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Autonomous takeoff controller design for the unmanned gyroplane with
online receding horizon control algorithm

WANG Yin1†, WANG Dao-bo2

(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China;
2. College of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China)

Abstract: The rotor of the gyroplane is a type of non-powered lifting devices, which requires the incoming air stream
to generate aerodynamic forces. Because of the special aerodynamic characteristics and manipulability of the gyroplane,
the conventional attitude-based takeoff control strategy cannot be directly applied. In this paper, we present an unmanned
gyroplane take-off control approach based on the concept of receding horizon control theory, which is capable of dealing
with the nonlinear coupling effects between rotor disk tilt angle, ground velocity and lifting force of the gyroplane during
the takeoff process. The future dynamics of the gyroplane are predicted and introduced to the takeoff controller, and the
optimal control sequence is then determined through a genetic algorithm. The newly developed method is able to maintain
sufficient lifting force and appropriate climbing angle during the takeoff. A series of simulations demonstrated the efficiency
and flexibility of the proposed algorithm.
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1 (Introduction)
(unmanned gyroplane)
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(Dynamics of the gyroplane takeoff process)
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2.1 (Unmanned gyro-
plane taxing with three wheels)

1
Fig. 1 Force analytical graph of unmanned gyroplane takeoff

process when all wheels are grounding

,
, , .
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mv̇x = Tp cos θ − TR sinαM −Dm,

mv̇z = m (vxωy − vyωx) +mg cos θ sinϕ+

TR cosαM,

Ḣ = vx cos θ − vz sin θ,

ω̇y = M/Iy,

αM = θ + δa,

TR = f(αM, vx).

(1)

: m , G
, θ , ϕ , δa
, αM , M , Tp

, . TR

nR , f(αM, vx) αM

vx . Nf Nm

. M , Iy y

.

,
,

, ,

M = Tplp − TRlR +Nf lf −Nmlm, (2)

lp, lR, lf , lm ,
.
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Flift + TR cosαM+

Tp sinα+Nf +Nm −G = 0,

M = 0,

(3)

,
, , Nf

, .

2.2 (Unmanned
gyroplane taxing with front wheel lift up)

,
,

, 2 .

2
Fig. 2 Force analytical graph of unmanned gyroplane takeoff

process when the front wheel lifting

, Δα,
N ′

m F ′
m l′Nm l′Fm:

l′Nm = (lm − hg tanΔα) cosΔα,

l′Fm = (lm − hg tanΔα) sinΔα+ hg/cosΔα.
(4)

,
Nr, ,

lNr =
√
h2
r + l2rm + l′Nm, (5)

hr lrm ,
, 2 .

Δα ,

Δαmax = arctan
hr

lrm
, (6)

Δα < Δαmax, . ,
,
,

Flift + TR cosαR +

Tp sin (α+Δα) +Nr +Nm −G = 0. (7)

M =
1

2
ρV 2c̄CmS + Tplp +NrlNr

−
TRlR −N ′

ml
′
Nm − F ′

ml
′
Fm, (8)

, TR ,

, , ,
. ,

, .⎧⎨
⎩M =

1

2
ρV 2c̄CmS + Tplp − TRlR = 0,

Flift + TR cosαR + Tp sinα−G = 0,
(9)

: Cm , c̄ .

3
(Online receding horizon optimization

based unmanned gyroplane take off control)
3.1 (The structure of

the unmanned gyroplane take off controller)
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3
Fig. 3 Schematic diagram of the proposed unmanned

gyroplane taking off controller

3.2 (Take off control
law design of the unmanned gyroplane)

,

, [13]
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. u(t: t+ L) t

L , X{t}
. J (X{t}, u(t:

t+ L)}) t X{t} u(t:
t+ L) .

:

Step 1 t X{t},
L ;

Step 2 Tc(t < Tc < t+L)

;

Step 3 t = t+ Tc Step 1 Step 2.

3.2.1 (Pitch angle constraint)

, . ,

Jθ =

⎧⎪⎪⎨
⎪⎪⎩

t+L∑
k=t

[θd(k)−
�

θ(k)]2, nR(k) > 280,

P1

t+LRHC∑
k=t

[
�

θ(k)]2, .
(10)

: θd(k) k ,
�

θ(k)

k ,
(1) , L . P1 , nR(k)

,
( ,

), .

3.2.2 (Rotor speed constraint)
,

,

JNR = Aexp
−

t+L−1∑

k=t

c[n̂R(k+1)−n̂R(k)]

,

c =

{
1, n̂R(k + 1)− n̂R(k) � 0,

−1.5, n̂R(k + 1)− n̂R(k) < 0,

(11)

: A , n̂R(k) k

. , JnR . ,
, JnR .

3.2.3 (Pitch moment constraint)

, .
2 ,

.
,

, ,
,

. ,
.

JM=

⎧⎪⎪⎨
⎪⎪⎩
1−

t+L∑
k=t

exp
−(N̂r(k))2

20 , |N̂r(k)|�60,

P2 −
t+L∑
k=t

exp
−(N̂r(k))2

20 , ,
(12)

: N̂r(k) k

, P2 , .
,

,
.

,
[t: t+ L]

:

u∗[t : t+ L]=argmin J(X[t], u[t : t+L]), (13)

J = w1JNR + w2Jθ + w3JM, (14)

w1, w2 w3 ,
. 2
, [t: t+ L]

t X{t} [t: t+ L] u[t:
t+ L] . t

X{t} [t: t+L] .

3.3 (A genetic
algorithm based online receding horizon opti-
mization)

(13) ,
.

.

“
” . ,

. ,
:

Step 1 .

(13) ,
, 1 × L g,

, u(t)

u(t) ∈ [−δamax, δamax].

,
M : G = g1, g2, · · ·, gM ;

Step 2 .

G (13)
;

Step 3 .

,
[14]

, .
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4 ,
:

Step 1 X{t},
L GM×L. : M

, L ,
;

Step 2 (1)–(8)
GM×L,

[t, t+ L] ;

Step 3 (14) M ;

Step 4 ;

Step 5 :
.

, .
u ∗ (t : t+ L). ;

Step 6 u*(t+1), t = t+TRHC;
TRHC L ;

Step 7 Step 1–Step 6 , .

4
Fig. 4 Flow-chart of the online receding horizon optimization

based unmanned gyroplane take off control algorithm

,
,

.

4 (Simulation results))
,

1 ,
2 ,

(nR) (ωy)
(θ) (V ) ,

[20 r2/min2, 0.05 rad2/s2, 0.05 rad2,
1 m2/s2]T.

0.
120 kg. 20 s,

0.1 s,
3 s, 3 s ,

.
2 .

1
Table 1 Parameters of the unmanned gyroplane

m 250 kg
Tp 120 kg

Δαmax 13◦

lr 1.1 m
lp 0.1 m

(δαmin, δαmax) (0, 20)◦

2
Table 2 Parameters settings of the proposed method

L 3 s
Ts 0.02 s

TRHC 0.1 s
popSize 50

probmuation 0.05
max iter time 0.1 s

w1 0.5
w2 0.3
w3 0.1

,
.

[15],
.

,
.
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5 (15◦)
,

.
,

. 5(b) , 1.2 s
, ,

( 5(c)).
,

, .

(a)

(b)

(c)

5
Fig. 5 Simulation results of unmanned gyroplane taking off

by using a fixed rotor disk tilt angle

7
. PID

, 6 . C1(s) C2(s)

, .
, 12◦

0 12◦. 7(b) , 0∼1 s
, ,

. ,
( 7(d)). ,

, ,
,

,
. 7(c) ,

(3∼5 s)
, .

6
Fig. 6 Schematic diagram of unmanned gyroplane

pitch-channel controller

(a)

(b)
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(c)

(d)

7
Fig. 7 Simulation results of unmanned gyroplane taking off

based on pitch commands

8
.

,
,

. ,
,

.

(a)

(b)

(c)

(d)

8
Fig. 8 Gyroplane taking off control using the online receding

horizon optimization method

9
. 9 ,

0.08 s,

. ,
,
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9
Fig. 9 The running time of each decision instance during the

gyroplane take off process

5 (Conclusions)

.
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,
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