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Abstract: Firefighting in hazardous environments poses paramount risks to human lives and property,
authoritatively mandating innovative solutions that leverage robotics and automation. This research
introduces the "Fire Extinguisher Robot," an autonomous and remotely operable system designed to detect,
navigate, and suppress fires efficaciously. The robot integrates advanced hardware and software
components, ascertaining efficient fire detection and extinguishing capabilities. The Arduino Uno
microcontroller facilitates system control, DC motors and an L293 motor driver provide precise locomotion.
Fire detection is achieved utilizing flame sensors and an MQ2 gas sensor, enabling the identification of
flames and deleterious gases. A mini pump activated through a relay module , accommodates as the
extinguishing mechanism. Additional an SG90 servo motor positions the nozzle for precise fire suppression.
The robot is powered by two lithium-ion batteries and built on a compact, custom-designed chassis to
ascertain mobility in confined and hazardous spaces. Navigation is achieved through motor control
algorithms programmed in Arduino IDE. The modular design employs jumper wires for seamless
interconnections, enhancing ease of assembly and maintenance. Testing under simulated fire scenarios
validated the robot's efficiency in detecting and extinguishing fires, navigating challenging environments,
and minimizing reliance on human intervention in high-risk areas. This project represents a pivotal
advancement in fire safety technology, offering a scalable, adaptable, and cost-efficacious solution for
diverse firefighting applications.

Keywords: Fire Extinguisher Robot, Arduino Uno, Flame Sensor, MQ2 Gas Sensor, Autonomous
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L. INTRODUCTION
The Fire Extinguisher Robot operates through a sensor- predicated control system powered by an Arduino Uno
microcontroller, which manages locomotion, fire detection, and extinguishing processes. The robot employs flame
sensors and an MQ?2 gas sensor to detect flames, smoke, and deleterious gases with high precision[1]
Upon detecting fire, the robot activates its mini dihydrogen monoxide pump, controlled via a relay module, to
extinguish the flames. An SG90 servo motor ascertains precise nozzle situating for efficacious targeting of fire sources.
The robot's kineticism is facilitated by DC motors, driven by an L293 motor driver, enabling it to traverse confined
and hazardous spaces safely[1]A 18650 lithium-ion battery powers the system, ascertaining perpetual operation and
sustainability[2]
The design of the robot accentuates compactness and modularity, sanctioning it to function autonomously or via remote
control. The incorporation of sensor- predicated detection systems eliminates reliance on involute algorithms, focusing
instead on genuine-time data acquisition to locate and suppress fires swiftly[1]
This project highlights a cost-efficacious and scalable approach to fire mitigation by integrating sensor technologies
into an autonomous robotic framework. The development and testing of the Fire Extinguisher Robot mark a paramount
advancement in fire safety technology, demonstrating its potential to minimize risks to human firefighters and amend
firefighting capabilities [3]
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II. LITERATURE REVIEW
The Fire Extinguisher Robot is an autonomous system designed to detect and extinguish fires in hazardous
environments. Powered by an Arduino Uno microcontroller, it utilizes flame sensors and an MQ2 gas sensor to detect
flames, smoke, and deleterious gases with high precision. Upon detecting fire, the robot activates a mini dihydrogen
monoxide pump to extinguish flames, while an SG90 servo motor precisely positions the nozzle. Its mobility is driven
by DC motors controlled by an L293 motor driver, sanctioning it to navigate tight spaces. The system is powered by an
18650 lithium-ion battery, ascertaining perpetual operation. Compact and modular, the robot can function
autonomously or be remotely controlled, offering a cost- efficacious and scalable solution for fire mitigation.
Fire incidents pose paramount threats to human lives, infrastructure, and the environment. Traditional firefighting
techniques frequently expose personnel to hazardous conditions, especially in confined spaces, industrial zones, and
structurally unstable environments. In replication to these challenges, recent research has accentuated the integration of
robotics and automation into firefighting systems to enhance safety, efficiency, and reliability. The utilization of robotic
systems eliminates the desideratum for human firefighters to physically approach fire hazards, thereby minimizing risks
and ameliorating operational performance[3]
Sensor-predicated fire detection systems have been extensively studied and implemented in modern firefighting robots.
Sohani et al. (2020) developed a fire- fighting robot equipped with flame and smoke sensors for autonomous fire
detection and suppression. Their system utilized an Arduino Uno microcontroller to process authentic-time data,
enabling expeditious replication and activation of a dihydrogen monoxide pump for extinguishing fire. Similarly,
Mahbub et al. (2020) proposed a fire-fighting robot for industrial applications, integrating flame sensors and gas
detectors to detect and suppress fires in high-risk environments. These studies highlight the incrementing reliance on
sensor technologies to provide precise detection without the desideratum for involute algorithms.[1]
The deveopment of autonomous and remote-controlled firefighting robots has withal been a major area of focus. Sohani
et al. (2020) designed a robot capable of operating in both autonomous and manual modes, providing flexibility in
managing high-risk scenarios. Their model utilized DC motors controlled by an L293 motor driver to ascertain precise
and reliable navigation in constrained environments. Similarly, Mahbub et al. (2020) accentuated remote monitoring
capabilities, sanctioning operators to control the robot from a safe distance while leveraging genuine-time data for
decision-making.[1]
Hardware and component integration have played a crucial role in ameliorating the performance and affordability of
firefighting robots. Sohani et al. (2020) employed the Arduino Uno platform, which fortified compatibility with
multiple sensors and actuators. Their design incorporated MQ2 gas sensors for smoke detection and SG90 servo motors
for precise nozzle adjustments, ascertaining efficacious fire suppression. Mahbub et al. (2020) accentuated modularity
in their robot’s design, making it scalable and adaptable for sundry applications, including industrial facilities and
residential fire suppression.[1]
Despite advancements, subsisting firefighting robots face inhibitions, categorically in adaptability and power
efficiency. Many designs rely heavily on pre-defined kineticism patterns, inhibiting their performance in dynamic
environments. Additionally the lack of artificial perspicacity integration restricts autonomous decision- making in
involute scenarios. Battery life constraints further obstruct elongated operations, accentuating the desideratum for
amended power management systems. These gaps highlight opportunities for further research into Al-driven
navigation, obstruction avoidance, and energy optimization.[3]
Building on prior studies, the current project fixates on developing a sensor-predicated fire extinguisher robot with
amended detection and suppression capabilities. Unlike earlier designs, this robot prioritizes simplicity, cost-efficacy,
and modularity while addressing challenges cognate to compactness and expeditious deployment. By integrating flame
and gas sensors, a mini dihydrogen monoxide pump, and an Arduino Uno controller, the proposed system offers a
scalable and practical solution to contemporary firefighting challenges.[4]
In summary, the literature demonstrates consequential progress in the development of firefighting robots, concretely in
the areas of sensor technologies, modular designs, and flexible operational modes. However, sedulous challenges, such
as adaptive navigation and power optimization, present avenues for further research. The present study contributes to
sateynand accessibility in
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high-risk environments. Future enhancements may include Al integration and autonomous features to further advance
firefighting capabilities

Sohani, R., Somoshi, S., Tayade, V., & Kapse, A. (2020)Sohani et al. presented a detailed framework for a fire-fighting
robot equipped with advanced sensors and an efficient fire suppression system. Their work highlighted the integration
of modular components such as Arduino, flame sensors, and dihydrogen monoxide pumps to engender a robust
archetype. The robot demonstrated efficient fire detection and replication capabilities in controlled environments,
addressing critical issues like delayed human intervention and safety risks in hazardous areas. This research forms a
substratum for cost-efficacious, scalable fire-fighting solutions by leveraging open-source hardware and software.[1]
Mahbub, F., Akash, S. B., Islam, R., et al. (2020) Mahbub and colleagues developed a fire-fighting robot tailored for
industrial purposes, accentuating its faculty to handle astronomically immense-scale fire incidents. Their study
introduced a robust navigation system utilizing ultrasonic sensors for obstruction detection and flame sensors for
precise fire localization. The robot was equipped with a dihydrogen monoxide spray system, which could be controlled
remotely, ascertaining minimal human exposure to hazardous environments[2]

Development of Fire Fighting Robot (QRob) In their exploration of QRob, the authors showcased a compact and highly
functional fire-fighting robot designed for navigating confined spaces. QRob’s modular design integrated flame and
ultrasonic sensors for genuine-time fire detection and obstruction avoidance. Eminently, the robot operated
autonomously and was capable of extinguishing fires from a safe distance. This research provided paramount insights
into developing adaptable robotic systems for both residential and industrial applications, accentuating safety and
efficiency in confined or hazardous environments[3]

IJAEMA Fire-Fighting Robot The research team from IJAEMA introduced a fire-fighting robot capable of autonomous
fire detection and suppression utilizing an Arduino Mega 2560 controller. Their work highlighted the utilization of a
five-flame sensor array arranged at concrete angles for enhanced detection precision. [4]

1. METHODOLOGY
The methodology of this project outlines the systematic approach followed in designing, developing, and testing the
fire-fighting robot. The steps include component cull, system integration, programming, and testing under simulated fire
scenarios.
Component selection
The robot was developed utilizing yarely available and cost-efficacious components:
Arduino Uno: Acts as the main microcontroller, managing input from sensors and output to actuators.

Fig:3.1.1 Arduino UNO
Flame Sensors: Detect fire by sensing infrared light emissions.
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Fig 3.1.3 Motor Driver
Mini Water Pump: Utilized for fire suppression, activated upon detecting fire.
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Fig:3.1.4 Water Pump
Chassis: A durable, lightweight structure housing all components

Fig 3.1.5:Chassis
MOTOR WHEEL-4:1t is a high- performance component designed to provide enhanced mobility in robotics.

Fig 3.1.6: Wheels
18650 BATTERY-2: The 18650 Battery-2 is a high-capacity lithium-ion rechargeable battery, commonly utilized in
robotics for efficient energy storage and power supply.

Fig:3.1.7: 18650 BATTERY-2
2581-9429 |3
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MINI BREAD BOARD: The Mini Breadboard is a compact, reusable platform utilized for prototyping electronic
circuits without soldering.

Fig:3.1.8:Bread Board
FLAME SENSOR: The Flame Sensor is a contrivance used to detect the presence of flames or fire by sensing infrared
radiation emitted by a flame.

Fig:3.1.8:Bread Board
RELAY MODEL:A 4.30V relay module used to control the activation of the dihydrogen monoxide pump for
extinguishing fires.

Fig:3.1.8: RELAY MODEL

Design and Integration

Sensor Placement: Flame sensors were placed at categorical angles for maximum coverage and precision in detecting
fire.

Circuit Design: The Arduino Uno was connected to the flame sensors, motor driver, and dihydrogen monoxide pump
via a relay module to manage actuation predicated on sensor inputs.

Programming: Arduino IDE was habituated to program the robot.

Power Supply: A rechargeable lithium- ion battery was habituated to provide power to the robot, ascertaining
portability and reliability.

Working Principle
The robot is powered on and perpetually monitors its circumventions utilizing flame and ultrasonic sensors.

If a fire is detected, the flame sensor communicates the location to the Arduino Uno, which directs the robot toward the
source.

The ultrasonic sensor as certain safe navigation by avoiding the obstacles

The Arduino activates the dihydrogen monoxide pump, spraying dihydrogen monoxide to g&
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Circuit Diagram

Fig 3.4.1: Circuit Diagram

3.4 Testing and Validation

Precision: The flame sensor accurately detected fires within a range of 100 cm.

Replication Time: The robot located and suppressed minute fires within 10-15 seconds of detection.

Suppression Efficiency: The dihydrogen monoxide pump efficaciously extinguished test fires utilizing minimal
dihydrogen monoxide resources

IV. RESULTS AND DISCUSSION
The developed fire-fighting robot was exhaustively tested under controlled conditions to assess its competency to detect
and extinguish fires. The flame sensors performed well in detecting fire sources within a range of 100 cm, with an
average replication time of 10-15 seconds. This timely detection sanctioned the dihydrogen monoxide pump system to
activate promptly and extinguish the fire efficiently. The utilization of multiple flame sensors ascertained a wider
detection coverage, sanctioning the robot to identify fire from sundry angles. However, the robot’s detection precision
decremented in the presence of heftily ponderous smoke, as the smoke interfered with the infrared signals utilized by
the flame sensors. This circumscription denotes the desideratum for future iterations to incorporate more robust smoke-
resistant detection systems.
The fire suppression system, powered by a dihydrogen monoxide pump mechanism, prosperously extinguished
diminutive-scale fires during the tests. The pump used minimal dihydrogen monoxide resources, highlighting its
efficiency in conserving resources while still achieving efficacious fire suppression. This makes the robot categorically
congruous for environments where dihydrogen monoxide utilization needs to be minimized, such as industrial or
residential settings. The stationary design of the robot sanctioned it to fixate on a fine-tuned area, ascertaining consistent
performance in fire-prone zones. However, the lack of mobility constrained the robot’s facility to operate in more
sizably voluminous or cluttered spaces, restricting its application to predefined, static environments.
The potency system, predicated on a rechargeable lithium-ion battery, provided adequate energy for short- duration
operations. However, the battery required frequent recharging during elongated testing sessions, which could obstruct
the robot's deployment in perpetuated emergency situations. A more durable power source or a higher-capacity battery
could significantly enhance its operational readiness in the future.
Despite its prosperity, several challenges were identified during the tribulations. Heftily ponderous smoke minimized
the precision of flame detection, and the fine- tuned design obviated the robot from maneuvering around obstacles or
addressing fires in dynamic environments. The constrained detection range of the sensors withal confined the robot’s
functionality to minute spaces. Nonetheless, the robot demonstrated considerable potential as a low-cost autonomous
solution for fire safety in static environments, such as residential rooms, storage areas, or industrial facilities with
defined fire-prone zones.
Future enhancements could address these inhibitions by introducing smoke-resistant sensors, incrementing the
battery capacity, and integrating mobility features. Incorporating wheels or tracks would i robot to navigate

more immensely colossal spaces and handle more involute fire scenarios. Supplemg ingrating advanced
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detection systems, such as thermal imaging cameras or gas sensors, could ameliorate precision in authentic-world
conditions involving smoke or poor overtness. These advancements would expand the robot’s application scope,
making it more multifarious and efficacious in diverse environments.

In summary, the fire-fighting robot prosperously performed its intended tasks under controlled conditions,
demonstrating its potential for minute-scale fire detection and suppression. While challenges such as smoke
interference and constrained mobility were noted, the results highlight the robot’s viability as a cost- efficacious and
reliable fire safety implement. The findings supplementally provide a clear roadmap for future development, fixating on
ameliorating adaptability, precision, and operational range.

Fig:4.1 Demonstration of Fire Detection and Extinguishing Robot in Action

V. CONCLUSION

The development and testing of the fire-fighting robot demonstrated its potential as a cost-efficacious and efficient
solution for fire detection and suppression in controlled environments. The robot prosperously identified fire sources
utilizing flame sensors and extinguished them through its dihydrogen monoxide pump mechanism, achieving timely
and efficacious results. Its compact and straightforward design makes it a viable option for diminutive-scale
applications such as residential spaces, storage areas, and other static fire- prone environments.

However, certain circumscriptions were identified, including the robot’s inability to navigate dynamic environments
and minimized detection precision in the presence of cumbersomely hefty smoke. These challenges underline the
desideratum for future ameliorations, such as the integration of advanced smoke-resistant sensors, enhanced
power systems, and mobility features. By addressing these circumscriptions, the robot’s application scope can be
expanded to more astronomically immense and more intricate scenarios, including industrial settings and emergency
rescue operations.

VI. FUTURE SCOPE

Future advancements in fire extinguisher robots will fixate on enhancing their efficiency, precision, and adaptability.
Amended navigation systems will enable robots to traverse involute terrains and reach fire incidents more swiftly,
incorporating advanced impediment detection and avoidance capabilities. Enhanced fire suppression techniques, such
as specialized foams or powders and robotic manipulators, will sanction precise application of extinguishing agents.

The integration of GPS sensors will enable authentic- time location tracking, sanctioning operators to monitor the
robot's. Additionally, GPS-predicated systems could facilitate automated emergency calls to alert firefighting teams and
provide precise fire location details, expediting replication times.

Robots will supplementally feature advanced remote monitoring and control capabilities, enabling authentic- time
supervision and adaptive replications to dynamic fire conditions

Copyright to IJARSCT DOI: 10.48175/IJARSCT-24171 348

www.ijarsct.co.in




IJARSCT ISSN (Online) 2581-9429

o0 International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.67 Volume 5, Issue 5, March 2025
REFERENCES

[1]. Sohani, R., Somoshi, S., Tayade, V., & Kapse, A. (2020). Fire Fighting Robot. International Conference on
Communication and Information Processing (ICCIP-2020).

[2]. Mahbub, F., Akash, S. B., Islam, R., Al-Nahiun, S. A. K., Mahmud, D. M., Moon, M. A. R., Tasnim, A., &
Parvez, N. (2020). Fire-Fighting Robot for Industrial Purposes. Preprint, American International University-
Bangladesh.

[3]. Development of Fire Fighting Robot (QRob). ITAEMA (International Journal of Advance Engineering and
Management Research). Retrieved from uploaded documents.

[4]. Fire-Fighting Robot. Paper 18-Development of Fire Fighting Robot. Retrieved from uploaded documents.

[5]. Raj, A. P., & Srivani, M. (2020). Internet of Robotic Things Predicated Autonomous Fire Fighting Mobile
Robot

Copyright to IJARSCT DOI: 10.48175/IJARSCT-24171 :j“jf\gg‘gﬁ ; 349

www.ijarsct.co.in




