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Abstract—In this paper, the problem of hovering and forward 
flight control of a ducted fan Unmanned Aerial Vehicle (UAV) is 
addressed. For this purpose, a short review of the mechanical 
characteristics of the vehicle and also its mathematical model is 
presented. After that a two loop PID controller is constructed for 
both hovering and forward flight conditions. At the end, 
Numerical simulations are used to illustrate the performance of 
the developed controllers in certain and uncertain conditions. 
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I.  INTRODUCTION 
Recently, as the technology of UAV is evolved rapidly, the 
interest in the UAV has increased in military as well as civil 
applications. UAV can move easily to places where a man 
cannot approach in the war or emergency situations, so that 
the risk of the human participation can be reduced. Specially, 
the vertical take-off /landing (VTOL) crafts have more interest 
than the existing fixed-wing UAV because VTOL does not 
need a runway and can hover, and take-off vertically. In this 
paper, a ducted fan UAV among the VTOL has the spotlight 
due to compact design and various activities.  
Because of the highly nonlinear characteristics of the dynamic 
equations of motion of the craft, previous works addressed the 
control problem of this type of UAVs with nonlinear control 
strategies [1, 2]. In this paper, in spite of its complicated and 
highly nonlinear equations of motion, a PID controller 
designed for hovering and forward flight maneuvers. The 
proposed controller is able to control the craft in the presence 
of different type of system uncertainties. 
This paper is organized as follows. Section II briefly 
introduces the mechanical structure of the ducted fan aerial 
robot. The dynamic model of the craft is presented in section 
III, The PID controller is described in section IV, Computer 
simulations are shown in Section V and finally, section VI 
draws the main conclusions of this work. 

II. MECHANICAL STRUCTURE OF THE DUCTED FAN UAV 
 

A schematic view of a ducted fan prototype is shown in figure 
1. As it is obvious in the figure, this vehicle is composed of a 
main duct, driving engine, propeller, anti torque and control 
rudders and landing legs. Increasing motor speed, we can 

increase the trust and adjust the vehicle altitude. Under the 
propeller, there are two levels of rudders with different 
structures. The first level rudders which rotate altogether but 
binary converse neutralize the motor torque. The second level 
rudders which are placed under the first level ones and outside 
the duct rotate together in the same direction to control the 
vehicle in the x y plane. 
The major difference between ducted fan and other UAVs are 
a strong coupling effect and existence of a duct surrounding 
the rotor. When ducted fan UAV hovers, the vehicle is very 
unstable because of a strong coupling effect. Existence of a 
duct has some advantages for the vehicle. First of all, a duct 
guarantees safety more than any rotorcraft without a duct. The 
unshrouded propeller operating with high speed can do 
damage to somebody directly. On the other hand, if the craft 
bump into anything while it is operating, it can be damaged 
seriously by breaking the rotor. Secondly, a duct produces 
more efficient thrust with same power. The thrust of a craft 
with a duct is increased approximately 21% comparing with a 
ductless craft [3]. The unshrouded propeller has tip loss by 
escaping tip vortex at the blade tip. It results in rapid decrease 
in the lift at the tip. In addition, the duct tends to prevent air at 
the tip from escaping so that more thrust efficiency could be 
generated by lower energy loss. As a disadvantage of a duct, 
there are momentum drag and righting torque that disturb the 
forward flight at higher speeds [3]. As the craft forces the 
incoming flow in the duct to align it to downward, a reaction 
force is created, known as momentum drag. This force is same 
the mass flow of the air flow added crosswind velocity. 
 
 
 

 
Figure 1. schematic of Ducted Fan unmanned aerial robot 



III. DYNAMIC MODEL OF THE VEHICLE 
in this section, the mathematical model of the ducted fan UAV 
is presented. using the Newton Euler equations, the ducted fan 
model can be described as [4]: 
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where m represent the vehicle mass, g the gravity, X, Y and Z 
forces exerted to the vehicle L, M and N torques to the vehicle, 
u, v and w linear velocities and p, q and r angular velocities of 
the vehicle respectively in the body attached frame.  ,   and 
 are respectively roll, pitch and yaw angles of the ducted 

fan. xS  and xC respectively stand for sin x and cos x . 
The external forces to the UAV are as below: 
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In these equations,   is air density, Lc lift coefficient, Dc  
drag coefficient,   angle of attack of first level (anti torque) 
rudders, x  and y  the angle of attack of second level 

(control) rudders respectively in x and y  directions, T  the 

motor trust and 1lS  and 2lS  respectively are area of each of 
the first and second rudders. eV  is the exiting wind velocity 
from the bottom of the duct which can be calculated as: 
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In which diskS represent the cross section area of the duct. 
Like the external forces, the external torques can be classified 
as: 
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Where d  and Td   respectively  are the distance from 
pressure center of the second level rudders to the vehicle 
center of mass and the distance between pressure center of 
each of two contrary control rudders(see figure 1). p is the 

angular velocity of the propeller and Nk  is a constant 
coefficient. It is noteworthy to say that in these equations, the 
drag force caused by horizontal motion of the vehicle, wind 
forces, drag forces of the rudders and also momentum drag of 
the duct are assumed to be zero. These assumptions are 
sufficiently correct for indoor hovering flights of the ducted 
fan UAV [5, 6]. 

 

IV. CONTROLLER 
In spite of their simplicity, PID controllers have a good 
performance in many cases. The only problem (disadvantage) 
of these controllers to be used in large systems is that a big 
quantity of controllers is needed to cover the whole system 
[7]. All of these controllers have to be adjusted so that the 
maximum performance will be obtained. Instead, these types 
of controllers are easy to implement and regulate. In this 
research, two internal and external PID controllers are used. 
The block diagram of the internal and external loops is 
depicted in figure 2. 
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Figure 2. Block Diagram of proposed Controller 

As it is clear in this figure, the desired values of x , y  and 
z are given to the controller. For hovering maneuvers, the 
desired values of longitudinal and lateral position of the UAV 
(i. g. desx  and desy ) must be considered equal to zero. 
Using actual position of the UAV in space, the desired values 
of velocities in the inertia frame are calculated. Knowing 
Euler angles of the robot and using a rotation matrix, these 



velocities are transformed to the desired velocities explained 
in the body attached frame. These values are compared with 
the actual velocities of the robot and will transform to the 
desired Euler angles (which cause the robot to go to the 
desired position) by three PID controllers. Since the lift can be 
calculated directly from the desired altitude and the robot 
horizontal velocity, we can extract the required trust here. The 
desired Euler angles passing through saturation functions 
(which simulate actual limitation of rudders rotation range) are 
given to the inner PID controller as the inputs. This controller 
calculates the appropriate angles of attack of first and second 
level rudders using the actual Euler angle of the robot. These 
angles in addition to the trust (which is calculated in the outer 
loop controller), are used as the inputs of the ducted fan 
system [8]. 

 

V. SIMULATION RESULTS 
In this section, the performance of the proposed controller is 
simulated for an existing ducted fan. Numeric values of the 
ducted fan parameters are given in table 1. Computer 
simulations have been carried out using SIMULINKTM and 
MATLABTM toolboxes. Because of brevity, only the forward 
flight simulations are presented. The goal is to send the robot 
to the point (10, 2,20)A  , stay 10 seconds and then to the 
point (0, 2,4)B  . 
 

TABLE I.  NUMERIC VALUES OF THE DUCTED FAN PARAMETERS 

Parameter Numeric Value 

m  1.576 kg  

I  
2

0 .0 1 8 0 0
0 0 .0 1 8 0
0 0 0 .0 0 9

kg m
 
 
 
  

 

rotI  20.0003kgm  

d  0.2075 m  

Td  0.16 m  

1lS  
20.0073 m  

2lS  
20.0096 m  

diskS  20.2 m  
 
 
Figure 3 shows the vehicle actual and desired path in the 3D 
space. The angle of attack of anti torque and control rudders 
are plotted in figures 4, 5 and 6 respectively. Figure 7 depicts 
the trust. The maximum trust of the robot is limited to 20 N. 
According to these figures, it is clear that the robot has 

reached to the points A and B approximately within 10 
seconds. 
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Figure 3. Ducted Fan actual and desired position 
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Figure 4. Angle of attack of control rudders in x  direction 
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Figure 5.Angle of attack of control rudders in y  direction 
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Figure 6. Angle of attack of anti torque rudders 
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Figure 7. Trust 

To show the robustness of the controller against parametric 
uncertainties, all of simulations were repeated considering 
twenty percent uncertainty in the robot parameters. Simulation 
results reveal good performance of controller facing 
uncertainties. For the sake of brevity, only robot altitude and 
trust for hovering flights considering 20% added mass are 
presented in figures 8 and 9 respectively. The goal is to send 
the robot to point (0,0,20)A  . 
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Figure 8. Ducted fan altitude considering 20% uncertainty in the 

mass of the ducted fan 
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Figure 9. Trust considering 20% uncertainty in the mass of the ducted 

fan 

 

VI. CONLUSIONS 
In this research firstly the mathematical model of the ducted 
fan UAV is extracted and then a two loop PID controller is 
designed and regulated for hovering flight maneuvers.  
Numerical simulations are used to demonstrate the 
performance of the proposed controller. These results 
demonstrate the good performance of the designed controller. 
They also reveal the ability of the controller to withstand more 
than 20 percent uncertainty in system parameters. 
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