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Abstract 

Unmanned Aerial Vehicles (UAVs), commonly known as drones, have become integral across diverse 

fields such as agriculture, surveillance, and defense, with expanding roles in critical operations like 

search and rescue and post-disaster management. Despite their versatility, current UAVs encounter 
challenges in disaster response due to limitations in flight time, costs, and accuracy, particularly in 

dynamic weather conditions. The UAV is equipped with features essential for disaster site surveillance, 

human detection, communication with isolated individuals, and the delivery of vital supplies such as 
medical aid or food packages. The hardware foundation comprises a standard F450 drone frame and 

an APM flight controller. For human detection, a cost-effective solution utilizing a pre-trained machine 

learning model, YOLOv8, in conjunction with an FPV camera is implemented. Additional sensors can 

be seamlessly integrated to enhance human detection capabilities. Computational tasks are managed 
through a ground control station, ensuring the efficient execution of algorithms. Communication with 

affected individuals is facilitated by a SIM800L GSM GPRS module, accompanied by dedicated 

microphone and speaker components. Future developments include incorporating a modular dropping 
mechanism to the drone for flexible deployment options. The prototype aims for semi-autonomous 

control, detecting humans at altitudes of 10-25 meters and facilitating communication or dropping 

packages at specified locations. As a future scope, a hybrid UAV with rover capabilities can further 
enhance operational efficiency. The successful implementation of this drone prototype promises 

significant advancements in disaster response capabilities, leading to improved situational awareness, 

efficient communication, and timely delivery of essential supplies to affected areas. 
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INTRODUCTION  

Drones, or Unmanned Aerial Vehicles (UAVs), have emerged as versatile tools at the forefront of 

modern technological advancements. These aerial platforms, equipped with advanced telemetry 
systems, machine learning algorithms, and an array of sophisticated sensors [1], have transcended their 

initial role as flying robots to become indispensable assets across various sectors. Technically, the 

foundation of drone technology rests upon the convergence of engineering disciplines such as 

aerodynamics, propulsion systems, and materials science. Aerodynamic design principles coupled with 
lightweight yet durable materials like carbon fiber 

composites optimize flight efficiency and structural 

integrity, enabling drones to perform a myriad of 
tasks. Sensor fusion, another cornerstone of drone 

technology, integrates high-resolution cameras, 

LiDAR, thermal imaging, and multispectral sensors 

[1]. These sensors, enhanced by machine learning 
algorithms, empower drones with autonomous 

decision-making capabilities, facilitating tasks 

ranging from object detection and tracking to 
classification and delivery [2, 3]. In military and 

defense applications, drones revolutionize tactical 
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operations by offering persistent surveillance, reconnaissance, and precision strike capabilities. 
Similarly, in humanitarian and disaster response contexts, drones expedite response efforts and optimize 

resource allocation through rapid damage assessment and situational mapping [4, 5]. Operating 

seamlessly in adverse conditions, drones equipped with advanced telemetry systems navigate rugged 
terrains and disaster zones, augmenting search-and-rescue missions and enhancing overall disaster 

preparedness [5]. However, challenges such as regulatory frameworks, airspace integration, and 

cybersecurity threats loom large, requiring collaborative efforts to ensure responsible and ethical 
deployment of drone technology. Despite these challenges, the evolution of drones promises to shape a 

safer, more resilient future across military, humanitarian, and disaster response operations. 

 

METHODOLOGY 

Hardware 

The drone's framework comprises a standard F450 frame, an APM flight controller, and four 1000 

KV BLDC motors, ensuring robust performance. Telemetry control is facilitated by a Flysky receiver-
transmitter module, offering ample operational range. In the prototype configuration, an ESP-32 CAM 

module captures vital videos or images of disaster sites. To enhance maneuverability and aerodynamics, 

a custom 3D-printed frame, designed using SolidWorks, is employed, capable of accommodating the 
wheels necessary for the hybrid UAV model [6, 7]. Hybrid UAV showcases profound improvements in 

future scope, combining the advantages of both drone and rover. Unlike previous approaches [2] that 

relied on onboard processing of camera visuals, our strategy leverages a ground control station 

(computer) for machine learning tasks, mitigating issues such as high latency and low flight time. 
Communication is facilitated by a SIM800L module, providing 2G connectivity with provisions for 

microphone and speaker connections. Additional optimization options include incorporating boards like 

the Maduino Zero 4G, featuring 4G connectivity and higher internet speeds, for improved performance. 
Detailed representations of the drone are depicted in Figure 1 and Figure 2. 

 

 
Figure 1. Block diagram. 
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Figure 2. Functional diagram. 

 

Software 

The development process of the drone involves several crucial steps to ensure its effectiveness in 

disaster management scenarios. Calibration and firmware uploading are essential tasks performed using 

Mission Planner software, which serves as a comprehensive ground control station. Mission Planner 
enables not only the configuration of the drone but also dynamic control, allowing for autonomous 

operation based on predefined parameters such as viewpoints and flight paths. This capability is 

particularly valuable in disaster situations where precise and autonomous navigation is vital for effective 
response efforts. In order to detect humans amidst disaster debris and chaos, a sophisticated machine 

learning model is developed using Python. The model relies on YOLOv8, the latest iteration of the 

YOLO (You Only Look Once) algorithm series, renowned for its efficiency in object detection and 
classification within Computer Vision [2]. While YOLOv8 comes pre-trained to recognize various 

objects, including humans, our project aims to optimize its performance by fine-tuning it with the 

VisDrone dataset. This dataset consists of labeled aerial images, providing valuable training data 

specifically tailored to detecting survivors in disaster scenarios. [8] focuses on utilizing thermal datasets 
to distinguish between injured and uninjured individuals, our project prioritizes the identification of 

survivors without such discrimination. This approach is crucial for quickly locating and assisting 

individuals in need of rescue and medical attention. By deploying the machine learning model in the 
ground station, rather than on board the drone itself, we address potential challenges related to 

computational power and flight time constraints. This setup allows the ground station's computer to 

process video footage captured by the drone's FPV (First Person View) camera in real-time, enabling 

rapid and accurate human detection in disaster areas. [9] present advancements in human detection 
using customized datasets and deep neural networks, their applicability to disaster management contexts 

may be limited. Nonetheless, these developments contribute valuable insights and techniques that can 

enhance the performance of drones in non-emergency scenarios, further enriching the field of computer 
vision and machine learning.  

 

Working  
The drone serves as crucial surveillance equipment in disaster zones, functioning as the first 

responder in rescue operations. It navigates hard-to-reach areas like peaks and damaged buildings to 

search for missing individuals or animals. Autonomous control is facilitated through a ground control 

station, utilizing Mission Planner to set viewpoints and flight paths for surveillance operations as in 
Figure 3. In instances where the exact location is known, manual operation directs the drone to deliver 
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essential supplies or establish communication with affected individuals [3]. Real-time video footage 
captured during flight is transmitted to the operator for analysis [4]. The ground control station employs 

machine learning algorithms to detect survivors shown in Figure 4, while for scenarios where visual 

data is unavailable, such as detecting individuals under rubble, alternative sensors like CO2 [10] or 
proximity infrared sensors [1] are utilized. In areas inaccessible to drones, conversion to a rover extends 

battery life and enables access to precise locations. Moreover, the rover's functionality can be enhanced 

through modular conversion into a dropping mechanism, further augmenting the drone's versatility and 
operational efficiency [3]. 

 

 
Figure 3. Flight path setup for autonomous mode. 

 

 
Figure 4. Humans detected from drone footage after image processing using YOLOv8. 
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CONCLUSIONS 

Incorporating a basic quadcopter outfitted with a communication module and camera holds promise 

for human detection in disaster zones, coupled with a specialized dropping mechanism for essential 

supplies delivery. To optimize flight performance, the computational burden of machine learning 

models can be offloaded to a ground control station, thereby enhancing accuracy and complexity while 

reducing onboard weight. Future endeavors could explore autonomous drone control via platforms like 

Mission Planner, offering seamless mission execution. Furthermore, addressing the challenge of limited 

flight time remains paramount, with potential solutions such as battery swapping warranting 

investigation to extend operational durations. Beyond disaster response, this technology extends its 

utility to encompass responsive mitigation measures and wildlife tracking, particularly in scenarios 

involving the encroachment of wild animals into human settlements. In conclusion, while current 

implementations showcase the efficacy of drones in disaster management, ongoing research and 

development efforts hold promise for further enhancements. Future scopes encompass advancements 

in autonomous control, battery technology, and expanded applications beyond human detection, 

underscoring the transformative potential of this technology in safeguarding lives and mitigating crises. 
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