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Abstract

Recent advancements in independent robotics, embedded systems, and intelligent perception have
appreciably improved the capability of firefighting robots designed for early fire detection, flame
localization, and suppression. A broad range of studies explores vision-based and sensor-fusion
techniques designed for reliable flame discovery in complex environments. Image-processing
approaches—including adaptive edge-detection, infrared/thermal imaging, color-space analysis, and
profound learning—are extensively implement to enhance real-time fire gratitude, even in the
presence of smoke or dynamic illumination. Microcontroller-based systems such as STM32, Arduino,
and STC89C52 carry on to support inexpensive autonomous platforms, at the same time as more
advanced robots integrate multi-sensor fusion with radar, infrared stereo vision, and environmental
monitoring to improve sturdiness. Researchers have also developed full robotic platforms ranging
from small indoor firefighting rovers to intelligent inspection robots for industrial, petroleum, and
petrochemical applications. Modern systems highlight self-directed navigation, track-belt mobility,
flame tracking, real-time situation assessment, and automatic extinguishing mechanisms using
sprinklers or onboard containment modules. Several works extend these concept to early-warning
systems for public spaces and to UAV-assisted forest fire monitoring. Collectively, the writing
demonstrates fast progress toward smart real-time, autonomous fire-detection and firefighting
solutions capable of reducing human risk and improving response effectiveness across diverse
environments.
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INTRODUCTION

The rising frequency and harshness of fires in both city and manufacturing environments, joint with
the innate danger to human life, have spur significant attention in the development of independent
firefighting robots. These robots are designed to detect, track, and suppress fires in hazardous
conditions where human involvement is either too dangerous or impractical. Traditional firefighting
methods often face limitations in respond quickly
to fire outbreaks, particularly in environments with
heavy smoke, confined spaces, or extreme heat. In
such cases, autonomous robots equipped through
advanced flame detection and suppression
technology offer a safer and more efficient
alternative.
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under varying environmental conditions, such as
low visibility due to smoke or intense light from
flames. Over the years, researchers have explored a
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choice of technologies, including image processing algorithms, thermal and infrared sensors, and
sensor fusion techniques, to enhance the robot’s ability to detect and track flames reliably.
Furthermore, as fire dynamics can change rapidly, real-time situational awareness and adaptive
decision-making algorithms are essential for the robot to assess the fire’s severity and determine an
appropriate response.

Beyond detection, the design of robotic platforms capable of navigating complex environments is
crucial for the success of autonomous firefighting systems. Robots must be able to move through
diverse terrains, from indoor industrial spaces to outdoor forest areas, often in high-risk and
unpredictable situations. The integration of mobility, fire detection, and suppression capabilities
allows these robots to operate autonomously, significantly reducing the risk to human firefighters and
improving the efficiency of fire response efforts.

This paper explores the latest advancements in autonomous firefighting robots, focusing on the
technologies and methodologies used for flame detection, tracking, and suppression. By reviewing
recent literature, we examine the innovations that have made these robots more effective and how they
are transforming the field of fire safety and prevention.

LITERATURE REVIEW

Firefighting robots have emerged as a promising solution for detecting and suppressing fires
autonomously in environments where human intervention may be dangerous. Research in this area
has focused primarily on improving flame detection accuracy, enhancing robot mobility, and enabling
real-time decision-making capabilities. Several studies have explored various detection methods to
improve fire identification in complex environments. Yongqi et al. [1] developed an automatic flame
detection and tracking system that utilized image processing algorithms and infrared sensors, enabling
the robot to identify flames even in smoke-filled settings. This work was built upon by Qiu et al.
(2023) [2], who incorporated the STC89C52 microcontroller to create an intelligent robot capable of
recognizing and tracking flames in real-time. The use of visual sensors and adaptive algorithms
allowed their system to accurately detect flames, even in challenging conditions. Moreover, Qiu, Yan,
and Lu (2011) [3] proposed an adaptive edge-detection algorithm specifically for flame image
processing, which dynamically adjusts to different flame intensities, improving the robot's ability to
detect fires amidst various environmental factors like smoke or background noise [4, 5].

In addition to visual detection, the integration of sensor fusion has proven essential for enhancing
flame detection reliability. Sayyed et al. (2019) [6] demonstrated a fire-fighting robot equipped with
multiple sensors, including smoke detectors, temperature sensors, and visual cameras, which work
together to improve fire detection under varying conditions. The combination of infrared cameras and
radar sensors, as explored by Kim et al. (2015), allows firefighting robots to navigate through smoke
and still detect the fire source accurately. This sensor fusion technique helps the robots to overcome
the limitations of individual sensors, such as visual obscurity caused by smoke. Furthermore, real-
time fire detection and situational assessment algorithms, like the one proposed by Ding et al. (2025)
[4], are becoming increasingly crucial for autonomous robots. These systems not only detect flames
but also assess the severity of the fire, enabling the robot to prioritize actions effectively, whether it's
to suppress the fire or navigate to safety [6—10].

Alongside flame detection, the design and mobility of firefighting robots are critical for their
effectiveness. Robots need to be equipped with robust platforms capable of navigating complex
environments, such as indoor spaces, industrial sites, or even hazardous, confined spaces. For
example, Khoon et al. (2012) introduced an autonomous fire-fighting mobile platform capable of
maneuvering through indoor environments [7]. This platform utilized a combination of flame and
smoke sensors to detect and suppress fires autonomously [11-17]. In closed spaces, such as industrial
areas or buildings with limited access, Murad et al. (2021) developed a rover tank firefighting robot
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that can navigate tight spaces and extinguish fires using a control system based on an Arduino
microcontroller [17].

Sensor fusion, image processing, and adaptive algorithms are not only limited to indoor fire
scenarios but also have applications in larger-scale disasters, like forest fires. Yuan et al. (2015)
explored the use of unmanned aerial vehicles (UAVs) and remote sensing technologies for monitoring
and detecting fires in forests, showcasing how autonomous robots can be used for large-scale fire
prevention and control [18-22]. As technologies continue to evolve, future research will likely focus
on enhancing the Al decision-making capabilities of these robots, enabling them to function more
autonomously and efficiently in dynamic, real-world environments [22].

Overall, the advancements in autonomous firefighting robots have significantly improved their
ability to detect, track, and suppress fires in a variety of environments. Future research will continue
to push the boundaries of flame detection accuracy, sensor integration, and real-time decision-making,
enabling these robots to play an even more crucial role in fire prevention and disaster management .

OBJECTIVE

The goal of this project is to develop a automatic flame detection and tracking that can
autonomously find and extinguish indoor 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 quickly go past obstacles and reach the fire's origin. The robot should be
able to put out the fire if it has the proper equipment, like a water spray or fire extinguisher. Wireless
communication is also necessary for the robot to allow firefighters to watch and control it from a
distance. The main objective is to enhance the capacity to combat flames by utilizing self-governing
robots.

METHODOLOGY

The proposed automatic flamed etection and tracking system focuses on the integration of flame
sensing, signal processing, and motorized movement to detect and track the direction of a flame in
real time. The overall process consists of four key stages: sensor arrangement, data acquisition, signal
processing, and mechanical tracking.

The Arduino is one of the most widely used platforms for robotic fire fighting. The Arduino
microcontroller is an excellent option for both engineers and enthusiasts since it is user- friendly and
reasonably priced. For the Arduino, there are several libraries that may be used to control sensors,
motors, and other devices. The Arduino is used in many different types of robots that battle fires.
Figure 1 shows lock diagram of automatic fire flame detector arrangement
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Figure 1. Block diagram of fire fighting arrangement.
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COMPONENT REQUIRED
Arduino UNO

The Arduino Uno serves as the central processing unit of the system. It reads sensor data, processes
intensity values, executes the flame detection algorithm, and controls the motor. Its built-in ADC, ease
of programming, and compatibility with external modules make it ideal for prototyping (Figure 2).

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. Multiple sensors are used to improve
directional accuracy on correct time (Figure 3).

Servomotor
A servo motor or DC motor mechanism is used to rotate the flame sensor assembly toward the
flame direction. Servo Motors offer precise angular control (Figure 4).

Figure 4. Servomotor

© STM Journals 2026. All Rights Reserved 9



International Journal of Advanced Robotics and Automation Technology
Volume 4, Issue 1

DC Motors require a motor driver module (e.g., L298 Nor L293D) for controlling rotation and
speed.

The motor enables physical tracking by orienting the sensor toward the flame source are found.

Motor Driver Module

A motor driver such as L293D or L298N acts as an interface between the microcontroller and the
motor. It supplies the required voltage and current to the DC motor and enables direction control via
logic inputs (Figure 5).

Battery
A DC power supply or rechargeable lithium-ion battery powers the microcontroller, sensors, and
motor. Typical operating voltage ranges from 5V to 12V depending on the components used (Figure 6).

Connecting Wires and Breadboard
Connecting wires and a breadboard are used for assembling the prototype circuit. They provide
flexibility for modifying connections during testing and development (Figure 7).

Figure 5. 77?7

_

Figure 6. Battery

Figure 7. Wired and breadboard.
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Figure 8. 12V DC water pump.

12V DC Water Pump

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. The industry and
customers alike strongly value the 12V water pump because of its small size, long operating life, and
low cost. As a result, 12 volt pumps are widely used in cars for a wide range of applications, such as
circulation water pumps, hot water boosters, aquariums, fish tanks, agriculture, table top fountains,
garden solar fountains, PC cooling systems, and car washing (Figure 8).

Benefits of Project

e Early Fire Detection.
Automatic Tracking of Flame Source.
Reduced Human Intervention.
Improved Safety.
Low-Cost and Easy to Implement.
Real-Time Operation.

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 micro controller-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 a 12V DC water pump or alarm, providing an automatic response that enhances safety.
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