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Abstract: Considering the coupling between the rigid motion and the elastic motion in the dynamic model of an un-
manned aerial vehicle with high-aspect-ratio fly wing configuration, we investigate its attitude control under input con-
straints, and propose a backstepping sliding-mode control method by employing the extended state observer. The extended
state observer estimates effects of the aeroelastic mode and unknown disturbance in realtime. A tracking differentiator is
introduced to alleviate the term explosion in the control law. According to the allocation of multiple control surfaces in the
aerial vehicle with high-aspect-ratio fly wing configuration and the input constraints, we put forward an online allocation
algorithm for the allocation of control surfaces, based on the linear-matrix-inequality (LMI). An auxiliary compensator is
applied to provide compensation for the control command with time-delay due to the filter and input constraints. Applying
Lyapunov stability theorem, we prove that the attitude tracking error will converge to a bounded value. Simulation results
show that good performances in attitude tracking control are achieved when disturbances and constraints exist.
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Fig. 1 Configuration of high-aspect-ratio fly wing UAV
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Fig. 2 Attitude control system structure
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Table 2 Controller parameter values

£ WitSH

A
f}?ﬁii B11 = 100, B12 = 300, o = 0.5, d1 = 0.01
FIE R R

B21 =1000, (322 =3000, a1 =0.5, d; =0.001

HESOZ%
RS VAR Ry =8, Ry =0.05
LB RME R A1 =5, A2 =20
Hihz% K1 =3, ko =5, k3 =8, ¢c1 =c3 =18

co=c4 =15, q1=q =5, pr=p2=7

= FMATLAB/Simulink¥F 38 $E47 45 B W6 AF, 15
B4 4 H =9000m, Ma = 0.45, ag =
1.37°, Bo=po=0,po=qo =10 =0, i K
step = 0.001 s, JF E AR R HAT
HURIBHASERTS, I TR 5 50HCR 0.05. FETH Rk A E &

Smax = [90 20 20 20 20 20 20 90]T(°),
Smin = —[0 20 20 20 20 20 20 0] (°),

Smax = [100 80 80 80 80 80 80 100]T(°)/s,

Smin = —[100 80 80 80 80 80 80 100]T(°)ss,
FEH 3 L E SRR TR T = 0.01s, APLSEIRIE
JIFESY E HUER I, IEFERUEIR W, KT W, FTW;:
W, = diag{100, 100, 1000}, W7, = 10,

W5 = diag{0.1,1,1,1,1,1,1,0.1}.

ohy BRI 1 45 R 425 0 1 e A B, 23 Rt
T2 A AT T o0 A O AR 1, R
XTSRS T RSB SHAHIR, Zug e, B
MREANSTERENBIN, P FAF2, F Bt
oM, I HA AN R S ShSE 0 hrm30%, %
PEHI A RSB SHUE 1 R 30%, AR 3 )
SHEERBIE I, e =0 s ZIMATI I Hd =[5
x 103 cos(2t), 5x 103 cos(2t), 3x 103 cos(2t)] T N-m,
et = 3sIFZIIMATE B RN, LR AHLZ 2B
3. R Bk (block backstepping, BBS) ¥ it
TR FEARRI S T RAT B LMEAXT L.

W CEA R T AN A WA, AN SHARES
PRSI, H I3 AT 0, P AR T 9238w LA
BRERERTR S, BSMIRERZE R A LE2 s W 8]
TR, BIRERD, Baea R s
) S\ ) 2 (B RS SV . B4 TT 40, FRAEfA
LY, Fr R BOAE S 428 1) 73 T SR T LA R0 )
JIFEFE R SRS R L.

8 T
...... Elé’\
~ 4 s --- BBS
= / HEA ESO-BSMC
~ \”& F! : \
3 0t i \\ :----]."'&-L—Ln«-—‘“mm
LI \~-~.—u—,/
_ 1 | | |
40 2 4 6 8 10
t/s
T i T T
0.02F v #4 ---BBS — ESO-BSMC |
—~ 7\ AN
o /7 \ 7\
T 0.00 et Mmoo B N
Q N4
N/
-0.02
1
0 2 4 6 8 10
t/s



Ho R AT LRI TR R IAT SR LSS 42 731

T T T T
10F o 4 ---BBS — ESO-BSMC -
& st E....../,,;—.,.‘..,..,_.\
By s/ \
S8 1) M- | o~
‘«\ /
\
-5 ) { eeeee R < i
0 2 4 6 8 10
t/s

Bl 3 (TR T IIMa N 2%

Fig. 3 Attitude angles responses in simulation 1
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Fig. 4 Control force moment responses in simulation 1
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Fig. 5 Disturbance and ESO estimation in simulation 2
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