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ABSTRACT 

This work shows the design and implementation of the height control system for the UAV (Unmanned Aerial 

Vehicle) quadrotor AR. Drone 2.0 making use of a fuzzy logic in a previously established environment. This device has a 

height control system both in simulation and in the real platform. Three controllers are developed by fuzzy logic whose 

parameters are obtained from the drone's sensors in such a way that it allows to control height and angles of orientation 

(Pitch, Roll and Yaw) as long as certain levels of battery charge are considered so that the system do not become unstable. 

For the visualization and interaction with the drone, a Matlab interface is designed and implemented. It allows 

communication between the user and all system functions in such a way that the mode of execution can be chosen, 

following the reference parameters autonomously, store data for a later analysis, visualize the displacements to observe the 

efficiency, among others. 
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1. INTRODUCTION 

The Unmanned Aerial Vehicle (UAV) was 

developed some time ago. However, nowadays its use has 

increased exponentially due to its easy access. Drones are 

the most popular ones as they are tools that can carry out 

multiple applications which simplify human work. For 

example, they can be used in journalism to capture 

different perspectives [1], in crop spraying [2], for goods 

transport and shipment [3], in search and rescue, in 

agriculture, among others. 

At the academic and research level, there has 

been an exponential progress in the importance of the 

implementation of new technologies that support the 

human being in different high-risk works that present a 

high risk, such as the use of UAV due to its versatility. 

The continuous research in the mechanics, functionality 

and applications of the UAV has made them more widely 

available, allowing knowing their classification that varies 

depending on their components. One of its classifications 

depends on the propellers the UAV has, in case of having 

four propellers it is known as quadrotor and one of the best 

known in the market is the AR. Drone 2.0. 

The constant technological advance has made that 

the AR. Drone 2.0, considered a highly complex system, 

can be used through intelligent control techniques that 

regardless of its complexity, do not require its 

mathematical model as proposed in the Universidad 

Tecnológica De La Mixteca, México with a fuzzy control 

of a quadrotor for the autonomous tracking of trajectories 

through fuzzy logic by means of the design and 

implementation of 4 controllers, one for each Euler Angle 

(Pitch, Roll and Yaw) and one last for the height; in 

addition, a control panel is presented from which the flight 

functions can be executed. In general, it was obtained a 

good response, although sensitive to disturbances, 

presenting multiple oscillations in the results obtained, 

despite that the controller's performance was of quality. 

[4]. 

At the national level, there is already research 

done in the field such as at the Universidad Católica de 

Manizales, where the design and implementation of the 

flight control system of a UAV are established. For the 

flight control a compass and artificial horizon using 

Arduino-Processing -MPU6050 are implemented. This 

software allowed the drone to perform a stable flight. [5]. 

In the Universidad Surcolombiana, the design and 

implementation of an inertial guidance system for the 

autonomous flight control in a UAV is proposed. In order 

to achieve this, the inertial guidance system is designed 

making use of the different measurement instruments that 

the UAV is supplied with, so as to, by means of a DCM 

algorithm, calculate the data referring to the angles of 

Euler for its subsequent correction. Results were 

satisfactory, showing the good performance of the inertial 

guidance system. [6]. 

Instrumentation is an important part when 

executing the control. Therefore, the control therefore it is 

indispensable to make use of sensors to measure the 

different variables related to the flight. The use of the 

Matlab software [7] makes it possible to create a graphic 

interface that is intuitive and friendly in such a way that it 

allows communication between the model and the 

computer. 

This work seeks to design and implement a 

height control system applying fuzzy logic for the 

quadrotor AR. Drone 2.0 in a controlled environment. The 

work is structured as follows: Initially the design and 

development are shown through the AR Drone Simulink 

Development-kit v1.1; the fuzzy control and the interface 

are designed through Matlab. After the implementation 

and flight tests are carried out to finalize the conclusions. 
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2. MATERIALS AND METHODS 
 

2.1 Block diagram of the entire System 

Figure-1 shows a block diagram of the entire 

System implemented.  

 

2.2 AR Drone Simulink Development-Kit V1.1 
To develop the control system and its 

corresponding graphic interface it is decided to work with 

the Matlab software, as it has a specific development 

package to work with the AR Drone 2.0. 

 

 
 

Figure-1. Diagram of hardware block. 

 

This development kit [8] includes blocks and 

examples to simulate the control or implement it in the 

drone directly in real time as shown in Figure-2. The 

simulation blocks have an approximate model based on 

previous identifications of the vehicle, in turn the real 

control part allows to send and read the data of the 

necessary variables for the flight of the drone in real time. 

All of the above allows the user to control position, speed, 

tracking of trajectories in a simulated way as well as to 

execute them in a real way by means of the Wi-Fi control. 

This kit was developed in 2013 for the Math Works 

research practice projects. 

 

 
 

Figure-2. Block diagram of the AR. Drone Simulink 

Development-kit V1.1 

 

To The blocks shown in Figure-2 are explained 

below: 

Block A. AR. Drone Wi-Fi-Block/ AR.  

Block B.  Position Estimation 

Block C.  Visualization of Drone States. 

Block D. Baseline Controller. 

Block E.  Guidance Logic. 

 

The way to operate the real model of the 

development kit for the A.R Drone 2.0 can be summed up 

as follows: 

a) Enter the desired trajectory in getWaypoints.m. 

b) Process the trajectory in the Guidance logic 

subsystem. 

c) Control the trajectory in the Baseline Controller 

subsystem. 

d) Send the corrected data to the drone from the A.R 

Drone Simulation Block subsystem. 

e) Receive the data of the drone from the A.R Drone 

Simulation Block subsystem. 

f) Estimate the position of the drone in the Position 

estimation subsystem. 

g) Visualize the position of the drone in the 

Visualization of Drone states subsystem. 

h) Send the data received from the drone to the Baseline 

Controller subsystem to correct these. 

i) Repeat everything from step 3 on the points is 

finished. 

2.3 Fuzzy Control 

For the control stage, fuzzy logic is used due to 

its useful advantages for the project as its ease of 

implementation, and in this particular case the Fuzzy 

Logic Toolbox of Matlab/Simulink is used [9]. In addition, 

fuzzy logic has a great performance against non-linear 

systems or difficult modeling because it does not depend 

on complex and extensive mathematical equations and, 

most importantly, it is not necessary to know the 

mathematical model that governs the functioning of the 

system; As the drone is an aerial vehicle, it presents a 

complex and extensive modeling of its system. The use of 

the Fuzzy Logic Toolbox from Matlab / Simulink allows 

to build and analyze the results of a fuzzy inference 

system (FIS) by means of its various components. 

The Matlab fuzzy logic tool allows to choose the 

kind of fuzzy system to work between Sugeno system and 

Mamdani system. In this case the last one is chosen since 

it has greater similarity with human analysis and greater 

acceptance; however, it should be pointed out that the 

Sugeno system is computationally more efficient. 

For this project four fuzzy controllers are made, 

one for each Euler angle and additional for the height by 

means of three different fuzzy inference systems. In 

general, all systems share two inputs, one reference and 

the other is the signal from the drone. In the output a 

variable is shown which is sent to the vehicle. It also 

performs the process of desfusification by the centroid 

method which determines the output of the fuzzy system 
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finding the center of the area under the curve of the 

membership function that is relevant. At the moment it is 

emphasized that the height control system is designed for a 

maximum elevation of two meters. This height is chosen 

as a reference for the project, but the drone used can reach 

heights of 50 meters ideally. 

As shown in Figure-3 for height, nine 

membership functions are used in both the inputs and the 

output. The functions of the input are of the Gaussian type 

(gaussmf) with a range from 0 to 2, expressing that the 

inputs are heights where their maximum value will be two 

meters, in addition, the functions are scattered uniformly 

throughout the range. 

 

 
 

Figure-3. Nine Gaussian functions for input variables. 

 

As shown in Figure-3, the nomenclature refers to 

the elevation states that are taken or divided the range to 

work: “Muy Bajo”, “Bajo”, “medianamente Bajo”, 

“Centro Bajo”, “Centro”, “Centro Alto”, “medianamente 

Alto”, “Alto” y “Muy Alto”, respectively. 

As for the output as shown in Figure-4, the range 

handled is from -1.5 to 1.5, which is the reference speed in 

meters per second (m/s). In this case, triangular signals are 

used, which in its lower area are wide at the ends, but as it 

gets closer to the center it narrow, since more abrupt 

changes are needed the further away from the reference 

point and the smoother the it is approaching the reference 

height. 

 

 
 

Figure-4. Nine triangular functions for the output 

variables. 

 

In order to make the control work, 81 rules are 

used that relate all the membership functions to each other. 

It is also experimented with other similar control systems 

that differ in the number of membership functions used, 

the type of function and the number of rules. 11 

membership functions are used in the inputs and the output 

applying the same reasoning used previously for the 

location of the functions. Simultaneously, so as not to 

make the nomenclature of these functions something 

tedious it is chosen to give these numerical values that go 

from - 5 through the center to 5. The number of rules used 

is 121. The other control system implemented is similar to 

the previous one, but triangular signals are used in the 

inputs spread uniformly throughout the working range. 

When controlling the steering angles the same 

methodologies mentioned above are used, but the input 

and output ranges vary as expressed below: 

For the Pitch (as shown in Figure-5) the inputs 

are the speeds in m/s, in the front or rear direction which is 

represented in its advance along the X axis. The ranges 

worked are from -2 to 2 for the input of the signal from the 

drone and from -3 to 3 (m/s) for the reference signal. The 

output of the controller is the reference angle of the pitch 

that is sent to the drone and takes values from -1.5 to 1.5. 

For the Roll (as shown in Figure-6) the inputs are 

the speeds in m/s in the positive or negative lateral 

direction which is represented in its advance along the Y 

axis. The ranges used are from -1.5 to 1.5 for the input of 

the signal from the drone and from -3 to 3 for the 

reference signal. The output of the controller is the 

reference angle of the roll that is sent to the drone and 

takes values from -1.5 to 1.5. 

For the Yaw (as shown in Figure-7) the inputs are 

the angles in radians of the positive (or negative) pitch 

(Yaw) which is represented in its frontal rotation or 

angular displacement in “φ” from the perspective of a 

spherical plane. The ranges used are from -π to π radians 
for the two inputs (signal coming from the drone and the 

reference signal). The output of the controller is the 

angular reference speed of the Yaw angle that is sent to the 

drone and values from -6 to 6 radians per second. 

 

 
 

Figure-5. Pitch in the AR. Drone 2.0. 

 

 
 

Figure-6. Roll in the AR. Drone 2.0. 
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Figure-7. Yaw in the AR. Drone 2.0. 

 

Finally, it should be stressed that the quantity, 

type and distribution of the functions as well as the rules 

used are after a heuristic analysis according to the criteria 

of the designers and knowledge about the model to work. 

 

2.4 Graphic Interface 

When designing the graphic interface, the 

"Guide" tool of Matlab GUI [10] is used, which facilitates 

the design since it is possible to interact directly with the 

elements that will make part of the interface or it can also 

be modified by means of code. To work in real time, it is 

chosen to perform in Matlab as the entire control process 

is done through this software and migrating the data from 

one program to another could give rise to problems or 

undesirable delays. 

Previously, it has been mentioned that the work is 

done in a simulated and real way; therefore, two work 

environments are created first for each form. Then an 

additional one is made where the user can freely enter the 

drone heights and time which he wishes to work with.  

Finally, a last view is designed which is displayed 

when the application starts and it is the one that allows the 

user to navigate between the first three views mentioned 

above. Next, it shows and explains the operation of each 

of these:   

 

2.4.1 General View 
Each time a view is entered; a warning window 

opens automatically, which contains instructions for the 

proper use of the interface in which it is located. 

This view, as shown in Figure-8, contains the 

buttons that allow entering the other panels, that is, it has 

the function of linking the different designed views. 

 

 
 

Figure-8. General view. 

 

2.4.2 Parameters View 

In this view, as shown in Figure-9, up to five 

reference heights with their respective flight times can be 

entered. Besides, there is a route button which loads the 

data from a single sample path of the trajectory tracking 

designed. 

 

 
 

Figure-9. Parameters view. 

 

2.4.3 Simulation View 

In the simulation window as shown in Figure-10, 

the buttons necessary to interact simulated with the drone 

model are included, as well as a space in which the drone 

performance on a graph can be visualized. 

 

 
 

Figure-10. Simulation view. 
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2.4.4 Real View 
In the "Real" window, as shown in Figure-11, the 

user can interact directly and in real time with the drone by 

means of functions of takeoff, landing etc. 

 

 
 

Figure-11. Real view. 

 

2.5 Implementation 

For the real implementation, a suitable location is 

looked for to carry out the tests as it is established from 

the beginning that it is in a controlled environment. It was 

decided to work in three places that were not affected to a 

large extent by the various disturbances such as the nearby 

Wi-Fi networks, objects in the field and mainly the wind. 

Also, it is known that the drone makes use of its lower 

chamber to detect displacement changes in any direction 

by means of image processing. Therefore, the ground of 

the place must have figures or shapes that the drone can 

differentiate in case of displacement. In the same way, the 

luminosity of the place should be appropriate, as shown in 

Figures 12 and 13. 

 

 
 

Figure-12. Drone and its interface. 

 

 
 

Figure-13. Drone in height execution. 

 

3. RESULTS AND DISCUSSIONS 

In order to control the elevation of the drone in 

flight, three fuzzy logic inference systems are designed. 

These are also used to make trajectory control. At the time 

of the Real and Simulated implementation, the systems are 

executed in three different ways for each one; The first 

form is the most basic and consists of adding a single 

reference point, that is, a flight with a fixed elevation. The 

second form consists of multiple consecutive reference 

points and the third way is to enter reference points in both 

height and space for the drone to follow a pre-established 

route. 

 

3.1 Stationary flight 

The simulated response with a fixed reference 

point obtained is shown in Figure-14, the settling time is 

quite short and the steady state error is zero, in addition it 

does not show any overshoots. 

 

 
 

Figure-14. Simulated stationary flight response. 

 

In Figure-15, the real response of the height is 

shown and differs with the simulated response in Figure-

14 since the former has a longer set-up time due to the 

communication delays between the computer and the 

drone. Also, although there are oscillations, their peaks do 

not exceed 10% of the total signal, thus getting a minimum 

and acceptable error. This behavior take place constantly 

in the flights performed. 
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3.3 Flight multiple points 
For the execution of the flight in multiple 

elevation reference points, three heights (1.7 meters, 1.2 

meters and 0.7 meters) are used.  

 

 
 

Figure-15. Real stationary flight response. 

 

The simulated response with multiple reference 

points is shown in Figure-16 where the good performance 

of the control system is shown under ideal parameters, 

thus having a near-zero error and a short establishment 

time. 

 

 
 

Figure-16. Simulated response with multiple points. 

 

 
 

Figure-17. Real response with multiple points. 

 

In Figure-17, the real response is shown, although 

the reference points are at different elevations, the 

performance of this is still optimal as the steady state error 

is less than 10% and the establishment times are 

minimum. 

 

 

 

4. CONCLUSIONS 
A height control system was successfully 

designed and implemented using fuzzy logic for the 

quadrotor AR Drone 2.0. The use of fuzzy logic does not 

require the mathematical model. In addition, a Mamdani 

type system was designed as it is more accepted at an 

academic level, although if it is required that the system 

has a higher computational efficiency, it is recommended 

to use a Sugeno system. To use the systems of fuzzy logic 

inference it is necessary to have a wide knowledge of the 

system to work with since this eases the development of 

input parameters, output parameters, the quantity and the 

type of membership functions per variable, the number of 

rules to be used and how it relates to each other so that the 

response of the system is as expected. 

Fuzzy inference systems can rely on gains located 

at the inputs and outputs of its system. However, a good 

determination of the ranges to be used can substitute these 

gains. The membership functions were used in such a way 

that they were transposed to each other to reduce the 

uncertainty of the system as well as use functions such as 

triangular or Gaussian type one or type two. It is also 

advisable since the data is fully delimited. Nevertheless, 

the use of Gaussian-type membership functions is 

considered superior since the most relevant section will be 

a set of values and not a single value as in the triangular 

functions. 

In terms of the number of membership functions 

to be used if there are few ranges of values contained 

should be very broad which can trigger the system has 

greater uncertainty. On the other hand, if too many 

functions are used for membership it can be solved as each 

level will be very well defined by a minimum range. 

However, since the fuzzy systems work by evaluating the 

parameters of the inputs to determine an optimal output if 

the functions are large, the decision making takes more 

time as it will have to evaluate more cases and the 

computational cost will be higher. For this reason, it is 

advisable to work with the largest number of membership 

functions for greater accuracy but always taking care that 

the equipment where the control system is running can 

support the computing. 

To establish the rules, it is expected that the 

membership functions relate to each other, covering all 

possible cases, resulting in an optimal response for the 

system; therefore, the greater the number of membership 

functions, the greater the number of rules that relate them. 

At the moment of controlling the system, it was 

intended to do so only on the Z variable since it is 

responsible for the elevation of the drone. However, when 

working with it, it is realized that the elevation is strongly 

related to the behavior of the other variables, that is, Pitch, 

Roll and Yaw. This takes place since the elevation only 

determines the power of the propellers of the drone so that 

the angles of Pitch and Roll and maintain the desired 

spatial position the vehicle without unnecessary 

displacements and the Yaw so that the drone does not 

rotate on its same axis arbitrarily. 

The surface on which the drone is located for the 

execution of the flight should be even as the drone 
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determines its height based on the most immediate 

measurement below it. Then, if there are uneven or blunt 

objects they can directly affect the performance of the 

control system. Additionally, the surface must have colors, 

figures or shapes that identify it because the drone detects 

its displacement changes by means of the camera located 

at the bottom, if the ground is plain or the light conditions 

are not optimal, the drone will not perceive the changes of 

position or at least not quickly which will cause the 

control system is not executed efficiently. 

The drone is made of lightweight materials which 

makes it not a very robust system especially in the 

presence of the wind which disturbs it considerably, 

making it deviates from its reference points during the 

flight; nearby wireless networks can affect the 

communication with the drone, another very important 

factor is the level of the battery because when this is less 

than 35% the whole system is compromised by the lack of 

power which will greatly complicate the controllability of 

the vehicle. 

Data obtained from the tests performed show that 

when using a greater number of membership functions, the 

response of the system improves. For this particular case 

the data obtained from the flights that are implemented in 

the fuzzy control system with 11 membership functions 

are better than those obtained with the fuzzy system that 

only has 9 functions. 

In general, it is worth mentioning that the 

performance of the three fuzzy controllers was as expected 

since their responses did not show an error over 10% and 

their establishment time was not very high. 
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