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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.
[l.  Design and development of the RPV, including the selection of materials, motors, and other
components.
lll.  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.

[l.  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.

lll.  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.

V. 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 4| 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 Golciik 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

DJl FPV Battery: 20 min (2000 mAh)
Range: 10 km
Camera: 4K

3~ IS

Weight: 795 gr

Speed: 140 km/h

Tello FPV Battery: |2min

&@ Range: 100m
m Camera: 720p




Parrot Anafi
FPV

Battery: 25min
Range: 4km
Camera: 4K
3 Axis Gimble

Weight: 4.25 Pound

Tinyhawk 2

‘Av-wa

Battery: 6min
Range: 100m
Camera: 720p
EIS

Brushless motors

78*78*4cm*

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: |16.4g

1.5.SWOT

Strengths:
e Cost-effectiveness
e Small and compact design
e User-friendly interface
e Easier control mechanism
e Shorter training time

Weaknesses:

e Limited flying capabilities




e Restrictive design choices
e Low flight time
e Limited budget

Opportunities:

e Current drones are expensive
e  Accessibility

e Maintainability

e Internationality of USAR teams
e Reducing human labor

Threats:

e Weather conditions
e 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 Im 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.

OLIDWORKS Inspection | PEQIPERR-W-+-OR-T-

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.

von Mises (N/m#2)
2,160e+05
l. 1,944e+05
_ 1,728e+05

_ 1,512e+05

_ 1,296e+05

L 1,080e+05

_ 8638e+04

_ 647%+04
4,319+04

2,160e+04

5939%-01

—P Akma mukavemeti: 4,010e +07

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.
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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.



Free Stream Propeller Disk
—»

,

Area= A

Thrust=F = m_V, -n'\ov0 Ap=pt.-pt,
lhe= li"lo= r Vp A Ap:.Sr(Vg —Vg)
F=rVA(V,-V,) F=AAp=S5rA(V2-V)
Vo= 5(Ve+ V)

Propeller theory gives us a very useful formula:
F, = Crpn®D*
cr: propeller thrust coef ficient

kg
p:air density —
m

_ rad
n: revolution (—)
s

D: Diameter of propeller

And a Power formula:

P = C,pn3D5

Where Cr is the power coefficient propeller



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:

1
Fq = Epﬁl'vzc (N)

A: Area opposite to fluid (m?)
m
v: vehicle speed (?)

c:drag coef ficient

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:
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3.2.1.4. Take-Off Stage
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4 motor total thrust equation:

4F, = Fg + Fper + Fg
1 2
Fg = Ep.#lv cA

kg
—3

A = 0.0625 m?; ¢ = 1.5; v=at; p=1.225
m

F, = 0.0574 (at?) = 0.0574¢2
F;is dependent on time
F; = mg = 0.5(9.81) = 4905 N
Fo,.e =ma=05(1)=05N
4F,, = 5.405 + 0.0574¢t>

5.6346
F, =——— = 1408N

hmax

This force can be calculated with propeller theory:

Fy, = CrpnD*

(0.115)(1.225)(0.106)4

n= J 1408 = 281.36 rad/s= 2686,79 rpm

Now we can find how much power needed:
Prax = Crpn®D®
= 0.0478  1.225 = (281.31)% = (0.106)°
= 17.45 Watt
Let's see how much Wh is needed at this stage:

E=F, =2

, [/ (5.405 + 0.0574 ) dt]
: 2

= 1096 Ws



=3%10"° Wh

3.2.1.5. Hover Stage

A*Fthrust

CQuadcopter

Fg
4+ F, = Fg =mg =4905N
Fe, = Crpn?D*

4.905
= (0.1150) * (1.225) * n? * (4,2 * 0,0254)%

n = 262.5rad/s = 2506.6 rpm
From these equations, we can calculate the Power as:
P = Cppn3D5
= 0.0478 * (1.225) = (263)3  (0.106)°

= 14.254 W



3.2.1.6. Cruise Stage

> Fdrag

Fg

Our assumptions are:

A = 0.1 m?
c=1.8
Now we can calculate our forces:
1
F; = Epszc

= %* (1.225)(4)? (1.8)(0.1)
F; = 4.905
AF, = (Ff + F{)"(1/2) =5.212N
F, = Crpn®*D* =1.303

= (0.0887) * (1.225) * n? = (0.106)>



And from this equation n is:

rad
n =308.21— = 2941.18 rpm
S

P = Cppn3D5

P=2227TW

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

En = 1692 wh
n = 0.7 ef ficiency

E,, 1691

Ethbattery = T = 0.7 = 24.15

Egevices = 1.Vg. t 1x5x0.25 = 2.57 wh
I = current, V4 = volt, t = 0.25 hour
Etotal = 26.55 wh

Er
decharge rate

Epae tery —

discharge rate = 0.85

_ 31.35
capacity = EERE = 2.82Ah = 2820 mAh

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

3.5PCB 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.



NRF24L01
WU_GV521

M2LAB
Designed By: SnRM
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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

4.1PID

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.



<?xml version="1.0"7>
<robot xmlns:xacro="http://wiki.ros.org/xacro" name="drone">

<!-- properties -->
<xacro:property name="frame_radius" value="0.1"/>
<xacro:property name="frame_height" value="0.05"/>
<xacro:property name="frame_mass" value="0.88"/>
<xacro:property name="arm_radius" value="0.01"/>
<xacro:property name="arm_length" value="0.15"/>
<xacro:property name="arm_mass" value="0.01"/>
<xacro:property name="leg radius" value="0.005"/>
<xacro:property name="leg length" value="0.10"/>
<xacro:property name="leg mass" value="0.01"/>
<xacro:property name="propeller_radius" value="0.1"/>
<xacro:property name="propeller_height" value="0.01"/>
<xacro:property name="propeller_height_offset" value="0.025"/>
<xacro:property name="propeller _mass" value="0.01"/> <xacro:macro name
="cylinder_inertial" params="radius height mass *origin"=>
<inertial>

<mass value="${mass}"/>
<xacro:insert_block name="origin"/>

<inertia
ixx="%${0.0833333 * mass * (3 * radius * radius + height * height)}"

]-._Xy:"U . Dll
ixz="0.0"

iyy="%{0.0833333 * mass * (3 * radius * radius + height * height)}"
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/> -
</inertial>
</Xacro:macro>
<xacro:macro name="arm" params="1">
<link name="arm${i}">
<visual>
<origin xyz="${cos((i-1)*pi/2 + pi/4)*(frame_radius+arm_length/2)}
${sin((i-1)*pi/2 + pi/4)*(frame_radius+arm_length/2)}
${frame_height/2-arm radius}" rpy="0 ${pi/2} ${(i-1)*pi/2 + pi/4}"
/>
<geometry>
<cylinder radius="${arm_radius}" length="${arm_length}"/>
</geometry>
<material name="arm material"/>
</visual=
<collision>
<origin xyz="${cos((i-1)*pi/2 + pi/4)*(frame_radius+arm_length/2)} ${sin
((1-1)*pi/2)*(frame_radius+arm length/2)} ${frame_height/2
-arm_radius}" rpy="0 ${pi/2} ${(1-1)*pi/2 + pi/4}"/>
<geometry>
<cylinder radius="${arm_radius}" length="${arm_length}"/>
</geometry>
</collision>
<xacro:cylinder_inertial radius="${arm_radius}" height="${arm_length}"
mass="%${arm_mass}">
<origin xyz="${cos((1-1)*pi/2 + pi/4)*(frame_radius+arm_length/2)} ${sin ~
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((1-1)*pi/2 + pi/4)*(frame_radius+arm_length/2)} ${frame_height/2
-arm_radius}" rpy="0 ${pi/2} ${(i-1)*pi/2 + pi/4}"/>
</xacro:cylinder_inertial=
</link>

<jolnt name="frame_arm${i}" type="Tixed">
<parent link="frame"/>
<child link="arm${i}"/>

</joint=>

<gazebo reference="arm${i}">
<material>Gazebo/Grey</material>
</gazebo>
</xacro:macro>
<xacro:macro name="propeller" params="1 mat">
<link name="propeller${i}">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<cylinder radius="${propeller_radius}" length="${propeller_height}"/>
</geometry>
<material name="propeller_material"/=>
</visual>
<collision>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>

SETUNIS L Y -
<cylinder radius="${propeller_radius}" length="${propeller height}"/>
</geometry>
<material name="propeller_material"/>
</visual>
<collision>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<cylinder radius="${propeller_radius}" length="${propeller_height}"/>
</geometry>
</collision>
<xacro:cylinder_inertial radius="${propeller_radius}" height
="${propeller_height}" mass="${propeller_mass}">
<origin xyz="0 0 0" rpy="0 O 0"/>
</xacro:cylinder_inertial>
</1link>

<joint name="arm${i}_propeller${i}" type="revolute">
<parent link="arm${i}"/=>
<child link="propeller${i}"/>
<origin xyz="${cos((i-1)*pi/2 + pi/4)*(frame_radius+arm_length)} ${sin((i
-1)*pi/2 + pi/4)*(frame_radius+arm_length)} ${frame_height/2
-arm_radius+propeller_height_offset}" rpy="0 0 0"/>
<axis xyz="0 0 1"/>
<limit lower="0" upper="0" effort="0" velocity="0"/>
</joint>
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<gazebo reference="propeller${i}">
<material>=${mat}</material>
</gazebho>
</xacro:macro>

<xacro:macro name="leg" params="1i"=>
<link name="leg${i}">
<visual=
<origin xyz="${cos((i-1)*pi/2 + pi/4)*(frame_radius/2)} ${sin((i-1)*pi
/2 + pi/4)*(frame_radius/2)} ${-leg length/2}" rpy="0 0 0"/>
<geometry>
<cylinder radius="${leg radius}" length="${leg length}"/>
</geometry>
<material name="leg material"/>
</visual>
<collision>
<origin xyz="${cos((i-1)*pi/2 + pi/4)*(frame_radius/2)} ${sin((i-1)*pi
/2 + pi/4)*(frame_radius/2)} ${-leg length/2}" rpy="0 0 0"/>
<geometry>
<cylinder radius="${leg radius}" length="${leg length}"/>
</geometry>
</collision>
<xacro:cylinder_inertial radius="${leg radius}" height="%${leg_length}"
mass="${leg mass}">
<origin xyz="${cos((i-1)*pi/2 + pi/4)*(frame_radius/2)} ${sin((i-1)*pi ~
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<origin Xyz="$%{cos((1-1)™p1/Z + pil/4)~(Trame_radius/Z2)} ${sin((1-1)"p1 .
/2 + pi/4)*(frame_radius/2)} ${-leg length/2}" rpy="0 0 0"/>
</xacro:cylinder_inertial>
</link>

<joint name="frame_leg${i}" type="fixed">
<parent link="frame"/>
<child link="leg${i}"/>

</joint>

<gazebo reference="leg${i}">
<material>Gazebo/Grey</material>
</gazebo>
</Xacro:macro>

<material name="frame material"=>
<color rgba="1 0.2 0.2 1"/>
</material=

<material name="arm material">
<color rgha="0.8 0.8 0.8 1"/>
</material=

<material name="leg_material">
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<color rgba="0.8 0.8 0.8 1"/>
</material>

<material name="propeller_material">
<color rgha="0 0 0 0.6"/>

</material>

<link name="frame">

<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry=
<cylinder radius="${frame_radius}" length="$%${frame_height}"/>
</geometry>

<material name="frame_material">
<color rgba="0.8 0.8 0.8 1.0"/>
</material>
</visual>
<collision>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<cylinder radius="${frame_radius}" length="${frame_height}"/>
</geometry>
</collision>
<xacro:cylinder_inertial radius="${frame_radius}" height="${frame_height}"
mass="%${frame_mass}">
<origin xyz="0 0 0" rpy="0 0 0" />
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<0
</xa
</1link

rigin xyz="0 0 0" rpy="0 0 0" />
cro:cylinder_inertial>

>

<gazebo reference="frame">

<material>Gazebo/Orange</material>

</gazebo>

<xacro:arm i="1"/>

<xacro:arm i="2"/>

<xacro:arm i="3"/>

<xacro:arm i="4"/>

<xacro:propeller i="1" mat="Gazebo/RedTransparent"/>
<xacro:propeller i="2" mat="Gazebo/BlackTransparent"/>
<xacro:propeller i="3" mat="Gazebo/BlueTransparent"/>
<xacro:propeller i="4" mat="Gazebo/YellowTransparent"/>
<xacro:leg i="1"/>

<xacro:leg i="2"/>

<xacro:leg i="3"/>

<xacro:leg i="4"/>

<joint name="camera_joint_right" type="fixed">

<parent link="frame"/>
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184 <child link="camera_link_right"/>

185 <origin xyz="0 -0.05 ${-leg _length}" rpy="0 0 0"/>
186 </jolint>

187

188 <link name="camera_link right">

189 <visual>

190 <geometry>

191 <box size="0.010 0.03 0.03"/>

192 </geometry>

193 <material name="red"/>

194 </visual>

195 </1ink>

196

197

198 <joint name="camera_optical_joint_right" type="fixed">
199 <parent link="camera_link_right"/>

200 <child link="camera_link_optical_right"/>

201 <origin xyz="0 0 0" rpy="${-pi/2} 0 ${-pi/2}"/>
202 </jolint>

203

204 <link name="camera_link optical right"></link>

205

206 <gazebo reference="camera_link_right">

207 <material>Gazebo/Red</material>

208

209 <sensor name="camera right" tvpe="camera">
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<sensor name="camera_right" type="camera">
<pose> 0 0 0 0 0 0 </pose>
<visualize>true</visualize>
<update_rate>10</update_rate>
<camera>
<horizontal_ fov=1.089</horizontal_fov=>
<image>
<format>R8G8B8&</Tormat>
<width>640</width>
<height>480</height>
</image>
<clip>
<near>0,05</near>
<far=8.0</fTar>
</clip>
</camera=
<plugin name="camera_controller" filename="libgazebo_ros_camera.so">
<frame_name>camera_link optical_right</frame_name>
<imageTopicName=image_raw_right</imageTopicName>
</plugin>
</sensor=>
</gazebo>

<joint name="camera joint_left" type="fixed">
<parent link="frame"/>
<child link="camera link left"/=
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<origin xyz="0 0.05 ${-leg_length}" rpy="0 0 0"/>
</joint>

<link name="camera link left">

<visual=
<geometry>
<box size="0.010 0.03 0.03"/>
</geometry>
<material name="red"/>
</visual>
</1ink>

<joint name="camera_optical_joint_left" type="fixed">
<parent link="camera_ link left"/>
<child link="camera_link optical_left"/>
<origin xyz="0 0 0" rpy="${-pi/2} 0 ${-pi/2}"/>
</joint>

<link name="camera_ link optical left"></link>

<gazebo reference="camera_link_ left">
<material>Gazebo/Red</material=

<sensor name="camera_left" type="camera">
<pose> 0 0 0 0 0 0 </pose>



262 <update_rate>10</update_rate>

263 <camera>

264 <horizontal_fov=1.089</horizontal_fov>

265 <image>

266 <format>R8G8B&</Tormat>

267 <width>640</width>

268 <height>480</height>

269 </image>

270 <clip=>

271 <near=>0.05</near>

272 <far=8.0</far>

273 </clip>

274 </camera>

275 <plugin name="camera_controller" filename="1libgazebo_ros_camera.so">
276 <frame_name>camera_link_optical_left</frame_name>
277 <imageTopicName>image raw_left</imageTopicName=>
278 </plugin>

279 </sensor=

280 </gazebho>

281

282

283 <gazebo>

284 <plugin name="drone_plugin" filename="libdrone_plugin.so">
285 <updateRate>100</updateRate>

286 <publishTf>true</publishTf>

287 <rotorThrustCoeff>0.00025</rotorThrustCoeff>
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<rotorTorqueCoeff>0.0000074</rotorTorqueCoeff>
</plugin>
</gazebo>

</robot>

<?xml version="1.0" ?>

=

<l This document was autogenerated by xacro from drone.urdf.xacro
| -—>

<l-- EDITING THIS FILE BY HAND IS NOT RECOMMENDED

<robot name="drone">

<material name="frame material">
<color rgha="1 0.2 0.2 1"/>

£ T

</material>
<material name="arm material"=>
<color rgha="0.8 0.8 0.8 1"/>
</material>
<material name="leg material">
<color rgbha="0.8 0.8 0.8 1"/>
</material>
<material name="propeller_material">
<color rgha="0 0 0 0.6"/>
</material>
<link name="frame">
<visual>
<origin rpy="0 0 0" xyz="0 0 0"/>
<geometry>
<cylinder length="0.05" radius="0.1"/>
</geometry>
<material name="frame_material”>
<color rgha="0.8 0.8 0.8 1.0"/>
</material>
</visual>
<collision>
<origin rpy="0 0 0" xyz="0 0 0"/>
<geometry>
<cylinder length="0.05" radius="0.1"/>
</geometry>
</collision>




333 </collision>

334 <inertial>

335 <mass value="0.88"/>

336 <origin rpy="0 0 0" xyz="0 0 0"/>

337 <inertia ixx="0.002383332380000001" ixy="0.0" ixz="0.0" iyy="0
.002383332380000001" iyz="0.0" izz="0.0044"/>

338 </inertial>

339 </link>

340 <gazebo reference="frame">

341 <material>Gazebo/Orange</material>

342 </gazebo>

343 <link name="arm1">

344 <visual>

345 <origin rpy="0 1.5707963267948966 0.7853981633974483" xyz="0
.12374368670764582 0.1237436867076458 0.015000000000000001"/>

346 <geometry>

347 <cylinder length="0.15" radius="0.01"/>

348 </geometry>

349 <material name="arm_material"/>

350 </visual>

351 <collision>

352 <origin rpy="0 1.5707963267948966 0.7853981633974483" xyz="0
.12374368670764582 0.0 0.015000000000000001" />

353 <geometry=>

354 <cylinder length="0.15" radius="0.01"/>

355 </geometry>

356 </collision>

357 <inertial>

358 <mass value="0.01"/>

359 <origin rpy="0 1.5707963267948966 0.7853981633974483" xyz="0
.12374368670764582 0.1237436867076458 0.015000000000000001" />

360 <inertia ixx="1.8999992400000002e-05" ixy="0.0" ixz="0.0" iyy="1

.8999992400000002e-05" iyz="0.0" izz="5.000000000000001e-07"/>
361 </inertial>
362 </link>

363 <joint name="frame_arml1" type="fixed">

364 <parent link="frame"/>

365 <child link="arm1"/>

366 </joint>

367 <gazebo reference="arm1">

368 <material>Gazebo/Grey</material>

369 </gazebo>

370 <link name="arm2">

37 <visual>

372 <origin rpy="0 1.5707963267948966 2.356194490192345" xyz="-0
.1237436867076458 0.12374368670764582 0.015000000000000001" />

373 <geometry=

374 <cylinder length="0.15" radius="0.01"/>

375 </geometry>

376 <material name="arm_material"/>

377 </visual>

378 <collision>




378 <collision>

379 <origin rpy="0 1.5707963267948966 2.356194490192345" xyz="-0
.1237436867076458 0.175 0.015000000000000001" />

380 <geometry>

381 <cylinder length="0.15" radius="0.01"/>

382 </geometry>

383 </collision>

384 <inertial=

385 <mass value="0.01"/>

386 <origin rpy="0 1.5707963267948966 2.356194490192345" xyz="-0
.1237436867076458 0.12374368670764582 0.015000000000000001"/>

387 <inertia ixx="1.8999992400000002e-05" ixy="0.0" ixz="0.0" iyy="1

.8999992400000002e-05" iyz="0.0" izz="5.000000000000001e-07"/>
388 </inertial>
389 </1link>

390 <joint name="frame arm2" type="fixed">

391 <parent link="frame"/>

392 <child link="arm2"/>

393 </joint>

394 <gazebo reference="arm2">

395 <material>Gazebo/Grey</material>

396 </gazebo>

397 <link name="arm3">

398 <visual>

399 <origin rpy="0 1.5707963267948966 3.9269908169872414" xyz="-0

.12374368670764584 -0.1237436867076458 0,015000000000000001"/>

400 <geometry>

401 <cylinder length="0.15" radius="0.01"/>

402 </geometry>

403 <material name="arm_material"/>

404 </visual>

405 <collision>

406 <origin rpy="0 1.5707963267948966 3.9269908169872414" xyz="-0
.12374368670764584 2.143131898507868e-17 0.015000000000000001"/>

407 <geometry>

408 <cylinder length="0.15" radius="0.01"/>

409 </geometry>

410 </collision>

411 <inertial>

412 <mass value="0.01"/>

113 <origin rpy="0 1.5707963267948966 3.9269908169872414" xyz="-0
.12374368670764584 -0.1237436867076458 0.015000000000000001" /=

114 <inertia ixx="1.8999992400000002e-05" ixy="0.0" ixz="0.0" iyy="1

.8999992400000002e-05" iyz="0.0" izz="5.000000000000001e-07"/>
415 </inertial>
416 </link>

417 <joint name="frame_arm3" type="fixed">
418 <parent link="frame"/>

419 <child link="arm3"/>

420 </joint>

421 <gazebo reference="arm3">

427 <material=Gazebo/Grev</material>
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<material>Gazebo/Grey</material>
</gazebo>
<link name="arm4"=>
<visual=>
<origin rpy="0 1.5707963267948966 5.497787143782138" xyz="0
.12374368670764578 -0.12374368670764584 0.015000000000000001"/>
<geometry=
<cylinder length="0.15" radius="0.01"/>
</geometry>
<material name="arm_material"/=
</visual>
<collision>
<origin rpy="0 1.5707963267948966 5.497787143782138" xyz="0
.12374368670764578 -0.175 0.015000000000000001" />
<geometry>
<cylinder length="0.15" radius="0.01"/>
</geometry>
</collision=>
<inertial>
<mass value="0.01"/>
<origin rpy="0 1.5707963267948966 5.497787143782138" xyz="0
.12374368670764578 -0.12374368670764584 0.015000000000000001"/>
<inertia ixx="1.8999992400000002e-05" ixy="0.0" ixz="0.0" iyy="1
.8999992400000002e-05" iyz="0.0" izz="5.000000000000001e-07"/>
</inertial>
</link>

s linn-
<joint name="frame_arm4" type="fixed">
<parent link="frame"/>
<child link="arm4"/>
</joint>
<gazebo reference="arm4">
<material>Gazebo/Grey</material>
</gazebo>
<link name="propeller1">
<visual>
<origin rpy="0 0 0" xyz="0 0 0"/>
<geometry>
<cylinder length="0.01" radius="0.1"/>
</geometry>
<material name="propeller_material"/>
</visual>
<collision>
<origin rpy="0 0 0" xyz="0 0 0"/>
<geometry=
<cylinder length="0.01" radius="0.1"/>
</geometry>
</collision>
<inertial>
<mass value="0.01"/>
<origin rpy="0 0 0" xyz="0 0 0"/>
<inertia ixx="2.5083323300000005e-05" ixy="0

0" ixz="0.0" iyy="2



.5083323300000005e-05" 1iyz="0.0" izz="5e-05"/>

469 </inertial>

470 </link>

471 <joint name="arml_propeller1" type="revolute">

472 <parent link="arml1"/>

473 <child link="propeller1"/>

474 <origin rpy="0 0 0" xyz="0.1767766952966369 0.17677669529663687 0.04"/>
475 <axis xyz="0 0 1"/>

476 <limit effort="0" lower="0" upper="0" velocity="0"/>
477 </jolint>

478 <gazebo reference="propelleri">

479 <material>Gazebo/RedTransparent</material>

480 </pazebo>
481 <link name="propeller2">

482 <visual>

483 <origin rpy="0 0 0" xyz="0 0 0"/>

484 <geometry>

485 <cylinder length="0.01" radius="0.1"/>

486 </geometry>

487 <material name="propeller_material"/>

488 </visual>

489 <collision>

490 <origin rpy="0 0 0" xyz="0 0 0"/>

491 <geometry>

492 <cylinder length="0.01" radius="0.1"/>

493 </geometry>

495 =rgevneL y-

494 </collision>

495 <inertial=

496 <mass value="0.01"/>

497 <origin rpy="0 0 0" xyz="0 0 0"/>

498 <inertia ixx="2.5083323300000005e-05" ixy="0.0" ixz="0.0" iyy="2
.5083323300000005e-05" iyz="0.0" izz="5e-05"/>

499 </inertial>

500 </link>

501 <joint name="arm2_propeller2" type="revolute">

502 <parent link="arm2"/>

503 <child link="propeller2"/>

504 <origin rpy="0 0 0" xyz="-0.17677669529663687 0.1767766952966369 0.04"/>

505 <axis xyz="0 0 1"/>

506 <limit effort="0" lower="0" upper="0" velocity="0"/>

507 </joint>

508 <gazebo reference="propeller2">

509 <material>Gazebo/BlackTransparent</material>

510 </gazebo>
511 <link name="propeller3">

512 <visual>

513 <origin rpy="0 0 0" xyz="0 0 0"/>

514 <geometry>

515 <cylinder length="0.01" radius="0.1"/>
516 </geometry>

517 <material name="propeller_material"/>
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<collision>
<origin rpy="0 0 0" xyz="0 0 0"/>
<geometry>
<cylinder length="0.01" radius="0.1"/>
</geometry>
</collision>
<inertial>
<mass value="0.01"/>
<origin rpy="0 0 0" xyz="0 0 0"/>
<inertia ixx="2.5083323300000005e-05" ixy="0.0" ixz="0.0" iyy="2
.5083323300000005e-05" iyz="0.0" izz="5e-05"/>
</inertial>
</1link>
<joint name="arm3_propeller3" type="revolute">
<parent link="arm3"/>
<child link="propeller3"/>
<origin rpy="0 0 0" xyz="-0.17677669529663692 -0.17677669529663687 0.04"/>
<axis xyz="0 0 1"/>
<limit effort="0" lower="0" upper="0" velocity="0"/>
</joint>
<gazebo reference="propeller3">
<material>Gazebo/BlueTransparent</material>
</gazebo>
<link name="propeller4"=
<visual>

<visual>
<origin rpy="0 0 0" xyz="0 0 0"/>
<geometry>
<cylinder length="0.01" radius="0.1"/>
</geometry>
<material name="propeller_material"/>
</visual>
<collision>
<origin rpy="0 0 0" xyz="0 0 0"/>
<geometry>
<cylinder length="0.01" radius="0.1"/>
</geometry>
</collision>
<inertial>
<mass value="0.01"/>
<origin rpy="0 0 0" xyz="0 0 0"/>
<inertia ixx="2.5083323300000005e-05" ixy="0.0" ixz="0.0" iyy="2
.5083323300000005e-05" iyz="0.0" izz="5e-05"/>
</inertial>
</link>
<joint name="armd_propeller4" type="revolute">
<parent link="armd"/>
<child link="propeller4"/>
<origin rpy="0 0 0" xyz="0.17677669529663684 -0.17677669529663692 0.04"/>
<axis xyz="0 0 1"/>
<limit effort="0" lower="0" upper="0" velocity="0"/>
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</joint>
<gazebo reference="propeller4">
<material>Gazebo/YellowTransparent</material=>
</gazebo>
<link name="leg1">
<visual=
<origin rpy="0 0 0" xyz="0.03535533905932738 0.035355339059327376 -0.05"/>
<geometry>
<cylinder length="0.1" radius="0.005"/>
</geometry>
<material name="leg_material"/>
</visual>
<collision>
<origin rpy="0 0 0" xyz="0.03535533905932738 0.035355339059327376 -0.05"/>
<geometry>
<cylinder length="0.1" radius="0.005"/>
</geometry>
</collision>
<inertial>
<mass value="0.01"/>
<origin rpy="0 0 0" xyz="0.03535533905932738 0.035355339059327376 -0.05"/>
<inertia ixx="8.395829975000003e-06" ixy="0.0" ixz="0.0" iyy="8
.395829975000003e-06" iyz="0.0" izz="1.2500000000000002e-07"/>
</inertial>
</1link>
<joint name="frame_leg1" type="fixed">

<joint name="frame_legl" type="tixed">
<parent link="frame"/>
<child link="leg1"/>
</joint>
<gazebo reference="leg1">
<material>Gazebo/Grey</material=
</gazebo>
<link name="1eg2">
<visual>
<origin rpy="0 0 0" xyz="-0.035355339059327376 0.03535533905932738 -0.05"
/=
<geometry>
<cylinder length="0.1" radius="0.005"/>
</geometry>
<material name="leg material"/>
</visual>
<collision>
<origin rpy="0 0 0" xyz="-0.035355339059327376 0.03535533905932738 -0.05"
/>
<geometry>
<cylinder length="0.1" radius="0.005"/>
</geometry>
</collision>
<inertial>
<mass value="0.01"/>
<origin rpy="0 0 0" xyz="-0.035355339059327376 0.03535533905932738 -0.05"
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/>
<inertla 1xx="8.395829975000003e-06" ixy="0.0" ixz="0.0" iyy="8
.395829975000003e-06" iyz="0.0" izz="1.2500000000000002e-07"/>
</inertial>
</link>
<joint name="frame_leg2" type="fixed">
<parent link="frame"/>
<child link="leg2"/>
</joint>
<gazebo reference="leg2">
<material>Gazebo/Grey</material>
</gazebo>
<link name="leg3">
<visual>
<origin rpy="0 0 0" xyz="-0.03535533905932738 -0.035355339059327376 -0.05"
/>
<geometry>
<cylinder length="0.1" radius="0.005"/>
</geometry>
<material name="leg_material"/>
</visual>
<collision>
<origin rpy="0 0 0" xyz="-0.03535533905932738 -0.035355339059327376 -0.05"
/>
<geometry>
<cvlinder length="0.1" radius="0.005"/>

<cylinder length="0.1" radius="0.005"/>
</geometry>
</collision>
<inertial>
<mass value="0.01"/>
<origin rpy="0 0 0" xyz="-0.03535533905932738 -0.035355339059327376 -0.05"
/>
<inertia ixx="8.395829975000003e-06" ixy="0.0" ixz="0.0" iyy="8
.395829975000003e-06" iyz="0.0" izz="1.2500000000000002e-07"/>
</inertial=>
</link>
<joint name="frame_leg3" type="fixed">
<parent link="frame"/>
<child link="leg3"/>
</joint>
<gazebo reference="leg3">
<material>Gazebo/Grey</material>
</gazeho>
<link name="legd">
<visual>
<origin rpy="0 0 0" xyz="0.03535533905932737 -0.03535533905932738 -0.05"/>
<geometry=
<cylinder length="0.1" radius="0.005"/>
</geometry>
<material name="leg material"/>
</visual>



660 <collision>

661 <origin rpy="0 0 0" xyz="0.03535533905932737 -0.03535533905932738 -0.05"/>
662 <geometry>

663 <cylinder length="0.1" radius="0.005"/>

664 </geometry>

665 </collision>

666 <inertial>

667 <mass value="0.01"/>

668 <origin rpy="0 0 0" xyz="0.03535533905932737 -0.03535533905932738 -0.05"/>
669 <inertia ixx="8.395829975000003e-06" ixy="0.0" ixz="0.0" iyy="8

.395829975000003e-06" iyz="0.0" izz="1.2500000000000002e-07"/>
670 </inertial>
671 </1link>
672 <joint name="frame_leg4" type="fixed">

673 <parent link="frame"/>

674 <child link="leg4"/>

675 </joint>

676 <gazebo reference="leg4">

677 <material>Gazebo/Grey</material>

678 </gazebo>

679 <joint name="camera_jolnt_right" type="fixed">
680 <parent link="frame"/>

681 <child link="camera_link_right"/>

682 <origin rpy="0 0 0" xyz="0 -0.05 -0.1"/>
683 </joint>

684 <link name="camera link right">

686 <geometry>

687 <box size="0.010 0.03 0.03"/>

688 </geometry>

689 <material name="red"/>

690 </visual>

691 </link=>

692 <joint name="camera_optical_joint_right" type="fixed">
693 <parent link="camera_link_right"/>

694 <child link="camera_link_optical_right"/>
695 <origin rpy="-1.5707963267948966 0 -1.5707963267948966" xyz="0 0 0"/>
696 </joint>

697 <link name="camera_link_optical_right"/>

698 <gazebo reference="camera_link_right">

699 <material>Gazebo/Red</material>

700 <sensor name="camera_right" type="camera"=>
701 <pose> 0 0 0 0 0 O </pose>

702 <visualize>true</visualize>

703 <update_rate>10</update_rate>

704 <camera>

705 <horizontal_fov>1.089</horizontal_fov>
706 <image>

707 <format>R8G8B8</format>

708 <width>640</width>

709 <height>480</height> -
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</image>
<clip>
<near>0.05</near>
<far>8.0</far>
</clip>
</camera>
<plugin filename="1libgazebo_ros_camera.so" name="camera_controller">
<frame_name>camera_link_optical_right</frame_name>
<imageTopicName>1image_raw_right</imageTopicName>
</plugin>
</sensor>
</gazebo>
<joint name="camera_joint_left" type="fixed">
<parent link="frame"/>
<child link="camera_link_left"/>
<origin rpy="0 0 0" xyz="0 0.05 -0.1"/>

</joint>
<link name="camera_link_left">
<visual>
<geometry>
<box size="0.010 0.03 0.03"/>
</geometry>
<material name="red"/>
</wisual>
</link>

<inint name="ramara nntiral dnint Teft" fvne="fivad">

<joint name="camera_optical joint_left" type="fixed">
<parent link="camera_link_left"/>
<child link="camera_link_optical_ left"/>
<origin rpy="-1.5707963267948966 0 -1.5707963267948966" xyz="0 0 0"/>
</joint>
<link name="camera_link_optical_left"/>
<gazebo reference="camera_link_left">
<material>Gazebo/Red</material>
<sensor name="camera_left" type="camera">
<pose> 0 0 0 0 0 0 </pose>
<visualize>true</visualize>
<update_rate>10</update_rate>
<camera>
<horizontal fov>1.089</horizontal fov=>
<image>
<format>R8G8B8</format>
<width>640</width>
<height>480</height>
</image>
<clip>
<near>0.05</near>
<far>8.0</far>
</clip>
</camera>
<plugin filename="1libgazebo_ros_camera.so" name="camera_controller">
<frame_name>camera_link optical_ left</frame_name>
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<imageTopicName>image raw_left</imageTopicName>
</plugin>

</sensor>

</gazebo>
<gazeho>
<plugin filename="1libdrone_plugin.so" name="drone plugin"=>

</
</ro

<updateRate>100</updateRate>

<publis

hTf>true</publishTf>

<rotorThrustCoeff>0.00025</rotorThrustCoeff>
<rotorTorqueCoeff>0.0000074</rotor TorqueCoeff>

</plugin>
gazebo>
bot>

#!/usr/bin/env python

impo
from
from
from
from

kKn

rt rospy

snrm_drone.msg import PIDSetPoints
snrm_drone.msg import MotorSpeed

snrm_drone.msg import Pose
simple_pid import PID
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Kp, Ki, Kd = 25, 10, 50

roll Kp, roll Ki, roll Kd =1

0

o Us
pitch_Kp, pitch_Ki, pitch_Kd = 0.1, 0.1, 0.1
1,

yaw_Kp, yaw Ki, yaw Kd = 0.

speed_offset

0.1, 0.1
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class Controller:
def init (self) -> None:

self.
self.
self.

self.
self.
self.

self.
self.
self.

self.
self.
self.

height_setpoint = -1
height_pose = -1
pid = PID(Kp, Ki, Kd, setpoint=0)

roll_pose = 0
roll_setpoint = 0
roll_pid = PID(roll_Kp, roll_Ki, roll_Kd, setpoint=0)

pitch_pose = 0
pitch_setpoint = 0
pitch_pid = PID(pitch_Kp, pitch_Ki, pitch_Kd, setpoint=0)

yaw_pose = 0
yaw_setpoint = 0
yaw_pid = PID(yaw_Kp, yaw_Ki, yaw_Kd, setpoint=0)

def update_setpoints(self, data):
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def

def

UpUdLE_SELPULIILS(SEL], Udld): "
self.height_setpoint = data.height

self.pid = PID(Kp, Ki, Kd, setpoint=self.height_setpoint)

print(f'setting height to : {self.height_setpoint}')

self.roll_setpoint = data.roll
self.roll_pid = PID(Kp, Ki, Kd, setpoint=self.roll_setpoint)
print(f'setting roll to : {self.roll_setpoint}')

self.pitch_setpoint = data.pitch
self.pitch _pid = PID(Kp, Ki, Kd, setpoint=self.pitch_setpoint)
print(f'setting pitch to : {self.pitch_setpoint}')

self.yaw_setpoint = data.yaw
self.yaw_pid = PID(Kp, Ki, Kd, setpoint=self.yaw_setpoint)
print(f'setting yaw to : {self.yaw_setpoint}')

update_pose(self, data):
1f(self.height_pose == -1)

self.pid = PID(Kp, Ki, Kd, setpoint=data.z)
self.height_pose = data.z

if(self.roll_pose == 0):
self.roll_pid = PID(roll_Kp, roll Ki, roll_Kd, setpoint=data.roll)
self.roll_pose = data.roll
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if(self.pitch_pose == 0):
self.pitch_pid = PID(pitch_Kp, pitch_Ki, pitch_Kd, setpoint=data
.pitch)
self.pitch_pose = data.pitch

if(self.yaw_pose == 0):
self.yaw_pid = PID(yaw_Kp, yaw_Ki, yaw_Kd, setpoint=data.yaw)
self.yaw _pose = data.yaw

print(f'the roll_pose is {self.roll_pose} and setpoint is {self
.roll_setpoint}')
self.do_pid()

do_pid(self):

speed_control = self.pid(self.height_pose) + speed_offset
roll_speed = self.roll pid(self.roll_pose) * 0.1

pitch_speed = self.pitch_pid(self.pitch_pose) * 0.1

yaw_speed = self.yaw _pid(self.yaw_pose) * 0.2

msg = MotorSpeed()

# msg.fr_velocity = speed_control + roll_speed + pitch_speed +

yaw_speed

# msg.fl_velocity = - speed_control - roll_speed + pitch_speed -
yaw_speed

# msg.rl_velocity = speed_control - roll_speed - pitch_speed +
yaw_speed

# msg.rr_velocity = - speed_control + roll_speed - pitch_speed - -




857 msg.fr_velocity = speed control - roll speed - pitch_speed +

yaw_speed

858 msg.fl_velocity = -(speed_control + roll_speed - pitch_speed -
yaw_speed)

859 msg.rl_velocity = speed _control + roll_speed + pitch_speed +
yaw_speed

860 msg.rr_velocity = -(speed_control - roll_speed + pitch_speed -
yaw_speed)

861 self.pub.publish(msg)

862 print(f'roll speed is {roll_speed}')

863 # print(f'publishing speed control command with s : {speed_control}')

864

865 def listener(self):

866 rospy.init_node( 'node_pid_controller', anonymous=True)

867 rospy.Subscriber("pid setpoints", PIDSetPoints, self.update setpoints)

868 rospy.Subscriber("pose", Pose, self.update_pose)

869

870 self.pub = rospy.Publisher('motor_speed cmd', MotorSpeed, queue size=100
)

871

872 # spin() simply keeps python from exiting until this node is stopped

873 rospy.spin()

874

875 if __name__ == '__main__'

876 print('pid controller intializing...")

877 controller = Controller()
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controller.listener()

#!/usr/bin/env python

import rospy

from snrm_drone.msg import PIDSetPoints
from pynput import keyboard

import math

def clamp(n, smallest, largest): return max({smallest, min(n, largest))

def talker():
precision = 0.2
rpy_precision = 0.01
height_set_point = 0
roll_set_point = 0
pitch_set_point = 0
yaw_set_point = 0
flight_angle = 0.5
pub = rospy.Publisher('pid_setpoints', PIDSetPoints, queue_size=100)

roncnv init nadef "nade kevhaard dnnot! ananumnnie=Trua\

rospy.init_node( 'node_keyboard_input', anonymous=True)
msg = PIDSetPoints()
with keyboard.Events() as events:
while not rospy.is_shutdown()
event = events.get()
if event is None:
print('You did not press a key within one second')
else:
for event in events:
if event.key == keyboard.KeyCode(char="w"):
height_set_point+=precision
elif event.key == keyboard.KeyCode(char='s"):
height_set_point-=precision
elif event.key == keyboard.KeyCode(char='a'):
yaw_set_point+=rpy_precision
elif event.key == keyboard.KeyCode(char="'d"):
yaw_set_point-=rpy_precision
elif isinstance(event, keyboard.Events.Press) and event.key
== keyboard.Key.right:
roll_set_point+=rpy_precision
elif isinstance(event, keyboard.Events.Press) and event.key
== keyboard.Key.left:
roll set_point-=rpy_precision
elif isinstance(event, keyboard.Events.Release) and event
.key == keyboard.Key.right:
roll set_point=0
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if _ nam
cry:

exce

elif isinstance(event, keyboard.Events
.key == keyboard.Key.left:
roll_set_point=0

elif isinstance(event, keyboard.Events
== keyboard.Key.up:
pitch_set_point+=rpy_precision

elif isinstance(event, keyboard.Events
== keyboard.Key.down:
pitch_set_point-=rpy_precision

elif isinstance(event, keyboard.Events
.key == keyboard.Key.up:
pitch_set_point=0

elif isinstance(event, keyboard.Events
.key == keyboard.Key.down:
pitch_set_point=0

else:

Release) and event

Press) and event.key

Press) and event.key

Release) and event

Release) and event

print('Received event {}'.format(event))

roll_set_point = clamp(roll_set_point,
flight_angle)

-flight_angle,

pitch_set_point = clamp(pitch_set_point, -flight_angle,

flight_angle)
msg.height = height_set_point
msg.roll = roll_set_point

mcn nitrh — nitrh cat nadint

msg.pitch = pitch_set_point
msg.yaw = yaw_set_point

rospy.loginfo(msg)
pub.publish(msg)

e == '__main__"':

‘talker()

pt rospy.ROSInterruptException:
pass

#include
#include
#include
#include
#include
#include
#include
#include
#include

<iostream>

<cmath>

<functional>

<thread>

<mutex>

<ros/ros.h>
<std_msgs/Float32.h>
<geometry_msgs/PoseStamped.h>
<sensor_msgs/JointState.h>




Y58
958
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983

Yyo -
986
987
988
989
990 -
991
992
B9k
994
995 -~
996
997
998
999 -
1000
1001 ~
1002
1003
1004
1005 -
1006
1007 -
1008
1009

#include <iostream>

#include <cmath>

#include <functional>

#include <thread>

#include <mutex>

#include <ros/ros.h>

#include <std_msgs/Float32.h>
#include <geometry_msgs/PoseStamped.h>
#include <sensor_msgs/JointState.h>
#include <snrm_drone/Pose.h>

#include <snrm_drone/MotorSpeed.h>
#include <gazebo/gazebo.hh>

#include <gazebo/physics/physics.hh>
#include <gazebo/common/common.hh>
#include <tf/transform_broadcaster.h>
#include <ignition/math/Pose3.hh>
#include <ignition/math/Vector3.hh>
#include <ros/console.h>

class DronePlugin : public gazebo::ModelPlugin {
public:
DronePlugin() : gazebo::ModelPlugin() {
std: :cout << "Starting drone_plugin" << std::endl;

Virtual -Uroneriuging) 4
std::cout << "Closing drone_plugin" << std::endl;
delete _nh;

void Load(gazebo: :physics::ModelPtr parent, sdf::ElementPtr sdf) {
_model = parent;

if (sdf->HasElement("updateRate")) {

_rate = sdf->GetElement("updateRate")->Get<double>()
} else {

_rate = 100.0;

if (sdf->HasElement("publishTf")) {

_publish_tf = sdf->GetElement("publishTf")->Get<bool>()
} else {

_publish_tf = true;

if (sdf->HasElement("rotorThrustCoeff")) {

_rotor_thrust_coeff = sdf ->GetElement("rotorThrustCoeff") >Get<double>();
} else {

_rotor_thrust coeff = 0.00025;
+




1012 _rotor_torque_coeff = sdf-=GetElement("rotorTorqueCoeff")->Get<double>()

1013~ } else {
1014 _rotor_torque_coeff = 0.0000074;
1015 r
1016
1017 ~ if (lros::isInitialized()) {
1018 int argc = 0;
1019 char** argv = NULL;
1020 ros::init(argc, argv, "snrm_drone", ros::init_options::NoSigintHandler});
1021 r
1022
1023 _nh = new ros::NodeHandle("");
1024 _pose_pub = _nh->advertise<snrm_drone: :Pose=>("pose", 100);
1025 _comd_sub = _nh->subscribe("motor_speed_cmd", 100, &DronePlugin
::onMotorSpeedsMsg, this)
1026 _ros_thread = std::thread(std: :bind(&DronePlugin: :rosThread, this))
1027
1028 _updateConnection = gazebo::event::Events: :ConnectWorldUpdateBegin(std: :bind
(&DronePlugin: :onUpdate, this))
1029 }
1030
1031~ wvoid onUpdate() {
1032 _pose_mtx. lock()
1033 _pose = _model->WorldPose();
1034 _pose_mtx.unlock();
1037 }
1038
1039~ void rosThread() {
1040 ros::Rate rate(_rate);
1041 ~ while (ros::ok()) {
1042 ros::spinOnce();
1043 publishDronePose();
1044 rate.sleep();
1045 +
1046 +
1047
1048 - vold publishDronePose() {
1049 _pose_mtx.lock();
1050 ignition::math::Pose3d pose = _pose;
1051 _pose_mtx.unlock()
1052
1053 ignition::math::Vector3d rpy = pose.Rot().Euler()
1054 tf::Quaternion g(pose.Rot().X(), pose.Rot().Y(), pose.Rot().Z(), pose.Rot
()W)
1055 tf - :Matrix3x3 m(q);
1056 double roll, pitch, yaw;
1057 m.getRPY(roll, pitch, yaw);
1058
1059 snrm_drone: :Pose pose_msg;

1060 pose_msg.x = pose.Pos().X();




1061
1062
1063
1064
1065
1066
1067
1068 -
1069
1070
1071

1072

1073

1074

1075

1076 ~
1077
1078
1079
1080
1081
1082
1083
1084

.

tiva

1102
1103
1104
1105
1106
1107
1108
1109
1110
111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126

pose_msg.y = pose.Pos().Y();
pose_msg.z = pose.Pos().Z();
pose_msg.roll = roll;
pose_msg.pitch = pitch;
pose_msg.yaw = yaw;
_pose_pub.publish(pose_msg)

if (_publish_tf) {
tf::Transform T;
T.setOrigin(tf::Vector3(pose.Pos().X(), pose.Pos().Y(), pose.Pos().Z()));
T.setRotation(tf::Quaternion(pose.Rot().X(), pose.Rot().Y(), pose.Rot().Z
(), pose.Rot().W()));
_tf.sendTransform(tf: :StampedTransform(T, ros::Time::now(), "world",

"drone"));
}
}
double calculateThrust(double w) {
double thrust = rotor_thrust_coeff * w * w;
return thrust;
¥

double calculateTorque(double w) {
double torque = copysign(_rotor_torque_coeff * w * w, w);
return torque;

double rl_thrust = calculateThrust(cmd.rl_velocity);

double rl _torque = calculateTorque(cmd.rl_velocity);
//ROS_INFO("torque: %f", torque);

gazebo: :physics::LinkPtr rl_link = _model->GetLink("propeller2");
//black propeller

if (rl_link != NULL) {
r1_link->AddLinkForce(ignition: :math::Vector3d(0, 0, rl_thrust));
rl_link->AddRelativeTorque(ignition::math: :Vector3d(0, 0, rl_torque));
+

double rr_thrust = calculateThrust(cmd.rr_velocity);

double rr_torque = calculateTorque(cmd.rr_velocity);
//ROS_INFO("torque: %f", torque);

gazebo: :physics::LinkPtr rr_link = _model->GetLink("propeller3");
//blue propeller

if (rr_link != NULL) {
rr_link->AddLinkForce(ignition: :math::Vector3d(0, 0, rr_thrust))
rr_link->AddRelativeTorque(ignition: :math: :Vector3d(0, 0, rr_torque));

double fr_thrust = calculateThrust(cmd.fr_velocity);
double fr_torque = calculateTorque(cmd. fr_velocity);
//ROS_INFO("torque: %f", torque);




1127 gazebo: :physics::LinkPtr fr_link = _model->GetLink("propeller4");

1128 //yellow propeller

1129

1130~ if (fr_link !'= NULL) {

1131 fr_link->AddLinkForce(ignition::math::Vector3d(0, 0, fr_thrust));
1132 fr_link->AddRelativeTorque(ignition: :math::Vector3d(0, 0, fr_torque));
1133 }

1134 1

1135

1136~  void onMotorSpeedsMsg(const snrm_drone: :MotorSpeed: :ConstPtr& msg) {
1137 _cmd_mtx. lock();

1138 _motor_speed_msg = *msg;

1139 _cmd_mtx.unlock();

1140 }

1141

1142 private:

1143 ros: :NodeHandle* _nh;

1144 ros::Publisher _pose_pub;
1145 ros::Subscriber _cmd_sub;
1146 tf::TransformBroadcaster tf;
1147 std::thread _ros_thread;
1148 std::mutex _pose_mx;

1149 std::mutex _cmd mtx;

1150 double _rate;

1151 bool _publish_tf;

1152 double rotor thrust coeff-

1136~ void onMotorSpeedsMsg(const snrm_drone::MotorSpeed: :ConstPtré& msg) {
1137 _cmd_mtx.lock();

1138 _motor_speed_msg = *msg;
1139 _cmd_mtx.unlock();

1140 }

1141

1142 private:

1143 ros: :NodeHandle* _nh;

1144 ros::Publisher _pose_pub;
1145 ros::Subscriber _cmd_sub;
1146 tf::TransformBroadcaster _tf;
1147 std::thread ros thread;
1148 std::mutex _pose_mtx;

1149 std::mutex _cmd_mtx;

1150 double _rate;

1151 bool _publish_tf;

1152 double rotor thrust coeff;

1153 double _rotor_torque_coeff;

1154 snrm_drone: :MotorSpeed _motor_speed_msg;

1155

1156 gazebo: :physics::ModelPtr _model;

1157 gazebo: :event::ConnectionPtr _updateConnection;
1158 ignition::math: :Pose3d _pose;

1159 };

1160

1161 GZ_REGISTER_MODEL_PLUGIN(DronePlugin)
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6 Time Schedule
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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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