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Dual-layer constraint structure-based low-complexity pre-set time
tracking control for uncertain systems

HAN Chong-chong"?, LIU Zong-cheng't, LI Qiu-ni', CHEN Yong', JIAN Jia-long', SUN Ya-nan'

(1. Aviation Engineering School, Air Force Engineering University, Xi’an 710038, China; 2. Unit 93682 of the
PLA, Beijing 101300, China)

Abstract: To address the issue of uncertain strict-feedback systems with full state asymmetric and time-varying
constraints, a low-complexity pre-set time tracking scheme based on dual-layer constraint structure is first presented.
Firstly, the constraint transformation function is constructed to implement constraints on states of the system directly,
which transforms state constraints problem into the new states bounded problem, removing the feasibility conditions.
Then, combining with a pre-set time performance function, a new coordinate transformation is introduced to construct
the states and tracking errors, thereby the dual-layer constrain structure is completed, in which the inner boundaries are
used to deal with the constrained states, and the virtual control and actual control signals are designed through the outer
boundaries. Therefore the potential singularity problem caused by the states approaching constraint boundaries is
solved. Finally, the simulation results verify the effectiveness of the proposed scheme.

Keywords: low-complexity control; dual-layer constrain structure; constraint transformation function; full state

constraints; nonlinear system; pre-set time tracking control

0 3 & i) B30 STk (6] B0 — 25 BEMLARZE 1 R 4%, S i i

BEE IR TAL PR R R, REF 1% PR WIS RGN RS0 R AL 1 R SR AR AR
s MEAI AR YE H 25 0, A ARk R Gt B, B T — R bR oA BRI D) 92 0 07 5. ST (7]
I L PN A S R aE L AT 2ol b M OB S 2 PNE 2 it o b - W S R GLEZ LE %5
Wi RS BA BENESMGT RAERIERBRE R T R EE R R T SEELE 5 1A
I3, BT MR TR AN E AR v RG] ORANARZE RS ER BRI, ST [8-9] 22 ML T

Wris HEA: 2024-07-06; FF HHA: 2024-09-09.

EEWH: HXBEARFIEETH (62106284); Bt H AR AIARRT 7T 1HRITIH (2023-JC-YB-522).
RIERE: LHT

BE . E-mail: 1iu434853780@163.com.


https://doi.org/10.13195/j.kzyjc.2024.0805
mailto:liu434853780@163.com

%34

Shob ok S AR T IR 2 R MO A T R AR B 4o B TR 1] SR FE 42 ) 1051

L 2 RO R G H T — P B & R 7.
SCHR [10] &1 5 ANH 2 4 I R G, JE T RO 4 R
Gt T —Fh B 3G LS R ) U . SR,
e i, BRI TR R RGRAE A LR
MIZAE T HRH I, (B SE PR R G H, RS 2 236
B B B AR A LR, 90 G0 e AN ALAE 38 3 ok A5 4 [
B B2 B R EEAT W R R B S B R R —
B AR B KA A B SRR A, IR A HOIRES
N ARZR I R G BR i ] ) LA SR

NT R RRL R, BRI ERE T
BT [ RS pR B o) v Sk [14-15] 2
0T H RS R BB T — & B AR 7T, ARAE
ARG 5B R ZRA L TAHRID RN, b5
T %o BB b B B, SCHIR [16] BT 06— 38 B A IR 2 I SE
FARS LRI 2 8 Ge 1k R G5, Fe T 0l & 3
WS N 8 P2 AR PE T —Fh bl 77 v, SEBL T
T de A R At — B SCHR [17-18] 23 BIRARAS
SR LR sl Sy 7 W e W ey i = B & i W
B G, B AR T R IE YIRS i g M 4y
B RS B K022 T B AR A L R S, [RIRE
B T 23 R R s TR SEEL A R R 4
1 R 4 ) 7 T R B R 3, (H RGUIRES A A @i
PRAIE 15 72 A2 20 SR S A1 1 [B) 422 SE B I B8t 0 2541
B R AR B 5 0 L v AT R A, RIS 15 5
BB TR LRI R P, BRI R 1% 2% A4
e AR A% HAS 5 s BT

N T HUH LR R AT MR IX — PR R B 2%
i, SCHR [26] £ X — RS HON I E 7™ 5 R 4,
o A4 3 5 240 TRCIR A5 AH O 1) A 2 1 S R, K 2
R RGN LA R ARG, 456 HiER A E X
FEH T — B OGT AAT VSR AR 0 R ER A R 5 k. FE
Bt b, SR [27] EFRE— 288 7 1) AR 0 R B HL L)
B RG, 1R T & MR k. SCER [28] T
R ES, B B AIRES LR P N RS
TR EERE S T, R RAREEREES
BEL R T) P T 8. SCHR [29-30] 38 #y 2 —Fh 5 2150k
ASAH I 6 B0 R B AT R e 4, e AR T —Fh
TG 7 AT AT P 2% A TR A BRI () R B 4 1) SR M. 7 B4R
HR R, 3R SCHRTE AL B 2R G0 A Al 2k o R B, 34
SR FH A 28 0 25 BBER R 40 5%, BARINAS T B
R4 1 SR E H T o 4 X 4 RSB 32 48 2R 55 10 5
N, 1#15 RGUER B R Z ST — &R 51 AR S8 B
1 DX 8] PN, T G ARAIE ST P F e DX T, HSCk
[29-30] REFGF RGURASZH LR, ik EERNH
TRAEZIN AL R R G, Ak, @i BTk

THI P 28 B R i m, 29I N BE R S5,
MR RIGIN R G HITHE AR, 55— 71, 56 T RS iR
B Ik, MARGOIRSIEIE LR, KA ER
G 5 ML bR hilE ST, MAAIEETE
(23 S 1 1) . AL, F 9 AR T — PSR T R 2 1Y
B A RGN H R G IRE A, [FI AL 08k
ARGV A 5 1 il o 7 v B R
W55 SEBr B AN E.

BT R, A SCE KB RE LR
7 I ot R 48, $ H — P B A R L) R S R
J FE T N ) R 4% 1 7 v AR SCAHT A R

1) EFXFSCHER [10-30] A2 7E IV 7L A7 57 il i, 12
HH ol U2 249 SR 45 4, E 12 45 4 o R P A 3 24 ol
B RS LHUIRZS, 18I A5 20 A0 i R
BRI S bR S 5. RSN, FIEEUE 7 R4
AT

2) AR SCHT VU IR 1) 48 O 75 A8 B AT AR Ak T B
(P22 2 BB 12 4 2R 40), HAR 48 R 5 IR ER R 22
A K, G, B AR VAR, [RI HF TBE I [R) R 4
X5 51N, (545 2 Gt 1% 22 fe 75 T3 TR g 8 & 1l
B IX [H].

1 SR

RN T — A RS LRI R 5

ARG

T; = gi(Ti) @i + fi( @) + di(2),
1=1,2,....,n—1; .
=@t @) +d@

Ho:z, =[xy, 20,...,2]" € R(i=1,2,...,n),y
€ Ryu € ROPMARGARE. ¥ N, fi(-)f
g (VN RBERMALLEE SR E H g,(-) > 0, d,(t)
HNERGARHA FINE.

AR AR N (1) st — R R A XUZ
LIRSS MR 28 a1 7 1%, fH45:

1) 2G5 y BELE T[] Py S E B R S B (S
T Y

) RIERGRE 2, (1= 1,2,...,n)lH&LTIE
PRI N, HAR R IAE

—F(t) <z, < Fu(t), i=1,2,....,n, (2)

Horh Fyy (8) R0 Fip(t) 9 7 4% IR A2 68 3, HLFS, (¢) AN
F,(t)B— A g S E0ES: HA

3) MR RGN A (S 5 H#0 =& 5.

UL, i DU R

R 1 MHEE Sy, LSy, 2670, BAF



1052 = % 5

*x R £40%

EIEHE A, Ay, By, By, 13 2y, € 2,, 2, :=
{y. € R|— F,, < —A, <y, < Ay, < Fi,}, Ik 4,
—B, <9, < By;

B 2 rEfEdlRIt R, REGUREE AT
=1

1 CARERGR, FEA SR REIET, 4
W N 8] [ AR & 1.
2 BB SRR ST
2.1 AFREHBREH

N T BHEACEE R G L) FORAS G W T 2R 4
BRI%L:

€;

G = (Fyy + ) (Fyy — ;)
MTERE —Fy <@, < Fo, (2™ 8% 551
K, Y4z, —» —F,8x, — F,i, ¢, — oo. KL, #
G €Ly, W —F, <z, < Fy. B1 T (F, +4,)(F
—y,) < (Fiy + Fo)?, (Fo 4 2)(Fy — x;) < (Fad
Fio)?, AW LF = max (Fu(t) + Fa(t)), &2
F 9ok 015 06 3 5, ) 2t B3) A, x; < F¢,
y, < FC., IR 3) BIERG RSz A EE S
y, FI4ET.
S (3) K G5
(= wad, + @i (4)

i=1,2,....n. (3)

Hrp
F,Fyy+ 2?2
T Fa 1 1) (Fa—2) ©)
[EpyFip+Fy Fy+(Fy — F)x]x ©
(Fi+z,)* (Fy — x,)°
WARIE N A AR R B (3) IS, 1S R GUIR
BAR x, AR R FEPE R R, ) JFOIRES 52 IR &

gt (1) ¥A I R4
{ Cz = wil(gi(ji)Xi+1<i+l + fz(jz) + di(t)) + Wia,

Wiz =—

Co = @t (90 (B )u A+ Ful@,) + du(t)) + sy
=G
(7)
Hry, = (Fiy +x,)(Fy — ), i =1,2,...,n—1.
22 SR
ARSI RS (7) (il gssrt, @ S~ oEr
1) 222 e B R B

1
z; = ——arctan(n(§; — 1)), 1=1,2,...,m;

ki(t)
Ya

(Fn + yd)(Fu - yd)‘

oy =

(8)

Horp Bl R EG o NIEIIERIE 5, R AR5 3C
et kD i T Sk R I TIBEIS TR RE oA 5, Ak
A

sin27t /Tt
-k (F5 7))+
kz(t) = 0<t<T; )
koo, t>1T.

EH:0< k. <l,i=12,... . nNIEFHEH THH
Y B TRBE AN [7) 8 4L
BEHTN HEAME M5 5 RS briE difE 5

a;, = =\ tan(z;), 1 =1,2,...,m; (10)

U= a,. (11)

W2 FHBEEREzZ =( — aXERER

Gt (7) AT SR RO, MR RS (1) W&z, @ik

L) S, (AT TR T, IO fid kA v i) R
B R Ge I K 45 S 5 S bR hilE S BT 1.
TEARSCH, JBIS XA 5 RS0 (7) 35T B hig of 50 L
RREIEAT 2R GRS R 22 e 4, B 0L B 24 TR &
F, #5285 M RGOIRES v IR AT LR VE A,
AT DA 230k G R Guvs A5 77 7 1 10

E3 dHR @) A0 A (1) AR, Tie
REAL ) AL 2 S PR A R 5 RGIR R IR R
K, MAE RGE R, BI85 2 588
K1), AT LA E RN H T HA R i,

vE4 B (10) 1 (1) "TRLE W, AT
(1) K 0L92 1A 5 A S PRz 45 5 AR 3 AN B oy TR
PEPE AT, DRI H — i S 1 B 1) VR AL B il oy ok
JE” 0] .
2.3 Retatr

FBHE1 HEMRE AR 2 Z 4 TR E
R R G, 5 RAEVMAW L —F,(0) < z,(0) <
F,(0), MZEHIE 5 (10) F (1) A% H R4
T, et Se B Hbx:

) BT M3 /4554 R —8H 5

2) Rkt y e TG [R] 3 LA TR P Ao e
HREFIHEE Sy,

3) RGMREx(1=1,2,...
LI gTE P, B

—F(t) <x; < Fu(t), i=1,2,...,n.  (12)

BB Bl (8) MTLAF H|2,(0)] < w/2, HAFLE
— AN IEH B M, 515 |2, (1) < My < w/2. & SR ZE
s 2 )T U AR AR
Ey=[-M" M]x...x[-M",M].

,n) WAL T ARXT AR

&z = [21, 20, . .

(13)

n-times



%34

Shob ok S AR T IR 2 R MO A T R AR B 4o B TR 1] SR FE 42 ) 1053

Ha: M- = max { My, arctan |c;5|}, ;s WA FRIE
BHOPHE IR SO D

G0 < M* < =/2, % Bk I =, 4 1% 2 [n)
B2 A, W E R 1 @RS, NSl bk B
B TS0 L 2 = nax RGN Zona 5 FEN
TR, -

B 1 XTVEe0,00), zn < M*HRAL,
M5 AR = iR Z B AL, BIVE € [0,00), Zua
< EMERAL;

BOL 2 A7 AE I IE) H B Ve, € [0,00), 15
Zimae = M, MERIRNTTVE € [0,t), 2 < Zp, N
RFFUEBTEYE ), € [tar, 00) B, 2, < EATIHEKOL.

FRAE Ky B8 SCAT SN, TVt € [ty, 00), B

E XN EE A
s _(_TT _ T
_z—( 2,2>><...><( 2,2). (15)
W Z e LATLAMBHE, € =, Hz, € Z.EKE
o)< (16)
2 7 2’
120 (8) FT AT H:
tan(k, 2,
Ci:M—i—ai_l,i:l,Z...,n. (17)

X (17) WTA, G H Ey, 2y, a8 B HTIE B2 58
B, I HATRNE,, 20, a0 A FEREL TG M G (d
3,4,...,n)AERLG®.

stepi (1 =1,2,...,n): X z,3RF 015§

n(G — dia)
k(1 + tan®(k;2;))
(18)

ki
z; = _E arctan(n(Ci—Oéi_l))+

€ X 1R Lyapunov B %L
V= %tarﬁ(zi). (19)
M= (7) A1 (18) AT, V0TI [a] () 4
V, =

tan(z;)
k; cos?(z;)

( - k‘;Zl + nwﬂgi(ii)x“rlgﬂ +

1+ tan®(k;z;)

n(wll(fz(jz) + di(t)) + ;e — di%)
1 + tan®(k;z;) ) (20)
R0 (10), (11) A (17) 4UN (20), FT 45
. tan(z)
V= E;(t)cos?(z;) (Eioi+T0). 1)

Hr

E — NWi19:i Xi+1

" 1+ tan?(kiz)’
Fi —
n(wil(giXH—l tan (ki+lzi+1)/n+fi+di)+wi2_di—l)

1+tan?®(k,;z,)
- kizh
— nwnlgn

"1+ tan?(k,2,)’

Fn — n(wnl (fn + dn) + Whn2 — dnfl) o ];fnZn

1 + tan®*(k,z,)
(22)
X (14)s (16) #1 (17) vl 51, (RS =, |, ¢,
Ziy Ziv1, Xpoe B I8, #BE0 A4S tan®(kiz),
tan (K 2o ) A Tt A6, ke Bl v TERT 45 T B B
GBI, fi, di, w4, w3 ESE, T B ARAE 52 3 0] %
0<ecqi <E;, 0<|I| <cp. (23)
B (10), (11) AT (23) /RN (21), ATS

o ftan(z)|
‘/,' = m( cil)\i tan(zi) + Cig). (24)
5V, < O, Hiltan(z)| > 2 T

C;
ltan(z,)| < cis = max {\tan(zi(()))\, Ac } (25)

miz0 (25) AT 4N

|z;] < arctan |c5] < M* < g, (26)

454520 (10) AT AR o 02 A A, A el (17) /T
3G A FH, RD

P Y

= _COSQZi s k;cos?z; (B + 1) (27)

H AT, &2 A, Hl = (26) 714N
zi(t) € By, Vt € [ty,0), i =1,2,...,n. (28)
é;ﬂ:t:éo <t<ty EH‘, Zz(t) S 509 EES
zi(t) e =, VE20,i=1,2,...,n. (29)
UL BTSN, Zp a2, AR, IF H RS
Firf FIME 54 R 5. dE—P X (26) 7T 15
|2,(8)] < M* < g (30)
= (30) F10 < ky(t) < 1743
¢ — ao] < tan(k, z,) - tan(k:lﬁ/Q).

U n
TER

(31)

Yy—Y. g F(Cl - Cr)? (32)
i (32) #—Hrr

F kiw
y—y < F(G—¢) <  an (7) (33)



1054 = % 5

T ¢, BEAE TIALIN (8] TP AP RS B2 BR R €., i
i e B A 1 LA R o, 545y WA F /< 1,
ARG gy REE TR [ T W BRER y,., Bly — v, 7E
TR (] Py YScSi Z2 Tiis [X (). O
vES a0 (33) A, @Rk IE Rk, R AIER K,
B, T DAUR Y 2 40 PR i 1 22 R S IX (R (1) K/, T34,
FH P e gt e B 3 AR B ) 0 T mT DA PR R R 22
BRSSO A o 1 2K (33) Hhr o U A RS, T
DAl—e R E AT ERERIRZE IR/, (EARSE K (8)- (10)
ALY BT RR, n HUE B R AN B 200 352 22 2, () RN, K
20 R AL 95 N RS PR i AN i (0= 1,
2,...,m— 1)u RN, Bk, n A EBUERK.

3 PiERRIE

FEAHE RS

{il = gi(x1)xs + fi(x,) +da(t),
Ty = gao(ZT2)u + fo(72) + da(t),
Y = 2.

Hr: g, =5+0.5sinz,, f; = 2,2+ 0.1cos 0.5z,

fo = 0.12y25 + mye7 12l + 0.05 sin(xy2,), S5

N dy, = 0.5sin(t), d, = 0.5cos(t). RGRELIHKIA

SN Fy = 0.8+ 0.2cos(t), Fip = 0.8+ 0.2sin(t),

F,; = 0.8 4 0.2cos(t), Fy, = 0.8+ 0.2 cos(t).

REGWIEIRE N2, (0) = 0.5, 2,(0) = —0.7, 1
P55 Ny, = 0.5sin(t), #Hl LK SN
T=1, \=5, \a=1, ki.o =0.01, ky. =0.01,
n = 5. WAk, T UERA B O VE SRR, TERI IR
RESAH LG SAHFE DL, BA ST ITVE O
N ML) 5 SCHR [25] #8073 O6 B M,) #3547 L,
R [251 KB E Ne, =5, =1, v =02, 7,
=0.1,0,=0.1,0,=0.1,e=0.1, HiE NS HHY
5 79b,(0) = 0, by(0) = 0. XF LA EL &5 R 1 ~
Kl 5 .

M1 AT 2 7T DUFE PR ) D7 kS e A
RGERBRFFELARL AN, HRGHHHAEGR
LF R R R RAOR . AT 3 W BUE H, BRATIAG M B 2 I
EIP N E R RPN R K NS Nk S DN

(34)

LO b i

0.5 \\I' \\‘/ \\,’ ‘\,I ‘\

S W\M

st MOV VOV

10 ‘,/ ‘\I ; I\\ ll \ I' N I ) N

0 5 10 15 20 25 30
t/'s

Bl Rty (n = 5)

xR $40%
1.0
M, M, -F F
0.5fF, ™ *
“ 0y, ™ -
R U
705 |l PES
-1.0}
0 5 10 15 20 25 30
t/'s
B2 RGHKSz, (n=05)
50
M, M,
i 1
S =50} 0 ‘m";\.fm”‘\s;h"_a’«"w/
- X ,
—100§ 0 10 20 30
“150b——
0 5 10 15 20 25 30
t/'s
B3 RgiAu (y=5)
0.6
M, M
0.4 |
o
L 0.2 |
0 _______________________ _~=f ==
-0.2

0 5 10 15 20 25 30

B4 RFREFREy—vy,. (n=5H)

M, M, -F F.
[ e e e T
— 3
_ N -2
3 t_,‘:( Sl ke, <d
20t -1 .
0 10 20 30
-30

0 5 10 15 20 25 30
t/'s

E5 REEPIEHES o ()= 5)

B 4 W] LA Y, ASORT I 5 ik B S 4
Ik RE, LR B R 22 W] LR PRSI [ Y e s 2 Tl s
DXTa]. AP 5 ) RATE HY, P28 115 2k 10 R UL 42 A £
ST B R AT IS, N 1~ & 5 T LUE
RGPAHE S

N T HE— PR E I R HON R Geda i A A 52
M, By = 10, HAh ZHARFF AL, KA KA H A
BARC N M, XL AR WK 6~ & 8 P,

MK 6 FTLUE H, fE R GATIRIRES . F 28 25
AN RE bR B AR IS DL, RGEIERER IR
ZEMZE LT — 2 (HIE 7R 8 AT LLE H, BEE



%34 Fhob b R T IR 2 RGBT R R AR L A B IR T 1A 3R 97 4 ) 1055
06 AT KT HL A8 B (3], 5 e, 2024,

oal | 39(6): 1778-1786.
< : 0 lrf"‘a-r"‘»_«'\ AN (Wang Y L, Li Y P, Li L. Trajectory tracking control of
s 024 L , underwater vehicle considering state constraints and
0 11[,:::::::‘1:::;3?:,:::3(’2”23 actuator saturation[J]. Control and Decision, 2024,

M, M 39(6): 1778-1786.)

-0.2

BB R R, RELE R 5

t/'s

Elo RGIREFRE y— vy, (n=10)

0Is:::::::::::::::::::::::::::
; 5
2200 F oA
-400 - 10 30 30
M, — M,
-600 t . . . .
0 5 10 15 20 25 30

t/'s

B7 RGHAu (n=10)

S20 b oA
_ | SN e
< .
-2
40 t 0 10 20 30
ceeM, —— M, === F, ---F.
,60 I I

0 5 10 15 20 25 30
t/'s

ES REEIEEIES, () = 10)
S gz G Tt

BRI 6 W LU H, B 18 KA BT/ R
BRRZE. DRI, B RN EEARAE SE R LR B HX.

4 4 ®

AR XS —

REA WS LRI AT E 7™ S5

ARG, R T Rl B U 2 RS H AR R 2R FE T
VN ) 28 /1) J7 V. AR DRAIE R GRS AN I [ 4 %A
BT OL N, SEBL T 2R e BN R R 22 AE TIUUIN T A YL 8
EPRIX A]. eAb, AF T DAAE S T B A5 e A0 A0 42 )
Jiik, AT MEL R HIF R T 2 R GINEE

A HTA TS, R G RN GG 5 L Brz dilfE 5
T 75 KT 3 s P 7 e e 1) AR e, 30 )7 LX)
ISR 1 BTt 77 1A 1.

Sk (References)

(1]

VI NFEX A ARS LR T
A b R PRI [D]. $5 )

FRIE, AU, ARTE, 55
ANH E AR L R G PR RS E
5k, 2024, 39(2): 490-498.
(Wang J H, Du Y P, Zou T, et al. Fast stability event-
triggered control for uncertain nonlinear systems with
input dead-zone and full-state constraints[J]. Control and
Decision, 2024, 39(2): 490-498.)

FFR, T, FR. FBERELR G HIAT S EA

(3]

(4]

(5]

[6]

[7]

[10]

(1]

[12]

Liu Z C, Huang H Q, Park J H, et al. Adaptive fuzzy
control for unknown nonlinear multiagent systems with
switching directed communication topologies[J]. IEEE
Transactions on Fuzzy Systems, 2023, 31(7): 2487-
2494.

Zhou Q, Zhao S Y, Li H Y, et al. Adaptive neural
network tracking control for robotic manipulators with
dead zone[J]. IEEE Transactions on Neural Networks
and Learning Systems, 2019, 30(12): 3611-3620.

Lin Z B, Liu Z, Philip Chen C L, et al. Adaptive neural
inverse optimal control with predetermined tracking
accuracy for nonlinear MIMO systems[J]. Nonlinear
Dynamics, 2024, 112(6): 4449-4464.

Yuan Y X, Zhao J S, Sun Z Y, et al. Fast finite-time
adaptive fuzzy control for stochastic nonlinear
system[J]. International Journal of Control, Automation
and Systems, 2023, 21(12): 4123-4132.

Wu Y F, Yue D. Robust adaptive neural network control
for A class of multiple-input multiple-output nonlinear
time delay system with hysteresis inputs and dynamic
uncertainties[J]. Asian Journal of Control, 2019, 21(5):
2330-2339.

Bai W, Liu P X, Wang H Q. Fixed-time adaptive fuzzy
control for nonlinear interconnection high-order systems
with unknown control direction[J]. Nonlinear Dynamics,
2023, 111(18): 17079-17093.

Meng S Y, Meng F W, Yang W, et al. Robust adaptive
fault-tolerant asymptotic tracking control for magnetic
levitation system based on nussbaum gain and neural
network[J]. International Journal of Control, Automation
and Systems, 2024, 22(1): 163-173.

Chen L, Wang Q. Adaptive fuzzy tracking control for
pure-feedback systems with event-triggered strategy[J].
International Journal of Control, Automation and
Systems, 2023, 21(7): 2202-2209.

Jia T H, Pan Y N, Liang H J, et al. Event-based adaptive
fixed-time fuzzy control for active vehicle suspension
systems with time-varying displacement constraint[J].
IEEE Transactions on Fuzzy Systems, 2022, 30(8):
2813-2821.

JiaFJ, XuSY, Zhang B Y, et al. Fuzzy-approximation
adaptive prescribed performance output regulation for
uncertain nonlinear systems[J]. IEEE Transactions on
Systems, Man, and Cybernetics: Systems, 2022, 52(7):
4300-4310.

Sun W, Su S F, Xia J W, et al. Command filter-based
adaptive prescribed performance tracking control for
IEEE

and Cybernetics:

nonlinear
Transactions on Systems, Man,
Systems, 2021, 51(10): 6555-6563.

stochastic  uncertain systems[J].


https://doi.org/10.1109/TFUZZ.2023.3235388
https://doi.org/10.1109/TFUZZ.2023.3235388
https://doi.org/10.1109/TNNLS.2018.2869375
https://doi.org/10.1109/TNNLS.2018.2869375
https://doi.org/10.1007/s11071-023-09075-5
https://doi.org/10.1007/s11071-023-09075-5
https://doi.org/10.1007/s12555-022-0758-4
https://doi.org/10.1007/s12555-022-0758-4
https://doi.org/10.1002/asjc.1831
https://doi.org/10.1007/s11071-023-08724-z
https://doi.org/10.1007/s12555-022-0414-z
https://doi.org/10.1007/s12555-022-0414-z
https://doi.org/10.1007/s12555-021-0953-8
https://doi.org/10.1007/s12555-021-0953-8
https://doi.org/10.1109/TFUZZ.2021.3075490
https://doi.org/10.1109/TSMC.2021.3096033
https://doi.org/10.1109/TSMC.2021.3096033
https://doi.org/10.1109/TSMC.2019.2963220
https://doi.org/10.1109/TSMC.2019.2963220
https://doi.org/10.1109/TSMC.2019.2963220

1056 = % 5

*x R £40%

[14] Tee K P, Ge S S, Tay E H. Barrier Lyapunov Functions
for the control of output-constrained nonlinear
systems[J]. Automatica, 2009, 45(4): 918-927.

Liu Y J, Li J, Tong S, et al. Neural network control-
based adaptive learning design for nonlinear systems
with full-state constraints[J]. IEEE Transactions on
Neural Networks and Learning Systems, 2016, 27(7):
1562-1571.

WA, £57, FH, & REIHEM RS R
ZERER R G I N FH A R AR )], 5 R,
2022, 37(4): 892-902.

(Fan L R, Wang F, Zhou C, et al. Adaptive event-
triggered control for multi-agent systems with state time-
delays and full state constraints[J]. Control and
Decision, 2022, 37(4): 892-902.)

Li Y, Liu Y, Tong S. Observer-based neuro-adaptive

[13]

[16]

optimized control of strict-feedback nonlinear systems
with state constraints[J]. IEEE Transactions on Neural
Networks and Learning Systems, 2022, 33(7): 3131-
3145.

Wu Y, Xie X J. Adaptive fuzzy control for high-order
nonlinear time-delay systems with full-state constraints

[18]

and input saturation[J]. IEEE Transactions on Fuzzy
Systems, 2020, 28(8): 1652-1663.

Wang H Q, Liu W, Tong M. Adaptive fuzzy fast finite-
time output-feedback tracking control for switched

[19]

nonlinear systems with full-state constraints[J]. IEEE
Transactions on Fuzzy Systems, 2024, 32(3): 958-968.

LiuL, Cui Y J, Liu Y J, et al. Adaptive event-triggered
output feedback control for nonlinear switched systems

(20]

based on full state constraints[J]. IEEE Transactions on
Circuits and Systems II: Express Briefs, 2022, 69(9):
3779-3783.

Zhou Y, Dong W H, Liu Z C, et al. IBLF-based fixed-
time fault-tolerant control for fixed-wing UAV with
IEEE
Transactions on Vehicular Technology, 2023, 72(4):
4252-4266.

Gao T, Li T, Liu Y J, et al. IBLF-based adaptive neural
stochastic

(21]

guaranteed time-varying state constraints[J].

[22]
control of state-constrained uncertain
nonlinear systems[J]. IEEE Transactions on Neural
Networks and Learning Systems, 2022, 33(12): 7345-
7356.
Liu L, Gao T T, Liu Y J, et al. Time-varying IBLFs-
based adaptive control of uncertain nonlinear systems
with full state constraints[J]. Automatica, 2021, 129:
109595.
Wang C X, Wu Y Q, Wang F H, et al. TABLF-based
adaptive control for uncertain nonlinear systems with
time-varying asymmetric full-state  constraints[J].
International Journal of Control, 2021, 94(5): 1238-

(23]

(24]

1246.
[25]1 LiuL, Li X S. Event-triggered tracking control for active
seat suspension systems with time-varying full-state
constraints[J]. IEEE Transactions on Systems, Man, and
Cybernetics: Systems, 2022, 52(1): 582-590.
[26] Zhao K, Song Y D. Removing the feasibility conditions

imposed on tracking control state-
constrained strict-feedback systems[J]. IEEE
Transactions on Automatic Control, 2019, 64(3): 1265-
1272.

Liu Y L, Hao L Y. Adaptive tracking control for

constrained nonlinear

designs for

[27]
nonstrict-feedback  switched
stochastic systems with unknown control directions[J].
Applied Mathematics and Computation, 2024, 473:
128666.

Wang S Q, Yang W, Jiang Y L, et al. Singularity-free
finite-time adaptive optimal control for constrained
coordinated uncertain robots[J]. IEEE Transactions on
Human-Machine Systems, 2024, 54(4): 385-394.
HKRA, A, R A, & BARELRAARE
BBl 2 1 7™ M B 1 2R 48 A RN TR) B 3 R Bl 2 14
HI[I]. T2 5 P sk, 2022, 37(1): 108-118.

(Zhang T P, Deng W W, Wu Z W, et al. Finite-time
adaptive dynamic surface control for strict-feedback

[29]

systems with full state constraints and unmodeled
dynamics[J]. Control and Decision, 2022, 37(1): 108-
118.)

AW, TG, KR B M BRI
YA 7 A% S5 Tt B AL AR 2 A 2R 48 10 A RN (1) 2 25 T 4%
HIII]. $ah 5 YL sk, 2022, 37(10): 2575-2584.

(Zhu X F, Ding W W, Zhang T P. Finite-time dynamic
control  for

(30]

surface nonstrict-feedback  stochastic

nonlinear systems with input quantization and full-state
constraints[J]. Control and Decision, 2022, 37(10):
2575-2584.)

fE& BN

Epp R (1995-), 59, B A=, 32 B 58 07 1) N R e 4%
il B &R, E-mail: han_chonge@163.com;

URERE (1987-), 55, Bl #%, 184, 32 E0F 7007 [ A8
AsdEdl. KATIEH], E-mail: 1iu434853780@163.com;

ZERKYE (1985-), 2z, YFIN, 14, FZHF T 5 709 H &
M, 2B BRI H, E-mail: 1qnjk1@126.com;

WRE3 (1984-), 55, Bl #0%, 4, EEBEFLT 188 ’AT
Pl B AP, E-mail: cheny 043@163.com;

AT (2000-), B, W4 A, =BT N BE U
%, E-mail: 1330809@163.com;

FNIEAR (1999-), %, Al t-Az, F=TEAF 5007 [l 8 Be 4%
#ill, E-mail: syn 567@163.com.


https://doi.org/10.1016/j.automatica.2008.11.017
https://doi.org/10.1109/TNNLS.2015.2508926
https://doi.org/10.1109/TNNLS.2015.2508926
https://doi.org/10.1109/TNNLS.2021.3051030
https://doi.org/10.1109/TNNLS.2021.3051030
https://doi.org/10.1109/TFUZZ.2019.2920808
https://doi.org/10.1109/TFUZZ.2019.2920808
https://doi.org/10.1109/TFUZZ.2023.3315458
https://doi.org/10.1109/TFUZZ.2023.3315458
https://doi.org/10.1109/TVT.2022.3223121
https://doi.org/10.1109/TVT.2022.3223121
https://doi.org/10.1109/TNNLS.2021.3084820
https://doi.org/10.1109/TNNLS.2021.3084820
https://doi.org/10.1016/j.automatica.2021.109595
https://doi.org/10.1080/00207179.2019.1639825
https://doi.org/10.1109/TSMC.2020.3003368
https://doi.org/10.1109/TSMC.2020.3003368
https://doi.org/10.1109/TAC.2018.2845707
https://doi.org/10.1109/TAC.2018.2845707
https://doi.org/10.1016/j.amc.2024.128666
https://doi.org/10.1109/THMS.2024.3397351
https://doi.org/10.1109/THMS.2024.3397351
https://doi.org/10.1109/THMS.2024.3397351
https://doi.org/10.1109/THMS.2024.3397351
mailto:han_chongc@163.com
mailto:liu434853780@163.com
mailto:lqnjk1@126.com
mailto:cheny_043@163.com
mailto:J330809@163.com
mailto:syn_567@163.com

