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Abstract- To improve search and rescue operations in emergencies and catastrophic situations,
autonomous Unmanned Aerial Vehicle (UAV)-based rescue response systems have gained considerable
attention. Conventional rescue techniques are risks to human responders, slow reaction times, and
restricted accessibility. Autonomous UAV rescue response systems, emphasis on critical tasks such as
path planning, human recognition, obstacle avoidance, and autonomous navigation. The analysis
encircles current system architectures and algorithms, highlighting their operational issues such as
battery constraints, ecological unpredictability, and the absence of standardized evaluation measures.
As autonomous intelligence and energy efficiency continue to be advanced, these systems will be able
to greatly improve rapid response medical infrastructure and last-mile delivery infrastructure.
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1. Introduction

Unmanned Aerial Vehicles (UAVs) are vehicles known as drones that provide a direct
aerial replacement of a road-based transportation system. Drones decrease travel time and
enable contactless delivery by overcoming ground-level barriers. The concept of commercial
drone logistics has attracted the attention of a global audience, local, cost-efficient
applications to short-range medical deliveries have not been researched. The developed
system is a quadcopter-based autonomous surveillance drone designed for
operations. The platform integrates a Radiolink flight controller, GPS module, camera
system, wireless communication module, and ground control station software. The Radiolink
controller acts as the central processing unit, handling flight stabilization, autonomous
navigation, and safety management. Sensor data from the GPS, compass, and inertial
measurement unit (IMU) are processed by the controller to generate precise motor commands
via the electronic speed controllers (ESCs), ensuring stable and responsive flight. The drone
executes missions using predefined waypoints that are uploaded prior to flight. During
operation, it autonomously follows the programmed route while continuously transmitting
real-time telemetry data including GPS coordinates, altitude, speed, and battery status and a
live video feed from the onboard camera to the ground control station. This allows operators
to monitor the surveillance area remotely and maintain complete awareness. Manual
Controlling is incorporated to allow immediate intervention in case of emergencies or system
failures making it able to dodge unexpected obstacles, ensuring safety.

outdoor

2. Hardware And Software Requirements
2.1 Hardware Components

The proposed UAV system is developed using essential hardware components for flight
control, navigation, propulsion, and communication. These components enable stable and
autonomous UAV operation in rescue applications [1], [11].
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Flight Controller: The Pixhawk 2.4.8 is used as the main flight controller. It processes sensor data and controls the UAV’s
stability and movement by sending appropriate signals to the motors. Flight controllers are fundamental for autonomous
UAV operations [8], [10].

Ground Control Software: Mission Planner is used for configuring the UAV, planning missions, and monitoring real-
time flight data. It enables waypoint-based navigation and control of the UAV [2].

Electronic Speed Controller (ESC): The 30A Electronic Speed Controller regulates the speed of brushless motors by
converting battery power into controlled electrical signals. It ensures proper motor operation and flight stability [3].

Navigation System: The MON GPS Module provides location data such as latitude, longitude, and altitude. It enables
autonomous navigation and waypoint tracking [2], [11].

Propulsion System: The propulsion system consists of 1000KV brushless motors and 10-inch propellers. The motors
generate rotational motion, while the propellers produce thrust required for UAV flight [1], [12].

Power System: A 2200mAh 3S (11.1V) Lithium-Polymer battery supplies power to all UAV components. The power
distribution board- PDP distributes power from the battery to the ESCs for motor control and flight controller [10].

Frame Structure: The S500 Quadcopter Frame is used as the structural frame to support and mount all components. It
provides mechanical stability and proper weight distribution [8].

Communication System: The communication system includes the FlySky FS-i6S Transmitter and FS-iA10B Receiver.
The transmitter sends control signals, and the receiver delivers them to the flight controller for UAV operation [4].

Pixhawk Power Distribution Board: The Pixhawk power distribution board is used to distribute power from the battery
to the ESCs and flight controller while maintaining proper voltage supply.

10-inch Propellers: 10-inch propellers are rotating blades  attached to motors that generate lift and thrust required for
the UAV to fly.

10-Channel FlySky Receiver: FlySky FS-iA10B Receiver is a receiver that receives control signals from the transmitter
and sends them to the flight controller.

1.2 Software Components

The autonomous drone system integrates multiple software components for efficient operation:

1
2
3.
4.
5
6

3.

Flight Control Firmware: Used for low-level flight stabilization and control (e.g., PX4 / ArduPilot) [1],[3]
Programming Languages: Python and C++ for implementing control logic and algorithms. [2],[6].

Simulation Tools: Software such as Gazebo or MATLAB for testing and simulation [7],[9].

Communication Protocols: MAVLink protocol for communication between drone and ground station [4],[6].

Ground Control Software: Used for mission planning and monitoring (e.g.: MissionPlanner, QGroundControl) [5],[6].
Development Environment: IDEs such as VS Code / Arduino IDE for coding and debugging [3],[11].

Objective and Contributions

The main objective of the proposed autonomous drone system is to design and develop an intelligent aerial platform

capable of performing autonomous navigation and obstacle avoidance using real-time sensor data.[11],[6].

The specific objectives are:

» To develop a drone capable of autonomous flight using GPS-based navigation [4].

* To design an autonomous flight control system for stable balance and orientation [3],[11].

* To validate return-to-home functionality for safety and mission completion [5],[12].

* To constitute a communication system between ground and air telemetry for monitoring [7],[9].
* To ensure data processing and real-time decision-making efficiently [1],[12].

Key contributions of this work may be summed up as follows:

Lightweight, long-range surveillance quadcopter-based VTOL drone design and development.
Integration of Pixhawk/APM flight controller with GPS guided waypoints to autonomously fly.
Experimental confirmation of the system performance in different climatic conditions and environment.
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Analysis of comparative performance in comparison with the existing autonomous drone models to point out the cost-
effectiveness and deploy-ability improvements.

The suggested system, via these contributions, offers an operational and scalable model of improving the rescue response
system through the use of autonomous aerial platforms.

3.1 Research Gap

Development of autonomous drone systems has gained remarkable attention in recent years, validating various models
focusing on surveillance and navigation application. Several coherent solutions lack efficient real-time obstacle detection and
avoidance mechanisms, making it less reliable in vital environments, resulting constant human intervention for manual
control in traditional drone systems. Another issue is the restricted integration of multiple sensors such as GPS, IMU, and
obstacle detection modules, which leads to reduced precision in navigation and instability during flight. The Proposed system
addresses these gaps by integrating sensor data processing with autonomous navigation and obstacle avoidance. It enhances
flight stability, resulting in reduced human intervention and ameliorate safety through efficient algorithms and dependable
communication mechanisms.

3.2 Problem Definition

Drone Technology has evolved long way, yet many existing systems struggle to operate autonomously and dependably.
Huge number of drones either lack effective real-time decision-making skills or either controlled manually by a human. The
structural development of an autonomous drone system can use real-time sensor data for obstacle avoidance and reliable
navigation is the main purpose of this project attempts to fulfil.

4. System Architecture

The developed autonomous medical delivery drone is based on modular and layered system architecture where several
hardware and control subsystems serve to provide stable flight and reliable delivery activities. A flight controller is gathered
in the center and it is the core decision making facility that gets the inputs of numerous onboard sensors and communication
units. The controller modifies propulsion parameters and routes according to the current environmental and positional
position data and approaches in real-time. This well synchronized relationship among sensing, control, and actuation systems
allow the optimization of the accomplishment of the mission as well as assuring safety and stability during the flight.

Pixhawk 2.4.8 Quadcopter Control System Schematic Diagram with RadioLink GPS
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Figure 1. Schematic diagram of quadcopter control system with radio link GPS

The figure shows the hardware design of the intended drone system that will be based around Pixhawk 2.4.8 flight
controller. The controller is a sequence of important setup that incorporates the GPS, telemetry communication system, radio
receiver, electronic speed controllers (ESCs), brushless motors and Li-Po battery power distribution module. This design
allows the flight to be in a steady level, autonomous, and efficient in terms of power management to provide rescue operations.
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Figure 3. Flowchart

The camera module used in the system is Raspberry Pi Cam Module 3, which is integrated with the UAV to capture real-
time video and images during flight to perform object detection. Cam module is mounted on the drone to provide continuous
visual monitoring of the target area. The captured data by the cam module is then transmitted to the ground control station
through a wireless communication link, enabling real-time observation and analysis. This optic information is essential for
applications such as search and rescue, surveillance, and disaster assessment. The use of onboard camera systems enhances
the knowledge of the situation and helps improve the effectiveness of UAV operations [2], [6].
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5. Implementation Detail

The drone was physically assembled by integrating brushless motors, ESCs, Pixhawk flight controller, GPS module,
Raspberry Pi 5, and camera system onto a quadcopter frame. Each component was carefully assembled to ensure proper
weight distribution and structural stability which is essential for maintaining flight balance and responsiveness [1], [8].

5.1 Sensor Calibration and Configuration

The GPS module was calibrated to ensure accurate positioning and orientation.

The ESCs were calibrated to synchronize motor response with the Radiolink flight controller commands, providing
smooth thrust control.

Telemetry modules were configured to establish a stable wireless communication link between the drone and the ground
control station [2], [4].

5.2 Flight Mode Setup
The Radiolink Transmitter was programmed to support multiple flight modes making it efficient. Such as:
Stabilize Mode: Manual control with self-levelling the roll and pitch axis for safe test flights.
Loiter Mode: The drone hovers at a current position, maintaining the heading and altitude automatically.
Auto/Waypoint Mode: Fully autonomous flight along predefined waypoint paths uploaded from the ground control station

(4], [6].

5.3 Outdoor Testing and Safety Measures

» Extensive testing was conducted in an open outdoor area to ensure reliable GPS reception, unobstructed flight, and
operational safety.

» Safety mechanisms were enabled on the Radiolink controller to prevent system failures during flight, including:

* Geofencing: Restricts the drone from leaving predefined areas.

* Return-to-Launch (RTL): Automatically returns the drone to the takeoff point in case of signal loss or mission completion.

» Low-Battery Failsafe: Triggers RTL or landing if battery levels drop below a safe threshold.

5.4 Operational Observations

» The drone demonstrated stable flight, precise waypoint navigation, and continuous live video transmission to the ground
control station.

* The modular design of the system allowed easy integration of additional payloads or

» sensors for future enhancements, such as thermal cameras or LiDAR [7], [11].

6. Performance Analysis And Results

6.1 Flight Stability

* The drone maintained stable and controlled flight throughout waypoint navigation, demonstrating effective compensation
for wind disturbances and minor trajectory deviations.

* The Radiolink flight controller successfully executed stabilization algorithms, ensuring minimal oscillation during
hovering and waypoint transitions.

*  Multiple flights confirmed consistent altitude and attitude control, indicating reliable performance across repeated
missions [4], [8].

6.2 Navigation Accuracy

Autonomous drone will work with reliability in the course, stable hovering was observed at a variation of +- 0.5 m of the
altitude, suitable for surveillance applications requiring moderate accuracy [2], [7]. The path following performance was
constant across multiple planned missions, assuring the reliability of autonomous navigation in outdoor conditions.

Video Transmission Quality

The mounted camera successfully transmitted continuous live video feed to the ground control station. Cam Module 3
delivers a stable and hd video quality with minimal latency, making it convenient for monitoring and surveillance in real
time. Reliability was maintained throughout the flight, demonstrating the wireless telemetry link for outdoor monitoring
applications [3], [6].
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6.3 Operational Reliability

The UAV demonstrated performance across multiple test flights, including waypoint navigation, steady going take-off,
and successful landings. Return-to-Launch (RTL), Low-battery failsafe, geofencing safety mechanisms were successfully
validated and operated as anticipated. Average flight duration for surveillance missions was roughly around §-10 minutes per
full battery charge, making it compatible for monitoring small areas in various conditions [1], [4].

6.4 Discussion

The implemented autonomous drone surveillance system displayed robust and reliable performance under various
operating conditions. The flight controller effectively performs autonomous navigation, stabilization, and execution of the
planned mission, enhancing the drone to follow the predefined path from the ground module with high accuracy [1], [4].

6.5 Feasibility Analysis

The proposed autonomous drone rescue response system for emergency response is technically viable because of the use
of commercially selectable and dependable allotment of brushless DC motors, Electronic Speed Controllers, Li-Po batteries
and a Pixhawk/APM flight controller. The quadcopter design provides stable vertical take-off/landing, which is appropriate
to use in constrained and distant locations. Waypoint GPS positioning, systems onboard stability programs, and inbuilt safety
control systems like Return-to-Home and low-battery failsafe makes the system more reliable and autonomous. Flight tests
showed that the system was technically viable by evaluating and confirming stable functions, accurate navigation and that it
can transmit real-time data.

Working and economically, the system will provide an effective solution in rescue operations to locations that are
inaccessible or slow in transportation. Already available off the shelf parts would save on development and maintenance
costs, as well as enable the system to be scaled to future requirements of range, payload and intelligence increase. Low ground
infrastructure needs further help in facilitating ease of deployment. On the whole, the discussion shows that the suggested
drone system can be deployed, is cost-efficient, and applicable to medical emergency scenarios in real life.

7. RESULT

It is experimentally tested that the normal autonomous drone will work with reliability in small-scale settings with
changing environmental conditions. Various conditions were tested in the system, and in the course, stable hovering was
observed at a variation of +- 0.5 m of the altitude. The drone averagely monitored in about 5 minutes with its extended highest
range of operation conditions at 800 meters. The monitoring rate was of more than 85 percent and the integrity of the cam
module was not damaged during the testing. Such outcomes confirm the stability, navigation quality and the appropriateness
of the system to perform rescue operations at places in emergency conditions.

Figure 4. Prototype implementation of the drone

321
Int. J. of Computational and Electronic Aspects in Engineering https://www.rame.org.in/ijceae/



Autonomous UAV Based Rescue Response System for Emergency Response

Autonomous UAV-Based Rescue Response System

! S

Flight Control System

Pixhawk Flight Control

-
Sensors

Survivor Detection Real-Time Image } ‘

|
Crry e 5~ IR
= | e
o5 Mosvtormg & Centrol

v

Return to Home (RTH)  ¢———————t———p  Rescue Team Response

Figure 5. Integrated system architecture and experimental performance results of the autonomous UAV-Based Rescue Response System

Figure 7. Autonomous Flight Testing in real world
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Figure 9. Autonomous self-landing after completion of the planned mission
7.1 Camera Observation

Recorded observations with the help of Raspberry Camera Module 3 featuring various features and object detection with
help of TensorFlow in various conditions.

: \

Figure 10. Raspberry Camera Module 3 featuring various features and object detection with help of TensorFlow

8. Conclusion and Future Scope

Autonomous surveillance drone represents a crucial advancement in modern monitoring technology, contributing a highly
mobile, flexible, and a scalable platform for observation of high risk or inaccessible areas. Integration of UAVs with artificial
intelligence, autonomous navigation, and real-time data transmission, enhances the efficiency of the drones reducing human
intervention. The ability of continuous aerial monitoring provides enhanced situational awareness, which is an essential part
of the applications. UAVs reduces the risk of humans by enabling operations in difficult to access environments such as

323
Int. J. of Computational and Electronic Aspects in Engineering https://www.rame.org.in/ijceae/



Autonomous UAV Based Rescue Response System for Emergency Response

hazardous areas or destruction of area due to natural calamity. It can perform various applications like public safety, traffic
management, environmental monitoring, and disaster responses in various conditions. The system demonstrates the reliable
performance in various terms such as navigation accuracy, communication, efficiency of communication, and real-time
capability of surveillance. The integration of sensors, GPS modules, and telemetry systems onboard enables accurate data
collection and continuous flight monitoring from ground module. The design allows easy integration of new components,
making the system easily adaptable to several operational requirements making it more scalable and intensify in future. With
rapid growth in artificial intelligence and machine learning technologies, autonomous drone are expected to advance into
more self-sufficient platforms reducing human dependency. Improvements in navigation technologies can be gained with
integrating multiple-sensor fusion, visual odometry, and modern technologies like Simultaneous Localization and Mapping
(SLAM), which enhances the ability of UAVs to operate in complex and GPS-prohibited or denied areas such as dense urban
areas, forests, and indoor spaces. Technologies provide robust localization and mapping capabilities, enabling reliable
operation even when traditional navigation systems fail or seem to be inaccurate. Development of swarm drone technologies
i.e. multiple drone co-ordination technique which uses intelligence to enable collaborative operations, permitting multiple
UAVs to cover larger areas efficiently and perform synchronized tasks. Efficiency of energy remains a critical factor in
performance of the UAV. Future enhancements in battery technologies, hybrid power systems, and integration of renewable
energy such as solar powered drones, can also significantly improve energy management techniques and optimize power
consumption across various components of the system, ensuring longer missions and reducing downtime. Integration of
autonomous drone systems with city infrastructure to perform real-time data analytics. Autonomous drone surveillance
systems hold immense to advance gradually into a full intelligent, adaptive, and scalable platforms capable for supporting
wide range of applications. Constant advancements in artificial intelligence, navigation, communication, and energy systems
will draw the development of more efficient and reliable UAV solutions. Autonomous drones are expected to play a crucial
role in shaping large-scale monitoring, surveillance and rescue operations, making it more efficient, safe and user friendly to
real-world challenges.
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