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Abstract: A model avionics system is a type of electronic system and equipment specifically designed for use in 

airborne computers. This article proposes an improvement of the output performance of Unmanned Aerial Vehicle 

(UAV) system based on multi-PID-controller with on-line swarm optimization algorithm. The main goal of this 

research is to design six PID controllers to control the high nonlinear UAV quadcopter system by using an on-line 

Particle Swarm Optimization (PSO) algorithm that uses to learn and tune the eighteen control gain parameters based 

on multi-objective function. The task of the proposed on-line multi-PID-PSO feedback path-tracking controller is to 

obtain precisely and quickly the robust rotation speed of rotors which are used to control the attitude and altitude of 

the UAV quadcopter system. The results of the proposed strategy show that the on-line multi-PID-PSO controllers are 

accurate in terms of the UAV quadcopter take-off and follows the Spiral and Cyclone desired paths quickly through 

fast obtaining of the multi-controller’s parameters and smooth rotation speeds actions generating for UAV system with 

a minimum number of multi-cost function evolutions that minimized the tracking translation location error around ±5 

cm and the overshoot of altitude did not exceed 1cm. Finally, we confirm the effectiveness of the simulation results of 

the proposed controller through comparison of other types of controller simulation results. 

Keywords: Unmanned aerial vehicle, Quadrotor, Multi-PID controller, Particle swarm optimization algorithm, On-

line tuning, Multi-objective function. 

 

 

1. Introduction 

In the past two decades, many researchers have 

been interested in Unmanned Aerial Vehicles 

(UAV)-based airborne computing, quadcopter or 

drone quad copter which have been applied in various 

domains such as military, industrial, and commercial 

applications. As well as UAV quadcopter is useful in 

different fields such as monitoring system and 

inspection system in dangerous area although it has 

different sizes and shapes [1]. To solve the control 

problem for the UAV quadrotor path tracking system, 

recently, many works have been reported in the 

literature for various types of mathematical models, 

controllers design and tuning control methodologies 

that are used to try for solving the problem of the 

UAV quadcopter stabilization in a desired location 

and orientation by controlling the attitude and altitude 

of UAV quadcopter. Some of the researchers have 

focused on controller design based on the 

mathematical model of the physical nonlinear 

unmanned aerial vehicle system such as: the hybrid 

intelligent controller that consisted of the robust 

adaptive neuro-fuzzy inference system and PSO 

algorithm which was proposed in [2] that are used for 

trajectory tracking of unmanned aerial vehicle, but 

the controller has only the ability for movement of the 

UAV in a 2D vertical plane. In the work [3], the 

decoupling fuzzy controller based on the Newton-

Euler method of the mathematical kinematic and 

dynamic quadrotor UAV model are used to control 

the desired position of the quadrotor system, but the 

issue is taken by the linearization model of UAV. The 

fuzzy PID control algorithm is applied to dynamic 

quad-rotor UAV model to achieve robust attitude 

flight that are used in [4] so the weakness is not 

designed for the altitude controller for UAV model. 
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On the other hand, in the paper [5] a PID controller 

with a nature-inspired algorithm is proposed to 

achieve good quadrotor performance for tracking the 

desired path but the drawback is the parameters of the 

PID controller are fixed off-line and not updated by 

on-line method. Also, multi-input-multi-output PID 

controller is presented in [6] by using linear quadratic 

regulator-gaussian for attitude and altitude control of 

the quadrotor but the drawback is taken from the 

linearization model of quadrotor model. Tuning PID 

controller by using two different methods; the first is 

conventional Zeigler-Nichols method and the second 

is modern heuristics approach of PSO method are 

illustrated in [7] to identify the best PID controller 

parameters for attitude stabilization of the quadrotor 

model but the disadvantage is not designed of the 

altitude controller for quadrotor model. The auto-

tuner of cascade PID controller is discussed in [8] for 

quadrotor UAV model based on the desired gain and 

phase margins to determine the response speed than 

primary control it but the drawback is taken to the 

linearization model of quadrotor model. Tuning 

attitude PD controller by using two methods; Zeigler-

Nichols method and genetic algorithm are presented 

in [9] to find the best value of the PD controller 

parameters for attitude quadrotor helicopter model 

but the drawback is taken by the linearization model 

of quadrotor model. In addition, an intelligent 

adaptive type-2 fuzzy sliding mode control with PID 

sliding surface is proposed in [10] for controlling the 

6 DOF quadrotor aircraft but the drawback is the 

parameters of the PID controller are fixed not updated. 

In the work [11] the Lyapunov gain Scheduled PID 

controller design for the model vertical flying drone 

quadrotor type with conventional PID and adaptive 

PID controllers. The tracking control of UAV 

quadrotor is developed in [12] where two controllers 

are used, traditional sliding mode control law and 

integral with gain scheduled sliding mode control in 

order to eliminate the disturbance error that effect on 

the UAV flight. The robustness and the effectiveness 

of the optimal model free backstepping controller 

with cuckoo search algorithm for quadrotor 

helicopter is proposed in [13] to achieve the global 

asymptotical stability of the closed loop control 

quadrotor helicopter based on the Lyapunov method 

but the issue is not compared with other optimization 

algorithms. Also, in the work [14] a backstepping 

controller is used for quadrotor based on Newton-

Euler formulation to derive the reference attitude 

angles and to obtain asymptotical stabilized but the 

weakness is the parameters of the nonlinear controller 

did not update on-line. Moreover, model predictive 

of nonlinear controller for UAV is discussed in [15] 

for tracking desired trajectory and constrained 

control of UAV quadrotor system but the drawback 

is taken by the linearization model of quadrotor 

model. In [16] adaptive model predictive control is 

proposed to quadrotor altitude control that utilizing a 

dynamic matrix control for computing control action 

to improve quadrotor control and tracking. So, 

another type of control strategy for UAV system is a 

neural network controller as discussed in [17-19] 

where the outputs of these controllers are determined 

by the best values of position and speed of the 

quadrotor and for steering rotation speed of 

propellers to get the best quadrotor’s flight of the 

desired path. The problem definition of this work is 

still to be addressed which the highly coupled 

between the inputs and the outputs states of the UAV 

quadrotor and the nonlinear dynamic behaviour with 

under-actuated system in order to quickly fly the 

UAV and to accurate and precise track of the desired 

path in terms of minimum position error, without 

oscillation and minimum overshoot in the altitude of 

quadrotor system. Therefore, the motivation of this 

work is taken from [1, 10, 11, 20]. The summarized 

contribution of this paper is to solve the problem 

statement through a swift with best values of four 

rotor speeds control actions that are generated using 

numerical simulation based on the proposed on-line 

multi-PID-PSO control algorithm with proposed 

multi-objective function. Therefore, the effectiveness 

of the proposed technique leads to track and 

stabilization of the drone quadrotor in the strongly 

dynamics desired locations and orientations with 

minimum tracking error through control of the 

altitude and attitude of quadrotor system. This article 

is organized as follows: Section 2 explains the 

mathematical drone dynamics model. Section 3 

illustrates the proposed multi-PID-PSO control 

strategy based on multi-objective function. In Section 

4, numerical simulation results are demonstrated by 

the effectiveness and of the performance of the 

proposed controller. Finally, the conclusions for the 

proposed control strategy are given in Section 5. 

2. UAV quadrotor drone dynamics model 

In general, the UAV quadrotor motion is relating 

of the center of mass movement (x, y and z) of the 

altitude and movement around the center of mass (φ, 

θ, and ψ) of the rotation. Therefore, 6 DOF are needed 

to describe the UAV quadrotor motion in the space as 

shown in Fig. 1. The UAV quadrotor has four rotor 

motors to control the attitude and altitude of UAV 

quadrotor system, where the lift of the UAV 

quadrotor along the z-axis by varying four rotor 

speeds, to move the quadrotor along the x-axis by 
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Figure. 1 The platform of drone quadrotor motion 
 

varying the speed of rotors (w1) and (w3), so the 

pitch angle (θ) of the quadrotor is changing. 

To move the quadrotor along the y-axis by 

varying the speed of rotors (w2) and (w4), so the roll 

angle (φ) of the quadrotor is changing. To create yaw 

angle (ψ) and rotate the UAV quadcopter w.r.t. z-axis, 

the speeds of rotors (w1) and (w3) are increased while 

the speeds of rotors (w2) and (w4) are decreased. The 

UAV quadcopter dynamic equation model are taken 

from [5, 10] with consideration of air drag as follows: 
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 Ω𝑟 = (𝑤1 − 𝑤2 + 𝑤3 − 𝑤4) (7) 

Table 1. Definition of drone quadrotor’s parameters with 

values and units [5]. 

Name Parameter Value Unit 

Quadcopter 

Mass 
M 0.65 Kg 

Quadcopter Arm 

Length 
L 0.23 M 

Thrust 

Coefficient 
B 

3.13
× 10−5 

N.sec2 

Drag Coefficient d 
7.5
× 10−7 

N.m.sec2 

Inertia on x-axis Ix 
7.5
× 10−3 

kg m2 

Inertia on y-axis Iy 
7.5
× 10−3 

kg m2 

Inertia on z-axis Iz 
1.3
× 10−2 

kg m2 

Rotor Inertia Jr 6 × 10−5 kg m2 

Gravity constant g 9.81 m/sec2 

Rotational 

Velocities 
Ω - rad/sec 

 

Where, ( �̈� , �̈� , �̈� ) and ( �̇�, �̇�, �̇�)  denote the 

acceleration and velocity of UAV quadcopter in the 

inertial frame, respectively. (�̈�, �̈�, �̈�) and (�̇�, �̇�, �̇�) 

denote angular acceleration and angular velocity of 

the Euler angles (roll, pitch, yaw) respectively. C and 

S denote Cos and Sin, respectively. 

The numerical simulation drone quadcopter 

parameters of the Eq. (1) to Eq. (7) are taken from [5] 

as shown in Table 1. 

3. Multi-PID-PSO controller design 

The proposed on-line multi-PID-PSO controller 

is used in this work to solve the highly coupled 

between the inputs and the outputs states of the UAV 

quadrotor and the nonlinear dynamic behaviour with 

under-actuated system through generating precisely 

and quickly the optimal four rotor speeds action.  As 

well as to follow the desired Spiral and Cyclone UAV 

quadcopter paths and to achieve the UAV quadrotor 

is stabilized during flying with minimum position 

error, without oscillation and minimum overshoot in 

the altitude of quadrotor system. The platform of the 

proposed multi-PID-PSO path following controller is 

shown in Fig. 2. 

The proposed controller consists of two steps: 

First Step: In this work, it is used six PID 

controllers because the quadcopter drone has 6 DOF 

and it has 6 states as Eq. (1) to Eq. (6). There are six 

discrete PID control law equations are represented in 

Eq. (8) as follows [21, 22]: 
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𝑢𝛼(𝑘) = 𝑘𝑝𝛼(𝑘)𝑒𝛼(𝑘)

+ 𝑘𝑖𝛼(𝑘)(𝑒𝛼(𝑘)

+ 𝑒𝛼(𝑘 − 1))

+ 𝑘𝑑𝛼(𝑘)(𝑒𝛼(𝑘)

− 𝑒𝛼(𝑘 − 1))

+  𝑢𝛼(𝑘 − 1) 

(8) 

 

Where, α denotes to the different output state of 

the quadcopter drone that there are (x, y, z) and (φ, θ, 

ψ). kp denotes the proportional gain; ki denotes the 

integral gain; kd denotes the derivative gain; u(k) 

denotes the control action and e(k) denotes the error 

signal. 

However, the control input vector U can be 

expressed as a function of rotation speeds (w1, w2, w3, 

w4) in order to control the altitude and attitude of 

UAV quadrotor as follows [1, 5]: 
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Second Step: In this work, the control gain 

𝑘𝑝𝛼 , 𝑘𝑖𝛼  and 𝑘𝑑𝛼  (eighteen) parameters in each 

particle which are learned and tuned using the on-line 

PSO algorithm in order to speed up the transient state 

of the six states of the UAV quadcopter by changing 

the rotation speeds control actions that leads the UAV 

quadcopter to follow the desired path quickly with 

minimum location and rotation errors, without over  

 

 
Figure.2 The platform of multi-PID-PSO controller 

design 

shoot, and with no oscillation in the output states 

responses. The particle’s “the control gains 

𝑘𝑝𝛼 , 𝑘𝑖𝛼  and 𝑘𝑑𝛼 parameters” velocity update using 

Eq. (13) and to represents the particle’s position 

update using Eq. (14) as follows [23, 24]: 

 

 

𝑣𝑖(𝑘 + 1) = 𝑤. 𝑣𝑖(𝑘)
+ 𝑐1𝑟1[𝐿𝑏𝑒𝑠𝑡−𝑖 − 𝑥𝑖(𝑘)]
+ 𝑐2𝑟2[𝐺𝑏𝑒𝑠𝑡 − 𝑥𝑖(𝑘)] 

(13) 

 

 𝑥𝑖(𝑘 + 1) = 𝑥𝑖(𝑘) + 𝑣𝑖(𝑘 + 1) (14) 

 

Where, 𝑐1 and 𝑐2 are cognitive coefficients and 

there are equal to 1.25. The r1 and r2 are two uniform 

random numbers from (0 to 1); ith denotes the number 

of particles, 𝑥𝑖 denotes the particle the control gain 

𝑘𝑝𝛼 , 𝑘𝑖𝛼  and 𝑘𝑑𝛼  parameters; Gbest is Global best 

position, and Lbest is the Local best position, V𝑖 is the 

velocity which is adjusted at each time step that is 

equal to 0.01 second. 

The proposed multi-objective function in this 

work is mean square error function that is used to 

minimize the location error, rotation error and 

translation speed coordination error between the 

desired and actual output of the UAV quadcopter by 

using Eq. (15), (16) and Eq. (17). 

 

 𝑒𝛼(𝑘 + 1) = 𝐷𝛼(𝑘 + 1) − 𝑂𝛼(k + 1) (15) 

 

 
𝑆𝑝𝑒𝛼(𝑘 + 1) = 𝐷𝑆𝑝𝛼(𝑘 + 1)

− 𝑂𝑆𝑝𝛼(k + 1) 
(16) 
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Where, β denotes the number of iterations; kth 

denotes the number of samples; 𝑒𝛼
𝑖𝑖 : is the location 

and rotation errors of each iteration. 𝑂𝛼
𝑖𝑖: is the actual 

output of the quadcopter of each iteration. 𝐷𝛼
𝑖𝑖: is the 

desired output of the location and rotation at each 

iteration for the drone quadcopter. 𝑆𝑝𝑒𝛼
𝑖𝑖 : is the 

translation coordinate speed errors of each iteration. 

𝑂𝑆𝑝𝛼
𝑖𝑖 : is the actual translation coordinate speed 

output of the quadcopter of each iteration. 𝐷𝑆𝑝𝛼
𝑖𝑖: is 

the desired output of the translation coordinate speed 

at each iteration for the drone quadcopter. 

4. Numerical simulation results 

The UAV quadrotor model is shown in Fig. 1 

which is considered as under-actuated quadrotor 

system with four inputs and six states outputs with 
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highly coupled nonlinear dynamics behaviour. 

MATLAB simulation  package is used to apply the 

proposed on-line tuning control gains algorithm for 

multi-PID-PSO structure of the controller by carrying 

out the 4th order Range Kutta method and solving Eq. 

(1) to Eq. (6) with 0.01 second sampling time in order 

to solve the problem definition of the UAV quadrotor  

as well as to follow the desired UAV quadcopter 

path and to achieve the UAV quadrotor is stabilized 

during flying with minimum position error, without 

oscillation and minimum overshoot in the altitude of 

quadrotor system. To investigate the efficiency of the 

proposed controller at strongly dynamics Spiral and 

Cyclone paths tracking and to confirm the UAV 

quadrotor in both desired (location and rotation) are 

stabilized, we put the UAV quadrotor in two case 

studies as follows: 

Case I  

The spiral and turns on itself desired path during 

35 second as follows: 

 

 𝑋𝑑 = 4 𝑠𝑖𝑛(
2𝜋𝑡

15
) (18) 

 

 

 
(a) 

 
(b) 

 
(c) 

Figure. 3 The spiral desired path with translation 

coordinates: (a) x axis, (b) y axis and (c) z axis 

 

 
Figure. 4 The 3D simulation spiral path tracking for the 

UAV quadrotor 

 

 
Figure. 5 The translation error coordinates in (z, x, y) 

 

 

 𝑌𝑑 = −4 𝑐𝑜𝑠(
2𝜋𝑡

15
) (19) 

 

 𝑍𝑑 = 0.1𝑡 (20) 

 

 𝜓𝑑 = 𝜋 𝑠𝑖𝑛(
2𝜋𝑡

15
) (21) 

 

The initial position of the UAV quadrotor is (xo, 

yo, zo) = (0.25, -3.75, 0) m respectively.  

Fig.3 shows the desired path with translation 

coordinates (x, y, z) and to show the 3D simulation 

path tracking for the UAV quadrotor as in Fig. 4 that 

has a fast flying with small oscillation in the starting 

on the following the desired path only. 

Fig. 5 shows the small translation error 

coordinates and did not exceed ±5 cm and the 

overshoot of the altitude is less than 1 cm. In Fig. 6, 

the orientation yaw error coordination did not exceed 

0.04 rad that means the proposed controller behaviour 

precision. 

Based on the proposed output of the PID x-axis in 

Eq. (22) and the output of the PID y-axis in Eq. (23), 

we are obtained the desired Roll and Pitch 

orientations as shown in Fig. 7. 
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Figure. 6 The orientation yaw error coordination 

 

 
Figure. 7 The desired Roll and Pitch orientations 

 

 
Figure. 8 The response of the rotation speed of each rotor 

in the UAV quadrotor 

 

 
Figure. 9 The velocities of UAV quadcopter in the 

inertial frame 

 

 
Figure. 10 The multi-objective function performance 

 

 

 

 

Table 2. The search area of on-line PSO control gains 

parameters values. 

Controller 

Types 

Rang of kp 

Values 

Range of ki 

Values 

Range of kd 

Values 

PID-x-axis 
[9.8 to 0.22] [2.1 to 0.011] [3.1 to 0.17] 

PID-y-axis 

PID-z-axis [7.8 to 4.3] [1.6 to 1.2] [0.77 to 0.23] 

PID-Roll 

Orientation 
[1.9 to 1.1] [1.9 to 0.22] [2.1 to 0.99] 

PID-Pitch 

Orientation 

PID-Yaw 

Orientation 
[0.15 to 0.1] [0.2 to 0.1] [0.2 to 0.1] 

 

Fig. 8 shows the response of the rotation speeds 

of each rotor in the UAV quadrotor where the 

response is fast action with small oscillation and no 

saturation state as well as no spikes actions because 

the effectiveness of the on-line tuning control gains 

that used in the proposed multi-PID-PSO controller 

with multi-objective function are generated smooth 

and stable values of the multi-PID-PSO controller’s 

parameters. Moreover, these control actions have the 

ability to smoothly track the Spiral desired location 

and rotation of the UAV quadrotor. 

Fig. 9 shows the response of the UAV speed in 

translation coordinate (x, y, z) during flight in the 

Spiral path. 

The multi-objective function performance of the 

on-line tuning control gains algorithm is shown in Fig. 

10 that convergence the location, rotation and 

translation speed coordination errors throughout 

running 35 second when it is used number of iteration 

is equal to 50. 

Table 2 shows the proposed search area of on-line 

PSO control gains parameters values that there are 

used in the proposed multi-PID-PSO controller in 

order to stabilize and speed up the UAV quadrotor 

flying in the transient response of the closed loops 

control drone system. 

Case II  

The Cyclone desired path for UAV quadrotor is 

carried out during 65 second as follows: 

The UAV quadrotor ups to 1.3 m of altitude 

during 13 second where the desired path with 

translation coordinates ( 𝑋𝑑 = 0 , 𝑌𝑑 = 0 ) and 𝑍𝑑 =
0.1𝑡    

So, the initial position of the UAV quadrotor is 

(xo, yo, zo) = (0, 0, 1.3) m respectively, before the 

UAV quadrotor makes Cyclone trajectory between 

the time (13 to 65) second. 

 

 𝑋𝑑 = 0.1(𝑡65 − 𝑡13) sin(
2𝜋(𝑡65 − 𝑡13)

15
) (24) 
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𝑌𝑑

= −0.1(𝑡65 − 𝑡13) cos(
2𝜋(𝑡65 − 𝑡13)

15
) 

(25) 

 

 𝑍𝑑 = 0.1𝑡 (26) 

 

 𝜓𝑑 = 𝜋 sin(
2𝜋(𝑡65 − 𝑡13)

15
) (27) 

 

Fig.11 shows the Cyclone desired path with 

translation coordinates (x, y, z) and to show the 3D 

simulation path tracking for the UAV quadrotor as in 

Fig. 12 that has a fast flying with small oscillation 

during tracking the desired path. 

In Fig. 13 the translation error coordinates is less 

than ±5 cm and the overshoot value of the altitude 

during 13 second did not exceed 1 cm that means the 

percentage overshoot did not exceed 1%. Fig. 14 

shows the maximum value of orientation yaw error 

coordination is less than 0.04 rad. 

Fig. 15 shows the rotation speeds responses of 

each rotor in the UAV quadrotor during smoothly 

tracking the Cyclone path. The responses are fast 

 

 
(a) 

 
(b) 

 
(c) 

Figure. 11 The Cyclone desired path with translation 

coordinates: (a) x axis, (b) y axis and (c) z axis 
 

 
Figure. 12 The 3D simulation Cyclone path tracking for 

the UAV quadrotor 

 

 
Figure. 13 The translation error coordinates in (z, x, y). 

 

 
Figure. 14 The orientation yaw error coordination 

 

 
Figure. 15 The response of the rotation speed of each 

rotors in the UAV quadrotor 

 

 
Figure. 16 On-line multi-objective function performance. 
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Table 3. Comparison simulation results between the 

proposed controller and other types of PID controller 

Type of 

Controller 

Type of 

Performance 

Index 

Overshoot 

Steady-

State 

Error  

PID with 

try and 

error 

tuning 

algorithm 

[1] 

Off-Line 

ISE= 4.72 
4.08% 30 cm 

PID with 

genetic  

tuning 

algorithm 

[5] 

Off-Line 

ISE= 2.14 
1% 10 cm 

Proposed 

controller 

On-Line 

ISE= 1.08 
1% 5 cm 

 

action with small oscillation and no saturation state 

as well as no spikes actions because of the 

effectiveness of the on-line tuning control gains that 

are used in the proposed multi-PID-PSO controller 

with multi-objective function that are generated by a 

smooth and stable values of the multi-PID-PSO 

controller’s parameters.  

The multi-objective function performance of the 

on-line tuning control gains algorithm is shown in Fig. 

16 that working to minimize the location error and the 

translation speed coordination error during the radius 

of the Cyclone path increased throughout running 65 

second and fifty iterations are used in each sample for 

function evaluation. 

To confirm the effectiveness of this work, we are 

compared the simulation results of the proposed 

controller with other types of PID controller results 

that are taken from [1, 5] as shown in Table 3. 

5. Conclusions  

In this paper, an on-line multi-PID-PSO 

controller has been designed and simulated for flying 

UAV quadrotor system and tracking Spiral and 

Cyclone paths using MATLAB simulation package. 

The UAV quadrotor has highly coupled and 

nonlinear system, therefore, the proposed controller 

has excellent ability for solving the problem 

statement of the UAV model in term of the following: 

Best value of speed rotors control actions that 

were generated for decoupling system states and 

nonlinear behaviour of the UAV quadrotor system. 

The UAV quadrotor is fast flied and reached the 

Spiral and Cyclone paths with slight oscillation. 

The span tracking translation error of the location 

reached approximately ± 5 cm. 

Smooth speed actions without spikes and no 

saturation state led to follow precision of the desired 

strongly dynamics Spiral and Cyclone paths because 

multi-objective function is used with on-line tuning 

control gains and stable positive values are obtained 

by PSO algorithm. 

So, the experimental implementation of an on-

line multi-PID-PSO controller schematic with UAV 

model will be addressed in the future work. 
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