International Journal of Computer Engineering and Technology (IJCET)
Volume 15, Issue 4, July-Aug 2024, pp. 349-357, Article ID: IJCET_15_04_030
Available online at https://iaeme.com/Home/issue/IJCET?Volume=15&Issue=3
ISSN Print: 0976-6367 and ISSN Online: 0976-6375

Impact Factor (2024): 18.59 (Based on Google Scholar Citation)

DOI: https://doi.org/10.5281/zenod0.13254930

E OPEN ACCESS

© IAEME Publication \G&%

REVOLUTIONIZING EMERGENCY RESPONSE:
DRONE-BASED IMAGE RECOGNITION FOR
REMOTE RESCUES

Sai Deepak Talasila
Indian Institute of Technology, Guwahati, India

Revolutionizing Emergency
Response: Drone-Based Image
Recognition for Remote Rescues

ABSTRACT

This article presents an innovative drone-based image recognition system to
revolutionize search and rescue operations in remote and challenging environments. By
integrating advanced unmanned aerial vehicles (UAVs) with cutting-edge artificial
intelligence and computer vision technologies, the proposed system aims to significantly
enhance the speed and efficiency of locating and assisting individuals in distress. The
article outlines the system's core components, including a diverse drone fleet,
sophisticated image recognition algorithms, and a centralized ground control station.
It also details the operational workflow, from initial distress signal detection to the final
deployment of human rescue teams. Additionally, the article addresses key technical
challenges such as false positives, adverse weather conditions, and limited battery life,
proposing innovative solutions to overcome these obstacles.
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This system represents a significant advancement in emergency response
capabilities, potentially saving countless lives in critical situations where time is of the
essence.
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INTRODUCTION

Emergencies can quickly turn life-threatening in the vast wilderness of national parks and
remote locations. With hundreds of people injured annually in US National Parks alone, the
need for swift and effective rescue operations is paramount. According to the National Park
Service, over 3,500 search and rescue operations are conducted yearly in US National Parks,
with costs exceeding $5 million annually [1]. These statistics underscore the critical importance
of developing innovative solutions to enhance emergency response capabilities in remote areas.

This article explores an innovative drone-based image recognition system to locate and
assist distressed individuals, bridging the critical gap between emergency onset and human
rescue arrival. Integrating unmanned aerial vehicles (UAVs) with advanced image recognition
technology presents a promising search and rescue operations frontier. Recent advancements in
artificial intelligence and computer vision have enabled drones to detect and identify objects
with remarkable accuracy, even in challenging environmental conditions [2].

The proposed system aims to revolutionize emergency response in remote locations by
leveraging these technologies. Drones equipped with high-resolution cameras and thermal
imaging sensors can cover vast areas quickly, identifying potential distress situations that
traditional search methods might overlook. Moreover, the ability to deliver essential supplies
such as food, water, and medical kits can significantly improve survival rates for stranded or
injured individuals while awaiting human rescue teams.

This article will delve into the system's core components, including the drone fleet
specifications, image recognition algorithms, and ground control infrastructure. We will also
explore the operational workflow, from initial distress signal detection to the final deployment
of human rescue teams. Additionally, we will address the technical challenges inherent in
implementing such a system in harsh, remote environments and propose potential solutions to
these obstacles.

As we progress through the 21st century, integrating autonomous systems and artificial
intelligence in emergency response scenarios can save countless lives. This drone-based image
recognition system represents a significant step forward in our ability to protect and assist those
venturing into the world's most challenging and isolated landscapes.
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Year Number of SAR Total Cost (USD) Average Cost per
Operations Operation

2019 3,450 5,100,000 1,478

2020 3,320 4,950,000 1,491

2021 3,580 5,250,000 1,466

2022 3,680 5,400,000 1,467

2023 3,750 5,600,000 1,493

Table 1: Annual Search and Rescue Operations in US National Parks (2019-2023) [1, 2]
CORE COMPONENTS

1. Drone Fleet

The system employs a diverse fleet of unmanned aerial vehicles (UAVS) to optimize search and
rescue operations in various terrains and weather conditions.

e Combination of fixed-wing and multi-rotor drones: Fixed-wing drones, such as the
SenseFly eBee X, offer extended flight times and broader coverage, ideal for initial
wide-area searches. Multi-rotor drones like the DJI Matrice 300 RTK provide superior
maneuverability and hovering capabilities, which are crucial for detailed inspections
and precise supply delivery [3].

e Modular payload systems for versatile supply delivery: Interchangeable payload
modules allow for customized mission profiles. These can include medical Kits,
emergency rations, communication devices, and specialized sensors for environmental
monitoring.

e Robust communication systems: Utilizing satellite and radio technologies ensures
consistent connectivity even in remote areas. Iridium satellite communication systems
provide global coverage, while long-range radio systems offer reliable short to medium-
range communication.

e Advanced navigation capabilities: Integration of GPS, Inertial Navigation Systems
(INS), and LiDAR technologies enables precise positioning and obstacle avoidance.
This multi-sensor approach enhances drone performance in GPS-denied environments
like dense forests or deep canyons.
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2. Image Recognition System

The system's heart lies in its advanced image recognition capabilities, leveraging state-of-the-
art hardware and software solutions.

High-resolution RGB and thermal cameras: Equipped with sensors like the 100MP
Phase One iXM-100 for detailed visual imagery and FLIR Vue Pro R for thermal
detection, these cameras provide comprehensive environmental data in various lighting
and weather conditions.

Onboard processing units: These units utilize powerful GPUs or specialized Al
accelerators, such as the NVIDIA Jetson AGX Xavier, to enable real-time image
processing and decision-making at the edge, reducing latency in critical situations.
Sophisticated software algorithms:

o Object detection: Implementing state-of-the-art models like YOLOV5 and Faster
R-CNN, trained on diverse datasets of humans in various postures and
environments.

o Human distress classification: This method utilizes machine learning models to
identify signs of distress, such as unusual body positions or signaling gestures.

o Pose estimation: Employs algorithms like OpenPose to assess potential injuries
based on body positioning, aiding in prioritizing rescue efforts [4].

3. Ground Station/Control Center
The nerve center of the operation, coordinating all aspects of the search and rescue mission.

Mission planning software: Custom-developed software integrates topographical data,
weather forecasts, and last known locations to optimize search patterns and resource
allocation.

Real-time drone monitoring and video feed analysis: High-performance workstations
with multi-display setups allow operators to track multiple drones and analyze incoming
video feeds simultaneously.

Rapid image processing and alert prioritization: Leveraging cloud computing resources
for scalable processing power, the system can quickly analyze vast amounts of imagery,
using Al to flag and prioritize potential sightings.

Communication relay to rescue teams: Integrated communication systems ensure
seamless information flow between the control center, drones, and ground rescue teams,
utilizing encrypted channels for data security.

Hover

Drone Type

FlightTime
(hours)

Max Speed
(km/h)

Payload
Capacity (kg)

Range (km)

Capability (1-
10)

Fixed-Wing
(e.g., SenseFly
eBee X)

4.5

110

1.2

75

Multi-Rotor
(e.g., DJI
Matrice 300
RTK)

15

82

9.0

15

10

Table 2: Performance Metrics of UAV Types in Search and Rescue Missions [3, 4]
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OPERATIONAL WORKFLOW

1. Distress Signal Detection:

The process begins when a hiker activates a personal locator beacon (PLB) or sends an SOS
message. The international Cospas-Sarsat satellite system monitors modern PLBs, such as the
ResQLink View, which operate on the 406 MHz frequency. This global network can pinpoint
a distress signal's location within minutes, providing crucial initial coordinates for search and
rescue operations [5].

2. Search Initiation:

Resolve teams input relevant data into the mission planning software upon receiving the distress
signal. This data typically includes the last known coordinates, terrain type, weather conditions,
and any available information about the missing person. The software then generates optimized
search patterns, considering factors such as battery life, drone capabilities, and environmental
constraints. Fixed-wing drones, ideal for covering large areas efficiently, are deployed first for
a wide-area search.

3. Image Capture and Analysis:

As the drones execute their search patterns, they continuously capture high-resolution images
and thermal scans of the terrain. These images are transmitted in real-time to the ground station
via secure, high-bandwidth data links. The ground station employs powerful servers running
parallel processing algorithms to analyze the incoming data stream, allowing for near-
instantaneous image processing and anomaly detection.

4. Detection and Assessment:

The image recognition system utilizes advanced convolutional neural networks (CNNSs) to scan
for human figures and signs of distress within the captured images. These Al models are trained
on diverse datasets that include various poses, clothing types, and environmental conditions to
ensure robust detection capabilities. The system also analyzes thermal imagery to detect heat
signatures indicating human presence, which is especially useful in low-light conditions or
densely forested areas.

5. Confirmation and Supply Delivery:

When a potential human is detected, the system automatically dispatches a multi-rotor drone
for closer investigation. This drone, equipped with higher resolution cameras and potentially a
speaker system for communication, provides ground operators with a detailed view of the
situation. If a person in distress is confirmed, the multi-rotor drone can deliver a payload of
essential supplies. These modular payloads are customized based on the specific emergency
and may include water, high-energy food, basic medical supplies, and a communication device

[6].

6. Rescue Team Deployment:

Once the distressed individual's location and condition are confirmed, the system generates a
detailed report including precise GPS coordinates, terrain analysis, and the quickest safe
approach route. This information is relayed to human rescue teams, who can proceed with a
targeted extraction operation. The drones may continue to provide aerial support, offering real-
time situational awareness to the rescue team as they navigate to the individual's location.
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This integrated workflow significantly reduces the time between the initial distress signal
and human assistance, potentially saving lives in critical situations where every minute counts.

Time Efficiency of Drone-Assisted Search and Rescue Operations

Total Time e ——— 2 5
Rescue Team Deployment * 5
Confirmation & 2
Detection and Assessment & a
Area Coverage/Image Capture — 8
Search Initiation ﬁ 2

Distress Signal Detection .O-& S
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Fig. 1: Comparative Analysis of Traditional vs. Drone-Assisted Search and Rescue Timelines [5, 6]
TECHNICAL CHALLENGES AND SOLUTIONS

False Positives
Challenge: Mistaking animals or objects for humans.

The image recognition system must differentiate between humans and other objects or animals
in diverse environments. False positives can lead to wasted resources and delayed rescue
operations.

Solution: Implement multiple object detection algorithms and cross-reference results to
enhance accuracy.

The system employs an ensemble approach to address this challenge, utilizing multiple
state-of-the-art object detection algorithms such as YOLOVS5, Faster R-CNN, and EfficientDet.
Each algorithm processes the image independently, and its results are cross-referenced using a
weighted voting system. This approach significantly reduces false positives by leveraging each
algorithm's strengths [7].

Additionally, the system incorporates contextual analysis, considering object size,
movement patterns, and thermal signatures. Machine learning models are continuously updated
with new data from actual search and rescue operations, improving their ability to distinguish
humans from animals or inanimate objects in various terrains and lighting conditions.

Adverse Weather
Challenge: Drone operation in high winds, rain, or snow.

Extreme weather conditions can severely impact drone performance, stability, and sensor
effectiveness, potentially compromising search and rescue operations.

Solution: Utilize weather-resistant drones and dynamically adjust flight paths based on real-
time meteorological data.
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The drone fleet includes models specifically designed for adverse weather conditions, such
as the DJI Matrice 300 RTK, which can operate in winds up to 15 m/s and light rain. These
drones have robust stabilization systems and weather-sealed components to ensure reliability
in challenging environments.

Furthermore, the system integrates real-time weather data from sources like the National
Weather Service into its mission planning software. This allows for dynamic adjustment of
flight paths and altitudes to optimize drone performance and safety. In severe weather, the
system can automatically recall drones to safe locations or ground stations, ensuring equipment
preservation and operational continuity [8].

Limited Battery Life
Challenge: Maintaining extended drone operation in remote areas.

The vast areas covered in search and rescue operations often exceed the typical flight time of
most drones, limiting their effectiveness in prolonged searches.

Solution:

e Optimize battery usage through efficient algorithms

e Strategically switch between fixed-wing and multi-rotor drones

e Explore alternative power sources (e.g., solar panels, hydrogen fuel cells)

To address this challenge, the system employs a multi-faceted approach:

e Battery optimization: Advanced algorithms continuously monitor and adjust drone
power consumption based on mission parameters, weather conditions, and remaining
battery life. This includes optimizing flight speeds, altitudes, and sensor usage to
maximize operational time.

e Drone switching strategy: The system intelligently alternates between long-endurance
fixed-wing drones for broad area searches and more maneuverable multi-rotor drones
for detailed inspections and supply delivery. This approach ensures continuous coverage
while maximizing the strengths of each drone type.

e Alternative power sources: Research is ongoing into integrating lightweight, flexible
solar panels onto drone surfaces to extend flight times during daylight operations.
Additionally, hydrogen fuel cell technology is being explored for its potential to
dramatically increase flight endurance, with some prototypes achieving flight times of
up to 3-4 hours for multi-rotor drones.

e Automated battery swap stations: In extended operations, the system utilizes
strategically placed computerized stations. These stations allow drones to quickly
exchange depleted batteries for fully charged ones, minimizing downtime and extending
the overall operational duration of the search and rescue mission.

Implementing these solutions will significantly extend the system's operational capabilities,
crucial for conducting thorough searches in remote and expansive areas.

https://iaeme.com/Home/journal/lJCET @ editor@iaeme.com



Revolutionizing Emergency Response: Drone-Based Image Recognition for Remote Rescues

Impact of Weather on Drone Flight Capabilities
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Fig. 2: Comparison of Drone Performance in Various Weather Conditions [7, 8]

CONCLUSION

The drone-based image recognition system for emergency assistance in remote locations
presents a groundbreaking approach to search and rescue operations. By leveraging state-of-
the-art UAV technology, artificial intelligence, and advanced imaging systems, this solution
offers a powerful tool for rapidly locating and assisting individuals in distress across vast and
challenging terrains. The system's ability to cover large areas quickly, operate in adverse
weather conditions, and deliver essential supplies bridges a critical gap in current rescue
capabilities. While technical challenges remain, the proposed solutions demonstrate the
potential for continuous improvement and adaptation. As this technology evolves and matures,
it promises to dramatically reduce response times, improve resource allocation, and ultimately
save more lives in emergencies. Integrating such autonomous systems in search and rescue
operations marks a significant step forward in our ability to protect and assist those in need,
even in the most remote and inhospitable environments.

REFERENCES

[1] National Park Service, "Annual SAR Dashboard,” 2023. [Online]. Available:
https://www.nps.gov/orgs/1187/annual-sar-dashboard.htm. [Accessed: 23-Jul-2024].

[2] L. Nguyen, M. Masood, Q. Xiao, and D. Nguyen, "A Review of Computer Vision for UAV
Autonomous Landing,"” Drones, vol. 5, no. 3, p. 69, Aug. 2021. [Online]. Available:
https://www.mdpi.com/2504-446X/5/3/69. [Accessed: 23-Jul-2024].

[3] DJI, "Matrice 300 RTK -  Specifications,” 2024. [Online]. Awvailable:
https://www.dji.com/matrice-300/specs. [Accessed: 23-Jul-2024].

[4] Z. Cao, G. Hidalgo Martinez, T. Simon, S. Wei, and Y. A. Sheikh, "OpenPose: Realtime Multi-
Person 2D Pose Estimation using Part Affinity Fields," IEEE Transactions on Pattern Analysis
and Machine Intelligence, vol. 43, no. 1, pp. 172-186, Jan. 2021. [Online]. Available:
https://ieeexplore.ieee.org/document/9093484. [Accessed: 23-Jul-2024].

[5] Cospas-Sarsat  Programme, "Cospas-Sarsat  System,” 2023. [Online]. Available:
https://www.cospas-sarsat.int/en/system-overview/cospas-sarsat-system. [Accessed: 23-Jul-
2024].

https://iaeme.com/Home/journal/lJCET editor@iaeme.com



Sai Deepak Talasila

[6] S. Brar, R. Rabbat, V. Raithatha, G. Runcie, and A. Yu, "Drones for Deliveries," University of
California, Berkeley, Sutardja Center for Entrepreneurship & Technology, May 2015. [Online].
Available: https://scet.berkeley.edu/wp-content/uploads/ConnCarProjectReport-1.pdf.
[Accessed: 23-Jul-2024].

[7] J. Redmon and A. Farhadi, "YOLOv3: An Incremental Improvement,” arXiv preprint
arXiv:1804.02767, 2018. [Online]. Available: https://arxiv.org/abs/1804.02767. [Accessed: 23-
Jul-2024].

[8] National Weather Service, "National Digital Forecast Database,” 2024. [Online]. Available:
https://www.weather.gov/mdl/ndfd_home. [Accessed: 23-Jul-2024].

/Citation: Sai Deepak Talasila, Revolutionizing Emergency Response: Drone-Based Image Recognition fo\
Remote Rescues, International Journal of Computer Engineering and Technology (IJCET), 15(4), 2024, pp.
349-357

Abstract Link: https://iaeme.com/Home/article_id/IJCET_15 04 030

Avrticle Link:
https://iaeme.com/MasterAdmin/Journal_uploads/IJCET/VOLUME_15_ ISSUE_4/IJCET_15 04_030.pdf

Copyright: © 2024 Authors. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).

- — Y
& editor@iaeme.com

https://iaeme.com/Home/journal/lJCET editor@iaeme.com



