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Abstract: The focus of this study is on the attitude estimation of the four-rotor helicopter known as quadrotor. 
The choice of the algorithm is a complementary filter based on quaternions. For the four-rotor helicopter system 
has nonlinear, strong coupling, multi-variable features, it is difficult to obtain the accurate attitude values, and in 
order to solve this problem a quaternion-based complementary filter algorithm is applied. The Inertial 
Measurement Unit (IMU) is used to estimate four-rotor helicopters attitudes. The traditional PID controller is 
used to control the four-rotor helicopter attitude. This system is implemented on a newly designed compact 
STM32 board. The board contains the STM32F103RBT6 chip, the attitude sensor MPU-6050 and hmc5883l, 
the wireless communication module nRF24L01. The hovering experiment results presented in this paper provide 
good evidences that the quaternion-based complementary filter algorithm can obtain accurate attitude values, it 
reduces the amount of computation system, and provides an algorithm for four-rotor helicopters attitude solver. 
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

The four-rotor helicopter is a novel appearance, 
superior performance Vertical Take-Off and Landing 
(VTOL) helicopter, it has a simple structure, flexible 
operation, high load capacity and so on [1]. The study 
of four-rotor helicopters involved aerodynamics, 
information fusion algorithms and control system 
design techniques. With the fast development of four-
rotor helicopters control theory, mechatronics 
technology, and the rapid development of sensor 
technology, the four-rotor helicopter has become a 
high scientific research platform [2-4]. The four-rotor 
helicopter is powered by 4 rotors and is capable of 
motion in air in 6 degrees of freedom, and it has a 

strong coupling, nonlinear dynamics characteristics, 
these factors lead to the four-rotor helicopter control 
needing higher requirements [5]. 

The accurate attitude value is the premise of the 
stable attitude control. The speed and accuracy of 
attitude estimate will directly affect the system’s 
stability and timeliness. With the development of the 
Micro-Electro-Mechanic System (MEMS) 
technology and the reduction in cost of MEMS 
sensors, the four-rotor helicopter attitude estimate 
measurement use the IMU, this sensor is generally 
composed of gyroscopes, accelerometers and 
magnetometers.  

The estimation of attitude values can be generated 
through the integration of the signals from the three 
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orthogonally mounted angular velocity sensors 
(gyroscopes), and the measured data by gyroscopes 
has a good dynamic performance, the trouble is that 
gyroscopes drift with the temperature and it has an 
accumulated integral error. We can also estimate the 
attitude values by transforming the data get by 
accelerometers and magnetometers, it has a good 
static performance, however, the vibration of the 
four-rotor helicopter body will affect the 
accelerometers, and magnetometers are susceptible to 
interference from external magnetic fields [6]. 
Therefore, we develop a filter, which uses the 
difference of attitude estimates between the 
accelerometers and magnetometers to gyroscopes to 
correct for drift in the gyroscopic attitude estimate. 
The fusion of data from the gyroscopes, 
accelerometers and magnetometers, and to obtain 
highly reliable attitude values is a very challenging 
task [7]. 

We select the Euler angles and quaternions to 
describe the four-rotor helicopter attitude. Since the 
Euler angles parameter representation method is 
intuitive, clear physical meaning, the quaternions 
calculation is simple and avoids the singularity 
problem of Euler angles, a combination of both, can 
represent the four-rotor helicopter flight better. Under 
the premise of accurate estimation of the attitude, the 
control system receives the given attitude and 
compares with the current attitude to get an attitude 
deviation. The traditional PID control method is 
chosen to obtain the control amount, then by 
adjusting the PWM control signal, combined power 
drive module for the implementation of the motor 
speed control to achieve the goal of attitude 
adjustment [8]. Through the wireless transmission 
module, we transmit the acquired attitude angles  
and other information to the host computer, achieving 
the real-time monitoring and dynamic adjustment 
effect. 
 
 
2. System Working Principle and Four-

Rotor Helicopter Platform 
 
2.1. System Working Principle 
 

The four-rotor helicopter is fixed on the rigid 
cross-linked construction and composed of four 
independent motor-driven propellers, shown in 
Fig. 1. It is powered by 4 rotors and is capable of 
motion in air in 6 degrees of freedom (along the  
3-axis respectively for translational and rotational 
motions) and it is an under-actuated system. As the 
forces opposing motion are small, the four-rotor 
helicopter is a very dynamic system. As a change in 
the speed of one rotor will results in motion in at least 
3 degrees of freedom, it has highly coupled 
dynamics. The four-rotor helicopter is a nonlinear, 
highly coupled dynamics, multi-variables under-
actuated system. 

 
 

Fig. 1. The schematic diagram of the four-rotor  
helicopter structure. 

 
 

The four rotors are fixed on the rigid cross-linked 
construction. Firstly, we set a positive direction on 
the body, and two rotors located on the same 
diagonal as the same group. The front-back pair of 
motors mount clockwise (looking down from above) 
rotation of the paddle (clockwise torque generated), 
the left-right pair of motors mount counter-clockwise 
rotation of the paddle (counterclockwise torque 
generated). Therefore counter-torque can be offset 
each other, and we can achieve the four-rotor 
helicopter flight control by controlling the motor 
speed. The four-rotor helicopters control can be 
thought of achieving force and torque balance. 
Without considering the disturbing factors, the 
analysis of four-rotor helicopters flight control 
requirements are as follows: 

1) Hovering control. Even the smallest force will 
result in linear acceleration and the smallest torque 
will result in angular acceleration. The four-rotor 
helicopter will hover in the air only when there is no 
net force in any degree of freedom. We can achieve 
the force balance when the sum of the thrust from the 
4 rotors equals the weight of the helicopter.  

2) Vertical flight control. While the four-rotor 
helicopter keeps hovering, to increase or decrease the 
4 motors speed, the body itself will achieve the 
climbing and descending movement due to the 
imbalance of the lift and the weight generates upward 
or downward acceleration in the vertical direction.  

3) Pitch, roll control. As shown in Fig. 1, we 
increase the left/right motor speed, and reduce the 
right/left motor speed, while the front-back pair of 
motors remain unchanged, since the lift on the 
left/right motor than the right/left motor, the four-
rotor helicopter achieves the rolls (rotation around the 
x axis). Similarly, we can achieve the pitches 
(rotation around the y axis) by changing the speed of 
the front-back pair of motors, while the left-right pair 
of motors keeps unchanged. 

4) Horizontally yaw control. As shown in Fig. 1, 
we increase the speed of the front-back/left-right pair 
of motors, and reduce the speed of the left-right/the 
front-back pair of motors, the four-rotor helicopter 
rotates clockwise/counterclockwise as breaking the 
anti-torque force balance, and it achieves the yaw 
(rotation around the z axis). 
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2.2. Four-Rotor Helicopter Platform 
 

The four-rotor helicopter attitude control system 
is composed of the four-rotor helicopter, attitude 
estimation and data fusion, given attitude and system 
control, power conversion and execution module. 
The four-rotor helicopter attitude control system 
block diagram is shown in Fig. 2. The IMU sensor is 
used to acquire the attitude data, and the gyroscopes, 
accelerometers and magnetometers data can be 
combined by the quaternion-based complementary 
filtering algorithm to obtain the accurate estimate of 
the four-rotor helicopter. We transmitted the attitude 
estimation to the system control section after attitude 
estimation and data fusion module, the system 
control module obtains deviation values, which is 
generated by comparing the current attitude and the 
given attitude, we chose to the PID control method to 
get PWM control signals, and 4 motors speed control 
achieves through power conversion module, finally 
we can change the flight attitude, and reducing the 
bias effect [9]. 
 
 

 
 

Fig. 2. The four-rotor helicopter attitude control system 
block diagram. 

 
 

Considering the computing power, the load 
capacity, the power supply and other factors [10], we 
use Cortex-M3 core-based 32-bit micro-controller 
STM32F103RBT6 as the main controller. The 
attitude estimation module selects IMU, including the 
3-axis accelerometers and 3-axis gyroscopes sensor 
MPU6050, the magnetometers hmc5883l, the 
communication module selects nRF24L01, which 
work in the world-wide 2.4~2.5 GHz ISM band 
single-chip wireless transceiver chip, the four-rotor 
helicopter body and the remote control is shown  
in Fig. 3. 
 
 

 
 

Fig. 3. The four-rotor helicopter body  
and the remote control. 

3. Attitude Representation  
and Data Fusion 

 
In this paper, the attitude measurement module 

including 3-axis gyroscopes, 3-axis accelerometers 
and the 3-axis magnetometers, where gyroscopes 
measure the angular rate, accelerometers measure the 
gravity field in each component of the body axis, the 
magnetometers measures earth's magnetic field. The 
measured data by gyroscopes has a good dynamic 
performance, we can measure body posture 
instantaneous value quickly and efficiently, but there 
is a large output signal drift rate, the rate of 
integration results contains cumulative error. As the 
accelerometers and magnetometers are used to 
measure the gravity vector and magnetic vector, 
which can be converted into the four-rotor helicopter 
attitude value. This measured data is vulnerable to 
outside interference, and will introduce errors to the 
attitude, but this error does not accumulate over time, 
it has better static characteristics. By using 
"complementary filter" algorithm we will get the 
final accurate attitude, which is corrected by the 
accelerometers and magnetometers.  
 
 

3.1. Attitude Representation 
 

There are many ways to represent attitude values, 
we combine Euler angles and the unit quaternions. In 
order to represent attitude values in Euler angles, we 
define the rotation around the x axis as rolls(φ), the 
rotation around the y axis as pitches(θ), the rotation 
around the z axis as yaw(ψ). We also need to 
introduce two three-dimensional coordinate systems, 
respectively, for the body coordinate system and 
ground coordinate system Ob, On. 

According to Fig. 4, we can obtain the matrix 
n
bR  from the body coordinate system to the ground 

coordinate system as shown in equation (1). We can 
also get the ground coordinate system from the body 

coordinate system by n
bR , and ( )b

nR R
Tn

b= . 

 
 

 
 

Fig. 4. The schematic diagram of four-rotor helicopters 
rolls, pitches, yaw attitude. 
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where c and s denotes cos and sin respectively;  
φ is the roll angle along the x-axis , the range of  
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(-π ~ +π ); θ is the pitch angle along the y-axis, the 
range of ( )2 2

π π− + ; ψ is the yaw angle along the 

z-axis, the range of (0 ~ 2π ). 
Note that the attitude parameters using Euler 

angles representation result in a singularity at  
90 degrees. It is harmful to the signal integration 
process, as it produces large discontinuities on the 
final results. Therefore, we chose to use the unit 
quaternions representation. The quaternions 
representation of the four-rotor helicopter’s spatial 
orientation can be described as: 

 

 [ ]q
T

w x y z
→

= , (2) 

 

For a given axis (x y z) and angle (α), the 
quaternions representing a rotation of a degree 
around the axis from the origin (0,0,0) to (x, y, z), as 
expressed by: 

 

 

y

w ( / 2)

x ( ) ( / 2)

y ( ) ( / 2)

z ( ) ( / 2)

x

z

c

n sn
n

sn
n sn

α

α

α

α

=

=

=

=

, 
(3) 

 

We use the quaternions to transform space in the 
different coordinate system. The vector, which is 
defined in the body coordinate system 

( , , )Br x y z= , can be converted to the ground 

coordinate system and represented as Nr  by 

quaternions. We need to expand the vector Br  to 

(0, , , )Br x y z′ = . The vector in the ground 

coordinate system described by quaternions can be 

expressed as: 1
N Br qr q−′ ′= , where q  is the 

quaternion from the ground coordinate system to the 

body coordinate system, and 1q−  is the inverse of q . 

We can get it by: 
 

 1 *

* ( )

1

q q q

q w xi yj zk

q

− =

= − − −
=

, (4) 

 
where q  is the normalized quaternion. Similarly, we 

can calculate quaternions from the ground coordinate 
system to the body coordinate system as: 

1
B Nr q r q−′ ′= . 

 
 
3.2. Attitude Estimation 
 

There are two ways to generate the estimate of the 
four-rotor helicopters.  

First, the angular velocity values of four-rotor 
helicopters can be obtained by gyroscopes, and we 
can obtain the attitude estimation by integrating its 
values.  

Second, the measurement of the Earth’s gravity 
vector and acceleration vector, by means of the three 
magnetometers and accelerometers that compose the 
IMU, can be used to generate the estimate of the 
four-rotor helicopters attitude.  

The first way has a good dynamic performance, 
while the second way has a good steady-state 
performance. By using the quaternion-based 
complementary filter algorithm to make the multi-
sensor data fusion and obtain the accurate  
attitude value. 

The gyroscopes is responsible for detecting 
rotational speed of the rotating shaft, by integrating 
the angular velocity for each axis, we can get the roll 
angle(φ), the pitch angle(θ), the yaw angle(ψ). 
Three-axis accelerometers can obtain the acceleration 
values in the body coordinate system 

( ), ,B xB yB zBa a b c= , and the acceleration values in 

the ground coordinate system is 

( , , )N xN yN zNa a a a= , the relationship of 

acceleration values between the body and ground 
coordinate system can be described as: 

 
 T Tb

nRxB yB zB xN yN zNa a a a a a   =    , (5) 

 
And the four-rotor helicopter initial  

ground acceleration value is the acceleration of 
gravity, where, 

 
 [ ]T T

0 0 gxN yN zNa a a  =  , (6) 

 
Before flying, the four-rotor helicopter can 

initialize the roll angle (φ) and pitch angle (θ) 
according to the acceleration values, and the 
operation relationship is given by equation (7) 
and (8), respectively: 

 
 

)(
22

zByB

xB

aa

a
rctga

+
=θ , (7) 

 
 

B

arc ( )yB

z

a
tg

a
ϕ = , (8) 

 
The magnetometers can measure the magnetic 

field strength ( , , )B xB yB zBm m m m= in the body 

coordinate system, we will get the magnetic field 
strength in the ground coordinate system 

m ( , , )N xN yN zNm m m  by the transformation matrix 

n
bR , as expressed by: 
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We can get m ( , , )N xN yN zNm m m  combining the 

roll angle (φ) and pitch angle (θ) , then through the 
equation (10), we will obtain four-rotor helicopters 
yaw angle (ψ), which can be used to initialize the 
Euler angles. 

 
 

yN

xN

m
arctg

m
ψ = , (10) 

 
 
3.3. Attitude Update 
 

Euler angles can be converted into quaternions by 
equation (11), according to equation (7), (8), and (10) 
we will get Euler angles to initialize quaternions, as 
expressed by: 
 

w ( ) ( ) ( ) ( ) ( ) ( )2 2 2 2 2 2

( ) ( ) ( ) ( ) ( ) ( )2 2 2 2 2 2

( ) ( ) ( ) ( ) ( ) ( )2 2 2 2 2 2

( ) ( ) ( ) ( ) ( ) ( )2 2 2 2 2 2

c c c s s s

x s c c c s s

y c s c s c s

z c c s s s c

ϕ ψ ϕ ψθ θ

ϕ ψ ϕ ψθ θ

ϕ ψ ϕ ψθ θ

ϕ ψ ϕ ψθ θ

= +

= −

= +

= −

, 
(11) 

 
In order to obtain the stable and accurate attitude 

value, we use quaternion-based complementary filter 
algorithm, the gyroscopes is corrected by 
accelerometers and magnetometers. The conversion 
equation from the ground coordinate system to the 
body coordinate with quaternions can be expressed  
as following: 
 

2 2 2 2

2 2 2 2

2 2 2 2

2( ) 2( )

2( ) 2( )

2( ) 2( )

b
n

w x y z wz xy xz wy

C xy wz w x y z yz wx

xz wy yz wx w x y z

 + − − + −
 = − − + − + 
 + − − − + 

, 
(12) 

 
Also the conversion equation from the body 

coordinate system to the ground coordinate with 

quaternions, via C Cn bT
b n= . 

According to the initial acceleration values in the 
body coordinate system and the transformation 
matrix, we can calculate the acceleration values in the 
body coordinate system as following: 
 

 

2 2 2 2

2( );

2( );

;

xB

yB

zB

a xz wy

a yz wx

a w x y z

= −
= +

= − − +

, (13) 

 

The acceleration value ( , , )x y za a a a= , which 

is measured by accelerometer on the four-rotor 

helicopters. In principle, the measured value a  and 
the coordinate conversion value 

( , , )B xB yB zBa a a a=  should be equal. However, due 

to the existence of the integral gyroscopes error, the 
conversion value and the measured value also exists 

error, we can get the error 1 1 1 1( , , )x y zE e e e=  

between two vectors using the cross product of two 

vectors, where 1xe  is solved as: 
 

 
1 * *x y zB z yBe a a a a= − , (14) 

 

y1e , z1e  can be solved as 1xe . 

This error will be used to correct the angular 
velocity value get by gyroscopes, however, 
accelerometers can only correct the roll(φ) and 
pitch(θ) angles, in order to correct Euler angles fully, 
we need to introduce magnetometers to correct the 
yaw(ψ) angle. 

In the same manner, using the cross product of 
two vectors, we will get the error, which is used to 
correct yaw angle. Using magnetometers we get the 
body’s triaxial magnetic field vector 

( , , )B xB yB zBM m m m= . By quaternions 

transformation matrix we get the triaxial vector 

( , , )N xN yN zNM m m m=  in the ground coordinate 

system. Expressed as following: 
 

T Tn
b Bm CxN yN zN x yB zBm m m m m   =    , (15) 

 
The actual triaxial magnetic field vector 

( , , )N xN yN zNN n n n=  is calculated by NM , due to 

earth's magnetic field horizontal angle to 0 and the 
reference value of the magnetic field’s horizontal 
component is consistent with the size of the measured 
value, we obtain the following equations: 

 
 2 2n

0

xN xN yN

yN

zN zN

m m

n

n m

= +

=

=

, (16) 

 
The actual triaxial magnetic field vector 

( , , )B xB yB zBN n n n=  in the body coordinate system 

can be get by NN , via 
 

 T Tb
nn CxB yB zB xN yN zNn n n n n   =    , (17) 

 

The cross product between BN  and BM  will get 

the error vector 2 2 2 2( , , )x y zE e e e= , Where 2xe  

can be described as following:  
 

 
2 m * *x yB zB zB yBe n m n= − , (18) 
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y2e , z2e  can be solved as 2xe . 

Deviation 1E  obtained by the accelerometer and 

deviation 2E  obtained by the magnetometers, we can 

get the corrected error of gyroscopes 

( , , )x y zE e e e=  by adding 1E  and 2E , where xe  

is given by: 
 

 
21e xxx ee += , (19) 

 

By using corrected errors E  to correct triaxial 
angular velocity values with PI, for example x-axis, 
as shown in equation (20), and (21), respectively: 
 

 e ( 1) ( ) *xi xi x it e t e K+ = + , (20) 

 
 ( 1) ( ) *xB xB p x xiw t w t K e e+ = + + , (21) 

 
y, z-axis can be solved as x-axis. 

Wherein the equation (20) is the integral 
correction, equation (21) is the proportional-integral 
correction, finally we will get the corrected value of 

angular velocity ( , , )B xB yB zBW W W W= .

 

To get measured vector a and MB by 
accelerometers and magnetometers, and get the 
acceleration vector and the magnetic field vector by 
quaternions, respectively aB and NB, then get the 
error value E  between the measured vector and the 
conversion vector through the cross product of two 
vectors. With the error E  corrects the gyroscopes, 
we can get the stable and accurate attitude value 
through the quaternion-based complementary filter 
method, the integral correction schematic diagram is 
given as Fig. 5. 

Wherein e ( )ai t  a = x, y, z, and T is a constant 

update error correction. 
We chose to the Runge-Kutta for the quaternions 

attitude updating, where, 
 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )2

x( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )2

y( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )2

z( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )2

xB yB zB

xB zB yB

yB zB xB

zB yB xB

Tw t T w t w t x t w t y t w t z t

Tt T x t w t w t w t y t w t z t

Tt T y t w t w t w t x t w t z t

Tt T z t w t w t w t x t w t y t

 + = + − − − 

 + = + + − 

 + = + − − 

 + = + − − 

, 

(22) 

 

where T is the quaternions attitude updating 

time, W ( , , )B xB yB zBW W W=  is obtained by  

the gyroscopes. 
 
 

 
 

Fig. 5. The schematic diagram of integral correction. 
 
 

After getting the updated quaternions, we need to 
normalize the quaternions for the next update, as 
expressed by:  
 

 2 2 2 2

w x

y z

M w x y z

w x
M M

y z
M M

= + + +

= =

= =

, (23) 

 

As the four-rotor helicopters need Euler angles to 
represent the attitudes, we should convert the 
quaternions to Euler angles as following: 
 

 
2 2 2 2

2 2 2 2

2( )
arctan( )

arcsin(-2( ))

2( )
arctan( )

wx yz

w x y z

xz wy

wz xy

w x y z

ϕ

θ

ψ

+=
− − +

= −
+=

+ − −

, (24) 
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As the range of arctan and arcsin is ,2 2
π π − 

, 

it can’t contains all attitude angles(for the pitch θ) 

angle ,2 2
π π − 

 has met), atan2 need to replace 

arctan, by 
 

 

)
)(2

(2tan

))(2arcsin(

)
)(2

(2tan

2222

2222

zyxw

xywz
a

wyxz-

zyxw

yzwx
a

−−+
+=

−=
+−−

+=

ψ

θ

φ

, (25) 

The quaternion-based complementary filtering 
algorithm can get the stable and accurate  
attitude estimation, lay the foundation of the attitude 
control stability. 
 
 

4. The Four-Rotor Helicopter Attitude 
Control System 

 

The quaternion-based complementary filtering 
method control system including the body part, the 
attitude acquisition and processing, the system 
control, the power conversion [11], and the system 
block diagram is given by Fig. 6: 

 
 

 
 

Fig. 6. The block diagram of quaternion-based complementary filtering attitude control system. 
 
 

We use the multi-sensor technology, and chose to 
gyroscopes, accelerometers, and magnetometers to 
estimate the attitude of the four-rotor attitude. 
According to the cross product of two vectors we 
obtain the error between the measured vector and the 
converted vector, which is used to correct gyroscopes 
[12]. By using the quaternion-based complementary 
filtering, we can obtain the accurate attitude 
estimation, enter it to the system control module, and 
compared with the given attitude to get the attitude 
error, the PID control algorithm is used to obtain the 
output, ultimately the motors can be driven by the 
power conversion module. We can control the speed 
of 4 rotors to adjust the attitude, and achieve the 
purpose of the attitude control stability. 
 
 

5. Experimental Results 
 

For the visual display of the four-rotor helicopter 
flight attitude, we use the PC software, which is 
provided by Dr. Dot. 

We get the experimental data from hovering 
experiments, and the typical data of the four-rotor 
helicopter attitude is collected and shown in Table 1. 

Table 1. The typical data of the four-rotor  
helicopter attitude. 

 

Data 
acquisition 

times 

Flight 
time 

(ms) 

X-axis 

(mm) 

Y-axis 

(mm) 

Z-axis 

(mm) 

1 0 52 76 4209 

2 20 56 74 4221 

3 40 51 95 4235 

4 60 54 78 4231 

5 80 46 102 4230 

6 100 59 90 4245 

7 120 44 76 4236 

8 140 59 90 4241 

9 160 51 91 4222 

10 180 44 94 4228 
 
 

According to the experimental data obtained from 
hovering experiments, we use the Matlab software to 
map out the three-dimensional space of the four-rotor 
helicopter hovering coordinate location map, shown 
in Fig. 7. 
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Fig. 7. The four-rotor helicopter hovering coordinate 
location map. 

 
 

During the test, we should control the flight 
altitude and distance to ensure the stable data 
acquisition and transmission. In hovering 
experiments, the given X, Y, Z-axis coordinates is 
(50,100,4200), wherein the number of samples is 
100, the sampling period is 20 ms. In the four-rotor 
helicopter hovering experiment the X, Y, Z-axis 
attitude changes as shown in Fig. 8, Fig. 9,  
Fig. 10 respectively. 
 
 

 
 

Fig. 8. The four-rotor helicopter hovering experimental  
X-axis attitude change. 

 
 

 
 

Fig. 9. The four-rotor helicopter hovering experimental  
Y-axis attitude change. 

 
 

Fig. 10. The four-rotor helicopter hovering experimental  
Z-axis attitude change. 

 
 
6. Conclusion 
 

In order to describe the four-rotor helicopter flight 
attitude, we establish the body coordinate system and 
the ground coordinate system. Due to gyroscopes 
exist the integral accumulated error, accelerometers 
and the magnetometers are used to correct 
gyroscopes to generate accurate attitude estimation. 
We use the quaternions to calculate attitudes instead 
of Euler angles, thus avoiding the existence of 
singular value angles and the large amount of 
computation. We can get the attitude estimation by 
the quaternion-based complementary filtering 
algorithm and update it through the recursive 
equation based on the first-order Runge-Kutta 
method. The system consists of the four-rotor 
helicopter, the gesture detection and data fusion, the 
system control and the power conversion. Finally we 
do hovering experiments, and use Matlab 
mathematical software for data analysis. The 
experiments verify the feasibility of the quaternion-
based complementary filtering method in the four-
rotor helicopter attitude control system. 
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