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RG4S T IR = B B HE ) R AT S R BT iR S R

fEid U4, BN R FRF AR LN AT SRR 1 7 2 Moy R 7 . A A1
LRPEALTTVE B SRAE AT SRR AT AR REAT 2 AL, WP IR LRI R B . & s ) RERS
FET AT IR HER B S 5, SRR IRE PR GE SR BT B G R . TR ) 156 5 ST TR,
e A 1) 4 (0 45 A4 (AT B B U ) H bR, AR AT ) Fe oy R T ORAT AR A
58, RAR BN TT 128 AT RETH BR AR LA I R (52, b T4 70 O B AT A A0 AR XAE AL A
A SRARLR AT E I, 106 T 2R RS HE. IR, 2T AL T S AMEA T E ML
PER TR MBI O AT 3P A e R e, HE R B R AR A TH AN AN R GBI R [R]I, 1A
ARG EA RS DO B PR HIEAR 18] 5@ i AORES I & L 3h il vk R S8,
BET e H B P X YA HEAT R A A, 2 — AAMKIS TR B D) T A A TR ME AR E PR
PRI, B, BEsslsoR DM T 2 st Rgg 110 0 G2 AT ] 1T~10),

BEXTEAT 2 R A 2 BC R, HAT se B IS TR 2R, SR [20,21) SRATFERE G859
BRI BC I . SCER (2] SRAIAUR /N 307 i, IRAEIZ Hl A DL S BB AUE, 2R )E 4
A 0 O 5 5. SCHIR [23, 24] K42 N 70 E Il AR A O — R il AL, 32 T 45 A S 3 e, S
Bk [25,26] AR /R AR B R R A2 70 o SR, I8 R & BB M LRI T VR AT I 0 . SRR [17)
L5 G SRR ) S MU HEN, 25 1 1A FRED SR e gz ) ) Bo 0 5095, B3R SCiikep, R 2
B R& T AE SN B [ H B ) OB AT SR AR R OO, AR L E R T = E R
B TS AER E, TTRETCVE e Ak E = B I EEHE R R TS R RIRE . B, AER R AR
RATHEL R, SR = B A R R AT A R H o e R AT R L TR B SR 5 S R
PeAE ] 7> BCREAT S 5, RERETE 70 A4 AR T ANHE J) R BRI RE 0, thRefi = B hEEHE I R&E AT
AR R 2 2 AR AT IR, Mt HH 4% B s i BLEh 1.

AR = B HBEHE ) R AT A A M B PR ER e, St 73R T B BT AT B O e d2 il 2
BeJ7 R SR, AL TR i T

F—, BN = B EEHE S SRR RAT S A R R R P R, PR T TR AU AR ZE A
BEAT AR X FL 0 B ST R, Rt T R E R A S U BAT B SRR AU 2 AF

S B R B A N B S TCIEAS B B U A I DL, TR T R U — R RGL R B, H
FIIERE A PR SR, AT 358 P 5 1 B2 v SR D A A

H=, R T A RGERER R ZE A TR ZE R, JRAE 2 B RS SR S O AR T
YL T TR 5 A R AN e

AN 2 HE: 58 2 TN IR, 5 3 ONEET AP m A BC T, B 4T
NTEER, 5 5 TN

2 (o)A

RN = H h BEHE ) O BT G I A T A e A Y 1220

T'sin 6,
p Fp(p7Qaraaaﬁ7VTap) 6(1 . .
T sin d, cos 0y sin g,
q = Fq(paq7r7avﬂaVT7p) +B1 5& +BQ ’
T sin 6, cos d, cos 0, (1)
7 Fr(p=q7r7aaﬁ7VT7p) 67"

T cos 0, cos 0y sin d,

(0a,0e,6r) € Ua, (02,0y,0,,T) € Up, t > to,
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Hrpto NRG (1) AR Z]. IWFAMER p MHIAER ¢ MRATAER r RS (1) KRS, T
FERE A 0o BIEMA 0. AT RAEMSA 0, ARG (1) KIBIEIERIRIN, SR REMA 6.,
by, 0. AHESIRAN T RRARSE (1) WHETIRESZ RN, Ua A Up 20 A9 BIREHANHE /) % B2 1
Nk EEEa e

Ua = [0a,0a] X [8,,0e] % [0,,0:], Ur = [8,,00] X [3,,0y] x [0, 0:] x [L,T], (2)

Holt [8,.5], [6,.5.) A1 [6,.5,] £ 2R 2R EIOTE, (8,.5,), [6,.5,), [6..5.] Bl [T, 7] &4 7md
T RAMTE . BEAh, F,(), Fy() A Fo() A BN RSE (1) TRt « AR R R S i e 45 5 7t
B, EA15 A% (1) RS . CTRIG0M o, I 5. 85K Ve MZEREE p S5, LAAR
AR, BUS, SV By FI B, W2

I, 0 I, , 1,C% () 1,02 () 1,C%.(+) 0 0 —Ig, 0
_1pV. _
I=10 1, 0|, Bi=T"=F 1,0, () 1C, () 1Coy ()| » B2=T"10 0 0 In|, (3)
Izz 0 Iz lSCfr;,lz() ZSC%Z() lSCg’;z() sz lTy 0 0

SET Cona (), Cong () T Cone () 40 B 780E | WSAMAMRILIER 3 KB BB, O, (), O, (), C (),
CBs, (), B, (), Tl (), Tl (), Coe. () R Ol () BINSEN G R BT AL R o B 50,
15 R% (1) KR . RERESBRA DA o WA 8 AEE Ve B4, bRtk — 2GR
PR B30 75 R 22, TR TGS S B 1 58 0 R X T 0 5 0 0 5
BT LA O3, ()], . S, B 0 S RERARA, 08 A1 0 R 45, T

le(p7 Q7r7avﬁa 66(12)a 667 67“’ VT) - me(p7 q,T, a)ﬁvét(ll)véea 57‘7 VT)

50 =0% 5((12) _ 5[(11)

Ak, 2 (3) MBI HABAR R, p A ESE, [ NMEHAR AL, 1 A 28 gk
BE, b, 0 Uy, A REAEH S ATREOMEES, 1, I, M L 738 VTSR NHUER =, y A
2 FEE BN R, I, N WATEHUA R o A1 - EABERL R4 (1) AR E MG S FRAL IR 1
s,

B pe(t), qe(t) T re(t) 43 DA  AMFI R ATEE (I A 2245 5. T 5ebrh BESC O kST
T, OO RS R 2, RS0 RGURE MK ENIE. Wi EARE p* (1), ¢~ (1) B r*(t) AEE A
S8 PEI E ] s 45t R R R 4, D

P* = —kp(p* —pe), p*(to) = p(to),
q" = —ko(q" —qc), ¢
7= —k.(r* —r.), r*(to) = r(to),

ForP ky, kg AN ke 235 RS < AN L3688 T 1) LU 451 S 15 2R
240 (1) KRS B RS E p, ¢ 1 BREZFEAEPIE p*, ¢ A1 e, BIAE TR UL ATRE /D
o (Ip(t) = p* ()| + lq(t) — ¢*(B) + [r(t) = r* (2)]) - (6)

T ERRSE (1) MNAESHEESH 0T MR
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x1 S

Table 1 Notations

Name Definition Unit

Attack angle °©
Sideslip angle
Roll angle of velocity

Vi Velocity m/s
p,q, T Angular velocity deg/s
Oa, Oc, Op Aero rudder deflection angle ©

Oxy Oy, 02 Equivalent thrust vector deflection angle °

T Thrust N

lr,, lr, Distance between thrust vector and center m

ls Radial relative length of rudder surface m

le Relative length of aerodynamic chord m

Ioy Iy, I, Iy Rotational inertia and inertia product kg - m?
p Air density kg -m~3
Cma, Cmy, Cmz Coefficients of aerodynamic torque -

(H1) %R By F1 By A 5%, 3£ HATWHFE.
(H2) WS (5T po(t), go(t) M re(t) A
(H3) F,(t), Fy(t) M F.(t) KT ¢ WG, BAAEIERE e Moo WL

sup (|Fp ()| + [Fo(8)] + [Fr()]) < e,

t€[to,00)
. . . (7)
sup (|B,(0)] + By (O] + | (0)]) < e
tE€[to,00)
(H4) FEREANFE [3,,0a], [80,0c); [8,50+), (0,04, [8,, 3], [0,,02] A [T, T i &
_ — — — — — T —
max{|éa|7 |5a‘v ‘ée|7 |5e|, |ér|ﬂ |5T|7 |ém‘7 ‘5I|7 |éy|7 |§y|7 |éz‘7 ‘§Z|} < Zv T> I > 07 t 2 t0~ (8)

R SEBRIERLR, 0, B B THUE v BRI G R R ERA 6. 5 6.
ZE S B2 R 5, = St T HE S R E AR A AR — S A 2, B max{|0.],
00|} < T BROL, WARIEAEFASCRATHN [0, < T, FHE, A |6, = |20 < T ROL.

3 ETBERMBIRMAEHRE R A

K12t 7 AT B PR RE L Se ] o BT R B SURE,, T TERE > P SR A SR S T
PUR BB A0S 22 1 73 BC 77 72 L KHE 2 FR B8 23 B 45 2R
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Step 1: Control Design virtual control input, ESO and
design based on expected control input by ADRC (9)~(11)
ADRC L
Initialize thrust vector ((; z; 5 ’7\')
Step 2: Rudder
deflection design ¥

by prioritizing

Solve the aero rudder optimization problem (12),
aero rudders

and get the solution (3, 67, 67)

Solve the thrust vector
optimization problem (16)

Step 3: Thrust
vector design by
minimizing error

Conditions in Theorem N
| 2(I) or (II) are met
Let(9,0,0,T")= v Classify the boundary
(5{5 5;’ 5‘:, f) using methods in [17]

Finish control allocation

1 ETBERMBREMAESI S E /5 AN EERIZEE

Figure 1 Flow chart of rudder-prioritized control allocation based on ADRC

3.1 ETBEHESIRBEH 8%

B, FIH BiEs AR, KR (1) 5 sosdhizhm gt s o, 1E

T sin 0,
p P;() da . .
T'sin d, cos o, sin d,
q| = |F,()| +tw, w =B |6, |+ B2 : (9)
T'sin 6, cos 0, cos d,
T F»,«() 57“

T cos 0 cos 0y sin d,

FR, R PR HIEOR, FIR A 5830 27 Stk i R SRS g, b= (9) sPisshmiet s
FEL AL 5 LB

Zp1 Zp2 — 2wp(2p1 — D) Zp1(to) p(to) Zp2 —w2(zp1 — p) 2p2(to) 0
Z’q1 = Uy + Zq2 — 2wq(2q1 — q) ) qu(to) = q(to) ) Zqz = —wg(qu — q) » | Zg2 (t()) = |0f,
Zr1 Zrg — 2wp(2p1 — 1) zr1(to) r(to) Zr2 —w2(zp1 — 1) zra(to) 0

(10)
U 2, 2y 2y SRRERFSE (1) RS g B B 20 20 B0 20 BRDIEIRS B, ()
R E () BRI wy, w, BT w, 45 BUAYSRARA UIAE (10) 7EVRRE | (0 O0RMRAUEE (8 5
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Ba, A BIMBETHE, 5200 A 080 B M2 RIS FIRA we N

—Zp2 — kp(p - pc)
Ue = | —2q2 — kq(qd—qc) | > (11)
—Zr2 — k'r(r - rc)
Fodr ky, kg A1 ke BOE L5 E0 (5) — 3, 7070 T« ARPAAIA i A0 308 20 ) B A9 Je A5 2R
3.2 ETSafeti e mimN LT

Pede 7 Be TS ME I RE W 78 70 MR RBIRERE /1, I/ ME IR BEACALTHAE I RE R, AT SE R A BIHLAY
i A Ay, RIE, ASCRAAL a7 BL < Bh e AE N, BIZ5 fE 40~ sl et e inl -

T sin 0,
da A . .
T'sin d, cos d, sin d,
minJA(aaaéea(ST): ue — By Je - B A A a 2 ’
5 T sin 6, cos 0, cos d, (12)
T A ~ A ~
T cos 0 cos 0y sin g, )

St. (64,00,0,) € U,

et (T,05,0,,6.) AT Z03E 0 50 B AATE BE A, 78 SERa L i — U HE 70 5% B b — SR Fa 3
FRIMH.

AR WENEOT, TR AR BRI R E R AR, R HE ) <& bR A 30
FMEAE YD BOEAE. — 5, Joik L RIIREIRAE /12 5 2 g, A W ag 71 208, AR
BRI AR, TG 1 RS R 280, 51— J7 i, BEARBCE AR HE D R B
SR ENRE WA ) R B T SAE SRR, (HR X TR BOE PR ME, IR E R 1A 2 B
W BIAE  ATHE ) % BRI A mT LB 45 Y, X U WA SC RT3 2 3 A A5 HE 70 SR BB N SR DU
RISZIAEL /).

SCHR [17) Cada, RALIEE (12) MsALRE (67, 0%, 6;7) feME—, HAiZME— AT REVELE Ua 1
AF EBONEE R AP T s U AR, R I, G

Tsinsy
P11 P12 P13 Q1 PO A oA
T . T'sin 0, cos 0y sin d,
pa1 pa2 p23| = BiB1, |qa| =Br | ue—Ba| . A : (13)
T'sin §, cos o, cos d
P31 P32 P33 q3

T cos 0, cos 0y sin d,

EEL e (12) sl iR i Mg

da min{max{d% — 2p11(0F — ¢1) — 2p12(8} — q2) — 2p13(0F — q3),8,},0a}
§:| = | min{max{8} — 2p21(6; — q1) — 2p22(57 — q2) — 2p23 (6} — q3), 8.}, e} | - (14)
o min{max{8; — 2p31(6; — q1) — 2p32(8} — q2) — 2p33(6; — ¢3),d,.}, 0, }
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AR dUERE L AR BRI LA R (12) RS IR, AT AT o 2 e, 556
27 MR RERIIE S, 124 IRAD WS RS e m AL M A (12) HIBAEAE (03,67, 05). HI T A SCEL XT3l
FIRERITE DL en Y T R RIS, HtH B O(1), T L.

TIES HEEE 1 AEA.

MERR Mg RSREm AL R (12) (1) KKT 26 4F:

—2p11(q1 — 6;) — 2p12(g2 — 0%) — 2p13(gs — 6;) = Aa1 — a2, Aa1(0; —8,) = Xa2(8; — 84) = 0,
—2po1(q1 — 6;) — 2p22(g2 — 0%) — 2pas(gs — 6;) = Aer — Aea, Ae1(6; —8,) = Aea(8; — 0c) =0,
—2p31(q1 — 6;) — 2psa(ga — 0%) — pas(gs — 07) = Ar1 — A2y A1 (67 —8,) = Apa(6) — 6,) =0,
8, <0p < bay 8, <O < b, 8, <67 < b, mind{Aa1, Aa2, Aets Aez, Art, A} = 0.

(15)

R0 (15), 6 FIHUE R TREA 3 Fiifd:

(1) 0% € (845 0a). VLIS Ag1 = a2 = 0, T p11(q1 — 63) + p12(ge — 67) + p1s(qs — 67) = 0.

(IL) 67 = 0, VB Aoy = 0, Aa2 = 2p11 (g1 — 0%) + 2p12(g2 — 67) + 2p13(gs — 67), FIISH 67 — Ag2 < 4.

(IIT) & = 0q. VLI Ag1 = —2p11(q1 —67) —2p12(g2— %) —2p13(q3—67), Aaz = 0, [FNAG 67+ Xa1 = 0.

¥ (D~ KE5RARN (14) AN, A4 min{max{s; — 2p11(5; — q1) — 2p12(8; — q2) —
2p13(67 — q3),8,}, 00} = 05. BRIUL, TEil 03 A 6r BOEIAMIARAL, K (14) AR 6 BIFRIBXAIIRRAL.
T, £ (15) HY, 6%, 67 A oy S5, SRR o BEAT AR SRVE, R I (14) BGL.

PRI, X5 T 6%, ox Ao B &M, AH R 208 45108 35 AT, AT T 45 8 B 1.

3.3 ETRE&R/NENREEFIDEEE
BRI AL R (12) BEAUIR IR, 255 R T3 R E AL il A

T'sin 6,

*

IS}

T sin d, cos 0y sin d,
min Jg(6z,6y,0.,T) = ||ue — B1 |6 | — B2 ;
5 T sin d, cos 0, cos d, (16)

T cos 0, cos 0y sin d,

st. (04,6,,0.,T) € Up,

Hoe (07, 0%, 67) ARSI R (12) B, Bis (16) w0, AR SBhREIPEAE HE (12)
BARAEN 0, IAHL (62,65, 0%, T%) = (T, 04,0,,0), BEWSAEME I RBMRALI A (16) HIME 1y 0. BI4S
ZNRETH BE 85 58 A% ] 20 BC R, 477 R BRI ANAE.

BN RTHEHE I R EAL I (16) LM (57,05, 6%, T*) KRR €L Sp:

c1 —caT'sind, — T'sind, cos §, sind, =0
Sp =1 (0z,04,0,,T) : cg —T'sind, cosdycosd, =0 ¢, (17)

¢4 — T cosdycosdysind, =0
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;H\:EF' C1, C2, C3 *D Cyq ﬁ%/@

~
3
~

al | 0w - 0

a Ir

Ca 0 0 O =
= , —Bi (& | |+ |, (18)

C3 0 ﬁ 0 5" 0

Cq —/Tz 0 % " 0

Forbr bg, M 1p, NAESRBAER SR AT S QMRS I, I, M L 2058 RAT SRR o, y A 2
PSR, L, N CATEXNHAAR o A0 2 i EA.

EIE2 HESIREMARE (16) KRR ELIR NI 3 FiEz —:

(1) % Sp N Up #0, 3 H ut, (Lot — Lut,) #0 I, 4

1 —con n(e1 — can)sgn(cs)sgn(ca)
03 (n) = arctan () , 0x(n) = arctan ,
! Vier —ean)? + 3/ (er — can)? + ¢
s =arctan (1228, 71 - VP e (e A P EE (19
: ’ (c1 = com)sgn(cs)sgn(cs) ’

n¢g,<<x6,6w “(n)) € Up.

(II)élSFﬂUF?éQ },FE_U (mzu —IIUZP)ZOEﬂ‘,ﬁ

. c3|C2 . C1 . C4|C2
= arcsin | ————— = arcsin [ —— = arcsil | ————— =
0 2|2|2’6; T,é;‘ 2|2|2’T* T,
51T — cf C2 csT? — cf (20)

(6%,6%,62,T%) € Up.

xrYyr Yz

(D) %4 SpNUp = 0 I, HESREMRAFE (16) KRR (07,67, 07,T*) ELRLF L, A
6% €{0,,02}, 05 €{8,,0,}, 67 €{6,,0.}, B T* € {T", T} FAL.

FE4 Elait (17) AR FIWr Sp N Up £ RNEE, TERBSHEREMH A ENXA, it
HEHN O(n), HH n =4 HHEIRERHFANGANE. RBIEEE 2, R SpnUp B2, BR324
J1 R EARA ) B i R B R IE R, HATHEER 0(1); W Sp nUr AT, 1K EMA i E
AR — %Eij%t BB AT DLSR STk [17) H 007 75 L0 553 2%, SRR L il 8 ) v S AN
On30) 281 ffi b B4 H n < 3. U, AR rE A ISP AR IR EMATE (16) MIfE, HitHE
AN,

FRES TE SpnUp ESBEATIEH S, SR REMANE (16) MEMES 0, RIEMU
R v, ST BB u.. 45630 (9) M (11) 75

1" sind,
O . . —2zp2 = kp(p — pe)
T sin 0y, cos d,, sin 07
Bl 5: + 32 ' = —qu - kq(q - QC) : (21)
T sin 0y, cos 6, cos 6
oF —zpy — k(1 —71¢)

T cos 0y cos 6, sin 0
PRl ik, SIS 2 ) 20 T B RS T A2 T S Al (B0 L A1) S 5
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A 2 IER.
WERR ERAE A (18), iR EMRAL N (16) [ EHFREREL Jp (62, 6,, 0., T) NI R

2

L.l L1 , . .
12 —ITy Iz —?1 0 c1 — 2T sindy — T'sin d, cos §, sin d,
‘ﬂ x
l .
Tr(02,04,0:,T) 0 = cs — T'sind, cos §, cosd, . (22)
Y
Il Ll _
oy il £ [Tyj 0 ¢4 — T cos 6, cos &, sind,

2

NS Jp(00,6y,0.,T) BIBERT (63,65, 0%, T*), RISKRMETTE:

S 528502, 77) = ‘3‘2%5;,5;;,5;,7’*) O (52,53,05,T) = (2,8, T) = 0. (23)
mizt (23) A7
cos 85 20 (57, 57,87, T) + T sin 8 2 (87, 07,67, T7)
2, oT
— T ”2)1%?/ S +pﬂ%y( — &T" sin &, — T'sin &7 cos &7 sin &7) (24)

+ Iz)l%y LI + 1)l

4T
’ “LLy (I -LL)

(13,
(1 L)? (12, — L1:)?
(I2
B (c3 —T" sin 6}, cos d, cosd7) = 0.
priai & < SHIBIES:

(I? 4 I? ) (1 — c2T* sin 0, — T*sindy cos &, sind7) — I, (I, + I.)(c3 — T'sin gy cos d; cos §7) = 0. (25)
¥ (25) AR (23) #E—B e

* *aJF * Ok ox * * *8JF * ok ok *
sin ) sind; —— a0, (635 0,,0%,T") + cos 6, cos 0] a5, (63,0,,02,T)

2 (26)
ca —T" cos §;, cos 6, sind;) = 0.

%
= 27" cos 6, cos 87 cos 0% (sin® 0 sin” 6% — cos® 87 cos® 67 ) L E < (

H (H3) ATH 6% € (=%, %), 67 € (=%, %), Bk sin® 6% sin® 67 # cos? 67 cos? 65, K2 (26) AT (23)

Lo (I + 1) (c1 — 2T sin 6, — T sin 0, cos 6, sin &) — (I?. +1*)(c3 — T* sin 67 cos d,cosd;) =0. (27)
c1—cT™ sin ;=T sin 6}, cos 0, sin §; = c3 — T sin §}, cos 6, cos 0, = c4 — T cos §; cos §, sind; = 0. (28)

BERIOGHE TS R EARAL I (16) MIEERL, #E— B EA1S Jp(65,6;,0%,T%) = 0. M/ RENAL H
(16) AR Jp(8s,0y,6.,T) = 0. XHT Jp(8s,0,,6.,T) RELLN, HETIREMAF D (16) XA
B p AU /ME 0, FLYE AR X SR B =4 KT 0. TR, 24 Sp N Up # 0 B, Jp(6,,6,,0.,T)
FERAE Up K.

& T*sinéy = n, W T* sin 6% cos 67 sin 67 = ¢ — con. ZEH 2(I) FKAFHLR, H cs £0 M ey £ 0
JROT, Fierat (28) R tan 67 = 92220 Fll tan 67 = <2920 b BRI RIS 6; A1 T, AT E B 2(T)
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THIE. 4T 2(10) S PFH LI, 3 =0 B eq = 0 FROL. M ¢ = 0 B, BARH 62 = 0, ¢ = eoT* sin 8,
R T cos 0y sin 0% = cq BOL. BEIDHG T FAF £ ASEL, SR T3 oy 1 o3 ({8, FIZOT 0T DS 5]
ey =0 MIEER, XA GREIF, @B 2(10) 1310k

8 Sp A Up = 0 B, BRI (16) 76 205030 5 I H P S RAZLE BT 5, MRL0R e o M f A
T X TR0, 41 R ERAG IR AR (16) WAL — e e AR IA S b, B 2(100) 154E.
3.4 HRARGEREMS

SEES (1) R p, g A SEARPE 57, 0 B WEEREA BN o), e, F e, HEXRN
ep=pP—D, €q=q—q, ex=71—1". (29)

TR MME (10) X RS (1) RE p, ¢ B r FHETHRZE DA ép1, e M 60, HERIEAA
€pl = 2p1 — D, €q1 = Zq1 — ¢, €1 =2p1 — T (30)
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(10) X &RGE (1) R p, ¢ M r BETHRE LAY O(L); VIR 214 2loee J5, J RSN 45
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Figure 2 (Color online) Response curves of angular velocity (top) and estimation performance of ESO for angular velocity
(middle) and total disturbances (bottom) under different bandwidths. (a) wp = wg = wr = 10; (b) wp = wq = w, = 12;
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Abstract Thrust-vectored aircraft can use multiple control inputs, such as thrust and aero rudders, to
change the gesture of the aircraft, so they have extreme maneuverability and are adaptive to incumbent flight
environments. Furthermore, thrust-vectored aircraft have a non-affine and nonlinear control model that has
complex uncertainty, which makes the control of the aircraft quite challenging. This paper focuses on the angular
tracking control of three-degree-of-freedom (3-DOF) thrust-vectored aircraft. First, active disturbance rejection
control is used to compensate for disturbances during flight. Second, we constrain nonlinear problems to manage
control allocation by prioritizing the aero rudders and minimizing error. Next, some conditions are imposed to
determine whether these problems have explicit formulas. If these conditions are not met, the optimal solution
lies on the constraint boundary and can be solved in finite steps. Finally, the closed-loop system’s tracking error
and estimation error are quantitatively analyzed based on the results of control allocation. In typical simulation
environments, the algorithm is effective and robust, and it achieves the angular tracking goal with extreme
nonlinearity and large-scale uncertainty.

Keywords thrust-vectored aircraft, active disturbance rejection control, extended state observer, control
allocation, degree of freedom
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