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Abstract: Unmanned Aerial Vehicles are among the most widely attracting interest, especially in the applications of 

transportation, inspection, and surveillance. The great mechanisms for motion control are set to become a vital factor 

in performing the robust and accurate stabilized flight relied on perturbations and disturbances. This paper presents 

modified adaptive sliding mode control for trajectory tracking of mini-drone quadcopter unmanned aerial vehicles, 

which aims at demonstrating the effectiveness of nonlinear adaptive control strategy for achieving the desired 

performance of the mini-drone quadcopter system. Besides providing mathematical modeling and nonlinear dynamic 

characteristic details of mini-drone quadcopter actuated system, the modified adaptive sliding mode algorithm is 

developed using adaptation law based on Lyapunov stability approach then applied on the attitude loop and the 

altitude loop control system so that the nonlinear adaptive behavior of the controller enables the compensation of 

disturbances and parameter perturbations. The effectiveness validations of the proposed control technique compared 

with the traditional approach are performed through the Matlab simulation. The results have been illustrated that the 

modified adaptive sliding mode control can decrease the error performance indexes to the minimum ISE at 1.041 m2 

and the zero percentage of overshoot while enables excellent stability and robustness even in the presence of 

parameter perturbations and disturbance. 

Keywords: Adaptive sliding mode control, Parrot mini-drone, Trajectory tracking control, Quadcopter, Unmanned 

aerial vehicles. 

 

 

1. Introduction 

Over the past two decades, unmanned aerial 

vehicles (UAVs) are among the most widely 

attracting interest, especially in the applications of 

transportation, agriculture, inspection, and 

surveillance. Several studies have been conducted; 

for example, the economical drone was developed 

and applied to archaeological data collection 

projects for improving the data accuracy and survey 

efficiency in the field [1]. UAV included with the 

technology of close-range photogrammetry (CRP) 

was purposed for collecting the data of permanent 

deformation of cracking patterns in pavement 

infrastructure to illustrate the effective use and 

reliable assessments in the field conditions [2]. 

Lightweight unmanned aerial vehicles (UAVs) were 

applied as a tool for long-term ecological 

monitoring to explain local-scale variation in forest 

stand and species measures [3]. UAV with a 

multispectral camera was implemented in precision 

agriculture for monitoring the infected areas so that 

increasing crop productivity [4]. In [5], the 

application of UAV vaccine transportation was 

evaluated in terms of logistics cost savings and 

increase vaccine availability.  

 

 
Figure. 1 Classification of control techniques developed 

for quadcopter UAV 
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The great mechanisms for motion control are set 

to become a vital factor in performing the robust and 

accurate stabilized flight relied on perturbations and 

disturbances. The diverse control techniques 

implemented on quadcopter UAV can be classified 

into three categories: linear flight control, learning-

based flight control, and nonlinear flight control [6]. 

The linear flight control is the one commonly used 

to control quadcopter motion due to the design and 

development of simple controller algorithms. Many 

studies, for instance [7, 8], were carried out to 

demonstrate the optimal solution of PID control and 

particle swarm optimization algorithm implemented 

on quadrotor altitude and attitude control system for 

increasing performance as well as robustness against 

external disturbances. In [9-11], linear quadratic 

regulator (LQR) was modified and applied to 

unmanned quadcopter for overcome the traditional 

PID control system that had the side-effect of 

linearization of a model while extended stability and 

robustness of trajectory tracking control. Learning-

based flight control has been performed on UAV 

altitude and attitude control in order to deal with the 

complex nonlinear system, strong coupling, and 

various uncertainties. For example, in [12-14], the 

fuzzy logic nonlinear altitude control has illustrated 

the advantage of dealing with nonlinear, 

uncertainties, and under-actuated systems. In [15], 

the Sigma-Pi neural network was proposed in order 

to enhance the performance of position and attitude 

quadrotor control compared with the PID controller.  

The nonlinear flight control has been suggested 

with the purpose of transcending the restrictions of 

linear controller that may fail to provide satisfactory 

control performance in a variety of operation ranges, 

as well as to require fewer complex computational 

tasks, likewise achieving more control performance 

and robustness. Model predictive control techniques 

for quadrotor prototypes have been implemented in 

[16, 17] to validate the efficiency of position 

tracking and attitude control. Sliding mode control 

for quadrotor attitude and position control has been 

proposed in [18-20] to improve the position tracking 

performance over traditional PID control. 

Many studies of extended sliding mode control 

have been published to overcome the effects of 

chattering phenomenon, parameter uncertainties, 

and external disturbances. In [21, 22], sliding mode 

control with disturbance observer was proposed for 

rejecting the effect of the unknown disturbance in 

the quadrotor while achieving the performance of 

attitude control and disturbance suppression. In [23, 

24] backstepping sliding mode control technique 

was presented to accomplish quadrotor altitude, 

attitude and trajectory tracking control performance.  

The main contribution of this paper is to suggest 

a modified adaptive sliding mode control for 

trajectory tracking of mini-drone quadcopter 

unmanned aerial vehicles. In this study, we 

concentrate on the design of an effective nonlinear 

adaptive control law, which aims at demonstrating 

the effectiveness of nonlinear adaptive control 

strategy for enhancing the performance of mini-

drone quadcopter UAV motion control by 

compensating the effects of system uncertainties 

while reducing the percent overshoot. Besides 

providing mathematical modeling and nonlinear 

dynamic characteristic details of parrot mini-drone 

quadcopter actuated system, we introduce the 

modified adaptive sliding mode algorithm is 

developed using adaptation law based on Lyapunov 

stability approach then applied on the attitude loop 

and the altitude loop control system so that the 

adaptive gain of the controller enables the 

compensation of parameter perturbations and 

disturbance. The advantages of our approach have 

been demonstrated through the simulation results 

considering performance and robustness for altitude, 

and position tracking control compared with non-

adaptive SMC, and conventional PID control. 

The remainder of this paper is organized as 

follows: The mathematical modeling and nonlinear 

dynamic characteristic of the mini-drone quadcopter 

unmanned aerial vehicle are defined in section 2. 

Section 3 describes the theoretical aspects of 

modified adaptive sliding mode control. The 

simulation results and discussion are demonstrated 

in section 4, while the conclusion is described in 

section 5. 

2. Dynamic model of X-type mini-drone 

quadcopter 

Mini-drone quadcopter is a small type of UAV 

which has the whole weight of 0.1 kilogram and 6.5 

 

 
Figure. 2 Quadcopter reference frame and Euler angles 
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centimeters of propeller size. It consists of four 

rotors installed at the end of the X-type structure, 

which the two front rotors and two rear rotors 

aligned with the X-axis, as well as two left rotors 

and two right rotors aligned with the Y-axis. 

2.1 Frames of reference 

In Fig. 2, two reference frames are used for 

demonstrating quadcopter flight motion. The inertial 

frame, North (N), East (E), and Down (D) axis, is 

the Earth frame on the specific ground level as well 

as the body frame, X, Y, and Z-axis, is the frame 

originated at the center of the quadcopter body. In 

the X-type structure, X-axis points toward the center 

point between rotor 1 and rotor 2, and Y-axis points 

towards the center point between rotor 2 and rotor 3 

while the Z-axis points downward to the ground. 

2.2 Translational equation of motion 

Two subsystems, which are translational motion 

and rotational motion, will be defined as the 

dynamic motion of the quadcopter based on the 

Newton-Euler formulation [25]. The total forces and 

moments acting on the quadcopter will be 

investigated and utilized to express the formulation 

of the state variables. 

The translational motion represented the relation 

of total forces, and quadcopter acceleration is 

expressed as 
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where c refers to cos, and s refers to sin. 
eR  is the 

rotational matrix that transforms the thrust force 

from body frame to the inertial frame. m is a mass of 

quadcopter, , ,x y z  are acceleration corresponding to 

the translational positions in the inertial frame, g is 

constant of gravitation, T is the total thrust force 

created by the four propellers. b  is the thrust 

constant, 
i is angular velocity ( )/rad s . 

The acceleration along the N, E, and D axis can 

be represented as 
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From Eq. (4), the accelerations of quadcopter   

are given by 

 

( ) ( ) ( ) ( ) ( )cos sin cos sin sin
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m
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2.3 Rotational equation of motion 

The conservation of angular momentum in terms 

of moments of inertia can be expressed by using 

Euler's rotation equations describing the three-

dimensional rotation of a mini-drone quadcopter as 
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( )2 2 2 2

1 2 3 4xM lb    = − − +                           (12) 

 

( )2 2 2 2

1 2 3 4yM lb    = + − −                           (13) 

 

( )2 2 2 2

1 2 3 4zM d    = − + − +                         (14) 

 

I  is quadcopter body's inertia tensor ( )2kg m . 

i is angular velocity ( )/rad s . 

ghM is the gyroscopic moment from rotors inertia

( )N m . 

BM  refers to the moment caused by drag forces and 

thrust performed in X, Y, Z axis respectively

( )N m . 

rJ  is rotor inertia ( )2kg m . 

r refers to the total residual angular speed of 

motors and ( )1 2 3 4 /r rad s    = − + −  

The rotational equation of motion in Eq. (8) can 

be simplified and expressed by the total torque 

acting on quadcopter body as  
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where 

d  refers to drag constant. 

b  refers to thrust constant. 

l  is the lever length of the quadcopter's arms ( )cm . 

i is the angular velocity of the quadcopter motors 

( )/rad s .  

From Eq. (16-18), the angular acceleration of 

quadcopter , ,    are defined as 
 

( ) 2 /yy zz r r xxI I j u I   = − +  +
               (19) 

 

( ) 3 /zz xx r r yyI I J u I   = − −  +               (20) 

 

( ) 4 /xx yy zzI I u I  = − +
                            (21) 

 

where 
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( )2 2 2 2

3 1 2 3 4u lb    = + − −                             (23) 

 

( )2 2 2 2

4 1 2 3 4u d    = − + − +                           (24) 

2.4 Mini-drone quadcopter dynamic state 

equation 

2.4.1. State vector 

As the aforementioned dynamic model of X-type 

mini-drone quadcopter, the state vector defining the 

position of the quadcopter, the corresponding 

velocity in the inertial frame as well as its Euler 

angle is expressed as 
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, ,   refer to roll, pitch and yaw Euler angles. 

, ,x y z  refer to the distances from the center of mass 

of mini-drone to the origin of earth fixed inertial 

frame. , ,    refer to Euler angular rate. , ,x y z  

refer to the velocity of quadcopter in inertial frame. 

2.4.2. Input vector 

 1 2 3 4

T
U u u u u=                                            (32) 

 

( )2 2 2 2
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( ) ( ) ( ) ( ) ( )cos sin cos sin sinxu     = +     (37) 

 

( ) ( ) ( ) ( ) ( )cos sin sin sin cosyu     = −     (38) 

 

The vector of control input ( )U  consists of four 

inputs; 𝑢1 ∼ 𝑢4  which are the input percentage 

commands applied to 4 rotors 1,2,3,4i =

respectively. 

The dynamics state equation of mini-drone 

quadcopter can be described as 

 

( ) ( )T TX F X G X U= +                                   (39) 

 

where ( )TF X and ( )TG X refer to the total 

nonlinear dynamics of the mini-drone quadcopter 

system.U is the input vector .  

 

 
 

Figure. 3 Block diagram of modified adaptive sliding 

mode control for mini-drone quadcopter 
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3. Modified adaptive sliding mode control 

for mini-drone quadcopter 

The design of the modified adaptive sliding 

mode (MASMC) controller for the mini-drone 

quadcopter is described in this part. The block 

diagram in Fig. 3, depicts the proposed MASMC 

scheme. It can be seen that the MASMC has been 

applied to the inner loop of attitude control and the 

outer loop of altitude control. The aim is to design 

the nonlinear and robust controller, which enables 

efficient motion control performance, low overshoot, 

as well as has a capability of process uncertainty and 

disturbance rejection. 

3.1 Modified adaptive sliding mode control 

The MASMC consists of the equivalent control 

law 
EU  which produces the control signal in a 

reaching phase and the adaptive switching control 
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law 
ASU that produces the control signal in a sliding 

phase. 

MASMC E ASU U U= +                                          (43) 

 

A proportional-integral-derivative (PID) sliding 

surface is developed for determining the equivalent 

control law 
EU . 

( ) ( ) ( ) ( )
0

t

p i ds t K e t K e t dt K e t= + +               (44) 

where ,  ,  p i dK K K R+  are controller gains. The 

derivative term of the sliding surface is shown as 

follows: 

( ) ( ) ( ) ( )p i ds t K e t K e t K e t= + +                     (45) 

 

The adaptive switching control law 
ASU is 

developed by the following adaptive sliding mode 

strategy for decreasing the chattering phenomenon 

during the occurrence of disturbance and system 

uncertainty. 
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where 

aK is adaptation rate. 

, ,K   are positive constant. 

mK  is the threshold of the adaptation. 

3.2 Attitude control law  

The attitude control law is formulated as follows 

to control the rotation of the mini-drone quadcopter 

[26]. 

3.2.1. Roll control 
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3.2.2. Pitch control 
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3.2.3. Yaw control 
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3.3 Altitude control law 

The motion of the mini-drone quadcopter in the 

Z-axis is manipulated by the altitude control law as 

follows [26]. 
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3.4 Stability analysis 

The global Lyapunov function for each control 

law is described as follows [19]. 

 

( ) ( )*
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, a a aV V s s K K K


= + −                         (60) 

 

where ( )0 ,V s s is a Lyapunov function.
1 is a 

positive constant, 
*

aK is maximum values of 
aK .  

The Lyapunov derivative function (65) is 

determined as: 
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where 
*

s a aK K = − ,
1 is some a positive constant. 

This can be shown that the finite time convergence 

of this method is guaranteed.  

 

 
Figure. 4 Parrot rolling spider mini-drone 

 

 

Table 1. Mini-drone quadcopter parameters 

Parameters Symbol Value Unit 

Mass m  0.068  kg  

Thrust constant b  0.0107  2Ns  

Torque constant d  0.783 3e −  2Nms  

Inertial matrix ,
,

xx

yy

zz

I
I

I

 
0.0686 3

0.092 3

0.1366 3

e

e

e

−

−

−

 

2kg m  

Distance 

between rotor 

and center of 

mass 

l  0.0624  m  

 

4. Simulation and results discussion 

In order to verify the efficiency of the proposed 

MASMC, as explained in section 3, simulations of 

the parrot roller spider mini-drone quadcopter in Fig. 

4 were carried out in 3 cases. The first case covered 

altitude control, likewise compared with non-

adaptive sliding mode control and traditional PID 

control. The second case covered trajectory tracking 

control compared with the performance with non-

adaptive sliding mode control and traditional PID 

control. The third case demonstrated the robustness 

validation for process parameter perturbation and 

disturbance rejection of MASMC compared with 

non-adaptive SMC and PID control. 

The simulations were developed from a 

nonlinear model of Mathworks parrot rolling spider 

mini-drone Simulink support package [27] by 

increasing the part of trajectory analysis and 

monitoring, as well as MASMC controller in a flight 

control system. The physical parameters are 

depicted in Table 1. The control mechanisms were 

employed in the flight control system block to 

validate the performance of the proposed AMSMC 

compared with SMC and PID control. The objective 

is to control the mini-drone quadcopter at the 

specified reference altitude and the X-Y-Z trajectory 

by minimum overshoot, and the error indexes. 

4.1 Simulation results 

Mini-drone quadcopter in the first case was 

stabilization at an altitude of 150 centimeters from 

the initial condition at 0 centimeter.  

In the simulation of altitude flight control, the 

MASMC, SMC, and PID controls were executed in 

hovering mode at 120 centimeters and 170 

centimeters, so that validated the rangeability of the 

proposed control scheme compared with the others.  
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Figure. 5 Quadcopter flight simulation system 

 

 
Figure. 6 Step responses of altitude control 

 

 
Figure. 7 Control signals of altitude control 

 

For the second case, we performed trajectory 

tracking. The MASMC, SMC, and PID control were 

executed in X-Y axis trajectory tracking mode at 

height (Z) 100 centimeters moving two rounds along 

the X-Y axis from (0,0) to (40,0) (40,40) then (0,40) 

respectively.   

 
Figure. 8 Step responses of altitude  

rangeability validation 

 

 
Figure. 9 Control signals of rangeability validation 

 

Compared with the other control scheme, the 

performance of the proposed MASMC was 

validated by the performance indexes ISE, IAE, and 

ITAE. 
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Table 2. Performance indexes of altitude control 

Performance 

indexes 

MASMC SMC PID 

 

%MO 0, 

2.08,0 

3.53, 

10.83,1.29 

6, 

4.08,4.64 

Settling time 3.43, 

2.91,5.35 

3.65, 

2.98,3.09 

7.62, 

7.16,6.70 

ISE 1.041, 

0.7331  

1.048, 

0.8435 

1.086, 

0.9671 

IAE 1.126, 

1.309  

1.130, 

1.696  

1.435, 

1.846 

ITAE 2.611,  

6.872 

2.942, 

 7.945 

3.623, 

8.423 

 

 
Figure. 10 The response of MASMC trajectory  

tracking control 
 

 
Figure. 11 The response of SMC trajectory  

tracking control 
 

 
Figure. 12 The response of PID trajectory  

tracking control 

 
Figure. 13 Roll response of MASMC trajectory  

tracking control 

 
Figure. 14 Roll control signal of MASMC trajectory  

tracking control 

 
Figure. 15 Pitch response of MASMC trajectory  

tracking control 

 
Figure. 16 Pitch control signal of MASMC trajectory  

tracking control 
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Figure. 17 Yaw response of MASMC trajectory  

tracking control 
 

 
Figure. 18 Yaw control signal of MASMC trajectory  

tracking control 

 

Table 3. Performance indexes of trajectory control 

Performance 

indexes 

MASMC SMC PID 

ISE 4.091 4.626 4.72 

IAE 17.14 17.97 17.85 

ITAE 1032 1121 1049 

 

 
Figure. 19 Step responses at +30% process perturbation  

 

The validation of the robustness to process 

perturbation of the proposed MASMC scheme was 

performed the altitude and trajectory flight control 

along with the process gain variation 30% compared 

with the other control techniques. 
 

 
Figure. 20 MASMC trajectory tracking control at +30% 

process perturbation 

 

 
Figure. 21 SMC trajectory tracking control at +30% 

process perturbation 

 

 
Figure. 22 PID trajectory tracking control at +30%  

process perturbation 

 

The validation of the robustness to the 

disturbance effect of the proposed MASMC scheme 

was performed the altitude flight control along with 

the external force disturbance applied against the 

height at 1.5 meters of mini-drone compared with 

the other control techniques. 
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Figure. 23 Step responses for disturbance rejection 

 

Table 4. Performance indexes of robustness validation 

Performance 

indexes 

MASMC SMC PID 

%MO 

perturbation 
5.33 12.4 8.53 

%MO 

disturbance 
8.8 19.53 22.2 

ISE 4.231 4.985 4.723 

IAE 16.64 17.67 17.81 

ITAE 1051 1144 1094 

 

4.2 Discussion 

The results in Fig. 6 exhibited the response of 

altitude control. It illustrated that MASMC provided 

the satisfy altitude response less oscillation and 

settling time, as well as without the steady-state 

error. In Table 2, the results revealed that MASMC 

effectively altitudes control of 150 centimeters 

height with percent overshoot 0%, and the settling 

time 3.43 seconds. Otherwise, PID control provided 

less performance by the higher oscillation of the 

output response in altitude control by the percent 

overshoot 6% at the highest settling time of 7.62 

seconds.  

The results in Fig. 8 illustrated the rangeability 

of the proposed MASMC technique. The nonlinear 

characteristic using adaptive gains of MASMC 

made it has more capable of enabling the excellent 

control performance of low and high altitude control. 

The simulation of altitude flight control, the 

MASMC, SMC, and PID control were executed in 

hovering mode at 120 centimeters and 170 

centimeters. The results demonstrated that MASMC 

effectively tracking altitudes with percent overshoot   

2.08% and 0%. Otherwise, SMC provided less 

performance at the percent overshoot   10.83% and 

1.29%. PID provided the percent overshoot at 4.08% 

and 4.64%. 

The performance indexes, integral of squared 

error (ISE), integral of absolute error (IAE), and 

integral of time multiplied absolute error (ITAE) 

used for indicating the error analysis were shown in 

Table 2. The results highlighted that MASMC 

presents the effective performance by providing the 

lowest error indexes due to the proper nonlinear 

characteristic of sliding mode control and the 

adaptive gains; ISE was 1.041 m2, and 0.7331 m2. 

IAE was 1.126 m, and 1.309 m. ITAE was 2.611 

secm  , and 6.872 secm  .   

For the second case of trajectory tracking, the 

MASMC, SMC, and PID control were performed in 

the X-Y axis trajectory tracking mode at height (Z) 

100 cm moving two rounds along the X-Y axis from 

(0,0) to (40,0) (40,40) then (0,40). The results in Fig. 

10-12 presented the response of trajectory tracking 

control. It clearly showed that the MASMC has a 

superior performance over the other approaches, 

such that less deviation path of 2 loop trajectory 

tracking. Moreover, as shown in Table 3, the results 

highlighted that MASMC presents the effective 

performance by providing the lowest error 

performance indexes due to the proper nonlinear 

characteristic of sliding mode control and the 

adaptive gains; ISE is 4.091 m2. IAE is 17.14 m. 

ITAE is 1032 secm  . Fig. 13-18 illustrated the 

responses and control signals of roll, pitch, yaw, 

inner attitude control loop, which have been 

controlled by the MASMC scheme. The results 

showed that the responses of the rotations in X, Y, 

Z-axis are contributed to perform the great response 

of trajectory tracking. 

In addition, the robustness to the effect of 

process perturbation, the proposed MASMC scheme 

was validated by performing the altitude and 

trajectory flight control along with the process gain 

variation 30% compared with the other control 

techniques. The results in Fig. 19-22 showed that the 

MASMC has superior robustness over the other 

approaches, such that less percent overshoot 5.33%. 
At the same time, SMC and PID control provided 

less performance by the higher oscillation of the 

output response in altitude control by the percent 

overshoot 12.4% and 8.53%, respectively. In table 4, 

demonstrated the robustness by the error 

performance indexes, MASMC presents the 

effective performance by providing the lowest error 

indexes due to the proper nonlinear characteristic of 

sliding mode control and the adaptive gains; ISE 

was 4.231 m2. IAE was 16.64 m. ITAE was 1051

secm  . 

Furthermore, the robustness to the disturbance's 

effect, the proposed MASMC scheme was validated 

by performing the altitude flight control along the 

external force disturbance applied against the height 

at 1.5 meters of mini-drone compared with the other 
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control techniques. The results in Fig. 23 indicated 

that the MASMC has an excellent disturbance 

rejection over the other approaches, such that less 

oscillation percentage at 8.8%. Otherwise, SMC and 

PID control provided less robustness by the higher 

oscillation of the output response by 19.53% and 

22.2%, respectively.  

In summary, this study showed that MASMC 

could be implemented for parrot mini-drone 

quadcopter effectively by using the adaptive sliding 

mode control in the outer altitude loop and inner 

attitude loop, which is the method providing high 

performance and robustness. The results have 

proved that the proposed approach has an advantage 

of performance and robustness control for altitude 

and trajectory tracking flight control due to 

nonlinear adaptive mechanism MASMC presents 

less percent overshoot, as well as provides the 

smallest error in all the employed performance 

indexes. On the contrary, SMC and PID control 

have more oscillation responses, error performance 

indexes, and less robustness because their non-

adaptive and nonlinear control action did not 

properly perform to control the nonlinear process, 

including the occurrence of perturbation and 

disturbance in the quadcopter process. Likewise, 

using PID-based design, the MASMC algorithm is a 

less complicated method than other techniques such 

as the adaptive neural gain scheduling sliding mode 

control (ANGS-SMC) in [28]. 

5. Conclusion 

The modified adaptive sliding mode control 

(MASMC) for the mini-drone quadcopter unmanned 

aerial vehicle motion control has been suggested in 

this study with the purpose of demonstrating the 

effectiveness of nonlinear adaptive control strategy 

for achieving the desired performance of mini-drone 

quadcopter UAV system. The paper describes the 

mathematical model, and nonlinear dynamic 

characteristic details of the mini-drone quadcopter 

actuated system. Furthermore, the modified adaptive 

sliding mode algorithm has been developed using 

adaptation law based on the Lyapunov stability 

approach for suitably applying to altitude and 

trajectory tracking control. The performance 

validation of the proposed control technique has 

been performed on Parrot rolling spider mini-drone 

using Matlab Simulink program compared with 

sliding mode control and traditional PID control. 

The results demonstrated significantly that the 

nonlinear adaptive mechanism of MASMC could 

decrease the percentage of overshoot to zero, and 

reduced the error performance indexes to the 

minimum ISE at 1.041 m2, IAE 1.126 m, and ITAE 

2.611 secm   for altitude. As well as, in the 

trajectory tracking control, MASMC also provided 

better ISE performance indexes at 4.091 m2, IAE 

17.14 m of IAE, and 1032 secm  of ITAE. Besides, 

the MASMC enabled excellent stability and 

robustness even in the presence of parameter 

perturbations and disturbance compared to the SMC 

and PID techniques by providing less maximum 

overshoot percentage at 5.33% and 8.8%, reduced 

the ISE error performance indexes to the minimum 

of 4.231 m2, 16.64 m of IAE, and 1051 secm  of 

ITAE. Further, our research intends to integrate the 

adaptive control mechanism to sensor fusion 

technology for extending the motion control and 

application capacity of quadcopter unmanned aerial 

vehicles. 
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Nomenclature 

eR   rotational matrix   

m  mass of quadcopter ( )kg  

g   constant of gravitation ( )2/m s  

T  total thrust force by four propellers ( )N  

i  angular velocity ( )/rad s  

I    quadcopter body's inertia tensor ( )2kg m  

ghM  gyroscopic moment ( )N m  

BM   moment from drag forces and thrust ( )N m  

rJ   rotor inertia ( )2kg m  

r   total angular speed of motors ( )/rad s  

d   drag constant ( )2Nms  
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b   thrust constant ( )2Ns  

l   lever length of the quadcopter's arms ( )m  

, ,     roll, pitch and yaw Euler angles ( )rad  

, ,     Euler angular rate ( )/rad s  

, ,x y z   distances from quadcopter to the origin of 

inertial frame ( )m  

, ,x y z   velocity of quadcopter ( )/m s  

, ,x y z   acceleration of quadcopter ( )2/m s  
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