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Attitude control for quadrotor helicopter based on
discrete-time active disturbance rejection control

LI Yi1, CHEN Zeng-qiang1,2†, SUN Ming-wei1, LIU Zhong-xin1, ZHANG Qing2

(1. College of Computer and Control Engineering, Nankai University, Tianjin 300071, China;
2. College of Science, Civil Aviation University of China, Tianjin 300300, China)

Abstract: The structure of active disturbance rejection control (ADRC) technique is described in detail, including the
tracking differentiator, extended state observer and nonlinear state error feedback. Typical algorithms of each part are given
as well. In order to control the attitude of a quadrotor hovering system as we desired, we design three kinds of discrete
ADRC. Simulations and real time control experiments are carried out based on Simulink. After parameter adjustment,
experimental results can be obtained and it shows that the ADRC can meet the required control accuracy and rapidity. It
also indicates that the controller has strong robustness and anti-disturbance performance, which can control the nonlinear
coupling systems effectively. Eventually, the advantages and scope of application of the three controllers are summarized.

Key words: active disturbance rejection control (ADRC); tracking differentiator; extended state observer; quadrotor
system; attitude control
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2 (Principle of
ADRC)

[14](tracking differen-
tiator, TD) [15–17] (extended state
observer, ESO) [18](nonlinear
state error feedback, NLSEF) 3 . 1 ,

.

1

Fig. 1 Block diagram of ADRC

2.1 (Tracking differentiator)
,

.
,⎧⎪⎪⎨

⎪⎪⎩

v1(k + 1) = v1(k) + h · v2(k),
v2(k + 1) = v2(k) + h · fhan(v1(k)−

v(k), v2(k), r2, h2),

(1)

: v(k) k , h
, r2 , h2 .

fhan(·) , :⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

d = rh2,

α0 = hx2,

y = x1 + α0,

α1 =
√
d(d+ 8|y|),

α2 = α0 +
α1 − d

2
sgn y,

Sy = (sgn(y + d)− sgn(y − d))/2,

α = (α0 + y − α2)Sy + α2,

Sα = (sgn(α+ d)− sgn(α− d))/2,

fhan(x1, x2, r, h) =−r(
α

d
− sgnα)Sα−rsgnα.

(2)

, v1(k) → v(k), v2(k)

→ v̇(k). , v(k) ,
.

2.2 (Extended state observer)

–— ( )
( ) .

.

ESO :⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

z1(k+1)=z1(k)+h(z2(k)−β01fal(e, a1, δ)),

z2(k+1)=z2(k)+h(z3(k)−β02fal(e, a2, δ)),

...

zn(k+1) = zn(k) + h(zn+1(k)−
β0nfal(e, an, δ) + b0u(k)),

zn+1(k+1)=zn+1(k)+

h(−β0(n+1)fal(e, an+1, δ)),

(3)

: z1(k), · · · , zn(k) ESO k

, zn+1(k) ESO k

, e = z1 − y, h
, β01, · · · , β0(n+1), a1, · · · , an+1

, 2δ , fal(·)

fal(e, a, δ) =

⎧⎨
⎩

|e|asgn e, |e| > δ,
e

δ1−a
, |e| � δ.

(4)

2.3 (Nonlinear state error
feedback)

,
u0.

, e1 = v1 −
z1, e2 = v2 − z2. u0,

3

u0 = β1fal(e1, a1, δ) + β2fal(e2, a2, δ). (I)

β1, β2 .⎧⎪⎪⎪⎨
⎪⎪⎪⎩

u0 =β0fal(e0, a0, δ) + β1fal(e1, a1, δ)+

β2fal(e2, a2, δ),

e0 =
� t

0
e1(τ)dτ .

(II)

β0, β1, β2 .

u0 = −fhan(e1, c · e2, r3, h3). (III)

c, r3, h3 .
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u (5)

u = u0 − z3
b0
, (5)

b0 .

3 (Simulations
for attitude control of quadrotor robot)

Quanser
, 3 ,

, MATLAB Simulink ,
.

3.1 (The model for a
quadrotor hovering system)

2 .

2

Fig. 2 Free-body diagram of 3-DOF hover system
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⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
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vf
vb
vr
vl

⎤
⎥⎥⎥⎦ , (6)

: y , p , r , vf , vb, vr,
vl 4 .

1 .

1
Table 1 Parameters of the quadrotor robot

kt,n 0.0036 N ·m/V

kt,c −0.0036 N ·m/V

kf 0.1188 N/V

Jy 0.1104 kg ·m2

Jp 0.0552 kg ·m2

Jr 0.0552 kg ·m2

l 0.1969 m

3.2 Simulink (Simulations based on simu-
link)

3 , [20–21] 4 .

3

Fig. 3 Block diagram of the controlled system

x0 = [−3◦,−3◦,−3◦, 0, 0, 0]
20 s. : 3◦,

0.1 Hz . 3 2
–4 , 4–6 .

2 I ADRC
Table 2 Simulation parameters of type I ADRC

TD ESO NLSEF

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.06,

β01=30, β02=300, β03=1000

δ=1,

a1=0.5, a2=0.05,

β1=300, β2=180

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.9,

β01=30, β02=300, β03=1000

δ=3,

a1=0.5, a2=0.05,

β1=150, β2=120

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.9,

β01=30, β02=300, β03=1000

δ=3,

a1=0.5, a2=0.05,

β1=150, β2=120
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3 II ADRC
Table 3 Simulation parameters of type II ADRC

TD ESO NLSEF

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.06,

β01=30, β02=300, β03=1000

δ=1, a0=−0.6,

a1=0.6, a2=1.2,

β0=30, β1=80,

β2=80

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.9,

β01=24, β02=192, β03=512

δ=1, a0=−0.6,

a1=0.6, a2=1.2,

β0=70, β1=90,

β2=90

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.9,

β01=24, β02=192, β03=512

δ=1, a0=−0.6,

a1=0.6, a2=1.2,

β0=70, β1=90,

β2=90

4 III ADRC
Table 4 Simulation parameters of type III ADRC

TD ESO NLSEF

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.1,

β01=45, β02=675, β03=3375

c=6,

r3=6,

h3=0.03

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.9,

β01=45, β02=675, β03=3375

c=3,

r3=4,

h3=0.04

h=0.02,

r2=2,

h2=0.02

a1=0.75, a2=0.5, a3=0.25,

δ=0.006, h=0.004, b0=0.9,

β01=45, β02=675, β03=3375

c=3,

r3=4,

h3=0.04

4 I ADRC

Fig. 4 Simulation results of type I ADRC

5 II ADRC

Fig. 5 Simulation results of type II ADRC

6 III ADRC

Fig. 6 Simulation results of type III ADRC

4–6 , 3
,

. , III ADRC ,
:

1) c , ;

2) r3 , ;

3) h3 , .

4 (Real-time
attitude control of the quadrotor robot)

, 3
,

, 3 .
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( 7 )
, MATLAB Quarc.

7

Fig. 7 3-Dof quadrotor hover plant

0, 40 s.
: 3◦, 0.05 Hz

. 3 5–7 ,
8–16 .

5 I ADRC
Table 5 Real-time control parameters of type I ADRC

TD ESO NLSEF

h=0.01,

r2=2,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.008,

β01=54, β02=972, β03=5832

δ=0.08,

a1=0.5, a2=0.2,

β1=250, β2=120

h=0.01,

r2=2,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.005,

β01=36, β02=432, β03=1728

δ=0.08,

a1=0.5, a2=0.2,

β1=200, β2=110

h=0.01,

r2=2,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.005,

β01=36, β02=432, β03=1728

δ=0.08,

a1=0.5, a2=0.2,

β1=200, β2=110

6 II ADRC
Table 6 Real-time control parameters of type II ADRC

TD ESO NLSEF

h=0.01,

r2=2,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.008,

β01=54, β02=972, β03=5832

δ=0.08, a0=0.1,

a1=0.5, a2=0.2,

β0=15, β1=250,

β2=120

h=0.01,

r2=2,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.005,

β01=36, β02=432, β03=1728

δ=0.08, a0=0.1,

a1=0.5, a2=0.2,

β0=25, β1=200,

β2=110

h=0.01,

r2=2,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.005,

β01=36, β02=432, β03=1728

δ=0.08, a0=0.1,

a1=0.5, a2=0.2,

β0=25, β1=200,

β2=110

7 III ADRC
Table 7 Real-time control parameters of type

III ADRC

TD ESO NLSEF

h=0.01,

r2=4,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.008,

β01=42, β02=588, β03=2744

c=70,

r3=80,

h3=0.001

h=0.01,

r2=4,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.003,

β01=30, β02=300, β03=1000

c=100,

r3=70,

h3=0.001

h=0.01,

r2=4,

h2=0.01

a1=1, a2=0.5, a3=0.25,

δ=0.004, h=0.0015, b0=0.003,

β01=30, β02=300, β03=1000

c=100,

r3=70,

h3=0.01

8 I ADRC

Fig. 8 Yaw angle response under type I ADRC

9 I ADRC

Fig. 9 Pitch angle response under type I ADRC
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10 I ADRC

Fig. 10 Roll angle response under type I ADRC

11 II ADRC

Fig. 11 Yaw angle response under type II ADRC

12 II ADRC

Fig. 12 Pitch angle response under type II ADRC

13 II ADRC

Fig. 13 Roll angle response under type II ADRC

14 III ADRC

Fig. 14 Yaw angle response under type III ADRC

15 III ADRC

Fig. 15 Pitch angle response under type III ADRC
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16 III ADRC

Fig. 16 Roll angle response under type III ADRC

8–16 , 3

, .
15 s 17 s

, , ESO ,
.

8 3
Table 8 Dynamic performance index of three kinds of

controllers in real-time control

I II III

Td/s 0.444 0.600 0.604 0.387 0.449 0.442 0.737 1.224 1.208

Tr/s 1.110 1.454 1.374 0.756 0.922 0.817 1.631 2.603 2.452

Tp/s 2.787 2.858 2.760 2.027 1.877 1.685 2.306 3.425 3.393

Ts/s 1.736 2.128 1.894 1.327 1.387 1.228 1.992 9.370 7.717

σ/% 2.002 2.393 3.125 1.270 4.199 2.002 2.734 5.322 5.322

3 , 8 . 8 ,
Td Tr Tp Ts

σ , 1.5 s
3 s, . ,

, 3
,

1.27%, 5.32%,
.

3 :
, I II , 0.7 s

1.5 s, 4% .
, III .

,
ADRC , ,

I ADRC ;
, II ADRC ;

, III ADRC
, .

, 3
, .

5 (Conclusion)
,

3 .
, .

, II ,
III , I

II III . ,

.
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