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Drone: Firefighter

Shaikh Mudassir*, Dhanush Balasubramanian®, Shaikh Sakir®, Shrawan Rane”, Nikhil Satpute®
Automation and Robotics (VESP),

Abstract: This paper introduces the drone: a firefighting device that makes use of low-fee photodiode sensors to discover fires.
The layout reduced size, energy consumption and value financial savings even as preserving performance. We speak the
machine layout, take a look at strategies, and outcomes, focusing on the effectiveness of infrared radiation detection. The paper
concludes with limitation and destiny developments, paving the way for similarity development of drone firefighting generation.
Keywords: Firefighting drone, Photodiode sensor, Fire detection, Infrared radiation detection.

L. INTRODUCTION

A. Motivation

It will remain (one of) the main world's risks, a fire hazard almost permanently threatening public safety and property. It therefore

leads to both expensive and humanitarian losses yearly. The fire cavity should be detected at an early stage and intervention done

immediately in order to lessen fire threats and salvage lives as the most priority.Conventional firefighting methods may be

restrained by way of different factors which incorporates Conventional firefighting methods may be restrained by way of different

factors which incorporates:

1) Accessibility: Ensuring rescue in both hard to reach spaces like the edge of the ditch that firefighters could not get toand
where traditional devices especially the ladder cannot reach.

2) Risk to employees: The high level of risk to firefighters when they respond to scenarios involving burning flames, thick
smoke, and hazardous gases.

3) Limited situational consciousness: It can cause a problem to come up at critical moments of the combat, since the
characters might not have whole awareness of the fireplace situation in most cases.

4) Response time: Complexities of being on time for the fireplace shot for the reasons such as delays caused by thetourists
or the weather.

5) The outlined restrictions illustrate the importance of modern ways of fighting fires in order to upgrade the firefighters’ skill
sets.

B. Existing Solutions

Existing firefighting answers make use of numerous strategies, together with Existing firefighting answers make use of numerous

strategies, together with:

1) Ground automobiles: We must, however, understand that the Fire truck is the hero of the day since this vehicle comes loaded
with water cannon and hose pipes as the main resistance against the fire. On the other hand, location limits their accessibility
when facing certain areas due to land types or infrastructure.

2) Helicopters: While it has a point as delivery pulpit, they are expensive to deploy and require qualified pilots which therefore

limits their application considerably.

3) Ground robots: Robots that are operated through long-distance commands can do the inspection of the hard to access areas,

while their movement and load capacity are limited.
While putting into use these high-tech solutions is a very critical thing for firefighting, there are their limitations that may call
for researching on alternative procedures. [1]

C. Proposed Approach

This paper proposes the development of a Drone: Orienting to the fact of Burning House As a new deal the way out the problem of

traditional approaches. This drone relies on photon detectors rather than cameras for the fire detection. Thisapproach offers

several advantages:

1) Cost-effectiveness: Unlike cameras, photodiodes have a significant price reduction; this makes the drone's economic viability as
widespread adoption to be viable.
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2) Reduced size and weight: As opposed to cameras, photo diodes are smaller and lighter, improving the drone's aerodynamics to
make it less bulky and more stable in the air.

3) Lower power consumption: As opposed to cameras, photodiodes need low power consumption hence the drone could stay in
the air for long periods of time.

4) Effective fire detection: Of course, diodes whose link to fire is only a side job are still effective at picking out fire dueto these
diodes’ capability to sense the infrared radiation from the flames.

D. Paper Contribution

This paper presents the design, development, and testing of the Drone: An Outfire/prevention Flyer. The paper system architecture
evaluations section emphasizes the integration of photodiode sensors as a fire detection system. Equal time is dedicated to the
examination of the calibration and testing methods used to certify the precision and dependability of the equipment. Moreover, this
paper looks into the future of this technology, by pointing out its shortcomings and looking for the potential routes on improvement
that could be followed in future research.

1. LITERATURE REVIEW
Firefighting remains a complex and hazardous undertaking. Traditional methods rely on human firefighters venturing into
dangerous environments, exposing them to extreme heat, smoke inhalation, and structural collapse risks. Technological
advancements, particularly in the field of Unmanned Aerial VVehicles (UAVS) or drones, offer a promising solution. Multipurpose
firefighting drones have the potential to revolutionize fire response by providing:
Enhanced Situational Awareness: Drones can access areas inaccessible to firefighters, offering a real-time view of the fire
location, spread, and intensity. [2]
Improved Safety: By removing firefighters from immediate danger zones, drones minimize personnel risk and enable more
strategic response planning.
Increased Effectiveness: Firefighting drones can deliver extinguishing agents or perform reconnaissance missions, leading to
faster containment and reduced property damage. [3]
This review explores the potential of multipurpose firefighting drones, focusing on the key components that enable their
functionalities and the current state of research within this evolving field.
Components and Functionalities
The effectiveness of a multipurpose firefighting drone hinges on a robust and integrated system of electronic components. Here'san
analysis of the core components typically employed:
Electronic Speed Controllers (ESCs): These intelligent circuit boards regulate the speed and direction of the Brushless DC
(BLDC) motors. Each motor in the quadcopter frame requires a dedicated ESC, ensuring precise control over flight dynamics.

ﬁ,«w
Fig 1. ESC
BLDC Motors (1000kv): BLDC maotors offer superior efficiency and power compared to brushed DC motors. The chosen 1000kv

rating signifies 1000 revolutions per minute (RPM) per volt supplied, providing sufficient thrust for the drone to carry thefirefighting
payload.

(4
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Fig 2. BLDC Motor
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Microcontroller Unit (MCU): The brain of the drone, often an Arduino Uno board, processes control signals received from the
transmitter and interprets sensor data. Based on this information, the MCU sends commands to the ESCs, controlling motor
operation and maintaining flight stability.

Fig 3. MCU

MPU 6050 Sensor: This compact Micro Electro-Mechanical Systems (MEMS) device combines a gyroscope and accelerometer.
These sensors provide critical data on the drone's orientation, acceleration, and angular velocity, enabling the MCU to maintain
flight stability and maneuverability.

Fig 4. MPU 6050

Sensor Network: A network of sensors plays a vital role in firefighting functionality.
1) Five IR Sensors: Strategically placed infrared sensors detect obstacles and heat signatures, aiding in autonomousnavigation and
fire detection.

Fig 5. IR Sensor

2) MQ-2 Sensor: This metal oxide semiconductor (MOS) sensor helps detect smoke and combustible gases, providing
valuable information about fire location and intensity.

Fig 6. MQ2 Sensor

Jumper Wires: These pre-crimped wires simplify connections between various electronic components on the drone, ensuring a
reliable and organized electrical system.
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Fig 7. Jumper wires

Frame: The F450 quadcopter frame serves as the lightweight and durable skeleton of the drone. This frame houses the motors,
battery, and other components, providing a stable platform for flight operations.

Fig 8. F450 Quadcopter Frame

Lipo Battery (35¢ 2200 mAh): Lithium Polymer (Lipo) batteries offer high energy density for extended flight times. The chosen35¢
discharge rate ensures the battery can deliver the required current to power the motors during firefighting missions.

Fig 9. Lithium Polymer Battery (2200 mAh)

Transmitter Receiver (CT6B): This radio control system allows for pilot control over the drone's movements. The transmitter sends
control signals to the receiver on the drone, which translates them into motor commands, enabling human intervention when
necessary.

Fig 10. Transmitter Receiver CT6B
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Firefighting Specific Components

In addition to the core components mentioned above, a multipurpose firefighting drone requires specialized elements for its
firefighting capabilities:

Submersible Motor 5v DC: A water pump driven by a submersible motor forms the heart of the firefighting functionality. This
motor draws water from a designated tank and delivers it through a nozzle, allowing for targeted extinguishing agent application. The
choice between a 5v or 9v DC motor depends on the chosen water tank size and desired water flow rate.

Nord MCU: While the specific functionality of the Nord MCU is unclear, it is likely a Single-Board Computer (SBC) responsiblefor
processing sensor data related to the firefighting system. This may include water tank level sensors, pressure sensors, and potentially
controlling the water pump operation. [4]

Integration and Challenges

The successful integration of these components is crucial for a functional and effective firefighting drone. Research by highlights
the importance of developing robust communication protocols between the flight control system and the firefighting components.

1. DESIGN AND METHODOLOGY
This section details the design and methodology employed in developing the Drone: The firefighting craft equipped with
photodiode to accurately spot the fire.

A. System Design

This section details the design and methodology employed in developing the Drone: The firefighting craft equipped with

photodiode to accurately spot the fire. [5]

Drone Platform:

Adoption of a multirotor drone form factor which meets specified payload capacities and flight time requirements.Considerations

include factors like:

1) Size and weight: The system will be clutter free and manageable in small parts. It will help movement in tight corners,hallways
or stairs.

2) Flighttime: Sustaining the operation requires enough flight time not only for firefighting but also to gather intel.

3) Payload capacity: The platform has adequate sensors, communication tools, and energy resources that are power
generating.

4) Fire Detection Module: Integration of flame effect sensors including photodiode modules that are being developed tomeasure
the level of flow and flame wavelengths transmitted in narrow band of infrared radiation.

5) Design considerations: Sensor selection: Picking photosensitive diodes that are featured with the right sensitivity andspectral
range as fire detecting agents.

6) Sensor placement: Sensor positioning so as to provide the best coverage of the area affected by the fire while providing
sufficient views on the blaze.

7) Signal processing and filtering: Implementation of circuitry to improve the gain and filter of the detector's signals, whichis aimed
at the removal of noise and brought to the desired data accuracy.

8) Data Acquisition and Communication System: Data collection system integration with the addition of a sensor data
acquisition system and a communication module capable of transmitting data to the ground control station.

9) Data acquisition system: Sensor data rate handling system is to be selected that is able to support high sensor data rateand data
storage system unless it is unnecessary.

10) Communication module: Decision making on communication protocol to ensure its range is adequate for real time
processing and that data transmission is reliable. [6]

B. Methodology

1) System Assembly and Integration: Connect and implement the preferred drone platform and analog sensor, data acquisition
system, communication module and GCS software. The diagnostics will have to account for accurate tuningand testing of
individual components and the distributing performance overall.[7]

2) Sensor Calibration and Testing: Configuration of the photodiode sensors with precision to ensure the appropriate fire detection
from distinct locations and variable natural situations. An organized testing is conducted in such a way that it has a control
measure and can determine how the system will be able to find out different fire scenarios. [8]
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3) Flight Testing and Evaluation: Conducting controlled experiment in air an open area but in a safe and controlled environment to
check the system functioning well in real world conditions. [9]

4) Evaluating factors like: Fire detection accuracy: Verification of System in will the detect unwanted fire under different
circumstances of the system. Flight stability and control: Achievements and defects of the drone system will be discussed with
a special focus on stability and maneuverability. [10]

5) Communication range and reliability: Of course, the quality and strength of the data transmission between the drone andthe GCS
is one of the issues in the operation.

6) Data Analysis and Improvement: Evaluating the data obtained from these tests to identify the shortcomings and areas for
enhancement so that subsequent tests will be more robust and accurate. System design revised, sensor calibrations are refined,
operational procedures are revised as we develop the knowledge from this data.

Table 1: Overall Specification and features of the Drone

SR. |[COMPONENTS SPECIFICATIO

NO. NS

1.. |STANDARD ESC 30 AMP

2 LITHIUM POLYMERR 2200 mah
BATTERY

3. [BLDC MOTOR 1000kv

4.  |FLIGHT CONTROLLER Custom made

5.  |PROPELLERS 10 X 4.5

6. [SUBMERSIBLE MOTOR oV

7. WATER TANK 1 LITRE

8. INFRARED SENSOR 5 CHANNEL

V. CONCLUSIONS

This research presented the design, development, and testing of the Drone: We propose to offer Firefighting Drone, a novel

firefighting approach with photo detective sensors for fire detection. The system offers several advantages compared to traditional

methods:

1) Cost-effectiveness: Instead of camera, drones used photodiodes, which is a much cheaper alternative for broad spectrumusage.

2) Compactness and lightweight design: The photodiodes are light in reach and smaller size that translates it to an agile and
maneuverable drone platform.

3) Lower power consumption: The camera drones need even less power than photodiodes thus making the drone able to flymore
extended times.

4) Effective fire detection: While photodiodes are not always complex, just the fact that they can successfully detect firedue to
infrared light with exclusive wavelengths which flames radiate is the reason for their popularity.The examination of use of
photodiode sensors as fire detectors of a drone-based system was feasible by means of the tests that were conducted and
controlled. While further research and development are required for complete optimization, the findings suggest the potential of
this approach for:

5) Early fire detection: Firefighters can utilize these vehicles in order to meet immediate fire emergencies, hence preventing
extensive property loss and most importantly saving lives.

6) Improved situational awareness: Initially, firefighters should be supplied with the current information about the fireplace,
assisting them in making right choices.

7) Reduced risk to personnel: Taking firefighters out of harm’s way during perilous circumstances makes possible
collecting data and reconnoitering by air.
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8) The research comes to unravel the most important fact that it can be a turning point for affordable and effective
firefighting drone technology development. Future advancements could involve:

9) Sensor optimization and integration: Experimenting with improved photosensor tech or increasing their use inconjunction with
other sensing methods to detect a more accurate fire reaction.

10) Autonomous operation: Creating sound algorithms for unmanned vehicle navigation, obstacle avoidance, and fire question
analysis so to dispense human interference.

11) Field testing and deployment: The process will involve extensive field trials in real existing situations that make itpossible
to derive general pain components and accuracy needed for real operational application.
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