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Abstract - In this paper, a full approach of modeling and
control of a four rotor unmanned air vehicle (UAV) known as
quadcopter aircraft is presented. The main features of the
quadcopter’s structure are across-shaped aerial vehicle, cross
intersection columns leading to composition of two diagonals
of a square. Four motors have been attached to the end of the
cross intersection. The body angular rate (w ) of all motors is
the key to the control of the quadcopter. The dynamics system
modeling is examined to understand the force growth in play.
The control algorithm is represented by the smart Fuzzy
controller address the stability and robustness. The genetic
algorithm (GA) is involved in constructing the flight controller
due to its effectiveness and efficiency in optimization of the
control systems. The control strategies represented by the
smart Fuzzy controller was linked with the GA to obtain
further improvements in the system response in both the
transient and steady states. The GA is used as an optimization
technique because it is becoming a very common tool for
resolving optimization problems and it is employed to
effectively secure optimal solutions. The Matlab Simulink is a
great tool which was used to test the efficiency and the
accuracy of the developed system.

Keywords - Quadrotor, Fuzzy Controller, Unmanned Aerial
Vehicle

I. INTRODUCTION

UAVs are an important part of scientific study in both
the military and space studies. As a substitute for human
piloted vehicles, they are advantageous to protect human
life in multiple dangerous environments. Their reliabilities
in tough circumstances are much higher than their counter
parts [1]. UAV can fly autonomously or it can be remotely
controlled based on program downloaded into on-board
controller. In general, UAVs can be classified basically into
two categories, fixed wing and rotatory wing. Rotatory
wing UAVs have some advantages over fixed wing UAVs
in that they can take off and land vertically, and that they
also can keep on their position at a fixed point in 3D space.
Maintaining a position at a fixed coordinate axes is called
hovering [2].

Modeling is the scientific interpretation of the derived
equations, constraints, and logic rules, while simulation is
the verification and practical emulation of the model.
Modeling and Simulation are considered as primary
fundamentals in control engineering which are used in
course of designing a new system, improving an already
existing system or a model for which a controller has to be
designed [3].

Control of a quadcopter is not a trivial task for the
following reasons: high nonlinearity response, high
maneuverability, intensely coupled multivariable and under
actuated condition with six degrees of freedom while there
are only four motors. Researchers have designed and
implemented numerous quadcopter controllers such as PID
controllers, Fuzzy controllers, sliding mode controllers,
neuro-Fuzzy controllers [4].

The implementation of the Fuzzy logic controller has
become very popular and attractive field for the systems
with non-linear response in recent couple of decades, and it
has been presented on numerous dynamical systems. The
Fuzzy logic has also been used in the quadcopter controller
implementation. In the more recent projects conducted by
N. I. Vitzilaios, and N. C. Tsourveloudis, they used a Fuzzy
controller for achieving the altitude response and hovering
control of quadcopter [5]. The traditional control methods
use linear practice that is fit with demands of the linear
systems behaviors only. Hence, the Fuzzy control which is
nonlinear controller is suitable for the nonlinear system
control [6].

Fuzzy controller optimization is a vital step in the
implementation of a Fuzzy control model. One can see that
the Fuzzy model with simple two inputs will have more
than thousands of possible arrangements of Fuzzy rules.
Even though applying common methods discussed
previously along with human knowledge would normally
be close to the desired response, they still face the fact that
the picked Fuzzy rules are normally not the best tuned and
meet with project demands [7].

Genetic algorithm (GA) is becoming a very common
tool for resolving optimization problems. It has been
employed to effectively secure optimal solutions for a set of
problems (e.g. operations research, mathematical problems,
hybrid techniques, medical problems, image processing,
and even political science problems) [8]. Genetic
algorithms are built on the mechanics of natural selection
and natural genetics. With GA’s abilities, it has been
developed to be a novel optimization algorithm [9]. Genetic
algorithms have been used for producing and/or tuning
membership functions of Fuzzy rules. Kane [10] has tuned
membership functions of the Fuzzy rules and Nomura et al.
[11] computed Fuzzy partition of input spaces by genetic
algorithms.
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I1I. QUADROTOR'S DYNAMIC MODELLING

The quadcopter is hovering in three dimensional space,
two different coordinate systems will appear. One is the
body coordinate system, indexed ’b’, which is influenced
by the motors. The other is the navigation frame, indexed
n’, where forces like gravitation have affected as shown in
Figure 1. The body coordinate system will move along
with the quadcopter, while the navigation coordinate system
is the reference point for the quadcopter. The reference
coordinate system can be located anywhere, but has to be
fixed once the quadcopter starts flying. In avionics the Z-
axis is normally pointing towards the earth. The quadcopter
rotation is carried out around its own axes with an angular
velocity [12] [13].
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Figure 1: Coordinate Systems

The quadcopter’s coordinate system has to be linked to
the navigation coordinates. The way achieved is by the
implementation of Euler angles. There are three Euler
angles, known as roll, pitch and yaw as shown in Figure 2.
This symbolization is often used in avionics [13] [14].
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Figure 2: Euler angles

The quadcopter’s orientation should be rotated to
determine how much force the motors have to put out to
keep it hovering. The rotations can be done one at a time.
Equation 1 indicates the matrices that can be used to rotate
about a single axis [3].

1 0 0
R, (@) =|0 cos@ sind
[0 —sin® cos®]
1 0 0 7
Rs; (@) = [0 cos® sin® (D
0 —sin® cos®]
[ cosp  sing 0]
Ry, (@) = |—sing cosp 0
0 0 11

For the calculation of the total conversion from the
body frame to the navigation frame, we can multiply
together all the three matrixes. The complete rotation
matrix is clearly annotated in Equation 2.
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The conversion from body to navigation frame is
obtained by the calculated matrix. This can be done by
transposing the result matrix C}} to be C}} by performingC5T.

Usually UAVs, including quadcopter, are characterized
by under actuated and coupled dynamics. Under actuated,
because they have six degrees of freedom (3 rotational and
3 translations) but have four actuated DOF and that the
translational and rotational dynamics are coupled. The
equations of motion are ruled by Newtonian mechanics and
their calculation are done through the appropriate choice of
modeling technique i.e. Newton-Euler formulation [15].

The quadcopter is very well modeled and represented
with four rotors in a cross symmetric configuration. As
shown in Figure 3, the front and the rear motors rotate
counter-clockwise, while the left and the right ones turn
clockwise. This structure of opposite pair’s directions
removes the tail rotor needs (needed instead in the standard
helicopter structure) [3].

.7 r position
vector

Figure 3: Conceptual Diagram of a Quadcopter

Four basic movements achieved by quadcopter.
Altitude is achieved by increasing (or decreasing) the entire
propeller speeds by the same amount. It yields to a vertical
force body-fixed frame which ascends or descends the
quadrotor quadcopter. Figure 4 shows the throttle command
on a quadcopter sketch [12] [15].

LEFT @ 7 @ FRONT
REAR RIGHT
Qut+A, Q.+,

Figure 4: Throttle movement

Throttle is achieved by increasing (or decreasing) the
left propeller speed and by decreasing (or increasing) the
right one. It results in a torque with respect to the Xy -axis
which makes the quadcopter turn. The overall vertical
thrust remains the same as in hovering; hence this action
leads only to roll angle acceleration (in first approximation).
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Figure 5 shows the roll command on a quadcopter sketch

[12][16].
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Figure 5: Roll movement

The pitching is very similar to the roll and is achieved
by increasing (or decreasing) the rear propeller speed and
by decreasing (or increasing) the front one. It yields torque
with respect to the Y}, axis which makes the quadcopter
turn. The overall vertical thrust remains the same as in
hovering; hence this action leads only to pitch angle
acceleration (in first approximation). Figure 6 shows the
pitch command on a quadcopter sketch [12] [16].
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Figure 6: Pitch movement

Yaw is achieved by increasing (or decreasing) the
front-rear propellers’ speed and by decreasing (or
increasing) that of the left-right couple. It leads to a torque
with respect to the Z, axis which makes the quadcopter
turn. The yaw movement is generated as a result of the fact
that the left-right propellers rotate clockwise while the
front-rear ones rotate counter-clockwise. Hence, when the
overall torque is unbalanced, the quadcopter turns on itself
around Z,. The total vertical thrust is the same as in
hovering; hence this command leads only to Yaw angle
acceleration. Figure 7 shows the yaw command in a

quadcopter sketch [12] [16].
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Figure 7: Yaw movement

The motion equations of physical dynamic systems
(quadcopter) are described by the Newton-Euler formalism.
It has been realized that the quadcopter system is a six DOF
system defined with twelve states.

Six out of twelve states represent the attitude of the
system (Figure 3). These comprise the angles (¢, 8,1)) and
angular rates (p, g, r) around the three orthogonal body

axes. The remaining six states are the three positions and
three linear velocities of the center of mass of the
quadcopter with respect to a fixed reference frame (earth
fixed frame) [17]. Rotation matrix is used to guarantee a
correct application for Newton’s laws of motion since
almost all measures are in with respect to the body-fixed
frame except gravity, thus, this matrix is used to relate the
motions expressed in body-fixed frame with respect to the
inertial frame [18].

Linear velocities along body axes can be transformed
into inertial frame using transformation matrix as in
Equation 2 [3] [19].

X= dat [xgyeze]” = Chluvw]” 3)
x u
=G [1’ (4)
VA w
The state equations are summarized as follow:
' X=a+b+c 5)
where:
a = cosPcosb.u
b = ( sin@sinBcos@ — cosPsing).v
¢ = (sin@sing + cosPsinBcos). w
y=d+e+f (6)
where:
d = sin@cosB.u
e = (cos@Pcose + sin@sinBsing).v
f = (cos@sinBsing — sin@cos®). w
Zz = —sinB.u + sin@cosO.v + cosPcosO.w @)

Angular rates along body axes can be transformed into
Euler rates using the transformation matrix T given below:

d
@00l =Tlpqrl" (8)
T
1 tanf.sin® tanf.cos®
= [0 cos @ —sin@ l (10)
0 secH.sin® secf.cos®
0
0
@
p
=T. [q] (11)
r
0=
p+q.tanf.sin@ +r.tanf.cos @ (12)
6 = q.cos®
—7r.sin® (13)
¢ = (.secf.sin®
+r.secB.cos® (14)
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III. CONTROL MODELING

The researches pertaining to the modeling and
controlling of the quadcopter (UAV) have increased rapidly
in the recent decades. A number of these investigations
might be summarized in following lines; Altug et al
modeled the quadcopter by using the Euler-Newton method
and worked at the stabilization based on vision and
feedback tracking control [20]. Suter et al. examined the
quadcopter control by using the image based visual servo
practice [21]. F. Shepherd et al. constructed robust neuro-
control for a micro Quadcopter [22]. Earl et al estimated the
quadcopter attitude by using Kalman filter [23]. Lee et al
implemented the quadcopter control in term of the feedback
linearization versus adaptive sliding mode [24]. Hazry et al
used a hybrid FLC as a controller for a quadcopter [25].
Astha et al. implemented a Fuzzy logic controller for a
quadcopter and compared result responses with those of
conventional PID controller [6].

The intent of this research is to come up with a self-
tuning Fuzzy controller so that it will achieve further
improvements in the system response performance in both
the transient and/or steady states in comparison with the
system response gained when either the conventional PID
or the normal Fuzzy controller has been implemented. GA-
based Fuzzy controller is proposed for controlling both the
quadcopter’s attitude and position during hovering. The
inputs scale factors of Fuzzy controller are achieved by
using the GA. A smart optimization technique and special
tuning of the Fuzzy’s controller parameters were suggested
to reduce the computational time that designer might face
during the construction. Simulations are performed on
Matlab Simulink to demonstrate the efficiency of the
suggested method [2].

The most important concepts in quadcopter dynamical
model can be identified through Equation 15 and Equation
16. The first one shows how the quadcopter accelerates
according to the basic movement commands given [16]
[19].

.. U

X = (singsin® + cos<psin0cos®);1

.. U
Y = (—cossin® + singsinfcos®) Ei

.. Ul
Z=-g+ (cos@cos@);

byl e Vs (15)
Lex Lex Lex
IJ/J/ Iyy Iyy

. Ixx - Iyy U4

r= q+ —
IZZ IZZ

Equation 16 shows the basic movements are linked to
the propellers’ squared speed [16] [19].

U =bQi+ Q3+ 03+ QD)

U, = 1b(—03 + Q32)

Us = Ib(—0% + Q)

U,=d(-93+ Q3 — Q3+ Q)

Q=-0,+0, -0, 4+ 9,

(16)

Equation 17 shows the actual quadcopter dynamics has
been used in the proposed control [18].

7 = —g + (cosBeos) 2
=—g+ (cos cos)m
b=
.U (7)
6 =—
Lyy
.Uy
7L,

It is valuable to mention and to notice in the latter
system that the angles and their relative time derivatives do
not rely on translation movements as it is indicated through
Equation 17. While the translations movements depend on
the angles components, it can ideally be imagined that the
overall system composed of two subsystems, the angular
rates and the linear movements as shown in Figure 8 [19].
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Figure 8: Connection of rotations and translations subsystems

The suggested controller can be divided in four basic
components as shown in Figure 9. The two inputs fed into
the flight controller are the actual response and the
controller’s outputs are used to determine the actuated
signal of the four rotors.

{3 TA09 pigy Ut 2L Inered [y ongigy MO IVIV2VIVA | e
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Figure 9: Control block diagram

Fuzzy controller system is considered a type of
nonlinear function interpolator which is presented for
delivering the required control of variable structure
systems. The strongest points in using this type on
controller are to obtain stability and the guarantee
robustness against parameters, lines and load uncertainties.
There are two general procedures in generating Fuzzy
controller model. The first one requires expert information
in the model’s implementation, while in the second the
Fuzzy mechanisms are readjusted automatically by the
system based on the information retrieved from
representative numerical samples [3].
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Referring to Equation 18 below, let (U;) denote the
motor value for the front, right, back, and left motors,
respectively where (i = 1,2,3,4). Then, the thrust and
torque applied to the quadcopter by motor can be stated as

[2]:

QZ—lu—lu—lu
Y7 4p"Y 2173 4d "t
Qz—lU—1U+1U
27 4pY 2p17% " 4d*

J (18)
92=i0+iu —iu
37 4pr 213 4d "t
QZ—1U+1U+1U
T 4pt T 217 44t

Tt =b X U; (19)

Tt = d X Uj (20)

where b and d are predefined motor parameters. This
yield:

U, T
UZ _ Tw
A (21)
U, To
With
b b b b
|1 0 =Ixb 0 Ixb
G= Ixb 0 —-Ilxb 0 (22)
—-d d —-d d

This knowledge will lead us an effective guideline
during the implementation of the main blocks in direct

Fuzzy logic controller as shown in Figure 10.
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Figure 10: Control scheme

Three Fuzzy controllers are constructed to control the
quadcopter’s roll (¢), pitch (6) and yaw (3) angles,
denoted by FLCy, FLCy, and FLC,, respectively. The last
controller FLC,, is designed to control the quadcopter
altitude. The internal structure of the flight controller is

clearly depicted in Figure 11.
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Figure 11: Fuzzy controllers for four basic motions

In this research, the four Fuzzy controllers are identical
and each has two inputs which are used first by the
fuzzification interface and one output is produced after
defuzzification. Inputs into the system are as follows: (i) the
error  e= ()= (.)g— (), which is the difference
between the desired signal (.)gzand its actual value (.)
received as a feedback from the quadcopter, and (ii) the
error rate é. The two inputs are normalized to the interval
[-2, +2]. The output (U) is normalized to the interval [—15,
15].

It is important to refer to the scaling factor insertion
into the developed design as a mid-step between inputs
value and fuzzification. The main reason for using this
mechanism is to improve the Fuzzy logic controller
response and select values of these scales will be covered in
further detail in genetic algorithm section. Figure 12 is a
snapshot of the Simulink model used in the Fuzzy
controller system.

Desivative

Ermer Rate Scaling factor

Figure 12: Simulink model of inserting the scaling factors for each FLC

The membership functions were implemented by using
a combination of triangular, trapezoidal, and Gaussian
shapes. The linguistic variables used for error (Figure 13a)
are  described by five membership functions:
negative/positive big, negative/positive medium, and zero.
The linguistic variables used for error rate (Figure 13b) are
described by three membership functions: negative/positive
and zero. The linguistic variables used for error rate (Figure
13c) are described by three membership functions
negative/positive big, negative/positive medium, and zero.
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Figure 13c¢: Output variable U

The input and output rules for the Fuzzy logic
controller are put up in the format of if-then statements and
are based on experimental and human expert with
navigating through an environment (similar to driving a
car). In this project, the rules used are 15 rules in total for
each FLC. The complete rules-base is listed in Table 1
using the linguistic variables previously outlined as listed
below:

Table 1: Rules Base

Rules Base
Error
m
= § N g &
Error Rate

N NB NM NM z PM
z NB NM z PM PB
P NM z PM PM PB

As noticed, Fuzzy controller optimization is a vital
step in the implementation of a Fuzzy control model. One
can see that the Fuzzy model with simple two inputs will
have more than thousands of possible arrangements of
Fuzzy rules. It is a known fact that developing of the Fuzzy
model isn’t an easy task especially when it comes with
complex real world problems. The rules of Fuzzy system
were derived from intuition, human experts and knowledge,
and a trial and error method in the most implemented Fuzzy
systems. Each one of Fuzzy logic controller will have more
than 2x1029 possible groups of Fuzzy rules. [7].

Recently, several methods were proposed for creating
the best Fuzzy rules from the experimental data
automatically. General method was used and adopted by
Wang and Mendel to produce Fuzzy rules from the
experimental data [26]. The self-learning method was
proposed by Jang [27] and Berenji and Khedkar [28] have
proposed self-learning methods for tuning membership
functions of Fuzzy rules. The automatic producing of the
Fuzzy rules will lead to lose one of the most important
characteristics in Fuzzy logic which is the ability of Fuzzy
logic controller of describing the system in a linguistic
term. This will enable the design Fuzzy controller with
more human-like reasoning, especially with the Fuzzy’s
statement rules.

IV. PARTICLE SWARM OPTIMIZATION

Genetic algorithm (GA) is becoming a very common
tool for resolving optimization problems. It has been
employed to effectively secure optimal solutions for a set of
problems (e.g. operations research, mathematical problems,
hybrid techniques, medical problems, image processing,
and even political science problems) [8]. Genetic
algorithms are built on the mechanics of natural selection
and natural genetics. With GA’s abilities, it has been
developed to be a novel optimization algorithm [9]. Genetic
algorithms have been used for producing and/or tuning
membership functions of Fuzzy rules. Kane [10] has tuned
membership functions of the Fuzzy rules and Nomura et al.
[11] computed Fuzzy partition of input spaces by genetic
algorithms

The genetic optimization is set in place of the tedious
process of trial and error for better combination of Fuzzy
controller response. Characteristic data are used from real
world or recommended resources for genetic optimization.
Studies are performed based on Fuzzy system models. Both
newly  suggested  algorithms,  chromosome-length
independent mutation operation and fitness mapping
mechanism, are described and discussed in coming section
[11].

Genetic algorithm consists of two main classes. The
first one is refereed as “Chrom”, covering all the needed
information about a chromosome which is belonging to an
individual member of the population. The second class is
referred as “Population”, which consists of all individuals
as its members [7].

The typical GA optimization flowchart is shown in
Figure 14. The process starts with initialization of the static
variable. All the static variables and dynamic variables are
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triggered in the GA constructor. Fitness function of initial
chromosomes is computed with the overridden fitness
computations, include the penalty factor computation [11]
[29].

Also, it is most important to refer to the crucial part
that fitness function play in GA’s implementation. The
purpose of using fitness function in The GA is to assign a
score (fitness) for each chromosome in the current
population. The chromosome’s fitness depends on how
good that individual (chromosome) resolves the problem at
hand. The real dimensional function is maximized, as a
quick example for giving better understanding of fitness
function application, as shown in the expression below:

) =y+sin(32y). 0<y<m (23)
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Figure 14: Genetic optimization flowchart.

Here the nominated solutions are values of y that can
be coded into bit strings representing the real numbers. The
basic explanation of the fitness calculation is to translate a
set of bit string x into a real number y and then assess the
function at that value. The string’s fitness is a function
value at that point. In conclusion, the fitness value of an
individual is the value of the fitness function for that
individual. The best fitness value for a population is the
smallest fitness value for any individual in the population
(711291 [30].

V. GA TUNED FLC IMPLEMENTATION

The GA is used to optimize the scaling factors of each
FLC that is used in our controller design as sown in Figure
12, while the values and shapes of the member functions
and if-then statement (rules base) are predetermined in
advance and are kept on fixed through whole the process.
The Fuzzy controller used is Mamdani type which contains
the same blocks as shown in Figure 10 [31]. Block diagram
of the GA based Fuzzy controller is shown in Figure 15.
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Figure 15: Block diagram of the GA based Fuzzy controller

In the designed model, it can easily notice where exactly
the GA interacts with the designed controller. It is solely
focused on identifying the optimum values of the scaling
factors from the input side. The developed code used to
perform this process is written and used in Matlab
Simulink.

In the proposed algorithm, the scaling parameters
K.06, and (K,gg,) of the Fuzzy controller have been
optimized. In GA, there are two approaches that have been
identified in the determination of the scaling factors in the
optimal design of Fuzzy controller. In the first method, the
scaling factors of the optimal Fuzzy controller have been
computed sequentially. This process is in match with the
self-tuning adaptive system used in adaptive control
systems. The second one is based on the simultaneous
optimization of the scaling factor. The Fuzzy controller
parameters are not fully independent of each other. In
conclusion, the second approach for tuning the scaling
factors is the optimum scenario to be used. However, it is
necessary to keep in mind that the multi-parameters of the
Fuzzy controller system are hard to be achieved by using
second method [7].

VI. SIMULATION AND RESULTS

The presented GA-based Fuzzy controller system and its
implementation on the quadcopter are performed by using
Matlab Simulink which is considered as a starting point for
ongoing research and development of Fuzzy control of
UAVs. It enables the researcher to carry on low cost
validation of the proposed control algorithms in real flight
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experiments without the need for significant knowledge of
hardware design or programming language, because
Simulink provides the well-known environment for
graphical programming and control system design.
Together with MATLAB, it is a very powerful tool for
mathematic development and control system design.

The four identical Fuzzy logic controllers are
implemented using Fuzzy Logic Toolbox as shown in
Figure 16. The input and output values and membership
functions are set accordingly. The inputs and outputs of the
Fuzzy controller are pre- and post-processed, respectively.
The Fuzzy controllers used in the configuration are shown
in Figure 11.
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Figure 16: Fuzzy Logic Controllers

The system’s initial states are set to zero and a number
of simulations were conducted to identify the suitable range
of the upper and lower limits of GA that meet the required
performance of the Fuzzy logic flight controllers along with
inference engines

The wuser-desired inputs are the desired altitude
coordinate (z) with respect to the inertial frame, and the
desired angular movement represented by roll, pitch, and
yaw. The yaw stabilization was easy to identify because the
errors calculated in the yaw angle do not make any linear
acceleration in hovering condition. Evermore, the dynamic
range is much wider than the roll or pitches one. The yaw
can range between -180 and +180 degrees while the roll
and pitch shows lower flexibility less than 10 degrees.
Therefore, good performance in both dynamic and static
prospect is required.

Scaling factors found using GA are then applied using a
test system based on the step response of the quadcopter.
The user-desired inputs chosen for the angular movement
represented by roll, pitch, and yaw were (0.3, 0.2, and 0.01)
rad and started at (0.3, 0.2, and 0.1) second respectively,
while the altitude (Z) is chosen to be 10 meter and it is
started at the origin. Figure 17, Figure 18, Figure 19, and

Figure 20 reflect the quadcopter response as it is controlled
with scaling factor found by GA. It can be noted that the
performance of the roll, pitch, yaw and altitude under two
different inputs of the quadrotor is excellent and
satisfactory. The user-desired input reached an acceptable
rising time with small overshoot. In conclusion, one can
notice fast response which is a crucial aspect in control of
flying objects.

Figure 21 shows the control vectors applied to the
quadcopter dynamics system. Ul control representing the
total thrust is applied to the quadcopter and is physically
limited to the value of 15.7N as according to the actual
platform specifications. The minimum value of the thrust is
zero. Controls U2, U3 and U4 represent the roll, pitch and
yaw angles all are restricted between -1 and 1 apart from
Yaw control where is bounded between -0.2 and 0.2.
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Figure 17: Quadcopter altitude when z =10 m

)] Figure 2 = = n
File Edit View Inset Tools Desktop Window Help £l
J_ad.xl h‘ +\-\STTL’@\'II;|#{'E E”EI 3
Roll response
() A o e e
r‘ H ' H ' ' + Rl response [*
03 , +  Desired roll -
025--- [ ------- LT T T P
i ' | ] | ] [ | ] ]
3 H H H H H H H H b
02f---$-i-
u : i TSN S B SR
& I : ; : : : ; : : 4
e SRCTETS RSP FEP RS SIS SYROONI SRRRS
o . . ' . ' ' ' . . "
x 2 ' 1 : i i i i : ]
- SLOUE TN T TS T SO
,,_f ------- e e
| T T N T T I N
0 1 2 3 4 5 6 7 8 9 10

Time Seconds

Figure 18: Roll response when @ = 0.3
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Figure 20: Yaw response when ¢ = 0. 1
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Figure 21: Control vectors signals

CONCLUSIONS

The intelligent Fuzzy controller based on self-tuning
parameters has been verified to be an effective and suitable
tool for controlling complex nonlinear-MIMO systems
(coupling inputs and decoupling outputs) such as
quadcopter. The experiments were conducted in Matlab
Simulink. The results prove a successful control response
especially with using the optimization technique (GA).
When compared to other conventional techniques applied
for a similar purpose Syed Ali Raza. (2009), Bouabdallah et
al. (2004), show the developed methodology has
demonstrated a higher robustness.

The use of GA in the optimization process of the Fuzzy
controller indicates significant improvements in the system
performance in both the transient and steady state
responses. It is also noticed that the used sequential
optimization scenario leads to satisfactory results,
consumes less time, and it can be considered as a desired
preference in such applications. The use of GA with
employing dynamic crossover and mutation rates gives
more power and great opportunity to further improve the
Fuzzy controller parameters in terms of scaling factors.
Also, the chromosome size is reduced. Moreover, the
suggested method reduces the process time to minutes.
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