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Abstract

The flight management system in an unmanned aircraft represents the entire design
of the unmanned aircraft with all its parts and components. The problem with the
research is that drones are self-driving and are always used in dangerous places that
humans cannot reach. They are made of lightweight materials, so they are not
durable, and during their flight, they are exposed to different weather conditions, so
it is necessary that the control system in them be solid and appropriately designed for

the purpose of maintaining balance and stability of the aircraft during flight.

In this research, we use the Parrot mini drone Mambo design, whose aircraft is
characterized by the ability to program it and change its design using the Matlab
program. We present a complete study of the flight management system in this
aircraft, starting from the sports model and design to the software and hardware

components.

In this study, we are designing an aircraft altitude control system, which is, an
integrated proportional PD controller, and the ability to work with linear and non-

linear systems.

The researchers also improve the size of the aircraft propellers when they apply the
new designs in the MATLAB R2021a program. The results show that the new
controller makes the aircraft able to withstand a downward drag force of 12.81m/s?,
while the old design does not bear more than the ground force of the body, and the
new design for the size of the propellers makes the aircraft capable of carrying an

overload of approximately one-third of the weight of the aircraft.

Also, made the plane follow a square-shaped path. The cross-tracking error ratio,
which is the ratio between the cross path of the plane's location and the specified
path, which is a positive numerical measurement calculated in meters from the

plane's vertical height above the path, is 0.3m.
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Chapter 1: Background and literature review
1.1 Introduction

Unmanned aerial vehicles (UAVS) have become increasingly widespread and
important in both military and civilian settings. Micro UAVSs in their current state
rely substantially on human intervention to fly. Quadrotor drones have become a
regular sight in today's culture. The Federal Aviation Administration of the United
States now refers to any size UAV as simply "a UAV." A quadrotor drone is a UAV
that is normally flown by a remote control guided by a human or autonomously by an
on board computer, according to this description. The difference between the two
methods of control is that an autonomous drone does not need human involvement or

intervention to complete a task[1].

UAVs have grown more economical and viable for a variety of applications thanks
to advancements in sensor technology, control theory, and aerodynamic science. The
majority of UAVs on the market are under one meter in length and have the benefit
of being portable. The size is a selling element, but it also causes problems. When
the environment is unpredictably unstable, stability is essential. Another concern
with smaller drones is that the sensors built for the platform are smaller, potentially

creating unwanted noise, vibrations, and temperature rises within the tight housing.

As seen in[2],[3] ,[4] and[5] these priority areas have been thoroughly documented
and are constantly being developed and improved upon. Autonomous micro UAVs
have the mobility and potential to allow the operator to utilize a drone to complete a
task without having to keep a continual eye on where and what the drone is doing.
Many sectors, both civilian and military, would profit immensely from autonomous
drones that can hunt for a specific thing. These drones are both pricey and huge in
most circumstances. The application of this technology to smaller UAVs will result
in a more intuitive and nimble UAV capable of performing duties without the use of
a ground-based controller. MathWorks provides a ready-made generic model of a
quadcopter together with a three-dimensional visual simulator that illustrates the

system to be managed in this project (Simulink 3D environment).



The technique that defines model-based software design is depicted in the figure
below (Figure 1.1)[6]. The control system for calculating the location and altitude of

the aircraft's proportional and derivative controller was designed in this study (PD).

This design was employed in the Parrot Mini Drone Mambo, and the findings that
explained in Chapter four of the research showed that it was useful in boosting the

aircraft's tolerance to the adverse circumstances which may encounter during flight.

In this research, designed the area of the plane's propellers. Also found that the best
space for an aircraft propeller is (4 cm - 4.3 cm) as explained in Chapter Four. also
studied the impact of the new propeller area on the drone control system and indeed
applied this in the Matlab Simulink program, and got good results. Using the new
design, we directed Drone to track a specific path as shown in Chapter Four, and

calculated the line ratio of this track.

System

. —> System design [ ——> Software design
requirement

l

Coding
Vehicle |n_tegr§t|0n HarQware/sgﬁware Software
and calibration integration integration

Figure (1. 1) Model-based design workflow

1.2 Literature review

Due to their simplicity and rapid response time, quadrotor drones are one of the
most popular aerial vehicles. A flight command that permits the platform to follow a
trajectory has been developed after several trials. A proportional-integral-derivative
(PID) controller is the most prevalent type of control. This type of control compares
the actual measured state by the sensors to the referenced input of where the drone is
supposed to be. It determines the mistake based on this comparison and strives to

minimize it to achieve its aim. In this chapter, explained the latest previous studies



and the ones closest to our work, which use the Parrot mini Drone, and start
mentioning them from the oldest to the most recent.

Juan S. Guerrero, et al. 2015[7]. Have done a study on Unmanned Aerial Vehicle
(UAV) Data Processing and Instrumentation of an Array of Ultrasonic Sensors for
Teaching the Application of the Kalman Filter. It is possible to attenuate and, to
some degree, erase irregularities in sensor values by using filters. It's worth noting
that the filter's stability takes time to develop; this is something to consider if they
want to construct a dynamic and real-time model. They build the filter method for
UAV real-time flying in the future and this data will be used as input to the algorithm
path planning and obstacle avoidance. As can be seen, this method makes it easier to
comprehend the performance of the Kalman filter.

Ahmed Hussein, et al. 2015[8]. They looked at low-cost quadcopters' autonomous
in door navigation. The output path is broken down into many waypoints, which the
drone controller reads and responds to with flying orders. The drone is controlled by
a PID Simulink model that manipulates the drone's internal controller for pitch, roll,
yaw, and vertical speed. The ability of the drone to follow the waypoint given by the
path planning algorithm with a little mistake is the key contribution. The results of
the experiments demonstrated the disparities in the quadcopter's manoeuvring ability
in various settings. Despite the modest cost of the sensors utilized, the pose and
distance errors were negligible, indicating the good performance of the suggested
algorithms and their applicability in many navigation applications. Performing
further test studies using a visual-based strategy is one of the research's future goals.
For the comments on localization and compare it to the results obtained furthermore,
dealing with complex surroundings containing dynamic impediments necessitates
expanding the problem beyond path planning to trajectory planning.

LEFEBER, A.A.J. 2015[9] . Developed the non-linear dynamical model of the
Quadrotor, as well as a linearized model for maintaining hovering, are presented in
this article. The model is put up such that the controller for the non-linear dynamical
model may be developed. Before integrating the dynamical model into the Quadrotor
SDK, this project design the controller and implement the controlled model in the
non-linear model.

Yunmok Son, et al.2015[10]. Studied on gyroscopic sensors, rocking drones with
intentional sound noise and used MEMS gyroscopes contain resonance frequencies

that reduce their accuracy. It is unknown if this property may be used maliciously to



interrupt drone operations. First, a consumer-grade speaker is used to test 15
different MEMS( Micro-Electro-Mechanical Systems) gyroscopes against sound
noise, and the resonance frequencies of seven MEMS gyroscopes were determined
by scanning the frequencies under 30 kHz. The resonant output from the gyroscopes
had a standard deviation hundreds of times greater than the normal output. After
examining the flight control system of a target drone, real-world experiments and a
software simulation were used to confirm the effect of the constructed gyroscope
output. Experiments in the actual world revealed that in each of the 20 trials, one of
two targets was hit. Shortly after began attacking, drones equipped with vulnerable
gyroscopes lost control and crashed.

Pengcheng Wang, et al. 2016 [11] . This research used a dynamic model of a
quadcopter to construct a durable cascade PID control technique. The cascade PID
control scheme's key benefit is its high tolerance to external disturbances. In addition,
the efficacy of the developed controller was demonstrated by comparing
conventional and cascade PID control systems. The suggested control algorithm is
supported by simulation results of quadcopter attitude control. The cascade PID
control approach gives the quadcopter system a significant performance gain. The
focus of future study on creating sliding mode control algorithms using a nonlinear
dynamic model, in order to increase the quadcopter system's robustness and
performance in the face of parameter uncertainty and external disturbances [9].
Prasant Misra, et al. 2016[12]. Developed aerial drones with location-sensitive
ears, the goal of this work is to develop a binaural sound source geolocation system.
It combines the advantages of sparse (two-element) sensor array design (to meet
platform constraints) with proposed mobility-induced beamforming based on intra-
band and inter-measurement beam fusion (to overcome severe ego-noise and other
complex characteristics) to significantly improve the received signal-to-noise ratio
(SNR). Empirical assessments indicate the usefulness of (Drone EARS) in terms of
SNR improvement over a variety of frequently utilized approaches.

Gabriele Perozzi, et al 2018[13]. Using on-board quadrotor sensors and an inertial
tracking position system, three time-changing parameter estimation techniques were
developed, investigated, and combined in this study to estimate variable wind
velocity (e.g. Optitrack camera, GPS). A completed quadrotor flight dynamics model
was provided employing identified aerodynamic coefficients and wind velocity

components along the three axes to achieve this goal. Then, to estimate, a



decomposition of dynamical equations in known and unknown terms is done. The
estimated algorithms were created using this decomposition, and then evaluated and
confirmed numerically against the noise introduced by the sensors.

M. Andreetto, et al. 2019[14]. This work presented a data observer capable of
making predictions, allowing the controller to be fed at a considerably quicker rate
than the sluggish sensor data rate enables. A linear model, whose parameters are
identified on-line using a Constrained Kalman Filter, generated the predictions.
Extensive testing with actual drones performing altitude stabilization and trajectory
tracking tasks has effectively verified the method. Even in the presence of substantial
disruptions, the limited model identification provided a stable forecast (which is
physically meaningful) and hence safe flying.

Miicahid Ridvan Kaplan, et al. 2019[15]. The PI-PD and Fuzzy PI-PD (FPI-PD)
structures were designed and used in this work to tackle the Parrot Mambo
Minidrone's position control challenge. In this regard, a nonlinear mathematical
model of the Parrot Mambo Minidrone was developed in order to get the minidrone's
control models. Then, using control models, PI-PD control systems for altitude and
position control systems are constructed. FPI-PD controllers were then created and
used in the minidrone's position control loop to tackle the coupled nonlinearities. The
findings of the provided comparative real-world experiment reveal that the suggested
control systems outperform the built-in ones. Furthermore, the results reveal that the
FPI-PD control system outperformed the built-in PD and created PI-PD control
systems.

Gennaro Ariante, et al. 2019 [16]. The authors developed low-cost sensors, such as
a 10-DOF MEMS (Micro Electro-Mechanical System) IMU (Inertial Measurement
Unit) and a LIDAR (Light Detection and Ranging), were installed on a small
unmanned rotorcraft in this paper and synchronized at a 10-Hz measurement rate to
estimate the position of the platform and its distance from an obstacle or a landing
field. Kalman filtering was used to correct the IMU data for systematic errors (bias)
and measurement noise, as well as to obtain predicted locations from accelerometer
data. The technique was created on an on-board microprocessor (Arduino Mega 2560)
and enables for low-cost hardware implementations of many sensors for usage in
aerospace applications.

Bushra, Tooba Hai and Muhammad Bilal Kadri , 2019[17]. Three alternative

system identification strategies have been used to mathematically describe the Parrot



AR. Drone 2.0 quadcopter in this article. SISO Continuous-time transfer functions
were initially computed independently for lateral, longitudinal, and vertical loops.
The parameters for ARX (autoregressive exogenous) and NARX (non-linear
autoregressive exogenous) models were then iteratively trained. The results of this
study, which are based entirely on real and experimental data, show that the NARX
model, which is based on a series-parallel architecture, is the best for quadcopter
state estimation. Multiple test flights were used to evaluate the efficiency of this
network in contrast to the other two.

Oliviu Mihnea Gamulescu, et al. 2020[18].The use of a drone equipped with a
camera and sensors network capable of transmitting data in real-time over post-
explosive environmental conditions to the command center for the rapid
identification of victims both in open and closed spaces is proposed in this paper as a
quick rescue intervention. The strategies for employing drones to investigate and
identify accident locations are presented in this research. The control system and the
image identification unit were both modelled and simulated.

Noordin, M. A. M. Basri and Z. Mohamed, 2020[19]. This study provides a
proportional-integral-derivative (PID) flying controller. Because the (Parrot Mambo
mini-drones) were so tiny, even a minor change have an impact on it was
performance. As a result, a PID control technique was provided for actuation
dynamics such as roll, pitch, yaw, and z stabilization. A similar controller approach
was also used to regulate the x and y positions of under-actuated dynamics. Simulink
is used to simulate the Newtonian model, with external disturbances being normal
Gaussian noise of force. The technique was implemented utilizing Bluetooth® Low
energy connection through personal area network using Simulink support package
for Parrot Minidrones by MATLAB and depending on the simulation parameter
personal area network (PAN). During hovering, a little force was imparted to the
inquiry system called a disturbance. Finally, the technique is deployed utilizing
Bluetooth® Low energy connection via personal area network with Minidrones
using MATLAB and based on the simulation parameter (PAN).

Jutarut Chaoraingern. Et al, 2020[20]. This research used modified adaptive
sliding mode control to monitor the trajectory of mini-drone quadcopter unmanned
aerial vehicles, with the purpose of demonstrating the utility of a nonlinear adaptive
control approach in achieving the expected performance of the mini-drone

quadcopter system. In addition to providing mathematical modelling and nonlinear



dynamic characteristic details of the mini-drone quadcopter actuated system, the
modified adaptive sliding mode algorithm was developed using adaptation law based
on Lyapunov stability approach and then applied on the attitude loop and altitude
loop control system. The findings indicated that even in the presence of parameter
perturbations and disturbances, the updated adaptive sliding mode control can reduce
error performance indexes to the least ISE of 1.041 m2 and zero per cent overshoot
while retaining high stability and resilience.

Amin Talaeizadeh, et al. 2020[21] . In the context of small-scale quadcopters, this
work investigated the phenomena of helicopters falling quickly entering the so-called
Vortex Ring State (VRS). Combining first-principles modelling and wind-tunnel
measurements, the area corresponding to the VRS was discovered. In addition,
suggest that the so-called Windmill-Brake State (WBS) or autorotation zone be
avoided for quadcopters, which was not always the case for helicopters. A model was
suggested for the quadcopter's velocity limitations to avoid these locations. Then
there was the difficulty of developing optimal temporal descent trajectories that
avoided the VRS and WBS zones. Finally, the best paths were programmed into a
quadcopter. The flying experiments reveal that following the specified paths allows
the quadcopter to drop much quicker than following completely vertical routes that
avoid the VRS and WBS.

Houria Siguerdidjane and Gabriele Sordi, 2020[22] This document describes the
many sorts of projects that students at Centrale Supelec, School of Engineering,
Université Paris-Saclay work on in the field of automated control and signal
processing applications. The courses were given throughout academic teaching
semesters, as well as optional courses and laboratory practice sessions, which were
geared to helping students to gain information and develop abilities in a variety of
disciplines. Some of these tasks, such as indoor tests and organization planning, are
mentioned in this study.

Yukai Chen. et al, 2020[23]. This work proposed a battery-aware model for
determining the energy consumption of drones, which was subsequently used to a
drone delivery scenario. In comparison to the usual estimating methodology, the
results revealed an accuracy of almost 16 percent.

Adarsh Kumar. et al, 2021[24]. This study looked at drone-based systems and
COVID-19 pandemic conditions and proposed architecture for dealing with

pandemic events in real-time and simulation-based scenarios. In a push-pull data



fetching technique, the suggested architecture uses wearable sensors to capture
observations in Body Area Networks (BANs). The proposed design was shown to be
beneficial in rural and crowded pandemic locations where wireless or Internet access
was a big concern or where the risk of COVID-19 spreading was high. During the
installation of a real-time drone-based healthcare system for COVID-19 operations, it
was discovered that a significant area may be covered for sanitization, thermal image
collecting, and patient identification in a short amount of time (2 KMs in around 10
minutes) through aerial route. The simulation uses the same statistics as the real
world. Collision-resistant techniques for indoor and outdoor healthcare operations
were reported to be successful.

S. Waitman, H. Alwi and C. Edwards, 2021[25] . This research looked at the
numerical design and practical implementation of a linear parameter-varying (LPV)
sliding mode observer for quadrotor mini drone Fault Detection and Diagnosis
(FDD). An LPV model was retrieved for design from a nonlinear model of the mini
drone, and the observer synthesis technique was described in detail using Linear
Matrix Inequalities (LMI). The observer FDD simulations offer excellent results. The
observer was then installed on a Parrot® Rolling Spider mini drone, and a series of
flight tests were conducted to evaluate the FDD's capabilities in real time utilizing
the mini drone's on-board processing capacity. The results of the flying tests back up
the modelling results, demonstrating that the sliding mode observer can reliably
reconstruct faults for quadrotor mini drone systems.

Rafael Casado and Aurelio Bermudez, 2021[26]. This paper describes a
simulation framework that can assist engineering students who are new to the subject
of aerial robotics in gaining the essential competencies and abilities to design
autonomous drone navigation systems. Drone behaviour was specified graphically
using state machines, while low-level control details were abstracted. Demonstrate
how to utilize the framework to create a navigation system proposal that adheres to
the guidelines of the "ESII Drone Challenge" student competition. Demonstrated
how the proposal may be tested in various settings.

The figure (1.2) shows the parts of the flight management system in the drone and
the part that previous studies focused on developing.
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Figure (1. 2) the flight management system of mini drone and the parts that the

researchers worked on developing.

The Table (1.1) below summarizes the most important findings and discussion of

previous research findings.

Table (1.1) Summary of results reached by researchers in previous studies

Results and discussion

The HC-SRO04 ultrasonic sensors are connected to the Arduino
Yun data acquisition board, which interprets the electronic pulses
to calculate the distance in meters and sends the data via serial
port to a Raspberry Pi board, which implements the Kalman
filter and sends the data via Wi-Fi to a computer connected to the
network, allowing visualizing the results of measurements and
filter performance. The acquired results reveal an increase in
data measurement using distance sensors, with the goal of
providing the drone with improved data collection accuracy.

No. | Number
of
references
1 [7]
2 [8]

Under various circumstances, the experimental results
demonstrated the disparities in the quad-manoeuvring copter's
ability. Despite the modest cost of the sensors utilized, the pose
and distance errors were negligible, indicating the good




performance of the suggested algorithms and their applicability
in many navigation applications.

[9]

The non-linear dynamical model of the quadrotor, as well as a
linearized model for maintaining hovering, is presented in this
article. The model is set up such that the controller for the non-
linear dynamical model may be developed. Because there are no
simulation findings, the similarity between the non-linear-
dynamical model produced in this study and the models utilized
in publications with comparable research is sufficient to proceed
with future work.

[10]

e They determined that the resonance frequencies of
numerous common MEMS gyroscopes are not only in the
ultrasonic but also in the audible frequency bands, using
a consumer-grade speaker, and examined their resonant
output.

e Using software analysis and simulations, researchers
looked at the impact of MEMS gyroscopes' resonant
output on drone flight control.

e They devised an innovative method of assaulting drones
with susceptible MEMS gyroscopes by making a
deliberate loud noise.

[11]

An approach is provided for stabilizing the quadcopter's attitude
such that the balanced state can be maintained in the face of
disruptions. The Newton-Euler approach is used to create a
mathematical model of quadcopter dynamics. It reveals the
precise correlations between all of the variables. Following that,
both linear and nonlinear state-space equations are developed,
which are required for controller design and development. The
simulations also show how the cascade PID algorithm
outperforms the standard PID control system in terms of efficacy
and resilience.

[12]

The key observation used in the design was that a single
measurement at any given location does not improve the
received SNR for a robust location estimate. However, if many
such observations are taken from multiple measurement
locations, the final consolidated observations improve the SNR
level significantly and result in a highly accurate geo-location of
the sound source.

[13]

Numerical studies are carried out utilizing a nonlinear UAV
simulator to represent a quadrotor in the presence of external
wind disturbances, which are then confirmed by in-house tests.
Even with the inclusion of sensor noise, the algorithms perform
well in estimating wind velocities. More research may be done
by linking this wind estimator to a robust controller to extend the
domain of flight and minimize the control effort on the rotors in
real-time when it is required.

[14]

The proposed technique has been put to the test in a variety of
scenarios. The sample periods of Ts = 510 ms, Tc = 20 ms, and
Tv = 100 ms are the same in all of the studies. The identical
experiment using the least-squares method usually yields
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unstable results (hence the Mambo crash).

[15]

The findings of the reported real-world comparison experiments
clearly reveal that the suggested control methods outperform the
built-in ones. Furthermore, the findings reveal that FPI-PD
outperforms both built-in PD and tailored PI-PD control systems.

10

[16]

In both static measurements and landing simulations, the results
demonstrate position estimate inaccuracies of a few millimeters.

11

[17]

The findings of this study, which are based entirely on real and
experimental data, show that the NARX (non-linear
autoregressive exogenous) model, which is based on a series-
parallel architecture, is the best for quadcopter state estimation.

12

[18]

The solution proposed based on drones has the advantage of
indirect interaction with the danger zone, as the mini-drone can
cross the area affected by a safe altitude and cover a larger area
in @ much shorter time than ground robots, which can be
controlled by the operator outside the danger zone using real-
time video streaming. The control system was modeled in
Matlab-Simulink to create the control system and for simulation
functionality in order to increase the drone's stability and to
achieve direct control from the command center's computer.

13

[19]

A PID control was devised to stabilize the mini-drone when it is
subjected to minor perturbations. A PID controller with a
gravity compensator was used for position control to guarantee
that the quadrotor could effectively navigate to the required
location by following the path as intended. The PID controller
proves that the Parrot Mambo minidrone can achieve attitude
stabilization, hover at an appropriate height, and then follow the
intended route as designed in simulations and experiments with
modest disturbances

14

[20]

The findings show that the updated adaptive sliding mode
control can reduce error performance indices to the smallest ISE
at 1.041 m2 and zero percent overshoot while maintaining
outstanding strength and resilience even in the face of constraint
worries and disturbances.

15

[21]

The time needed for various hypothetical fall paths may be
estimated using the conclusions reached from this research.
Consider the case when the quadcopter must fall 5 meters. Using
the obtained maximum velocity of 0.6 m/s for pure descent
trajectories and 2 m/s for a VRS(Vortex Ring State) avoiding
trajectory, we can predict that a pure descent trajectory will take
8.3 s to fall 5 m, while a VRS avoiding trajectory would take 2.5
S

16

[22]

The results were satisfactory in depicting the QUAV system. The
simulation reveals QUAV dynamic properties such as logical
instructions to change the rotor thrust, rotor limitations in
processing multiple instructions at once, vehicle reliance of
spontaneous control systems, and the fact that a motion in one
degree of freedom may readily affect others. The created model
shows promise as a foundation for QUAV analysis and control
design.
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17 [23] In comparison to the usual estimating methodology, the results
reveal an accuracy of more than 16 percent.

18 | [24] With a variety of 3-30 drones, a distance of 1200 kilometers
may be covered in 18.900 to 22.93 minutes. Thermal image-
based patient identification was proven to be particularly
successful for the COVID-19 pandemic in an indoor activity.
The drone utilized for indoor imaging and sanitization is
expected to be compatible with its operations. In the current
world, a tiny drone would be required for comparable tasks.

19 | [25] The results indicate that the observer can estimate system outputs
with high precision while also accurately reconstructing actuator
and sensor defects.

20 | [26] Worked on studying the flight controller system block and 3D-
Virtualization block and programmed the plane to follow a
specific path by writing code in the Path plane subsystem. The
difference between the two methods is the complexity of the path
taken by the aircraft, the height of the aircraft and the turning
angle for each of these research.

In this research, we designed a special control system for the height of the drones of
the type (PD) controller, so changed the size of the propellers of the drone by an
appropriate amount to increase its ability to bear the extra weight, and guided the
drones to follow a specific path and calculated the error rate for this path. applied all

of the above in the Matlab program and got good results.
1.3 Problem statement

The main problem is how to keep the aircraft safe in bad weather. The problem can

be summarized as follows:
1. Creating a control system that promotes better aircraft balance and stability.

2. Improving the size of the flight management system to make the aircraft more

responsive to environmental changes.

3. For the purpose of studying the trajectory error rate, the aircraft is directed to

follow a certain path.
1.4 Aims of the Study

Safety is always number one in the aviation industry. When designing any part,

assembly, or aircraft, it is the primary need. The unmanned aerial vehicle (UAV)
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business, which is still in its infancy, is sensitive to the effects of weather on
flight. They are just as susceptible to turbulence and bad weather. This flaw poses
a significant threat to the safety of UAV flying. This research offers the following:

1- Design the height controller in the drone, thus improving the altitude controller
by using (PD) and tuning the values of (Kp and Kd) in the altitude controller of
the Parrot Mini Drone Mambo to make it more bearable to external influence and

to maintain its altitude.

2- Improve the area of propellers on a UAV to eliminate bias in wind speed,
ambient temperature, pressure, humidity, and bearing excess weight.
3- Direct the aircraft to follow a specific route for the purpose of calculating

Cross-track error from UAV position to path.

1.5 Contributions

This research contributes to the design and analysis of the flight management
system of the Parrot Mini Drone Mambo aircraft and the design of a special control
system (Altitude controller) to determine the location and height of the aircraft more
tolerant to poor external conditions and choose a suitable propellers area's capable of

bearing the excess weight of the aircraft. Guided the drone to follow a specific path.
1.6 Organized Content of Thesis

Chapter 2: This chapter is explaining the problem formulation theory and

mathematical model.

Chapter 3:This chapter explains The Simulation Model Description and
Methodology

Chapter 4: This chapter includes experimental setup and simulation results.

Chapter 5: It includes the conclusions and summaries reached by this thesis. It also

contains future works.
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Chapter 2: Problem Formulation Theory

2.1 Introduction

Controlling an unmanned aerial vehicle (UAV) is difficult for several reasons. The
Parrot Mambo Drone (PMD) is a non-linear system with several inputs and outputs
that are under-actuated. Only four actuators drive the system, which is tracked within
another system that does not share the PMD's reference frame[27]. This chapter's
goal is to lay the groundwork for the equations of motion that will be used to model
quadrotor flight routes, explain the software and the hardware components of

quadcopter.

2.2 Mathematical Model of Quadcopter

The operating concept of a quadrotor will be presented in this chapter, as well as its
mathematical model, which will be investigated to derive its kinematics and
dynamical equations (useful for the implementation on Simulink) [28] , [6],[29]

and[30] both employed the same strategy.

Quadrotors are made up of the following primary components:

The frame, which comprises a center and four arms and provides physical support
for the other components. Electronics and a battery are located in the frame's core.

Each arm has a motor and a propeller.

14



RC/C2

Electronic Code

Command

Rotate

Position + orientation

generate
Rigid body motion Propeller

Force

torque

Figure (2. 1) Flowchart of the model of quadcopter

Thrust is created by a spinning propeller, which is a force that is perpendicular to the
propeller's rotation plane. A spinning propeller generates a turning effect (or torque)
on the quadrotor frame in addition to propulsion. It rotates in the opposite direction
of the propeller.

Propellers are divided into two categories:

1- When revolving counters clockwise, a Type 1 propeller, often known as a
right-handed propeller, created upward force.

2- When revolving clockwise, a Type 2 propeller, also known as a left-handed

propeller, provides thrust in the upward direction.

Two Type 1 and two Type 2 propellers are used in a quadrotor (figure 2.2).

CW CCW

CCW CwW
Force
Force I
Torque
Torque T 1

Figure (2. 2) Type of propeller
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The quadrotor is a mechanism that is underactuated. It has four propellers, but six

degrees of freedom in space.
» Up/down, forward/backward, left/right translational degrees of freedom.

* Degrees of freedom in rotation: heading, pitch, and roll.

Some directions are not controlled at any given moment because the actuators (4) are
smaller than the D.O.F. (6). The quadrotor, for example, cannot move right without
spinning in that direction. The same may be said for forwarding and backward

motions[28].

Designing a control system that combines rotations and thrusts to achieve the overall

goals can solve the underactuation problem.
Assume that the quadrotor's frame is completely level with the ground.
The entire thrust is in the vertical direction if the motors are given the same orders.

Adjust for gravity to create upward movement (Figure 2.3).

Figure(2. 3) While hovering, forces balance between thrusts and weight[6].

The quadrotor will move down if the entire thrust is less than the force of gravity.

We must produce an imbalance between the forward-side and backward-side
pressures to pitch, or rotate around the left-right axis. Pitching forwards is

accomplished by reducing forward force and/or increasing backward force.

16



Pitching backward is accomplished by reducing force on the backside while

increasing force on the forward side.

Forward Forward

Cross config: pitch forward Cross config: pitch backward

Figure(2. 4) Pitch Configuration [6].

Translation in the forward/backward motion is combined with pitching rotation.
When the quadrotor pitches forward or backward, it will travel forward or backward

as well.

Up Tt=Ty+T24T34T4 Up Te=TysTa+T3+T4
4 i 4
Forward ‘ Forward

G=mg

Forward Pitch and Acceleration Backward pitch and Acceleration

Figure(2. 5) Maintain equilibrium during the pitch movement [6].

To roll, or rotate around the forward-backwards axis, we need to imbalance the
forces on the left and right sides. Rolling right is accomplished by reducing force on
the right side while increasing force on the left. Rolling left is accomplished by
reducing the force in the left half while increasing the force in the right[29].
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Cross config: Roll right Cross config: Roll Left

Figure (2. 6) Roll configuration

The left/right translation is synchronized with the rolling revolution. When the
quadrotor rolls are left or right, it will travel left or right as well.

IUp Te=TyeTaeT34T,4 Iup Te=Ty+Ta+T3+T,4
Left f [

G=mg

Left Roll and Acceleration Right Roll and Acceleration

Figure(2. 7) During the Roll maneuver, forces balance [6]

Yawing, on the other hand, is the rotation around the up/down axis. It's vital to note
that rotating propellers cause the frame to revolve in the opposite direction. If all
propellers rotated in the same direction, the frame would spin in place as it rotated in
the opposite way around its up/down axis. The quadrotor's propellers are of two
sorts, and they revolve in opposing directions in pairs, cancelling the response effect.

All CCW propellers Two CW and two CCW propellers
Figure(2. 8) Torque equilibrium [6].

To create a controlled counterclockwise yawing rotation, the input is increased on the
pair of clockwise propellers and decreased on the counterclockwise pair, whereas the

18



input is increased on the pair of counterclockwise propellers and decreased on the
clockwise pair to create a controlled clockwise yawing rotation.

Yawing/Heading to the left (CCW as Yawing/Heading to the right (CW as
seen from the top) seen from the top)

Figure(2. 9) Balance is achieved by the yawing maneuver and torques [6].

Pitching and forward/backward motion is coupled, rolling and left/right motion are
coupled, up and down motion is independent, and yawing (change of heading) is

independent, to summarize.

Implementing a motor mixing technique that converts roll, pitch, yaw, and thrust
inputs into motor speeds and can be used in Simulink model representation which

might be beneficial.

According to Douglas [31], the same techniques used to create Thrust, Roll, Pitch,

and Yaw maneuvers are used in the same way to the.

M F/R = thrust cmd + yaw cmd + pitch cmd + roll cmd (2.1)
M F/L = thrust cmd — yaw cmd + pitch cmd — roll cmd (2.2)
M B/R = thrust cmd — yaw cmd — pitch cmd + roll cmd (2.3)
M B/L = thrust cmd + yaw cmd — pitch cmd — roll cmd (2.4)

Where M F/r is the motor front/right, M F/L is the motor front/left, M /R is the motor
back/right, M B/L is the motor back/left, thrust is the force of lifting the body upward,
pitch is The lateral or transverse axis is the rotation of a vehicle fixed between the
side-to-side axis (on an airplane, wingtip to wingtip), roll The longitudinal axis, also
known as the front-to-back axis, is the rotation of the vehicle on the front-to-back
axis (nose to tail), and yaw is the rotation of an airplane along its vertical axis, which

is perpendicular to the propellers and in the center line[30].
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2.2.1 Rigid Body Motion

A rigid body object is a system made up of a large (infinitely large) number of small
(infinitely small) point-mass particles with the property that their relative positions
stay constant (rigidly. To understand the accompanying graphic, the drone's rigid
body motion model is necessary (2.10). How can generalize forces in input be used

to determine the location and attitude of the drone in the sky space.

position
Force
—_—> Rigid body motion pr—
Torque orientation
w
Kinematic Dynamic Integration

Figure (2. 10) Rigid body motion model.

2.2.2 Kinematics

Different topics are discussed and described in the Kinematics of the Rigid Body.
Translational and rotational motion, position, linear velocity, and linear acceleration
vectors, the rotation matrix that defines the body frame attitude relative to a fixed

inertial frame, angular velocity and angular acceleration, motion composition
between frames, and so on are just a few of them.

To begin, the Cartesian coordinate system must be specified in order to express
geometrical vectors such as p.
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Y-axis

. X-axis

Figure(2. 11) In the Cartesian reference frame, vector p (inertial)[6].

The vector p can be described in one of two ways: geometrically, as in the following:
p = pxi + pyj + pzk (2.5)

Alternatively, an algebraic description may be used:

Py 1 0 0
p=|py|,i®= H,j" = H,ko = H (2.6)
p? 0 0 1

It may be feasible to construct an inertial Cartesian reference frame centered at O,
dubbed e-frame (for "external"), and the points A and C, respectively, in the
propeller center and the drone's center of mass, which should roughly overlap with
the drone frame's center.

Three different location vectors might be used:

e C'srelative to O's position, p
e A'srelative to O's position, r
e A'srelative to C's position, s

It is also feasible to demonstrate the following connection between these vectors:

r=p+s (27)
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Figure(2. 12) Position vectors of the quadrotor in the inertial frame[6]

The position vectors r and p will vary in a translational motion, but not the vector s,
which will remain constant.

ey d
r(t+At) At *At/) &
es »
p(t+At) \

Figure(2. 13) a quadrotor's translation[6].

The quadrotor's velocity and acceleration are the time derivative of vector p:

vp() = p(®) = E2 (28)

dv(® _ d?p(v

ap(t) = V() = () = =2 =22 (29)
It will be fascinating to observe how the vector r evolves over time:

Vi=r =p+S$S=p=vp,vr=vp (2.10)
ar=f=vr=vp =ap,ar = ap (2.11)

During a translation movement, all points of the moving item have the same velocity

and acceleration; in this example, the drone. In the case of a circular motion,
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however, p(t) = 0 can be observed. and the position vector r described by OA, which
corresponds to a fixed point A on the body frame that might be the propeller center,
and a body reference frame, "b-frame,"” that rotates with the quadrotor along an axis

running through its center of mass.

Figure(3. 1) Body reference frame and inertial frame of quadrotor[30].

The purpose is to express vector r's speed and acceleration. The b-frame can be
represented by the following notation in relation to the e-frame basis vectors:

ip = ig ie + ig je + ig ke (2.12)
jb = ]g i + ]g je + ]g ke (2.13)
ky = kg ie + ki je + kg Ke (2.14)

Vector r can be expressed in the b-frame.

r=ri, +rojp + e Ky (2.15)
In the e-frame, this equation is referred to as:

re = ry iy + rpjg + rd kg (2.16)

The vector r can be represented in either b-frame or e-frame, and the transition

between both is accomplished by multiplying a rotation matrix R:
re = Rj 1y (2.17)

Where
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% ibx Jbx Kbx

re=|ry| ,ro = [ry[ ,RE =iy Jby Kby (2.18)

z itz bz Kbz

The rotation matrix has nine entries, however only three are necessary to express a
rotation/orientation in three dimensions. The Unit Quaternions (also known as "Euler
parameters™) and the Euler angles are two alternatives for describing orientation in a

more compact manner than the Rotation matrix.

Unit Quaternions are a group of four numbers (4D vectors). They are the most
economical and numerically reliable tool for expressing orientations and rotations,
and they are identical to rotation matrices. Quaternions are 4-dimensional vectors

formed by combining a 3-dimensional vector with a 2-dimensionalvectorscalar
S
q= [V] =[s vi vy 3T (2.19)

A rotation matrix may be expressed as a function of a quaternion in the following

way:
re = [-v sI3 4+ [vl4] [ v ]rb = R2(q)ry, (2.20)
N X [sI3 + [v], N
[s2 +vZ —vZ—v3 2v,V, — 2V3S 2v,V3 + 2V,s
RE(Dry =| 2vivy, +2vzs  s2—vZ+vZi—vZ —2v;s+2vyv, | (2.21)
2v,Vy + 2v,s 2vys + 2v3v, s2 —vi—v3 +vi
[s2 +vZ—0.5 vV, —V3s ViV3 + VyS
RE(ry=2| viv, +vss  s2+vZ—0.5 —v;s+vav, (2.22)
BRAZERAZE vis+vyv, s2+v:i—0.5
T _Vl(L)B - Vz(,l)g - V30‘)1Z)
. —v
r=0.5 [513 N [V]x] wp =0.5[ swh —viw) + v,0f (2.23)

—Vzwg + Vlwg + swlz’

Another method for representing orientation is to use Euler Angles. They are a set of
three numbers that is equivalent to a rotation matrix, but they have an inherent
disadvantage in that they contain singularities in operation (divisions by zero in

expressions), which must be addressed as exceptional situations.
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The frame's rotation may be broken down into three distinct rotations around the
coordinate system axes, which is a product of three 2D rotations.

b = R2(PIRy(O)R(P) (2.24)

cos¢p —sinp O
R, () = [sind) cosp 0
0 0 1

cosO 0 —sin6
,Ry(8) =|sin® 0 cosb |,
0 1 0

0 cosy —simp]
(2.25)

RX(L|J)=[O siny  cosy
1 0 0

The following is an expression for the relationship between the rotation matrix and
the Euler angles:
cosBcosd sinysinBcosd — cosPsing cosPsinBcosd — sinPsind

cosBsing sinysinBsind — cosPcosd cosPsinBsing — sinPcosd (2.26)
—sin® sinyicosO cosycosO

e _
b=

1y Are the roll angle, 6the yaw angle, ¢pand the pitch angle, and Cardan angles are

another name for this intrinsic sequence.

Figure(2. 14) Angles and rotations defined by Euler[32]

There are a total of 12 extrinsic and 12 intrinsic combinations.

In terms of calculating velocity and acceleration for rotational motion, it can be
shown that r b is constant (since the b-frame rotates with the drone) and re varies
with time. If a rotation matrix's derivative is employed, the linear velocity in the e-

frame is represented as:

Ve(t) = RE() 1y (1) (2.27)
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Instead, the rotation matrix's derivative can be written as:
R2(t) = QRY(D) = RB(DQ, (2.28)

Matrices are skew-symmetric and have the following shape:

Wy 0 —W; Wy
w = [wy , ) = wy, 0 — W,y (229)
W, —wy, Wy 0

Another technique to describe the vector cross-product is to multiply it by a skew-
symmetric matrix. The angular velocity, which is a physical vector, is represented by

the vector.
The rotation matrix's derivative is written as:
b (D) = [we]xRE (1) = RE (D) [wp]x with  w. = RE(Dwy, (2.30)

The angular rate in the spinning body frame w, may be calculated using data from a

MEMS gyroscope sensor mounted on the b-frame.
The linear velocity vector is denoted by the notation:
Ve = [welxre (2.31)

The derivative of the angular velocity vector is the angular accelerationa, and its unit
is [rad/s].

The e-frame linear acceleration a, may be expressed as:

e = [dte]xTe = [we]x[we]xre (2.32)
Instead, a, is the quadrotor's accelerometer sensor output:

a. = RBay, (2.33)

The two motions are merged in a roto-translational motion, which are the generalized

case and the most relevant in the drone application.
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Figure (2. 15) Body reference frame and inertial frame of a quadrotor.

— 4%

iy(t+At)

jo(t+At)

Figure (2. 16) Quadrotor roto translation

Combining translation, rotation, and translation motion yields the following position

vector:

e = Pe + Se = Pe + RESp (2.34)
Furthermore, the linear velocity of point r relative to the e-frame is written as

vi = vp + Rp[wp ]Sy = viy + Rp[we]«Se (2.35)
Deriving the linear velocity yields the linear acceleration of point r:

ar = ap + [ap]xSe + [welx[welxSe (2.36)

2.2.3 Dynamics
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The following rules are used to derive the equations defining the dynamics of

quadrotors.
* Newton's rules of motion apply to point masses/particles.

* Euler's rules of rigid body motion (translational and rotational equation of
motion) Among the first is the Second Law, which states that the total of
forces on a particle object equals the mass of the object multiplied by the
acceleration of the object in an inertial reference frame (in this project, the

supposition is that the earth is an inertial frame)[28].

flgx ag p§
frotal = Zk ff =ma, = mp, = Zk flf,y =m a}e’ =m p§ (2-37)
fic az pS

Instead, when a particle provides a force to a second particle by any type of
interaction (contact, or at-a-distance), the second particle concurrently applies a force

equal in magnitude but opposite to the first particle.

The two forces are directed down the straight line connecting the point masses. If i
and j are two particles, and fij is the particle with which i interact with particle j, ri

and rj are position vectors, then:
fij = +|f;|(ri — 1y) (2.39)

If a system of particles with fixed distances between them is considered, that is, a
rigid body, the dynamical behavior of this system is described by Euler's equations of
motion. As a result, the resultant of the internal forces imparted to these particles is
null, and the only nonzero forces are those that may be regarded to operate on the
object's center of gravity. The sum of external forces equals the acceleration of the
center of gravity. Multiplied by the system's total mass[29].

p= : Y ymiri (2.40)

m

e
ext,total

= map = mp, (2.41)
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Here, r is the gravity position vector's center, and m is the body mass. Forces tend to
spin a rigid body as well as push or pull it (translation), and torque describes this

effect. Multiplied by the system's total mass.

Figure (2. 17) Torque definition

To = [S]xf = |S||f|sinbn = |f|.d.n (2.42)

When a quadrotor is modeled as shown in the diagram, the external torque around O

may be stated as follows:

Figure (2. 18) External force exerted on the quadrotor.

To,ext — [p]xfext,total + Tcext (2-43)

Furthermore, the torque expression, like the resultant of forces on a rigid body,

contains just the exterior component because the sum of internal torque is zero.
When the last equation is combined with (2.41), the following equation is obtained:
15 = X my[r{]xaf (2.44)

TS - [p]xfext,total = JeQe + [we]x]ewe (2-45)
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When we combine equations (2.43) and (2.45), we can see that the resultant torque
about C (the center of mass of the quadrotor) is a sum of two components, as shown
by the following expression:

Te = Jette + [(De]x]e(‘)e (2.46)
Where
Jo = Zimi[si]k[s{]x (2.47)

That is the matrix of global inertia.

In body-frame coordinates, the rotating equation of motion may be expressed as
follows:

2 = Jpap + [0plx]pwr (2.48)

In addition, the global inertia matrix is expressed with respect to the body inertia
matrix as follows:

Jo = R2JeR} (2.49)

0 -z yi1r0 -z vy
Jo = —Zimy[sP] [sP], = =Zimi|z 0 -xi||z 0 —x| withSP =

-vi xi O0lfl-yi x O
Xj
[Yi‘ (2.50)
Zj
i +zi —xy iz
Jo=Zimi| —xy;  yi+zl -z (2.51)
| —xiz  —xz x4 yE

[ yZ+zidm [ -xydm [ —xizl-dm]l
Jb=2Zimi| [ —xydm [ yf+zidm [ —yiz;dm (2.52)

| [, —xizdm [ —xizdmo [ xP+yldm

Furthermore, whereas S? is changeable in time, the vector S? is constant, implying

that Je is time-dependent, but Jb in the body frame is time constant.
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The differential equations of motion may be summarized and combined to construct
the quadrotor's dynamical model, and they can be represented in either rotation

matrix notation:

Pe = Ve (2.53)
Ve = —fE ot = = RS fecotal (2.54)

= RS [wp]y (2.55a)
by = Jp) 7 (—[wply Jb wp +T2) (2.56)

Alternatively, using the Unit Quaternion notation, replace the equation (2.55a) with

the following:
. _Vl(l))tg - Vz(l)st; - V3(1)2
- |S| = _ b b b
q= [v] 0.5 [513 + v, ]oob =0.5( swy —V3wy + V0, (2.55b)

—Vzwg + Vl(x); + soolz9

2.2.4 Forces and Torque

The next schematic (figure 2.19) depicts the section of the system that includes
motors and propellers, and the method of force production on the propeller from the

motor's torque will be discussed in this paragraph.

Generate
command rotate
forces and
— | motors propellers —
torques

Figure (2. 19) Model of actuators.
The code on the electronics (firmware/embedded code) first provides a digital

instruction to the motors, which is then converted into an analog PWM (Pulse Width

Modulation) signal that drives the quadrotor's coreless motors. This digital command
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is made up of four 16-bit integer integers (ranging from 0 to 65535), one for each

motor.

The following are the physical principles that govern the movement of the quadrotor

(the same concepts apply to any aircraft):

The Theorem of Bernoulli: Daniel Bernoulli discovered that pressure inside a fluid,
liquid, or gas falls as the fluid's speed rises, or in other words, "in a moving fluid, the

sum of pressure and speed in any place remains constant.”

The Venturi effect was discovered by Giovanni Battista Venturi, who demonstrated

that as a fluid particle passes through a constriction, its speed rises.

The third Newton's Law states that every action has an equal and opposite response.
The idea of lift may be applied to equipment with an airfoil to summarize the

preceding principles[30].

A wing or a propeller, for example. It will pass through an airflow, separating it into
two flows, if it moves through the air (which has its own atmospheric pressure and
speed) at a given speed with a specified upward inclination (called the angle of
attack). The one that runs along the top of the profile will do so at a faster rate than
the one that runs through the bottom (Venturi effect). Furthermore, according to
Bernoulli's theorem, faster speed equals lower pressure. As a result, the upper wing's

surface is subjected to less pressure than the inferior wing's.

An airfoil is normally made out of a body with a particularly designed shape to
capture the majority of the force created by the fluid's speed and pressure

fluctuations as it flows through an air stream.
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Figure(2. 20) Air propulsion and a propeller model[33].

2.3 The main technical component

® MU sensors to calculate accelerations and speeds. In mobile robotics, developing a
sensory system capable of detecting an object's mobility in its surroundings is a
significant challenge. These sensory data are used to construct control algorithms,
and their availability and dependability are crucial criteria. An inertial navigation
system (INS) is a system capable of obtaining object navigation information (linear
and angular locations and speeds) in its body frame and translating it into a fixed
(inertial) reference frame .

CLKIN
]
NG
NG
L]

ML DA,

FFEFEFE
IR

Figure(2. 21) IMU with accelerometer and gyroscope[34].

* Ultrasound sensor In mobile robotics, SONAR (sound navigation and ranging)
devices are used to estimate the distance between the robot and the surrounding
environment at a minimal cost (in the case of this project, to measure the distance
between the drone and the ground). They are both signal generators and transducers,
and their functioning concept is based on calculating the flight time of an ultrasonic
wave to travel the distance back and forth from the sensor. It is used by the
quadcopter to determine altitude. It sends out a high-frequency sound wave and
detects how long it takes for the wave to reflect off the ground and return to the
sensor. The distance between the floor and the drone may be determined using the
measured time. It's possible to estimate a maximum altitude of roughly 13 feet.
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« Pressure sensor it assists the ultrasonic sensor in estimating the drone's altitude. The
air pressure lowers as the drone rises in height. The change in altitude may be

estimated using the pressure variation.
« Camera sensor for speed measurement and horizontal stabilizer.

 The motors they are coreless motors figure(2.22). It is divided into numerous

sections.
- A permanent magnet is commonly used as a stator.

- Rotor: a crown-shaped ring of ferromagnetic plates around which the various

components rotate.
- Wrapping the copper windings
- Collector: a cylindrical drum that connects the coil terminals to a set of blades.

- Graphite-based brushes maintain contact with the collector even when it is

spinning, and they supply the motor with its main power.

self supporting press ring

commutator Winding
plate

brushes

ball bearing

el. connections

’i

ball bearing

housing flange
(magnetic retumn)

permanent magnet
press rng (in the centre)

Figure (2. 22) DC motor construction without a core (coreless) [36].
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Chapter 3: The Simulation Model Description and
Methodology

3.1 Introduction

In this chapter, was described and explained the simulation model. It also designed
and analysed the Linear and Nonlinear Controller Systems of altitude in the Parrot
mini-drone. Improved the size of the parrot's propeller to make it more capable of
bearing the additional weights. So studied this design's effect on the aircraft's control
system. also made the aircraft follow a specific path, and calculated the error rate on
this path. Used the simulation design model of the Parrot plane from the mini-
drone[37].

3.2 The Simulation Model Description

The design is a closed-loop system, with the plant represented by the block
Multicopter Model (the dynamic content of the system). The controller is represented
by the flight controller system. The sensor block is put on the feedbag line. The
command block represents the original signal that is used by the controller to
compare it with the feedbag signal. The Environment Model contains constants and
mathematical equations. The flight visualization is represented by the output 3D

Simulink visualization.

By entering the command window with the phrase
"ParrotMinidroneCompetitionStart,” the project environment of the Mathworks
mini-drone competition conducted by Mathworks may be used. Miniature Drone
Simulator (figure 3.1).
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Figure (3.1) Simulation model of parrot mini drone-Mambo

Below, explain the work of each part of the model shown in Figure (3.1) and briefly
explain its components.

3.2.1 Flight command

In the simulation, the "Command" subsystem may be used to adjust the micro drone
input signals (figure 3.2). This one is made up of four distinct subsystems: data input,
signal builder, joystick, and spreadsheet file reading.
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VSS

VSS_COMMAND = 0 will select Signal Builder

VSS_COMMAND =1 will select Joystick + Signal Builder
COMMAND = 2 will select pre-saved data from .mat file
VSS_COMMAND = 3 will select pre-saved data from a spreadsheet

AC Cmd p

Figure (3.2) Command subsystem

The command subsystem has signal builder (Figure 3.3) set as the default. However,

in this project, the signals controlling the drone originate from the path planning

subsystem in the Flight controller which gets data from the image processing

subsystems.
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Ticks

Figure (3.3) Signals builder.
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The mode used to control the drone is based on position coordinates X-Y-Z and yaw,
but it may also be driven by pitch and roll signals from the image processing
subsystem. However, in this final scenario, the camera orientation must be
maintained to point directly to the track, which is readily done by employing position
coordinates rather than pitch and roll angles. The simulation model is the focus point
of the Model-Based Design process since it helps to enhance control development

before deploying it on hardware, hence minimizing damages and crashes.

3.2.2 Flight control system

The FCS subsystem is based on a model created at MIT by Professor Sertac
Karaman and Fabian Riether. Because the project's purpose is to create a flight
controller that can monitor the path while remaining stable, the controller subsystem
is designed to tune the gains of the PID controllers, and the image processing and
path planning subsystems are designed to achieve that goal. There are two

subsystems within the Flight Control System (Figure 3.4)

* Image Processing System: the graphic processing component (the green block) is

included in this system.
 Control System: This is where the flying logic is stored (the orange block).

The two subsystems operate at different speeds: the Image Processing System
operates at almost 20 milliseconds (the camera frame rate is 60 Hz), whereas the
Control System operates at 5 milliseconds (200 Hz).

As a result, they are linked via the "rate transition" block, which enables data transfer

across systems with differing rates.
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Figure (3.4) the flight control system.

There are several separate blocks inside the Control system subsystem block (Figure

3.5)
Derived from the work by Serlac Use this subsystem to change the path of the
Karaman and Fabian Risther Minidrone depending on the input Vision-based
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B
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Control Mode Update Esii Up 2Cmd
€, \Vision-based Data motors_seloti—+()
Position or Orientation Con Visionbased Dala : statos_estim molerCmds
Path Planning
Controller
1
nirolModePasV3Orient_fagi
trolModePosVsOrient
states_estim
sensor_data_in
oplicalFlow_datin |
L1
O At prs ToWorkspace
Sensors sensorCalibraton_datin
<opticqIFlow_daia:State Eslimator +states_estim
[Calibratién> Aps  Fag—+2)
Flag
]—P Sensors
Crash Prediclor Flags

Figure (3.5) Subsystems in flight control system block.
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Figure (3.5) Path planning (orange): this is where the logic for the line-tracking
method will be constructed.

1- Controller: This is where all of the flight controller's PIDs are stored. The
Flight Control System (FCS) is separated into colour-coded control
subsystems and contains the position and orientation control systems as well
as take-off logic. Attitude, yaw, roll, and pitch controllers are three low-tier
control systems. All four signals are sent into the motor mixing algorithm
after the attitude control is processed through the timed take-off control logic.
If just orientation control is necessary, the user can apply a logic flag to have
the FCL ignore all other systems and only activate these three blocks. If
position control is necessary, the position controller activates the upper-tier
MMA block, resulting in a cascading system with roll and pitch control in the
inner loop and position control in the outer loop. The control logic commands
are converted into actuator signals sent out from the FCS by the motor mixing

algorithm and thrust to the motor command block.
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Figure (3.6) The controller subsystem.
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2- State estimator: the state observer is included in this class. Within the state

estimator subsystem, Figure (3.7), a twelve-dimensional state vector for the

PMD is produced, consisting of location, orientation, velocity, and angular

velocity[ X y z vx vy vz @ y6 p q r]. The state estimator block collects data

and compiles it using the four PMD sensors.
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Figure (3.7) original internal Simulation components for the parrot mini drone’s flight

control state estimation subsystem

Figure (3.8) shows the state estimator, which is made up of two subsystem blocks: a

velocity estimator and an XY position estimator.
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Figure (3.8) The original upper level estimator's simulation subsystem for the parrot

mini drone's XY location.

The initial state is intended to prevent the PMD from executing instructions until
communication with the reference host has been established. While the PMD is in
this state, the system thinks the PMD is in the original XY state of [0;0] and
calculates the current position by integrating the velocity in the X and Y locations.
The system then advances to the lost or confirmed state [38][36] after determining
the state. When the PMD has not received a status update for the X and Y locations,
the lost state is activated. When this is activated, the Kalman filter block's prior time
step estimate of the previous location is employed, and the system integrates the X
and Y velocity to produce the current estimated position in the X and Y. The starting
conditions are reset to the falling edge of the status signal from the TCP/IP Receive
block. The confirmed state is the one that activates the Kalman filter block. The
Kalman filter [36] is based on noise from the plant and measurements. The noise
levels are computed using the original SSPPM model. With each estimation, the
model is meant to lower the size of the uncertainty bubble[36]. When the system
exits the confirmed state and must enter the lost or initial state, the uncertainty
bubble shrinks to the size of the lost or initial state. The system utilizes the received
position as the measured position and the X and Y velocity as the position commands
to reduce the size of the uncertainty bubble. The projected position from the
preceding time step from the beginning or lost state is the initial condition for this

status.

42



3- Crash Predictor Flags: this section contains the logic for turning off the drone

if there is a flight anomaly.

3.2.3 The multicopter (or airframe) model

In figure (3.9), It is built as a variant subsystem, which means that before running the
model, may choose which version of the airframe we want to run with: either the
nonlinear model for flight simulation or the linear airframe model for controller
tuning. When looking within the nonlinear model, there are two primary blocks that
can be seen. The 6DOF block and the AC model subsystem. All internal and external
forces and torques operating on the drone are calculated by the AC model block. The
quaternion representation for six-degrees-of-freedom equations of motion with
regard to the drone's body frame and the earth frame body axes is used. This

subsystem's output is a bus system that connects the status signals.
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Figure (3.9) Nonlinear quadcopter model.

3.2.4 The environment block

Bus setup

The (Figure 3.10) is a variation subsystem that allows us to choose between constant
and position-dependent environmental variables. However, because things like
gravity and air pressure do not fluctuate by less than a meter between ground level
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and altitude, the constant variables will be used for this project. However, if the goal
Is to see how high the little drone can fly, using the changing environment would
drop air pressure and density as it rises, eventually causing the drone to stall at a
certain height. So, which model to use depends on the purpose of the test. We'll
utilize the Constant Environment model for our needs.
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Figure (3.10) (a)and(b) are Constant environment and Variable environment.

3.2.5 The sensors block

The (Figure 3.11), which is also a variant subsystem, are dynamic sensors with noise
or feedthrough sensors. The sensors should be chosen to behave as closely as
possible to real-world objects. There is some hardcoded sensor calibration data and a
sensor system block that stores the models for the camera, the IMU, the ultrasound,
and the pressure sensor inside this subsystem. The condition of the system is
determined by the following sensors:

* An IMU (Inertial Measurement Unit) is a device used to measure inertial forces.
It calculates angular rates and translational accelerations.

* A camera with a lens angled downward It's required for image processing and
estimating optical flow.

* An ultrasound sensor's required for altitude calculations.
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Figure (3.11) Sensor system.

3.2.6 The flight visualization

The signals can be shown on an Aerospace Blockset toolbox-provided cockpit
display, which includes typical flying instruments such as heading, percent RPM,
airspeed and climb-rate indications, and an altimeter. The suitable states are found in
the "extract flight instruments™ (figure 3.12) subsystem.
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Figure (3.12) the Simulink 3D e.r;vironment..
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3.3 Mini Drone Linear and Nonlinear Controller System Design

and Analyzing

In this section, have improved the height controller in the drone, thus improving the
altitude controller by using (PD) and tuning the values of (Kp and Kd) in the altitude
controller of the Parrot Mini Drone Mambo to make it more bearable to external
influence and to maintain its altitude. We assumed that the aircraft was exposed to
bad weather conditions, such as snowfall and dust, which led to an increase in the
speed at which the drone fell.

3.3.1 Design Altitude controller

Used Parrot mini drone-Mabo, the figure (3.13) The Mambo is controlled by a
computer. A built Simulink model is utilized to simulate the desired flight route for
this study. This program enables simulated runs with various parameters to identify
the Parrot mini drone's intended response. This is performed by controlling the
Simulink model's numerous subsystems[27].

Figure (3. 13) Parrot mini-drone fly
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Maintaining control of a UAV is necessary for a variety of reasons. UAVs must
fewer independent control inputs than grades of freedom, which causes a controller
difficulty when tiresome to retain control of wholly six degrees of freedom. This
opens up the possibility of including design elements to regulate the axes, as well as
yaw, pitch, and roll. Figure (3.14) shows a simple block chart of the needed inputs
and wanted outputs that a controller will require to successfully managing a UAV.

De.s"ed Desired Motor
Reference Altitude moment speed
trajectory
i Altitude
Position . Vehicle
’( ) ~ > Mixer
'y controller controller ™ dynamic
A
Current Altitude/Angular velocity
Desired Force
Current position/velocity

Figure (3.14) Quadrotor control system design.

The focus of this study is on the Parrot mini drone-Mabo control implementation.
Simulink is used to create the programmed controller based on a Parrot model. The
block diagram for the procedure for each flight alteration made by the Parrot mini
drone Mabo is shown in Figure (3.5). Two control rings, an external loop and an
internal loop flow continually into apiece throughout the system. The system inputs
are the location reference, estimated yaw, yaw reference, and altitude reference. The
Simulink simulation’s state estimator is divided hooked on numerous filter blocks. A
complementary filter and a Kalman filter remain employed[27].

To identify inaccuracies, it compares the reference signals generated by the path
planning algorithm to the estimated states. These are fed into the PID controllers,
which generate the commands for the actuators. The signals are then sent to the
pitch/roll (or attitude) internal loop controller by the X-Y position outer loop
controller. There is also a yaw controller and a height controller that work
independently of these controllers. A total of six PID controllers control the position
and attitude of the micro drone. Figure (3.15) and Figure (3.16) illustrate how to set
up the altitude controller as PID. In this approach, the proportional gain is multiplied
by the altitude error generated from the sonar sensor, while the derivative gain is
multiplied by the rate of altitude of the gyroscope, which is a less noisy signal than
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the ultrasound signals. It is important to note that the z-axis in the coordinate system
of drone points downwards, which means the altitude value in the control system will
always have a negative sign in front of it (expressed in meters)[6].

@—b states_estim
pos_ref @— E/J PosZ altitude_cmd f—

takeoff_flag @ takeoff flag

Altitude controller

Figure(3.15) Altitude controller block[39].
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Figure(3.16) Altitude controller structure[40].

The Mathematical Model of PID (Proportional Integrated and Derivative) and PD
(Proportional and Integrated) controller:

3.3.2 PD controller
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It is series controller, proportional and derivative controller. If we assume that we
have the system shown in Figure (3.17), the PD controller is connected in series with
the system.

R(s) E(s) Y(s)

H(\D_% Kp —aQ? Gs >
=4

- Kds

Figure (3.17) PD Controller block diagram.

e (3.57)

n

OVGI'SG(S) = m

Where G(s) is the transfer function of the system, { is the damping ratio and wn is the
natural frequency.

Ge(s) = Kp4Kg's (3.58)

Where Gc(s) is the transfer function of the controller Kp and Kd are constant value
(gain).

w2 Kds + w2Kp (3.59)
s? + 2Twy, s

GT(s) = Ge(s)G(s) =

Where GT(s) is the total transfer function.

Y(s) Ge(s)G(s) w2Kds + w2Kp
R(s) 1+ Gc(s)G(s) s2 + (2{w, + w2Kd)s + w2Kp (3.60)
wih
TS24 2{wns + w3

Where the Y(s) is the output signal and the R(s) is the input signal.

To control the damping coefficient and natural frequency, two variables (Kp and Kd)
were selected in two equations to allow for full control over the system[29].

3.3.3 PID Controller
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It is a cascade controller, proportional, integrated, and derivative controller. If we
assume that we have the system shown in Figure (3.18), the PID controller is

connected in series with the system.

R(s) E(s) U(s) Y(s)
Controller Controlled
GL‘[S} process >
A Gp(s)
Figure (3.18) PID Controller block diagram.
w2 (3.61)
G(s) = S2+20wng
Ki .62
Ge(s) = Ky Kgs + s (362)
2 2 217
w 2, Wi Kp s + wiKi
T = — _nKds®+ 1 n
G Ge(9)G(s) s34+ 2{wy;s s? (3.63)
Y(s)  Gc(s)G(s)  wpKds® +wiKps +wiKi
R(s) 14 Gc(s)G(s) s34+ (2¢w, + w2Kd)s? + wZKp
_ Wi
~ s34 (a+2¢wn)s? + (2alw, + w2)s + aw? (3.64)

To control the damping coefficient and natural frequency. Three variables are to
be selected (Kp, Kd, Ki) in three equations, thus we have full control over the
system[29].

3.34 The method that used in the design of altitude controller
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In this chapter, we developed and improved the altitude control structure shown in
Figures (3.15) and (3.16).These PID controllers contain force and torque commands
as outputs, which are then communicated to the mix motor algorithm (MMA)
(Figure(3.5)), which generates the required motor thrusts and converts the orders into
motor speeds. We replaced the PID controller with a type PI controller and then a
type controller PD in the first step and found the best of the three types in system
stability. The controller was simplified, as figure (3.19). The " auto-tuning " method
found the value of KP and Kd were found by the "auto-tuning" method.

-0"Vehicle Airframe.mass

Feed forward term to
Wi compensate for gravity

PID Controller for
Altitude
@O—
PosZ

pitch/roll
error  P_z1

J o~
<dz> 'I,/ d
D z1

) :
altitude_cmd

states_estim

Figure (3.19) Altitude controller.

The second method to increase the efficiency of the system was to apply a
disturbance such as dust or snow on the vehicle, thereby increasing the value of the
block named (g*vehicle*mass) representing the mass of the vehicle. In doing so, the
system became unstable, which led us to tune the value of Kp and Kd until we could
improve performance through trial and error. We eventually obtained a good result as
the system was able to remain stable even as it was affected by the bad weather.

Figure (3.20) summarizes the steps of the work that was undertaken.
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Print “parrotMinidroneCompetitionStart” in the
command window of MATLAB R2021a
7
Open the Altitude controller subsystem that shown in
figure (3.15)
M
Convertthe PID controllershown in figure (3.16) to PD

controller shown in figure (3.19)
Y

Increase the value of (g) and run simulation

If the parrot fly
stable

Increase the valueof Kp andKd to 1.4 and 1
)

Run simulation

Figure (3.20) Work flow algorithm.

Tuning the PD controller: a linear model is required to tune the controllers since
nonlinear models, notwithstanding their simulation accuracy, are not ideal for
controller design. The height controller will be tuned in this section using Simulink's
‘PD tuner’ tool. The controller simply indicates the height to climb or drop to using a
positive or negative command. The linearised controller model used for tuning is

shown in Figure (3.21) below[41].
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Figure (3.21) Tuning is done via a Simplified Altitude Controller.

By opening the PD block, the ‘autotuner’ is launched. It linearises the control loop.
The program then shows the linearised version’s closed-loop response, allowing you
to tweak the system’s reaction time and transient behaviour (as shown in Figure

(3.22)).

$top Pt Refrenca trcking

................
................

Ampl tude
S . T Y T T

Figure (3.22) PID Tuner App on Simulink

Due to the elimination of nonlinear components, the dashed line of the response
signal does not have the same simulation behaviour as the solid line, but it is still
useful for tweaking purposes. Following gain selection and brief hardware testing, it
became clear that the hardware does not behave as planned as it is unable to take off
correctly. In this scenario, the issue has an impact on the feedforward term. If it is too
low, the algorithm assumes that the drone's weight is lower than it actually is, or that
the thrust is greater than it actually is. As a result of the reduced proportional route,
the controller has more trouble controlling the remaining weight and it is unable to
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lift off. The drone can eventually take off if the value is increased by approximately
25%[42].

3.4 Improving the Size of the Propellers of the Parrot Minidrone

and an Impact Study on its Flight Controller System

In this section, projected turbulence onto the UAV. So imposed the increase in the
weight of the drone caused by this disturbance. In order to make the plane withstand
these weather conditions without falling and crashing, calculated an appropriate
increase in the area of the plane's wing and indeed applied this in the MATLAB-
R2021a Simulink program, and got good results. The new design of the propellers
demonstrated the plane's ability to carry an extra payload of approximately one-third
of the weight of the plane.

3.4.1 Methods of the propellers size design

The reference mass of vehicle is (0.063 kg) plus motor (0.030 kg) get total mass
equal (0.093 kg)[43],[37],[43] increase to (0.105 kg) in Simulink block. The drone is
flying and is stable if the force of lift (L) that gets from the rotation of the propellers
is equal to the force of attraction of the earth to the body (F) as shown in Figure
(3.23), where

L=05xpxAxXVZxC (3.65)

and F = mg (3.66)
P = Air density constant (1.3 kg/m?).

A= area of propeller (Area of the orthogonal projection of the propellers)(0.0036 m).
V= propeller speed.

C= lift coefficient.

m= mass of drone.

g= constant of gravitation (9.81 m/s%).
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Lift force

F=mg

Figure (3.23)

Under normal flight conditions the vehicle mass is (0.093kg)
F=mg=0.093*9.81 = 0.91233 N = lift force
L=05XpXAxXV2xC

V2 x (= 0.91233 _ 390
"~ 0.5x%x 1.3 %x0.0036

Under the influence of bad weather conditions, when we assumed an increase in
vehicle weight from 0.093 to 0.105 kg), we can determine the area of propeller as
below:

L 0.105%9.81
A= = = 0.004 m?
0.5 XpxXV2Zx( 0.5X1.3X390

Note, we have changed the weight of the drone and the area of the propellers from

the icons shown in Figure (3.24).
Wi Variables - Vehicle

Increase mass from Vehicle
this icon cE| 11 struct with 5 felds
Field Value
lﬁSixDOF Ix1 struct
[ﬁ PositionOnEar.. 1xT struct
Increase propeller |:E)Airframe Ix1 struct
area from this icon ——)ERotor ol stuct
|i} Motor 1 struct

Figure (3.24)
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The Table (4.2) shows other experiments. We repeated the same procedure to
calculate the area of the new propeller in each case, and we got the same good results
after applying the new results in Simulink. We discovered that the propellers area
cannot be increased by more than 0.0045 m?, because the size of the propellers must

be proportional to the size of the frame[44].

Open Matlab program

v
Print (ParrotMinidroneCompition) in the command window
Vi
Run simulation of parrot minidrone
v
Go to workspace and open vehicle icon
W

Increase the mass of drone (5g)

I_\V

Run simulation

Yes

If the drone fly
stable

Determine the area Ofpl'?pellﬂ' using (6 and 7 equation)
07

Add the new areain the rotor icon and run simulation to get good results

——

Figure (3.25) Algorithm of work

3.5 Path design using simulation

Path planning, Figure (3.26), in the Simulation support package for parrot mini drone
subsystem, has two block designs to assure appropriate Parrot mini-drone flight. This
initial design block contains the logic for landing the Parrot mini-drone, which will
be triggered if a warning flag is engaged or if the flight time is shorter than five
seconds. The waypoint follower system was adjusted in the second half of this study
[39].
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Figure ( 3.26) Path planning

The waypoint follower from the Robotics System Toolbox UAV library calculates

the required yaw, heading, and look ahead point [39]based on the PMD location,

WPs, and look ahead distance [39], as shown in Figure (3.27). The way point field is

filled up with the desired way points for this research, as specified by:

[00-1;150-1;1515-1;015-1;00-1;150-1;1515-1;015-1;00-1].

The height (1 meter) at which the drone navigates the square route is represented by

the z axis value of -1.
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Figure (3.27) Simulation support package mini-drone of the Parrot mini-drone

modified lower level waypoint follower.

The chosen waypoints, Figures (3.28), are intended to simulate all flight
movements and rotations for the Parrot. Each waypoint has various requirements for
intended position, yaw, pitch, and roll. The order and direction of flight for the
intended Waypoint objective sites are shown in Figure (3.28).

0.5
X (m)

Figure (3.28) A waypoint for the Parrot mini-drone flight path planning.
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We also set the transition radius parameter to 0.5 in the waypoint follower block.
This number is used as the radius around a waypoint within which the drone begins
moving towards the next point when it approaches it. If the transition radius is set to
0.5m and the drone is 0.5m away from the waypoint, for example, the drone will
begin traveling towards the next waypoint. With a decrease in the value of the
transition radius, the accuracy of reaching a chosen waypoint improves.

60



Chapter 4: Experimental Setup and Simulation Results

4.1 Introduction

In this chapter, we have explained and clarified all the results we reached in this
research; and the researchers discussed each part of them in detail; at the end of the
chapter, made a comparison between the results we achieved with the results of

previous researches.
4.2 Results of Altitude controller design

In the reference conditions when the drone flies in suitable weather, we obtained

the following results (Figure (4.1)):

Kp=0.8, Kd=0.3, (=0.707, wn= 190 Hz

Position Z Altitude
3k z q
az
2L FD output 4

0
-
T
L

Fosition (m)

a2t i
3t i

0 0.5 1 1.5 2 2.5 3 35 4
Time (s)

b=
w [
w

Figure (4.1) Reference results of PD controller
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We increased the drone’s weight to impose the falling of dust or snow due to bad
weather conditions by changing the value in the block (-g*vehicle. airframe. mass).
This is the plane’s weight multiplied by the body’s free fall constant (g = 9.81 m/sz).

The negative sign indicates that the body is increasing.

We increased the value of the constant (g) to -12.81 to impose an increase in the
weight of the aircraft. This resulted in the system becoming unstable, and we attained
the results shown in Figure (4.2).

Position Z Altilude
Z
4r dz
PO output
2 L
E o
5 ——
2 a2t
o
Ak
s
_B i 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4

Time (s)

Figure (4.2) The result with disturbance .
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To improve the system’s response, we changed the values of (Kp) and (Kd) via the
‘autotuner’ method. The system responded the best when (Kp) was 1.4 and (Kd) was
1 (as shown in Figures (4.3) and (4.4)).

B T T T T T T T T T 1

Position Z Altitude
3 I~ —Z d
dz
2+ PD output b
1 r -
.,__.- ':'
k=]
zaf |
o
2k )|
3t |
4 I -

-5 L i i i I I L
35 4

Lad
-
[
wn

0 0.5 1 15 2 25
Time (s)

Figure (4.3) The new result with disturbance after convert the value of Kp and Kd.
We can summarize the results as shown in the Table (4.1) below:

Table (4.1) The table below shows the system's response to the different
controller states with their gains values and their relationship to the value of (g).

Type of
. System kvahi .
No. COT;:OI Kp | Ki | Kd response g*vehicle.airframe.mass
_ *
1 PID | 08 |024| 05| sStable | 281"
vehicle.airframe.mass
-9.81*
2 PD 0.8 0 0.3 Stable . .
vehicle.airframe.mass
3 PD 08 | 0 | 0.3 | Unstable -12.81%
' ' vehicle.airframe.mass
-12.81*
4 PD 1.4 0 1 Stable vehicle.airframe.mass
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4.2.1 Discussion of the results

Unmanned aerial vehicles (UAVsS) may be a valuable asset in search and release
missions. However, to realise their full potential, all parameters that can touch the
flight of UAVs must be properly accounted for, such as the excellence of sensory
operations (which can vary depending on the location of the UAVS). Most previous
studies in the literature focused on the parts of the controllers in drones, especially
the altitude controller. Many researchers, as explained in the introduction chapter,
employed many modern and complex techniques. In this research, we used a parrot
mini drone in our experiment, where we tested the performance of the plane using
PD, and after subjecting the drone to some disturbance and changing the values (Kp
and Kd) by auto-tuning in the simulation, we obtained good results by applying that
in the MATLAB simulation. Figure (4.1) shows the altitude of aircraft Z and the
estimation altitude dZ as well as the output of PD, where it can be noted that the
drone is flying at a fixed altitude until the end of the specified implementation time,
but when we introduce disturbance in the altitude controller (increase g to -12.81),
the drone falls down after 3.5 seconds of flying, as shown in Figure (4.2). Figure
(4.3) and (4.4) presents the results obtained after a change of values. KP and KD are

exactly identical to the original results before the disturbance was added.

4.3 Results of the propellers size design

The experiments are listed in the Table (4.2) below. We used the same approach in
each case to compute the area of the new propeller, and we received the same good
results in Simulink after applying the new results. We observed that because the size
of the propellers must be proportionate to the size of the frame, the area of the

propellers cannot be raised by more than 0.0045 m?.
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Table. (4.2) The table below shows the area of the new propellers for each
increase in the weight of the aircraft. We note that the best space for the
propellers is (0.0043m2) which fits all the weights in the table as well as the
original weight of the aircraft

Calculation The results
New weight (kg) | propellers area
(m?)
0.105 0.004 The drone fly and stable
0.110 0.0042 The drone fly and stable
0.115 0.0043 The drone fly and stable
0.120 0.0045 Unstable system

We was draw the input and output signals for all the controllers in the flight
management system in the presence and absence of turbulence. Drawing the results
of turbulence after increasing the area of the propellers to make the plane able to bear

some extra weight due to weather conditions. As follows:

4.3.1 X-Y position controller

Outer loop controller for X-Y positions. It makes the drone return to its original
position and the original location (0, 0). Delivering the signals to the internal loop
controller for pitch/roll (or attitude).

yaw
<yaw & Xy_em body—H  P(z) J :
+ 0 eath oo Velocity
Poson - Posilon controllgetpoint
poskY, Posiion error ransfomalion

selpgint

num(z)
—t .\
deniz) 'D Pitch,Rol] .

e— Gl SEIUOIT?IICh-w‘-md
Filter to avoid oscilations
induced by position cantroler

Velocity controller

(Earth to Body frame)

Inner loop conlrols linear velocity error

Quter loop controls the position error
. <X3<y>
I 00siY

pich_ ol cmd
stz esim

o 2
Position Confroller C}

slales_estim

Figure (4. 5). X-Y position blocks and structure controller.
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Figure (4.8) The input and output signals of XY position controller after increase the

area of propeller.
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4.3.2 Attitude position controller

Controller for the internal loop. These PID controllers contain force and torque
commands as outputs, which are then communicated to the (Motor Mixing
Algorithm) MMA (figure 3.5).

- P(z) . PIDEZ) [ tau_pitch
oyt pitch/roll pitch/roll
feiAtiuee error error 7
Angle control loop Angular velocity control loop || tau_rol
I refAtituce tau_pitch tau_roll
y Outer Proportional loop
trols the pitch
<pich>| | <rol> :;?;s;e e pich and <« |<p> '“"‘:”TOP P'[I’ -
I states_estim tau 1ol F— Iﬁ{_' HH controls angular velocity
2
Attitude Controller states_estim

Figure (4. 9) Attitude blocks and structure controller.
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Figure (4. 10) The Altitude controller input and output signals without disturbance.
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Figure (4. 12) The input and output of Attitude controller signals after increase the area
of propeller.

4.3.3 Yaw controller

These PD controllers contain force and torque commands as outputs, which are then
communicated to the (Motor Mixing Algorithm) MMA (figure 3.5).
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Figure (4. 13) Yaw blocks and structure controller.
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Figure (4. 16) The input and output of yaw controller signals after increase the area of
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70



4.3.4 Altitude controller

The altitude controller is set up with a PID controller. In this approach, the
proportional gain is multiplied by the altitude error generated by the sonar sensor,
and the derivative gain is multiplied by the gyroscope's altitude rate measurement,
which is a less noisy signal than the ultrasound signals. It's important to note that the
z-axis in the drone's coordinate system points down, so the altitude value will always

have a negative sign in front of it in the control system (expressed in meters).
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Figure (4. 17) Altitude blocks and structure controller.
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Figure (4. 18) Altitude controller input and output signals without disturbance.
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Figure (4. 20) The input and output of altitude controller signals after increase the

4.3.5 Discussion the results of propeller's size

Most of the previous research focused on how to maintain the safety of the drone in
various weather conditions. Some research has developed control units for drones
and made them fly as stable as possible. Some research has developed and added
sensors for the plane. Others are concerned with battery life. We explained this in
detail at the beginning of the research. In this study, we have imposed an increase in
the aircraft's weight by bad weather. We have extracted the results for each controller
in the case of good conditions and bad conditions. We have noticed that the increase
in the reference weight of the aircraft is leading to a significant defect in the flight of

the aircraft, which causes its collision and crash, as illustrated in the method section
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in Table (4.2). We did the experiment using the Matlab program and got good results
that were completely identical to the original results, as shown in the results section.
We chose to extract the results of one trial because we got the same results in all the
different cases . As shown in the Table (4.2).

When the weight and lift are in opposite and equal directions, the aircraft is in
equilibrium in the air; it does not rise or fall. When the lift and resistance are in
opposite and equal directions, the aircraft is at a constant speed. Lift is the force
generated by the area of low pressure along with the upper layer of an aircraft's wing
when compared to the area of high pressure along with the lower layer of the same
wing. The pressure difference between the top and bottom of the wing results in a
force that pushes the wing toward the area of least pressure - that's lifting. According
to the experiment that we performed in this study, we proved that if the weight of the
aircraft is increased more than the lift force, the increase in the propeller area by a
certain amount has a significant impact on maintaining the stability of the aircraft

and preventing it from falling and crashing.

We notice in Figures ((4.6), (4.10), (4.14) and (4.18)) that the drone has completed
its flight to the end of the time period specified in the simulation, which is 100
seconds without disturbances. But after increasing the weight of the drone by a
certain amount, the results showed in Figures ((4.7), (4.11), (4.15), and (4.19)) that
the drone, after (19-20) seconds from the time of take-off, a defect occurred in the
plane’s system and was subjected to collision and fall, and after improving the size of
the drone’s propellers by a certain amount, the drone continued its flight normally as
shown in Figures ((4.8), (4.12), (4.16) and (4.20)).

4.4 Results of path planning

Figure (4.21) shows how the command inputs for yaw, pitch, and roll for the Parrot
mini-drone are compared to the overall time in seconds taken for the simulated flight.
When the system reaches the target Waypoint, it marks it with a green line. At the
end of every Waypoint destination objective, there is a noticeable increase in input.
This is due to the Parrot making the necessary changes to orient the location of the
next Waypoint. After the initial command inputs to the motors, the graphs reveal

very little noise.
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Figure (4. 21). The three rotation of Parrot mini-drone (Yaw, Pitch and Roll).

The response for each axis and range of motion, as well as the errors associated
with each axis, are provided in this section. The X, Y, and Z-axis responses during
the Parrot's full flight are shown in Figure (4.22). Time is shown against the relevant
axis location in meters in the figures. A green line runs through each Waypoint.
Figures (4.21) and (4.22) separate the axes and rotations into separate plots, allowing
you to see the reaction for each one separately. There is a little disruption and a delay
in flight from the beginning to Waypoint2 in all plots. The delay is caused by the
SSPPM design, which has been modified to start the simulated model one meter off
the ground when it is initialized. Because the model adapts to the right location using
the Kalman filter that is incorporated, as well as the reprogrammed control systems

developed inside the Simulation support package of Parrot mini-drone, the disruption

is more noticeable at the start of the simulation.

74



1.5

0.5

Position(m)

Waypoint 1
and 5

X
Y

Waypoint 2
and 6

10

Waypoint 3
and 7

20

Time (seconds)

30

Waypoint 4
and 8

40

Figure (4. 22) The PMD's distance response on three axes (X, Y, and Z).

4.4.1 Cross tracking error

Cross track error from UAV position to path, returned as a positive numeric scalar in

meters. The error measures the perpendicular distance from the UAV position to the

closest point on the path (as shown in Figure (4.23)). The cross error of this path is
0.3 m (as shown in Figure (4.23)).
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Table (4.3) A comparison between the results we have reached in our study with
the results of similar studies.

No. Our research J. Chaoraingern, Micahid
results et al[45] Ridvan
Kaplan, et
al[15]
1 Design (PD) Kp=1.4 Kp=1.15 When
altitude controller Kd=1 Kd=0.42 compared to its

The results we
obtained in the case
of bad conditions
correspond one
100% to the case of
flying under normal
conditions

The results were
obtained in the
case of bad
conditions
correspond one
100% to the case
of flying under
normal conditions

PD equivalent,
the FPI-PD
control system
improved the
x-axis settling
time value by
58 %.

2 Path planning The error of the The error of the | The error of the
path=0.3 m path=0.000 m path=0.1 m
3 Improved the A=430mm E. Kuantama, et S. Yadav, et
propellers size | The results we al [44] al[46]
obtained in the case
of bad conditions
correspond one
100% to the case of
flying under normal
conditions Adding a cover to | In RC drones,
a 406 (mm) maximum
propeller, also propeller sizes
known as a range from 4 to

ducted propeller,
can improve its
performance.

12 inches (305
mm).
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Chapter 5: Conclusions and Future work.

5.1 Conclusions

Design implementation and analysis the flight management system of drones and
improving their size and function is one of the important and modern issues that
concern researchers at the present time because drones are characterized by their
speed and ease of movement, as they perform many important functions for humans.

In this study, we designed a control unit for the height of the drone for a control
device of type (PD) and we set to calculate the values of (Kp and Kd) using the
Matlab Simulation program. With this controller to withstand a pulling force
downward greater than the force of Earth's attraction to the body, while previous
studies worked to develop the control unit by making the drone more stable in
normal weather conditions.

Also improved the size of the propellers of the drone, and the results proved that
the drone is able to carry an additional weight equivalent to one-third of the weight
of the plane. Using a coordinate follower from the Robotics System Toolbox UAV
library, we mapped the path of the UAV and found the error in this path, and the
error rate we reached was close to the results of previous research as shown in the
Table (4-3).

The first chapter of this research is an introduction to the topic, an explanation of
the research problem, its objectives and contributions, and a review of the most
important studies and previous research on this topic. In the second chapter, present a
complete study of the parrot drone, explaining the mathematical model. In Chapter
Three, explain the parrot mini-drone simulation model and the methodology used to
design the altitude control system for this aircraft that works with linear and non-
linear designs and has the ability to withstand greater downward resistance than the
older design, the methodology used to optimize the size of the drone's propellers and
we made the drone to trace the layout of a particular path and we determined the
error rate of this path. In the fourth chapter, presented our findings in this research
and discussed these results. The fifth chapter represents the summary and future

work. Applied the new results in MATLAB and got good results.
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5.2 Future Works

In this section, we have proposed a number of important topics for

future work that can be done as the follows in the future:

1. Applying the steps we've taken in this search on micro drones and
larger drones

2. Design and implementing the sensor's block in the Parrot mini drone
by using sensors to skip barriers, location sensors, and other sensors.

3. Studying the impact of noise on sensors.

4. Creating new parrot mini drone controllers to achieve the best
results.
5. Programming the drone to follow different and complex paths,
calculating the error percentage in these paths, and choosing the best

path.
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