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Abstract: Fire is one of the most devastating hazards in both industrial and residential environments.
Rapid detection and timely suppression are crucial in preventing loss of life and property. This paper
presents an autonomous Arduino-based fire fighting robot designed to detect and extinguish small-scale
fires using IR flame sensors, obstacle-avoidance modules, and a servo-controlled water pump system.
The robot uses an Arduino Uno microcontroller, flame sensors, an ultrasonic sensor, and a motor driver
module to perform its task efficiently. It is a cost-effective and portable system, particularly suited for
high-risk zones such as server rooms, gas storage facilities, and domestic kitchens. The modular design
allows scalability and integration with IoT for advanced alert systems. Future iterations aim to include
Al-enhanced navigation and remote operation capabilities.
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I. INTRODUCTION
In recent decades, the demand for intelligent and autonomous robotic systems has dramatically increased in fields that
pose high risks to human life. One critical domain where robotics has shown promising potential is fire detection and
suppression. Fire outbreaks not only cause significant property damage but also pose severe threats to human life and
the environment. According to data from the National Fire Protection Association (NFPA), thousands of lives are lost
annually in fire-related incidents due to delayed response, limited accessibility, and hazardous operating conditions for
human responders [1].
Modern technological advancements in embedded systems, automation, and wireless sensing have enabled the
development of robots capable of operating in unpredictable and life-threatening environments. In particular, fire-
fighting robots serve as a crucial application of robotics and mechatronics in safety engineering. These robots can detect
the presence of fire or smoke, navigate autonomously within cluttered spaces, and initiate suppression mechanisms—
thus playing a preventive and reactive role in fire emergencies [2].
This paper presents the design and implementation of an autonomous fire-fighting robot built using the Arduino Uno
microcontroller platform. The robot integrates key components such as flame sensors for fire detection, an ultrasonic
sensor for obstacle avoidance, DC motors for mobility, and a servo-driven pump to deliver water toward the fire source.
The system is designed to operate independently in constrained indoor environments, making it ideal for deployment in
chemical laboratories, server rooms, residential complexes, and industrial warehouses.
Unlike conventional fire-alarm systems that require human presence for mitigation, this robot provides an intelligent
and immediate response, thereby reducing reliance on external intervention. Moreover, the use of low-cost, open-source
components such as the Arduino platform and standard IR flame sensors makes the system highly scalable,
educationally accessible, and viable for prototyping in both academic and research contexts [3][4].
Previous works have explored similar robotic systems for fire detection using basic sensors and manual controls;
however, many lacked full autonomy or integrated suppression capability. This project builds upon those efforts by
combining detection, decision-making, navigation, and fire-extinguishing functionalities in one self-contained mobile
platform. The use of embedded C programming within the Arduino IDE allows for efficient real-time control and data
handling, while the modular hardware design ensures ease of maintenance and future scalability [5][6].
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Overall, the goal of this research is to offer a practical, low-cost solution to mitigate fire hazards in sensitive or high-
risk environments, with an emphasis on autonomous operation, user-friendly design, and potential applications in both
educational and industrial domains.

II. PROBLEM STATEMENT
Fire accidents remain one of the most significant threats to safety in both residential and industrial settings. According
to global fire safety reports, thousands of structural fires occur each year, resulting in considerable economic losses,
environmental degradation, and tragic loss of life. Traditional fire detection systems, such as smoke detectors and heat
sensors, provide effective early warnings but fall short in terms of autonomous action. These systems rely heavily on
human intervention, which introduces delays and risks, especially in scenarios where access is limited or environments
are highly hazardous.
Manual fire-fighting methods, though proven, are constrained by human physical limitations and situational dangers
such as toxic smoke, high temperatures, and structural instability. In high-density or remote infrastructure like server
rooms, factories, and chemical storage areas, even a few seconds of delay can exacerbate the situation drastically.
This study addresses the growing demand for an automated solution capable of detecting, targeting, and suppressing
fires without human input. The primary objective is to develop a mobile robotic system built around the Arduino
platform, incorporating IR-based flame detection, obstacle avoidance using ultrasonic sensors, and a servo-controlled
water spraying mechanism. The system is engineered for quick response, autonomous navigation, and effective
suppression of minor to medium-scale fires, thereby filling the critical gap between detection and suppression in
conventional systems [4][5].

III. MOTIVATION
The motivation for this project is grounded in the urgent need to enhance fire mitigation strategies using autonomous
technologies. With urbanization and industrial automation on the rise, the complexity and vulnerability of environments
have increased. Traditional fire-fighting systems are either manually operated or static in nature, often incapable of
reacting dynamically to evolving fire scenarios.
Robotics, in contrast, offers an intelligent, scalable, and responsive solution. The use of embedded control systems and
sensor integration allows robots to operate independently, assess environments, and take immediate action. These
characteristics are particularly beneficial in places where human presence is restricted or dangerous, such as data
centers, warehouses, or chemical labs.
The accessibility of open-source hardware, especially Arduino, further motivates the development of cost-effective and
modular prototypes. Arduino's flexibility allows for real-time interfacing with sensors and actuators, making it an ideal
platform for rapid prototyping. Previous implementations by researchers such as Uma Bhanu et al. [6], Dutta et al. [7],
and Belsare et al. [8] laid the groundwork for Arduino-based fire-detection systems. However, these were often limited
to either detection or basic movement, lacking integrated suppression mechanisms or adaptive control.
This project builds upon those foundations with a holistic design: integrating directional flame sensing, obstacle
avoidance, water spraying automation, and real-time response logic. The goal is to produce a system that not only
demonstrates technical feasibility but also serves as a template for further innovation in low-cost robotic fire safety
solutions.

IV. METHODOLOGY
The methodology adopted for this project follows a systems engineering approach, integrating mechanical design,
electronic control, and software logic into a unified robotic platform. The robot is structured around modular
components that work together to detect and extinguish fire in a fully autonomous manner.
1. System Overview
The core of the system is the Arduino Uno microcontroller, chosen for its low cost, versatility, and extensive developer
support. It acts as the central processing unit, managing input from sensors and controlling actuators. The robot uses
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three flame sensors (front, left, and right) to determine the fire’s position and an ultrasonic sensor for real-time obstacle
detection. These inputs are continuously monitored by the microcontroller to guide navigation.

2. Locomotion and Motor Control

Two DC motors, interfaced via an L293D motor driver IC, facilitate movement and turning operations. The robot
employs a differential drive mechanism, enabling forward, backward, and rotational maneuvers. The motors are
controlled via PWM (Pulse Width Modulation) signals generated by the Arduino to adjust speed and direction.

3. Fire Suppression Mechanism

Once the fire source is detected, the robot advances toward it while avoiding obstacles. A mini water pump, connected
to a small water reservoir, is triggered using a relay module. The direction of the water spray is controlled by a servo
motor mounted with a nozzle. This setup allows directional spraying, enhancing the accuracy of fire targeting and
extinguishing efforts.

4. Sensing and Decision Logic

The logic algorithm embedded in the Arduino’s firmware reads real-time values from flame sensors. Based on sensor
input, the robot determines the direction with the strongest flame intensity and moves accordingly. Obstacle data from
the ultrasonic sensor is cross-referenced to prevent collisions. The decision-making logic is coded using Embedded C in
the Arduino IDE and includes debounce handling, priority decision routing, and safety checks.

5. System Workflow

Startup Phase: Upon power-up, the Arduino initializes all modules and performs sensor calibration.

Scanning Mode: The robot begins patrolling the area, scanning for flames and obstacles simultaneously.

Engagement Mode: If a fire is detected, the robot moves toward the source while continuously adjusting its path based
on flame intensity and proximity data.

Extinguishing Phase: When within a defined threshold distance, the pump is activated, and water is sprayed via servo
motion.

Reset or Standby Mode: After successful extinguishing or completion of a predefined cycle, the robot halts and resets
to standby.

6. Testing and Validation

The system underwent unit testing and simulation in a controlled environment using mock flame sources (e.g., candles)
and various obstacle scenarios. The robot’s performance was evaluated based on detection time, extinguishing
efficiency, path optimization, and system robustness.

SERVOMOTOR 8B PUMP |
{ POWER
SUPPLY

FIRE SENSOR
LEFT 3 12V SUPPLY
[FOR MOTOR LEFT DC
¥ MOTOR
FIRE SENSOR | 12930
RIGHT 3 ARDUING MOTOR
B UNO Dn:\c.rm
FIRE SENSOR
l CENTRE | R':f:;foff
i POWER S| Ultrasonic
SUPPLY St

Figure 1 : Block Diagram
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V. CONCLUSION

The Arduino-based fire-fighting robot has been successfully conceptualized, designed, and developed as a working
prototype capable of responding autonomously to localized fire hazards. Through the intelligent integration of flame
sensors, ultrasonic distance measurement, directional mobility, and automated suppression via a servo-controlled water
pump, the robot has demonstrated the ability to locate and mitigate small-scale fire sources in an enclosed environment.
Testing in controlled conditions validated the robot’s functionality across several parameters, including flame detection
accuracy, response time, water delivery precision, and navigation efficiency. The use of cost-effective components like
the Arduino Uno, L293D motor driver, and IR flame sensors reinforces the project's accessibility for educational
institutions, research labs, and small-scale industries.

The robot’s modular design and open-source firmware make it easy to maintain and modify, enabling users to
experiment with enhanced features or repurpose the platform for related automation tasks. Overall, this project confirms
that embedded systems and low-cost robotics can play a pivotal role in improving fire safety while minimizing human
risk.

VI. FUTURE SCOPE
While the current version of the robot effectively meets its initial objectives, there remains vast potential for future
development and optimization. The following enhancements are recommended to increase the operational scope,
reliability, and functionality of the system:

e  Wireless Communication: Adding Wi-Fi or GSM modules (e.g., ESP8266, SIM800L) would enable remote
control, mobile alerts, and cloud-based fire incident logging for smart surveillance integration.

e Thermal Imaging Integration: Incorporating a thermal camera or infrared array (e.g., MLX90640) can
improve fire detection accuracy in smoke-obscured or poorly lit conditions, which IR sensors alone may not
handle effectively.

e Al-Based Navigation and Vision: Employing computer vision and machine learning algorithms, possibly on
a Raspberry Pi extension, could allow intelligent path planning, flame recognition, and object classification.

e Swarm Robotics Architecture: Creating a fleet of cooperating robots using decentralized communication
(e.g., LoRa or ZigBee) would make large-area firefighting more feasible and scalable.

e  Multi-Agent Coordination: Robots could share environmental maps and distribute fire suppression tasks
dynamically, following algorithms like A* or D* for pathfinding and task delegation.

e  Chemical Suppression Mechanisms: Future robots could support CO, or dry powder dispensing systems to
handle Class B and Class C fires (liquids and gases), extending their utility in industrial scenarios.

e Environmental Sensing: Sensors for gas leaks (e.g., MQ-2), temperature, and humidity can help the robot
detect pre-fire anomalies, acting as a preventive tool in addition to suppression.

e Voice/Audio Feedback: Including buzzer alerts or speaker modules could provide verbal warnings to nearby
humans during operation or when fire is detected.

e Autonomous Charging: Implementing wireless charging pads or docking systems would allow 24/7
deployment with minimal human intervention.

e Robust Chassis and Flame Resistance: Transitioning to flame-retardant or metal chassis materials would
increase survivability in direct exposure scenarios.

These improvements could significantly enhance the system’s utility in real-world firefighting environments,
emergency preparedness simulations, and smart building integration.
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