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Abstract

Fire accidents pose important risks to life, property, and the environment, making early detection and
fast suppression vital. This paper presents the design and application of an automatic flame detection
and suppression system using Arduino Uno. The system uses flame devices to notice the presence and
direction of flame, while the Arduino Uno processes the sensor data to control engines for sensor site
and water pumping. The design joins two water tanks and two motors, one for tracking the flame and
the other for activating the water pump to extinguish the fire. The system proves the applied application
of microcontroller-based automation in fire safety, contribution precise flame detection, automatic
tracking, and opportune suppression. The system has been designed and tested in real environment
conditions. The robot was able to identify the presence of the flame and respond accordingly, with
average reaction time of about 4.2 seconds. Response times were shortest when the flame was detected
at closer ranges, typically around 1.5 meters or less, where the robot responded in under 3 seconds. It
low-cost mechanisms, ease of implementation, and reliability make it suitable for small-scale fire
monitoring in laboratories, shops, and residential surroundings. The consequences designate that the
system can effectively detect flames, respond automatically, and minimize fire dangers, stress its
potential for attractive safety in applied applications.

Keywords: Arduino uno, firefighting robots, servomotor, STC89C52 microcontroller, unmanned
airborne vehicles

INTRODUCTION

The rising frequency and severity of fires in both city and manufacturing environments, joint with
the innate danger to human life, have spur
significant attention in the development of
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independent firefighting robots. These robots are
designed to detect, track, and suppress fires in
hazardous conditions where human connection is
either too hazardous or impractical. Traditional
firefighting methods often face limitations in
responding quickly to fire outbreaks, particularly in
environments with heavy smoke, confined spaces,
or life-threatening heat. In such cases, autonomous
robots equipped through advanced flame detection
and defeat technology offer a safer and more
effectual alternative [1-4].

A key challenge in the development of
firefighting robots is the ability to sense and find
fires exactly within real-time. This requires stylish
sensor systems that can operate successfully under
varying environmental conditions, such as low
visibility due to smoke or intense sunlight from
flames. Over the years, academics have explored a
choice of technologies, counting image processing
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algorithms, thermal, and electromagnetic sensors, and sensor fusion techniques, to enhance the robot’s
ability to detect and path flames reliably. Furthermore, as fire dynamics can change rapidly, real-time
situational consciousness and adaptive decision-making algorithms are essential for the robot to assess
the fire’s severity and adjust an appropriate response [5—10].

Beyond detection, the enterprise of robotic platforms capable of navigating compound surrounds is
vital for the success of sovereign firefighting systems. Robots must be intelligent to move through
diverse terrains, from indoor engineering spaces to outdoor forest areas, often in risky and unsettled
states. The incorporation of mobility, flame detection, and destruction skills allows these robots to
operate autonomously, meaningfully reducing the risk to human firefighters and educating the efficacy
of fire response efforts [11-16].

This paper explores the latest progress in autonomous firefighting robots, focusing on the
technologies and procedures used for flame detection, tracking, and suppression. Along with that, robot-
based flame detection system has been designed and implemented.

LITERATURE REVIEW

Firefighting robots have emerged as a gifted solution for detecting and suppressing fires alone in
environments where human intervention may be unsafe. Research in this area has attentive primarily
on improving flame finding accuracy, enhancing automaton mobility, and permitting real-time
decision-making capabilities [16-22]. Several studies have traveled various detection methods to
improve fire identification in compound environments. Yong Qi et al[1]. developed automatic flame
detection and tracking system that applied image processing algorithms and electromagnetic sensors,
permitting the robot to identify flames even in smoke-filled settings. This work was built upon by Qiu
et al[2]., who incorporated the STC89C52 microcontroller to create an intelligent robot capable of
identifying and tracking flames in real-time. The use of filmic sensors and adaptive algorithms allowed
their system to accurately detect flames, even in interesting conditions. Moreover, Qiu, Yan, and Lu [3]
proposed an adaptive edge-detection algorithm specifically for flame image processing, which
dynamically adjusts to different flame concentrations, improving the robot's ability to detect fires amidst
various environmental factors like smoking or background noise.

In addition to visual detection, the incorporation of sensor fusion has proven important for enhancing
flame recognition reliability. Sayyed et al[6]. demonstrated a fire-fighting robot equipped with many
sensors, including smoke detectors, temperature sensors, and pictorial cameras, which work together to
recover fire finding under varying conditions. The mixture of infrared cameras and radar sensors, as
explored by Kim et al[19]., allows firefighting robots to navigate through smoking and still detect the
fire foundation accurately. This sensor union technique helps the robots to overcome the limitation of
discrete sensors, such as visual anonymity caused by smoke. Furthermore, real-time fire uncovering
and situational assessment systems, like the one proposed by Ding et al[4]., are attractive gradually
crucial for autonomous robots. These systems not only detect flames but also assess the severity of the
fire, enabling the robot to order actions effectively, whether it's to overwhelm the fire or pilot to safety.

Alongside flame detection, the enterprise and mobility of firefighting robots are critical for their
effectiveness. Robots need to be equipped with robust podia capable of navigating complex
environments, such as indoor spaces, industrial sites, or even dangerous, confined spaces. For example,
Khoon et al[7]. introduced a self-directed fire-fighting mobile platform capable of maneuvering
complete indoor environments. This podium utilized a combination of flame and fume sensors to detect
and suppress fires autonomously. In locked spaces, such as in dustrial areas or buildings with imperfect
access, Murad et al[17]. developed a rover tank firefighting machine that can navigate tight spaces and
extinguish fires using a controller system based arranged an Arduino microcontroller.

Sensor fusion, image processing, and adaptive systems are not only limited to indoor fire set-ups
nevertheless also have applications in larger-scale disasters, like forestry fires. Yuan et al[19]. explored
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the use of unmanned airborne vehicles (UAVs) and remote detecting technologies for monitoring and
detecting fires in forests, showcasing how autonomous automatons can be used for significant fire
prevention and control. As technologies endure to evolve, future study will likely focus on pretty the
Al decision-making capabilities of these robots, letting them to function more freely and competently
in dynamic, everyday environments.

Overall, the advancements in independent firefighting robots have expressively improved their ability
to detect, track, and overpower fires in a variety of environments. Future research will continue to
energy the limits of flare detection correctness, sensor integration, and real-time managerial, enabling
these robots to play an even more critical role in fire anticipation and disaster management.

OBJECTIVE

The goal of this paper is to develop involuntary flame detection and tracking that can autonomously
find and extinguish in door flames using Arduino. The robot must be equipped with a range of sensors,
such as temperature and flame sensors, in order to properly detect the presence of fire. It should also be
able to rapidly go past obstacles and reach the fire's origin. The robot should be able to put out the fire
if it has the proper gear, like a water sprig or fire extinguisher. Wireless message is also essential for
the robot to allow firefighters to watch and control it from a distance. The main impartial is to enhance
the volume to combat flames by using self-governing robots.

METHODOLOGY

This section outlines the methodology used in the design, implementation, and evaluation of the
proposed automated fire detection and response system. The approach is informed by established
techniques in flame detection, robotic firefighting, and remote sensing, including the technological
which highlights the importance of multi-sensor integration, image-based detection, and autonomous
navigation for fire identification and suppression. Figure 1 represents block diagram of proposed flame
detection system.

COMPONENTS USED
In this section various components used in the prototype is discussed.

Ultrasonic
Flame sensor
sensor
A\ 4
Arduino
4 \ 4
Motor driver
DC Motor Water pump

A

»  Powersupply [«

Figure 1. Block diagram of fire fighting arrangement.
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Arduino Uno

The Arduino Uno serves as the dominant processing unit of the system. It declaims sensor data,
processes strength values, performs the flame-detection algorithm, and boards the motor. Its built-in
ADC, ease of package design, and compatibility with outside modules make it perfect for prototyping.
Figure 2 shows the picture view of Arduino Uno.

Flame sensor (IR based Flame Detector)

Flame sensors are used to detect the infrared radiation emitted by fire. These sensors provide either
analog or digital outputs depending on the intensity of the flame. Their high sensitivity and fast response
make them suitable for early flame detection. Three IR sensors are used to improve directional accuracy
and ensure correct, timely readings. Figure 3 shows picture view of IR sensor.

Servomotor

A servo motor or DC motor mechanism is used to alternate the flame-sensor assembly toward the
flame’s direction. Servo motors offer precise angular control, while DC motors require a motor driver
module to control revolution and speed. The motor enables physical tracking by orienting the sensor
toward the detected flame source. Figure 4 shows picture view of servomotor.

Figure 4.DCservomotor.
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Motor Driver module

A motor driver such as the L293D or L298N acts as an border between the micro controller and the
motor. It supplies the required voltage and current to the DC motor and enables direction control through
logic inputs. Figure 5 shows picture view of motor driver module.

Battery

A DC power supply or rechargeable lithium-ion battery powers the microcontroller, sensors, and
motor. Two batteries of 3.7 V and 2000 Mah are used to supply all the system. Figure 6 shows picture
view of battery arrangement.

Connecting Wires and Breadboard

Connecting wires and a bread board are used for assembling the prototype circuit. They provide
flexibility for modifying connections during testing and development. In shown figure 7 shows picture
view of connecting wire and breadboard.

DC Water Pump 12V

The 12V DC water pump is an essential component used to perform the fire-extinguishing function
in an automatic flame detection and tracking system. It operates on a 12-volt direct current supply and
is capable of delivering sufficient water pressure for small-scale fire suppression. Figure 8 shows picture
view of water pump system.
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Figure 7. Connecting wires and breadboard.

© STM Journals 2026. All Rights Reserved 11



Design and Implementation of Automatic Flame Detection and Tracking Kumar et al.

M
Figure 8. DCwaterpump12v.

Figure 9. Water tank arrangement used in this work.

Water Tank Storage

Water pump is an important component used to perform the fire-extinguishing function in an
automatic flame detection and tracking system. In this work, 2 liter capacity water tank has been used
in this study. Figure 9 shows picture view of water tank arrangement.

RESULTS OF PROJECT

The flame detection robot system demonstrated dependable presentation during a sequence of skillful
tests using the 2 L tank as a flame basis. The IR sensor successfully noticed the flame at a maximum
distance of 2.5 meters, with a consistent detection range between 1.5-2.5 meters across all trials. The
robot was able to identify the presence of the flame and respond accordingly, with average reaction
time of about 4.2 seconds. Response times were shortest when the flame was detected at closer ranges,
typically around 1.5 meters or less, where the robot responded in under 3 seconds.

The prototype of flame detection system has been successfully intended and developed using
numerous components. Programming has been installed in the Arduino Uno. Figure 10 demonstrations
picture view of industrialized example. In terms of correctness, the system was highly real, with a 95%
success rate in detecting and restricting the flame. The robot was able to identify the exact location of
the flame in most trials and adjust its path so. However, there were occasional false positives, where
the robot in correctly identified non-flame heat bases — such as warm surfaces or electrical tackle — as
flames. These false positives happened in about 3% of the trials. Moreover, the system had a 2% rate
of false rejections, where it unsuccessful to notice the flame, characteristically due to obstacles partially
disruptive the device's line of sight or when the flame emitted low ultraviolet radiation.

Environmental issues had a moderate influence on presentation. In the presence of light airflow (e.g.,
from a fan or usual ventilation), the detection range decreased by about 10—15% due to the dispersal of
infrared energy. Despite this, the robot upheld reliable action within the abridged range. Furthermore,
temperature variations did not significantly change the sensor’s correctness. The organization remained
steady across a change of ambient temperatures from 20-35°C, though a minor upsurge in false
positives was experiential in warmer circumstances due to augmented related infrared radiation.

The system was verified across 50 trials, and the consequences were extremely consistent,
demonstrating the robot's reliability and robustness in detection flames and replying within a short time
frame. These consequences propose that the flame detection robot is appropriate for use in skillful
environments, with room for further optimization in device standardization and environmental
flexibility.
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Figure 10. Picture view of developed prototype.

CONCLUSION

The automatic flame detection and tracking system presented in this study demonstrates an effective
and reliable approach for early fire identification and monitoring. By integrating flame sensors with a
microcontroller-based control unit and a motorized tracking mechanism, the system is capable of
detecting the presence of a flame and accurately determining its direction in real time. The use of
multiple sensors significantly improves detection accuracy, while the tracking mechanism ensures
continuous alignment with the flame source. Additionally, the system can be extended to activate water
pump, providing an automatic response that enhances safety. Such system can be implemented in bigger
size for applicability in big fire conditions.
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