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Abstract.   
 
The Firefighting Bot with Image Processing is a smart, autonomous system designed to quickly detect and put 
out fires, reducing response time and minimizing potential damage. At its core, it runs on a Raspberry Pi, 
equipped with a Pi camera to capture real-time images. Using the OpenCV library and thresholding techniques, 
the bot can recognize flames in its surroundings, analyze their intensity, and assess the severity of the situation. 
Once a fire is detected, the bot springs into action, moving toward the source. It adjusts the water spray based on 

system, the bot can accurately disperse water to the affected area. Its autonomous navigation allows it to move 
smoothly, avoid obstacles, and focus on fire suppression. This project is designed to improve fire safety by 
offering a reliable, automated solution for detecting and extinguishing fires. It can be especially useful in 
residential, commercial, and industrial spaces particularly in areas that are difficult to access or too dangerous 
for humans. By combining image processing with robotics, this system ensures a fast, cost-effective, and 
scalable approach to modern fire safety management. 
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1. INTRODUCTION 

Fire incidents are dangerous and can cause significant damage, especially since traditional fire suppression 
systems often require human intervention. This project aims to address this issue by creating a firefighting robot 
that uses Raspberry Pi and image processing to detect and put out fires. By using OpenCV and thresholding 
techniques, the robot can detect fires in real-time through a Pi camera, assessing the fire's severity and then 
activating a water spray system to extinguish the flames.  

The use of image processing ensures that fires are detected accurately, reducing false alarms that can occur with 
methods like smoke detectors. The bot is designed to navigate on its own, moving across various terrains, 
avoiding obstacles, and prioritizing the fire suppression task. It features real-time image processing, fire density 
estimation, and precise water dispersion to ensure an efficient response.  

This robot has wide-ranging applications in residential, industrial, and commercial environments, making it a 
versatile fire safety solution. Although there are challenges, such as distinguishing fire from other light sources, 
future improvements may involve adding extra sensors or using a machine learning for more accurate detection. 
In the end, this firefighting robot provides practical, automated solution to improve fire safety and reduce the 
risks that humans face during emergencies.                                                                                                         

 

2. LITERATURE REVIEW 
 

Pramod B. N., Hemalatha K. N., Poornima B. J., and Harshitha R. (2019) examined the role of robotics 
in fire safety with their research on the "Fire Fighting Robot." Their study addresses the increasing number of 
fire-related accidents and highlights how robots can replace humans in dangerous firefighting tasks. The 
proposed robot is designed to detect and extinguish fires autonomously, minimizing human risk. The system is 
powered by an Arduino UNO (ATmega328P microcontroller), which serves as its central control unit. With a 
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mechanical design capable of executing complex actions automatically, the robot navigates toward fire hazards 
and deploys its extinguishing mechanism efficiently. This research demonstrates how robotics can enhance 
safety and reduce human intervention in fire emergencies. 

 
Jayanth Suresh (2017) explored the use of automation in high-risk environments with his research on 

-
maneuver toward the fire, and extinguish it using carbon dioxide. By leveraging fire detection sensors and 
autonomous navigation systems, the robot ensures quick and precise fire suppression with minimal human 
intervention. This research underscores the growing importance of robotics in life-threatening situations, 
offering a safer alternative to traditional firefighting methods. 

 

civilians. Their study acknowledges that current firefighting methods are often inadequate and slow, leading to 
increased casualties and property damage. The robot they designed features infrared flame sensors, ultrasonic 
sensors, and an autonomous fire suppression system capable of detecting and extinguishing fires in multiple 
directions (left, right, and front). Equipped with a servo-mounted water spray nozzle, the system ensures 
maximum coverage. The robot also integrates obstacle detection technology, allowing it to navigate hazardous 
environments with ease. By reducing reliance on human firefighters, this innovation significantly enhances fire 
safety and emergency response efficiency. 

 
-Fighting 

firefighting drones (quadcopters) that can operate in dangerous environments without human intervention. These 
drones use electric motors, magnetic field principles, and four-rotor propulsion systems to navigate through fire 
zones, detect fire sources, and assist in suppression. By utilizing advanced flight control mechanisms and fire 
detection sensors, these drones offer a safer and more effective approach to modern firefighting. 

 
Md. Ratul Ahmed Rahat, Md. Moontasir Rashid, Moloy Cgandra Dey, and Tusar Banik (2020) 

robot designed to minimize fire-related damage. This multi-functional robot operates in two modes: manual and 
autonomous. In manual mode, a firefighter can remotely control the robot to extinguish flames using a water-
based system. In autonomous mode, the robot detects fires using gas and flame sensors and responds by 
extinguishing the flames with carbon dioxide. The system is equipped with three Arduino boards, a GSM 
module, sensors, relays, servo motors, and 12V lithium polymer batteries, allowing it to navigate fire zones, 
avoid obstacles, and effectively suppress fires. This research presents a practical, life-saving solution for modern 
firefighting operations. 
 

3.  METHODOLOGY 
 

The proposed methodology consists of several key phases: 
 
3.1. Data Acquisition and Image Processing: 
 

 The firefighting robot is equipped with a Pi camera to capture real-time video data. The Raspberry Pi 
processes this video feed using OpenCV, applying image processing techniques like thresholding to 
detect fire. The process includes capturing frames, converting them to the HSV color space for better 
fire detection, applying thresholding to create a binary mask, and detecting contours to identify fire 
regions. The fire's size and intensity are then analyzed to estimate fire density, triggering the 
suppression system if needed. 

3.2. Fire Density Estimation and Actuation: 

 Fire density is crucial in determining the severity of the fire. The robot calculates density by measuring 
the fire-like pixels in the binary mask and compares it to a predefined threshold. If the density exceeds 
the threshold, it activates the suction pump using a relay connected to the Raspberry Pi. This system 
ensures efficient water usage for suppressing the fire. 
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3.3. Navigation and Obstacle Avoidance: 

 The robot's navigation system is powered by a motor driver, with an ultrasonic sensor used for obstacle 
detection. The sensor calculates the distance to nearby objects, allowing the bot to avoid collisions. The 
bot adjusts its path and uses fire detection data to navigate towards the source of the fire, ensuring safe 
and efficient movement in complex environments. 

3.4. Power Management and Control:  

 A 12V lead-acid battery powers the entire system. Voltage regulation is implemented to ensure that 
components like the Raspberry Pi, motor driver, and suction pump receive appropriate power. The 

like the pump and motors during fire suppression. 

3.5. System Integration and Testing:  

 All components, including the Pi camera, sensors, motor driver, and suction pump, are integrated into a 
cohesive system. The software, including fire detection algorithms and navigation control, is deployed 
on the Raspberry Pi. The system undergoes rigorous testing to evaluate fire detection accuracy, 
response time, navigation efficiency, and obstacle avoidance. The robot is fine-tuned based on testing 
results to ensure reliable performance in real-world fire emergencies. 

4.  SYSTEM COMPONENTS 
 
4.1. Raspberry Pi:  
 

 The Raspberry Pi acts as the robot's brain, processing images and making decisions in real-time using 
Python and OpenCV. It connects seamlessly with the camera, motors, and sensors, managing 
everything from navigation to fire suppression. Its compact size and efficiency make it perfect for this 
life-saving application, ensuring quick and reliable responses to emergencies. 

 
4.2. Pi Camera:  
 

 The Pi Camera captures the world in real-time, providing crisp images and videos to spot fire quickly. 
It identifies fire by analyzing colors like red, orange, and yellow, ensuring accuracy even in tricky 
lighting. Lightweight and efficient, this camera works hand-in-hand with the Raspberry Pi to guide the 
robot toward the flames. 

 
4.3. Ultrasonic Sensor:  
 

 
sending out sound waves and listening for their echoes, allowing the bot to judge distances and move 
safely through cluttered spaces. With this smart technology, the bot can stay focused on fighting fires 
without getting stuck along the way. 

 
4.4. Suction Pump and Water Nozzle:  
 

 The pump draws water from the tank and sprays it through the nozzle directly at the flames, targeting 
the fire with precision controlled by the Raspberry Pi. It adjusts the water flow based on the intensity of 
the fire to avoid waste. This system ensures the robot can effectively douse flames, even in tight or 
hazardous spots. 

 
4.5. Motor Drivers (H-Bridge Circuit):  
 

 
obstacles. They use an H-Bridge circuit to manage motor speed and direction, ensuring the robot moves 
exactly as needed. This reliable system allows the robot to navigate safely and efficiently, even in 
complex environments. 
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4.6. Power Source (12V Lead-Acid Battery):

The 12V battery powers the entire robot, keeping it active and ready to respond during emergencies.

most. The system smartly distributes power, prioritizing critical components like the pump and motors 
for efficiency.

4.7. Software and Programming: 

processes camera feeds to detect flames, controls sensors for obstacle avoidance, and manages the 
water spray. With user-friendly tools like Thonny IDE, the software ensures the robot works smoothly 

and adapts to real-world challenges.

Figure 1. Firefighting Bot using Image Processing

5. CHALLENGES

5.1. Minimizing False Positives in Fire Detection:

The system may occasionally mistake non-fire objects for fire, leading to unnecessary activation of the 
suction pump. To enhance accuracy and reduce false positives, advanced image processing techniques 
such as color filtering and motion analysis can be implemented.

5.2. Real-Time Performance & Processing Speed:

Processing real-time video data for fire detection and navigation requires significant computational 
power, potentially leading to delays in responding to fires. Optimize the image processing algorithms 
and employ efficient data handling to ensure real-time performance, reducing the time taken for fire 
detection and bot navigation

5.3. Obstacle Avoidance in Complex Environments:

The bot may struggle to navigate in environments with tight spaces or dynamic obstacles, making it 
difficult to reach the fire source. Enhance the ultrasonic sensor range and improve obstacle detection 
algorithms to better navigate through complex environments, ensuring safe and efficient movement.
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5.4. Power Management for Extended Operations: 
 

 Ensuring continuous power supply during prolonged firefighting missions, especially when the battery 
may deplete faster under heavy load (e.g., when the pump is operating continuously). Implement more 
efficient power management strategies, including dynamic power allocation and real-time battery 
monitoring, to ensure adequate power for critical operations. 

 
5.5. Fire Density Estimation Accuracy: 
 

 Accurate estimation of fire density is crucial to determine when to activate the suction pump, but 
detecting and quantifying fire size in dynamic conditions may be challenging. Use more sophisticated 
image analysis methods, such as edge detection and machine learning-based recognition, to improve 
fire density estimation and reduce errors in triggering suppression mechanisms. 

 
 6. RESULT 
 
The development of an autonomous firefighting robot integrating Raspberry Pi, Pi Camera, and advanced image 
processing techniques marks a significant advancement in fire safety. This system leverages OpenCV to detect 
fires in real-time by analyzing visual characteristics like brightness and color intensity. The bot also estimates 
fire density, ensuring its response is proportional to the situation. By combining robotics, IoT, and computer 
vision, this project addresses the critical need for rapid and precise fire suppression while reducing risks to 

 

A suction pump powers the water spray system for targeted fire extinguishing, while a relay module and motor 
driver ensure smooth operation and movement. An ultrasonic sensor allows the bot to navigate obstacles and 
maneuver through challenging environments autonomously. A 12V lead-acid battery provides reliable power for 
extended operations, making the system suitable for diverse settings, including homes, factories, and 
commercial spaces. 

7. FUTURE WORK 
 
The firefighting robot has immense potential for growth and improvement. In the future, it could be enhanced 
with advanced sensors like thermal cameras, allowing it to detect fires more accurately, even in smoke-filled or 
low-visibility conditions. Adding wireless communication would enable remote monitoring and control, making 
it ideal for hazardous or hard-to-reach areas. With the integration of machine learning, the robot could make 
smarter decisions, adapting its navigation and fire suppression techniques based on real-time conditions. 
  
Scaling up the design to create larger robots or even drones could extend its use to industrial sites and forest fire 
emergencies. For long-term efficiency, exploring solar-powered or hybrid energy solutions could make the 
system more sustainable. With these advancements, the firefighting robot could become a highly intelligent and 
adaptable tool, transforming the way we approach fire safety. 

 

8.  REFERENCE 
 
[1] Pramod B. N., Hemalatha K. N., Poornima B. J., Harshitha R. (2019). Fire Fighting Robot. Presented at 

the International Conference on Information and Communication Technology Convergence (ICTC). 
 
[2] Jayanth Suresh (2017). Fire-Fighting Robot. Presented at the International Conference on 

Computational Intelligence in Data Science (ICCIDS). 
 
[3] Krishan Arora, Harshit Kumar, Rohit Raj Singh (2023). Autonomous Fire Fighting Robot. Presented at 

the International Conference on Computational Intelligence, Communication Technology, and 
Networking (CICTN). 

 
[4] Sugumar D., Ramadevi R., Prasad J., Mohankumar N., Joy Winnie Wise D.C., and Velmurugan S. 

(2024). A Distributed Data Mining and Cloud Analysis for Predictive Gas Level, Dynamic Booking, 
and Smart Energy Optimization. Published in IEEE Xplore (Electronic ISBN: 979-8-3503-64828). 
DOI:10.1109/ADICS58448.2024.10533470. 

 



First International Conference on Computer, Computation and Communication  (IC3C-2025) 

468 

 

[5] Yiying Yuan (2021). Technical Research on Fire-Fighting Robotics. Presented at the IEEE Asia-
Pacific Conference on Image Processing, Electronics, and Computers (IPEC). 

 
[6] Prasad J., Kasiselvanathan M., Lakshminarayanan S., Sekar G., and Azath H. (2023). Application of 

Machine Learning for Malicious Node Detection in IoT Networks. Published in IEEE Xplore 
(Electronic ISBN: 978-1-6654-9260-7).  
DOI: 10.1109/IITCEE57236.2023.10091042. 

 
[7] Prasad J., Menaga K.G., Manikanda Prasanna C., and Jithesh K. (2022). Priority-Based Prepaid Energy 

Meter Using IoT. Presented at the IEEE Xplore Conference (Electronic ISBN: 978-1-6654-0816-5). 
DOI: 10.1109/ICACCS54159.2022.9785053. 

 
[8] Md. Ratul Ahmed Rahat, Md. Moontasir Rashid, Moloy Chandra Dey, Tusar Banik (2020). Design and 

Implementation of a Safety Fire Fighter (SAFF) Robot with Dual Controlling Mechanism. Presented at 
the IEEE Region 10 Symposium (TENSYMP). 

 
[9] Shiva Mittal, Manish Kumar Rana, Mayank Bhardwaj, Meenakshi Mataray, Shubham Mittal (2018). 

CeaseFire: The Fire Fighting Robot. Presented at the International Conference on Advances in 
Computing, Communication, Control, and Networking (ICACCCN). 

 
[10] Md. Anowar Hossain, Himaddri Shakhar Roy, Md. Fazlul Karim Khondakar, Md. Hasib Sarowar, Md. 

Azad Hossainline (2021). Design and Implementation of an IoT-Based Firefighting and Affected Area 
Monitoring Robot. Presented at the 2nd International Conference on Robotics, Electrical, and Signal 
Processing Techniques (ICREST). 

  


