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Abstract: Since the extreme maneuverability such as high angle of attack maneuvering is commonly required for
thrust-vectored aircraft under various uncertainties and strong nonlinearity, how to handle large scale uncertainties is a
crucial control problem. Additionally, due to the different physical characteristics of redundant control inputs, the control
allocation strategy is also critical. To achieve high performance of thrust-vectored aircraft despite various uncertainties,
this paper proposes an active disturbance rejection control approach to design a virtual control input composed of timely
compensation for the total disturbance. Moreover, under the physical constraints of control inputs, the control allocation
strategy is proposed not only to realize the designed virtual control input, but also, more importantly, to minimize energy
consumption of engine. By systematically establishing the equivalent optimization problems and rigorously studying the
properties of the corresponding optimal solutions, a control allocation algorithm in a finite number of steps is further
proposed. Finally, simulation results illustrate that the high performance of high angle of attack maneuvering and strong
robustness under large uncertainties of aerodynamic parameters are satisfied via the proposed control approach.
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6 L45(Conclusions)
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fisx P55 #AUER (Appendix Proofs of
theorems and lemmas)

T UEMASCHRRUAR e B 51 B, oA R T 5

5lE A1 FEHITN(K;, )6 =1,2), B A=
) K ERIR 4. BN F : Ky — F(K1) C KofE3h 23 (A
(K1, 71) 5 (F (K1), 72| p(rey)) B OCT 9 R RIS, FE0T M
WAL F(K) — Ky 3FYMy c Ky, WA F(OM;)
= 9(F(My)), oMy = F~1(9(F(M))).

IE Yk, I
F(OMy) C 9(F(My)). (A1)
fEERz € F(OMy), W
3% € OMy, s.t. & = F(). (A2)

K REAE AN (F (K1), 72l ey ) AR BAL B 7 G
U(z). T F : Ky — F(Ky ) NFEEBSE, WHF~H(U(2)h
TP, T2 € oMy, IS

3y € F Y (U(x)), st. &y ¢ M. (A3)

Rk, F(zy) € U(x)3EHF(Zy) ¢ F(M). 65U (z)
BB AE B, T e € o(F(My)), BRI (A1) RS, St —
LG

oMy = F~Y(F(0My)) ¢ F~Y(8(F(My))). (A4)

Jefehts, T LAER]

A(F(My)) C F(OMy), F~ (O(F(My))) C OM;.  (AS)

EEE.
SEFRFIIEA.
W FEREBy IR AT A 2ot (1) 5 @25

B, By 0 R — ROEFEHIT I ST ML M [F RS 45
£20(20), A%0

* >—1 . 2
27k =By ,( argmin  [|X — Cp ).

XeBlyk(DA,k.)
WRIEXAT)V AT HD A WAL, 856 By j WAL R RIS, 7]
K1B1 k(Da x) NPINEE. thiZ B2 bT A1R IO, A Ak 1]

(A6)

_min
X€B1,x(Da,k)

TETEME— X, 1) P VW o I L P e i N B, I vk
W% 4 C1p€ By p(Dag), M X* =C s 45 Crp & Big

X — Cy il (A7)
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WRARSE: HE R AT S0 A PLbzhmscit Azl i 1599

(Da k), MX* € By 1 (Da ). BN By 3 92 7] IR BRI,
G551 BAL A1 Q; ) =UR 4 # By C k€ Da g, MUR
WER(23); # By, C1k € Da g, MUR 224,

=S

511 FHIEA.

iE - SIEIEY 5 A02) N Dp . = @F102; , N Dy,
# OFIRIE L.

B 48, IR 24025, N Dy g, = o, sUE8) L. N F
NIEEBUE, Dy NIEEH T, FTLLFg (Dp i) NEBH
FHiSE, AP

F(Dp 1) C [z1,71] X [29, T2] X [23,73].  (AS8)
HHE(AS), Fp(Dp &) FTURRN
U D(a)x{a}, (A9)

a€lz,,Z3)

Fg(Dp ) =

T
D(a) £{ [ml] ; {fm] € Ig(Dp ), v3 =a} C

[z1,Z1] X [2q, Z2] (A10)

N E] (R x{a}, ulll |R2X{a})qqﬁ/‘37ﬁ9?[‘ﬂ7%, 7)1t &2 x {a}
NR3TEHFRIME TS8R x {a )} HIFR ).

m(12) 5@
Rank By j, = 2, (A1)
JITCARERE By g, %08 L2 LRSS
Boy : R* = By (R?) C R® (A12)
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IEJ%B;%ETJ-, /H\:EF'T”” %%ﬁﬁ*’ﬁﬂ\, T+ |§2k(R2)?ﬂR3E‘J7§§i
SAMET4200 By, (R2) IR By OSBRI A

>, >, 2 2
BY . : Byp(R?) — R?,
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B;,k z2| | = (B;F,kBQ,k)ilB%:k x| -
x3 T3

B, By (D)) (a € g, 7)) WP T By 1 (R?)HHGH 514
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T8 By 1. (D(a)) B Oy EBE RGOS X,

X2 argmin [|X — Gyl (A14)

X€Bs ;(D(a))
B S 3 0, X7 HU R BT By (RO I T R X
W VELEO By 1, (D(a)) L.
T HE— BT AL R BL(33) 5 X 055 3, 7 U
st

il
Pa:R*x {a} 5 R%, Pa ({m]) = [“"1} . (Al5)
2
r3

Eﬂ%ﬁiPaE%TI\’EI‘Eﬂ (RQ X {a}, I |R2 X {a})Q(RQ, TI-1l )%‘h}(
NONFINERRSRT . $REIIES Pa XTSI R

x1
PTUR? 5 R? x {a} CR®, PY ({‘”D = {m] .
T2
a

(A16)
TR X 2
1,5 . By B ) 'B3 ,C = 4
Byt = | Por ) TR o),
(A17)

57T, 1160}, 1 Dy j, = 2545 Fy IREBSG, 7773

Fg(25 ) N Fs(Dr ) = Fg(25x N D) = 2. (Al8)
a5 (A1) 5 (A18), ATA]
X21 & Ba(D(a)), (A19)
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arg min J(U;);€7 Upi) =
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F (PN (Byp( argmin || X — Coyl?))) =
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L J(UA g Ur k) C
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Fp cos 6, sin by
by

G ERANT AR I PR IA5E L(3T), AIAIFR(2) 1) = Lo g
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