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Abstract

Quadrotor is a multivariable, strong coupling of the owe drive system, it is very difficult to control its exact. The difficulty is that it is

difficult to establish an accurate mathematical model for the quadrotor, and secondly, the control algorithm is used to control the

quadrotor. According to the two problems, the mathematical model of the quadrotor is established according to the Newton Euler

law. Although their have some intelligent control algorithm, but considering its practical application in complicated control method

using mature PID control, simulation of the Simulink model is used to verify that the PID has good effect on the attitude control of

quadrotor. In this paper, we mainly study the attitude control, so we did not design the controller of the three axis of the quadrotor.
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1. INTRODUCTION

Quadrotor first appeared in 1920s, began as a military
training purposes, and later due to the excellent performance
in the military, it quickly attracted the attention of countries
around the world. Compared with the conventional quadrotor,
quadrotor has the advantages of simple structure, light weight,
small volume, easy maintenance, low cost, flexibility,
portability, simple operation and other advantages. So both in
military and civil fields, the application prospect of quadrotor

are very broad [1].

Quadrotor is a multi rotor quadrotor non coaxial vertical
takeoff and landing[2], only by adjusting the four rotor speed
to control the quadrotor flight attitude. The quadrotor with
four symmetrical distribution of the rotor, thus can offset each
rotor anti torque torque, so there is no need to make the tail,
quadrotor has the advantages of simple structure [3]. The lift
of the four rotors is more uniform than that of the single rotor,
and the flight attitude is more stable than that of the single
rotor [4]. Because the quadrotor has six degrees of freedom,
but only four of the control of the motor speed, so it is a
typical strong coupling, nonlinear, multi variable under the

drive system [5]. In order to enhance the stability and safety

of the quadrotor, an accurate mathematical model and an
excellent control system are established. In this paper, the
classical PID algorithm is used to control the quadrotor and

Simulation on the Simulink, which has a good control effect.

2. MATHEMATICAL MODEL ESTABLISHMENT

Modeling of the quadrotor must solve the problem of the
coordinate system, so the establishment of two coordinate
system of the ground coordinate system G' and the body

coordinate system B , as shown in figure 1 :
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Fig -1: Structure Model of quadrotor

Usually the position and attitude of the quadrotor is defined in

the ground coordinate system, and the sensor is the attitude
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and position information of the vehicle body coordinate
system, so it is necessary to the body coordinate system to the

ground coordinate system. Assuming the body roll angle
a =60, ¢, ], which @ is the roll angle, ¢ is the pitch

angle, Y/ is the yaw angle, each angle is defined as shown in

figure 2:

Roll angle @ : the coordinate system OX)Z around the X
axis, the Y axis in the 0)z plane projection and the angle

ofthe y axis;

Pitch angle ¢: the coordinate system OX)Z around the )

axis, the Z axis in the 0zx plane projection and the angle
ofthe z axis;

Yaw angle i/ : the coordinate system OX)Z around the z
axis, the X axis in the 0X) plane projection and the angle

ofthe X axis;
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Fig -2:Schematic diagram of coordinate system

transformation

The coordinate transformation matrix of each angle is

obtained:
1 0 0
R,=|0 cos@ -—sinf
0 sind 0
sin cos 0
cosg 0 sing
R,=| 0 1 0
—si 0
sin ¢ cos ¢ @

cosy —siny O
R =|siny cosy O

174
1
0 0 3)

Finally get the whole 3D space coordinate transformation

matrix:

cosycosg  cosysingsind—sinycosd  cosysingcosG+sinysing

R=R, xR,xR,=| sinycosg sinysingsinf+cosycosd sinysingeos—cosysing
—sing cos¢@sind cos¢gcos @
4)

Vector in the body coordinate system:
T
ABZ[XB,)/B,ZB] )
Is converted to the ground coordinate system:

AGz[xG,yG,ZG]T:RxAB ©)

In order to establish the dynamics model of the quadrotor, the

following assumptions are made to the quadrotor [6]:

1. Quadrotor for uniform and symmetrical rigid body;

2. The origin of the ground coordinate system is the
geometric center of the quadrotor, and is coincident with
the center of mass;

3. The body is affected by the air resistance can be ignored,
regardless of the ground effect;

4. Four the lift of each rotor is proportional to the square of
the rotor speed, and the torque of the rotor is proportional

to the square of the rotor speed;

Based on Newton's second law and Euler's formula, the

dynamics model equation of quadrotor is established [7]:
F=m— M =—- @)

F s the sum of the external forces of the quadrotor, 71 for
the quality of the quadrotor, V' is the speed of the quadrotor,
M  for the quadrotor by the sum of the torque, / quadrotor
relative to the ground coordinates of the moment of
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momentum.

Set a single propeller speed is Qﬂ ,by the assumption of 4 to

each rotor lift is aQM2 , where a is the proportional
coefficient. =~ The total lift of the quadrotoris

U = a(le +sz +§)32 +Q42) , the force vector

F, = (0,0,U | )T of the quadrotor in the body coordinate

system B . By the formula (6) can get the ground coordinate
system under the force vector is:

F, (cosy singcos@+siny sin @)U,

F;=| F, |=RxF;=|(sinysing¢cos§—cosysin &)U,
F, (cosgcos)U,
(®)

The air drag coefficient of the three rotor quadrotoris X, ¥’

and Z in the ground coordinate system. The air resistance
. 4 :
coefficient is K, , K,, K,, and F=m7, according
t

to Newton's second law, the three axis linear equation of the

ground coordinate system is established:

[ (cosy singcos@ +sinysinO)U, —K & |

Fy—K,x

i m "

|| E-K,p | | (singsingcos@—cosysind)U, —K,y
)_/j m m

2V F-k,z-mg (cosgcosO)U, - K,z

—-&
m J m
©)

Due to the role of force is mutual, the air will also have a

reaction force on the rotor, so the yaw moment is so generated,
the torque generated by each rotoris W, = bQﬂz, where b
is the reverse torque coefficient. /for the rotor center to the

center of the quadrotor to the distance, U, for the rolling

moment, U, for the pitching moment, U, for the yaw

moment, there are:

la(Q} -Q7)
Ia(Qf _le)
b(Q42 +922 —QZ _le)
(10)

Uz Z(Et_Fz)
Ug|=| UE-FR) |=
Uy | Wi+ W =W =W,

w

Because of the assumption 1, the inertia matrix can be defined
as the diagonal matrix J , and the three axis angular motion
equations can be obtained according to the Euler dynamic

equation of rigid body fixed point rotation:

U, +(J, -, ) gy |
iy J,
Vv - e
¢' — 3+( z x)w (11)
g J,
v g

U,+(J,~J,)08
L JZ .

As the quadrotor flying in the wind or in indoor environment,
so we can ignore the resistance coefficient are studied, so a

simplified mathematical model of the final as follows:

(cosy/sinqﬁcos¢9+sinl,1/sin¢9)ﬂ
m
o N
V= (sml//sm¢cosé?—cos1//smt9)— (12)
. m
z
(cos¢cos¢9)ﬂ—g
L m -
51 [[Ua+(s, =) gy |10,
b |=|[Us+(s.~J,)wb]/J, (13)
VI us+(a.-0,)09]10.
3. CONTROLLER DESIGN

In this paper, the design of the controller based on the
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classical PID control method, the control law of the system is
designed using closed loop control. The principle of the PID
controller is to make the system's output value and expected
value to do the difference, and the error signal proportional,
integral, differential calculation, the three parts of the sum to
get the final control signal [8]. Figure 3 for the PID control

schematic.
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Fig -3: PID control schematic

Equations (12) and (13) establish the three-axis dynamic
model and the three-point attitude dynamics model of the
quadrotor respectively. The whole model can be regarded as
two independent systems: linear motion and angular motion.
From the formulas (12) and (13), it can be seen that the
attitude change of the aircraft directly affects the linear
motion of the quadrotor, while the linear motion does not
cause the attitude change. As the focus of this paper is attitude
control simulation, we do not consider the three-axis linear
control simulation, only three attitude control simulation. The
authors refer to the relevant literature to get the quadrotor

parameters as followsTable 1:

Table -1: parameters of quadrotor

Parameter Description Value Units
m Mass 0.504 kg
I Distance 0.25 m
Proportionality g - =
a 3.5x10 NeS~erad
Constant
Proportionali
b o o 1.1x10° NeSterad?
Constant
J, x Tnertia 5.7x107 kgem?
J, v Inertia 5.7%107 kgem®
g, z Inertia 9.2x107 kgem®

Equations (13) the introduction of the control variable U

decomposes the complex nonlinear coupling model into three

independent control channels. The 4 attitude PID circuit
structure, according to figure 4 to build the Simulink model
and simulation, after debugging the attitude angles, the PID
parameter is shown in Table 2, followed by the pitch angle,
roll angle and yaw angle, the attitude controller design step

response is shown in Figure 5.
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Fig -4: The structure of attitude PID circuit

Table -2: Parameters of each attitude angle

N E K g
1 28 8.9 0.3
2 28 89 0.3
3 2 3 0.26

. L — —— desired ||
B oI real H
R 1
o 1 1 1 1 1 1 1 1 1
i} 1 2 3 4 5 B E 3 9 10
time(s)
T T T T T
.-\15_ — —— desired ||
=
s i &2 real H
s
=05 &
D L L L L 1 1 1 1 1
0 1 2 3 4 4 5} 7 g 9 10
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— R — — — desired ||
E, L= real H
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Fig -5: Step response of each attitude angle

The simulation results show that the PID has small control

overshoot, almost no steady state error, shorter adjustment
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time and fast response speed, which shows that the PID has

good control effect on the attitude of the quadrotor.

4. CONCLUSION

Quadrotor system is a multi variable and strong coupling, the
precise control is very difficult, the modeling of the quadrotor
dynamics model, control algorithm adopts mature PID
control, using Simulink to build model and verify the
effectiveness of PID for the four rotary wing quadrotor

attitude control.

The study of the quadrotor is a multidisciplinary subject, and
the knowledge involved is very wide. In view of the limited
time, this paper only controls the attitude angle in flight
control, and does not study the three-axis motion control. The
future will be the attitude angle control and three-axis
directional motion control to complete the control of the

entire quadrotor control.
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