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Abstract. In this research work, the design of a PID flight controller with the
rules of an expert system was applied to the navigation of an octocopter UAV.
The Newton-Euler mathematical formulation is used to calculate the dynamic
model of the octocopter UAV. The proposed set of decision rules for the Expert
PID flight controller design allows the moment controllers to increase their re-
sponse capability versus error variations. The simulation results of the navigation
algorithm implemented in the octocopter UAV demonstrate that the translation
Expert PID controller in interconnection with the attitude Expert PID controller
can track a helical trajectory, fulfilling the objective ol lrajectory tracking as a
validation [or the proposed navigation algorithm.
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1 Introduction

In recent years, applications such as agriculture, construction, civil operations, surveil-
lance, and rescue missions have seen increasing demand, presenting new challenges.
UAVs have proven to be highly useful in these areas; however, adapting to these evolv-
ing needs has led to the emergence of new challenges and requirements for UAV appli-
cations. New UAV configurations, such as the eight-rotor design, have been introduced,
demonstrating grealer stability and robusiness against faults compared to the classic
four-rotor configuration. For this reason, new controller techniques for octocopter UAVs
have been proposed, seeking better response times when addressing faults.

There are some ways to set the conliguration of an octocopter UAV. One combines
a “+” way where the rotors turn counterclockwise; in the “x” way, the rotors are clock-
wise. With this configuration, the octocopter UAV has four rotors turning in onc way
and the other four rotors turning in the other way to stabilize the octocopter UAV when
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all rotors are in optimal condition [1]. The authors of this work employed a PD con-
trol technique to manage attitude and altitude, utilizing a linearized dynamic model.
For rotor control, they implemented a robust multicopter motor control approach that
accounts for variations in battery voltage. The results were validated through simula-
tions using the parameters of a quadrotor UAV. Additionally, a linear-quadratic regula-
tor (LQR) was specifically designed for 3D trajectory tracking in the octocopter UAV,
and the simulation was carried out by studying the altitude, attitude, and navigation
controller for tracking position. The results were compared with the previous works
mentioned above using the PD controller, concluding that the PD controller presents a
fast response [2]. The octocopter is a UAV that presents the capability of playing with
the general shape of the aircraft; the classic shape is symmetrical, but other authors,
as in [3], changed the UAV to create a “V” shape where four motors are in the left
side and other four motors are in the right side. The authors of this octocopter UAV
named it a V8 configuration that used a Linear Quadratic Gaussian with an integral
(LQG-I) control to stabilize the UAV attitude; this control was compared with a PID
and an LQR controller to see the efficiency of energy usage. The authors in [4] pre-
sented an octocopter UAV with an asymmetric configuration, where (wo different arm
distances were selected for the rotor in each arm; this design intends to improve the
solution using multiple sensors or cameras. The authors used a PID controller with a
Grey Wolf Optimizer (GWO) for parameters. They concluded that this octocopter UAV
has room to improve due to the experiment not being better than a symmetric octo-
copter UAV for specific tasks. In [5], an attitude estimation algorithm was designed and
implemented on an IMU hardware board. Two attitude controllers were developed and
analyzed. The first controller employed a PID approach, which is commonly used for
maintaining stable flight conditions in multicopter UAVs. The second control method
employed utilized an 1.1 adaptive control framework. Simulation results suggest that
this approach delivers excellent performance, particularly in handling modeling errors
and rejecting disturbances, when compared to the PID controller. However, the 1.1 adap-
tive controller, being more complex, was more challenging to implement and showed
limited noise attenuation. In contrast, the PID controller was successfully deployed on
real-time hardware, where experimental flight tests delivered positive outcomes.

A star-shaped octocopter UAV configuration is considered in [6], where an active
fault tolerant controller was implemented on such UAV using dynamic control alloca-
tion performing a 3-D path. Control allocation intends to use the available UAV actu-
ators to achieve the controls. In [7], the application of fault-tolerant control strategics
for an octocopter UAV was discussed. Specifically, it focuses on passive and active
fault-tolerant control methods using Second Order Sliding Mode Control (SOSMC).
Passive fault tolerance involves designing the system to inherently tolerate faults, while
active fault tolerance involves using control strategies to mitigate the effects of faults. A
nonlinear optimal control approach for the model of an octocopter UAV was proposed
in [8]. They designed a control system that optimally manages the octocopter UAV dy-
namics in a nonlinear environment. Nonlinear optimal control typically involves sophis-
ticated mathematical techniques to find the best control inputs that optimize a specific
performance criterion.
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In this work, an Expert PID flight navigation controller that designates the PID
strength according to the octocopter UAV error value, each axis and angle is presented.
Five main rules are designed by analyzing the actual and previous error values. Sim-
ulation results are presented, illustrating the behavior of each axis and angle of the
octocopter UAV.

To facilitate a better understanding of this research, the paper has been organized
as follows: The equations of motion for the octocopter UAV are presented in Section
2. The proposed Expert PID controller is introduced in Section 3. The control system
architecture is described in Section 4, and the simulation results are discussed in Section
5. Finally, a summary of the conclusions and key findings is provided in Section 6.

2 Equations of motion for an octocopter UAV

The mathematical representation of the octocopter UAV dynamics utilizes two reference
frames. The first is the body frame, which is attached to the structure of the octocopter
UAV and aligned with its center of mass, represented as B={xy,,y».z; }. The second is the
inertial frame, fixed to the ground, represented as I={x;,y,z}, as illustrated in Fig. 1.
The equations of motion are derived using the Newton-Euler formulation, which serves
as a compact mathematical framework for describing the dynamics of the octocopter
UAV [10], [11]. Definitions of parameters are shown as follows:

— & @ Vector coordinate position relative to the inertial frame, [x y z]T.

— V : Translational velocity vector expressed in the inertial reference frame, [vA Vy vZ]T

— R : Orthogonal rotation matrix in SO(3).

— T : Total [orce vector that contains the total thrust in the direction of gravity [0 0 fr|

— fr : Summatory of actuated forces produce by each rotor f; of the octocopter UAV.

— @ : Rotation speed of the k-th rotor in rad /s.

— m : Total mass of the octocopter UAV.

— g : Gravity force in the inertial frame.

— ey : Aligned in the direction of the center of Earth.

— 7 : Vector that describes the rotation coordinates for the octocopter in the inertial frame,
[p 6wl

— E : Euler matrix to convert angular velocity in the body frame to the inertial frame.

— Q: Angular velocity vector defined in the body-fixed reference frame, [p ¢ r]T

— J: Matrix 3 x 3 that contain the inertial moments in diagonal form Jyy, Jyy, and J;.

T

— T, : Moment vector due the actuators, [1’¢ Ty TW}T

- T, : Roll moment affected by the rotors @, @, @7, and ax.

— Tp : Pitch moment affected by the rotors @y, @2, ®s, and .

— Ty : Yaw moment affected by the drag of all rotors and their direction of rotation.
— d : Distance of each arm [rom the center of mass (o the rotation axis of the rotor.
— cr : Constant value representing the propeller thrust factor.

— ¢g : Constant value representing the drag cocfficient of the propeller.

E=v (D
mV = R(=Tr) + mges 2)
n=EQ (3)

JQ =-QxIQ+1, 4)
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The complete dynamic model of the UAV is represented as follows, where c,,s,,1,
with @ = ¢, 6,y denote the cosine, sine, and tangent functions of the Euler angles,
respectively.
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=

Fig. I: Coordinate systems and rotational directions of each rotor in the octocopter UAV.

The total thrust force vector of the octocopter UAV propulsion (f7) is calculated by
summing all the individual thrust forces produced by the eight rotors (fi, - - -, fg) of the
octocopter UAV, as shown below.

8 8
fr=Y fi=crY of, with fy =crof (8)
k=1 k=1

The total thrust force vector T is described in the body frame of the octocopter UAV
as:

0 0 0
m=|0|=| @ |= 0 9)
fr ek erY8_, o}
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The variables @), ---, g represent the rotor speeds, and variables f| = cTa)lz, =
cr (1)22, L fs=cr a)g represent the lift forces of each one of the eight rotors.

The moments acting in the octocopler UAV are strictly related (o the rotor speeds;
depending on which rotors perform more speed than the other rotors, the octocopter
UAV performs the moments that are indicated in the definitions at the begining of the
section 2 in which rotors move each moment. The roll moment is influenced by rotors
; and ay operating at high speed, while rotors @s and @, perform with low speed,
operate at low speed; this action produces a positive moment. To generate a negative
moment, the speed of rotors @3 and @4 must be increased, and the speed of rotors @y
and wg must be reduced. The positive pitch moment is actuated with the high speed
of rotors @; and @y and the lower speed of rotors @ws and @s. The case of the positive
yaw moment uses the direction of rotation speed; in this case, rotors @y, @, ws, and @y
rotate in the clockwise direction, these rotors rotate with high speed in comparison of
the other rotors that rotate in counterclockwise and with lower speed.

Ir er er er e¢r cr cp er cr | |@;
| | 0 0 —crP—crP 0 0 erPepP| | @]

9| |erPerP 0 0 —cyP—crP 0 O w3
T‘F’ L‘Q L‘Q —(‘Q —(‘Q L‘Q FQ —L‘Q —CQ w()

(10)

3 Expert PID controller design

The Expert PID control is to design PID parameters with plant characteristics and the
control expert experience, with no need for modeling information. The experience is
mainly based on the system error response. At time 7, the desired value is considered
as ry(t), the measurement value as y,(¢), and then the tracking error is e.(¢) = rg(1) —
¥,(2) at time 7, and e.(r — 1) and e.(r —2), represent the error at time z — 1 and 7 — 2,
respectively [9]. The parameters definitions for the Expert PID controller are shown as
follows:

— u,; : Input control that change depending of the specific rule with ¢ — ¢, 0, y,x,y, z referring
to whose control is applied.

- M., M3 : Selting the limil values ol the errors in rules.

— Cpe : Constant value to increase the PID controller to a maximum value where n is a designed
number.

— kpes kic, kye : Gains of the PID controller for the corresponding ¢ parameter.

— ec(1) : Proportional error al lime 7 and 7 — 1, respectively.

— Ae,(t), Aec(t — 1) : Differential error at time ¢ and # — 1, respectively.

— ts: Time sample.

— ¢jc @ Integrative error.

— kio, ---, kse : Gains setting the strength of the PID controller.
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3.1 Rules for Expert PID controller

The Expert PID rules are designed for each controller of the octocopter UAV. These
rules are given as follows:

Rule 1 When |e.(1)| > M., the strongest PID controller is used to minimize error
quickly.

Ae(r)

M(-(l) = Cm'(kp(:er(f) ot k{f('T += kir.'ei('(z)) (] ])

Rule 2 When ¢,.(1)Ae () > 0 or Ae.(r) = 0, two conditions are considered as follow:
A stronger PID controller is used if |e.(¢)] > M.

ue(t) = uc(t—1)+ (12)
Ae,(1)
s

klc(kpcc'c(t) +kae

=+ kicc‘ic(f))
A weak PID controller is used if |e.(7)| < Ma.

u(t) = u(t—1)+ (13)
Aec(t)
ts

ko (kprep(l) + kae +kjceic(t))

Rule 3 When e (1)Aec(t) <0, Aec(r)Aec(t —1) > 0, or e.(t) = 0, which indicates the
absolute of error value tends to smaller or constant value, the control input can hold.

ue(t) = ue(t) (14)

Rule 4 When e.(t)Aec(r) < 0, and Ae.(r)Ae-(t — 1) < 0, which indicates the error
value is in extremism state, Two conditions are considered as follows:

A strong PID controller is used if the absolute error value is big, |eq(¢)| = M.
uc(t) = uc(t—1)+ (15)
Aeq(t
k3c(kpcec(t) + ke tCS( ) +kiceic(t))

A weaker PID controller is used if the absolute error value is small, |ec(r)| < Ma.

Bl = ol 13 (16)
Ae(1)
ts

kac (kpeec(t) + kac +kiceic(t))

Rule 5 When |e(r)| < g indicates that the error magnitude approaches a very small
value, a significantly weaker PID control strategy is used for reducing the static
error.

Ae(r)

ts

L‘c(f) = kSL‘(kp(‘ec(r) +kdc +kiceic(t)) (17)

Where Aec(t) =ec(t)—ec(t—1), Aec(t —1) =ec(t — 1) —ec(t—2), and e;c (1) = ;e (1) +
ee(t)ts. Also, kio > kae > kpe > kae > ks, are the gains that set the strength of the PID
controller depending on the rule.
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4 Flight controller design

4.1 Mixer rotor controller

The control vector U = [uy,...,us] " = [@?,...,®Z]" is utilized to generate the velocity,
which depends on the total thrust force and the aerodynamic moments acting on the
octocopter UAV. Also, the parameters definitions of the flight controller are shown as

follows:

U : Input controller vector containing each rotor quadratic speed of the octocopter UAV.

— Cj : aerodynamic thrust and drag coefficients matrix of the octocopter UAV.

— I : vector containing the total thrust and momentos [ f, T, Tas Ty r,

- uf‘“ - input controller of the quadratic kth rotor speed saturated.

e - Maximum quadratic kth rotor speed saturated.

— Uy, : minimum quadratic kth rotor speed saturated.

— Fr. : Total thrust control associated with the altitude PID controller.

- o5 63‘““ : roll and pitch angles constrained in the range between —7/2 rad and 71/2 rad.
— u : altitude PID controller.

— Uy, Uy : navigation PID controller.

— u, : moment PID controllers, [uq,‘ ug, Uy

- u

F.
The simplified form of equation (10) is expressed as:

I'=CyU (18)

Due to the fact that the C4 matrix is not square, a pseudo-inverse equation is used to
obtain the inverse matrix, as shown below.

Cy' =Ci(Cac) ! (19)

This allows for obtaining the vector of the desired control variables corresponding to
each rotor. The developed matrix expression is provided as follows:

U= (20

Obtaining the vector of the desired controller variables corresponds to each rotor. Below
is such a developed matrix expression:

0 1l 1
o 8cr P 4erP Reg
Uy 1 0 [
w 8cr P der P 8e
2 L =1 -f )
u3 3611 P 4 T]p W Ir
= 0o =L
u. T
4 SclTP 406 P o Scl‘g Tq) @n
us Ser P IerP e 0
U, 1 -1 1 T
- 8, O 4oP 8, i
uz 1 1 0 —_%
8crP decrP 8c,
| ug | T I o oF
L 8cr P derP 8cg

Thus, the required control strategies are determined for the individual rotors in the octo-
copter UAV. A saturation function will be introduced to establish the operational limits
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of the rotors, including their minimum and maximum rotation speeds. The saturation
functions consider the practical limits of the motor angular velocity. This specific satu-
ration function is defined as:

S t uk”](l.\' 1f uk 2 uk”7(l.\'
up = Sat(uy) = uy 1F uy,,,,, < g < U, (22)
w - if g < uy

min min

4.2 Altitude controller

The total thrust aligned with Zp, is not necessarily directed along the inertial frame e3.
The thrust control is connected to the altitude controller and is calculated based on the
roll and pitch angles. The dynamics of the desired thrust force fr is proposed as f7. by
the actuators, with the aim of ensuring that the stationary or ascending flight regime is
maintained, leading to the following formulation:

1

= Cos(@g costegm) ") @)

5 Tc
where ¢ and 65" are constrained to avoid the singularity presented at £90(deg), and
the thrust control Fp. is reached by an altitude Expert PID controller, such that this
controller is defined as

Ae,(1)

u; = kpze:(t) + kg -

+kizeiz(1) (24)

where e, = z5 — z z is defined as the altitude error, z, is identified as the desired altitude,
and z is referred to as the current altitude. To enhance trajectory tracking, a saturation
function is applied to the desired thrust force. The saturated thrust controller is formu-
lated as follows:

FTrmu' lf FTC Z FT;mL\'
2 =Sat(Fr.) = Fre if Fr, <Fre<Fr,, (25)

FEnin I[ Z S FTmiH

4.3 Attitude controller

Defining a controller vector u, = [ug, ug. uy]' is the main focus of the control prob-
lem. To manage the octocopter UAV attitude, a specialized PID control strategy is im-
plemented. Based on the definition established in vector (10), the external moments are
reformulated and expressed according to the proposed control law, as detailed here:

Ae,;,(f)

it kppeg (1) +kap —— +kipeio (1)

ug | = kpgeg (I) +kgo A_e;i(r) + kjee,'e (1) (26)
A

ity kpper(t) +kay 220 4 ke (1)

Then uy, ug, and uy, represent the Expert PID controller law for managing the octo-
copter UAV attitude. The trajectory tracking of the attitude control system is enhanced
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by introducing saturation to the desired moments. The expression for the saturated mo-
ment controllers is presented below.

Sa Uatyy if Ua 2 ety

a )

w;™ = Sat(u,) = g if U, <Uy<Ug,, 7
Ugyin if n < Uy,

where u33 = [ugﬂﬂ ug™, uy'| T With attitude and altitude controllers, the next step is to

define the navigation controller.

4.4 Navigation controller

To achieve effective flight control, the attitude control system is incorporated within the
octocopter UAV, ensuring that the desired setpoints of the attitude vector 7, are cal-
culated based on the translational position controller functioning over the X —Y plane,
while utilizing the reference rotation matrix R(y) € SO(2). An Expert PID control
strategy is proposed to compute the desired forces for the translational position con-
troller in the X — Y plane.

{ ”x} = k[uex (t) + kx ie;;z; +kixeix (t) (28)
Uy kpyey(t) + kay ef +kiyeiy(t)

5

Position errors are defined as e, = x4 —x and e, = y; —y corresponding to e and ey,
respectively, with x,; and y,; representing the target positions along these directions. The
proposed Expert PID-type navigation controller is connected to the external control
layer through the rotation matrix R(y) € SO(2), aiming to generate the desired refer-
ence angles 6, and ¢, for the attitude controller. This setup establishes the relationship
between the attitude and translational controllers, as detailed below.

(pSﬂ‘} B [sin(l[/) *COS(W)} [”*}
{ef?“‘  Leos(y) sin(y) | [u =

Equation (29) outlines the proposed navigation controller for the octocopter UAV. The
trajectories are tracked within the plane defined by the X and Y axes, and the complete
control scheme and system dynamics are shown in Fig. 2.

50(2) Rotation | g8t gSat

Fig.2: Diagram of controller and dynamics interactions.
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5 Simulation of Flight Control Systems

The rules of the Expert PID are used as follows to define which strength PID controller
is being used according to the condition of the rules.

Algorithm 1 Expert PID algorithm

I: Rule | 21: else
then 22: uc(t) = ue(t — 1) + kpe(kpeee(t)
30 uet) = Crelkpeec(t) + %ﬁ(') + kdcﬁ)jc(r) +kiceic(1))
kiceic(1)) 23:  endif
4: else 24; end if
5:  if|ec(t)| > 0.7M. then 25: Rule 3
6: Ue(t) = Coclhpeec(t) + *Ael) | 26: if ec(t)Aec(r) <Oand Aec()Ae(1—1) >
kiceie(1)) 0 or e.() =0 then
i end if 27 uc(t) = ue(r)
8: else 28: end if
9: if|e,(1)| > 0.5M, then 29: Rule 4
10: ue(t) = Cac(kpeee(t) + krlr.'ArzL'(l) + 30: ifec(1)Aec(r) <Oand Aeg(t)Ae (1 —1) <
3c T
kiceic(t)) 0 tl:lel‘l
11:  endif 31: iffec()] = M then
12: else 32: uc(t) = ue(t — 1) + kae(kpeec(t)
131 if [ec(r)] > 0.2M), then faeeell) 4 Kieee(r))
; — kaeAee(t) 33 else
14: uc(t) = Cyelhpeec(t) + =552 +
kiceic()) i 34 uc(t) = ue(t — 1) + kac(kpeec(t) +
15:  endif baedeelt) | eio(t))
16: end if 35: end 1f
17: Rule 2 36: end if
18: if ec(r)Aec(t) > 0 or Ae(1) =0 then 37: Rule 5
19:  if |ec(r)]| > Mpe then 38: if |ec(1)| < & then
20: u(t) = ue(t = 1) + kiclkpeee(t) + 39:  up(t) = kso(kpoeolt) + *Becld
deAaF(I) +hkicei (I ) kiceic (F)

40: end if

5.1 Parameters of the octocopter UAV controller

Numerical simulations utilize parameters obtained from the octocopter UAV model de-
veloped in SolidWorks. Table 1 lists the numerical values associated with the model
parameters. To enable trajectory tracking, the gains of the saturated Expert PID con-
troller in the attitude control layer are tuned to match the desired sinusoidal inputs for
each input of the octocopter UAV. The adjusted gains for the saturated Expert PID con-
troller in the inner attitude layer are presented in Table 2

To tune the parameters of the navigation controller, the altitude controller is imple-
mented as the initial step in the tuning process. The position control in the X-Y plane is
then adjusted, applying setpoint references to manage the translational movement along
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Table 1: Newton-Euler aircraft model parameters.

Parameter|Value Paramcter| Value Parameter| Value

cr 833x 10 7 (N—5°) T 83x 10 2 (kg —m?) ||m 8 (kg)

o 242 x 1078 (N —m —5%)||Jyy 83x 1072 (kg —m?) ||g 9.81 (m/s?)
d 0.721 (m) Js 165 x 1072 [kg —m?|

Table 2: Attitude controller gains for Expert PID.

Gain|Value||Gain|Value Gain|Value Gain|Value||Gain|Value
Tpo |80 |[kay |6 0 |oh (rad)||Cag |60 |[k3p |30
/(d¢ 4 kf‘ﬁ’ 6 Cl¢ 120 Cyg (60 k4¢ 8

k,'¢ 20 M|¢ l—’@(rad) Cle 120 qu, 50 k49 8
kpg 80 M2¢ T%E"G (rad) C2¢ 100 k[g 50 k5¢, 7
kde 4 MIQ {TE (rad) ng 100 k2¢ 10 k59 7
kig |20 Mg Tﬂﬁ (rad) Cg¢ 80 kog |10

kPW i € |z (rad)||C39 |80 k3¢ 30

the X and Y axes. Table 3. presents the adjusted gains for the Expert PID navigation
controller. Circular trajectory tracking is achieved by defining the position references

xd and yd through the following equations.

Table 3: Navigation controller gains for Expert PID.

Gain|Value||Gain|Value ||Gain|Value||Gain|Value||Gain|Value
kpe |10 M, |1 (m) |[Cyp [12 Co; 100 [lk2y |1
kgy 0.2 [|May [0.4 (m)||Coy |10 C3, (80 kyy |3

kix [100 |[[Myy [1(m) ||C3 |8 Cy, |60 kyy 0.8
kpy |10 My 0.4 (m)||Cyy |6 kiy |5 ksy 0.7
kay |02 ||My; |10 (m) |[Cyy |12 kae |1 ki; |50
kiy |100 ||M3, |1 (m) ||Cay |10 Kz |3 ko, |10
kpe 60 |lec [0.2(m)||C5, [8 kix 0.8 ||ks, |30
kd'z 3 &y 0.2 (m) C4v 6 k5r 0.7 1(42 8

ki |10 e |03(m)||Cy; [120 |k, |5 ks, |7

Xd =Axsin(2mft)
Ya = Aycos(2m f1)

(30)
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where A, and A, represent the radius of the cylinder, f is the frequency, and ¢ is the time.
For the cylindrical trajectory, A, and A, were set to 3 meters. The saturation values are
provided in the table below.

Table 4: Saturator values.

Parameter|Value Parameter| Value Parameter| Value Parameter| Value
g, 100 (RPM) ||¢y,,.. —% (rad)||ug,.. =20 (N -m)||uy, i, -13 (N -m)
U, 3700 (RPM)|| ¢y, % (rad) |9, 20 (N -m) ||ty 13 (N-m)
Fru, 0 (N) 04, —1% (rad)||ug,,;, =20 (N -m)

Frige 156 (N) 04, % (rad) ||ug,,,. 20 (N -m)

5.2 Navigation and Trajectory Tracking

MATLAB/Simulink was used (o generate the simulation results. Al first, the signals
corresponding to the navigation trajectory are presented. The octocopter UAV ascends
while following a circular path, creating a helical pattern. Figure 3 illustrates the desired
and actual trajectory tracking of the octocopter UAV, forming a geometrically helical
trajectory. Additionally, the total thrust compensation is depicted. Finally, the control
moments of the octocopter UAV are shown.

——— Real Trajectory

= = Desirad Trajaciory

2Z-axis (m)

Y-axis (m) 44

Fig. 3: Trajectory tracking of the octocopter UAV.

Figure 4 presents the response to a sinusoidal wave due to the circling behavior of the
helical trajectory of the octocopter UAV; a negative peak of —0.49 (deg) is presented
at 0.2 (s) where the amplitude of the cosine is 0.2 (deg). Figure 5 shows a sinusoidal
behavior. The action of the saturators (;D;a[ and Bt?m are not presented because the helical
trajectory is defined to make a slow motion, a negative peak of —11 (deg) and a positive
peak of 8 (deg) are presented, while the amplitude of angles is £0.27 (deg).
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A regulation in yaw angle is shown in Figure 6. At a time of 0.6 (s) a negative peak of
—0.7 (deg) is presented. The reason for y; = 0 resides in the idea of always looking in
the north direction. Meanwhile, this controller is set as a classic PID due to the response
behavior as a regulation that never goes to zero, so the rules of the Expert PID are not
an option for this case.

Yaw angle (deg)

Yaw angle (deg)
& AR o N s

0 50 100 150 200 250 300
Time (s)

Fig. 6: Response of y angle.

Figure 7 shows the altitude response where the response is constantly ascending, which
means the total of the octocopter UAV is stabilized.

Figures 8 and 9 show the navigation performing without problems. Due to the response
in the Euler angles, there is a minimal deviation unnoticed in the trajectory tracking that
performs an outside cylinder from the desired helical trajectory.

In Figure 10, the total thrust compensation is shown. The maximum total thrust that can
be performed in the octocopter UAV is 156 N , which is the double force required to
maintain the equilibrium of the octocopter UAV. The total thrust goes to 102 N at the
beginning of the response; after the stabilization, the total thrust is 78.5 N, which is the
necessary force to maintain the flight of the octocopter UAV during navigation.

6 Conclusions

In this research work, we have designed a navigation algorithm for an octocopter UAV
using a PID flight controller, which implements expert decision rules. It has been named
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Fig. 10: Total thrust response.

“Expert PID Flight Controller.” The navigation algorithm used by the Expert PID flight
controller is subjected to simulation tests to fulfill the tracking of a time-varying trajec-
tory, which has a helical geometric shape. The set of expert rules that are part of the
“Expert PID Flight Controller” has the ability to reassign the values of the PID con-
troller parameters for a small region of the error of pitch and roll angles, as well as the
translation positions in the X, Y, Z axes, the controller keeps the gains in a low profile
to implement a weak, very weak and extremely weak controller, on the other hand for
a large region of the error of the pitch and roll orientation angles, as well as the trans-
lation positions in the X, Y, Z axes, the controller keeps the gains in a high profile to
implement a strong, very strong and extremely strong controller. The added capabilities
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of the navigation algorithm to be able to change the gains of the “Expert PID Flight
Controller” allow it to have an improved response to small and large variations of roll
and pitch attitude error and translation error in X, Y, Z, versus variations in time of the
desired trajectory that the octocopter UAV must follow.
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