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Abstract: The model of missile exists uncertainty and actuator saturation limited. For the uncertainty of model, the non-
linear impact, coupled influence and external environmental disturbances are treated as the total disturbance, and the extended
state observers are designed to estimate this total interference. For the actual rudder angle and the angular velocity system
limitations, the auxiliary systems and the limiter differentiator are designed. Finally, based on the back-stepping and finite
time control theory, a finite time controller is designed to ensure that the entire closed-loop system under limited conditions
can converge to the reference signal. The numerical simulation results show that the designed controller is consistent with
the theoretical analysis.

Keywords: extended state observers; commanded differentiators; finite time control; missile

0 5l

PR St FC AT PEARIR H T S s R (fsil
RIS, A5 FL AT 428 61 AR A5 5 o R o, R R R 7E T
BRI e R AR AR R A G I AT R O
BT NRB) B B 24, R Ak ik R AR T
1 £S5 /NABIR A R, DR T 7 AT L4 28 P i
B0 T AR &, 7500V R B AR S o s b oK 7E
R R, AT IR S RS, R 2 AR
R B 7 VR AT SR BT 5 i 2 ), T e
71 3 B R AL (1) 0 ol 2 A S | 2
PEEH SO0, AR T 1) L R, B B RIlO,
S IR A6 20 X 2% /RS 2R e V2RI 8 e 42 o U130 45 7

Weks B HA:
2 =H
fEH/N:

(|3

2014-05-09; {&[E HER: 2014-07-14.
R 54 R 245 410 H (61473306).

L i E I ST

THHp, X e VAR e B R e A AR R MR R R, (5
W& G AR R IAS L. Bt [ w2k v Ak 75 B4
L PRDRE B R B R REAG A S R AR 2R M &R
35, JF Hx R s il 2 oKk S AR L A 2 B il 75
LS 2% 1Y) Riccati 773 77 AR BB 12 B a2 A
25 [ 2% 75 B ST RSN 8 T LT X 4%, AT 5
WSR2 GG T ERE A E T RS S
SHIX e 7R AT LU I SCHR [5-9] % A 75 FE AR RS 1A
B 7 PR AN BAT AL 32 B SCHR [11,13-14] BARFEE T
TR AN 7 P, AR WA 25 FE AT B 1 A0 52 B AN
HNERTH; SCHR [15] FFH anti-windup 3558 70 1 Hi N
SZPRAF LT BT BN i), (HE SO R A R R 4

JARIE(1984—), 5, /8, WSHBRIE ST, WATIEHI BT, BER1964—), 5, %, LS, WH



1406 = Ll

* R ¥ 30 %

PERERY; SCHR [16] 1) FH S H 150 1 JEAR A B 42 o) 3 25 1)
PLENA S, [ 434 1 45 i 5 N 52 BRI ) R, (R AR
F RS ANRSH 2 RS TR, IR X 26 3R
WA [ 2 FE AN e P DL SR AT AL 1 0 52 PR 2% A
AL PE AT HRE I )L SR, SR T 2R
PEBNAS « AN E 1 AN T4 DL AT AL 32 B 1)
JBURAFAE [, IX e 20 RS AT B A7 AE AT AT 50T v 12 R

P il 452013 2 2 H B A PR .

AR SCHR (151 a8 &, RS ARG Z IR %
PRI B P BRI A 2. B e i T BHiiEoR
BTt R Y AR WL 45 SR J5 B0 AT AL A
ZBR T4 B R AN SR IR o) 2% B Ja 456 G A
BRI () A58 RGLFRIR, A H BTG BRI 1) BR R 28 i 4%
PAORAEBEA P R AEZ PR 46 T A ﬂ%qﬁﬁkiﬂﬁ%‘
f59.

1 A @R
1.1 FEL MR R 14.17-18]

WX = [0,0,"NFHESM, Xo = [we,wy,
w, T N SR AE X L TH AL AR R S AR, X = [z, v,
AT NSHAIE, Xy = [V, 0, 0.7 RN TR
TE AU AN SRTE R A, U =[S, 0y, 6.7 e A, W5
BT FELH AT LU

X1 = Fy(X1)Xa,

= I5(X1, Xo, X3, Xy) + B(X1, X3, X4)U,

= F3(X4),
= Fy(X1, X4). (D
/\EP
0 sin 7y cos 7y
Fi (X)) = |:0 cosy/ cos sinv/cosﬂ] ) 2
1 tandcosy tandsin-vy

FQ(X17X27X37X4) -

[ (Jy = T )wyws/ e 1

(Js — Jo)wsws /Ty | + ipVQSrefL x A, Q)
L (Jo — Jy)wewy/J.

A=

(mPB+m%w, + mi*”wy)/Jz

(mgﬂ + mfﬂ + mfj’éy—i—

w ) 4
my*wy +meews)/Jy @
| (m%a +mda + miZSZ +m¥w,)/J,
V cos 0 cos ¢,
F3(Xy) = V sin@ ; 5)
—V cos 0 sin ¢,

Fy(X1, X4) =

(Pcosacosff — X — Gsinf)/m
A2 ’ (6)
As

As = [P(sin acos . + cos asin fsin v, )+

GceosOl/(mV), (7)

Y cosy. — Zsiny, —

Az = [P(sinasinvy, — cos asin 8 cosy.)+

Y siny. — Z cos .|/ (mV cos0), (8)
1
B(X1, X3, X4) = §pV2SrefL X Ay, )
ms )Ty m¥ /T, 0
Ay = 0 my)J, 0 (10)
0 0 md/J,

1.2 Sl E ik

TES B BR R G0H, A& BT A PR A #82 Tl
(1. ik, B S B A R T AR

BRi& 1 ESHEL G, JFRE W, ¢,~]T
T m ).

4, REGE (1) Hh i ) AR A AN R
KATFERBI mE mg Fme. XERSNHERE Y
R E M, AR, T My o HUIRES X\ X X H1 X 1
SE AR, L, SEbr T3 R G mg s mg M me ANRE
FE W RS, B KSR GBS Hh AR TR AN 2
P, T FECRSE () Fy A1 B2 R, X542
BT AR 1 B I 4.

g5 TR, 0 AR 2R ) i) T DA A B
WAL RBMIEHIMAN WA U = [0, 6y,

6.7, a2 SRS your = [0,90,7]T, FRAAR XS
HTH AR AR RN IEE w = [wy, wy,w,] T, &6 H AR
FETE U | < Unax 1 |w] < wmax FIBRSTR, LS vour
REFZHEET v HA: Upax 2 HREHLIEE I Winax
F2 H TSR AR 8 PR BE IR 1, winax /DN, VR BN
SRR E MR N,

1.3 SEMER

EX 1 ST 4558 I IEH 50 M RESE . B
R¥sat(c) : R — R, HWHE: D) XAz #0, H
xsat(x, M) > 0;2) Xz € R, f [sat(x, M)| <
M. MIFR sat(-) A (=M, M) L2 1A B8 5

SIE 1 W p e (0,2), M H AL D418
AL

[Wrca wy’wz]

n / n
(3 1l?)” TS il (1
=1 i=1
I 2 X TAERES E MG %KM 2(0) = w0,
U5 22 481 Lyapunov 2656 2 N T R 2 14181

V(l‘) + )\1V(J)> + )\QVU(.’E) < 0. (12)



58 1

JAKBE 5. S 3EK G 8 A MR 1454 1407

HF: A >0,0>0,0<0 < 1. PN r=02%
JR AT PRI [ A% € 1, #H%Uiﬁﬂﬂzl‘ﬁﬂﬁy
1 MV (x0) + A
T< 5 qoglh L §20)+ =
Horb V(o) A2 V() FIPIHAHE.
2 HuA BRI a4 ) 48 i
B F A B PR BAR S B SR @ Y IR
W28 R J5 1) F A7 PR ] 428 o 300 v o 4 ) 2%, 5K
BT A A 5 G s .
21 ¥ RARESWNEFHE
EEXTRGE (1) h By M B RRARENIE O, 45 R S
R (171 H 1 77 25 50 O LA 28 0 2%, ) 75 L 0T X
Xy BE R, WA R S50 X F X, Al i, B S ik
[17] B D7 VR B 3 R 48 0 26 AN 38 . A 1% )
R, ASCE R X F X, T RS X A X T
RGP
H RS (9) Al A1, SERR RS B AR & R0, 72k
SE L ANHT AR &
H(t) = Fa(X1, X2, X3, Xu)+

13)

B(X1, X3, X4)U — BoU. (14)
Horp
1
Bo = 5 0VonstSeet L M, =const (15)
‘/:';onst j’g V EX{E?E I:P E@{i%{a, @‘Ma:const %X%
<P|Ma=c0nst =

mi /Ty my’ /T, 0
0 my)J, 0
0 0 md/J,
@i 4 BT B By I FRIE AT LA W, BT

B — 50, TR AR M, R R £ B E AT 1

5 B 2 B T AR M., T LT

B ZHmSe s md  mS Mlmd=, IWTTAT LAHHSEH By, 4

A BB 2 P AN B4R B 1 (1) b, BRIk, R4 (D)

LS A

(16)

M, =const

X1 = Fi(X1)Xo,

Xo = H(t) + BoU(1). (17)
9T SR 6 H () AL, 9 Xo T RS0
T RARES I 5

By =271 - Xy,
Zy = Zy — F,,(Ey) + BoU(t), (18)
Zy = —F.,(F)).

Hrp
fen (211 — @21)
Fo (B1) = | fe, (212 — 222) |

f013(213 - .'I;23)

fear (211 — @21)
Fe, (E1) = |:f(:22(212 — T22) ] .
feas (213 — @23)
K [, (215 — w) (1 = 1,2, 5 = 1,2,3) BRI
14 AR JE T R
N7 AR, BT RARS I EE (18) BTt e A
A FE A SE 3A Y ARSI S, R
/I
{ Z1i = 22 — Bo1(21i — T2:) + Ui,
Zoi = —Bozfal(21; — w2, A, 1),

Z11 221 Uy
Zy=|zia |, Z2= | 222 |, BlU= |1y |. (19
Z13 223 U3

fal(e, A, 1) =
{ le|*sgn(e), |e| > u;

lel /=2, el < p;

REBELEE 2 Bor > 0+ Boz > 0 A, F7 ARSI
MEE T Zo(¢) mhAE DA ER R 260E@ i H (¢)[20-211,

F1 SESEMIINE (P EEEL ) A —FE,
P RARS I ZEA UG THIRES, IEFHFAG T AR AN H (¢)
(Bl AT LUK H () 08 R G0 k3, 46 i 5
P A A2, Hod 30 i R R AR Ly
fIE FB A5 L B AN 8 PR 55 R R 4 A, T AR R 4R
Bk B PR R TR 2R
2.2 BRMEEHIRFRT

A BRI [ 42V A R0 S s i, e AT R4
MR PERE, 515 SRR AR e KRG, A BRI R
Fo s R GUAE T A AT e S R TP, P R
5221,

TR R T R R S W 38 AN R 3 N R G (17)
T PR A IA) R R % o 2% AR ER RIS 5 N X g F0
Xoq (X1a RZFHME T, Xog AWK 215 5), WA
PLE XERBRR 2N

X1 =X; — X14, Xo = X5 — Xog. 1)

T B R A2 IR O, I L 5 P A R R 2

i=1,2,3;

0<A<1, u>0. (20)

(= —C Xog — X0,
{Xl 1x1 + (Xaq 5) 22)

X2 = —Cax2 + (U = Up).
Horr: C AR IE 8 X A HRE; Xog F1 U 2 SEFR
TEF T R Gzl &, B 2 PRI 21 i g il & X9,
H Uy & AT RE PR 25 A ) 4a i) &, Hrh M Fl R 8 U =
sat(Up, Umax)-
N T RS2 IR A, IR SCHR [15) RO VER N
T AT BRI T3 25 R A XD, 5 Xog —H THIK R, R



1408 = # 5 * * %30 %
M B 232 R =R 3 2 _ T _
i ! =Y (CuXy + e Xu ™) + Xy Fi(X1) X2 <
E= Sa‘t(ngawmax) — V1, i1
. —_ 3 —
N N A FE ) — Ctnll X2 — i S Xl
Vg 0 —2I36wyp Vg Izwg T _ i=1
X, Fi(X1)Xo. (29)

I3 0
0 Is

RIS
X2d a V2 .
(23)
Hr: B e RUNMAHE 1 RE v € RY 55
53 2 [P PR MR A sat (X9, wmax) IR ZE, ¢ = 1, wo N
RSV I TE R, 193 4 F0 B R0 I, v, 0o HSD 28
NHARYE R (21) AT (22) 52 SCRMEE IR iR 2
5(1:)?1*)(1, 5(2:)?2*)(2- (24)
FIH S 38 7 0 2K (24) I 3h 25 5 FE BT H R 0L 4
X9, Azt Uy, MBRERRZE X, — xipi = 1,2.
Step1 #5430 (21) fl (22), X X, #45r, 13
5(1 =F(X1)Xs - de +Cix1—
FL(X1)(X2 = X34) =
Fi(X1) (X2 + Xoa + x2) — X1a+
Cixi — Fi(X1)(Xo — X3,) =
Fi(X1) X2+ Fi(X1)x2 — Xia+
Cixa + Fi(X1) X3, (25)
T IR D42 ) R XO, I S % e Xy, T X0, AT
Pl A
X5y = F{H(X0)(—=Ci X1 — Fi(X1)xe+
X4 — e1sig(X1)"). (26)
Horh: sig(X0)" = [|X11|"sgn(X11), | X 12| sgn(X 1),
X 15)"sgn(X 13)] T, 0 < r < 1RFFRIFIIES, C1. e
AT A IE R X A A R
F2 ERXQF, RAEYSY = £90° 8, F1(X1)
A A Re SR AT e 1, PR AR SR A v PR e A 9
36 B A (— 90°,90°), BPERE A SCH Fy (X ) IR 4
AARAR R IS S R G R, RA & EH KRS
PR A A T REIAF] 90°, X TR R 5 S, %
A ELR I A IS E] 90°, PR AT HI R 2 2 A H .
g4 3(26), W (25) 7T LA L

X, =-C1 X —esig(X1) + Fi(X1)Xs. (27
1Y Lyapunov B %}
Vi = %5{?5{1 (28)
L7
= X, Xy =
T

)?1 (—01X1 — Elsig()ﬁfl)’" + Fl(Xl)XQ) =

Hrp: C1 min = min(Chy), €1 min = min(ey;).
Step2  4EE a0 (21) Fl(22), % X, 5%, 13
5(2 :H(t) + ByU — ng + CQXQ — Bo(U — Uo) =

H(t) — Xaq + Cax2 + BolU. (30)
CINYS e /IR L FE S
Up = By ' (—Fy(X1) X1 — CoXo + vy—
Zy — e9sig(X2)"). 31)

Hordr: sig(Xa)" = [|Xo1|"sgn(Xo1), [ Xos|"sgn(X2s),
| Xos|"sgn(X23)]™, 0 < r < LARFEHIERL, Can e
F BV I IR 38 5 S HERE, von Zo 4390 AT 45 (23)
AN FARZS WL 25 (18) IR,

#GD AN (30), AT

Xy = — FI(X1)X1 — CoXy — easig(Xs) +

(H(t) = Z2),
1% HY Lyapunov B8 %4
Vo=Vi+ %5(35(27

X (33) oy, 75

(32)

(33)

3
Va < = Craminl| X112 = £1min 3 [ X0l 1+
. R g =
Xl Fl(Xl)XQ +X2X2 -
3

— Ctminl| X 1]* = €1 min Z X[+

i=1
T

)?2 (702)?2 — Egsig(_;(g)r + (H(t) — ZQ)) <

3
- Cl I‘IliIl||X1||2 — €1 min Z ‘Xli|r+1_
5 i=1

Cominl| X2 = c2min Y [ Xai "™ <
=1
— Crain (| X1 ]1* + ]| X2]*) -
3

€1 min Z (|)?li‘r+1 + |5(21'|T+1)+
i=1

X, (H(1) - 2), an
HH: Cypin = min(Cy;), 2min = min(e;), Conin =
min(C; min)s Emin = Min(&; min). H51H 115

Vo < — 2CminVa — 20H0/2,  VrtD/2 4

)?Z(H(t) — Z3). (35)

Ly ARSI A5 (A5 TR ZE H () — Z2 WA E

O, 1 31 8.2 51 A 2 5 (17) 44 264 BRIV I P4 £

X1 = 0, Xp=0. HI3CHR [2,14] FTRL, BT BELFHO9 AR



58 1

Bl RBE 3 F RSN O SLEA R ] 32 4] 1409

VLIS AL TR H (1) — Zo SWESENE B ik
. BRI, AT DUE I SR ) eq6 = 1,2, 152
Vo NTEF48 s I HEAN G AR NI A Vo < 0, AT AT
LARIE X 1+ Xo 25 BRI 1] P9 B3 X, =04 X0 =0
AR, I R AEZAR IR . R (24) TT A, X\ X, 4
B X1+ Xo Ay xo MR K (22) /TS0, 24 R G50k
FREN, GU-Uy =0, Xog— X3, =0, Bl x1+ x2 IX
S 0. Rk, AT AR HY X Xo 724G PRI IR] P 2113 X,
= 0. Xy = 0 1483, I HLI5 B e %40 .

Wk RTS8, TTCAR R 4 8.

EFE1 FERSGQ), vl RSN
T2 (18) BRI 3 43 28 (23)~ PR IEF 1% 22 #M2 R 4L (22)
DL R SR 45 5 (26) A4zl 5 (31), 1 RS
X1 7 U] < Unax | X2| < wimax FIBRSIEAF T, 62
TEA BRIIEEI N BE S HE S X IR, 124015
RIRINHZHL Ciuei(i = 1,2) PRGE.

3 iESH

DABEAL S o], B T Wit s i a4 T 05
BT 5 B2 SE R PE X = [0, ¥, 7] T
=1[5°,10°, —4°|T; 33 R ST 0 UR 28 25 FIVR e 13k
JEN [9(0),4(0),7(0)" = [15°,0°,0°1", [w,(0), wy (0),
w.(0)]T =10,0,0]T; HALS & E N C, =Cy =1.513,
e1=e2=0.113,7=0.1, ¢ =1, wy =50, Bo1 = 100, By2
=1500, A=0.25, p=0.1; T4 AY T IRZ U 25 LA
TR R ZE A ME RS A B #R B B R 0; MEALECK
flii%% /1 B 25°, TSR IR % A i FEBR 24 0.2 rad /s.

B = (13) 7T A5, 78 BT vk WD AR fE A 2
BE O R, BT 303K 225 U AR Sk P (I 1D 3.80s.
1 RS A BB, ARSI T 1 R IR I
A S A PR AR E AR B 1 T LA H,
KATET, = 3.5s B FHIILREE LW SR 4w %
AW, X R AR A3 T, < 3.80s, T). &
IRARGEEFAAS IR B2 A, W 2 T
DU HH A 3 36 2 0.2 vad /s ROIBR 1. 1B 3 9 i i3 11 1)
FeAm £ FEAS 5 U FNSEBRAE T390 28 G0 10 e s £ 52
5 U NE3LLE W, Uy — BEERMETEHE A, B
LLE 5 6, A, 1M Uga Ups A — BUI 1) H T PRI,
T DR 25 WL I 25 06 AN 8 P H () B AGTH LB 4.
K4 AT LUE H, i Bor = 100 Bz = 1500+ A = 0.25.
po= 0105, § AR W 28 PR ES Zo BeAEA PR IFT
) P9 WL SICE H(¢) SRR PR AT 38k P . BR T 4 23 25 1D 1
REnE 5 Frow. B 5 AT LLE H, BRI 7 2% e i i
PRIEE BT X0, BRI 2 BRAE, 7EPRIE R 88 /BT R,
SIS X, WA PR IEAE 0.2 Tad /s.

B LR ESE RN R 38 C e =
1,2) PREHEEE B, C ke T RGUIRESUR IR,

151 ”
MO0 N
w sf o2
- _g . K o
0 2 4 6 8 10
t/s
1 ZE5A
0.2—
<011/ N
RG] SR
021\ /4
015 2 4 6 8§ 10
t/s
B2 ARE
10 —
b Ow _()A
)
_1 L L
% 2 4 6 8 10
. 20F
= oy U,
S o , , —9
0 2 4 6 8 10
o 60.1_: U
b‘ 20‘\\,—q\k -’
20k X :
0 2 4 6 8 10
t/s
3 EHEMARRA
o 2 —H
N} -
T 9
20 2 4 6 8 10
o —H,
N =
aa ) S——
0 2 4 6 8 10
a2 —H,
N} |
T () o
0 2 4 6 8 10
t/s

4 THEMRT RRSYNEEMET
-z 0.1
3

3 Op—
S 0.t . . .
S 0 2 4 6 3 10
.z 0.6

202k ™
-0.2 \ .
0.2
5-0.2
3-0.6

w,,0
g
IS
8
<

0
., O

t/s

5 ERMHEHIE XD, IBLES Xoa FIRTS X,

HR A AR o il A R 108 2 W SR 2 05 /N AR AR, 1
IR SR AR ER AR K, KT g2 S B it K.
4 & #

ASCHFTE T SRR RGN AT RS, ¥
ST LIS BN I El) 72 5 R AN S T 0 15 B 138 3
IR OE A AN LS A NG AN o
0L LB B0 ) SRR S T8 (8, AR5 L i
TR A IS S 1% A T30 H (¢). % e 35z



1410 1= # 5 * R ¥ 30 %
brSi R, fedm A A M AR i, Wil 7 [11] Aydogan Savran, Ramazan Tasaltin, Yasar Becerikli.
B R MPRIET 28, B G 45 & s A A PRI (A a5 Intelligent adaptive nonlinear flight control for a high
R, NHEEI T A IR ] ER B 28, fR4E T performance aircraft with neural networks[J]. ISA Trans,
BATIR RGAEZ IR FAT T RSB B2 %155, 50U 2006, 43(2): 225-247.

FESCERAR LL, BRI v 7 R A A 1) R [12] Shi Xiaoping, Yuan Guoping, Li Long. Adaptive fuzzy

PR A LB SR e T ) ok A M s A #): attitude trackmg.control of spacecraft with 1n?ut magnitude

2) 45 R Iﬂfi’ﬂ%fﬁﬁ%ﬁ?%@? B 3) AR and rate coﬁnstramts[C]. Proc of the 31st Chinese Control

) 7 i >3) Conf. Hefei, 2012: 842-846.

R RE PR %_E‘; 4) %FET}?:%UiﬁA*Mk;SE [13] Chanho Song, Sang-Jae Kim, Seung-Hwan Kim, et al.

I 52 BRF S0, 07 LA SRR 1 A5 S KA Robust control of the missile attitude based on quaternion

%%j{ﬁk(References) feedback[J]. Control Engineering Practice, 2006, 14(7):

[1] Houria Siguerdidjane, Emmanuel Devaud. Nonlinear 811-818.
missile autopilot design based on angle of attack normal [14] Xia Y, Zhu Z, Fu M. Back-stepping sliding mode control
form(J]. European J of Control, 2000, 6(2): 154-64. for missile systems based on an extended state observer[J].

[2] Huang Yi, Xu Kekang, Han Jingging, et al. Flight control IET Control Theory and Applications, 2011, 5(1): 93-102.
design using extended state observer and non-smooth [15] Jay Farrell, Marios Polycarpouf, Manu Sharrna. Adaptive
feedback[C]. Proc of the 40th IEEE Conf on Decision and backstepping with magnitude, rate, and bandwidth
Control. Orlando, 2001: 223-228. constraints:  Aircraft longitude control[C]. Proc of the

[3] Simoes A M, Apkarian P, Alazard D, et al. Lateral American Control Conf. Denver, 2003: 3898-3904.
flight control design for a highly flexible aircraft [16] Mou Chen, Shuzhi Sam Ge, Beibei Ren. Adaptive tracking
using nonsmooth optimization[J]. Aerospace Science and control of uncertain MIMO nonlinear systems with input
Technology, 2011, 15(4): 314-322. constraints[J]. Automatica, 2011, 47(3): 452-465.

[4] Tain-Sou Tsay. Decoupling the flight control system of a (171 BRAF 5, MRE M, RIS, T30 ©AT /1A M), dE st dest
supersonic vehicle[J]. Aerospace Science and Technology, HTOR A2 H AL, 2000: 36-48.

2007, 11(7): 553-562. (Qian X F, Lin R X, Zhao Y N. Missile flightf

[5] Meyer G, Su R, Hunt L R. Application of nonlinear aerodynamics[M]. Peking: Beijing Institute of Technology
transformation to automatic flight control[J]. Automatica, Press, 2000: 36-48.)

1984, 20(1): 103-107. [18] Zhigiang Gao. Active disturbance rejection control: A

[6] Lane S H, Stengel R F. Flight control design using paradigm shift in feedback control system design[C]. Proc
nonlinear inverse dynamics[J]. Automatic, 1988, 24(4): of the American Control Conf. Minneapolis, 2006: 2399-
471-483. 2405.

[71 Chao-Yong Li, Wu-Xing Jing, Chang-Sheng Gao.  [19] Jay Farrell, Manu Sharma, Polycarpou M. Backstepping-
Adaptive backstepping-based flight control system using based  flight control  with  adaptive  function
integral filters[J]. Aerospace Science and Technology, approximation[J]. J of Guidance, Control, and Dynamics,
2009,13(2/3): 105-113. 2005, 28(6): 1089-1102.

(8] W%, ZRUGHE. FE T P& W 4% 1 IR0 S B JE 2k 1 & (201 BHE®, Wm %, R AR RGN B IE R
LAl SARPER[T]. ] 5 YUK, 2012, 27(1): 65-70. IS E U], S H e 5, 2014, 31(2): 148-
(Hu Y A, Li H Y. NN-based dynamic feedback 158.
backstepping control for nonaffine block nonlinear (Cheng C H, Hu Y A, Wu J H, et al. Auto disturbance
systems[J]. Control and Decision, 2012, 27(1): 65-70.) rejection controller for non-affine nonlinear systems with

91 #H= %, BkE 5o, K. 0 AR & R g Tk adaptive observers[J]. Control Theory & Applications,
fit backstepping % il 28 W 1T J]. ¥ H] 5HR5%, 2014, 29(8): 2014, 31(2): 148-158.)
1509-1512. [21] FHFE, How, Rttt e BRI RGN B
(Hu Y A, Geng B L, Zhao Y T. Prescribed performance PRI, B3hAEER, 2014, 40(7): 1528-1536.
backstepping control of strict feedback nonlinear (Cheng C H, Hu Y A, Wu J H, et al. Auto disturbance
systems[J]. Control and Decision, 2014, 29(8): 1509- controller of on-affine nonlinear pure feedback systems[J].
1512) Acta Automatica Sinica , 2014, 40(7): 1528-1536.)

[10] Xing Lidan, Zhang Kenan, Chen Wanchun, et al. Optimal [22] Haibin Sun, Shihua Li, Shumin Fei. A composite control

control and output feedback considerations for missile with
blended aero-fin and lateral impulsive thrust[J]. Chinese J
of Aeronautics, 2010, 23(4): 401-408.

scheme for 6DOF spacecraft formation control[J]. Acta
Astronautica, 2011, 69(7/8): 595-611.
(FTiEsmiE: F3R)



