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Unmanned Aerial Vehicles (UAV), are increasingly being adapted and 
used in civil contexts, with particular specialization in the monitoring of 
the territory for environmental purposes, civil protection or possibly 
control and inspection of inaccessible areas or dangerous sites. This 
concerns, in particular, the adaptation of mini-UAVs, small devices that, 
due to their manageability and costs, can be allocated for public 
services.For this reason, it was decided to develop a multibody model of a 
quadrotor copter in the presence of wind fields by using SimScape 
Multibody Environment. The quadrotor is modelled as a non-linear under-
actuated and strongly coupled system. For the dynamic analysis, 
aerodynamic effect of drag, the thrust due to the propellers and external 
wind fields are considered. The evaluation of the needed thrust for 
prescribed trajectories gives indications about the type of propellers and 
actuator characteristics to be installed on the UAV. 
 
Keywords: UAV, Feedforward Control, Feedback Control, SimScape,  
Multibody. 

 
 

1. INTRODUCTION 
 

Since the early years of their development, Unmanned 
Aerial Vehicles (UAV) technology has been used for 
military purposes, from large models to those of the 
latest generation that have sophisticated and 
miniaturized sensors, allowing control of the aircraft 
remotely, so as to complete the mission, without losing 
lives. Currently, UAVs are used by military forces, by 
government agencies and from businesses. In the United 
States, government agencies use some AVs, like the 
RQ-9 Reaper, to patrol the borders of the nation, with 
characteristics of exploring and identifying the 
fugitives. UAVs used for war purposes can be equipped 
with armaments and/or shooting sensors that allow the 
sending of the data in real time (both at night and during 
the day) to control stations, located at kilometres away. 
Both UAVs and manned aircrafts have similar 
architecture; the only differences concern the cockpit 
support systems and the environmental and life control 
system. Some UAVs carry cameras that weigh much 
less than a normal adult human being. Despite their 
heavy loads, armed military drones are lighter than their 
crew counterpart and same armaments. Small civil 
UAVs do not have critical systems for survival and are 
therefore built with lighter but less robust materials, and 
can use less robust and sophisticated electronic systems. 
Moreover, the reduced dimensions imply a less 
sophisticated technology and much less powerful 
engines, which are not permissible in the normal aircraft 
equipped with crew. Both the UAVs and the crewed 

counterparts may have advanced software for the 
autopilot, even if the characteristics of this operation 
may vary. Developing a good architecture a model 
serves to evaluate the whole functionality, reducing 
ambiguity and increasing the tangibility of the system. 
The onboard controller is a low-level system and does 
not differ much from that used by manned aircraft in 
order to transmit and receive digital signals a data link is 
always necessary in order to allow telecommunications 
between the UAV and the control station. Commu–
nication is governed by a protocol that establishes the 
transmission rules. Unmanned vehicles (such as space 
vehicles or UAVs) are implemented full or half duplex 
systems to send control signals and receive telemetry 
signals. An onboard computer (generally with GPS 
navigation) connected to the aircraft control system may 
be used. Flight control and operating system control 
include the control station (one or more), 
communication links, data terminals, launch and 
recovery systems, equipment, ground support and air 
traffic control interface. UAVs can be programmed to 
perform aggressive manoeuvres, land, or stayperched on 
inclined surfaces to observe. An example are the 
Vertical Take-Off and Landing (VTOL)aircrafts.In 
order to achieve autonomous control of the aircraft, it is 
necessary to structure multiple levels of loop control, 
such as hierarchical control systems. A basic autopilot 
system includes trim sensors and an onboard processor. 
Because of the high non-linearity of the plane's 
dynamics, they are necessarymany advanced 
techniques, including PID control, optimal control 
methods [1-2], neural networks [3], fuzzy logic [4], and 
other in order to ensure the desired trajectory [5]. Low-
level loops (which control flight) can occur 100 times 
per second and higher-level loops can be requested with 
lengthsaround a second. The basic principle is to break 
down the behavior of the aircraft into easily manageable 
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blocks (or layers) with connections between them. The 
hierarchy of such systems is formed by simple scripts 
(for finite state machines) to behavior trees and 
hierarchical work plans. Copters are UAVs whose lift is 
generated by four or more independent rotors. Hardware 
selection and integration is usually based on heuristics. 
Building a realistic copter simulator requires accurate 
modeling and knowledge of its dynamics and the effect 
of each component on that. Often, moving from 
simulation to actual experiment is a challenging task 
due to the huge dynamical differences when working 
with the real system [6].A quadrotor is a high nonlinear 
system because of the coupling of the aerodynamic 
forces of the four rotors and an underactuated system 
due to the fact that the 6 degrees of freedom are 
controlled by only four actuators.Furthermore, due to 
their small size and weight, this class of aircraft is very 
susceptible towards nonlinearities like atmospheric 
turbulence and reacts especially sensitive to system 
degradation [7]. Nonlinear control approaches like 
nonlinear inverse dynamics (NID) allow for 
counteracting these problems under the condition of 
well-known model parameters. Because system 
identification for this class of aircraft often is not valid 
throughout the complete flight envelope, neural 
networks are used to compensate these model errors 
[8].For such reasons, there has been a great 
development in the area of multi-rotor control, e. g. [9–
15], where the quadrotor dynamics is approximated with 
a linear system and a standard linear controller is 
designed [16-19]. Ryll et al.(2016) investigate a new 
type of UAV concept which is able to smoothly change 
its configuration from underactuated to fully actuated by 
using only one additional motor that tilts all propellers 
at the same time. FAST-Hex can adapt to the task at 
hand by finely tuning its configuration from the efficient 
(but underactuated) flight (typical of coplanar multi-
rotor platforms) to the full-pose-tracking (but less 
efficient) flight, which is attainable by non-coplanar 
multi-rotors [20]. Falconi and Melchiorri (2012) 
propose, starting from a well-known quadrotor model, 
to introduce features in order to create an over-actuated 
quadrotor able to fly performing manoeuvres that are 
typically not feasible for UAVs. The goal has been 
reached by using inverse dynamics control scheme in 
order to control the modified flying vehicle, with 
particular attention to the asset control [21]. Antonio-
Toledo et al. (2016) present a twin control strategy of 
the quadrotor based on inner (attitude control) and outer 
(position control) loops. The outer loop generates the 
inputs for inverse dynamics and calculates instantaneous 
desired angles for inner loop to stabilize the orientation 
of the vehicle. In addition, a recurrent high order neural 
network and extended Kalman filter are used to identify 
motors dynamics [22]. Askari et al.(2015) underline a 
second aspect related toformation control strategies 
when a large number of unmanned aerial vehicles are 
involved. The authors base their control laws for 
formation control both on classical theory and inverse 
dynamics, and then present a comparison study [23]. 
Zang et al. (2016) address the topic of cooperative 
trajectory planning problem mathematically formulated 
as a decentralized receding horizon optimal control 

problem (DRH-OCP). Furthermore, the authors 
investigate on a decentralized coordination strategy for 
multi-vehicle real-time trajectory planning designed by 
effectively combining the benefits of inverse dynamics 
optimization method and receding horizon optimal 
control technique [24]. Trajectory control and formation 
control strategies are particularly important in the case 
of UAVs for agricultural applications and in case of 
surveying and measurement activities [25-28].  

In creating a dynamic model of a UAV, the main 
difficulties are represented by the parametrization and 
modelization of external disturbances, such as wind 
gusts, that deteriorate the quadrotor abilities and, cause 
instabilities [29-31]. On the other hand,Stevanović and 
Rašuo (2017) showhow, by using the basic principles of 
bionics,with the help of modern software engineering, it 
is possible to conduct dynamical analysis of new  
mechanisms inspired by insects, in 3D environment 
obtaining excellent and complete results [32].In this 
study, we present a quadcopter multi-body model 
developed in SimScape Multi-body Environment, that 
allows to build very detailed models by using 3D Cad 
geometries [33-40]. For controlling such model, a 
inverse dynamic analysis and a standard PID controller 
have been developed [41-46]. Such study anticipates a 
subsequent experimental analysis to be conducted in X-
Plane aircraft simulator. Inverse dynamics control.The 
main scope of inverse dynamics analysis and feed-
forward control law is to construct an inner loop control 
based on the motion base dynamic model which, in the 
ideal case, exactly linearizes the nonlinear system and 
an outer loop control to drive tracking errors to zero. 
The PID linear controller is considered in the second 
part of the paper, where the effect of wind fields will be 
taken into account.  

One novel aspect that is considered in this article is 
represented by the study of the aerodynamics of the 
propellers that, in general, affects the dynamic response 
and performance of the UAVs. It depends on the 
different flight conditions because it is important to 
include relative wind velocity and gusts [47-48].  

The paper is organized as follows. Section 2 
discusses the quadrotor mathematical model. In section 
3, particular attention is given to the treatment of the 
thrust forces generated by each propeller while section 4 
contains the numerical simulations and some details 
about the prescribed trajectory given to the quadrotor. It 
is divided into two parts: the first part relates to the 
inverse dynamic analysis of the model, while the second 
part is dedicated to the feedback control law evaluation 
in presence of wind disturbances. The final section 
presents the conclusions. 
 
2. MATHEMATICAL MODEL 

 
The geometry was obtained by using a Cad file 
geometry of a quadcopter assembled in SolidWorks 
environment. In Figure 1, the copter is reported with 
axes reference system and propeller labelling, mounted 
at the end of each cross arm. The rotors are driven 
byDC electric motors powered by electronic speed 
controllers. In all the flight configurations, one pair of 
opposite propellers rotate clockwise, while the other 
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pair rotates anticlockwise: in this way it is possible to 
avoid the yaw drift due to reactivetorques and the lateral 
motion without changing the pitch ofthe propeller 
blades. Fixed pitch simplifies rotor mechanics and 
reduces the gyroscopic effects. Control is obtained by 
imposing different speeds to different propellers, so they 
will produce differential aerodynamic forces and 
moments. To ensure the hovering condition, all four 
propellers need to rotate at the same speed; the vertical 
motion is possible because the speed of all four 
propellers is increased or decreased by the same 
amount, simultaneously. 

 
Figure 1.Quadrotor configuration of the body axis system 

From Figure 1, therefore we can deduce that if we 
want to change the pitching angle, the speed of propeller 
1 and 3 must be changed conversely. In this way, the 
pitching rotation and the lateral movement in the x-
direction are allowed. Similarly, for roll and corres–
ponding lateral motion along the y-axis, the speed of 
propellers 2 and 4 must be changed conversely. To 
produce yaw motion around the z-axes, the speed of one 
pair of two oppositely placed propellers must be 
increased while the speed of the other pair must be 
decreased by the same amount. In this way, the total 
thrust produced by all the propellers is the same, but 
differential drag moment creates yawing motion. Let I 
denote a right–hand inertial frame and B the right-hand 
body fixed frame whose origin coincides with the centre 
of mass of the vehicle. By using the notation of the 
Euler angles, it is possible to obtain the rotation matrix 
from I to B, i.e. 

{ }
11 12 13

21 22 23

31 32 33

I B

R R R
R R R R

R R R
−

⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦

 (1) 

where: 
R11 = c(θ)c(ψ) 
R12 = -s(θ) 
R13 = c(θ)s(ψ) 
R21 = c(φ)c(ψ)s(θ) + s(φ)s(ψ) 
R22 = c(θ)c(φ) 
R23 = c(φ)s(ψ)s(θ) - c(φ)c(ψ) 
R31 = c(ψ)s(φ)s(θ) - c(φ)s(ψ) 
R32 = c(θ)s(φ) 
R33 = c(φ)c(ψ) + s(φ)s(ψ)s(θ)   

where c and s are shorthand forms for cosine and sine 
respectively. The dynamic model is derived in the 
hypothesis that thestructure is rigid and the propellers 
are rigid in plane. In (2) the translational equations of 
motion of the drone in the coordinate system I is 
reported: 

{ }

0 0
0 0I BMv R F

mg T
−

⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥= − + −⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

 (2) 

where [ ]Tv x y z=  is the absolute velocity vector of 
the center of gravity of the vehicle in the inertial frame, 
M represents the mass matrix, g is the gravitational 
acceleration, m is the total mass of the system, T is the 
total upward thrust, and vector F represents the prin–cipal 
non–conservative forces applied to the quadrotor airframe 
by the aerodynamics of the rotors. In particular, F has 
two contributions, drag force acting because of the 
relative motion of the quadrotor and wind disturbances. 
The rotational accelerationof the body frame is given by 
Euler’s equation of motion gives: 

J Jω ω ω= − × +Γ   (3) 

where J∈R3x3  denotes the constant inertia matrix of the 
system (expressed in the body-fixed frame B), ω is the 
angular velocity vector and Γ = [τx τy τz]T is the torque 
due to aerodynamic forcesapplied to the frame. 
 
3. TWO DIMENSIONAL DYNAMIC MODEL 
 
For this analysis, we considered a simplified 2D model. 
For such model, rolling, yawing and translation along 
the y-axis equations are considered satisfied, so the 
equations of motion of the reduced system are reported 
in (4). 

0

0
x D Wx x

z D Fz wz

mx T F F

mz mg T F +

− + − + =⎧⎪
⎨− − + − =⎪⎩

 (4) 

In (5), the condition constraint for the pitch angle is 
reported, since the value cannot be set arbitrary. 

( )tanx

z

T
T

ψ ψ=   (5) 

where Tx and Tz are respectively the two components of 
thetotal thrust along the x and z-direction. Regarding the 
pitching torque system of equations reported in (3), such 
relations becomes a scalar equation with pitching torque 
τy different from zero. 
 
4. AERODYNAMIC FORCES AND TORQUES 
 
The thrust force Ti produced from each propeller is 
proportionalto the square of its angular speed rotation 
using momentum theory [49] as reported in (6). 

2 , 1, 2,3, 4i iT b iω= =   (6) 

The main error of this model isrepresented by the 
simplistic assumption underlying (6) that the thrust 
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forces are directly proportional to the squareof the 
motor speed. In reality, they are complex functions 
ofthe motor speed and environmental conditions. 
Regarding the drag force, (7) describes such term, that 
isproportional to the translational velocity of drone [50]. 

21
2D DF SC Vρ=   (7) 

where S is the cross-sectional area of the quadrotor and 
CD = diag(CDx, CDy, CDz) is the translational drag 
coefficient matrix. 
 
4.1 Aerodynamics of vertical and Forward flight 
 
A rotor generates thrust by inducing a velocity on the air 
thatpasses through it. In hovering (quadrotor maintains a 
constant position over the ground),the thrustgenerated 
from each propeller is directly linked to vh, vertical 
induced velocityon the air without relative velocity 
between the rotor and theair. Such relations is derived 
from the momentum analysis and reported in (8). 

,

2
i h

h
T

v
Aρ

=   (8) 

The relative velocity between the rotor plane and the 
surrounding air V and the pitching angle ψ, also, influ–
ences the thrust produced by each rotor. Furthermore, 
from the blade element theory,the thrust expression 
becomes: 

4 2
i t p iT c Rρπ ω=   (9) 

In (9), the air density is indicated with ρ and the 
radius of the propeller is reported with Rp. When ψ = 0 
rad, the quadrotor is in vertical climbor descendent flight 
and the thrust coefficients ct can be evaluated by (10). 

4
h

t t
p p

v Vncac
R R

β
π ω

⎛ ⎞±
⎜ ⎟= −
⎜ ⎟
⎝ ⎠

 (10) 

with n is the number of bladeson each propeller, c is the 
blade chord, a is the lift slope curve and βt is the pitch 
angle at the blade tip that is functionof rotor geometry 
alone as we are considering fixed pitchrotors [51].  

Equation 10 is derived in the hypothesis of constant 
chord and linear twist andassuming uniform inflow. So, 
finally, it is possible to find the angular velocities ωi which 
produce the thrust for a given vertical velocity  V z= and 
given geometric parameters.In forward flight,  V x= , it is 
important to consider theangle of attack of the model, so 
the equation for the thrustcoefficient becomes: 

2 2

2 2
sincos

4 3 22
t h

t
p pi p

V vnca Vc
R RR

β ψβ ψ
π ωω

⎛ ⎞+⎜ ⎟= + +
⎜ ⎟
⎝ ⎠

 (11) 

In this work, we decided to investigate in more 
detail the influence of the ct parameter on the evaluation 
of the thrust forcefor every flight conditions, instead 
ofusing a constant value asgenerallydone.In order to test 
the reliability of (10) and (11), the results are compared 
withan experimental database [52]. 

 
Figure 2. Thrust coefficients comparison  

In the graph, the comparison between the values of 
the thrust coefficients obtained from the database repor–
ted by using blue circlesand the curve obtained from 
(10) is reported [53]. In Figure 2, the thrust coefficients 
are plotted against J, whose expression is reported in 
(12). 

p

VJ
ND

=    

where N is the angular velocity in rpm and Dp 
representsthe diameter of the propellers. 

 
5. NUMERICAL SIMULATIONS 

 
For the numerical simulation, we include rotor 
dynamics and external perturbations such as wind 
disturbances. By using a geometry obtained by means of 
a CAD software, we can create a much more detailed 
model in which the distribution of the masses can 
reproduce in simulation a much more truthful beha–
viour. For this reason, we developeda multibody model 
in SimScape Multi-body environment [54]. Mass matrix 
andinertia matrix are obtained by using a CAD model of 
thequadcopter prototype and are represented by the 
followingexpressions (12, 13), i.e. 

0.37958 0 0
0 0.37958 0
0 0 0.37958

M kg
⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦

 (12) 

0.5 0.5

0.5 0.5 2

0.5 0.5

0.0053 2.492 1.249

2.492 0.0092 7.245

1.249 7.245 0.0043

e e

I e e kgm

e e

− −

− −

− −

⎡ ⎤− −
⎢ ⎥
⎢ ⎥= −
⎢ ⎥
⎢ ⎥
⎣ ⎦

(13) 

The equivalent mathematical model used for the 
evaluation of the controllaws is reported in (14), i.e. 

( )
( )y yy D

T Mv F v
I Mτ ψ ψ

⎧ = +⎪
⎨ = +⎪⎩

  (14) 

where  
4

1
i

i
T T

=
=∑  and τy = d(T1 – T3). In the general 

case, F contains the gravity effects, the aerodynamic 
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drag termsand the wind disturbances contributions,while 
MD is function of the aerodynamic drag moment. The 
respective boundary conditions for every segment of the 
trajectory are reported in table 1, while velocity and 
acceleration boundary conditionsare all set equal to 
zero. By solving (14), it is possible to derive the laws of 
motion for the three degrees of freedom(x-axis, z-axis 
and pitch angle ψ) and the feed-forward controllaws of 
the four propeller T1, T2, T3 and T4 necessary toobtain 
the desired trajectory. From the thrust forces, the 
standard procedure is to evaluate the angular velocities 
that each motor must deliver inorder to ensure the 
tracing of the desired trajectory by using (6). 

 
Figure 3. Law of motion for x-axis and z-axis 

Evaluated the angular velocities in the traditional 
way and ascertained that, as shown in Figure 2, 
expressions (10) and (11) approximate the experimental 
values correctly, we extrapolated ct, that it is function 
not onlyof N, but also of the relative velocity V. In 
Figure 4 we have reported for each time integration the 
extrapolated values of b against the constant values used 
previously. In this way, it is possible to have the 
corrected angular velocities for every time step. 
 
5.1  Inverse Dynamics Analysis in the absence of 

wind disturbances 
 
Given the translational equations of motion of the 2DOF 
model of UAV, forces are evaluated through an inverse 
dynamics analysis.  
Table 1. Waypoint coordinates used for the desired trajectory 

 x [m] Y [m] Z [m] Tfin [s] 
WP1 0 0 0 0 
WP2 0 0 5 10 
WP3 100 0 5 90 
WP4 100 0 0 100 

 
At this stage, the effect of wind disturbances is not 

considered.By solving (14) in SimScape environment, it 
is possible to evaluate the forces that must be applied to 
the model in order to follow the predetermined 
trajectory. In Figure 3, aredepicted the laws of motion 
for x-axis, z-axis evaluated forthe desired trajectory. 

The angular velocities of each propellerare 
calculated from the thrust forces. We have compared the 

values obtained by using a constant thrust coefficient 
and aninterpolated coefficient value and theyare plotted 
respectively in Figure 5 and Figure 6.  

  
Figure 4. Comparison between constant b coefficient and 
interpolated b coefficient 

 
Figure 5. Feed-forward angular velocity of each propeller 
by using constant thrust coefficient 

 
Figure 6. Feed-forward angular velocity of each propeller 
by using interpolated thrust coefficient 

 
5.2  Forward Dynamics Analysis in Presence of wind 

disturbances 
 
In this section, two different feedback controllers are 
considered in order to take into account the 
aerodynamic disturbances represented by wind gusts. 
The first controller is designed in order to evaluate the 
necessary thrust force to follow the target trajectory 
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while the second controller ensures the necessary pitch 
angle. To counteract these effects, PID controllers are 
developed and reported in eq. 15 and 16, i.e. 

( ) ( ) ( ) ( ),
t

fb Thrust p d i o
F t K e t K e t K e t dt= + + ∫  (15) 

And 

( ) ( ) ( ) ( ), 0
t

fb p d iM t K e t K e t K e t dtψ ψ= + + ∫  (16) 

where Kp, Kd and Ki respectively represent the propor–
tional,derivative and integral gain values vector. The 
error signalvectors have the following expression 

( )
( )

( )

( ) ( )

( ) ( )
0 0

refx

z ref

x t x te t
e t

e t z t z t

⎡ ⎤−⎡ ⎤
⎢ ⎥⎢ ⎥= = ⎢ ⎥⎢ ⎥
⎢ ⎥⎢ ⎥ −⎣ ⎦ ⎢ ⎥⎣ ⎦

 (17) 

( ) ( ) ( ) ( ),1

,
tan x FB

rif
z FB

T
e t t t t

Tψ ψ ψ ψ− ⎛ ⎞
= − = −⎜ ⎟⎜ ⎟

⎝ ⎠
 (18) 

 
where [xref 0 zref]T is the desired trajectory, and eψ(t) is 
the pitching error signal. As suggested by Chen et al. 
(2013), the wind field is modelledas an external force 
term, so that, in the balance equations (14), F is the sum 
of three contributions [50], i.e. 

( ) ( ) ( )D WF v F v mg F v= − +  (19) 

To test the robustness of the controller, the vehicle is 
subjected to two wind fields W1 = [2 0 0]T m/s and W1 = 
[2 0 1.5]T m/s . The two control thrust laws have been 
traced back, through the use of (6), to the values of the 
angular velocities required by the four engines and they 
have been reported respectively in Figure 5 for constant 
thrust coefficient and in Figure 6 for interpolated thrust 
coefficients. The first oscillations that characterize each 
curve of the angular velocity relative to W1 for the first 
timestep are due to the sudden arrangement that the 
system musthave in order to adapt to the presence of the 
wind field. 

 
Figure 7. Closed Loop Angular Velocities of the Propellers 
with Constant Thrust Coefficient Subjected to W1 Wind Field 

 
Figure 8. Closed Loop Angular Velocities of the Propellers 
with Constant Thrust Coefficient Subjected to W2 Wind Field 

 
Figure 9. Closed Loop Angular Velocities of the Propellers 
with Interpolated Thrust Coefficient Subjected to W1 Wind 
Fields 

 
Figure 10. Closed Loop Angular Velocities of the Propellers 
with Interpolated ThrustCoefficient Subjected to W2 Wind 
Fields 

 
6. CONCLUSIONS 

 
The ever-increasing use of UAVs in different sectors 
ranging from surveillance to precision agriculture 
requires increasingly effective control techniques. For 
this reason, the need arises to create increasingly 
accurate models on which to design control laws. To 
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achieve this, the SimScape multibody and multi-physics 
modelling environment allows the integration of CAD 
software with Matlab calculation software, enabling the 
use of more accurate mass distribution models.In this 
paper, despite the usual approach followed in practice to 
consider the thrust coefficient b to be constant, we also 
investigated the use of values of such coefficient 
updated based on the flight parameters of the UAV. The 
author’s research is focused on multi-body dynamics 
[55-58], finite element methods [59-63], system identi–
fication [64-66], optimal control [67-76] and vibrations 
in presence of friction [77-81].This work represents for 
the authors the starting point for a more extensive 
experimental activity in which a new UAV class will be 
designed and simulated through the use of open-source 
software such as ROS-Gazebo and using certified 
simulators like X-Plane.In the first part of the paper, in 
order to evaluate the open loop control laws, an inverse 
dynamics analysis is performed on the UAV model for 
feed forward thrust evaluation for a given trajectory. For 
the evaluation of such control thrust, only the 
aerodynamic effect of drag is considered and the 
pitching angle motion law is evaluated together with the 
pitching torque required. Thereafter, considering also 
the action of wind gusts a feedback control was 
designed by using two linear PID controllers. The 
comparison between the real and the desired paths have 
demonstrated the effectiveness of the projected closed–
loopcontrol.For both cases of open–loop and closed–
loopthrust laws, we have verified the reliability of the 
hypothesisof a constant thrust coefficient that is 
generally made in these applications. Since it is 
generally the function of the engine rpm, of the thrust 
forces required and of the relative velocity of the 
vehicle and its variation with these parameters is not 
negligible, all the values are extrapolated from different 
curves parameterized as a function of the rpm for every 
timesteps. Comparison of the results shows that by 
using a constant coefficientinstead of an interpolated 
value, there is an error in estimating the correct rpm of 
about ±30 rpm. 
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NOMENCLATURE 

R{I-B} Rotation matrix 
φ Roll  
ψ Pitch 
θ Yaw 
m Mass 
J Inertia 
T Total thrust 
Γ Torque due to aerodynamic forces 
FD Drag force vector 
CD Drag coefficient matrix 
Ρ Air density 
S Cross-sectional area 
V Vertical Velocity 
b Thrust parameter 
ω Angular velocity of the propeller 
ct Thrust coefficient 
Rp Radius of the propeller 
n Number of blades 
c Blade chord 
a Lift slope curve 
βt Pitch angle at the blade tip 
N Angular velocity in rpm 
Dp Diameter of the propeller 
FW Wind field force 

 
 
ПРОЈЕКТОВАЊЕ УПРАВЉАЊА КОД 
МОДЕЛА БЕСПИЛОТНЕ ЛЕТЕЛИЦЕ  
СА МАЊИМ БРОЈЕМ АКТУАТОРА 

 
М.Ц. Де Симоне, Д. Гуида 

 
Беспилотне летелице се све више прилагођавају и 
користе у цивилне сврхе, нарочито за надгледање 
подручја у циљу очувања животне средине, цивилне 
заштите или контролу и испитивање непри–
ступачних терена и опасних места. Ово се нарочито 
односи на мини беспилотне летелице, мале уређаје 
који захваљујући својој управљивости и 
трошковима могу да се користе у јавним службама. 
Све наведено нас је подстакло да израдимо 
мултибоди модел квадротора за услове поља ветра 
применом система SimScape Multibody Environment. 
Квадротор је моделиран као спрегнути нелинеарни 
систем са мањим бројем актуатора. Динамичком 
анализом обухваћен је аеродинамички утицај чеоног 
отпора, потисак који стварају пропелери и 
спољашња поља ветра. Евалуација потиска 
потребног за пројектоване трајекторије показује 
какав тип пропелера и какве карактеристике треба 
да има актуатор за уградњу у беспилотну летелицу.  
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