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Introduction 

The use of remotely piloted vehicles (RPVs) in search and rescue operations has grown in popularity in 

recent years due to their ability to provide a safer and more efficient way to search for victims and 

assess the stability of buildings in disaster scenarios. In particular, RPVs can be particularly useful in 

situations where it is too dangerous for human rescuers to enter, such as in collapsed buildings after an 

earthquake. 

This report describes the design and development of an RPV designed specifically for search and rescue 

operations in collapsed buildings after an earthquake. The RPV is designed to be small, lightweight, and 

inexpensive, making it well-suited for navigating through tight spaces and reaching areas that are difficult 

for human rescuers to access. It is also designed to provide a video stream to a VR headset, allowing the 



pilot to control the drone in the direction he is facing. The RPV is equipped with a stable control system 

and precise navigation system, to ensure that it can respond quickly and accurately to the pilot's 

commands. The RPV is also equipped with a robust structure able to withstand the impact of collisions 

and other hazards that may be encountered during search and rescue operations. 

The report covers the design considerations, technical specifications, and performance evaluation of the 

RPV, as well as any future improvements that can be made to the RPV. The goal of this project is to 

provide a cost-effective and efficient solution for search and rescue operations in collapsed buildings 

after an earthquake, that can help to save lives and reduce the risks faced by human rescuers. 

1.1. Project Definition 

The goal of this project is to design and develop a remotely piloted vehicle (RPV) that can be used in 

search and rescue operations in collapsed buildings after an earthquake. The RPV is designed to be small, 

lightweight, and inexpensive, making it well-suited for navigating through tight spaces and reaching areas 

that are difficult for human rescuers to access. 

The RPV will be capable of providing a video stream to a VR headset, allowing the pilot to control the 

drone in the direction he is facing. The RPV will also be equipped with a stable control system and 

precise navigation system, to ensure that it can respond quickly and accurately to the pilot's commands. 

Additionally, the RPV will have a robust structure able to withstand the impact of collisions and other 

hazards that may be encountered during search and rescue operations. 

The project will involve the following specific tasks: 

 

I. Research and analysis of current RPV technology and design considerations specific to search 

and rescue operations in collapsed buildings after an earthquake. 

II. Design and development of the RPV, including the selection of materials, motors, and other 

components. 

III. Implementation of advanced navigation and obstacle avoidance capabilities to ensure that the 

RPV can safely and efficiently navigate through the debris of a collapsed building. 

IV. Integration of a secure and reliable communication link between the RPV and the pilot's control 

station. 

V. Development of a control system that allows the pilot to remotely control the RPV's 

movement, using the video stream from a camera mounted on the pilot's VR headset. 

VI. Testing and evaluation of the RPV's performance in simulated search and rescue scenarios. 

VII. Identification of potential future improvements that can be made to the RPV to enhance its 

capabilities. 

The ultimate goal of this project is to provide a cost-effective and efficient solution for search and 

rescue operations in collapsed buildings after an earthquake, that can help to save lives and reduce the 

risks faced by human rescuers. 



1.2. Project Goal 

The primary goal of this project is to design and develop a drone that can be used in search and rescue 

operations in collapsed buildings after an earthquake. The drone is intended to provide a safer and more 

efficient way to search for victims and assess the stability of buildings in disaster scenarios. In particular, 

the drone will be designed to be small, lightweight, and inexpensive, making it well-suited for navigating 

through tight spaces and reaching areas that are difficult for human rescuers to access. 

The drone will have several key features that will make it well-suited for search and rescue operations in 

collapsed buildings after an earthquake. These include: 

I. Video stream to a VR headset: The drone will be equipped with a camera that will provide a 

video stream to a VR headset worn by the pilot. This will allow the pilot to control the drone in 

the direction he is facing, making it easier to navigate through tight spaces and reach areas that 

are difficult for human rescuers to access. 

II. Stable control system and precise navigation system: The drone will be equipped with a stable 

control system and precise navigation system, to ensure that it can respond quickly and 

accurately to the pilot's commands. This will help to ensure that the drone can navigate safely 

and efficiently through the debris of a collapsed building. 

III. Robust structure: The drone will have a robust structure able to withstand the impact of 

collisions and other hazards that may be encountered during search and rescue operations. This 

will help to ensure that the drone can continue to operate even in challenging conditions. 

IV. Secure and reliable communication link: The drone will have a secure and reliable 

communication link between the drone and the pilot's control station, to ensure that the drone 

can be safely operated in a search and rescue environment. 

V. Cost-effective: The drone will be designed to be cost-effective, in order to make it accessible to 

rescue teams with limited budgets 

By meeting these objectives, the drone will provide a safer and more efficient way to search for victims 

and assess the stability of buildings in disaster scenarios and help to save lives and reduce the risks faced 

by human rescuers. 

1.3. Project Motivation 

The high frequency and severity of earthquakes in Turkey make it clear that the development of 

effective search and rescue technology is crucial for protecting lives and property in the event of a 

disaster. Turkey is located in an active seismic zone and has a history of earthquakes, such as the 1999 

Izmit earthquake, which resulted in over 17,000 deaths and 50,000 injuries, and the 2011 Van 

earthquake, which resulted in over 600 deaths and 4,150 injuries. These events demonstrate the need 

for efficient and effective search and rescue technology that can be used in collapsed buildings after an 

earthquake. 

In addition, the potential for a large earthquake in the North Anatolian Fault Zone in the near future 

highlights the urgency of developing and implementing new technology to prepare for and respond to 

earthquakes. The North Anatolian Fault is one of the most active seismic zones in the world and a 



major earthquake is overdue in this region (e.g. the most recent major earthquake was on January 24, 

2021 in Elazig, Turkey and caused 41 deaths and more than 1,600 injuries). 

The use of a drone equipped with a camera that provides a video stream to a VR headset and a stable 

control system and precise navigation system, can provide a safer and more efficient way to search for 

victims and assess the stability of buildings in disaster scenarios. The development of this drone will not 

only contribute to the safety and well-being of citizens and rescuers in Turkey but also in other 

countries with high seismic activity. The technology developed in this project can be adapted to other 

disaster scenarios where human access is limited and time is critical. 

1.4. Literature Research 

Disaster management is generally classified into four stages: reduction (mitigation), preparation 

(preparedness), intervention (response), and improvement (recovery) in literature. 

In a disaster situation, the first few hours in which the survival probability of disaster victims is the 

highest can be defined as a critical process. 

For example, while approximately 25,000 people lost their lives in the 1999 Gölcük earthquake in 

Turkey, only 12 people died in the same magnitude Tohoku earthquake in Japan in 2008. Complex 

infrastructure, difficulties in accessing resources, and delays in damage assessment can be shown as 

reasons for this. 

In recent years, high-resolution satellite imaging and laser scanning systems have been developed to 

assess disaster damage and losses. However, satellite systems have many limitations, such as time 

constraints to obtain images, weather conditions, and delays in data distribution from the satellite after 

data collection. 

Because of the reasons mentioned in the critical process and possible infrastructure damage, the use of 

unmanned aerial vehicles (UAVs) for post-disaster situation assessment has become increasingly 

important in recent years. 

The most common application areas of UAVs in disaster management are mapping affected areas, 

analyzing collected images, coordinating UAV networks, detecting disasters with certain chemical 

sensors, integrating UAVs with other communication tools, and providing fast and high-quality 

information transmission. 

The survival rate in the first 30 minutes after the earthquake is 91% and it drops to 36.7% on the second 

day. 

Therefore, post-earthquake situation assessment is an important factor. Since ground-based correction 

work, especially in heavily damaged places, takes a lot of time, air systems are widely used for research. 

There have been several reports of drone usage after earthquakes in Turkey and around the world. 

Drones have been used in search and rescue operations to quickly survey large areas and locate 

survivors in the aftermath of an earthquake. 



For example, in the aftermath of the 2020 Elazig earthquake in Turkey, the Turkish National Police used 

drones to assess the damage and search for survivors. Drones were also used to survey the damage in 

the 1999 Marmara earthquake in Turkey, which was one of the deadliest earthquakes in Turkish history. 

Similarly, drones have been used to survey the damage and search for survivors in other countries after 

earthquakes, such as in Nepal after the 2015 earthquake, in Mexico after the 2017 earthquake, and in 

Indonesia after the 2018 earthquake. 

Drones have been found to be particularly useful in search and rescue operations after earthquakes 

because they can quickly survey large areas and provide real-time imagery to rescuers, helping them to 

locate survivors more quickly and efficiently. 

It's worth to note that, even though there are many reports of drone usage in search and rescue 

operation, it's not very common yet and it's still considered to be an experimental technology in this 

field. Therefore, it's important to consult with experts and professionals in the field and make sure the 

drone is designed and equipped to handle the specific challenges and hazards encountered in the 

aftermath of an earthquake. 

Some of the similar UAVs can be listed as DJI FPV, Tello FPV, Parrot Anafi FPV, Tinyhawk 2 and Sky 

Viper V2400 HD. 

 

 

UAV  SPECIFICATIONS 

DJI FPV                   

 

Battery: 20 min (2000 mAh) 

Range: 10 km 

Camera: 4K 

GPS 

Weight: 795 gr 

Speed: 140 km/h 

Tello FPV             

 

Battery: 12min 

Range: 100m 

Camera: 720p 

EIS 



Parrot Anafi 

FPV        

 

Battery: 25min 

Range: 4km 

Camera: 4K 

3 Axis Gimble 

Weight: 4.25 Pound 

Tinyhawk 2 

 

 

Battery: 6min 

Range: 100m 

Camera: 720p 

EIS 

Brushless motors 

7.8 * 7.8 * 4 cm * 

Sky Viper 

V2400 HD  

 

Battery: 8min (650 mAh 3.7V 

LiPo) 

Range: 50m 

Motors: 8mm Brushed Coreless 

1280x720 Resolution 

Size with guards: 13.25” x 13.25” 

Weight: 116.4g 

1.5. SWOT 

Strengths: 

• Cost-effectiveness 

• Small and compact design 

• User-friendly interface 

• Easier control mechanism 

• Shorter training time 

Weaknesses: 

• Limited flying capabilities 



• Restrictive design choices 

• Low flight time 

• Limited budget 

Opportunities: 

• Current drones are expensive 

• Accessibility 

• Maintainability 

• Internationality of USAR teams 

• Reducing human labor 

Threats: 

• Weather conditions 

• Simulation sickness for pilots 

2. Requirements 
2.1. Stakeholder Requirements 

In this project, there are several potential stakeholders who would be interested in the development of 

this technology and its potential applications. These stakeholders include: 

The government: The government, particularly the disaster management and emergency response 

agencies, would be interested in the development of this technology as it could be used in the event of a 

natural disaster to quickly and safely search for victims and assess the stability of buildings. They may 

expect the drone to be reliable and efficient in its search and rescue capabilities, and have a user-friendly 

interface for emergency responders to operate. 

Emergency responders: The technology could be used by emergency responders, such as firefighters and 

paramedics, to quickly and safely search for victims in collapsed buildings after an earthquake. They may 

expect the drone to be lightweight, easy to use, and have a durable design that can withstand the demands 

of emergency response operations. 

The general public: The technology could be used to quickly and safely search for victims in collapsed 

buildings after an earthquake, which would be of great benefit to the general public. They may expect the 

drone to be able to find victims quickly and safely, and be equipped with high-quality cameras to provide 

clear images of the building's interior. 

The scientific community: Researchers in the field of robotics, drone technology, and emergency response 

would be interested in the development of this technology and its potential applications. They may expect 

the drone to be innovative and contribute to the advancement of the field in terms of technology and 

design. 

…………………………………………………………………… 



TUBITAK: As the project sponsor, TUBITAK will be interested in the progress and outcome of the project 

to evaluate the impact and usefulness of their funding. They may expect the drone to be useful for disaster 

management, and have a significant impact on the field of search and rescue technology. 

Companies in the field of drones and robotics: The technology developed in this project could be of 

interest to companies that specialize in the development and manufacture of drones and robotics. They 

may expect the drone to have a cost-effective design and be able to compete with other drones on the 

market in terms of functionality and performance. 

VR headset developers: This technology can be integrated with VR headset, so VR headset developer 

companies may be interested in the project outcome. They may expect the drone to have a good video 

streaming capability and provide a good VR experience to the user. 

In order to satisfy the requirements of these stakeholders, we will ensure that the drone is designed to 

be reliable and efficient in its search and rescue capabilities, with a user-friendly interface for emergency 

responders to operate. The drone will be lightweight, easy to use, and have a durable design that can 

withstand the demands of emergency response operations. The drone will also be equipped with high-

quality cameras to provide clear images of the building's interior. 

We will also work to ensure that the drone is innovative and contributes to the advancement of the field 

in terms of technology and design. We will be mindful of cost-effectiveness in the design, ensuring that it 

can compete with other drones on the market in terms of functionality and performance. 

Finally, we will work to integrate the drone with VR headsets in order to provide an immersive search 

and rescue experience for the user. This will be tested and evaluated to ensure that it provides a good 

VR experience to the user. 

Overall, we will make sure to involve stakeholders throughout the project, keeping them informed about 

progress and results, and working to meet their needs and expectations to ensure that the project is 

successful and has the greatest potential for impact. 

2.2. Technical Requirements 

In this section, we will be discussing the technical requirements of the search and rescue drone project. 

The drone is designed for use in collapsed buildings after an earthquake, and as such, it must meet certain 

specifications to ensure that it is capable of performing search and rescue operations effectively. 

First and foremost, the drone must have a sufficient flight time. This project requires a flight time of at 

least 20 minutes, which will allow for a sufficient amount of time for search and rescue operations. This 

will be achieved by using a rechargeable battery that can be easily replaced or recharged, with a charging 

time of no more than 2 hours. 

In addition to flight time, the drone must also have a stable flight performance. This is crucial for smooth 

movement and control during search and rescue operations. To achieve this, the drone must be able to 

maintain a stable hover within a 1m radius. 



The size and weight of the drone is also an important consideration. The drone should be small and 

lightweight enough to navigate easily through tight spaces and narrow corridors, with a maximum size of 

30x30x30 cm and a maximum weight of 0.5 kg. 

One of the main features of the drone is its cameras. The drone should be equipped with at least 2 low-

resolution cameras, with a resolution of at least 640x480 pixels, providing a stereo vision that allows for 

depth perception and 3D mapping of the environment. This will allow the rescuers to see the environment 

and navigate through the collapsed building. 

The drone must also have a wireless communication system that allows for real-time video streaming to 

the VR headset and control commands to be sent to the drone, with a maximum latency of 100ms. 

The drone should have a user-friendly interface that allows for easy control of the drone by emergency 

responders, with a response time of no more than 100ms. Also, it should be compatible with VR headset, 

and the video stream should be able to provide an immersive experience for the user, with a latency of 

no more than 50ms. 

Finally, cost-effectiveness is a crucial factor in this project. The drone should have a total cost of no more 

than 15.000₺ which will allow for the prototype to be developed and tested within the project budget. 

Safety is also a critical aspect of this project. The drone should be designed with safety features such as 

obstacle avoidance sensors, emergency stop button and automatic landing in case of communication loss, 

to ensure that it does not pose a danger to victims or rescuers during search and rescue operations. 

In conclusion, the search and rescue drone must meet a set of technical requirements to ensure that it is 

capable of performing search and rescue operations effectively. These requirements include a sufficient 

flight time, stable flight performance, small and lightweight design, low-resolution cameras, wireless 

communication system, durability, user-friendly interface, compatibility with VR headset, cost-effectiveness 

and safety features. By meeting these requirements, the drone will provide a valuable tool for emergency 

responders in search and rescue operations in collapsed buildings after earthquakes. 

 

Requirements Measurement 

Flight Time 20 minutes 

Stable Flight Performance Stable Hover 

Size and Weight 30x30x30cm, 0.5kg 

Cameras 640x480 

Wireless Communication System <100ms 

User-friendly Interface <100ms 

Cost-effectiveness <15.000₺  

 



3. Design 
3.1. Morphological Chart  

A morphological chart is a useful tool for the design process of a project as it allows for the systematic 

generation and analysis of design options. It is particularly useful for projects like a drone where there are 

many different components and design choices that need to be considered. The chart is a matrix that lists 

all of the design variables for a project along one axis and all of the design options for each variable along 

the other axis. By organizing the design choices in this way, it allows for easy visualization of the different 

possibilities and helps to identify any potential trade-offs or constraints that need to be considered. 

Additionally, it can also be used to identify any missing design options that need to be considered. Overall, 

using a morphological chart can help ensure that all possible design options are evaluated, leading to a 

more robust and efficient design process. 

 

Rotor Count 4 6 8 

Motor Type Coreless DC Brushless DC  

Motor Driver  ESC MOSFET L298n 

Chasis Poly-Propylene PCB  

Communication WiFi Bluetooth RF 

Controller Orange Pi PC RaspberryPi  

Camera Motor Type Servo Step  Gimbal 

Propeller Wing Count 2 3 4 

Landing Gear Center Feet Coanda Cones Propeller Feet 

Distance Sensor Infrared Ultrasound Radar 

3.2. Selections 

The choices made in the selection of components were made in line with the calculations, the current 

possibilities of our laboratory and the budget. 

 

Component Model 

BLDC Motor SunnySky V3508 580KV 

Servo Motor MG90s Mikro Servo 

ESC Emax BLHeli 30A ESC 2s-4s 

Flight Controller Pixhawk2 Cube 

Lens Plano Convex 25x25 

Camera OV3640 

Controller Orange Pi Pc 

 

 



3.3 Mechanical Design 

3.3.1 Drone Mechanical Design & Result 

 

 

 



 

3.3.2 Glasses Mechanical Design & Result 

The dimensions of VR headset were designed in accordance with human anatomy. In the design 

processesof VR, the distances between the eyes, the ears was taken into consideration.  

 

 

Dimensions have been changed due to the dimensions of electronic devices. 

 



 

3.3.1.1 Stress Analysis 

In order to ensure the structural integrity of the drone's frame, stress analysis was performed using 

Solidworks. This is a computer-aided design (CAD) software that allows for the creation of 3D models 

and simulations of mechanical systems. By inputting various loads and constraints on the frame, the 

software can predict how the frame will deform and where the stress points will be. This allows for the 

identification of potential weak points and the optimization of the design to ensure it can withstand the 

forces it will encounter during operation. This is an important step in the design process of any mechanical 

system, as it ensures the safety and reliability of the final product. 

 

3.3.1.2 Flow Analysis 

The flow analysis of the drone using Solidworks is a simulation technique used to predict the airflow 

around and through the drone. It involves using computational fluid dynamics (CFD) simulations to analyze 

the movement of fluid (air) around the drone. The simulation takes into account various factors such as 

the shape of the drone, the position and speed of the propellers, and the surrounding air conditions. The 

results of the simulation can provide valuable information about the aerodynamics of the drone, such as 

the lift and drag forces, as well as the temperature and pressure distribution around the drone. This 

information can be used to optimize the design of the drone and improve its performance. 



 

 

3.2.1 Motor Selection 

3.2.1.1. Propulsion Theory 

To generate thrust force aerial vehicles, have different technics. The vehicles we discussed generally use 

propellers to produce thrust. Moment disk theory depends on the conservation of momentum. The air 

that is pushed gain velocity and this requires the opposite momentum to the thruster. 

 



 

 

 



3.2.1.2. Drag Force 

Drag forces always tend to decrease fluid velocity relative to the solid object in the fluid's path. Where 

is the formula: 

 

The drag coefficient depends on geometry so we need to assume to avoid very long calculations, or we 

can use simulations. 

3.2.1.3. Propeller 
Propeller is the main object which produces thrust. So we need to start with propeller size. Because of 

our project goals, we need a small propeller. We select APC4220 as our propeller which has a 4.2-inch 

diameter and 2-inch pitch value.  

We use a coefficient table to make calculations: 

 



 

3.2.1.4. Take-Off Stage 

 

 



 

 



 

3.2.1.5. Hover Stage 

 

 



3.2.1.6. Cruise Stage 

 

 



 

3.2.1.7. Summary 

With the knowledge of required power amounts, the selected motor becomes: 

SunnySky V3508 580KV 

 



3.4 Electronical Design 

3.4.1 Battery  

 

Our calculations showed us, a 2820 mAh battery is needed. So, our choice is 3S 3000 mAh 25C Li-Po. 

And 25C LiPo can give 25*3=75A current if it is needed. 

3.5 Component Selection 

In this project, a variety of electronic components have been utilized to build the drone. The propulsion 

system of the drone is composed of brushless DC motors, which are controlled by electronic speed 

controllers (ESCs). The Orange Pi PC has been used as the controller and a PCB designed using EasyEDA 

is utilized to connect all the sensors, motors, and controller. 

 

 



Component Model 

Motors SunnySky V3508 580KV 

ESC Emax BLHeli 30A ESC 2s-4s 

Battery 4S 4200 mAh 40C Li-Po 

Flight Controller Pixhawk2 Cube 

Servo Motors MG-90 

Cameras OV3640 

Controller Orange Pi Pc 

 

3.5 PCB Design 

In this project, in order to reduce weight the PCB is designed in the shape of the chasis. After the 

manufacturing process of the PCB, initial tests are going to be done without the external casing and if 

safety tests succeed, the PCB is going to be used as the chasis of the drone. 

 





 

3.6  Software Design 

In order to simulate the drone in a virtual environment, the Gazebo simulation software was used in 

conjunction with the Robot Operating System (ROS) framework. Specifically, the Ubuntu 20.04 operating 

system and the Noetic version of ROS were used. 

To create the drone model in Gazebo, an Unified Robot Description Format (URDF) file was written, 

which is an XML file that describes the kinematic and dynamic properties of the robot. The urdf.xacro 

format, which is an extension of the URDF that allows for macros to be defined, was used. This allowed 

for the model to be defined in a more modular and reusable way. A ROS tool was then used to generate 

the final URDF file from the urdf.xacro file. 



A plugin for Gazebo was also developed to apply thrust to the propellers of the drone. This was necessary 

to simulate the effect of the propulsion system on the motion of the drone. In addition, scripts were 

written to control the drone using keyboard inputs, allowing for manual control of the drone's movement 

in the simulation. 

To control the drone's movement in a more precise and stable way, a Proportional-Integral-Derivative 

(PID) control mechanism was used. This mechanism used the Pose of the drone model and changed the 

thrust values of the propellers according to the height, roll, pitch, and yaw of the drone. This allowed for 

maintaining a stable hover and performing other maneuvers such as taking off and landing. 

The dual cameras mounted on the drone were controlled by a controller with 3 servo motors. These 

servo motors were controlled with an appropriate Model Predictive Control (MPC) algorithm. The MPC 

algorithm was used to supply stability for the camera vision and to ensure that the cameras were pointed 

in the desired direction. 

In addition to using Gazebo for the simulation, Rviz, a 3D visualization tool for ROS, was also used to 

monitor various values of the vehicle, such as its position, orientation, and sensor data. This allowed for 

a more comprehensive understanding of the drone's behavior in the simulation. 

An android application is developed using React Native, which is used to visualize the camera feed on the 

screen. The device is then mounted on a 3D printed frame and lenses are used to make the vision 3D. 

The android device's internal gyroscope is used to detect head movement and move the cameras 

according to this motion. The remote controller uses RF communication to send motion commands to 

the drone and the android device uses WiFi for communication. 

4 Control 

4.1 PID 

PID (Proportional-Integral-Derivative) control is a widely used control algorithm in drone projects. It is a 

feedback control algorithm that uses the error between the desired setpoint and the current state of the 

system to adjust the control input. The algorithm has three components: 

The Proportional component is based on the current error, and it provides a control input that is 

proportional to the error. This component is responsible for bringing the system closer to the setpoint. 

The Integral component is based on the accumulated error over time, and it provides a control input that 

aims to eliminate the residual error. This component is responsible for eliminating steady-state errors. 

The Derivative component is based on the rate of change of the error, and it provides a control input 

that aims to anticipate and dampen the system's response to changes in the error. This component is 

responsible for reducing the overshoot and oscillations in the system's response. 

In drone projects, PID control is typically used to control the drone's attitude (roll, pitch, and yaw) and 

position (x, y, z) by adjusting the thrust of the propellers. The algorithm takes in sensor data such as the 

drone's attitude and position and compares it to the desired setpoint. The output of the algorithm is used 



to adjust the thrust of the propellers in order to correct any discrepancies between the actual and desired 

state of the drone. This results in a more stable and precise control of the drone's movement. 

4.2 MPC 

Model Predictive Control (MPC) is a control strategy that uses a mathematical model of a system to 

predict its future behavior and optimize control inputs to achieve a desired performance. It is a type of 

advanced control technique that can be applied to various systems, including cameras mounted on a drone. 

In the context of a camera mounted on a drone, MPC can be used to stabilize the camera's orientation 

and keep it pointed in the desired direction. The algorithm takes into account the current state of the 

camera, such as its orientation and angular velocity, as well as the desired target position and orientation. 

It then uses this information to predict the future behavior of the camera and determine the control inputs 

that will best achieve the desired performance. 

The control inputs are typically applied to the servo motors that control the camera's movement. These 

inputs are calculated based on the prediction of the camera's future behavior, and are typically updated at 

a high rate, typically on the order of milliseconds. This allows the algorithm to respond quickly to changes 

in the camera's environment, such as wind gusts or vibrations, and maintain a stable camera position. 

MPC is considered an advanced control technique because it can handle constraints on the system's 

behavior, such as physical limits on the servo motors' motion. Additionally, it can take into account other 

factors that can affect the system's performance, such as sensor noise or communication delays. This 

allows the algorithm to achieve a high level of performance and robustness in a wide range of conditions. 

 

5 Simulation 

5.1 Source Code 

All codes used in the simulations are going to be shared in this chapter. 

 



 

 



 

 



 

 

 



 

 

 



 

 



 

 



 

 



  



 

 

 



 

 



 

 

 



 

 

 

 



 

 



 

 

 



 

 



 

 

 



 

 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 

 



 

 



 

 

 

 



 

 

 

 



 

 



 

 

 



 

 



 

 

 



 

 



 

 

 

 



5.2 Screenshots 

 

 

 



6 Time Schedule 

 

7 Budget 

 

Component Amount Price(1) 

Orange Pi Pc 1 ~800₺ 

SunnySky V3508 580KV 4 ~1500₺ 

4S 4200 mAh 40C Li-Po 1 ~1400₺ 

Pixhawk2 Cube 1 ~4445₺ 

MG90s Mikro Servo 3 ~70₺ 

OV3640 2 ~382₺ 

BLHeli 30A 4 ~460₺ 

R9DS 1 ~800₺ 

Lens 2 ~75₺ 

  12.679₺ 

 



8 Conclusion 

In conclusion, this project aimed to develop a drone with advanced capabilities such as 3D vision, collision 

avoidance, and stable flight. A number of technologies were used in order to achieve these goals, including 

the Gazebo simulation software and the Robot Operating System (ROS) framework, a Proportional-

Integral-Derivative (PID) control mechanism, and Model Predictive Control (MPC) algorithm for camera 

stability. The drone was designed using a 3D printed frame, and was equipped with various sensors 

including a pressure sensor, compass sensor, IMU sensor, and infrared distance sensor to ensure its 

stability and safety. Brushless DC motors were used for propulsion and an Orange Pi PC was used as the 

main controller. Overall, this project is a challenging and ambitious undertaking that requires a 

combination of various skills, from software development to mechanical engineering. The final outcome 

of this project is a drone that is capable of performing advanced maneuvers and has advanced features to 

make it more capable and safer for the end user 
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