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Abstract

The turbulence or gust in quadrotor flight environment causes drastic changes in the unmanned
aerial vehicle (UAV ) aerodynamic parameters. Especially, rotor thrust coefficient and reaction
torque coefficient of the UAV encounter uncertainty fluctuation, which may undermine the control
performance. A real-time estimation strategy for these aerodynamic parameters is proposed to im-
prove the identification on the disturbance. First, the unscented Kalman filter ( UKF) algorithm is
used to estimate the UAV states and aerodynamic parameters. Then, a double-loop structure, con-
sisting of position and attitude, is designed for the trajectory tracking control. In the outer loop, a
proportional-derivative controller is adopted to carry out position tracking and provide Euler angle
references for the inner loop, called attitude controller. Moreover, the attitude controller is designed
using an inverse dynamic technique. The main contribution of this study is to propose a joint estima-
tion on the aerodynamic parameters with wind disturbance as well as the UAV states. This strategy
plays an important role in refining time-varying parameters of wind disturbance. A number of simula-

tions are executed to verify the effectiveness of the proposed method.

Key words: unscented Kalman filter (UKF) , joint estimation, wind disturbance, unmanned
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0 Introduction

In recent years, quadrotor unmanned aerial vehi-
cle (UAV) has become one of the hotspots in the field
of robot research. Quadrotor is a promising device for
its advantages with vertical takeoff and landing, move-
ment agility, and low cost, some application can be
seen in the aerial photography, resource survey, mate-

121 However, the wind turbu-

rial delivery, and so on
lence such as gust in the actual flying environment will
frequently lead to deterioration of the control perform-
ance of the UAV. This kind of external disturbance
creates a huge level of uncertainty for the UAV”'. As
a result, it is difficult for the quadrotor generally to
track the expected path or trajectory, even lose its des-
tination and gives rise to some disasters. In this work,
a contribution is made to this practical problem and a
control strategy is proposed for the wind disturbance re-
jection of quadrotor.

Some researchers have studied the quadrotor flight

[4-

control with the wind turbulence'*’. There are 2 main

methods in the literature. One is the utilization of the
aerodynamic theory to parameterize the wind modeling,
and the commonly used models include the Dryden tur-
bulence model and the Von Karman wind field model.

1" studied the robust posi-

For example, Hancer et a
tion control problem with wing pitch input for a Tilt-
Wing Quadrotor. Based on the Dryden turbulence mod-
el, they considered the external wind disturbance as
the sum of multiple sine functions with multiple param-
eters, i.e., amplitude, frequency and phase that can
be estimated by online observers. A simplified poten-
tial field was used in Sydney et al”*’ to model the wind
disturbance. With the help of the measured ground
speed and wind speed online, the parameters are re-
cursively updated with Bayesian estimation. Finally,
the feedback linearization technique was adopted to de-
sign the controller. The wind disturbance model estab-
lished by Waslander et al'®’ was composed of static
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wind model and gust model, and the latter used stand-
ard power spectral density function. In order to im-
prove the positioning accuracy of the UAV, they de-
signed a wind speed compensator to reduce the uncer-
tainty of the position feedback control. Similarly,
Escarefio et al'”' studied the horizontal wind disturb-
ance problems, and put forward a hierarchical control
structure , in which an adaptive controller was designed
for the static (time-invariant) wind disturbance while
for the time-varying wind disturbance, the parametric
model was established based on the sine function.
Wang et al'® first established a multiple-parameters
wind disturbance model and then established a double
closed-loop control structure for the quadrotors. The
outer loop adopted robust adaptive backstepping con-
troller for the wind turbulence parameters estimation,
and the inner loop used the global sliding mode con-
troller to achieve the steady attitude control of the
quadrotor. These methods are usually based on the sto-
chastic nonlinear theory. Besides, the wind disturb-
ance model is calculated under various general condi-
tions and assumptions that might cause these methods
infeasible in the real application.

The other is the method of online identification

N0 Tt usually

and estimation of the wind disturbance
does not have a known model of the wind disturbance
but it is assumed that the uncertainty of the UAV state
is mainly caused by wind disturbance. So, the de-
signed controller is updated by the real-time estimation
of the UAV states in order to achieve effective control
in the case of the wind disturbance. Rigatos et al''’
firstly linearized the nonlinear control system model
using the differential flat theory and then designed the
derivative-free nonlinear Kalman filter to estimate the
state. Finally, a disturbance observer was designed for
the quadrotor UAV control. Nobahari et al'''’ used
continuous ant colony filters to perform on-line quadro-
tor state estimation and ground effect compensation and
then designed an effective altitude controller. Mercado
et al''” used extended Kalman filter (EKF) to esti-
mate the position and velocity of the quadrotor UAV. A
proportional-derivative controller and a second-order
sliding mode controller were designed for the transla-
tional and rotational motion, respectively. Then, simu-
lation results showed that their method can be used to
deal with the external disturbance and the measurement
uncertainty. This kind of method regards the quadrotor
UAV control under wind disturbance as the uncertainty
problem and tries to estimate the position and the atti-
tude of the UAV to improve the controller performance.

This study also deals with the wind disturbance as
a kind of uncertainty. However, it is held that it is the

wind disturbance that causes the efficiency loss of the
UAV rotors. The motivation is to find the factor reflec-
ting the time-varying efficiency online. Exactly, there
are 2 parameters, namely, thrust coefficient and reac-
tion torque coefficient, denoting a kind of efficiency
state, which are very sensitive to wind disturbance.
These 2 parameters directly reflect the efficiency at cer-
tain operating point of UAV in the air. When gust of
wind occurs, these 2 coefficients change drastically. In
other words, it is through these efficiency states that
the wind disturbance causes an effect on quadrotor
UAV states.

Based on this view, not wind disturbance parame-
ters or UAV states but wind disturbance impacts on the
thrust and the reaction torque of the UAV are specified
in this study. The impacts are reflected by model pa-
rameters, that is, the thrust coefficient and the reaction
torque coefficient. However, in all existing literature ,
these parameters are known as unchangeable. On the
contrary, they are treated as time-varying parameters.
Therefore, this study proposes estimating them as well
as some other states in the UAV model to track the
changes in the environment in real time. Then, these
new factors are used to update the controller in real
time so as to achieve effective wind disturbance rejec-
tion control.

The parameters estimation method in this work is
based on the unscented Kalman filter (UKF) , which is
a typical nonlinear parameter estimation algorithm. It
has the advantages of small computation and good real-
time performance. In the field of the UAV control, this
algorithm is often used to estimate fault parameters for
improving the fault tolerance and safety. For example,
Izadi et al'®’ studied the UAV driver fault who formu-
lated a fault estimator with moving Horizon estimation
and the UKF algorithm. The UKF algorithm is also
used for visual tracking control "' | force and moment
estimation'"”’.

In this work, the model parameters, the thrust co-
efficient, and the reaction torque coefficient, which are
related to the wind disturbance, are directly added as
state variables. UAV states, as well as the newly add-
ed efficiency factors, make up the augmented states
that will be estimated synchronously under the same
UKF framework. Next, an embedded control structure
and controllers, including the proportional-derivative
(PD) controller and the inverse dynamic controller
(IDC), are designed for the UAV steady flight. This
paper is arranged as follows. Section 1 introduces the
online estimation of the quadrotor UAV model parame-
ters. Section 2 demonstrates the simulation experiment
and comparative analysis, and finally, a brief conclu-
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sion is given in Section 3.

1 Parameters estimation for quadrotor
UAYV model

1.1 Quadrotor UAV model

A prototype of the quadrotor UAV is shown in
Fig. 1(a). The coordinate system attached to the UAV
body and the north-east-down ( NED) inertial coordi-
nate system is drawn according to the UAV mass center
in Fig. 1(b). There are 4 real inputs for this machine,
defined as f;, i=1, 2, 3, 4, respectively, represen-
ting the thrust force generated by the 4 motor rotations.
As shown in Fig. 1, the order of the motors is defined
as M, and M, which are located in the positive direction
of the x and y axes (front and right), respectively,
and M, and M, are located in the negative direction of
the x and y axes (rear and left), respectively. The
quadrotor UAV flying in the air has a total of 6 degrees
of freedom, including 3 translational movements and 3
rotations around the axes. Since the number of control
inputs is less than that of degrees of freedom, quadro-
tor UAV is a typical under-actuated system.

(a) The prototype of the quadrotor UAV

(b) Coordinate systems

Fig.1 Quadrotor UAV and the coordinate systems

Define the Euler as follows: the roll angle of the
UAV rotating around the x-axis of its body system is
denoted by ¢. The pitch angle 6 represents the angle
that the UAV rotates around the y-axis and the heading
angle, iy, represents the angle that the UAV rotates
around the z axis. In contrast to the inertial coordinate
system, if the vehicle rotates following the order of the
z-axis, the y-axis, and the x-axis and gets rotation an-
gles s, 0, ¢, then the matrix calculated from the body

coordinate system to the inertial coordinate system is '™ ;

c,C, S,C, -5,
R, =1|C,S,S, -S5,C, S,8,S,+C,C, C,S,
c,S,C, +S,8, S,5,C,-C,S, C,C,

(D)

The rotation of the 4 motors together produces a
total thrust of the UAV and regulates the motors’ speed
to lead to a variety of movements which is listed in
Table 1"’ Since the motors M, and M, in Fig. 1 rotate
counterclockwise while M, and M, rotate clockwise, this
arrangement eliminates the possible yawing moment
caused by the aerodynamic reaction torque of the
UAV.

According to the aerodynamics theory, the thrust
force f; and the rotational inertia generated by each ro-
tor are proportional to the square of its speed, and the
input variables are defined as

F, e, i=1,234. (2)
where w, is the rotational angular velocity of the rotor ¢
and f; o< F,. According to the operating characteristics
of the quadrotor UAV, the virtual control variables U
=[U,, U, Uy, U/]" are defined as

U =b(F, +F, +F, +F,)

U, =b(-F, +F,)

Uy = b(F, - Fy)

U, =d(F, -F,+F, -F,)
where U,, U,, and U, represent the pseudo control

(3)

variables for UAV generating lifting, rolling, pitching
motion respectively. U, is the pseudo-variable to con-
trol the desired heading. b is the thrust coefficient,
which is a parameter mainly determined by the size and
configuration of the rotor. d is the reaction torque coef-
ficient. Assuming that the quadrotor UAV is a 6-de-
gree-of-freedom rigid body, its dynamics can be de-

duced using the Newton-Euler method '’ .

X = f(X, U) (4)

where, the state variables are
X=0[¢p & 6 6 ¢ & z 2 x x y 3
(5)
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X
ax,x6 + b, U,
X4
a,%,%¢ + b,U,
X
a;%,%, + bU,

X, U0) = U 8

1
g — —COSX,COSX,
m
X10
1, . . .
— —(sinx, sinx; + cosx,Sinx;cosxs )
m
X1z
U

1 . . .
—(sinx, cosxs — cosx,sinx,sinxs )
m i

(6)

As in traditional methods, the quadrotor structure

is assumed rigid and symmetrical. The above dynamics
is derived based on UAV hover flight and by neglecting

I -1
duced. The model parameters are a, = —~ 7 *a, =
I: B Ix Ix -1 y L L 1
Ji s A3 = I 9bl_l’b2_l7b3_[‘

Y z x Yy z
Here, m is the mass of the vehicle, g is the accelera-
tion of gravity, L is the arm length of the quadrotor
UAV. I, I, and [, are the inertia of x-axis, y-axis,

and z-axis, respectively.

1.2 The structure of the quadrotor UAV control

system

A double-loop control structure, as shown in
Fig. 2, is adopted in this work. This structure consists
of 2 subsystems, 1. e. , position control subsystem and
attitude control subsystem. The outputs of the position
subsystem are the references of Euler, ¢, and 6§, , which
are utilized as the inputs of the attitude subsystem. PD
controller and IDC controller are designed for them re-
spectively. The real states of the quadrotor UAV are
estimated by the nonlinear estimation algorithm, named

UKF-.

the propellers gyroscopic effect resulting from the rota-
tion. For convenience, x, =X(7) in Eq. (6) is intro-

Table 1  UAV motion related to the variations of the motors’ speed
Motor
. M, M, My M,
Motion
Rising motion increasing increasing increasing increasing
Descending motion decreasing decreasing decreasing decreasing
Rolling motion - increasing/ decreasing - decreasing/increasing
Pitching motion increasing/ decreasing - decreasing/increasing -
Yawing motion increasing/ decreasing decreasing/increasing increasing/ decreasing decreasing/increasing
T T 7
]
i X,y
1
i Uncertainty
3
N z se
0,0 | L» PD Z U i
J ! I >
T L] =)
! 2
1 -
i 5] >
11z £ |:,'> K >
| Yl B |ig.0 S
= ! > 2 IDC | Up,Us,Us| E |3%°
Position | ! X, » P> -U3, g |F,
] rJr o | B ' =
reference [T > ! ' F,
- T ™ T F,
v, .
9,6,y :
<
UKF

Fig.2 The proposed structure for quadrotor UAV control system

The dashed box in Fig.2 denotes a PD controller
for position subsystem designed using the UAV position

feedback information. The subsequent IDC controller
not only uses the output information of the PD control-
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ler but also uses the estimation result of the real-time
feedback of the UKF algorithm, to calculate the real-
time controller, U,, U,, and U,.

1.3 Joint estimation of state and parameter based
on UKF

1.3.1 The augmented state

The UAV state will change when the quadrotor
UAV encounters gusts or other similar turbulence. It is
assumed that it is the emergence of gusts and turbu-
lence that causes the fluctuation of the aerodynamic pa-
rameters in flight and then causes the efficiency fluctu-
ation of the rotors, resulting in changes in the state.

As a critical aerodynamic parameter, thrust coeffi-
cient b and reaction torque coefficient d are the bridges
between the UAV and the flight environment. Consid-
ering that the model parameters, b and d, are greatly
affected by the disturbance, it is proposed to be in-
cluded in the state vector as a supplement for online re-
al-time estimation. Building the following system

X, =f(X,, F) (7)

where the state after the
[X; b; d]. The control variable is converted to the
square of the motor speed F,. F=[F, F, F, F,]"

from virtual control U. The detail system is shown in

expansion is X, =

s

Eq. (8). The transformation matrix from U to F is
shown in Eq. (9).

fs(Xs9 F) =

- X

ax,%5 + byxs (- Fy + Fy)
X4

ayxy%5 + byxys (F, = Fy)
X

A3X) %4 +b3x14(F1 -F, +F, _F4)

Xg
x,(F, +F, +F, +F,)
g - COSX| COSX,
m 3
%10

x;(F, +F, + F, + F,)

m

(sinx, sinx; + cosx,sinx;cosxs )

X12

x;(F, +F, +F, + F,)

m

(sinx, cosxs — cosx, sinx,sinxs )

0
L 0 i
(8)

o, L L
b 2 4d
F, 1 N 1 [V
F T ~dllU
e | Fe|_ |4 T2 4d|| U] o)
N T R O 172
PR 2% 4d |,
o1, 1
Lay  2b 4d-

1.3.2 UKF estimation

The UKF algorithm is one of the optimal estima-
tion algorithms based on the Kalman filter (KF) frame-
work still depended on Gaussian distribution assump-
tion. In fact, UKF is the extension of KF in the nonlin-
ear system. The utilization of the unscented transforma-
tion makes it feasible and high efficient to obtain the
mean of the UAV state propagated by the nonlinear e-
quation. Two steps, denoting prediction and correc-
tion, are included in the algorithm, which estimates
the mean and the variance of the system state respec-
tively. After discretized with proper sampling rate, the
nonlinear dynamics model of the quadrotor UAV in
Eq. (8) is shown in Eq. (10).

LG D) =[O0, FW) +uh) ()

Y.(k) = HX (k) +v(k)

where k represents time step. Y, (k) represents the
state of the measured value. H = [I,, 0 0] is the
proper matrix with dimensions of 12 x 14. I,, is a unit
matrix that has the dimensions of 12. w(k) and v(k)
indicate the process noise and the measurement noise,
respectively, both of which are Gaussian white noise,
ie., w(k) ~N(0, Q,), v(k) ~N(0, Q,). Here,

the variances, @, and Q,, are positive definite matrix

with dimensions of 14 x 14 and 12 x 12, respectively.

Typically, the sampling rate in Eq. (10) is 1 kHz
for the following simulations.

The UKF algorithm includes:

1) Initialize prior mean X, and variance P, of state
vector X. The prior mean of b and d are b, and d,
measured offline without wind disturbance.

2) Construct symmetry set of discrete Sigma
points near the priori mean of state vector X.

3) Update state and calculate its variance based
on the unscented transformation.

4) Update state and calculate its variance accord-
ing to the measurement results.

The algorithm flow can be briefly described by the
following expression.

X.(k) = fu(X.(k), F(k), P(k), Q,(k), Q,(k))
(11)

Where the estimated vector is:
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X, (k) =

o b 060 b 2:ix5 5 b do
Since the unscented transformation is used to re-
place the general linearization as in KF, UKF algo-
rithm is no longer necessary to calculate the Jacobian
matrix. Therefore, it can be used to deal with the non-
derivative dynamics and improve the computing accura-
cy, especially when calculating the statistics of the
state variables. In the following simulations, the square
root UKF algorithm is used to calculate the updated
state and parameters directly. For details about how to
calculate the square root of the state variance matrix,

please refer to Refs[21,22].

1.4 Designing the position controller

The position controller of the quadrotor UAV is
shown in the dashed box in Fig.2, which includes 3
independent PD control algorithms.

x, = K (x, —x) +K;(x, —x) (12)
y, = K(y, —y) +Ki(y, - ) (13)
z, =K (2, -2) +K,(z, -2) (14)

where x,, y,, and z, are the referred positions for track-
ing control. K, K, K/, K}, K, K, are controller pa-
rameters. If the formula 8, 10, and 12 in Eq. (6) are
substituted with Eqs(12), (13) and (14) respective-
ly, the first component U, can be directly obtained,
i. e. , height controller, as follows:.

Uy =m /3] +3 + (g -3) (15)

In addition, according to Eq. (6), it has;

. U
X, = — —(sing,siny + cos,sinf,cosyy)  (16)
m

. U
y, = —( sing,cosy — cosc, sin siny) (17)

m
The closed solutions''’ of the Euler angles ¢, and
0., as shown in Eq. (18) and Eq. (19), are obtained
when Eq. (16) and Eq. (17)
Eq. (12) and Eq. (13), respectively. In plant appli-

are substituted by

cation, it is necessary to impose some saturation re-
strictions on these 2 angles for the arcsine function so-

lution"’

0, =- arcsin(%(&érsintp - y,cosgb)) (18)
m(x,costf + y,singr) ) (19)
U,coso,

0 =- arcsin(

r

1.5 Designing the attitude controller

In this paper, the inverse dynamic control method
is adopted to design the controller for the attitude sub-
system. Now formula 2, 4 and 6 in Eq. (6) are select-

ed and are rewrited in Eq. (20) as the attitude dynam-
ics which will be mainly discussed in the following.

- I -1 .. L

(;bzrlx 0!,//+fU2

- I -1 .. L

= = a = 20
0 3 ¢¢+1)U3 (20)
=l b

l;[/_ ]z d) +I 4

z

Next, the feedback linearization is used to con-
struct the inverse dynamic controller. First, defining ¢
= [¢,0,4]" for system Eq. (20), controller u is de-
signed as follows ;

u=M(q)V+h(q,q) (21)

where V is the virtual input

U, [0 o
u :[U’g‘], M(’]) :L{O [}' O]’
U, 0 0 LI

(I -1) 6y
Wad) = =1 (1 -1)id
L(I, -1) ¢6

Through the feedback linearization, Eq. (20) is
transformed into a decoupled dual integral linear sys-

tem. Finally, virtual input V is determined in

Eq. (22).

V=g -K(qg-q)-K(q-4q,) (22)
where K, and K, are the positive parameters to be
tuned. ¢, and g, are the references for the attitude, giv-
en by the position subsystem.

2 Simulation and comparison

In this section, the flight situation of UAV experi-
encing the gust is simulated and discussed. By using
Matlab, the proposed algorithms are simulated and
compared with those without estimation on aerodynamic
parameters. The UAV model parameters, as well as
controller parameters, used in the simulations, are all
referred to the real physical quadrotor system. Table 2
lists all these parameters. Some parameters of UKF al-
gorithm are shown in Table 3.

In the simulation, it is assumed that the quadrotor
UAV moves from the starting point [0 0 0]" to the
endpoint [ 10 10 - 10]". Assuming that the full
states of the UAV except the aerodynamic parameters
can be measured with various sensors, such as global
position system ( GPS) and inertial navigation system
(INS). Using the method proposed in this work, the
UAYV state is augmented by the catenation of the aero-
dynamic parameters and then jointly estimated by UKF
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Table 2 Quadrotor UAV model parameters and controller parameters

Model parameters Controller parameters

Variables Value Variables Value

m 2.467 kg K 0.15

g 9.81 N/kg K 0.7

by 2.2893x10 7 N - &’ K 0.15

d, 1.1897 x 10 ~° Nm - &* K, 0.7

IR 5.887 x107* kg + m’ K 0.3

I, 5.887 x10 % kg + m’ K 1

I, 1.3151 x10 ™" kg + m® K, [40,40,40]"

L 0.3875 m K, [10,10,10]"

Table 3 Parameters used in the UKF algorithm

Parameters meaning Parameters Value
2.5 x10°°1,, 0
Initial variance of the state P, [ T ]
0 2.5 x107°1,
6.25 x 107°1, 0 0
-14
The variance of the process noise Q. [ 0 2.25x10 0 ]
0 0 6.25 x 107"
The variance of the measured noise Q, 6.25 x 107°I,

Note: In Table 3, I,, and I, are unit matrices that have the dimensions of 12 and 2, respectively.

in each interval. The final trajectory is shown in Fig. 3. 20
On the contrary, if only the state of UAV is estimated | |
without time-varying aerodynamic parameters, trajecto- 10 e = —
ries are drawn in Fig. 4. During 5 s to 25 s, the UAV
goes through gust which causes sudden changes in aer- _ ORS
odynamic parameters (b =106, and d =10d,,) as shown »ﬁz LY
in Fig.5. Using the control method proposed in this ::_10 \‘\ P
work, the UAV attitude during the flight process has a \ ;
slight fluctuation as shown in Fig. 6. If the aerodynamic 20 "-\ /'/
\ /
15 -30 X i
_____ i S ’,’
10 e = m— 05 10 20 30 40 50
/ 1(s)
5 Fig.4 The UAV trajectory without estimation of the
g aerodynamic parameters
3 oK
ol \ parameters are not estimated with the traditional meth-
s \‘.‘ od, the Euler angle experiences a jitter stage as shown
N in Fig. 7.
-10 e S Fig. 3 shows that when the aerodynamic parame-
ters are estimated in real time, UAV can reach the tar-
15 get position quickly and steadily and will reach the tar-
0 e 20 ) 20 40 20 get point for about 15 s, after which UAV keeps a sta-

Fig.3 The UAV trajectory using the joint estimation on the

ble hovering status. Fig. 4 indicates that the control
aerodynamic parameters (b, d) and the state effe.ct of UAV is poor whe.n there is no real—tlr.n.e esti-
mation of the aerodynamic parameters. Specifically,

UAV shows a strong divergence trend in the height con-
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trol on the wind disturbance emergence from time ¢ =5
s. This trend continues till the disturbance cancellation
(=20 s) at which the height deviation is intolerable
for any practical application.

Fig. 5 is the aerodynamic parameters curve. It can
be seen from the figure that the estimated value is very
close to the actual value. This indicates that the UKF
algorithm has a good estimation accuracy. Comparing
Fig. 6 and Fig. 7, UAV shows good stability in the atti-
tude when there exists parameter online estimation,
and there is violent fluctuation when without parameter
estimation. When there is a real-time estimation of the
aerodynamic parameters, the UAV will fluctuate with
attitude slightly (about 1 ©) only when the uncertainty
suddenly occurs (¢ =5 s), and the attitude angle will
continue to converge to the steady state quickly. In
contrast, when the aerodynamic parameters estimation
is not considered, even if the wind disturbance disap-
pears, the UAV will still fluctuate violently. The max
fluctuation will be greater than 6 °.

10"
3 X T T
Actual parameter
s Estimated parameter
o
1
0
0 10 20 30 £ 20
-5
15720 - ' : :
Actual parameter
W -------- Estimated parameter
1 ~ s 1
- { |
o5}/ |
/ i :
0
0 10 20 30 40 -

t(s)

Fig.5 The actual aerodynamic parameters and their estimation

0.15
14
————— 0
0.1 -

-0.2 .
0 10 20 30 40 50

t(s)
Fig.6 Euler during UAV flight with the proposed method

0.3

0.2 ! e il
\ | ) )
\
\

0 10 20 30 40 50
(s)
Fig.7 The Euler of the UAV in the flight process without

parameter estimation

3 Conclusions

The uncertainty of wind disturbance causes great
difficulties for the control precision of the quadrotor
UAV. In fact, the thrust coefficient and the reaction
torque coefficient of the rotors act as a link between the
vehicle and external environment. In order to consider
the time-varying effects, this paper proposes an online
joint estimation of the aerodynamic parameters of the
rotors. Based on a control structure with 2 embedded
loops, the UAV position controller and the attitude
controller are designed separately. Various simulations
indicate that the proposed control scheme is feasible
and can effectively overcome the influence of the time-
varying disturbance. Compared with the method with-
out aerodynamic parameters estimation, the proposed
method has better reliability and control precision.
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