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Abstract - The use of Unmanned Aerial Vehicles (UAVs) which 
can operate autonomously in dynamic and complex 
operational environments is becoming increasingly more 
common. During the last decade many research papers have 
been published on the topic of architecture, dynamic modeling 
and control strategies of autonomous multi rotors. This article 
highlights the primary differences between three multi rotor 
platforms: quad rotor, hexa rotor and octo rotor, a discussion 
is presented on the changes to the vehicle dynamics, controller 
and closed-loop performance as a result of augmenting the 
aircraft with additional rotors. The common properties of the 
vehicles are first presented. The differences in each 
configuration are then described.  
 
In this work a generalized dynamical model of the multi-rotor 
unmanned aerial vehicles (UAVs) is presented. The nonlinear 
dynamic model of the multi rotor is formulated using the 
Newton-Euler method, the formulated model is detailed 
including aerodynamic effects and rotor dynamics that are 
omitted in many literature. Based on the mathematical model, 
three algorithms of command have been analyzed, as 
backstepping, sliding-mode and a hybrid backstepping/ FST 
(Frenet-Serret Theory) controllers. Simulation based 
experiments were conducted to evaluate and compare the 
performance of the proposed control techniques in terms of 
dynamic performance, stability and the effect of possible 
disturbances. Finally, integral backstepping is augmented with 
FST (Frenet-Serret Theory) action and proposed as a tool to 
design attitude, altitude and position controllers. The 
conclusion of this work is a proposal of hybrid systems to be 
considered as they combine advantages from more than one 
control philosophy.  
 
These developments are part of the overall project initiated by 
the team (EAS) of the Computer Laboratory, systems and 
renewable energy (LISER) of the National School of Electrical 
and Mechanical (ENSEM). 
 
Key Words: Multicopter, Nonlinear control, Newton-Euler 
method, PID, Backstepping, sliding-mode, Frenet-Serret 
Theory (FST).  
 
 
 

1. INTRODUCTION 
 
Unmanned autonomous aerial vehicles have become a real 
center of interest. In the last few years, their utilization             
has significantly increased. Many research papers have been 
published on the topic of modeling and control strategies of 
autonomous multirotors.    
 
Today, they are used for multiple tasks of civil as well as 
military applications, such as navigation, search and rescue 
mission, building exploration, surveillance, security, 
transportation and much more. 
 
The multirotors are commonly used in dangerous and 
inaccessible environments. 
 
This work will focus on the modeling and control of a 
multirotor type UAV. The reason for choosing the multirotor 
is in addition to its advantages (high agility and 
maneuverability, relatively better payload, vertical take-off 
and landing (VTOL) ability), the multirotor does not have 
complex mechanical control linkages due to the fact that it 
relies on fixed pitch rotors and uses the variation in motor 
speed for vehicle control [1].      
 
However, these advantages come at a price as controlling a 
multirotor is not easy because of the coupled dynamics and 
its commonly under-actuated design configuration [2]. In 
addition, the dynamics of the multirotor are highly non-linear 
and several uncertainties are encountered during its 
missions [3], thereby making its flight controls a challenging 
venture. This has led to several control algorithms proposed 
in the literature.  
 
The contributions of this paper are: firstly, deriving an 
accurate and detailed mathematical model of the multirotor 
UAV, developing linear and nonlinear control algorithms and 
applying those on the derived mathematical model in 
computer based simulations and to provide a valid 
confrontation and a comparison between four different 
control techniques in terms of their dynamic performance 
and their ability to stabilize the system under the effect of 
possible disturbances. The conclusion of this work is a 
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proposal of hybrid systems to be considered as they combine 
advantages from more than one control philosophy. 
 

 
 

Fig -1: A picture of the developed multirotor 
(SMART\ENSEM) 

 
The most popular UAV airframe types can be organized into 
three main categories: “fixed-wing”, “multicopters” and “FW 
hybrid VTOL”. Each category has its own advantages and 
disadvantages that must be considered when choosing a UAV 
[4].  
 
Merging the benefits of fixed-wing UAVs with the ability to 
hover is a new category of hybrids which can also take off 
and land vertically [5]. 
 
There are various types under development, some of which 
are basically just existing fixed-wing designs with vertical lift 
motors bolted on. Others are ‘tail sitter’ aircraft which look 
like a regular plane but rest on their tails on the ground, 
pointing straight up for takeoff before pitching over to fly 
normally, or ‘tilt rotor’ types where the rotors or even the 
whole wing with propellers attached can swivel from 
pointing upwards for takeoff to pointing horizontally for 
forward flight [6]. 
 
While a new breed of superclass long range multirotor 
drones continues to extend its presence in the fixed wing 
commercial space, there is also space for both, often the best 
solution is a combination of both.  
 
2. MULTIROTOR CONCEPT AND MOST COMMON 

CONFIGURATIONS  
 
In this section, we address the basic, general rules in picking 
a multirotor configuration. The most multirotor UAVs use 
Conventional Configurations either 4, 6 or 8 propellers, 
which can be arranged in various configurations. As already 
mentioned above, there are many types of multirotor. They 
are generally categorized by the number of motors used. The 
number of motors and configuration has impact on flight 
performance. For instance the more motors, the more power 
(more lift capacity), which means you could carry more 
payload. More motors also mean better redundancy in case of 
motor failure. But the downside is decrease in energy 

efficiency, and increase in cost for purchasing additional 
motors and associated parts. In what follows, we will give a 
brief description of different configurations of the multirotor. 
 
 Quadrotor: micro air vehicle platform, consistent four 

rotors mounted on a symmetric frame typically 90° x or + 
configuration.  
 

 
 

Fig -2: Quadcopter configurations 
 

 Multirotor: Consistent of the Six Rotor mounted 
orthogonally along the body typically Y, H configuration 
 

 
 

Fig -3: Hexacopter configurations 
 

 Octorotor having a total of eight rotors mounted 
orthogonally along the body typically I8, I8+, V, X 
configuration.  
 

 
 

Fig -4: Octocopter configuration 
 

The following table summarizes the performance of the five 
multirotor configurations described above. 
 

Table -1: The performance of multirotor configurations. 
 

 

http://wiki.theuavguide.com/wiki/File:Multicopter_Configurations.png
http://wiki.theuavguide.com/wiki/File:Multicopter_ComparisonTable.png
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3.  DYNAMIC MODEL OF THE MULTIROTOR 
 
The multirotor is an under-actuated system because it has 

six-degree of freedom while it has only four inputs. The 
collective input (or throttle input) is the sum of the thrusts of 
each motor. The goal of this section is to define physical 
Equations of Motion that describes the dynamics and 
aerodynamics of the UAV involved. The mathematical model 
of the multirotor has to describe its attitude according to the 
well-known geometry of this UAV.  
 
The schematic structure of the multirotor and the rotational 
directions of the propellers are illustrated in Figure 5. In 
order to describe the multirotor motion only two reference 
systems are necessary: earth inertial frame (RI-frame) and 
body-fixed frame (RB -frame). The airframe orientation is 

denoted by 
B

I matrix. 
B

I Stands for the rotation from RB to 

RI. The dynamic model of multirotor is derived from Newton-
Euler approach.  

 
 

Fig -5: The structure of multirotor and its frames 
 

Meanwhile, the Euler angles are roll angle , pitch 

angle  and yaw angle  respectively. 

The rotation matrices from body frame to earth frame can be 
obtained as, 
 

 
 

Fig -6: The orientation of the Multirotor by the Euler 
angles. 

 

  

 
 
 

(1) 
 
With [C: Cos and S: Sin]. 
And denoting ω as the angular body rate of the airframe in 
body-fixed frame, angular body rate and Euler angle 
parameterization relationship can be given as, With 
 
                  

  (2) 
 
With: 

   Rotation about x axis :          (roll). 

  Rotation about y axis :          (pitch). 

 ψ Rotation about y axis :        (yaw). 

 
3.1 Applied forces and torques 
 

The two main forces come from gravity and the thrust of 
the rotors but to make the model more realistic rotor drag 
and air friction is also included. The UAV rotorcraft system 
are quite complex. Their movements are governed by several 
effects either mechanical or aerodynamic. The main effects 
on the acting multirotor have been listed in the following 
table: 

 
Table -2: The main effects on the acting multirotor 

 

Effects Fountainhead 

Aerodynamics effects Rotating propellers 

Inertial counter torque Speed change of propellers 

Effect of gravity Position of the center of mass 

Gyroscopic effects Change in the direction of the drone 

The friction effect  All the movements of the drone 
 

 
3.1.1 The Forces 
 

 Gravity force:    

 Thrust  force:    

 Rotor drag :     

 
 
 
 

RB 

RI 
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3.1.1 The Torques 
 

 

 
 

 
 Gyroscopic :   

 

 Yaw counter torque :  

 Aerody. resistance :  

 
3.2 Hexacopter Mathematical Model 

 
To derive the dynamic model of the multirotor (position 

and attitude); the Newton-Euler formalism is used [4]. 
Therefore the following equations are obtained: 
 

    (5) 

 

                               (6) 

 
The equations of motion, that governs the translational and 
the rotational motion for the multirotor with respect to the 
body frame are:  
 
3.2.1 Translational dynamic 
 

                   (7) 

 

  (8) 

With              

  

It is very important to take into consideration the non-
holonomic constraints of the drone as they are in conformity 
with physical laws and they define the coupling of the 
different system states. 
The development of non-holonomic constraints makes it 
possible to explain the coupling between the different states 
of the system. From the equations of the translation 
dynamics (8), the expressions of the non-holonomic 
constraints [29] can be extracted as follows: 
 

 
 

 
 
This implies 

 
(9) 

 
 
3.2.2 Rotational dynamics 
 

                                 (10) 

 

              

(11) 
 
The multicopter’s total thrust force and torque control inputs 

 are related to the motor’s speed by the 

following equations:  is the vector 

of (artificial) input variables[5]: 
 

 
 
3.3 Rotor Dynamics 

 

The rotors are driven by DC-motors with the well-known 
equations: 
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As we use a small motor with a very low inductance, 
thesecond order DC-motor dynamics may be approximated 
[5]: 
 

 
By introducing the propeller and the gearbox models,the 
equation may be rewritten: 

                (13) 

 
We present our practice experience for calculate the constant 
(b = Thrust/RPM² and d=Drag/ RPM²) in several propeller 
size with different rotate per minute (RPM) in multirotor. 
Measures of the following parameters:  
 
Voltage, Current,Throttle input, Motor load and Speed. 
The applied calculation formulas are: 
 Mechanical power (W) = Torque (Nm) * Speed (rad/s) 
 Electrical Power (W) = Voltage (V) * Current (A) 
  Motor Efficiency = MP / EP 

 

     
 

Fig -7:  Components and measure 
 

 
 

 
 

Chart -1: Determination of aerodynamic parameters 
 

 
 

Chart -2: Benchmark Power of multirotor config 
 
In this next section, we present the application of three 
different control techniques Backstepping, Sliding-mode and 
Backstepping+TFS to multirotor. 
 
4.  NONLINEAR CONTROLLER FOR MULTIROTOR  
 
In this section, a Backstepping and Sliding-Mode controller 
are used to control the attitude, heading and altitude of the 
multirotor.  
 
The Backstepping controller is based on the state space 
model derived in (7). Using the backstepping approach, one 
can synthesize the control law forcing the system to follow 
the desired trajectory. Refer to [6] and [7] for more details.  
The basic sliding mode controller design procedure is 
performed in two steps. Firstly, choice of sliding surface (S) is 
made according to the tracking error, while the second step 
consist the design of Lyapunov function which can satisfy the 
necessary sliding condition (S <0)[9][10]. At the end the 

hybrid control algorithm based on a novel technique is 
developed during this work called: hybrid Backstepping + 
Frenet-Serret Theory. 
 
4.1 Control Strategy 
 

Due to the nature of the dynamics of the multirotor, 
several control algorithms have been applied to it. As to be 
expected, each control scheme has its advantages and 
disadvantages. The control schemes used could be broadly 
categorized as linear and non-linear control schemes. In this 
review a broad range of controllers within these categories 
are discussed. 
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In this section, a control strategy is based on two loops (inner 
loop and outer loop). The inner loop contains four control 
laws: roll command (ϕ), pitch command (θ), yaw control (ψ) 
and controlling altitude Z. The outer loop includes two 
control laws positions (x, y). The outer control loop generates 
a desired for roll movement (θd) and pitch (ϕd) through the 
correction block. This block corrects the rotation of roll and 
pitch depending on the desired yaw (ψd). The figure below 
shows the control strategy we will adopt 
 

 
 

Fig -8: Synoptic scheme of the proposed control strategy 
 
The dynamic model presented in equations set (8 and 10) 

can be rewritten in the state-space form x = f(X, U). X 𝜖 R12 is 
the vector of state variables given as follows: 

           [ϕ         θ          ψ          x           y            z      ] 

 
           [ x1   x2     x3    x4    x5    x6    x7    x8      x9    x10   x11   x12]  
 
 

x1=ϕ x7= x 

x2= 1=  x8= 7=  

x3=θ x9= y                            

x4= 3=  x10= 9=  

 x5= ψ x11= z 

x6= 5=  x12= 11=  

 

2=  = a1x4x6 - a2  - a3Ωrx4 + b1Uϕ 

4=  = a4x2x6 -a5  + a6Ωrx2 + b2 Uθ. 

6=  = a7x2x4 - a8  + b3 Uψ. 

8=  = -a9x8+ UXU1. 

10=  = -a10x10+ UYU1. 

12=  =- a11x12+ U1 – g. 

 

To simplify, define, 

a1=( yy
J -

zz
J )/ xxJ  a2= Kfax / xxJ  a9= Kftx /m 

a4=(
zz

J -
xx

J )/ yyJ  a5= Kfay/ yyJ  a10= Kfty/m 

a7=( xxJ - yyJ )/ zzJ  a8= Kfaz / zzJ  a11= Kftz /m 

a3= Jr/Jxx a6= Jr/Jyy  
b1= 1/Jxx b2= 1/Jyy b3= 1/Jzz 

 
Rewriting the last equation (14) to have the angular and the 
translational accelerations in terms of the other variables 
(Rotational and translational equations of motion), 
 

2                                a1x4x6 - a2  - a3Ωrx4 + b1Uϕ 

 

         4         =             a4x2x6 - a5  + a6Ωrx2 + b2 Uθ 

6                                          a7x2x4 - a8  + b3 Uψ 

8                         - a9x8 + (cosx1cos x5 sin x3 + sinx1sin x5)
m

U1
 

        10     =         - a10x10+ (cosx1sin x3 sin x5 – sinx1cos x5) 
m

U1
 

         12                               - a11x12 - g + (cosx1cos x3) 
m

U1

 
 

4.2  Backstepping Controller  
 

Using the backstepping approach, one can synthesize the 
control law forcing the system to follow the desired 
trajectory. Refer to [7] and [8] for more details. 
 
4.2.1 Backstepping  of the Rotations Subsystem 
 

Uϕ=  [-a1x4x6 – a2  – a3Ωrx4+ d+k1(-k1e1+e2)+ k2 e2+ e1] 

Uθ=  [-a4x2x6 – a5  – a6Ωrx2+ d+k3(-k3e3+e4)+ k4 e4+ e3] (16)   

Uψ =  [-a7x2x4 – a8 + d+k5(-k5e5+e6)+ k6 e6+ e5] 

 

4.2.2 Backstepping of the Linear Translations  
 

The altitude control  and the Linear  Motion 

Control are obtained using the same approach described in 
my article [11]. 

U1= [g-a11x12+ d +k11(-k11e11+e12)+ k12 e12+ e11] 

 

UX= ( )[-a9x8+ d + k7(-k7e7+e8)+ k8 e8+ e7]                            (17) 

 

UY= ( ) [-a10x10+ d +k9(-k9e9+e10)+ k10 e10+ e9]. 

 

XT = 

(14) 

(15) 
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4.3 Sliding mode control  
 

The basic sliding mode controller design procedure is 
performed in two steps. Firstly, choice of sliding surface (S) is 
made according to the tracking error, while the second step 
consist the design of Lyapunov function which can satisfy the 

necessary sliding condition (S <0) [9],[10]. 

 

Uϕ= [- a1 x4 x6 – a2 x4Ωr+ d +λ1 e2– k1sign(Sϕ)]  (Roll) 

 

Uθ = [- a3x2 x6 – a4x2Ωr+ d+λ2 e4– k2sign(Sθ)] (Pitch) 

 

Uψ = [- a5x2 x4– a4x2Ωr+ d+λ3 e6– k3sign(Sψ)](Yaw)    (18) 

 

U1= [ g+ d+λ4 e8– k4sign(Sz)]    (Altitude) 

 

UX= ( )[ d+λ5 e10– k5sign(Sx)]     (Linear x Motion) 

UY= ( )[ d+λ6 e12– k6sign(Sy)]  ( Linear y Motion) 

 
The sliding mode control inputs which were derived and 
expressed in equation (15) were applied to the nonlinear 
model in (18) and responses are shown in fig. 9. 
 

4.4  Control Using Backstepping+FST Technique  
 

To increase robustness (to external disturbances) of the 
general backstepping algorithm, the Backstepping + FST 
control results from the merge of the Frenet-Serret Theory 
[11] and the integral backstepping technique.  
As shown in Figure 9, the complete system control is 
composed by a cascade-connection of altitude, position and 
attitude controllers. However, attitude control is the heart of 
the control system, which maintains the UAVs stable and 
oriented towards the desired direction. This section shows 
roll- control derivation based on hybrid backstepping and the 
Frenet-Serret equations previously introduced. 
 

 
 

Fig -9: The Proposed control approach 
 
Consider the roll tracking error eϕ and its dynamics: 

                 eϕ = ( d – ϕ)  and  ϕ = ( d – ωx) 

A Lyapunov function:  

                            V (eϕ) = ;   then   (eϕ) =eϕ ( d – ωx) 

The angular velocity ωx  is not our control input, hence we 
must define a virtual control that fulfill with desired system 
behavior. The virtual control law for stabilizing the angular 
tracking error e2 is then defined as: 
            
                  e2=ωxd - ωx   

                   ωxd = d + αϕeϕ +λϕʃ eϕ(τ)dτ            (αϕ and λϕ> 0) 

 

                    2=αϕ ϕ + d + λϕeϕ-  = αϕ(ωxd - ωx)  + d + λϕeϕ-  

 

           With              ϕ= - αϕeϕ +λϕʃ eϕ(τ)dτ  + e2     

             2 =αϕ (- αϕeϕ +λϕʃ eϕ(τ)dτ  + e2) + d + λϕeϕ-      (19) 

 

4.5 Attitude   control 
 

2 =αϕ (- αϕ eϕ +λϕʃ eϕ(τ)dτ  + e2) + d + λϕeϕ– (a1x4x6 +  

+a2  + a3Ωrx4 + b1Uϕ). 

 
Solving this equation which is the control law for achieving 
roll stabilization being the desirable dynamics for the angular 

speed tracking error 2 = -eϕ – λ2 e2:  

The control input Uϕ is then extracted, satisfying: 

Uϕ=  [αϕ (- αϕeϕ +λϕʃ eϕ(τ)dτ  + e2)+ d + λϕeϕ–a1 +  

               - a2  - a3Ωr  +eϕ + λ2 e2] 

Uϕ= [eϕ(1+ λϕ- ) + e2(αϕ+ λ2)+ αϕλϕʃ eϕ(τ)dτ+ d–a1 + 

                  - a2 - a3Ωr ]. 

 
Where (αϕ, λϕ and λ2)> 0 are the control parameters of the 
backstepping +FST method. 
Pitch and yaw control is derived by applying the same 
procedure. Control laws are: 
 

Uϕ= [eϕ(1+ λϕ- ) + e2(αϕ+ λ2)+ αϕλϕʃ eϕ(τ)dτ+ d–a1 + 

                  - a2 - a3Ωr ]. 

 

Uθ= [eθ(1+λθ- )+e3(αθ+λ3)+αθλθʃeθ(τ)dτ+ d-a4 -a5 -  

                             +a6Ωr ]. 

Uψ= [eψ(1+λψ- )+e4(αψ+λ4)+αψλψʃeψ(τ)dτ+ d-a7 -  

a8 ]. 

 
 

(20) 
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4.6   Altitude   control 
 

Using the same procedure showed in the previous 
subsection, altitude tracking error and its dynamics are: 
                      ez = εd - ε  

                      e5 =αzez +λz ʃ ez(τ)dτ  + z 

U1= [g- a11 +ez(1+λz- )+e5(αz+λ5)+αzλzʃ ez (τ)dτ] 

where (αz, λz and λ5)> 0 are the control parameters of the 
backstepping +FST method. 
 

4.6.1 Position   control 
 

               ex = xd – x         e6 =αxex +λx ʃ ex(τ)dτ  + x 

               ey = yd – y       e7=αyey +λy ʃ ey(τ)dτ  + y 

 

Control laws are then introduced in Equation,  

UX= ( )[ex(1+λx- )+e6(αx+λ6)- αxλxʃex(τ)dτ]              (21) 

 

UY= ( ) [ey(1+λy- )+e7(αy+λ7)- αyλyʃey(τ)dτ]. 

Where (αx, αy, λx , λy , λ6, λ7)> 0. 
 
Equations (19 to 21) show the Backstepping + FST 
methodology. The aim of addressing a new term within the 
single backstepping was to make the control effort more 
energetic in terms of angular response. This new term, called 

d corresponds to a desired acceleration function that 

strictly depends on the velocity and acceleration of the 
vehicle. As already mentioned, the Frenet Serret formulas 
were used to obtain that function.  
 
5. SIMULATION RESULTS 
 
A complete simulation was then implemented on 
MATLAB/Simulink relying on the derived mathematical 
model of multirotor. The simulation environnement was 
added to evoluate the mentioned controllers and compare 
their dynamic performances under different types of input 
conditions.  
 

Table -3 Numerical values used in simulations 
 

 Quadrotor Hexarotor Octorotor Unit 
m 0.65 0.468 1.2 Kg 
l 0.23 0.225 0.4 m 
b 3.13.10-5 2.9 10-6 3.13 10-5 Kg.m 
d 7.5.10-7 1.14 10-7 7.5.10-7 Kg.m2 

 7.5 10-3 4.85 10-3 7.5 10-3 Kg.m2 

 7.5 10-3 4.85 10-3 7.5 10-3 Kg.m2 

 1.3 10-2 8.15 10-3 1.3 10-2 Kg.m2 

 6 10-5 3.36 10-5 6 10-5 Kg.m2 
 

 
 

 
 

Chart -3: Dynamic response in position / heading for each 
multirotor 

 

 
 

Chart -4: Dynamic response in roll and pitch 
 

Dynamic reponse in position heading, Roll and Pitch for each 
multirotor when accuratlly tracking commanded path. The 
SMC and  Backstepping controllers gave better performance 
outside the linear hovering region due to their nonlinear 
nature. 
 

 

Altitude Response Attitude Response 
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Chart -5: The slidingControl Simulation Response 
 

 

 
Chart -6: The Backstepping Control Simulation Response 

 
To be able to compare fairly between the three implemented 
control techniques, the response graph of the system under 
the effect of each the three controllers was plotted 
superimposed on one another.  
 
Chart -7 shows the altitude response, the attitude and 
heading responses respectively. 
 

 

 
 

 
 

Chart -7: The altitude, the attitude and heading responses 
 
4. RESULTS AND DISCUSSION 
 

In this paper, three different controllers are presented for 
the attitude, altitude and heading of a multirotor. The first 
control technique is the Backstepping, its ability to control 
the orientation angles in presence of relatively high 
perturbations is very interesting. To increase robustness (to 
external disturbances) of the general backstepping 
algorithm, an integrator is added and the algorithm becomes 
Integrator backstepping control. The integral approach was 
shown to eliminate the steady-state errors of the system, 
reduce response time and restrain overshoot of the control 
parameters. The second one is the sliding-mode technique 
SMC. It was well enough to stably drive the multirotor to a 
desired position, but it did not provide excellent results. This 
controller has the problem of chattering, the switching 
nature of the controller seems to be ill adapted to the 
dynamics of the multirotor. The third, last but not least, the 
hybrid control algorithms based on a novel technique 
developed during this work called: hybrid Backstepping + 
Frenet-Serret Theory. This controller supports on existing 
backstepping methodology but adopts the FST formulation 
that allows introducing a desired attitude angle acceleration 
function dependent on multirotor acceleration. 
Consequently, improvements on disturbance rejection and 
attitude tracking are achieved against other classical 
techniques.   
As evident from the review, no single algorithm presents the 
best of the required features. It was found out, in recent 
literature, that using only one type of flight control 
algorithms was not sufficient to guarantee a good 
performance, especially when the multirotor is not flying 
near its nominal condition. 

HeadingResponse Derivative of Sliding Surface 

 

Chattering 

 

Attitude Response 

Altitude Response 

HeadingResponse 
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 It also been discussed that getting the best performance 
usually requires hybrid control schemes that have the best 
combination of robustness, adaptability, tracking ability, 
optimality, fast response, simplicity and disturbance 
rejection among other factors. However, such hybrid systems 
do not guarantee good performance; hence a compromise 
needs to be found for any control application on which of the 
factors would be most appropriate. 
In table.3 summarizes the comparison of the various 
algorithms as applied to multirotor with all things being 
equal. The performance of a particular algorithm depends on 
many factors that may not even be modeled. Hence, this table 
serves as guide in accordance with what is presented in this 
work and common knowledge ([12], [13])  
 

TABLE -4 Comparisons of multirotor control algorithms. 
 

Characteristic SMC BS BS+FS
T 

Robust A LN A 
Adaptive H H H 
Optimal A LN LN 

Intelligent LN LN A 
Tracking ability H H H 

Fast convergence H LN A 
Precision H A A 
Simplicity A LN LN 

Disturbance 
rejection 

H H H 

Noise (signal) LN LN A 
Chattering H LN LN 

 
Legend: LN—low to none; A—average; H—high. 
 
5. CONCLUSIONS AND FUTURE WORKS 
 
The goal of this work was to derive a mathematical model for 
the multirotor Unmanned Aerial Vehicle (UAV) and develop 
nonlinear control algorithms to stabilize the states of the 
multirotor, which include its altitude, attitude, heading and 
position in space and to verify the performance of these 
controllers with comparisons via computer simulations. The 
mathematical model of a multirotor UAV was developed in 
details including its aerodynamic effects and rotor dynamics 
which we found lacking in many literatures; a review of the 
popular controllers proposed for the multirotor systems is 
developed. An important part of this work was dedicated to 
finding a good control approach for multirotor. Three 
techniques were explored from theoretical development to 
final experiments. As evident from the review, no single 
algorithm presents the best of the required features. It also 
been discussed that getting the best performance usually 
requires hybrid control schemes that have the best 
combination of robustness, adaptability, optimality, 
simplicity, tracking ability, fast response and disturbance 
rejection among  other factors.  

The integral Backstepping + FST control was used as an 
approach for attitude control (Integral Backstepping + 
Frenet-Serret Theory). This controller supports on existing 
backstepping methodology but adopts the FST formulation 
that allows introducing a desired attitude angle acceleration 
function dependent on multirotor acceleration. 
Consequently, improvements on disturbance rejection and 
attitude tracking are achieved against other classical 
techniques. Thus, integral backstepping+FST have been 
proposed for full control of multirotor. 
 
Our future work is to implementing the developed control 
techniques on real hexarotor hardware to give a more fair 
comparison between their performances. The development 
of novel control strategies and methodologies for improving 
the level of autonomy of miniature flying vehicles remains 
under current research. The research in the Computer 
Laboratory, systems and renewable energy (LISER) of the 
National School of Electrical and Mechanical (ENSEM) is 
continuing toward implementing these algorithms in real 
time.  
 
The positive results achieved through this development 
enhance our knowledge of this very unstable system and 
encourages us to continue towards full autonomy multirotor. 
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