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Adaptive attitude-tracking control for
unmanned helicopter with disturbances

CHEN Xu-zhi, MENG Zhi-jun†, ZHAO Wen-long, WANG Kai-peng
(School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: An active disturbance rejection backstepping control approach based on extended state observer is proposed
to deal with the problem of environmental disturbances and model uncertainties of an unmanned helicopter during its
practical flight. The approach begins with building an unmanned helicopter attitude dynamic model. Then, the real-time
extended state observer is adopted to estimate composite disturbances which include both environmental disturbances and
model uncertainties. The estimated results are integrated with the Lyapunov-based backstepping control algorithm to make
the unmanned helicopter achieve the rapid and accurate tracking of the motion command in various flight conditions by
compensating the composite disturbances. Finally, simulation and experimental results are presented to demonstrate the
effectiveness of the control law, and the flight performance is obviously superior to the PID control in the same condition.
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2 (Unmanned
helicopter attitude dynamic model)
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.⎧⎪⎨
⎪⎩
γ̇ = R−1(γ)ω,

ω̇ = −J−1(ω × Jω) + Q̄,

Q̄ = [Q̄x Q̄y Q̄z]
T = f +Bθ,

(1)

:

θ = [θ1c θ1s θt]
T = [θT1 θt]

T,

f = [f1 f2 f3]
T = [fT

12 f3]
T,

B =

⎡
⎢⎣B12

0

0

0 0 B3

⎤
⎥⎦ ,

γ = [ϕ θ ψ]T, ω = [p q r]T 3
; Q̄ = [Q̄x Q̄y Q̄z]

T

; R(γ)
. J = diag{Ixx, Iyy, Izz}
; θ1 = [θ1c θ1s]

T, θt /
, . R , f

, B f [12].
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3 (Design of extended
state observer)
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(2)–(3).

ż1=z2+[(R12θ1)
T, R3θt]

T−J−1(ω × Jω)−B01e,

(2)

ż2 = −B02fal(e, 0.5, δ), (3)

: z1=[zp zq zr]
T, z2=[zf1 zf2 zf3]

T, y=[p q r]T,
e=[e1 e2 e3]

T=z1−y; B0x ; fal =
[fal1 fal2 fal3]

T, falx (4).
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falx(e, a, δ) =

{
ex/δ

a−1, |ex| � δ,

|ex|asgn ex, |ex| > δ.
(4)

[11]
, J R ,

(5) :

z1 → y, z2 → f. (5)

, f ,
.

4 (Design of active
disturbance rejetion control)

,
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γc = [ϕc θc ψc]
T

, ωc ,
/ θ1c/θ1s, θt,

γ = [ϕ θ ψ]T γc
. :

1 γ̇ = R−1(γ)ω, ω

, Lyapunov (6)

L1 =
γT
e γe
2

. (6)

e , xe

= x− xc.

L̇1=γ
T
e γ̇e=γ

T
e (γ̇−γ̇c)=γT

e (R
−1(γ)ω−γ̇c).

ω = R(γ)(γ̇c −K1Pγe),

L̇1 = −γT
e K1Pγe � 0. (7)

2 ω̇ = −J−1(ω× Jω)+ Q̄, Q̄

, Lyapunov (8)

L2 = L1 + ωT
e ωe/2, (8)

L̇2 = −γT
e K1Pγe + γT

e R
−1(γ)ωe +ωT

e (ω̇− ω̇c),
ω̇ = −J−1(ω × Jω) + Q̄.

Q̄ = J−1(ω × Jω) + ω̇c − (R−1(γ))Tγe −
K2Pωe,

L̇2 = −γT
e K1Pγe − ωT

e K2Pωe � 0. (9)

3 Q̄e = Q̄− Q̄c, Q̄e = 0,

θ = R−1(Q̄c − f).

K1P, K2P .

,

,
, θ =

[θ1c θ1s θt].

5 (Simulation analysis)
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Fig. 1 Attitude tracking results
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2

Fig. 2 Estimated disturbances

3

Fig. 3 Control inputs
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6 (Flight experiment)
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Fig. 4 The block dropping disturbance generator
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5

Fig. 5 Disturbance rejection experimental results

6

Fig. 6 Disturbance rejection simulation results
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7 (Conclusions)
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