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Introduction

An unmanned aerial vehicle (UAV) is an
unmanned, reusable aircraft capable of
autonomously maintaining a controlled

and sustained level of flight.

Technology photo created by wirestock -
www.freepik.es
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Introduction
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Fig. 1. First registered use of UAV, 1849. [1] Fig. 2. UAV used in Battle of Neuve Chapelle, 1915. [2]
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Fig. 3. UAV RQ-2 Pionner, 1986. [3] Fig. 4. UAV MQ-1 Predator, 2002. [4]
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Introducciéon
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Fig. 5. Current UAVs for non-military use. (a) Amazon Prime Air, (b) Phantom 4 Pro. [5]
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Classification of UAVs
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Fig. 6. Classification of UAVs according to weight, altitude and
flight autonomy. [5]

When referring to classes of UAVs, there are sets of
various nomenclatures used depending on the industry
employing these aircraft. The various nomenclatures are
based on a variety of parameters, such as mass, UAV
configuration, designed application, level of autonomy, type
of operation or military employment.

For this classification, five categories of current UAVs
were defined based on [8]. The categories are: Micro (MAV),
Mini, Tactical, Medium Altitude and High Altitude. Medium
and high altitude UAVs are also known as Medium Altitude
Long Endurance (MALE) or High Altitude Long Endurance
(HALE) UAVs, indicating their ability to stay aloft for long
periods of time.
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Classification of UAVs

/ Multirotors \
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Classification of UAVs

/ Multirotors \

Multirotor UAVs: they have several rotors that support the UAV
by means of the thrust generated by the propellers. Depending on
the number of propellers they can be: trirotor (with three rotors),
quadrotor (with four rotors), hexarotor (six rotors) and octarotor

(with eight rotors). The advantages and disadvantages are listed
below [10].

- Advantages
* Better maneuverability

* Compact
* Easy to use
* Higher load capacity

- Disadvantages.
* Short flight ranges
* Difficult to recover in case of engine failure
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Classification of UAVs

/ Fixed Wing \

Fixed-wing UAVs: which have only rotors for propulsion and
are kept in the air due to the lift of the wings. The
advantages and disadvantages are listed below [10].

- Advantages.

* Wide flight range

* Recovery in case of engine failure
* Linear flight advantages

- Disadvantages

* Landing and take-off in large areas
* Difficulty in maneuvering

* Less compact

25 de marzo de 2021

12



Classification of UAVs

~

Hybrid UAVs: is a combination of fixed wing and multirotor
configurations, thus inheriting the advantages of both
technologies. However, the control of this UAV is very
complex. These UAVs are subclassified into:

- Hybrid tilt-wing UAVs: in the transition from one
configuration to another, the platform remains fixed while the
wings are folded down with the rotors.

- Hybrid tilt-rotor UAVs: in the transition from one
configuration to the other, the platform and wings remain fixed
while the rotors are folded down.

- Hybrid tilting platform UAVs: in the transition from one
configuration to the other, the platform together with the rotors
and wings are folded down.
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Classification of UAVs

Fig. 7. Example of recreational UAVs.
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Classification of UAVs

Fig. 8. Example of professional UAVs.
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Classification of UAVs

Fig. 9. Example of a research UAV.
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Classification of UAVs

Security and Surveillance

Fig. 10.

Example of innovative UAVs.

Freight Transportation
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Classification of UAVs
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Fig. 11. Example of UAVs for innovative applications.
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Control in UAVs

PID Backstepping
CONTROL CONTROL Sliding Mode (SM)
Bang-Bang
g OB Feedback Linearization
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Fig. 12. Classification of controllers
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Control in UAVs

Proportional-Integral-Derivative (classical control): is one of the most
popular and widely used controllers in UAV due to its simplicity.
PID controllers are considered as a classical approach in control
theory.

Reference input  Error Control Input Output
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Fig. 13. PID controller block diagram. [16] I ! x .+

autopiLot
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Control in UAVs

Linear Quadratic Regulator (linear control): Known by its acronym LQR, it is an optimal control method
(like the Hee controller [19]) with which the stability of a closed-loop system is ensured through feedback
gains. This method seeks to minimize a cost function containing the states ( x(t) € Rn where n are the
number of states) and control inputs (u(t) € Rm where m are the number of inputs) of the system to be
controlled, and is given by the following expression:

J =[5 (=T Qz(t) + u(t)T Ru(t)]dt; where Q and R are matrices corresponding to the controller

gains [20].
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Fig. 14. LQR control scheme and tracking using quaternions. [20]
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Control in UAVs

Sliding Mode Control (Non-linear Control):
Commonly known as Sliding Mode (SM), it is a
famous nonlinear technique robust to a large class of
uncertainties and with convergence rates to the
desired value (or reference) in finite time. This
method uses discontinuous input signals that make
changes to force the system states to converge in
finite time to the so-called sliding surface and then to
move across the sliding surface to the equilibrium
point.

However, its application in real time is still restricted
by the problem of the phenomenon known as
Chattering. This problem is considered the major
disadvantage of the SM controller, as it can lead to
very poor performance and wear of the mechanical
parts of the system. [29]
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Fig. 15. SM control. [29]
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Control in UAVs

Adaptive Control (other controllers): Adaptive control is a method that allows adapting the control from
variable parameters, or that are initially unknown. Unlike non-adaptive controls, which maintain fixed control
parameters throughout the operation. This method focuses on control changes, adjusting the different
parameters according to variations in the platform and the environment [21].
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Fig. 16. Direct model reference adaptive control (MRAC). [37]
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Control in UAVs

Like this, intelligent plant self-identification algorithms can be added, being intelligent controllers [22], [23]
or minimizing an arbitrary cost function based on future predictions such as predictive control [24].
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Fig. 17. Neural network control scheme. [22]

Fig. 18. Predictive control scheme for line tracking in
fixed-wing UAVs. [24]
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Conclusions

In this article, the state of the art of UAVs was presented from a historical perspective.
In addition, a classification of UAVs according to different parameters was proposed, mentioning
the main advantages and disadvantages of each one. Likewise, this article has addressed the
control schemes applied to UAVs, starting from the classical control to the newest ones based on
nonlinear controllers.
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