FIRE-FIGHTING
ROBOT



INTRODUCTION

A firefighting robot is an autonomous operated machine designed to assist in
extinguishing fire and minimizing the risks to human firefighters. These robots are
equipped with specialized tools, sensors and water pump to detect and combat
fire in various environments, making them valuable assets in firefighting
operations. They can navigate through hazardous conditions, assess the situation,
and apply firefighting techniques to control and suppress flame, ultimately
improving safety and efficiency in firefighting efforts.

Fire-fighting robot is an autonomous or a remotely controlled machine designed to
assist firefighters in extinguishing fires and navigating hazardous environments.



OVERVIEW

The automatic fire-fighting robot consists of hardware and software design. The
hardware part deals with the mechanical and construction design, electric and
electronic circuitry. The software parts deals with the programming. Fire-fighting
robots can take many forms, but typically consist of a robotic vehicle with a fire-
extinguisher, such as a water pump.

Fire-fighting robots are autonomous machines designed to assist firefighters in
hazardous environments, detecting fires, navigating to the source, and
extinguishing flames, ultimately minimizing human risk and improving fire-fighting
efficiency. It is a compact and portable emergency responder robot that help firemen
in fighting high-rise fire, especially in dangerous places where it is not safe for
people or human fire-fighter to enter. They play a very important role in preventing
fire spread and protecting areas from damages and destructions caused by fire.

Key Features and Functions:

Autonomous Navigation: Fire-fighting robots are equipped with sensors to
navigate through hazardous environments, including smoke-filled areas.

Fire Detection: They usus sensors like thermal IR flame/fire sensors to identify and
locate fires, even in challenging conditions.

Fire Suppression: Robots can be equipped with water systems, or other
extinguishing agents to suppress flames.

Advantages of fire-fighting Robot

¢ Reduced Risk to Human Firefighters: Robots can perform the task which are
very dangerous in hazardous environments and minimizing the risk to human
firefighters.

e Enhanced Efficiency: Robots can respond quickly to fires by controlling them
before they spread, and can operate continuously without getting exhausted.

¢ Improved Situational Awareness: Robots can provide firefighters with real-
time information about the fire situation, including temperature, smoke
levels, and the location of hazards.

e Cost Savings: Firefighting robots are often cheaper to operate than human
firefighters. This can result in significant cost savings in terms of training,
equipment, and manpower.



Limitations of fire-fighting Robot

Robot’s Mobility: Fire-fighting robots are typically wheeled, tracked or both, and
they rely on their mobility to move around and reach the fire. Also, if the surface is
too rough the robot may not be able to move around freely.

Limited Reach: Fire-fighting robots have limited reach and may not be able to get
close enough to put out the fire.

Over Reach: In some case fire-fighting robots cannot measure the distance of the
fire from its initial position therefore, it moves very close to the fire which can
damage its own body.

Limited Fire Fighting Capabilities: Fire-fighting robots are limited in their fire-
fighting capabilities. They are typically limited to availability of water which may
not be enough to put out large or intense fires.

High Cost: Firefighting robots are expensive and may not be affordable for some
fire departments.

OBJECTIVES
With the fact that we have come to know about the features and advantages of a
fire-fighting robot, here are the main aims of making a fire-fighting robot.
These are:
e To protect human firefighters by handling dangerous situations, such as fires
in hazardous environments or structural collapses.
e To allow firefighters to assess situations and minimizing their exposure to risk.
e Robots can access areas that may be difficult or unsafe for humans to reach
such as confined spaces or high-rise buildings.
e To provide real-time data and surveillance, aiding in decision-making and
resource allocation for firefighting efforts.
To design and develop a low cost and affordable Fire-fighting robot.
To run fire-fighting robot automatically.
To stop the spread of fire.
To extinguish fire.



Electronic components Required:
e Arduino Board (UNO)
e USB cable.
e DC gear motor
e | 298 motor driver module.
Flame sensor module.
e Servo Motor.
e | 293D Motor Driver Module.
e Mini DC Submersible Pump.
e 12V Battery.
e On-Off- Switch.
e Jumper wires.

SCHEMATIC CIRCUIT DIAGRAM:
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Figl: Schematic Circuit Diagram of a Fire-Fighting Robot.



BLOCK DIAGRAM:
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Fig2: Block diagram of a fire-fighting robot.

WORKING PRINCIPLE:

For the simulation purpose in Fire-Fighting Robot we use an Arduino IDE. This Fire
Fighting Robot uses an Arduino, 3IR Flame sensors, Servo Motor, L293D and L298
Motor Driver module, DC gear motor and Mini-DC Submersible pump. When any of
the sensor of a fire-fighting robot detects fire, it gives the message to the Arduino.
Then the Arduino sends the signal to the motor driver and the other devices
connected to it, thus water is sprayed in the direction of the fire. This is how Fire
Fighting Robot assist fire fighters in extinguishing of fire,

To understand better at how the fire-fighting robot work let us take a closer look at
the flow chart and truth table given below.



FLOW CHART OF FIRE-FIGHTING ROBOT
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Fig3: Flow chart how a fire-Fighting Robot Work
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TRUTH TABLE OF FIRE-FIGHTING ROBOT

Sensors Detect / not Left Motor | Right Motor | Servo Motor Pump
detect fire

Left Sensor Detect 1.HIGH 1.HIGH Position itself | Spray water
2.LOW 2.HIGH towards fire on fire

Front Sensor Detect 1.HIGH 1.HIGH Position itself | Spray water
2.LOW 2.LOW towards fire on fire

Right Sensor Detect 1.HIGH 1.HIGH Position itself | Spray water
2.HIGH 2.LOW towards fire on fire

Left Sensor Not detected 1.LOW 1.LOW Stop Stop
2.LOW 2.LOW

Front Sensor | Not detected 1.LOW 1.LOW Stop Stop
2.LOW 2.LOW

Right Sensor Not detected 1.LOW 1.LOW Stop Stop
2.LOW 2.LOW

Tablel: TRUTH TABLE of Fire-Fighting Robot




PRODUCT MODEL AND DESIGN:

Fig4(a): Product Design Fig4(b): Product Model

SIMULATION TOOL:

The simulation tool used for this project is an Arduino IDE.

ADDITIONAL IDEAS

Autonomy: Enhancing the robot's ability to navigate through complex
environments autonomously, such as recognizing and avoiding obstacles, and
adapting to changing conditions like smoke or heat. Sensing

Technology: Integrating advanced sensors for improved situational awareness,
including thermal imaging, gas detection, and even biological hazard detection.

Communication: Implementing effective communication systems to enable
coordination between multiple robots.

Versatility: Designing robots capable of adapting to different types of firefighting
scenarios, such as urban environments, industrial settings, or forest fires.

Durability and Reliability: Engineering rugged and reliable robots capable of
operating in harsh conditions for extended periods without human intervention.



Integration with Al: Leveraging artificial intelligence for advanced decision-making
capabilities, such as identifying fire hazards, predicting fire behavior, or optimizing
firefighting strategies.

Human-Robot Collaboration: Fostering seamless collaboration between robots
and human firefighters, where robots can assist with tasks deemed too dangerous
or physically demanding for humans.

Environmental Considerations: Designing robots with minimal environmental
impact, such as using eco-friendly materials or energy-efficient propulsion systems.

Public Acceptance and Policy: Addressing societal concerns and regulatory issues
surrounding the deployment of firefighting robots, including safety, privacy, and
ethical considerations.

FUTURE SCOPE

The future of fire-fighting robots is very promising. In the coming years, it is
expected that robots will become increasingly autonomous and will be able to
navigate dangerous environments, detect and analyse fires, and take action to
extinguish them. Additionally, robots could be used to search and rescue victims,
detect hazardous materials, and monitor situations remotely. There is also
potential for robots to be equipped with thermal cameras, allowing them to detect
hot spots and better direct firefighters on the ground.

Furthermore, the development of artificial intelligence and machine learning could
allow robots to make decisions and coordinate with each other in more
sophisticated ways. Finally, it is likely that robots will be used in more applications
to assist firefighters, such as providing medical aid and helping to contain fires.



CONCLUSION

This project describes about a real time fire-fighting robot which moves at a
constant speed, identifies the fire and then extinguish it with the help of a
pumping mechanism. It has certain advantageous features such as its ability to
detect the location of fire automatically regardless of its compact body and
lightweight structure.

The robot can be used at places having small entrances or small spaces due to its
compact structure. Fire-fighter can use this product because of its potential — small
and compact, lightweight and heat sensing ability.

From the experimental results, the robot can sense smokes and fire accurately in a
short span time.
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