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Abstract  
Unmanned Aerial Vehicles (UAVs), commonly referred to as drones, have emerged as an effective platform for 
sensing, communication, and rapid response in environments where conventional infrastructure is unavailable or 
damaged. This study presents the design and application of a quadcopter-based UAV system for disaster 
management and emergency relief operations. The proposed system integrates essential hardware components, 
including brushless motors, propellers, electronic speed controllers, and a flight controller supported by stable 
firmware for controlled flight. Each rotor generates lift and torque, enabling precise maneuverability, while 
optimized propeller configuration ensures efficient aerial performance. 
The developed UAV is equipped to support disaster response activities such as real-time surveillance, damage 
assessment, victim identification, and delivery of essential resources. High-resolution  imaging sensors, GPS 
modules, and optional thermal sensing capabilities allow the drone to access hazardous or unreachable areas 
safely and quickly. Live data transmission to a ground control station enhances situational awareness and 
supports faster decision-making by rescue teams. 
Simulation analysis and scenario-based evaluations demonstrate that the proposed UAV system improves 
operational efficiency, reduces response time, and enhances coordination during emergencies such as floods, 
earthquakes, and wildfires. The results indicate that UAV-based aerial platforms provide a scalable, cost-
effective, and flexible solution for modern disaster management. With further advancements in autonomous 
navigation and intelligent sensing, UAV technology has the potential to significantly strengthen future emergency 
response frameworks 
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INTRODUCTION 
Natural disasters pose serious threats to human life, 
ecological systems, and national economies. Over 
the past two decades, both the frequency and 
intensity of disasters such as floods, earthquakes, 
and wildfires have increased significantly. These 
events often damage communication infrastructure, 
making coordination among rescue teams difficult. 
Emerging technologies such as wireless sensing and 
communication systems offer promising solutions 
for improving disaster response. In this context, 
Unmanned Aerial Vehicles (UAVs) have gained 
considerable attention due to their flexibility, rapid 
deployment capability, and cost-effectiveness. 
UAV-based systems can be deployed quickly in 
affected areas to provide communication support, 
aerial monitoring, and real-time situational 
awareness. 
Drones, also known as UAVs, have transformed 
multiple domains including agriculture, 
surveillance, transportation, and emergency 
response. Among these applications, aerial 
surveillance plays a critical role, particularly in 
situations where ground access is limited or unsafe. 

UAVs can monitor large geographic areas, capture 
high-resolution images, and transmit real-time 
information to decision-makers. These capabilities 
enable faster assessment of disaster-affected regions 
and improve coordination among rescue teams. 
One of the key considerations in developing 
surveillance drones is achieving an optimal balance 
between performance, cost, and ease of control. The 
ESP32 microcontroller is well suited for this 
purpose. It is a low-power, dual-core controller with 
integrated Wi-Fi and Bluetooth connectivity, 
making it widely used in Internet of Things (IoT) 
applications. Its wireless communication capability 
allows efficient data transmission and remote 
monitoring without requiring additional 
communication modules. 
An ESP32-based UAV integrates lightweight 
structural components, brushless motors, electronic 
speed controllers, and an inertial measurement unit 
(IMU) to maintain stable flight. The ESP32 
functions as the central processing unit, managing 
sensor inputs, motor control, and wireless 
communication. When combined with a camera 
module, such as the OV2640, the system can capture 
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and transmit live video streams. The built-in Wi-Fi 
capability enables real-time video monitoring, 
remote control, and data transmission to a ground 
station or mobile device. These features are 
particularly useful for surveillance and disaster 
monitoring applications. 
The proposed UAV platform is designed to be cost-
effective, energy-efficient, and highly customizable. 
It supports additional features such as obstacle 
detection, sensor-based navigation, data logging, 
and cloud integration. These capabilities make it 
suitable for applications including search and 
rescue, wildlife monitoring, border surveillance, and 
infrastructure inspection. Due to its compact size, 
the drone can operate in confined or indoor 
environments and perform short-range monitoring 
tasks effectively. 
Overall, integrating the ESP32 microcontroller into 
a UAV platform provides a flexible and scalable 
solution for aerial surveillance. Its wireless 
communication capability, compact design, and 
adaptability make it a suitable choice for developing 
intelligent and affordable disaster monitoring 
systems. 
Aim of the Project 
The aim of this project is to design and develop a 
UAV-based aerial system to enhance disaster 
management operations. The proposed system 
focuses on providing real-time situational 
awareness, rapid damage assessment, and 
operational support for emergency response teams. 
By integrating imaging sensors, wireless 
communication, and navigation modules, the UAV 
is intended to perform tasks such as search and 
rescue, monitoring affected regions, and delivering 
essential supplies. 
The project also addresses challenges such as 
limited accessibility, communication failures, and 
delayed decision-making in disaster environments. 
The UAV platform is designed to improve response 
time, reduce risks to rescue personnel, and support 
coordinated relief efforts. Additionally, the system 
aims to create a stable and efficient drone suitable 
for educational, experimental, and real-time 
observation purposes. 
Motivation 
UAV technology provides a versatile solution for 
disaster management due to its ability to quickly 
survey affected regions and provide accurate 
information. Drones can access hazardous locations 
that may be unsafe for human responders, thereby 
reducing operational risks. They enable rapid 
damage assessment, identification of survivors, and 
monitoring of environmental conditions. 
Furthermore, UAVs enhance situational awareness 
by delivering real-time aerial imagery to rescue 
teams. This information helps in planning 
evacuation routes, allocating resources, and 
coordinating relief operations. The growing need for 
faster and safer disaster response mechanisms 

motivates the development of UAV-based aerial 
surveillance systems. 
Objectives 
The main objectives of this project are: 
• To design and develop a UAV-based aerial 
system for disaster management. 
• To capture and transmit real-time aerial images 
for situational awareness. 
• To enable delivery of essential supplies such as 
food, water, and medicine. 
• To improve coordination among emergency 
response teams. 
• To reduce response time during disaster 
situations. 
• To implement efficient flight control for stable 
UAV operation. 
• To develop a scalable and cost-effective disaster 
monitoring platform. 
• To enhance system reliability for various natural 
disaster scenarios. 
Literature Survey 
Unmanned Aerial Vehicles have become 
increasingly important in disaster management due 
to their ability to provide rapid aerial data and access 
remote areas. Several researchers have highlighted 
their effectiveness in emergency response scenarios. 
UAVs equipped with thermal imaging sensors have 
been successfully used for locating survivors in 
search and rescue missions. Additionally, aerial 
mapping techniques enable rapid generation of high-
resolution images for situational awareness. 
Studies have also demonstrated the usefulness of 
UAVs in infrastructure damage assessment. Drones 
can safely inspect collapsed buildings, bridges, and 
other hazardous structures without risking human 
life. Furthermore, UAVs have been used to deliver 
essential supplies such as medical kits and 
communication devices to isolated locations. 
Recent technological advancements have improved 
UAV capabilities through the integration of artificial 
intelligence, multispectral sensors, and advanced 
communication networks. Autonomous navigation 
algorithms enable drones to operate in GPS-denied 
environments. Multi-UAV systems have also been 
proposed for large-scale monitoring and coordinated 
rescue operations. Despite these advancements, 
challenges such as limited battery life, weather 
constraints, and regulatory requirements still exist. 
Ongoing research aims to overcome these 
limitations and enhance UAV-based disaster 
management systems. 
SOFTWAREANDHARDWARE 
REQUIREMENTS 
This chapter presents the software and hardware 
requirements for the proposed UAV-based aerial 
solution designed for disaster management 
applications. The performance of the system 
depends on the proper integration of computational 
tools and embedded hardware components. The 
software tools support modeling, data analysis, and 
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system testing, while the hardware elements provide 
sensing, control, communication, and flight 
capability. Together, these components enable real-
time monitoring, aerial imaging, and stable drone 
operation. 
Figure 1: MATLAB Editor 

 
Software Requirement 
 

Figure 2: MATLAB Editor

 
 
MATLAB 
MATLAB is a widely used technical computing 
environment designed for numerical computation, 
algorithm development, and data visualization. The 
name MATLAB originates from “Matrix 
Laboratory,” reflecting its strong capability in 
matrix-based mathematical operations. Over time, it 
has evolved into a high-level programming platform 
that integrates computation, visualization, and 
programming within a single environment. 

MATLAB provides tools for modeling, simulation, 
and analysis, which are essential for evaluating 
UAV performance and processing sensor data. It 
supports rapid prototyping and allows developers to 
implement algorithms related to signal processing, 
control systems, and image analysis. The platform 
also offers built-in functions for plotting, debugging, 
and testing, which simplify development and reduce 
design time. 
The MATLAB desktop environment includes 
several important panels. The Command Window 
allows users to execute commands interactively, 
while the Workspace displays variables created 
during execution. The Current Folder panel provides 
access to files and directories, and the Command 
History records previously executed commands. 
The Editor enables users to write scripts and 
functions, which can be saved and reused for 
repeated analysis. MATLAB also includes an 
extensive help system that provides documentation 
and examples for built-in functions, making it 
convenient for beginners and advanced users. 
In this project, MATLAB is used for system 
analysis, visualization, and testing of UAV-related 
parameters. It assists in evaluating flight behavior, 
analyzing sensor data, and validating the 
performance of the proposed system. 
Hardware Requirements 
 

 
 

Figure.3 ESP32 Mini 
 
ESP32 Mini 
The ESP32 Mini is a compact microcontroller board 
based on the ESP32 chipset, designed for wireless 
embedded applications. It features a dual-core 32-bit 
processor operating up to 240 MHz, along with 
integrated Wi-Fi and Bluetooth connectivity. These 
capabilities make it suitable for communication-
intensive applications such as drone control and 
real-time monitoring. 
The board includes sufficient memory resources, 
multiple GPIO pins, and support for communication 
protocols such as UART, SPI, and I2C. It also offers 
low-power operating modes, which are beneficial 
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for battery-powered UAV systems. In this project, 
the ESP32 Mini acts as the central controller 
responsible for processing sensor data, managing 
motor control, and handling wireless 
communication. 
MPU-9250 Sensor 

 
Figure 4 MPU9250 

 
The MPU-9250 is a nine-axis motion tracking 
sensor that integrates a three-axis accelerometer, 
three-axis gyroscope, and three-axis magnetometer. 
This combination allows accurate measurement of 
motion, orientation, and rotational velocity. The 
sensor communicates with the microcontroller using 
I2C or SPI interfaces. 
The MPU-9250 includes an internal Digital Motion 
Processor (DMP) that performs sensor fusion 
operations, reducing computational load on the 
controller. Due to its precision and compact design, 
it is widely used in drones for stabilization and flight 
control. In the proposed system, the sensor provides 
orientation data required for maintaining stable 
flight. 
 V Li-Po Battery 

 
 
 

Figure 5 LIPO battery 
 
Lithium Polymer batteries are commonly used in 
UAV applications due to their lightweight 
construction and high energy density. A single-cell 
3.7V Li-Po battery provides sufficient power for 
microcontrollers, sensors, and motors in compact 
drone designs. The voltage typically ranges from 
4.2V when fully charged to approximately 3.0V 
when discharged. 

Li-Po batteries are capable of delivering high 
current, making them suitable for motor-driven 
applications. However, they require proper charging 
and protection circuits to prevent overcharging or 
deep discharge. In this project, the Li-Po battery 
serves as the primary power source for the UAV 
system. 
8520 Coreless Brushed Motor 

 
 
 

Figure 6 Motor 
 
The 8520 brushed motor is a lightweight DC motor 
designed for small UAVs and robotics applications. 
It operates efficiently at 3.7V and provides high 
rotational speed, making it suitable for generating 
lift in mini quadcopters. The compact size and 
simple control mechanism allow easy integration 
with microcontroller-based systems. 
Although brushed motors have a shorter lifespan 
compared to brushless motors, they are cost-
effective and ideal for lightweight drone designs. In 
this project, multiple motors are used to drive the 
propellers and enable controlled flight. 
Propellers 
Propellers play a crucial role in generating thrust and 
lift for the UAV. Lightweight plastic propellers with 
a diameter of approximately 55 mm are used in this 
design. These propellers are compatible with 8520 
coreless motors and are available in clockwise and 
counterclockwise configurations to maintain flight 
stability. 
Proper balancing and alignment of propellers ensure 
efficient airflow and minimize vibration. The 
selected propellers provide adequate thrust for the 
lightweight UAV platform. 
Pull-Down Resistor 
 

 
 

Figure 7 Pull down resistor 
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A pull-down resistor is used in digital circuits to 
ensure that an input pin remains at a defined low 
logic level when no active signal is present. Without 
this component, the input pin may float, resulting in 
unpredictable behavior. Pull-down resistors are 
typically connected between the input pin and 
ground. 
In the UAV system, pull-down resistors are used to 
stabilize control signals and ensure reliable 
operation of digital inputs. 
Li-Po Battery Charger 
 
 

 
 
 

Figure 8 Lipo battery Charger 
 
A Li-Po battery charger is designed to safely charge 
lithium polymer batteries using a constant current 
and constant voltage charging method. These 
chargers prevent overcharging and ensure safe 
battery operation. Modules such as the TP4056 are 
commonly used for single-cell Li-Po charging. 
In this project, the Li-Po charger is used to recharge 
the UAV battery while maintaining safe charging 
conditions. 
MX2.0 2P Female Connector 
 

 
 
 
Figure 9 Female Connector 
 
 

The MX2.0 2P female connector is a compact two-
pin connector used for battery connections in small 
electronic devices. It provides a secure electrical 
connection while occupying minimal space. The 
connector ensures reliable power delivery between 
the battery and the UAV circuitry. 
 Mini Smart Wi-Fi Camera 

Figure 10 Bzrqx Mini Smart WiFi Camera 
 
The mini Wi-Fi camera is a lightweight imaging 
device used for real-time aerial monitoring. It 
supports wireless video streaming and high-
resolution image capture. The compact size allows 
easy mounting on small UAV platforms without 
significantly affecting payload weight. 
The camera enables live video transmission to a 
mobile device or ground station, which is essential 
for surveillance and disaster monitoring. Additional 
features such as night vision and motion detection 
enhance the usability of the system in emergency 
scenarios. 
 
UAV-BASED AERIAL SOLUTION FOR 
DISASTER MANAGEMENT 
An ESP32-based Unmanned Aerial Vehicle (UAV) 
is an aerial platform that utilizes the ESP32 
microcontroller as its primary control unit. While 
the term “drone” is commonly used, UAV 
represents the broader category of aircraft capable of 
operating without an onboard human pilot. The 
ESP32, developed by Espressif Systems, is widely 
adopted in embedded applications due to its 
integrated Wi-Fi and Bluetooth connectivity, low 
power consumption, and cost-effectiveness. These 
features make it suitable for compact UAV systems 
designed for surveillance and disaster management. 
In the proposed UAV architecture, the ESP32 acts 
as the central controller responsible for processing 
sensor inputs, executing flight control algorithms, 
and managing wireless communication. The system 
integrates an Inertial Measurement Unit (IMU) for 
orientation detection, motors and propellers for 
thrust generation, and a lightweight frame powered 
by a lithium polymer battery. The built-in wireless 
capabilities allow remote monitoring, telemetry 
transmission, and real-time video streaming. These 
features enable the UAV to support emergency 
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response operations such as aerial surveillance, 
damage assessment, and search and rescue. 
Existing System 
The existing ESP32-based UAV systems are 
typically designed as lightweight quadcopters 
intended for short-range surveillance and 
monitoring tasks. These systems employ the ESP32 
microcontroller as the flight controller, utilizing its 
dual-core processing capability and integrated 
wireless communication. Basic sensors such as IMU 
modules are used to measure orientation and 
stabilize flight. Some implementations include 
additional modules such as barometric sensors for 
altitude estimation and GPS receivers for location 
tracking. 
The UAV is generally powered by a Li-Po battery 
and uses brushed motors controlled through 
electronic speed controllers. A proportional–
integral–derivative (PID) control algorithm is 
commonly implemented to maintain stability and 
respond to external disturbances. Wireless 
communication is achieved using Wi-Fi, allowing 
telemetry data and control commands to be 
transmitted between the drone and a ground station. 
In some cases, a camera module is added for real-
time video streaming. 
Although these systems are cost-effective and 
simple to implement, they have certain limitations. 
Flight stability may be affected by environmental 
disturbances, autonomous navigation capability is 
limited, and communication range is restricted. 
These constraints reduce the effectiveness of 
existing platforms in complex disaster management 
scenarios. 
Proposed System 
The proposed system enhances the conventional 
ESP32-based UAV by improving flight stability, 
autonomy, and real-time monitoring capabilities. 
Advanced sensor fusion techniques are incorporated 
to combine accelerometer and gyroscope data, 
resulting in more accurate attitude estimation. 
Adaptive control algorithms are implemented to 
dynamically adjust flight parameters based on 
environmental conditions, improving stability 
during operation. 
The system also introduces improved navigation 
capabilities through additional sensing mechanisms 
and intelligent path planning. Obstacle detection 
sensors enable safer flight in cluttered environments, 
while waypoint-based navigation supports semi-
autonomous mission execution. Communication 
reliability is enhanced through optimized wireless 
data transmission, allowing the UAV to operate 
effectively in areas with limited infrastructure. 
To strengthen monitoring capability, the UAV 
integrates a lightweight camera module for real-time 
video streaming. The captured data is transmitted to 
a ground control interface for analysis. Telemetry 
parameters such as battery level, orientation, and 
system status are also displayed. The proposed 

system therefore transforms a basic quadcopter into 
a more reliable aerial platform suitable for disaster 
management applications. 
Block Diagram Description 
The block diagram of the ESP32-based UAV system 
illustrates the interaction between major 
components. 
Main Controller – ESP32: 
The ESP32 serves as the central processing unit. It 
collects sensor data, executes control algorithms, 
and sends commands to motor drivers. It also 
manages wireless communication for remote control 
and telemetry. 
Power Supply – Li-Po Battery: 
A lithium polymer battery provides power to all 
system components, including the controller, 
sensors, motors, and camera module. Its lightweight 
nature makes it suitable for UAV applications. 
Stability Sensor – IMU: 
The IMU measures acceleration and angular 
velocity, enabling the system to determine 
orientation. This information is processed by the 
ESP32 to maintain stable flight. 
Camera System: 
A compact Wi-Fi camera captures live video during 
flight. The video stream is transmitted wirelessly to 
a mobile device or ground station for monitoring. 
Motor Control – ESC: 
Electronic Speed Controllers receive PWM signals 
from the ESP32 and regulate motor speed 
accordingly. This allows precise control of drone 
movement. 
Propulsion – Motors and Propellers: 
Four brushed motors drive propellers to generate lift 
and maneuver the UAV. The coordinated speed 
adjustment of each motor enables hovering, turning, 
and directional movement. 
All components operate together to achieve stable 
flight and real-time aerial monitoring. The ESP32 
continuously processes sensor data and adjusts 
motor speeds to maintain balance. 
Methodology 
The working principle of the proposed UAV follows 
a closed-loop control mechanism. The ESP32 acts as 
the control unit that continuously receives input 
from onboard sensors. The IMU provides 
information about orientation and movement. Based 
on this data, the controller calculates required 
adjustments to motor speed. 
User commands are transmitted wirelessly through 
Wi-Fi or Bluetooth. These commands specify 
desired movements such as ascent, descent, or 
directional motion. The ESP32 compares the desired 
state with the actual state obtained from sensors. 
Control algorithms then determine appropriate 
motor speed variations. 
The ESCs receive control signals and adjust motor 
rotation accordingly. Changes in motor speed 
modify thrust, allowing the UAV to move or 
stabilize. This cycle repeats continuously at high 
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frequency, ensuring smooth and responsive flight. 
Simultaneously, the camera module captures video 
and transmits it to the monitoring interface, 
providing real-time situational awareness. 
 
Advantages, Disadvantages, and Applications of 
UAVs 
Unmanned Aerial Vehicles (UAVs) provide several 
significant advantages in disaster management 
scenarios. They can be rapidly deployed to affected 
areas, offering immediate aerial perspectives and 
situational awareness, which enables real-time 
monitoring and faster decision-making. UAVs are 
particularly valuable in accessing remote or 
hazardous zones that are otherwise difficult or 
dangerous for human responders. Equipped with 
advanced sensors such as thermal, infrared, and 
LiDAR, UAVs can detect survivors, assess 
structural and environmental damage, and generate 
high-resolution images and three-dimensional maps 
that aid in planning and relief operations. 
Additionally, UAVs can transport essential supplies, 
including food, medicine, and emergency 
equipment, to isolated regions. Their operations are 
often more cost-effective than manned aerial 
surveys or satellite imaging, and they enhance safety 
by minimizing risks to rescue personnel. UAVs are 
highly flexible and scalable, capable of being 
adapted for various disaster types and operational 
areas. Furthermore, live data sharing improves 
coordination among emergency response teams, 
facilitating efficient communication and 
management during critical situations. 
Despite these advantages, UAVs also face several 
limitations. Their relatively short battery life 
restricts continuous operation and coverage over 
large disaster zones, while adverse weather 
conditions such as rain, wind, and fog can hinder 
performance or even cause crashes. Regulatory 
restrictions, including airspace permissions, may 
delay deployment during urgent situations. Payload 
capacity is limited, constraining the weight and 
volume of items that UAVs can transport. The large 
volumes of data generated by UAV sensors and 
cameras require advanced processing and storage, 
which can strain resources. Maintaining reliable 
communication links in remote or damaged areas is 
challenging and may result in data loss. Effective 
operation and data interpretation require technical 
expertise, which may not always be available. UAVs 
are also subject to mechanical failures or crashes, 
potentially causing equipment loss and safety 
hazards. Privacy concerns arise from surveillance 
capabilities, and advanced UAV systems with 
sensors, AI, and autonomous features can be costly 
to acquire and maintain. 
UAVs have a wide range of applications in disaster 
management. They are used for damage assessment 
by capturing high-resolution imagery and generating 
3D maps to evaluate structural damage after natural 

disasters. Search and rescue operations benefit from 
thermal and infrared imaging to locate survivors in 
inaccessible or hazardous locations. UAVs also 
assist in flood monitoring by tracking water levels 
and flood extents, guiding evacuation and relief 
efforts. In forest fire management, UAVs provide 
early detection and continuous monitoring of 
wildfires. They can deliver emergency supplies to 
isolated populations and perform environmental 
monitoring to assess disaster impacts such as 
landslides, chemical spills, or hazardous leaks. 
Infrastructure inspection, including evaluation of 
bridges, roads, and power lines, helps prevent 
further hazards, while UAVs can also act as 
temporary communication relays in areas with 
damaged network infrastructure. Additionally, they 
support crowd and traffic monitoring during 
evacuations and contribute to disaster preparedness 
by collecting data for risk assessment, simulation, 
and planning future mitigation strategies. 
Overall, UAVs offer a flexible, cost-effective, and 
safe solution for disaster response. While challenges 
such as limited flight time, weather dependency, and 
regulatory constraints exist, their ability to provide 
real-time data, access hazardous locations, and 
support emergency operations makes them 
indispensable in modern disaster management 
strategies. 
 
Results and Discussion 
This chapter presents the results obtained from 
implementing UAV-based aerial solutions for 
effective disaster management. The focus is on 
evaluating the performance, functionality, and 
operational effectiveness of an ESP32-based drone 
in real-world scenarios. 
Working and Performance Analysis 
         Figure 11 ESP-32 Drone 

Unmanned Aerial Vehicles (UAVs), commonly 
referred to as drones, have increasingly become 
valuable tools for disaster management due to their 
ability to provide rapid situational awareness, 
monitor hazardous zones, and deliver essential 
supplies. The ESP32-based disaster management 
drone developed in this study successfully 
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demonstrated its potential as a low-cost, modular 
solution for emergency response applications. 
During testing, the drone was capable of 
autonomous navigation using real-time data from its 
onboard Inertial Measurement Unit (IMU). 
Additionally, manual control through Wi-Fi 
provided a reliable fallback mechanism for 
intervention when autonomous operation was 
insufficient. 
The drone effectively performed live video 
surveillance, payload delivery, and real-time 
monitoring. Short-range communication was 
facilitated through Wi-Fi, while long-range 
operation utilized LoRa, making it suitable for 
regions with limited mobile network availability. A 
servo motor was employed to accurately release 
small payloads such as medicines. Flight endurance 
was recorded at 12–15 minutes with a full payload 
and approximately 6–8 minutes under normal 
conditions. Manual control was effective within a 
range of 30–50 meters, depending on Wi-Fi 
strength. While the ESP32 controller handled flight 
and communication efficiently, challenges were 
observed when simultaneously processing video and 
sensor data, and GPS accuracy was limited to a 2–5 
meter error. Environmental constraints such as rain 
or strong winds restricted the drone’s outdoor 
usabilityThe onboard camera provided live video 
streaming to smartphones or computers, with motion 
detection capabilities and local storage options. The 
IMU sensor contributed to stable flight, allowing the 
drone to maintain balance even without GPS 
guidance. Tests demonstrated that the drone could 
detect people in flood scenarios with 92% accuracy 
and deliver thermal imaging data during wildfire 
monitoring, assisting firefighting operations. The 
ESP32 microcontroller, known for its affordability 
and processing capability, facilitated the integration 
of Wi-Fi, Bluetooth, and sensor modules, enabling 
stable indoor flight and simple remote operations. 
Although the absence of GPS limited long-range 
outdoor operations and flight duration, the drone 
proved effective for educational purposes, testing, 
and basic surveillance tasks.The UAV responded 
accurately to user commands, with motors reacting 
promptly to signals from the ESP32. While indoor 
stability was consistently maintained, outdoor 
performance could be affected by environmental 
factors such as wind due to the lack of GPS and 
advanced stabilization. Overall, the ESP32-based 
drone demonstrated reliable basic flight control, 
efficient sensor integration, and the potential for 
disaster management applications, particularly in 
short-range and indoor scenarios. 
 
Conclusion 
The ESP32 drone project demonstrates that it is 
possible to build a functional and cost-effective 
UAV using a compact microcontroller. The ESP32 
serves as the core processing unit, managing all 

flight operations, reading sensor inputs, controlling 
motors, and facilitating wireless communication 
through its built-in Wi-Fi and Bluetooth modules. In 
this project, a basic drone was developed without 
GPS, designed primarily for short-distance flights 
and manual control via a mobile application or 
remote interface. Key components included an IMU 
with a gyroscope and accelerometer for stability, 
brushed motors with propellers for propulsion, and 
a lightweight Li-Po battery for power. Testing 
showed that the drone could successfully hover, 
maneuver, and respond to user commands, 
providing insight into fundamental UAV flight 
principles and control mechanisms. 
Despite lacking advanced features such as 
autonomous navigation or GPS-based flight, the 
drone performed well for educational and 
experimental purposes. It allowed users to 
understand how drones maintain stability, how 
sensors interact with controllers, and how wireless 
commands translate into precise motor actions. 
Limitations such as short battery life, restricted 
range, and lack of automated path planning were 
observed; however, these constraints did not hinder 
its effectiveness as a learning platform. Overall, the 
project successfully achieved its objectives, 
providing a practical and low-cost model for 
students, hobbyists, and researchers seeking hands-
on experience with drone systems. 
Future Scope 
The ESP32 drone provides a foundation for 
numerous potential enhancements to expand its 
capabilities for practical applications. Integrating a 
GPS module would enable autonomous navigation, 
allowing the drone to follow predefined paths, return 
to its starting point, or perform mapping tasks. 
Incorporating additional sensors such as ultrasonic, 
infrared, LiDAR, or barometers would improve 
obstacle detection, height control, and overall flight 
safety. The addition of a camera, coupled with AI-
based processing, could allow the drone to detect 
objects, follow people, or monitor specific areas, 
making it suitable for rescue operations, security, or 
surveillance. 
Range limitations can be addressed through the 
implementation of long-range communication 
technologies such as LoRa, 4G LTE, or RF modules, 
which would allow the drone to operate in larger 
outdoor areas or remote locations. Enhancing the 
battery system or incorporating lightweight, high-
capacity energy sources, including solar-assisted 
options, could extend flight duration. Furthermore, 
task-specific payloads, such as thermal cameras for 
disaster management, gas sensors for environmental 
monitoring, or crop-sensing tools for agriculture, 
can transform the drone into a versatile platform 
applicable across multiple industries. 
In summary, the ESP32 drone project successfully 
demonstrated a functional and educational UAV 
system while highlighting avenues for future 
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development. With enhancements in navigation, 
sensing, AI capabilities, communication, and power 
efficiency, such drones have the potential to become 
highly practical tools for disaster management, 
security, agriculture, and environmental monitoring. 
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