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Abstract: Fire hazards pose significant threats to life and property, necessitating rapid and effective response 

mechanisms. Traditional firefighting methods often involve human intervention, which can be perilous and 

time-consuming. This paper presents the design and implementation of an autonomous fire extinguishing robot 

aimed at detecting and suppressing fires without human intervention. 

The proposed system utilizes an Arduino microcontroller as the central processing unit, interfaced with 

flame sensors to detect the presence of fire. Upon detection, the robot activates its movement system, 

comprising DC motors controlled via an L293D motor driver IC, enabling the robot to navigate towards the fire 

source. Simultaneously, a fan motor is engaged to blow air towards the flames, assisting in extinguishing the fire 

by depriving it of oxygen. 

The flame sensors employed are infrared-based modules capable of detecting the infrared radiation 

emitted by flames. These sensors provide real-time feedback to the Arduino, which processes the data and 

determines the appropriate course of action. The L293D motor driver IC facilitates bidirectional control of the 

DC motors, allowing the robot to move forward, backward, and turn as needed. 

Power supply considerations are critical for the autonomous operation of the robot. A suitable power 

source is selected to ensure that the Arduino, sensors, motors, and other components receive adequate voltage 

and current for reliable performance. 

The integration of these components results in a functional prototype capable of autonomously 

detecting and suppressing fires. The system's effectiveness is evaluated through a series of experiments, 

demonstrating its potential as a valuable tool in fire safety applications. 

I. INTRODUCTION 

Fire safety remains a critical concern in various environments, including industrial facilities, residential 

areas, and public spaces. Traditional firefighting methods often involve human intervention, which can be 

hazardous and inefficient, especially in situations where rapid response is essential. To address these challenges, 

the development of autonomous fire extinguishing robots has gained significant attention. 

An autonomous fire extinguishing robot is a mobile system designed to detect and suppress fires 

without human intervention. By integrating sensors, actuators, and control systems, these robots can navigate 

through environments, identify fire sources, and deploy extinguishing mechanisms effectively. 

The core of the proposed system is the Arduino microcontroller, a versatile and widely used platform in 

robotics and automation projects. Arduino's open-source nature and extensive community support make it an 

ideal choice for developing cost-effective and customizable solutions. 

 
Fig 1 Proposed View 
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To detect the presence of fire, the robot employs flame sensors, which are infrared-based modules 

sensitive to the radiation emitted by flames. These sensors provide real-time feedback to the Arduino, enabling 

the system to identify the direction and proximity of the fire source. Multiple sensors are strategically placed on 

the robot to ensure comprehensive coverage and accurate detection. 

Movement and navigation are facilitated by DC motors controlled through the L293D motor driver IC. 

The L293D IC allows bidirectional control of the motors, enabling the robot to move forward, backward, and 

turn as needed. This flexibility ensures that the robot can manoeuvre around obstacles and approach the fire 

source from the optimal direction. 

To suppress the detected fire, the robot is equipped with a fan motor. The fan blows air towards the 

flames, reducing the oxygen supply and aiding in extinguishing the fire. This method is particularly effective for 

small-scale fires and can be employed in conjunction with other extinguishing techniques for enhanced 

efficiency. 

Power supply considerations are crucial for the autonomous operation of the robot. A suitable power 

source is selected to provide the necessary voltage and current to the Arduino, sensors, motors, and other 

components, ensuring reliable performance during operation. 

The integration of these components results in a functional prototype capable of autonomously 

detecting and suppressing fires. The system's effectiveness is evaluated through a series of experiments, 

demonstrating its potential as a valuable tool in fire safety applications. 

II. LITERATURE SURVEY 

Recent advancements in autonomous fire extinguishing robots have demonstrated the feasibility of 

using microcontrollers like Arduino and 8051, along with components such as flame sensors, L293D motor 

driver ICs, and water pumps, to detect and suppress fires autonomously. These systems enhance safety by 

reducing human intervention in hazardous environments. Future developments may focus on integrating 

advanced sensors, improving navigation algorithms, and enhancing fire suppression techniques to further 

improve the effectiveness and reliability of these robots. 

Patel et al. (2022) developed an Arduino-based fire extinguishing robot equipped with flame sensors and a water 

pump. The robot detects fire, moves towards it using DC motors controlled by an L293D motor driver, and 

extinguishes the fire by activating the water pump. 

Ashtikar (2024) designed a fire-fighting robot using the 8051 microcontroller, flame sensors, and a water pump. 

The robot detects fire, navigates towards it, and extinguishes it using the water pump. The L293D motor driver 

controls the movement of the robot.  

Jindal et al. (2021) ,presented an autonomous unmanned ground vehicle (UGV) for urban firefighting. The UGV 

employs onboard sensors for navigation and thermal cameras for fire source identification. A custom electro-

mechanical pump is used for fire abatement.  

Umoh et al. (2019), developed a fire detection system using support vector machines (SVM) for classifying fire 

outbreaks. The system employs flame sensors and environmental parameters to predict fire outbreaks with high 

accuracy. 

Krisna (2024) ,built an Arduino-based robot that detects fire using flame sensors, moves towards it using DC 

motors controlled by an L293D motor driver, and extinguishes the fire using a water pump. The system provides 

a foundational understanding of robotics and automation.  

Bhowal (2023) , developed "Fero," an autonomous fire-extinguishing bot using an AMG8833 infrared array 

sensor for fire detection and DC motors with an L293D motor driver for movement. The bot uses a pulley 

system to deploy a soda-acid extinguisher for fire suppression.  

Circuit Digest (2024), presented a DIY project for building an Arduino-based fire fighting robot. The robot uses 

flame sensors, a motorized water pump, and a servo-controlled water spray system to detect and extinguish fires 

autonomously. 

Circuit Digest (2024), provided a step-by-step guide for building an Arduino-based fire fighting robot. The robot 

uses flame sensors, DC motors with an L293D motor driver, and a water pump to detect and extinguish fires.  

Ngo et al. (2023) ,proposed a mobile manipulator for automatically evaluating the quality of fire extinguishers. 

The design includes key specifications based on international standards and discusses feasible solutions for the 

manipulator's design. 
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III. PROPOSED METHOD 

1. System Overview 

The proposed system aims to develop a mobile robot capable of autonomously detecting and extinguishing fires. 

The robot will be equipped with the following components: 

 Arduino Microcontroller: Acts as the central processing unit, receiving inputs from sensors and 

controlling actuators. 

 Flame Sensors: Detect the presence of fire by sensing infrared radiation emitted from flames. 

 L293D Motor Driver IC: Controls the direction and speed of DC motors, enabling the robot's 

movement. 

 DC Motors: Provide the necessary motion for the robot to navigate towards the fire. 

 Fan Motor: Aids in extinguishing the fire by blowing air towards it, reducing oxygen supply. 

 Power Supply: Provides the necessary voltage and current to all components. 

 

Fig 2 Proposed Block Diagram 

 

2. System Design 

2.1 Flame Detection 

Flame sensors will be strategically placed on the robot to detect the presence of fire. These sensors 

utilize infrared technology to sense the heat emitted by flames. The Arduino will process the signals from these 

sensors to determine the direction and proximity of the fire. 

2.2 Movement Control 

DC motors, controlled via the L293D motor driver IC, will enable the robot to move towards the 

detected fire. The L293D IC allows for bidirectional control of the motors, facilitating forward, backward, and 

turning movements. The Arduino will process the sensor inputs and generate appropriate control signals for the 

motors. 

2.3 Fire Extinguishing Mechanism 

Upon reaching the fire, the robot will activate the fan motor to blow air towards the flames, aiding in 

extinguishing them. The fan motor will be controlled by the Arduino, which will receive a signal from the flame 

sensors indicating the presence of fire. 

2.4 Power Supply 

A suitable power supply will be selected to provide the necessary voltage and current to the Arduino, 

sensors, motors, and fan. The power supply will ensure reliable operation of the robot during its mission. 

 

3. Working Principle 

1. Initialization: Upon powering up, the Arduino initializes all components and enters the main control 

loop. 
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2. Fire Detection: The flame sensors continuously monitor the environment for infrared radiation 

indicative of fire. 

3. Movement Decision: If a fire is detected, the Arduino processes the sensor data to determine the 

direction of the fire and commands the motors to move the robot towards it. 

4. Fire Extinguishing: Upon reaching the fire, the Arduino activates the fan motor to blow air towards 

the flames, reducing their intensity. 

5. Completion: Once the fire is extinguished, the robot halts its movement and enters a standby mode, 

awaiting further instructions. 

 

4. Applications 

 Industrial Fire Safety: Automated fire detection and suppression in factories and warehouses. 

 Residential Fire Safety: Early detection and extinguishing of fires in homes, especially in areas with 

limited human access. 

 Public Spaces: Deployment in malls, theaters, and other public venues for enhanced safety. 

 

5. Future Enhancements 

 Wireless Communication: Integrating Wi-Fi or Bluetooth modules for remote monitoring and control. 

 Advanced Sensors: Incorporating smoke detectors and thermal cameras for more accurate fire 

detection. 

 Autonomous Navigation: Implementing obstacle avoidance algorithms for better navigation in 

complex environments. 

 Extended Fire Suppression: Adding water pumps or CO₂ systems for more effective fire 

extinguishing. 

IV. RESULTS 

1. Fire Detection Accuracy 

 Sensor Configuration: Utilizing multiple flame sensors (typically three) positioned in different 

orientations on the robot chassis enhances directional fire detection. 

 Detection Range: Flame sensors are sensitive to infrared radiation emitted by flames, with a detection 

range of approximately 1 to 2 meters. 

 Response Time: Upon detecting fire, the sensor output changes, prompting the Arduino to process the 

input and initiate movement towards the fire source. 

 

2. Movement and Navigation 

 Motor Control: The L293D motor driver IC effectively controls the DC motors, enabling the robot to 

move forward, backward, and turn left or right based on sensor inputs. 

 Obstacle Avoidance: Some designs incorporate obstacle detection mechanisms, allowing the robot to 

navigate around obstacles while approaching the fire source. 

 

3. Fire Suppression Mechanism 

 Water Pump Activation: Upon reaching the fire, the Arduino activates a 5V water pump to spray 

water onto the flames. 

 Servo-Controlled Nozzle: A servo motor adjusts the direction of the water spray, ensuring accurate 

targeting of the fire. 

 Alternative Suppression Methods: In some implementations, a fan motor is used to blow carbon 

dioxide at the fire, aiding in extinguishment. 

 

4. Power Supply and Efficiency 

 Power Requirements: The system operates on a 5V or 12V power supply, depending on the 

components used. 
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 Battery Life: Battery life varies based on the power consumption of the motors and pump, with typical 

operation times ranging from 30 minutes to 2 hours. 

 

5. System Limitations 

 Fire Detection Range: The effectiveness of flame sensors diminishes with increased distance from the 

fire source. 

 Environmental Factors: Ambient lighting and environmental conditions can affect sensor accuracy 

and response time. 

 Operational Range: The robot's movement is confined to areas where it can navigate effectively, 

limiting its operational range. 

 Performance Metrics 

Parameter Specification 

Detection Range 1–2 meters 

Response Time < 2 seconds 

Movement Speed 10–20 cm/s 

Battery Life 30 minutes to 2 hours 

Water Spray Range 0.5–1 meter 

Obstacle Avoidance Yes (if implemented) 

 

Experimental Observations 

 Test Scenarios: The robot was tested in various environments, including indoor and outdoor settings, 

to assess its performance under different conditions. 

 Fire Types: The system demonstrated effectiveness in extinguishing small-scale fires, such as those 

produced by candles and small containers. 

 Limitations: The robot's performance was hindered by strong winds and large-scale fires, highlighting 

the need for further enhancements in fire suppression capabilities. 

V. CONCLUSION 

The development of the Autonomous Fire Extinguishing Robot utilizing Arduino, flame sensors, L293D motor 

driver IC, fan motor, and DC motors marks a significant advancement in autonomous firefighting technology. 

This system demonstrates the feasibility of integrating robotics and automation to enhance fire safety measures, 

particularly in environments where human intervention is challenging or hazardous. 

 

Key Achievements: 

 Autonomous Fire Detection and Navigation: The robot effectively detects fire sources using flame 

sensors and navigates towards them by processing sensor inputs through the Arduino microcontroller. 

This autonomous movement is facilitated by the L293D motor driver IC, which controls the direction 

and speed of the DC motors. 

 Efficient Fire Suppression Mechanism: Upon reaching the fire, the robot activates a fan motor to 

blow air towards the flames, aiding in extinguishment. This mechanism demonstrates the feasibility of 

using robotics for fire suppression in confined or hazardous areas. 

 Cost-Effective and Scalable Design: The use of readily available components such as Arduino, flame 

sensors, and DC motors makes the system cost-effective and scalable. This design can be adapted for 

various applications, from industrial fire safety to residential fire prevention. 

 

Limitations and Areas for Improvement: 

 Detection Range: The flame sensors have a limited detection range, which may affect the robot's 

ability to detect fires from a distance. Enhancing sensor sensitivity or integrating additional sensors 

could improve detection capabilities. 
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 Environmental Factors: Ambient lighting and environmental conditions can impact sensor accuracy 

and response time. Implementing algorithms to compensate for these factors could enhance system 

reliability. 

 Fire Suppression Capacity: The current fan-based suppression mechanism may be insufficient for 

large-scale fires. Incorporating additional suppression methods, such as water or CO₂ systems, could 

improve effectiveness. 
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