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Abstract 

This work presents mathematical modelling of unmamanned aerial vehicle 

(UAV) Quadcopter dynamics and proportional integral derivative (PID) 

controller. The process involved designing a stable and accurate PID 

controller via its developed algorithm to control the quadrotor system based 

on system disturbance rejection scenario. The quadcopter system model has 

four input forces which are basically the thrust provided by each propeller 

connected to each rotor with fixed angle. The front and rear motors rotate 

counter-clockwise while other two motors rotate clockwise so that the yaw 

command could be derived by increasing or decreasing counter-clockwise 

motor speeds while simultaneously decreasing or increasing clockwise motor 

speeds. The SIMULINK(R) was used in the implementation of the 

mathematical models of both the quadcopter system and the PID controller. 

The simulation results showed some remarkable stability and accuracy of the 

nonlinear model   in terms of disturbance rejection when compared with the 

referenced system metrics for quadcopter model. 
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INTRODUCTION  

Model development is the foundation for the design of control systems. 

Modelling of a quadcopter assists in understanding the behaviour of the entire 

vehicle. Therefore modelling is beneficial to comprehend the quadcopter 

dynamics to control and stabilize the quadcopter accurately [1]. The following 

researchers worked on the modelling of quadcopter systems [2][1]; [3]–[7]; 
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[8]; [9]; [10];[11]; [12]; [13]. But at present, the main research directions of 

the flight control system are the design and engineering application [14]. The 

mathematical model of the quadrotor  is provided because it aids in describing 

the movement of the quadcopter in accordance to its inputs. The model of a 

quadcopter involves dynamic forces and torques produced by its propellers, 

brushless direct current motors (BLDCMs), frames, and sensing units. These 

elements change the dynamics and the model parameters. Having an 

alternative method as system identification and according to [15], the 

identification method has the following two min advantages: firstly, the 

reduction of the amount of time wasted on obtaining the quadcopter 

parameters of the model and  the algorithm can be used for modelling similar 

quadcopter systems with larger or shorter propellers, bigger or smaller 

motors, different weights of the structure, and so on. In this work the 

identified associated physical parameters involves; Quadcopter acceleration 

of gravity (g), mass (m) of body quadcopter, and inertial (I) parameters. 

Aerodynamic parameters of the constant thrust factor (b), drag factor (d), and 

the distance (L) between the motor and the quadcopter centre and the three 

moments of inertia due to rolling, pitching and yawing movement along the x, 

y and z-axes respectively. The UAV quadcopter model consider in this work is 

DJI F450 Unmanned Aerial Vehicle. 

Attitude control is the foundation and key of the entire UAV flight control 

system it refers to the process of orienting the spacecraft and its body rate in 

a given direction. Attitude Control of drone is necessary because it’s the most 

important aspects or factors to be consider in the entire operation of UAVs. 

Generally, all kinds of intelligent electric Vehicles, UAVs inclusive rely on 

number of sensors to ensure safe and smooth operation due to their ability in 

providing information to the vehicle drivers as well as the part of the vehicle 

dynamics systems. The attitude controller need to be designed  important 

feature because it allows the UAV to maintain a desired orientation and, 

hence, prevents it from crashing when the desired manoeuvre is performed. 

The requirements for pointing accuracy, stability, weight, reliability, orbital 

motion, manoeuvrability, cost, and lifetime are the key factor which drive the 

decision of which technique to employ.  

This work presents F450 UAV with its mathematical modelling and the design 

of a robust proportional integral derivative PID controller for accurate 

tracking of input signals and efficient disturbance rejection. 
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F450 UNMANNED .AERIAL VEHICLE DESCRIPTION 

As the name quadcopter implies, it consists of four DC motors each with a 

separate propeller. The arrangement are on the same plane as shown in 

Figure 1. Two oppoite motors spin in the clockwise (CW) direction, acting as 

puller propellers, while the other two oppoite motors spin in the counter-

clockwise (CCW) direction acting as pusher propellers, thus, marking the 

resulting torque to be zero.  The  propellers were actuated by the motors 

independently. The force that makes the quadcopter to fly is the force due to 

the throttle input which is the additive of the thrust of each of the four small 

electric motors. An X-configuration quadrotor is used in this work  because it 

is  more stable in comparison to + configuration, which has a more acrobatic 

structure [16]. The quadrotor has six degrees of freedom (6DOF) which 

consists of three translational  and three rotational systems. 

 

 
Figure 1. F450 Quadcopter in X-Configuration Structure. 
 

Figure 2 shows the coupled F450 UAV quadcopter used in this work While 
Figure 3 shows the its System Block Diagram.   
 

 
Figure 2: F450 UAV Quadcopter Model Picture 

Z 



 

SSAAR (JASUD); Journal of                                                    September, 2020 

African Sustainable Development  

298 | P a g e  
 

Editions 

 
Figure 3: Quadcopter System Block Diagram 

 

The quadcopter is controlled using a radio controller which sends a pulse 

width modulated (PWM) signal to quadcopter. The receiver in quadcopter 

received the PWM signal and is fed to controller where it will be sends to 

motors accordingly then the four motors will be rotated and the quadcopter 

hover in air. To stabilize the quadcopter, PID controller as the most commonly 

used controller is employed [1]; [17]. 

The work contributes in developing a simple Simulink Computer model of 

F450 UAV quadcopter and secondly, contributes in employing a PID controller 

in stabilizing the quadrotor to operate within its linear or hovering region 

with a better disturbance rejection. 

 

RELATED WORKS: REVIEW         

A literature review on quadcopter modelling techniques for both linear and 

nonlinear models. is here by presented parameter identifications and 

determination methods are also parts that are considered.  Reseachers put the 

following variations into consideration             

a. They vary in describing of rigid body dynamics.  

b. They also vary in representations of kinematics and direction of z-axis 

of body reference frame.  

c.  Finally, they differ in how many forces and other effects are taken into 

account.  
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For the mathematical model of the Quadcopter according to[19];[18] the 

following six assumptions are taking into consideration for the system 

dynamics:  

a) Quad-rotor’s structure is symmetrical. 

b) Quad-rotor UAV consists of a rigid frame equipped with four rotors. 

c) No mass changes during motion (time invariant) 

d) Centre of Gravity (CoG) and Centre of Mass (CoM) are fixed or coincide 

at the geometrical centre of the Quadcopter. 

e) Thrust and drag constants are proportional to the square value of the 

motor’s speed. 

f) Air drag force is neglected. 

 

Over two decades considerable attention has been drawn to quadrotors 

modelling. Newton-Euler Technique and Euler-Lagrange Technique are the 

two most and frequenyly universally accepted techniques employed in 

deriving the quadcopter’s model equations. Both techniques generate the 

same results.  

1. Newton-Euler Technique.  This method is based on Newton’s second 

law equations of motion on rigid body. The following [1], [10]–[13], 

[20]–[29] modelled quadcopter by incorporating the air frame and 

motor dynamics well as aerodynamics and gyroscopic effects. [30] 

applied force-moment balance approach in their modelling which is 

also based on Newton-Euler techniques. [31] Used state space model 

starting from basic Newtonian equations. [18] Modelled a quadcopter 

in a nonlinear state space form using Newton’s and Euler’s laws which 

is then linearized.  

2. Euler-Lagrange Technique. This method is based on energy and 

kinematics, with equations derived from Newton’s second law using 

transformation matrix (Directional Cosine matrix) the following [27], 

[32]–[34], [13]. [35] applied this technique  

 

MODELLING AND CONTROL  

Figure 4 shows the Quadcopter free body diagram indicating all the forces 

acting on the quadcopter which are responsible for its movements.  
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Figure 4: Free Body Diagram 

Where; F’s = four forces of the quadcopter,  

 M’s = motor signals, 

            𝛚’s =  angular velocities of the rotors,  

            L = arm length (motor to centre length)  

            r =  quadcopter’s distance from the inertial frame.  

Newton-Euler and physical mathematical laws are applied to model the 

dynamics for an UAV. The motion of the quadrotor can be divided into two 

subsystems; firstly, rotational subsystem that is attitude (roll (ϕ), pitch (θ) 

and yaw (ψ)) which shows full actuation actions and secondly the 

translational subsystem that is altitude and position (z with x and y position) 

which shows under actuated actions  

The movement vector introduces thrust force F of rotors U1 and torque τ 

around coordinate axes of body frame: U2, U3 and U4 as control inputs. So the 

number of controllable variables (U1 to U4) will be equal to the number of 

rotors. Therefore, the four basic movements that enables the UAV to reach its 

desired attitude and altitude were determine by (1).  

U = [0 0 U1 U𝟐 U𝟑 U𝟒]
𝐓 

=  [0 0 F𝑧
τϕ τθ τψ]𝐓                               (1) 

Where: F𝑋  =  F𝑌  = 0 

U1 = F𝑧 Is responsible for altitude 𝑧  and its rate of change  �̇� 
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U2 = τϕ = Roll torque around x-axis which is responsible for generating 

reference roll (𝜙) rotation and its rate of change (�̇�) 

U3 = τθ = Pitch torque around y-axis which is responsible for generating 

desired pitch (𝜃) rotation and its rate of change (�̇�) 

U4 = τψ = Yaw torque around z-axis which is responsible for generating 

desired yaw (𝜓) rotation and its rate of change (�̇�). 

 

According to [1], [2], [10], [13] and generally almost in all reviewed literatures 

and publications employed the same notion for representing them, the 

quadcopter is controlled by the rotation speed of rotors (ω1 ω2 ω3 and ω4), so, 

the vector of control inputs is expressed as a function of rotation speed as 

follows: 

              𝑈 = [𝑈1  𝑈2  𝑈3  𝑈4]                (2) 

  U1 = F𝑧 = 𝐾𝑓 (𝜔1 
2 + 𝜔2

2  +  𝜔3
2  +  𝜔4

2)    (3) 

U2 = τϕ = 𝐾𝑓 (− 𝜔2
2  +   𝜔4

2)                   (4) 

U3 = τθ  = 𝐾𝑓 (𝜔1 
2 − 𝜔3

2)                            (5) 

U4 = τψ = 𝐾𝑀 (𝜔1 
2 − 𝜔2

2 + 𝜔3
2 − 𝜔4

2)       (6) 

                    𝜔𝑟 =  𝜔1 
2 − 𝜔2

2  +  𝜔3
2 − 𝜔4

2 

Where: 𝐾𝑓 𝑎𝑛𝑑 𝐾𝑀 as respective aerodynamic force and moment constants. 

            According to [8]–[10] the rotational and translational equations of 

motion based on application of Newton-Euler technique are as follows:  

�̈� =
L

𝐼𝑥𝑥
𝑈2 − 

𝐽𝑟

𝐼𝑥𝑥
�̇�𝜔𝑟 + (

𝐼𝑦𝑦− 𝐼𝑧𝑧

𝐼𝑥𝑥
)�̇��̇�                 (7) 

�̈� =
L

𝐼𝑦𝑦
𝑈3 + 

𝐽𝑟

𝐼𝑦𝑦
�̇�𝜔𝑟 +

𝐼𝑧𝑧− 𝐼𝑥𝑥

𝐼𝑦𝑦
�̇��̇�      (8) 

�̈� =
L

𝐼𝑧𝑧
𝑈4 + (

𝐼𝑥𝑥− 𝐼𝑦𝑦

𝐼𝑧𝑧
)�̇��̇�                  (9) 

𝑊ℎ𝑒𝑟𝑒:   𝐼𝑥𝑥 , 𝐼𝑦𝑦𝑎𝑛𝑑 𝐼𝑧𝑧 𝑎𝑟𝑒𝑎 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝐼𝑛𝑒𝑟𝑡𝑖𝑎 𝑎𝑏𝑜𝑢𝑡 

 𝑡ℎ𝑒 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑙𝑒𝑠 𝑎𝑥𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑜𝑑𝑦 𝑓𝑟𝑎𝑚𝑒, 𝐿 =   

𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑟𝑚 𝑎𝑛𝑑 𝐽𝑟  = 𝑅𝑜𝑡𝑜𝑟𝑠′𝑖𝑛𝑒𝑟𝑡𝑖𝑎, 𝜔𝑟𝑖𝑠 𝑟𝑜𝑡𝑜𝑟𝑠′𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑡𝑜 𝑓𝑜𝑢𝑟 𝑚𝑜𝑡𝑜𝑟 

 𝑠𝑝𝑒𝑒𝑑   

�̈� = 𝑔 −
𝑈1

𝑚
 ( cos𝜙 cos𝜃)                                 (10) 

�̈� = −
𝑈1

𝑚
 ( sin𝜙 𝑠𝑖𝑛𝜓 + 𝑐𝑜𝑠𝜙 𝑐𝑜𝑠𝜓 𝑠𝑖𝑛𝜃)      (11) 

�̈� = −
𝑈1

𝑚
 ( cos𝜙 𝑠𝑖𝑛𝜓 𝑠𝑖𝑛𝜃 − 𝑐𝑜𝑠𝜓 𝑠𝑖𝑛𝜓)   (12) 



 

SSAAR (JASUD); Journal of                                                    September, 2020 

African Sustainable Development  

302 | P a g e  
 

Editions 

The appropriate type of motor used for propelling the quadcopter’s rotor has 

they own model dynamics. Most research literatures and publications shows 

is brushless direct current motors (BLDCM) because of their advantages. 

Generally, all the DC motor has a well-known model which binds electrical and 

mechanical quantities. The rotor modelled as in (13) as adopted from [2], [4], 

[13]. 

 �̇� =
 K2

J𝑚R
𝜔 −

 𝑑𝜔2

𝜂𝑟3J𝑚
  +

K

J𝑚R
V                            (13) 

 

Noting that K stands for both motor's electric constant Ke and motor torque 

constant K𝑚 because for a small motors their approximately equal (Ke ≈ K𝑚) 

and motor inductance is negligible being very small [2]. 

V = input Voltage,    Kω = generated emf, 

K𝜔2 = torque generated from the propeller system (load torque),  

 J𝑚 = motor moment of inertia and  

 R = BLDC motor’s resistance 

 r = gearbox reduction ratio respectively. 

 

PID CONTROLLER  

The work’s objective is to design a PID controller for path tracking of a 

quadcopter behaviour. The quadcopter is a 6DOF robot but the PID’s structure 

is mono-variable. So, a set of PIDs were developed here for all measured 

variables of the quadcopter. The general control law of a PID controller is in 

(14).  

U = 𝐾𝑝𝑒(𝑡) + 𝐾𝐼 ∫ 𝑒(𝑡)𝑑𝑡
𝑡

0
+ 𝐾𝐷  

𝑑𝑒(𝑡)

𝑑𝑡
       (14) 

         So we considered that the controllers generate the desired inputs Ui   (i = 

1, 2, 3, 4). So, each rotor gets its input signal ωi (i = 1, 2, 3, 4) from (U1 … U4) 

by decoupling equations (15 – 18). 

𝜔1 = √
𝑈1

4𝐾𝑓
+

𝑈3

2𝐾𝑓
+

𝑈4

4𝐾𝑀
                                          (15) 

  𝜔2 = √
𝑈1

4𝐾𝑓
−

𝑈2

2𝐾𝑓
− 

𝑈4

4𝐾𝑀
                             (16) 

   𝜔3 = √
𝑈1

4𝐾𝑓
−

𝑈3

2𝐾𝑓
+ 

𝑈4

4𝐾𝑀
                                                            (17) 

   𝜔4 = √
𝑈1

4𝐾𝑓
+

𝑈2

2𝐾𝑓
− 

𝑈4

4𝐾𝑀
                                                                   (18) 
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The PID attitude roll controller is given in (19) as a control law that generates 

the inputs U2 that control the roll angle which takes an input error e. the error 

is the difference between the reference roll 𝜙𝑟  and the actual estimated angle 

𝜙𝑎. A small attitude angle in radian is considered as reference. Similarly, pitch 

and yaw controllers were represented in (20) and (21) respectively while 

(22) represents quadcopter altitude. 

 

U2 = 𝑘𝑝(𝜙𝑟 − 𝜙𝑎) + 𝑘𝑖 ∫(𝜙𝑟 − 𝜙𝑎)𝑑𝑡 + 𝑘𝑑(𝜙�̇� − �̇�𝑎)   (19) 

U3 = 𝑘𝑝(𝜃𝑟 − 𝜃𝑎) + 𝑘𝑖 ∫(𝜃𝑟 − 𝜃𝑎)𝑑𝑡 + 𝑘𝑑(𝜃�̇� − �̇�𝑎)      (20)  

U4 = 𝑘𝑝(𝜓𝑟 − 𝜓𝑎) + 𝑘𝑖 ∫(𝜓𝑟 − 𝜓𝑎)𝑑𝑡 + 𝑘𝑑(�̇�𝑟 − �̇�𝑎)    (21) 

U1 = 𝑘𝑝(𝑧 − 𝑧𝑑) + 𝑘𝑖 ∫(𝑧 − 𝑧𝑑)𝑑𝑡 + 𝑘𝑑(�̇� − 𝑧�̇�)        (22) 

 

SIMULATION PARAMETERS OF F450 UAV QUADCOPTER  

The quadcopter mathematical model simulator is configured for the physical 

simulation parameters showed in Table 1 for the system parameter 

simulation.  

Table 1: Model Simulation Parameters of F450 UAV Quadcopter 

Parameters  Symbol Value  Unit  
Inertia on x axis  𝐼𝑥𝑥  8.5532× 10−3  kgm2 
Inertia on y axis  𝐼𝑦𝑦  8.5532× 10−3 kgm2 
Inertia on z axis  𝐼𝑧𝑧  1.476× 10−3  kgm2 
Mass  m  0.964  Kg 
Arm length  L 0.22  M 
Rotor inertia Jr 5.225× 10−5 Kg.m2 

Thrust factor Kf 7.66× 10−5 N.s2/rad2 

Drag factor KM 5.636× 10−6 N.m.s2/rad2 
  

In this work, the developed computer Simulink model employed is illustrated 

in block diagram of figure 5.   
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Figure 5a: Quadcopter Simulink Model-Based Attitude Control System.  

 

 
Figure 5b: Quadcopter Simulink Model-Based Attitude Control System with 

Disturbance D  

 

RESULTS AND DISCUSSIONS 

The  results presented here were based on MATLAB/SIMULINK software. The 

simulation was carried out using PID and a set of parameter values of the 

quadcopter F450 model from Table 1 with all the desired model and 

controller equations. The Simulink design and the control result include those 

of pure simulation of all the three attitude angles employing the PID controller 

as the plant controller.  

The independent  roll, pitch and yaw attitude responses results were showed 

in Figure 6 (a-c) respectively. It’s observed because of the symmetry of the 

UAV quadcopter which gives equal moment of inertias and thrust coefficient 

of roll and pitch, the controller for the roll and pitch angle rotations are 

equivalent or rather similar while that of yaw is different. All the responses 

results show very good tracking performances of the input commands. 
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Figure 6a: Roll Controller Angle Simulation Response 

 

 
Figure 6b: Pitch Controller Angle Simulation Response 

 

 
Figure 6c: Yaw Controller Angle Simulation Response 

 

Figure 7 shows the responses of the system under perturbed input signals 

during tracking. The tracking inputs were added as a disturbance (D) after the 

controller to serve as the external input to the quadcopter 
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Figure 7 (a): Roll Controller Angle Simulation Response with Disturbance D 

 

 
Figure 7 (b): Pitch Controller Angle Simulation Response with Disturbance D  
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Figure 7 (c): Yaw Controller Angle Simulation Response with Disturbance D 

 

CONCLUSION 

Finally, in this  work, the working and implementation of the quadcopter 
attitude (pitch, roll and yaw) and movements of quadcopter based on PID 
controller was presented which aims to regulate the orientation posture  and 
the position of a 6 DOF quadcopter. The resulting system and controller 
mathematical models were converted to their respective Simulink models for 
ease of simulations and studies of the system. PID  controller was chosen due 
to its advantages and was implemented successfully in MATLAB/SIMULINK 
environment. So the PID controller can be employed as a one of the best 
controller for F450 quadcopter attitudes control with disturbance rejection. 
 

REFERENCES 
V. Praveen and A. S. Pillai, “Modeling and simulation of quadcopter using PID controller,” 2016. 
M. K. Habib, “Dynamic Modeling and Control of a Quadrotor Using Linear and Nonlinear Approaches Heba talla 

Mohamed Nabil ElKholy of Science in Robotics, Control and Smart Systems,” Am. Univ. Cairo, p. 143, 2014. 
S. Bouabdallah and R. Siegwart, “Full control of a quadrotor,” IEEE Int. Conf. Intell. Robot. Syst., no. October, pp. 

153–158, 2007. 
S. Bouabdallah, “Design and control of quadrotors with application to autonomous flying,” Thesis, vol. 3727, no. 

3727, p. 61, 2007. 
A. N. and R. S. Samir Bouabdallah, “PID vs LQ control of indoor microquadcopter,” vol. 100, no. 5, pp. 1547–1548, 

2005. 
S. Bouabdallah and R. Siegwart, “Bouabdallah07Full.Pdf,” no. 1, pp. 0–5. 
S. Bouabdallah and R. Siegwart, “Backstepping and Sliding-Mode Techniques Applied to an Indoor Micro Quadrotor 

- Samir Bouabdallah & Roland Siegwart (2005).pdf,” no. April, pp. 2259–2264, 2005. 
B. J. Njinwoua and A. Vande Wouwer, “Cascade attitude control of a quadcopter in presence of motor asymmetry ⁎ 

⁎University of Mons, Mons, Belgium,” IFAC-PapersOnLine, vol. 51, no. 4, pp. 113–118, 2018. 
Z. Mustapa and S. Saat, “Autonomous Attitude Control of a Quadcopter Unmanned Aerial Vehicle (UAV),” J. 

Telecommun. Electron., vol. 7, no. 2, pp. 153–160, 2015. 



 

SSAAR (JASUD); Journal of                                                    September, 2020 

African Sustainable Development  

308 | P a g e  
 

Editions 

H. C. T. E. Fernando, A. T. A. De Silva, M. D. C. De Zoysa, K. A. D. C. Dilshan, and S. R. Munasinghe, “Modelling, 
simulation and implementation of a quadrotor UAV,” 2013 IEEE 8th Int. Conf. Ind. Inf. Syst. ICIIS 2013 - Conf. 
Proc., no. December 2013, pp. 207–212, 2013. 

R. A. Bhosale, D. Padmanabhan, and P. S. Kadam, “Mathematical Modeling and Simulation of Quadcopter-UAV Using 
PID Controller,” pp. 29–36, 2018. 

Z. Benic, P. Piljek, and D. Kotarski, “Mathematical Modelling of Unmanned Aerial Vehicles with Four Rotors,” 
Interdiscip. Descr. Complex Syst., vol. 14, no. 1, pp. 88–100, 2016. 

S. Musa, “Techniques for Quadcopter Modelling & Design :,” no. May, 2018. 
S. Zhou, H. Wan, S. Yang, C. Zhang, and X. Xiong, “Attitude Decoupling Control for Quadrotor Aircraft Based on 

Linear Active Disturbance Rejection Control Technique Attitude Decoupling Control for Quadrotor Aircraft 
Based on Linear Active Disturbance Rejection Control Technique,” 2019. 

V. Manuel, A. Res, and E. R. Araiza, “System Identification of a Quad-rotor in X Configuration from Experimental 
Data,” Reserch Compting Sci., vol. 118, pp. 77–86, 2016. 

S. N. Ghazbi, “QUADROTORS UNMANNED AERIAL VEHICLES : A REVIEW,” vol. 9, no. 1, pp. 309–333, 2016. 
R. C. Sá, A. L. C. De Araújo, and A. T. Varela, “Construction and PID Control for Stability of an Unmanned Aerial 

Vehicle of the Type Quadrotor,” pp. 0–4, 2013. 
S. Kurak and M. Hodzic, “Control and Estimation of a Quadcopter Dynamical Model,” Period. Eng. Nat. Sci., vol. 6, 

no. 1, p. 63, 2018. 
T. N. Dief, “Of Quad-rotor,” vol. 5, no. August, pp. 314–319, 2015. 
L. M. Argentim, W. C. Rezende, P. E. Santos, and R. A. Aguiar, “PID, LQR and LQR-PID on a quadcopter platform,” 

2013 Int. Conf. Informatics, Electron. Vision, ICIEV 2013, no. May, 2013. 
M. Mardan, “Attitude and Position Control of Quadrotors : Design , Implementation and Experimental Evaluation,” 

no. March, 2016. 
M. Elfeky, M. Elshafei, A. A. Saif, and M. F. Al-malki, “Modeling and Simulation of Quadrotor Helicopter with 2-‐DoF 

Tilting Rotors,” vol. 14, no. 4, p. 2014, 2014. 
M. A. Heryanto, H. Suprijono, B. Y. Suprapto, and B. Kusumoputro, “Attitude and altitude control of a quadcopter 

using neural network based direct inverse control scheme,” Adv. Sci. Lett., vol. 23, no. 5, pp. 4060–4064, 2017. 
K. M. Thu and A. I. Gavrilov, “Designing and Modeling of Quadcopter Control System Using L1 Adaptive Control,” 

Procedia Comput. Sci., vol. 103, no. October 2016, pp. 528–535, 2017. 
M. D. Schmidt, “Simulation and Control of a Quadrotor Unmanned Aerial Vehicle,” ProQuest Diss. Theses, vol. 

MR61280, p. 122, 2010. 
N. Abas, A. Legowo, Z. Ibrahim, N. Rahim, and A. M. Kassim, “iceea__Norafizah_Abas,” no. Iceea, pp. 15–16, 2012. 
X. Zhang, X. Li, K. Wang, and Y. Lu, “A Survey of Modelling and Identification of Quadrotor Robot,” Abstr. Appl. Anal., 

vol. 2014, pp. 1–16, 2014. 
W. Premerlani and P. Bizard, “Direction Cosine Matrix IMU: Theory,” DCM Theory, no. Dcm, pp. 1–30, 2009. 
A. Chovancová, T. Fico, E. Chovanec, and P. Hubinský, “Mathematical modelling and parameter identification of 

quadrotor (a survey),” Procedia Eng., vol. 96, pp. 172–181, 2014. 
A. Bousbaine, M. H. Wu, and G. T. Poyi, “MODELLING AND SIMULATION OF A QUAD-ROTOR HELICOPTER.” 
U. Ahsun, T. Badar, S. Tahir, and S. Aldosari, “Height control scheme without using pitch angle for fixed wing UAVs,” 

IFAC-PapersOnLine, vol. 28, no. 9, pp. 25–30, 2015. 
Y. Naidoo, R. Stopforth, and G. Bright, “Quad-Rotor Unmanned Aerial Vehicle Helicopter Modelling & Control,” Int. 

J. Adv. Robot. Syst., vol. 8, no. 4, pp. 139–149, 2011. 
J. Barve and K. Patel, Modelling, simulation and Altitude-Range-Analysis of quad-copterUAV, vol. 3, no. PART 1. 

IFAC, 2014. 
David James Murray-Smith, “Methods of System Identification , Parameter Estimation and Optimisation Applied to 

Problems of Modelling and Control in Engineering and Physiology,” System, no. January 2009, 2009. 
W. Zhou, K. Yin, R. Wang, and Y.-E. Wang, “Design of Attitude Control System for UAV Based on Feedback 

Linearization and Adaptive Control,” Math. Probl. Eng., vol. 2014, pp. 1–8, 2014. 

 
  


