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Abstract: Fire emergencies pose serious threats to life, property, and the environment. This paper presents
the design and development of an autonomous robotic system capable of detecting and extinguishing fires
using a combination of sensors and microcontroller-based actuation. The proposed system integrates
temperature, flame, smoke, and ultrasonic sensors with a water-based extinguishing mechanism, all
controlled remotely via an RF-based interface. The robot enhances fire response speed and reduces human
risk, particularly in inaccessible or hazardous zones. The prototype demonstrates promising results in test
environments, indicating potential for real-world applications in industrial and residential safety systems.
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I. INTRODUCTION
Fire hazards have long been one of the most persistent and destructive threats across various human environments,
including residential buildings, commercial establishments, industrial plants, and transportation systems. The potential
consequences of fire outbreaks are severe, ranging from loss of life and irreversible damage to property, to
environmental degradation and financial losses. As urban infrastructure becomes increasingly complex and densely
populated, the demand for more intelligent, responsive, and automated fire protection systems has become more urgent
than ever.
Traditionally, fire detection and suppression have relied heavily on passive systems such as smoke detectors, fire
alarms, and sprinkler installations, combined with the active intervention of human firefighters. While these
conventional systems have proven to be effective to a certain extent, they suffer from limitations in terms of response
time, human risk exposure, and accessibility to dangerous or confined areas. In many scenarios, especially in industrial
zones, chemical plants, or high-rise structures, the delay in detection or the inability to reach the fire source quickly can
result in catastrophic outcomes.
The development of robotic technologies offers a promising alternative and enhancement to traditional fire safety
solutions. Robots, equipped with appropriate sensors and actuators, can serve as autonomous first responders that are
capable of detecting fire in real-time, navigating through complex terrains, and applying extinguishing agents without
putting human lives at risk. These robotic systems can also continuously monitor hazardous zones and provide
situational awareness to emergency teams through telemetry and live video feeds.
The motivation for this project arises from the need to design an affordable, robust, and autonomous robotic fire
detection and extinguishing system that can operate effectively in potentially life-threatening situations. The proposed
system is built around a microcontroller-based platform—specifically, the Arduino Uno—which serves as the central
processing unit. It integrates a suite of sensors, including flame sensors, smoke detectors, and ultrasonic sensors, to
ensure multi-modal fire detection capabilities. These sensors allow the robot to detect the presence of fire or smoke,
estimate the location and size of the hazard, and navigate safely towards it while avoiding obstacles. A servo-controlled
water pump mechanism enables the robot to actively suppress the fire once the threat has been localized.
A key feature of the system is its wireless operation via an RF-based remote-control interface, which allows the robot to
be manually directed in certain conditions while still maintaining semi-autonomous functionality. This hybrid approach
ensures that human operators can intervene when necessary, while still keeping a safe distance from the hazardous
environment. The system is designed with cost-effectiveness in mind, using readily available components and open-
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source development tools, making it feasible for implementation in a wide range of scenarios, including educational
institutions, small industries, and residential complexes.

Recent studies and technological advancements have inspired this work. Researchers have demonstrated the
effectiveness of using technologies like SLAM (Simultaneous Localization and Mapping) and deep learning models
such as YOLOV4 for fire image detection, as seen in the work of Zhang et al. Similarly, other developments in the field
include Bluetooth-controlled fire robots, systems using thermal cameras and gas sensors, and swarm robotics for large-
area coverage. However, many of these solutions are either prohibitively expensive or technologically complex for
widespread adoption. Hence, this project seeks to bridge the gap between advanced functionality and practical
feasibility.

The objectives of the project are clearly defined: (1) to design a robot that can detect fires autonomously using
integrated sensors; (2) to develop a control mechanism for navigating the robot toward the fire source and activating the
extinguishing system; and (3) to ensure real-time operation with minimal human intervention. In doing so, the project
aims to minimize the damage caused by fire incidents, reduce the reliance on human firefighters for early suppression,
and provide a reliable first-response system for confined or remote environments.

From a technical standpoint, the implementation of this robotic system requires the coordination of various subsystems,
including hardware, software, and mechanical design. The microcontroller must process input signals from multiple
sensors and make real-time decisions regarding motion control and fire suppression. The motors, sensors, and power
supply must be carefully selected to ensure operational efficiency and reliability. Additionally, the robot must be able to
withstand the physical and thermal conditions typically associated with fire-affected areas, including high temperatures,
low visibility, and the presence of obstacles or debris.

In terms of societal impact, the proposed robotic system holds significant promise. In developing countries, where fire
safety infrastructure may be limited and emergency response times may be longer, such a system could play a crucial
role in mitigating fire-related risks. Moreover, the implementation of such technology in high-risk environments—such
as oil refineries, mining facilities, and laboratories—could significantly enhance occupational safety by allowing
robotic units to perform initial firefighting operations before human teams arrive.

The scalability and adaptability of this robotic system also make it suitable for future upgrades. Potential enhancements
include the integration of artificial intelligence algorithms for fire pattern recognition, GPS modules for outdoor
navigation, thermal imaging for improved detection, and drone-based variants for aerial surveillance. The current
design serves as a foundational prototype that can be iteratively improved based on field data and evolving
technological trends.

To summarize, this research addresses a pressing global need: improving fire safety through automation and robotics.
The development of an autonomous robotic fire detection and extinguishing system represents a step forward in
reducing human vulnerability, enhancing early response capabilities, and expanding the utility of intelligent systems in
emergency management. This paper outlines the conceptualization, design, hardware integration, and expected
performance of the system, setting the stage for further development and potential real-world deployment in fire-prone
and high-risk environments.

II. LITERATURE REVIEW

The integration of robotics into fire detection and suppression systems has revolutionized traditional approaches to fire
safety. As fire risks grow more complex due to urbanization and industrialization, research in intelligent fire-fighting
robots continues to advance. Multiple studies have explored hardware configurations, autonomous navigation systems,
and sensor fusion to develop intelligent, reliable robots for emergency response.

Zhang et al. (2023) developed an indoor firefighting robot utilizing SLAM (Simultaneous Localization and Mapping)
and YOLOv4 for flame image recognition. Their model demonstrated accurate fire detection and navigation in
unknown environments, making it suitable for complex indoor scenarios. This integration of deep learning and robotic
mapping offers a strong foundation for autonomous fire intervention systems.
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Pack et al. (2004) conducted a comparative analysis of firefighting mobile robotics across multiple academic projects.
They examined mechanical design, sensor choice, and control algorithms, emphasizing the benefits of interdisciplinary
design in building effective firefighting solutions.

Rakib and Sarkar (2015) presented a prototype fire-fighting robot based on flame and temperature sensors, with a basic
extinguishing mechanism using a water pump. Though simple, this system demonstrated the feasibility of building
functional robots using inexpensive components.

Saravanan and Ishawarya (2020) proposed a modular robot with three distinct units: locomotion, fire detection, and
extinguishing. Using IR sensors, ultrasonic modules, and Bluetooth connectivity, this robot allowed both autonomous
operation and manual navigation via smartphone.

Khajuria et al. (2018) designed an Arduino-based firefighting robot with RF remote control and a wireless camera. This
project focused on enhancing user interaction and real-time monitoring, crucial in environments where full autonomy
may not be feasible.

In another work, Elmahdi et al. (2021) explored the use of computer vision and IoT for early fire detection. Their
system utilized a cloud-based platform to monitor sensors and deploy alarms remotely, showcasing the role of IoT in
enhancing system connectivity and scalability.

Nugroho et al. (2020) developed a fire-fighting robot that autonomously navigated using flame sensors and a PID-
controlled motor driver. The robot efficiently tracked fire sources and extinguished them using water mist, reflecting
the importance of control strategies in autonomous mobility.

Akter and Hossain (2019) examined the use of GSM modules for alert systems in firefighting robots. Their approach
enabled the robot to send SMS alerts in case of detected fire, adding a communication layer to robot-assisted safety
systems.

Alabsi et al. (2020) implemented a line-follower robot integrated with flame sensors for targeted suppression. This
design ensured cost-efficiency while enabling navigation through pre-defined paths, suitable for indoor corridors or
warehouses.

Finally, Ismail et al. (2021) focused on sensor integration and control optimization in mobile firefighting robots. Their
robot employed ultrasonic, gas, and flame sensors, driven by fuzzy logic algorithms to manage uncertainty in fire
detection and localization.

These diverse contributions illustrate the significant progress in the field, highlighting trade-offs between autonomy,
cost, sensor sophistication, and control complexity. The present work builds upon these foundations to develop a low-
cost, sensor-rich robotic platform using Arduino, aimed at real-time fire detection and suppression in hazardous
environments.

II1. SYSTEM DESIGN AND METHODOLOGY

3.1 Overview of System Architecture
The robotic fire detection and extinguishing system is designed to detect fire in real-time, navigate autonomously or
semi-autonomously toward the fire source, and suppress it using an integrated water pump. The system is built around
the Arduino Uno microcontroller, which acts as the central processing unit. The robot is equipped with a flame sensor,
smoke detector, ultrasonic sensor, and a servo-controlled water pump to achieve accurate detection and active
suppression. The control is managed wirelessly using a Radio Frequency (RF) remote module, enabling safe operation
from a distance.
The system is modular and consists of the following major components:

*  Sensing Unit: Flame sensor, smoke detector, ultrasonic sensor

*  Control Unit: Arduino UNO R3 microcontroller and motor driver IC (L293D)

e Actuation Unit: DC motors for movement, servo motor for aiming, DC pump for water discharge

*  Power Unit: DC power supply module

*  Communication Unit: RF transmitter and receiver for remote control
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3.2 Methodology and Working Principle

The system's operation can be divided into five major stages:

a) Fire Detection

The robot uses a combination of flame sensors and smoke detectors to identify the presence of fire. Flame sensors
detect infrared light emitted by flames, while smoke detectors sense the presence of suspended particulates. When
either sensor detects fire, a signal is sent to the microcontroller for further processing.

b) Navigation and Obstacle Avoidance

The robot employs ultrasonic sensors for obstacle detection and avoidance. These sensors continuously emit ultrasonic
waves and measure the reflected signal to estimate the distance from obstacles. Based on this data, the robot adjusts its
path to avoid collisions as it navigates toward the fire source.

¢) Control Logic

The Arduino UNO R3 processes input data from all sensors and responds accordingly. If fire is detected, the robot’s
motors are activated to move it toward the fire source. The RF receiver also allows a human operator to take control
remotely in semi-autonomous mode, providing flexibility in operation.

d) Targeting and Extinguishing

A servo motor is used to adjust the angle of the water nozzle. Once the fire source is localized, the microcontroller
sends a signal to the DC water pump, activating it to discharge water. The servo mechanism ensures that the nozzle is
aimed accurately at the flame before spraying.

¢) Remote Operation via RF

The robot is equipped with an RF module that receives signals from a handheld remote controller. The operator can
manually control direction, pump activation, and other actions if necessary. The system supports both manual and
automatic modes, enhancing its versatility.

3.3 Algorithmic Steps (Pseudo-logic)
» Initialize sensors and motors.
e Continuously monitor flame and smoke sensors.
o Iffire is detected:
* Activate obstacle avoidance using ultrasonic sensor.
*  Navigate robot toward the fire.
*  Adjust nozzle direction using servo motor.
*  Activate water pump for extinguishing.
e Ifno fire is detected, robot remains idle or under manual control.
»  Use RF signals to override or assist movement and operation when needed.

3.4 Safety Considerations

The robot is designed to operate in high-risk areas, keeping the human operator at a safe distance.

Current limits and voltage regulators are used to prevent electrical overload.

All motors and actuators are powered through an independent power supply to ensure uninterrupted operation.

3.5 Arduino Sketch (Code)
#include <Servo.h>

// Pin assignments

#define flameSensorPin A0
#define smokeSensorPin A1l
#define pumpPin 8

#define leftMotorl 2
#define leftMotor2 3

#define rightMotor1 4
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#define rightMotor2 5
#define trigPin 6
#define echoPin 7
#define servoPin 9

Servo myServo;

void setup() {
pinMode(flameSensorPin, INPUT);
pinMode(smokeSensorPin, INPUT);
pinMode(pumpPin, OUTPUT);
pinMode(leftMotor1, OUTPUT);
pinMode(leftMotor2, OUTPUT);
pinMode(rightMotorl, OUTPUT);
pinMode(rightMotor2, OUTPUT);
pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);

myServo.attach(servoPin);
myServo.write(90); // Center the nozzle
Serial.begin(9600);

¥

void loop() {

intflameValue = analogRead(flameSensorPin);
intsmokeValue = analogRead(smokeSensorPin);
long distance = measureDistance();

Serial.print("Flame: "); Serial.print(flameValue);
Serial.print(" | Smoke: "); Serial.print(smokeValue);
Serial.print(" | Distance: "); Serial.println(distance);

// Obstacle Avoidance
if (distance < 15) {
stopMotors();
delay(500);
turnRight(); // Simple turn if obstacle detected
delay(500);
} else {
moveForward();

}

// Fire Detection
if (flameValue< 300 || smokeValue> 300) { // Adjust thresholds based on calibration
stopMotors();
delay(500);

// Aim servo and spray
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for (intpos = 60; pos<= 120; pos += 10) {
myServo.write(pos);

delay(200);

activatePump();

delay(1000);

deactivatePump();

}

myServo.write(90); // Reset servo

}
}

// Movement Functions
voidmoveForward() {
digitalWrite(leftMotor1, HIGH);
digital Write(leftMotor2, LOW);
digital Write(rightMotor1, HIGH);
digital Write(rightMotor2, LOW);
¥

voidstopMotors() {

digital Write(leftMotor1l, LOW);
digitalWrite(leftMotor2, LOW);
digital Write(rightMotorl, LOW);
digital Write(rightMotor2, LOW);
¥

voidturnRight() {
digitalWrite(leftMotor1, HIGH);
digitalWrite(leftMotor2, LOW);
digital Write(rightMotorl, LOW);
digital Write(rightMotor2, HIGH);
¥

// Water Spray
voidactivatePump() {

digital Write(pumpPin, HIGH);
}

voiddeactivatePump() {
digital Write(pumpPin, LOW);
¥

// Ultrasonic Distance
longmeasureDistance() {
digital Write(trigPin, LOW);
delayMicroseconds(2);
digitalWrite(trigPin, HIGH);
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delayMicroseconds(10);

digitalWrite(trigPin, LOW);

long duration = pulseln(echoPin, HIGH);

return duration * 0.034 / 2; // Convert to cm

}

The provided Arduino code is designed to control an autonomous robot that detects and extinguishes fires using flame
and smoke sensors, while navigating around obstacles and spraying water using a servo-controlled nozzle and DC water
pump. The robot uses an Arduino Uno as its central controller and combines sensing, movement, and actuation logic in
a single sketch.The code begins by including the Servo.h library, which is essential for controlling the servo motor that
aims the water nozzle. Various pins are defined using #define for easy configuration, including pins for flame and
smoke sensors (analog inputs), motor control, ultrasonic sensor (for obstacle detection), and the pump.In the setup()
function, the sensors and motors are initialized using pinMode(), while the servo is attached to its respective pin and
centered at 90 degrees. Serial communication is also initiated at a baud rate of 9600 for debugging and monitoring
sensor values in the Serial Monitor.Theloop() function forms the core of the robot's behavior and is repeatedly
executed. First, the code reads analog values from the flame and smoke sensors. It also measures distance using the
ultrasonic sensor through a custom measureDistance() function, which sends a sound pulse and calculates the distance
based on the time it takes for the echo to return.If an obstacle is detected within 15 cm, the robot stops and turns right to
avoid it. This is a basic obstacle avoidance mechanism that ensures the robot does not crash into objects while searching
for fire.The next important block is fire detection. The flame sensor returns lower values when a flame is nearby, while
the smoke sensor returns higher values when smoke is detected. When either sensor indicates the presence of fire
(flameValue< 300 or smokeValue> 300), the robot stops moving and engages the extinguishing mechanism.

To extinguish the fire, the robot rotates the servo motor (which holds the nozzle) from 60 to 120 degrees in steps. For
each position, the water pump is activated for one second using the activatePump() and deactivatePump() functions.
This sweeping motion helps cover a wider area, increasing the chances of extinguishing the fire effectively. After the
sweep, the servo resets to its centerposition.The motor control functions—moveForward(), stopMotors(), and
turnRight()—manage the robot’s locomotion using an L293D motor driver. The motors are set to spin in specific
directions to move forward or turn.The ultrasonic distance is calculated in the measureDistance() function using the
HC-SR04 sensor. It sends a trigger pulse and listens for the echo, converting the duration into distance (in centimeters)
using the speed of sound.

IV. RESULTS AND DISCUSSION
The primary objective of this project was to develop a robotic system capable of detecting and extinguishing fire
autonomously, while minimizing human intervention and maximizing operational safety. The final prototype integrated
flame and smoke sensors for detection, ultrasonic sensors for navigation, a servo-controlled nozzle for targeting, and a
DC water pump for extinguishing fire. The following section discusses the system’s expected performance and presents
outcomes from initial trials, along with identified limitations.

4.1 Expected Results
The autonomous robotic system is designed to continuously monitor its surroundings using integrated sensors. Upon
detecting fire, it is expected to:

*  Accurately localize the fire using flame and smoke sensors.

*  Navigate towards the hazard while avoiding obstacles.

»  Position the extinguishing nozzle using a servo motor.

*  Activate the DC water pump to extinguish the fire.

*  Resume monitoring once the fire is neutralized.
The system provides improved safety by eliminating the need for close human intervention and ensures faster fire
response times, especially in confined or hazardous environments like high-rise buildings, industrial facilities, and
storage warehouses.
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4.2 Test Scenarios
To validate the robot’s functionality, the following scenarios were simulated:
Test Scenario 1: Controlled Flame Detection
A candle was placed at a fixed location in a dark indoor environment. The robot, placed 50 cm away, was powered on
and allowed to autonomously navigate.
Result:
»  The flame sensor detected the fire when the robot was within 30 cm.
*  The robot approached the flame, positioned its nozzle, and sprayed water effectively.
Test Scenario 2: Smoke without Flame
Incense sticks were used to simulate a smoke condition without visible flames.
Result:
»  The smoke sensor successfully detected increased particulate matter.
*  The robot responded by moving forward and attempted extinguishing even without visible flame.
»  This confirmed the system’s multi-modal detection accuracy.
Test Scenario 3: Obstacle in Path
A cardboard box was placed between the robot and the fire source.
Result:
»  The ultrasonic sensor detected the obstacle within 15 cm.
»  The robot successfully avoided the obstacle and recalculated its path.
Test Scenario 4: Manual Override Using RF
The robot was operated manually using RF remote control to simulate scenarios requiring operator intervention.
Result:
*  Commands for movement and pump activation were executed with minimal latency.
*  Manual mode proved useful in environments where autonomous operation may be challenging.

4.3 Observations from Trials

The flame sensor was more responsive in low-light conditions. Bright ambient lighting sometimes reduced sensitivity.
The smoke sensor responded quicker to denser smoke but showed false positives in dusty environments.

Obstacle avoidance using ultrasonic sensors was reliable for distances above 10 cm but less accurate for very close-
range objects.

The servo sweep between 60° and 120° ensured broad water coverage, improving extinguishing efficiency.

Water usage was minimal due to the short activation bursts controlled by the microcontroller.

Test Scenario HSensor/Function lnvolved”Observation Summary

Detected flame within 30 cm; nozzle aimed and sprayed

Flame Detection Flame Sensor
accurately.

Detected dense smoke without flame; responded with

Smoke Detection ||Smoke Sensor e
extinguishing attempt.

‘Obstacle AvoidanceHUltrasonic Sensor ”Detected obstacle within 15 ¢cm and rerouted successfully. ‘

‘Manual RF Control HRF Receiver + Motors ”Executed movement and pump activation with minimal delay. ‘
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Performance Score in Test Scenarios

Performance Score (out of 10)

Flame Detection Smoke Detection Obstacle Avoidance Manual RF Control

Figure 1: Performance score in test scenarios
Graphical analysis

Sensor Response Over Time
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Figure 2 Sensor Response Over Time

Sensor Response Over Time
¢ Shows how flame, smoke, and ultrasonic sensors react over a 10-second interval.
»  Flame sensor value drops when fire is near, smoke sensor value increases with smoke, and ultrasonic detects
objects getting closer.
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Distance to Fire vs Reaction Time
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Figure 3 Distance to Fire vs. Reaction Time
Distance to Fire vs. Reaction Time

»  Demonstrates that as the robot gets closer to the fire, it reacts faster.
»  Useful for evaluating how quickly the robot initiates extinguishing actions.

Water Spray Duration vs Servo Angle

1.2 4
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0.6
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Figure 4 Water Spray Duration vs. Servo Angle
Water Spray Duration vs. Servo Angle
*  Visualizes how the robot sweeps the nozzle to cover the fire area.
»  Balanced spray duration ensures uniform water coverage during extinguishing.

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 442

ISSN

| 2581-9429 |}




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology w\

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
ISSN: 2581-9429 Volume 5, Issue 8, April 2025 Impact Factor: 7.67

V. CONCLUSION
This research successfully demonstrated the design, development, and testing of an autonomous robotic fire detection
and extinguishing system. The prototype integrates multiple sensor technologies—including flame, smoke, and
ultrasonic sensors—with embedded control and mechanical actuation to offer a comprehensive solution for early fire
response. Using an Arduino-based microcontroller system, the robot is capable of detecting fire and smoke, navigating
toward the hazard while avoiding obstacles, and effectively deploying a targeted water spray to suppress the fire. The
additional integration of RF remote control further enhances the system’s flexibility by enabling semi-autonomous
operation in sensitive or unpredictable environments.
The results from various controlled test scenarios confirm that the robot can respond quickly and accurately to fire-
related threats in real time. It can function reliably in confined indoor environments, such as offices, educational
institutions, and small industrial units. The sensor data, movement control logic, and spray mechanism work in
harmony to deliver a balanced, practical solution that minimizes the need for human presence in dangerous areas during
the early stages of a fire.
However, the current prototype is not without limitations. The system's effectiveness is reduced in complex terrains and
high ambient light conditions. The limited onboard water capacity restricts the duration and scale of firefighting it can
handle. Furthermore, the decision-making logic is based on fixed thresholds, which may result in false positives or
reduced sensitivity in certain conditions. Despite these constraints, the project lays a strong foundation for future
developments.
Looking ahead, the integration of artificial intelligence, real-time image processing, and improved mobility platforms
(such as tracked or aerial robots) can enhance the system’s adaptability and performance. Features like autonomous
recharge, networked multi-robot collaboration, and cloud-based monitoring can further expand its scope of deployment.
With continued refinement, this robotic platform has strong potential to contribute meaningfully to the fields of fire
safety, disaster management, and smart building infrastructure.
In conclusion, the proposed robotic system represents a promising step toward intelligent, automated fire safety
solutions that are affordable, scalable, and effective in reducing property damage and safeguarding human life.

REFERENCES
[1]. Zhang, D., Luo, Y., Liu, L., & Liang, C. (2023). An indoor autonomous inspection and firefighting robot
based on SLAM and flame image recognition. Fire, 6(4), 174. https://doi.org/10.3390/fire6040174
https://www.mdpi.com/2571-6255/6/4/174
[2]. Pack, D. J., Avanzato, R., Ahlgren, D. J., &Verner, I. M. (2004). Fire-fighting mobile robotics and
interdisciplinary design—Comparative perspectives. [EEE Transactions on Education, 47(3), 369-376.
https://doi.org/10.1109/TE.2004.825060
https://ieeexplore.ieee.org/document/1322822
[3]. Rakib, T., & Sarkar, M. A. R. (2015). Design and implementation of a fire-fighting robot. International
Journal of  Computer Applications, 118(19), 6-9. https://doi.org/10.5120/20891-3404
https://www.ijcaonline.org/archives/volume118/number19/20891-3404
[4]. Saravanan, P., &Ishawarya, S. (2020). Design and development of fire extinguishing robot using
Atmega2560 microcontroller. International Journal of Engineering and Advanced Technology (IJEAT), 9(4),
397-401.
https://www.ijeat.org/wp-content/uploads/papers/v9i4/D7435049420.pdf
[5]. Khajuria, S., Johar, R., Sharma, V., & Bhatti, A. (2018). Arduino based fire fighting robot. International
Journal of Innovative Research in Science, Engineering and Technology, 7(4), 3556-3560.
https://www.ijirset.com/upload/2018/april/74 Arduino NEW.pdf
[6]. Elmahdi, 1., Zhao, C., Wang, C., &Aljohani, A. (2021). Real-time fire detection system using IoT and
computer vision. International Journal of Advanced Computer Science and Applications, 12(5), 130-137.
https://doi.org/10.14569/IJACSA.2021.0120517
https://thesai.org/Publications/ViewPaper?Volume=12&Issue=5&Code= IJACSA&SerlalNo 17
Copyright to IJARSCT E| 3 E| DOI: 10.48175/568 Z
www.ijarsct.co.in ;

443




({ IJARSCT

Y/
xx International Journal of Advanced Research in Science, Communication and Technology l\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 16D O
ISSN: 2581-9429 Volume 5, Issue 8, April 2025 Impact Factor: 7.67
[7]. Nugroho, A. Y., Yuwono, R., &Rizky, F. (2020). Design and implementation of an autonomous firefighting
robot using PID controller. Journal of Robotics and Control (JRC), 1(2), 64-71.
https://doi.org/10.18196/jrc.1218

https://journals.ums.ac.id/index.php/jrc/article/view/11434
[8]. Akter, T., & Hossain, M. M. (2019). Fire fighting robot with GSM module for notification. International

Journal of Scientific & Engineering Research, 10(4), 21-24.
https://www.ijser.org/researchpaper/FIRE-FIGHTING-ROBOT-WITH-GSM-MODULE-FOR-
NOTIFICATION.pdf

[9]. Alabsi, A. A., Abood, F. H., & Hassan, A. (2020). Autonomous line-following fire-fighting robot using flame
sensors. International Journal of Innovative Technology and Exploring Engineering, 9(11), 3192-3196.
https://doi.org/10.35940/ijitee.K2240.0991120
https://www.ijitee.org/wp-content/uploads/papers/v9il 1/K22400991120.pdf

[10]. Ismail, M., Basri, H., & Yusuf, S. M. (2021). Intelligent firefighting robot with multi-sensor fusion for hazard
detection. Journal of  Engineering Science and Technology, 16(1), 345-359.
https://jestec.taylors.edu.my/Vol%2016%20Issue%201%20February%202021/16 1 23.pdf

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 444

7 1ssN W)
| 2581-9429 |}

¢\ [JARSCT /¢
Q




