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Active disturbance rejection control for
spacecraft attitude maneuver and stability

LAI Ai-fang, GUO Yu, ZHENG Li-jun
(School of Automation, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China)

Abstract: For a spacecraft with dynamic parametric uncertainties and external persistent disturbances, we present an
active disturbance rejection control (ADRC). After arranging the transient dynamics of the desired attitude, we design an
extended state observer (ESO) to estimate the impact from parametric uncertainties and disturbances, and realize corre-
sponding compensations online. A nonlinear state error feedback law is designed to reject the tracking error. Simulation
results show that the designed controller not only accurately estimates and compensates the persistent disturbances, but also
realizes the robustness to dynamic parametric uncertainties of the spacecraft. It meets the requirements on the spacecraft
fast attitude maneuver and high stability. The performance indices are much superior to those of the PD controller.
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2 (Spacecraft atti-
tude dynamic model)

[11]

Jω̇ + ω×Jω = u + d, (1)

: J (J ∈ R
3×3), ,

ω

(ω ∈R
3×1), u (u∈R

3×1),
× ,

ω× =

⎡
⎢⎣ 0 −ω3 ω2

ω3 0 −ω1

−ω2 ω1 0

⎤
⎥⎦ ,

d (d ∈ R
3×1),

.

q̇ =
1
2
F (q)

[
ω

0

]
, (2)

: q = [qv; q4] = [q1 q2 q3 q4 ]T

,

F (q) =

[
q4E + q×

v qv

−qT
v q4

]
,

E 3 .

3 (Arranging the transient dy-
namics)

,
,

,
, (1)

‖ω̇‖ � ‖u‖/σmax(J),
.

,
[12],

,
. 3 ,

,

ωd =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

at, 0 < t � T

2
,

aT

2
,

T

2
< t � T

2
+ t0,

aT

2
−a(t−T

2
−t0),

T

2
+ t0 < t � T + t0,

0, t > T + t0,

: t , a

, , T

, a, T . T

θ θd ,
0.25aT 2 > |θd − θ|, T = 2

√|θd − θ|/a, t0
,

t0 = 2
(|θd − θ| − 0.25aT 2

)/
(aT ). (3)

4 (Second order
ESO analysis)

ẋ1 = f0 (x1) + f (t) + bu,
f (t) . x2 = f (t),

,
ẋ1 = f0 (x1) + f (t) + bu,

ẋ2 = χ (t) ,

χ (t) =
df (t)

dt
.

e1 = y1 − x1,

ẏ1 = y2 − β1e1 + f0 (x1) + bu,

ẏ2 = −β2g (e1) ,

: g (·) g (0) = 0, e2 = y2 − x2,
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,
ė1 = e2 − β1e1,

ė2 = −χ (t) − β2g (e1).

,
e2 − β1e1= 0,

−χ (t) − β2g (e1) = 0.

e1 = g−1(−χ (t)/β2),

e2 = β1e1= β1g
−1(−χ (t)/β2).

β2 � χ(t), ,

y1 → x1, y2 → x2 .

5 (ADRC design)
(1)

ω (2) ,
.

J d ω

, q ω ,
ω q ,

, 1 .

1

Fig. 1 ADRC system for spacecraft attitude

1 ,

,
,
,

(1) ω ,
,

,
,

.
.

(2) ω

q u1,

[
τ1

μ̃

]
= 2F−1(q)α1fal(qd − q, 0.5, ts), (4)

: ts , μ̃ , qd

, α1 q

qd , fal

fal(e, α, δ) =

{
eδα−1,

|e|αsgn e,

|e| � δ,

|e| > δ,

: e ∈ R, α ∈ R
+, δ ∈ R

+, e ,
.

(4) (2), q̇=α1fal (qd−q, 0.5, ts),
q qd.

u (1), ω u1.

J , (1)

ω̇ = −J−1ω×Jω + J−1u + J−1d. (5)

J0, (5)

ω̇ = −J−1
0 ω×J0ω + J−1

0 u − J−1ω×Jω +

J−1u + J−1
0 ω×J0ω − J−1

0 u + J−1d =

− J−1
0 ω×J0ω + J−1

0 u + f (t) , (6)

f (t) = −J−1ω×Jω +J−1u+J−1
0 ω×J0ω−

J−1
0 u + J−1d.

:⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

eg = z1 − ω,

z1 = z1 + ts(z2 − β1e1 + J−1
0 u)−

tsJ
−1
0 ω×J0ω,

z2 = z2 + ts(−β2fal(eg, 0.5, ts)).

(7)

4 ,
(7) β1 β2,
, :

z1 → ω, z2 → f (t) .

z2 ,
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{
u = J0ū − J0z2+ω×J0ω,

ū = α2fal (τ1 − ω, 0.5, ts) ,
(8)

α2 ω u1 .

(8) (6), , ω̇

= α2fal (u1 − ω, 0.5, ts), ω u1.

(4)(7) (8),⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

[
τ1

μ̃

]
= 2F−1(q)α1fal (qd − q, 0.5, ts) ,

eg =z1 − ω,

z1 =z1+ts(z2−β1eg+J−1
0 u −J−1

0 ω×J0ω),
z2 =z2 + ts (−β2fal (eg, 0.5, ts)) ,

u=J0 (α2fal (τ1−ω, 0.5, ts)−z2)+ω×J0ω.

(9)

6 (Numerical simulations)
MATLAB/simulink

,
.

J0

J0 =

⎡
⎢⎣6393.31 26.95 −21.09

26.95 4737.30 1868.48
−21.09 1868.48 8361.13

⎤
⎥⎦ kg · m2.

3 2
,

d = (0.5 + sin (2πt/2000) +

8 sin(2πt/5)) × 10−3[1 1 1]T N · m.

[−10◦ 0◦ 0◦ ],
[−0.0872 0 0 0.9962]T,

[60◦ 30◦ −30◦ ], [0.5245
0.3415 −0.0915 0.7745]T.
[0 0 0] (◦)/s, [0 0 0] (◦)/s.

ts= 0.1 s.

, 3 ,
a = 0.14 (◦)/s, T = 25 s. t0 (3) .

PD kp = 5000, kd = 8000.

α1 =1, α2 =1, β1 =10,
β2 =20.

1 ADRC PD .

,
ADRC PD

, 2 .

,
3 ( )

±10−4 , tse , s: 3
±10−4 (◦)/s , tsw ,

s; 60 s 3 ,
Pse , ◦; 60 s 3

, Psw , (◦)/s.
3 1 .

(a)

(b)

(c)
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(d)

2 PD
Fig. 2 Simulation results of ADRC and PD controller

1
Table 1 Performance indexes of two controllers

tse/s tsw/s Pse/(◦) Psw/((◦) · s−1)

PD X 73.5 73.5 4.1e−3 1.4e−3
PD Y 74.4 74.4 3.6e−3 0.7e−3
PD Z 68.8 70.2 1.0e−3 0.8e−3
ADRC X 55.4 55.8 1.9e−6 1.8e−6
ADRC Y 32.6 55.8 7.1e−7 2.1e−6
ADRC Z 32.6 55.8 7.9e−8 9.3e−7

2 1 , PD
, ADRC

PD , PD
3 ,

,
.

3 ,
4 . 3 4 ,

.

3
Fig. 3 Angular velocity error estimation

4

Fig. 4 Real and estimated disturbance

2 ADRC
.

J= 1.2J0, J= 0.8J0 ADRC ,
5 , 2 .

(a)

(b)
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(c)

(d)

5

Fig. 5 Simulation results of ADRC in different inertia

2
Table 2 ADRC performance indexes in

different inertia

tse/s tsw/s Pse/(◦) Psw/((◦) · s−1)

1.2J0 X 55.9 56.9 1.9e−6 1.8e−6
1.2J0 Y 33.1 56.3 7.2e−7 2.1e−6
1.2J0 Z 33.1 56.3 7.9e−8 9.4e−7
0.8J0 X 55.7 56.8 1.8e−6 2.0e−6
0.8J0 Y 32.8 56 7.1e−7 2.1e−6
0.8J0 Z 32.8 56 7.8e−8 1.0e−6

5, 2 1 ADRC
, J= 1.2J0, J= 0.8J0 ,

J=J0

,
.

,
,

,
,

,
,

.

7 (Conclusion)
,

,
.

, .
,

,
,

.
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