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

Key words: unmanned aerial vehicles; gyroplane; takeoff control; receding horizon control; genetic algorithm

1 5] (Introduction)

H % X Jo A\ i # Hl.(unmanned gyroplane) & —Ff
LATCEN ) B e e AR v T 1 A g, LA
AR e S ST e AR RAT 4%, R it &
Grrkhr RFERSE . VIT e SN RN
RE2L FEICH i R & B & BN I N
AT

I AT SR HIBN ) AR AT B s S M
AR NESERE i, DRI T M i B (1 e 3 RAT 2%
PR TP VEAT AT AN B8 DRIE 728 1] 1 R PR 2 A4 S A0

WA F3: 2015—05—18; 3 H: 2015—11-05.

T38{5/E% . E-mail: yinwangee @nuaa.edu.cn; Tel.: +86 13813995163.

PE. IR, 2R PEFE ] v, Wit 2T Lyapunovis g P
FRR B4 7V BT 0008 T AT B B SN PRAS
TR AL i N/ BT 2 Ak DA R T 4 I A 1tk
{777« backstepping J7 % « AR 25 Ka) Vi AR A% 1) T VA,
O 2 BB T e AT AR AT T, AR TR
% BB RS R
EEFWWNE VIR SN E YN
MBI IR E, I E TS E AL
3)) 145 B IR e 3 Ay ) ELES K, T T e
TKALIAL, 75 B 2 7 A T T 4 48 T8 N e A L3R

FE X AARREIL ST H (61503185), e IR AR L 55 2 L5 &1 H (NS2014090) % 1))
Supported by National Natural Science Foundation of China (61503185) and Fundamental Research Funds for the Central Universities (NS2014090).



11

FHE: LRSI T N BRI Bl i) 1527

PRI, e RN R T4 2 05 75
P . TN RLEE (3 07 A L S )7
LA E R KL ETHLIORE A, B AR
HUEE G PR B B IR T PO A 2
BUMELTHHL el — R AT, R U0
R AT SRR, 15 PYSPHJEAJ
SUHLA) E1 B0 R RO B L6 2 L. Lin% K
RN T RV AR LI A
IR, Zhang 5 % 42 T — 3R T EURIELIG A
SR A RBLA LB 70, 60
DHE LA 20 R, TP A 4 1
IR HIEE R 5%, Stk T NI AN
ELRSHRIUTE. SO SR
CHE L B 7 Tt T KRR LA, W 7
S BB RBLIH B L AT T OB,
FHRI T R RGPS 10 e RPLE &)
BB HHE R, EARBGS A A FE R
BT E25 R, ei T 46 % AT S Ay
2

AT RBLI RS G R 2, 5 e 5 2
AR GE L0571 ), UM 5 R
RS AG A e RS (153 — T,
CHEBLHLAG ULt 2 0 35 0 O A
HEHK, WA RE N eI LA AR
BRE, TN BRI TS AR A R
BLIFHLES O 00, SLA— 2 RO fR T T
R B 5 PR e eSS LA
HERBUI Ay B R TR, B
eI i, STILE ARG PR AL €.

AT T A MRS K BLI ) ) A
B T A RS L, 600 A RERPR A7 3400
$3 5 SR AT EL LSRG R PEAT REE, 645 2
BTN 58 AL B O T Bt — F
DAL ETEE R B, TSI A
BT G,

ASA S R IUMIG: 2407 T TR
A RITEINE) AR S A T AT
St 1 26T I AT 00 T 0 T A B
SLEENE KB IR B ik, 4o
0 PR 2 R A T
2 EANBER EATHRE P Bz sh B

(Dynamics of the gyroplane takeoff process)
TN U IR R 40 WIa6EY
B, D908/ BB TR PR ERAT AT [ 3, £E it
FE PR AR AL AR, e AR EE B U —
SE TR, LRI e 387 £ I T 180, BN e
WA= E )7 AT, 20 Ak B IA B — e (H

ST GG DR DU AR e 34 1, A T B
Z AN, o 2R A S, 2R 3G RS 5l TS
NBEENLFTRCHAES, i 75 R N S8 i £ LB
BISC%: Y e e BRiSY S NG W S ST I Rl 1
FETAN F G R/ T X PR IR RIS, 53
TG B (BRI IS 0 1 S G AT AT R S
1, A XU AR o 5 0 2 A 0 A HEAT AR A A ], AN
M A R PRV AT BB A K

21 AR =% 35 H 1§ 17 (Unmanned gyro-

plane taxing with three wheels)

K1 e NN =R i sz 7504

Fig. 1 Force analytical graph of unmanned gyroplane takeoff
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Fig. 2 Force analytical graph of unmanned gyroplane takeoff

process when the front wheel lifting
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Fig. 3 Schematic diagram of the proposed unmanned

gyroplane taking off controller
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Fig. 7 Simulation results of unmanned gyroplane taking off

based on pitch commands
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Fig. 8 Gyroplane taking off control using the online receding

horizon optimization method
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