Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 6 (2023)

Fire Location and Monitoring Equipment:
Unmanned Aerial VVehicles for Precise Fire
Detection and Localization Using loT

1Srimathi.K, 2Swetha.A, *Vaishnaja Kannan.K,*Ashmin Ruby J M, °V. Ramesh Babu,
®M. Anand
123, UG Final Year Students, “Assistant Professor, >5Professor
123456Dept of Computer Science and Engineering,
123456DR MGR Educational And Research Institute, Chennai, Tamil Nadu, India
Lsrimathisrileka@gmail.com2 swethaasaithambi27 @gmail.com-® isacvaishnaja@gmail.com,
4 ashminruby@gmail.com ,°> rameshbabu.cse@drmgrdu.ac.in ,%anand.ece@drmgrdu.ac.in

Abstract—Unmanned Aerial Vehicles (UAVSs) have emerged as promising tools for enhancing fire detection
and fighting in buildings. This project focuses on utilizing UAVs equipped with advanced sensors, including
thermal cameras, smoke detectors, and gas sensors, to detect fires and assist in firefighting operations. The
UAVs autonomously navigate through the building, collecting real-time data and transmitting it to a command
center or firefighters on the ground. The project aims to improve situational awareness by capturing high
resolution images and videos of the fire scene, aiding in assessing the fire's scale and identifying potential
hazards. Additionally, UAVs act as communication relays, ensuring seamless communication between
firefighters and the command center. They also assist in coordinating firefighting efforts by relaying
instructions, sharing maps, and providing real time updates to the firefighting team. These UAVs can access
challenging or hazardous areas, providing critical time for firefighters to arrive and take control. The project
also considers the role of UAVs in search and rescue operations during building fires, facilitating rapid
assessment and locating trapped individuals. Overall, this project aims to leverage the capabilities of UAVs to
enhance fire detection and fighting, thereby improving the effectiveness and safety of firefighting operations in
building environments.

Keywords-- Unmanned Aerial Vehicles (UAVS), fire detection, thermal cameras, smoke detectors, gas sensors,
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1. INTRODUCTION
In recent years, the escalating frequency and intensity of wild fires have posed significant challenges to traditional
fire management strategies. The imperative for early detection and swift response to mitigate the devastating
effects of wildfires has driven the exploration of innovative

technologies. This project introduces FLAME (Fire Location And Monitoring Equipment), a cutting-edge system
that harnesses the power of Unmanned Aerial Vehicles (UAVS) and Internet of Things (IoT) technology to
revolutionize fire detection and localization. Traditional methods of fire monitoring often face limitations in terms
of timely detection and precise localization. FLAME addresses these challenges by integrating UAVs equipped
with advanced sensors and 10T devices strategically placed in fire-prone areas. This synergy creates a dynamic
and responsive system capable of real-time monitoring, early fire detection, and accurate localization.

The UAVs, armed with infrared cameras, gas detectors, and high-resolution optical cameras, autonomously patrol
vast expanses, continuously scanning for signs of fire. Ground-based 10T sensors complement this aerial
surveillance, providing real-time data on environmental conditions such as temperature, humidity, and air quality.
The amalgamation of these technologies forms a comprehensive network geared towards swift and accurate fire
detection.
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The heart of FLAME lies in its Central Control System, a sophisticated platform that orchestrates the UAV fleet,
processes data from sensors, and employs advanced algorithms for intelligent analysis. Once a potential fire is
identified, the system initiates focused attention on the area, combining optical and infrared data to precisely
localize the incident. This information is then relayed in real-time to relevant authorities, enabling rapid response
and resource allocation.

This project aims to contribute to the evolution of fire management strategies by proposing a holistic and
technologically advanced solution. FLAME not only enhances the efficiency of fire detection but also provides
critical data for informed decision-making, reducing response times and minimizing the impact of wildfires on
both human lives and the environment. As we delve into the details of FLAME, we uncover a transformative
approach that leverages UAVs and IoT, ushering in a new era of proactive and precise wildfire management.

2. RELATED WORKS
[1] Various works have detailed early wildfire detection technologies, with a focus on sensor nodes, UAVS, camera
networks, and satellite surveillance. Noteworthy approaches include utilizing Long-Range (LoRa) devices for
wireless communication in sensor nodes and employing multiple UAVs (MUAVs) through agent-based methods
for forest density assessment. Camera networks are categorized into aerial and watchtower cameras, with
watchtower cameras suitable for large forest areas, while aerial cameras provide a precise point of view. Satellite
surveillance, particularly the distribution satellite system (DSS), extends coverage beyond watchtower and aerial
cameras.
[2] A thorough examination of fire forest detection is presented, highlighting strengths, limitations, and future
developments. The review, covering over 100 papers, directs attention to existing works and open problems.
Advancements in fire detection systems attributed to the Internet of Things (loT), deep learning, and big data
analytics are discussed. The potential of UAV-based wildfire detection and surveillance systems for data collection
is emphasized, along with the significance of reliable communication networks, data streaming, and false alarm
mitigation.
[3] The article introduces a proposed IoT and machine learning model for modern fire detection and warning
systems. The authors present a prototype of the video surveillance unit (VSU) based on a low-power 10T device
known as a low-power wide area network (LPWAN). The LPWAN serves as a communication network for data
transmission and fire detection through machine learning models. Results indicate a rapid response time of
approximately 37.1667 s for the LPWAN warning alarm system, with an impressive F1-score of 96% for VSU
accuracy. The LPWAN alarm remotely notifies personnel in charge, covering limited forest areas and providing
data on fire locations.
[4] Jemmali et al. propose a drone-based surveillance system with intelligent scheduling algorithms for warning
systems. The monitoring of forest areas by drones involves sub-regions, and the randomly iterative drone (RID)
algorithm stands out with a percentage rate of up to 90.3% and a time of 88 ms. The RID algorithm aims to reduce
the number of flight missions over forests within a given timeframe, specifically within 24 hours.
[5] Deep learning models, particularly the smart fire detection system (SFDS), demonstrate significant
achievements in real-time fire detection. SFDS utilizes deep learning layers, including an Application layer, Fog
layer, Cloud layer, and 10T layer. YOLOVS8 is employed for training and testing, achieving a high precision rate of
97.1% for fire and smoke detection.
[6] To address limitations in small object size, background complexity, and image degradation in drone imagery,
a modified deep learning approach combines EfficientNet-B5 and DenseNet-201 models. The proposed model,
incorporating two vision transformers and a deep convolution model, achieves an accuracy of 85.12% for detecting
fire based on semantic segmentation.
[7] In reference, Khan et al. present the FFireNet deep learning model, utilizing a pre-trained convolutional-based
MobileNetV2 model with added fully connected layers. FFireNet achieves an impressive performance, with an
accuracy of 98.42%, a 1.58% error rate, 99.47% recall, a 98.43% F1-score, and 97.42 precision. FFireNet
components include a 15-layer self-learning fire feature extractor and classifier, evolving from Fine_Net in the
referenced work.
[8] Jeong et al. propose the combination of a YOLOV3 detector and a lightweight version of the LSTM classifier
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for real-time wildfire smoke detection from camera-acquired videos. The teacher-student LSTM classifier
addresses the vanishing gradient problem by reducing the number of layers.

[9] Similarly, mixed YOLOv3-Lite for lightweight real-time object detection is presented, featuring a shallow-
layer, narrow-channel, and multi-scale feature-image parallel fusion structure. This approach is suitable for mobile
smart devices, offering image detection without requiring high performance.

[10] The article addresses key challenges in early wildfire surveillance using real-time UAV-based deep learning
methods, emphasizing lightweight objection detection and tracking fire forest locations. YOLOVS5 is proposed as
suitable for real-time UAVs due to its lighter weight compared to YOLOVS. Classifiers targeted at LSTM are
suggested to address the vanishing gradient problem. YOLOVS5, with its small size (25 MB) and faster processing
time, is intended for the development of lightweight objection detection algorithms, specifically for detecting
smoke and fire from open burning locations, with a focus on assessing the accuracy of Dr-TOBID.

3. SYSTEM METHODOLOGY

In our proposed system, envisions a cutting-edge approach to fire detection and firefighting in buildings by
harnessing the capabilities of Unmanned Aerial Vehicles (UAVs). Equipped with advanced sensors, including
thermal cameras, smoke detectors, and gas sensors, the UAV fleet operates autonomously, continuously navigating
through buildings to collect real-time data. This data is transmitted to a centralized command center, where
sophisticated algorithms analyze it for rapid fire detection and hazard identification. The UAVs also enhance
situational awareness by capturing high-resolution images and videos of fire scenes, aiding in assessing the fire's
scale. Acting as communication relays, these UAVs ensure seamless coordination between firefighters on the
ground and the command center, facilitating efficient response efforts. The system's ability to access challenging
areas within buildings, coupled with search and rescue functionalities, makes it a versatile and indispensable tool
for improving the overall effectiveness and safety of firefighting operations in diverse building environments.

o Data Processing on UAV

[_Q_] ((( ))) 9 Bidirectional Communication for Navigation and Data
‘e o Data Sent for Deep Learning Processing
o Fire Detection Prediction Results

Ground Control Station ° Sent Alarm to Fire Department and Personnel

:

Firefighter

Video acquisition
Figure 3.1.1:Design of the system
4, EXPERIMENTAL SYSTEM

4.1 UAV HARDWARE

UAV hardware encompasses the physical components vital for Unmanned Aerial Vehicles (UAVSs), including the
airframe, propulsion system, and sensors like thermal cameras and gas detectors. These components are crucial
for stable flight, efficient navigation, and real-time data collection, making them integral to the success of UAV-
based applications, particularly in fire detection and firefighting operations.
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Figure 3.1.2. Application of the system

4.2 COMMUNICATION MODULE

The communication module is a pivotal component in the UAV-based fire detection and firefighting system,
enabling reliable bidirectional communication between UAVs and the centralized command center. This module
ensures secure and efficient data transmission, facilitating real-time coordination and enhancing the system's
overall responsiveness during emergency situations.

4.3 SENSOR INTEGRATION

Sensor Integration is a fundamental sector within the system architecture of UAV-based fire detection and
firefighting. This component focuses on the seamless calibration and synchronization of sensors, including thermal
cameras, smoke detectors, and gas sensors. The integration ensures accurate and real-time data collection essential
for detecting fires and monitoring environmental conditions. By harmonizing the functionality of these sensors,
Sensor Integration plays a critical role in providing reliable information for timely decision-making, contributing
to the overall effectiveness of the UAV system in firefighting operations.

4 AEMERGENCY RESPONSE COORDINATION
Emergency Response Coordination is a pivotal sector in UAV-based fire detection and firefighting systems,
focusing on real-time updates, location sharing, and task assignment. It streamlines communication and enhances
coordination among team members, ensuring an effective and swift response during emergency situations.

Fire Detection System Drone
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Trigger Fire Detection_
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<
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U‘Se' Fire Detection System Drone

Figure 4.1.1Fire Detection Interaction Sequence
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Figure 4.1.2 Collaborative Fire Detection Ecosystem

5. RESULT AND DISCUSSION
The implementation of this innovative fire detection and firefighting project entails a holistic integration of
Unmanned Aerial Vehicles (UAVS) equipped with advanced sensors, signaling a transformative leap in emergency
response capabilities.

The UAV hardware undergoes meticulous configuration, integrating thermal cameras, smoke detectors, and gas
sensors for comprehensive fire detection. The development of an autonomous navigation system enables UAVs to
navigate through complex building environments independently, enhanced by obstacle detection mechanisms to
ensure safety.

The sensors' data integration involves careful calibration and synchronization to guarantee accurate and real-time
data collection during firefighting operations. A centralized command center, equipped with advanced algorithms,
serves as the nerve center for processing and analyzing real-time data received from UAVs, fostering effective
coordination of firefighting efforts.

Machine learning models are seamlessly integrated, leveraging datasets to enhance accuracy in identifying
potential risks. Real-time communication protocols facilitate swift data transmission between UAVs and the
command center, while features like location sharing and alert systems enhance emergency response coordination.
Rigorous testing, optimization, and documentation ensure system reliability, adhering to security measures,
regulatory compliance, and user training for a comprehensive and effective implementation.

The result is a pioneering system that leverages UAV capabilities to revolutionize fire detection and fighting,
promising enhanced safety and efficiency in complex building environments.

6. CONCLUSION
In the development of Fire Location and Monitoring Equipment utilizing Unmanned Aerial Vehicles (UAVS) in
tandem with 10T technology marks a significant advancement in fire detection and response capabilities. This
project addresses critical challenges associated with early detection and precise localization of fires, enhancing
overall safety and minimizing potential damages.

The functionalities of the system can be further enhanced through the following recommendations:

° Integrate multiple sensors with diverse capabilities, such as gas sensors, air quality monitors, and
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multispectral cameras, to provide a more comprehensive and nuanced understanding of the fire environment.

° Incorporate advanced machine learning algorithms to continuously analyze and learn from incoming data,
improving the system's ability to adapt to evolving fire scenarios and minimizing false alarms.

° Implement edge computing capabilities directly on the UAVSs to process data locally, reducing latency
and enhancing real-time decision-making, especially in areas with limited connectivity.

° Develop algorithms that can autonomously generate emergency response plans based on the analyzed
data, optimizing the allocation of resources and enhancing overall efficiency in firefighting efforts.

° Explore the possibility of using multiple UAVs in a coordinated swarm, leveraging swarm intelligence
to cover larger areas more efficiently and collaborate in real-time to address complex fire scenarios.

° Integrate predictive analytics to forecast potential fire risks based on historical data, weather patterns, and
other relevant factors, allowing for proactive measures and early prevention.

° Implement features that facilitate seamless collaboration between UAVs and human responders, enabling
real-time information exchange, resource coordination, and improved decision-making during firefighting
operations.

° Explore the use of Argument reality interfaces for operators, providing them with augmented views of
the fire scene, terrain, and critical information, enhancing situational awareness and aiding in more informed
decision-making.

° Develop adaptive communication protocols that can dynamically adjust based on the availability and
quality of network connections, ensuring reliable data transmission in diverse and challenging environments.
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