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Abstract: This paper proposes an adaptive sliding mode control method to address the trajectory tracking problem
encountered by a specific type of unmanned aerial vehicle — dual-jet unmanned aerial vehicle (DJUAV) equipped with a
dual-jet vector thrust system, particularly under the condition of time-varying mass. Firstly, by extending the six-degree-
of-freedom model of general aircraft to account for time-varying mass conditions, the mathematical model for the DJUAV
is established. Secondly, an allocation strategy for the designed vector thrust mechanism is devised to meet the force and
torque requirements of the control system. On this basis, an adaptive sliding mode controller is developed to enable the
system to accurately track the desired trajectory, even in the presence of model uncertainties arising from the time-varying
mass. The controller ensures asymptotic convergence of the position tracking error to zero. Finally, simulation results
validate the feasibility of the mathematical model and demonstrate the effectiveness of the proposed controller.
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A f HTEAN 73 B AR RE .

EX1 WNTAEEMEY=|v vy vl", EX
YIo| = [log| 2| |vs|]t. X T 0. = [Var Va2 va3]”,
Uy =[Up1 Vb2 Ups] T, BBV |va| <V|vp| M T va| <
[Ub1]s [Vaz] < |Ub2]s [Vas] < |vbs]-

MRHEE 1, 7 ATHE]

S

[rollzin + 2wl vz + (Bl + ges) <

m; ' (2662111 + €162]|w|| 2111 + €1€|w|* 2111 +
26265]|w ||z + €2"[P| + e28€3) =

m:tles zin lwllzin [w]*zi0 [@flzi VD] x
28 €265 26265 €160 €162 €], (56)
KXz, =11 17,

icles zin [lwlzin [w]Pzi lwllz Y[Bl] £

[

-

FE 3 AR BRI |w| 211 5wz B AR
() R, (EL7E [ 38 R v A R BRI SR AR ) A, 4 HLAE
K, it AR R,

iﬂm;l[EQg €9€g 26265 €1€2 €1€9 EQ]T £ [H5 Kg
Ry Kg Rg Hlo]T :Kp.
MR (56) 132
AS| < B K,. (57)

-Lape =Pa—D,S= pe +Wpe, U= diag{¢17 71&2’
s }IERE, T

§ =+ Up. =
Pa—Af, —ges +Vp. — u,. (58)
HXLyapunov p& % V3, HP
Vy=-s's. (59)
XFVRE, /331
V3 =sT§=
T (Pa — Af, — ges +¥P. —uy).  (60)
BN P A
Up, =Py — ges + ¥p. + Aas +
diag{Sgn S}EPKP, (61)
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R M NIES, K, 9K, B, e B &R
e
i _{0, sl =0,
=
LLE7s|, [Is] >0,
AT, = diag{[ys v 77 Vs Yo V1ol JIERE.
M2 XTaASNERENRSHAFEAHE
TR, B TR (19), Frgitshilss (61). BN H(62)
Refg PRUEAL B IR, - HAL B 1R 220 i 20.
iE 4K, =K, - K,, K, = —K,.
Y Lyapunov &£ NV, B

(62)

Vo=Vs+ éKpTeI'p_lee. (63)
X (63)°R T, 15321
V,=sT[-Af, — \os — diag{Sgn s} =, K] —
K'I''K, =

pe™ p

—olls|® = sTAS, —s|" B K, —
K'I'T'K, <

pe’ p
_)‘2"3“2 +"|s TEpr - V‘SITEpr -

K'I' K, =

pe™ p

“Xolsl? + Vs E,Kpe — KETT'K, =

pe—p

—Xa| 8|2 (64)

] LUE H, éle = 0 i}, s = 0. #3¥& LaSalle N 4%
PEIRIE, PP RGEHLARE, 2t — oo, s — 0.
HEEE.
LT LN RIR L A b SN 04 75 E b iz
B, 42 AR
Upx COS Y + Upy SIN Y
Upy,

04 = arctan(

);
(65)

(upx sin ) — upy, cos Y
Upy,

¢q = arctan

4 AR

TEIX — 3553, F 11 B0 77 LR B T e Sy
DA S IF U 42 ) SV 1A . AR L, 9 T 55
WRIATR 5 B 1006 B, SR TSR 35 p, AT

cosby).

ﬁﬁ@:Zﬁﬂ@ﬁ%ﬁﬁ%%wmmﬁwmﬁﬁ
xVy
XA = — ke /TF], e oL B, 146 1 ]

BRI M aro. BRI BARSHONAR L.

D5 AR T XTI AL TR AR (X(5)(13)(19)), FTikt
PHEHIZREGE DO D) FPUERERI. RS RE
FIBIEGRIE BENO, Blp=p=n=w=0. IR KL N
Pa = [cos(0.5t) sin(0.5t) — 1—0.5¢]", WK
fipa = 0. FEHIRSHOLAR2. 7RI BLREIIER
FIFHRILA, ({1 tanh Bﬁ’%wﬁﬁ%@%gn(*).

k1 RASL
Table 1 Model parameters

S8 fH
ms 10.5 kg
Myar0 1.2 kg
g 9.81 m/s?
I diag{0.330,0.157,0.213} kg - m?
as,as —0.11m,0.2m
Ix,ly, 10 0.1 m,0.18 m,0.08 m
l7svoll 0.27 m
p 0.85 x 10° kg/m?>
ke 17.6 x 1074

2 ERBESK

Table 2 Controller parameters

24 5
A diag{10, 10,10}
A1, Ao 1,1
I diag{5,4,2,0.5}
o diag{1,1,1}
I,  diag{0.5,0.1,0.05,0.01,0.01,0.05}
Jé] 0.1

T IR AT T A I RE, 1 R B 44T IR
SEIG: 22 #i PID $54il . VE 4% (sliding mode control,
SMC), DL K SCHiR [27-28]1% %3 28 J5i & 75 A ML 2 3 HH
1 B I FR448 l] (fractional order SMC, FOSMC).
|E A S PR 2 g A 2 1) (non-singular fast terminal
SMC, NFTSMC). b5 P48 I 2 3 1 A% 5
JREAl v, 07 HINR 5 Dy FOSMC-ad, NFTSMC-
mE.

BlAZe T AR SR T E 4 1) 285 47 31 A AR Joft 53
G310 B DA S e sh A e Bl I TR ARk i 2. T X Ay
AR ) R A R R LR A e R BT e

B U LA IR MR A ELFAE,
E 1.2 T T T T T
< 10F 4
g ng 1 1 1 1 1 |

0 5 10 15 20 25 30

t/s
”é 0.10 7 T T T T
éo \\\
= 0.05F 3
g 0.00 — ey
~ 0 5 10 15 20 25 30
t/s
71\/:“_‘%‘ 'Ivar_y 7771var_z

Bl 4 ARJFEE R o B AR 2%
Fig. 4 Mass and moment of inertia curves of variable
mass part
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BISZh T SAh sl s 1 LS IR ER SR 22 ih 2k, 7T
LAE 2, RIS PIDIX SO A il 2%, AN REIL 21
PRI ERERR I, FR S AERSIRE. RS IRENH
BUIEAS R 23 DA A1 S8 T i T B AR
ST RN E . T AR ) A TSV RN
TXRRAR IR AN o 1, BRIER H 2R W) URRY B B R R
MR, RN AR A R %, FOSMC-ad 5NF-
TSMC-mETE B 1T il 28 B B AR AT 25 8 B2 i & 1)
PER, B TR SO B S s i T ARk, H
PR R I T-PID 5 SMC, 1547 7E BRI th 2R W1 4G
BUEY . RS ZE WS O, T A SCAITHRE 45 1] 7 v 4%
HEE TR, JUOME 5% ENEN, TS
PREFH RIS, FEASE0.5 s E) (i CLSel &4
FIEREF AR, AR ZE7E0.01 rad AR . &2 R B0
TP RS R T AR B Rt

0.03 F——
0.01 |4
_g 04F T T T 70.01L/' _ ]
~ 02 7N o 4
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Fig. 5 Attitude tracking errors
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Fig. 6 Position tracking errors
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Fig. 10 3D trajectory tracking
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