Proceedings of the 3rd International Conference on Signal Processing and Machine Learning
DOI: 10.54254/2755-2721/5/20230549

Comparison of several PID controls for quad-rotor UAV
under wind disturbance

Yihan Gui

School of Aeronautics and Astronautics, Zhejiang University, Hangzhou, China,
310013

3180102318@zju.edu.cn

Abstract. For achieving the stable flying of the UAV with wind disturbance, it is necessary to
select an appropriate flight control system. This paper takes the quad-rotor UAV as the
research object. First of all, it briefly introduces the structure and working principle of the
UAV. Then it designs classical PID controller, cascade PID controller, fuzzy PID controller
based on the system model. Finally, it uses MATLAB/Simulink to simulate the effectiveness of
the control algorithm, and analyzes and compares the control effects of the three controllers.
From the results of the experiment, it can be seen that the fuzzy PID controller can control the
quad-rotor UAV more stably than the classical PID controller and cascade PID controller.
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1. Introduction

A drone is a kind of aerial vehicle that does not require a human to drive in the cockpit, and can be
remotely controlled by wireless communication or automatically controlled by a set controller. They
do not require human beings to operate on the ground, so they are suitable for using in various
complex and dangerous environments. At present, the most common UAYV is the rotary-wing UAV,
which can take off and land vertically, has strong endurance, large carrying capacity, low cost, strong
wind resistance and can be used in narrow spaces.

As for the rotary-wing UAV’s flight, motors on each axis of the drone rotate the rotors to generate
upward lift. The rotation speed of the motor can be controlled to change the thrust of each axis, and
then control the track of the UAV. For an even-numbered rotor UAV, The motors on each axis are
placed symmetrically. It nicely removes the internal torque due to rotation.[l1] In the meantime,
increasing the number of rotors will lead to the increase of control difficulty of the UAV.

The quad-rotor UAV has a simple structure, so it is of great research value.The most common
external interference of quad-rotor UAVs in flight or hovering state is the influence of wind. The
research on the anti-wind disturbance of the quad-rotor UAV can improve its stability and wind
resistance , and make the aircraft better adapt to complex and changeable operating environment. [2]

This research will use the quad-rotor UAV as the platform to study its kinematics model in the
wind field, to explore the suitability of the quad-rotor UAV’s controller, and then come up with ideas
for further optimization of the flight control.

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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2. Literature review
In the existing literature, common UAV flight control algorithms include PID, PD, LQ, backstepping
control, sliding mode variable structure, etc.

Stanford University's STARMAC project is a project developed by Stanford University in order to
break the limitations of the current quad-rotor UAV's bulky and complex structure. An agent control
test platform that can test and validate multi-machine algorithms and control strategies, including
multiple trajectories capable of using GPS and IMU sensors Tracked quad-rotors [3]. Based on the test
bed of Stanford University, since the dynamics model of the UAV is nonlinear, the model is firstly
linearized, and then the attitude controller is designed with the LQR controlling approach [4], and the
sliding mode controlling approach [5] using for designing the height controller is adopted. It has
achieved good control effect.

A small quad-rotor aircraft developed by the EPFL. Automation System Laboratory of the Swiss
Federal Institute of Technology, the OS4 quad-rotor UAV [6]. The team mainly researched the flight
controlling algorithm of quad-rotor UAV. Their goal is to design and develop a quad-rotor UAV
system that can fly autonomously indoors and outdoors. At present, the agency has developed a
control algorithm called Integral Backstepping [7], which combines the advantages of PD algorithm
and Backstepping algorithm, and has successfully realized the hovering, take-off and landing.

3. Dynamics and kinematics mathematical model of UAV

The analysis of the UAV from the perspective of dynamics and kinematics can establish a complete
coordinate system. Roll angle, pitch angle, and yaw angle are all used to describe the angle between
the inertial coordinate system and the body coordinate system. The conditions they need to meet: ¢ (-
n/2, n/2), 6(-n/2, n/2), and ¥ (-n/2, n/2). The relationship between the two systems of the
aircraft itself is obtained by the cubic transformation of Euler angles. The UAV adopts the following
mathematical model [8], and the parameters of the quad-rotor UAV are shown in table 1.
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Table 1. Parameters of the UAV.

m(kg) g IXX lyy Izz K b d(m)
1.02 9.8 0.0187 0.0164 0.0297 0.81 0.35 0.3

4. Establishment of wind field model

In the actual flight, the UAV is inevitable to undergo various complex interferences. Wind is one of
the disturbances that have the greatest impact on the attitude change of the fuselage of the quad-rotor
UAYV when it performs tasks. The natural wind can be divided into four types: continuous wind, gust
wind, gradual wind and random wind. The type of wind field used in this essay is random wind. The
speed of random wind can be expressed as: Vm = Vmax Ran( -1, 1) sin( 2t + ®n). In the formula,
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Vmax is the maximum random wind speed. Ran( -1, 1) is a random value equably scattered between -
1 and 1. The value of wnis 1 /6. [9]

5. Controllers of the quad-rotor UAV

5.1. Classical PID controller

The classic PID controller has been the most widely used in industrial control for its distinct structure,
easy design, reliable and stable operation, and wide adaptability. The principle of PID control is to
operate according to the relationship of proportional, integral and differential according to the input, so
that it can eliminate the deviation and finally realize the stable operation of the system.

5.2. Cascade PID controller

The cascade PID controller greatly promotes the effect of control in process controlling. There are two
controllers working in series forming the cascade control system. The outcome of the outer controller
is regarded as the set point of the internal controller, and the outcome of the internal controller can
control the targeted valve.

5.3. Fuzzy PID controller

In actual control, the system is not time-invariant, and it is usually necessary to dynamically adapt the
parameters of the PID. Fuzzy control can just fulfill this requirement. Fuzzy PID controller integrates
fuzzy algorithm with self-tuning of PID control parameters.[10] It adopts the Mamdani-type fuzzy
inference method and uses the center of gravity method for defuzzification.

6. Result analysis
A step signal is added to the simulation system to generate a step response at time zero. The initial
value of the step signal is 0, and the result value of the step signal is 1. Under the condition of no wind
disturbance, the control effects of the three controllers on the z-axis variation, pitch angle, roll angle
and yaw angle of the UAV are shown from figure 1 to figure 4.
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Figure 1. Controlling results of the three controllers of the z-axis variation (no wind disturbance).
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Figure 2. Controlling results of the three controllers of the pitch angle (no wind disturbance).
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Figure 3. Controlling results of the three controllers of the roll angle (no wind disturbance).
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Figure 4. Controlling results of the three controllers of the yaw angle (no wind disturbance).

Under the condition of wind disturbance, the control effects of the three controllers on the z-axis
variation, pitch angle, roll angle and yaw angle of the quad-rotor UAV are shown from figure 5 to
figure 8.
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Figure 5. Controlling results of the three controllers of the z-axis variation (wind disturbance).

T T T T T T T T T =
0.3 " 1 + i 1 + 1 classical PID —
— Cascade PID
fuzzy PID
0.2~ T
0.1 o
PSR
ok
—0 1@
0.2 ! =
1 I I | I I 1 | I
0 2 a4 6 8 10 12 14 16 18 20

Figure 6. Controlling results of the three controllers of the pitch angle (wind disturbance).
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Figure 7. Controlling results of the three controllers of the roll angle (wind disturbance).
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Figure 8. Controlling results of the three controllers of the yaw angle (wind disturbance).

Through the comparison, it can be found that the fuzzy PID control shows better control performance
whether it is pitch angle, roll angle, yaw angle or Z direction. In the overshoot, fuzzy PID control is
better than cascade PID, and fuzzy PID has better performance than the other two controllers in
adjustment time. This is because the fuzzy PID can adjust the PID parameters in time through the
fuzzy control, and make a better response speed to the changes of the system.

7. Conclusion
This paper analyzes the quad-rotor control system. Using the mechanism modeling method, the quad-
rotor system is modeled, and the system function is obtained. Three control schemes: classical PID
control, cascade PID control and fuzzy PID control are used in this paper. Then the quad-rotor system
is controlled by three control methods. The simulation results show that all three control schemes can
control the system, but fuzzy PID has more advantages in terms of stability and rapidity.

The quad-rotor system studied in this paper is just a simple basic model. The actual production
process system is very complex. However, for more complex and huge systems, we can also use
control effects to better control the system based on this research, such as neural network control.
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