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[footnoteRef:1]Abstract— Fire fighter robots are emerging as crucial tools for enhancing fire safety and rescue operations. Designed to operate in hazardous environments where human lives are at risk, these robots integrate advanced sensing, navigation, and firefighting mechanisms. This paper provides a comprehensive review of fire fighter robots, discussing their design, functionality, key technologies, current trends, and future prospects. [1: 
] 

 INTRODUCTION
T
[bookmark: _GoBack]HE Fire incidents pose a significant threat to lives, infrastructure, and the environment. Traditional firefighting methods, while effective, often place firefighters in perilous situations. The integration of robotics into firefighting has introduced innovative solutions that can mitigate risks, enhance operational efficiency, and save lives. Fire fighter robots are autonomous or remotely controlled machines designed to detect, approach, and extinguish fires, even in complex or inaccessible areas.
Literature Review
With the advancement of the Internet of Things (IoT) and embedded systems, autonomous fire-fighting robots have emerged as an essential innovation in safety engineering. These robots are designed to detect fire at an early stage and act swiftly to extinguish it, minimizing human risk and property damage. This literature review surveys existing research and developments in fire detection robots, particularly those based on Arduino platforms combined with IoT technology.
SYSTEM DESIGN
3.1 Hardware Components
· Arduino UNO/Nano: Acts as the central processing unit for     sensor data and motor control.
· Flame Sensor: Detects infrared light emitted by fire.
· Motor Driver (e.g., L298N): Controls DC motors for robot movement.
· Water Pump: Activated to extinguish detected fires.
· Power Supply: Rechargeable battery pack.
· Chassis: Durable and mobile for rough terrains.
   
3.2  Working Principle
· The flame sensor continuously monitors for fire.
· Upon detection, Arduino processes the sensor signal.
· Robot navigates towards the fire using motor drivers.


· The water pump is activated to spray water and 
               extinguish the fire.
.


3.3  Software Stack

· Arduino IDE: Firmware development and sensor programming.
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RESULTS
The proposed Arduino-based Fire Fighter Robot was successfully designed, constructed, and tested in controlled environments. The robot was able to detect flames using the flame sensor and autonomously move toward the fire source. Upon reaching close proximity to the flame, the robot activated the water pump and effectively extinguished small fires.
4.1 Flame Detection
· The flame sensor detected fire accurately within a distance of approximately 80–100 cm under normal indoor lighting conditions.
· False detection rates were minimal, although very bright lights (e.g., sunlight) occasionally triggered the sensor.
4.2 Motor Control and Navigation
· The DC motors, controlled via the L298N motor driver, provided smooth forward motion.
· Basic obstacle avoidance was achieved manually through design layout; full obstacle sensing was not included in this prototype.
4.3 Water Pump Activation
· Upon detection of a flame, the water pump was successfully activated within 1 second.
· The pump was able to project a water stream capable of extinguishing flames such as:
· Candle fires
· Small paper fires
4.4 Response Time
· The total response time from flame detection to extinguishing the fire was observed to be within 3–5 seconds, depending on the distance.
4.5 Power Consumption
· The robot operated efficiently on a 9V battery for Arduino control and a 12V power supply for motors and pump.
· Continuous operation time was approximately 30–40 minutes under full load before battery replacement was needed.
 DISCUSSION 
The Arduino-based Fire Fighter Robot successfully demonstrated the capability to detect and extinguish small fires autonomously using basic electronic components. The integration of a flame sensor, motor driver, DC motors, and a water pump into a simple Arduino-controlled system proved to be both effective and cost-efficient.
One of the major strengths of the system was the fast response time. The flame sensor detected the fire within a reasonable distance (80–100 cm), and the robot moved toward the source without human intervention. The use of a water pump controlled by a transistor switch enabled immediate activation once fire was detected, allowing for quick fire suppression.
However, several limitations were observed during testing:
· Limited Detection Range: The flame sensor was effective only up to about 1 meter. Detection beyond this range was unreliable, suggesting the need for more sensitive sensors for larger areas.
· False Positives: Under strong ambient lighting, especially direct sunlight, occasional false detections were noticed. Future models could incorporate additional sensors like gas sensors or temperature sensors to confirm fire events more reliably.
· Simple Navigation: The robot moved directly forward without any advanced obstacle avoidance system. If obstacles were present between the robot and the fire, the robot could not reroute itself. Adding ultrasonic sensors for obstacle detection could improve navigation.
· Water Supply Limitation: The water reservoir size limited the robot’s firefighting capability to small fires only. A larger tank or a higher-pressure pump could be implemented for handling more serious situations.
· Despite these challenges, the project achieved its main goals:
· Detect a fire
· Move toward the fire
· Extinguish it autonomously..
· Demonstrate the basic concept of an IoT-enabled (or Arduino-controlled) safety system for homes, offices, and farms.
Overall, the project highlights the feasibility of using low-cost electronics for emergency response robots. With further improvements such as sensor fusion, better power management, and autonomous path planning, the system could be enhanced to handle more complex real-world fire situations.
CONCLUSION 
In this project, an Arduino-based Fire Fighter Robot was successfully designed, built, and tested to autonomously detect and extinguish small fires. Using simple components such as a flame sensor, DC motors, a motor driver, and a water pump, the robot demonstrated quick response times and effective fire suppression in controlled conditions.

The robot could detect flames within a reasonable distance, move toward the fire, and activate the water pump to extinguish it — all without human intervention. The system proved to be cost-effective, simple to implement, and suitable for basic fire safety applications in homes, offices, and small industrial setups.

Although the prototype showed promising results, certain limitations such as restricted detection range, absence of obstacle avoidance, and limited water supply were identified. Addressing these challenges in future versions could make the system even more reliable and versatile.

Overall, this project successfully validates the potential of low-cost, Arduino-based fire fighting robots for early fire detection and control, thereby enhancing safety and reducing the risk to human life.
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Fig-3: Block Diagram of Fire Fighting Robot




