety strategies. Their development signifies a significant step towards

creating safer environments and improving the effectiveness of fire-fighting operations.
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2 Experimental Procedure

The experimental procedure for developing and testing a fire-fighting robot involves several
keysteps. First, thedesign and assemblyoftherobot are completed, integrating components
like flame sensors, thermal cameras, water or foam dispensers, and mobility systems (e.g.,
wheels or tracks). The robot is programmed with navigation and fire-detection algorithms,
often incorporating Al for autonomous operation.

Next, the robot is tested in controlled environments to evaluate its fire detection,
suppression, and mobility capabilities. Simulated fire scenarios are created using controlled
flames and varying obstacles to assess its responsiveness and efficiency. The robot’s ability
to detect fire sources, extinguish flames, and navigate challenging terrains is monitored.

Any performance issues are identified and addressed by refining hardware and software
components. Finally, the robot undergoes real-world testing in more complex fire scenarios
to ensure reliability. Data from these tests help optimize the design for practical use in fire

safety applications.

2.1 Components

3  Arduino uno

NN

Flame Irsensor
Robot Chassis
12v Battery
Jumper wire

Nozzle for water

o L QN W

Water pump Sv

10 Single Channel relay
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11 Servo motor

12  Wheel 4

13 Bo motor

14 1L298N motordriver

15 On offswitch

15.1  Circuit Design and Assembgly:

16 Chassis and Motors:

e Attach the four BO motors to the designated slots on the chassis.
¢ Secure the wheels onto the motor shafts.

17 Arduino and Motor Driver:

e Mount the Arduino Uno and L298N motor driver onto the chassis.
e Connect the BO motors to the output terminals of the motor driver.

e Wire the motor driver’s input pins to the Arduino’s digital pins (e.g., 2, 3, 4, and 5).

18 Flame Sensors:

¢ Place three flame sensors on the chassis: one at the front center and the other two at the
front corners, all facing forward.

e Connect the sensors to the Arduino’s analog pins (e.g., Ao, A1, and A2).

19 Water Pump and Relay:

¢ Install the 5V water pump on the chassis and connect the nozzle for water discharge.
e Connect the pump to the normally open (NO) terminal of the relay module.
» Wire the relay control signal pin to the Arduino (e.g., digital pin 6).
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20 Servo Motor:

¢ Attach the servo motor to the chassis to control the nozzle’s movement.
e Connect the servo to the Arduino’s digital pin (e.g., pin 11).

21 Power Supply:

e Connect the 12V battery to power the motor driver and Arduino through the VIN pin.

22 Final Check:

e Secure all components and ensure proper insulation of wires to avoid short circuits.
These steps complete the physical assembly of the fire-fighting robot.

Figure 1: Figure 1: Circuit Diagram
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22.1 Blynk App Setup:

23 Imstall Blynk App

Download the "Blynk" app from the app store.

24 Create aProject

Sign up and create a new project in Blynk.
Choose your connection type (e.g., Wi-Fi or Bluetooth).

Add virtual buttons/sliders for robot movement and pump activation.

25 Program the Robot

Include the Blynk library in your Arduino code.
Configure your project token and Wi-Fi/Bluetooth settings in the code.

Upload the code to the robot’s Arduino.

26 Control the Robot

Open the app, connect to the robot, and use the interface to navigate and activate fire

extinguishing.

27 Testing the App

Test all commands (movement, fire detection, pump activation) in a safe environment.
Adjust the app interface or code if needed for optimal performance.

This setup ensures smooth control and monitoring of the fire-fighting robot!
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28 Results and Discussions

28.1 Fire Detection Efficiency

The fire-fighting robot successfully detected flames using the flame sensors. The system
responded within 2-3 seconds of flame exposure, showcasing reliable sensitivity. The three-
sensor configuration ensured accurate localization of the fire source by comparing sensor

readings.

28.2 Navigation and Obstacle Avoidance

The robot effectively navigated through simulated environments, including narrow pathways
and debris. The motors and chassis provided stable movement, while the design allowed
smooth obstacle avoidance. However, performance slightly decreased on uneven surfaces,

indicating the need for terrain adaptability.

28.3 Extinguishing Capability

The robot extinguished fires using the water pump within a radius of 2 meters. The servo-
controlled nozzle ensured precise targeting. Testing with different fire intensities revealed
effective suppression for small to medium fires. Larger fires required closer proximity and

longer extinguishing time.

28.4 Autonomous Operations

The integration of AI and pre-programmed algorithms enabled the robot to operate
autonomously in detecting, navigating, and extinguishing fire. It consistently followed

optimal paths toward fire sources while avoiding obstacles, reducing human intervention.
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28.5 Power Consumption

The system operated efficiently, with the 12V battery lasting approximately 30 minutes under
continuous use. Power consumption was highest during water pump operation. Optimization

of power distribution is suggested to improve battery life.

28.6 Limitations

The robot struggled with detecting fires in windy conditions due to flame fluctuations.
Additionally, it showed reduced efficiency in extinguishing fires with oil-based fuels. These

limitations suggest the need for enhanced sensors and alternative extinguishing mechanisms.

28.7 Conclusion

The fire-fighting robot demonstrated effective fire detection, navigation and suppression
capabilities in controlled environments. While certain limitations were observed, the robot’s
overall performance highlights its potential for practical applications in fire safety. Further
improvements in sensor technology and terrain adaptability can make it more versatile and

efficient.
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