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Adaptive terminal sliding mode control for nonlinear systems with
quantized input and time-varying output constraints

YANG Qi-yao*?, PENG Dong-liang't, CAI Jian-ping®

(1. School of Automation, Hangzhou Dianzi University, Hangzhou 310018, China; 2. College of Electrical Engineering,
Zhejiang University of Water Resources and Electric Power, Hangzhou 310018, China)

Abstract: This paper addresses an improved adaptive fast nonsingular terminal sliding mode control (IAFNTSMC)
method for a class of nonlinear systems with complicated disturbances and uncertainties under the conditions of
time-varying output constraints and quantized input signal. The robust adaptive method is jointly used to deal with the
disturbances and uncertainties, and the controller is designed by combining the bakcstepping control strategy with the
terminal sliding mode strategy. A novel time-varying barrier Lyapunov function is constructed to time-varyingly
constrain the output error of the system during operation. Also, a novel sliding mode surface construction scheme is
proposed to improve the error convergence rate of the closed-loop system. The proposed method guarantees that all
signals in the closed-loop systems are bounded, and the output tracking error can converge to the given boundary
constraints. Finally, a numerical example is given to illustrate the effectiveness of the proposed scheme.
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o §z)2ck. XHIEBRZ IRV, SR AR

2
z

o (66)
Tk

W Ao~ As AR (64), 3145 4 (65) A1 (66), AT LHE H
I =

Vapn = 2puipr <

n—1

‘./;n + ZVka <
k=1
n—2 1
Vs, Z ¢ — 5)2 —(eno1 = D)z —
j=2
n—1
1 1N Ly,
(D)5 sk

“[|6 ||2+Z ordi)? + sx+

<§~2—Z

=1
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0, N\~ M P,
2+ DS IB 4 6 0w)? + di] <
i=1

— oL + K*. (67)
/\q:‘
7”:

1 1 1

mln{cl, (Cj 2)7(671—1 1), (?k — 5),

21 1 t Pl
ot s = 5 (B ([ (1) ™) -

2

2 P P
7 EH R 5712_] 2
9 ol [ TN GO R It €
1*1327 ,’I’L,]—2,3, ,7’L—2,

k=1,2,...,n—1.

R 1 AT A, |di| < Dy, XA @A) H A A vg| <
p, 20 (67)

n—1

K* = (0kDr)* +ox + §§+
purt
3 T
[l 1t
L(t) < —2nL + K*. (69)
H 20 (69) AT 15
0< L(t) < I;n + [L(O) - I;ne?nt. (70)

M (T0) AT CAEH, 2 (1 = 1,2,...,n) RBHEL 6, (i

= 1,2,....n) BB RN - H, i LLE H 2 (i
L,2,...,n)ar(k =1,2,...,n — 1) DL FEHIH A u
Sl S RAE R,

RIS, B 20 (70) AT AHE Y V2, 24 FH), X R

kp(t) —m 23
‘Tcot§(1 _ kT?N < 4oo, VEZ0. (71
r 0 (18) T %0
21(0)
0<1—k5(0)\ . (72)
54 (T A1 (72), 7T 51 ko
T 22 T
0<§(1—?§)<§,Vt>o. (73)

B |2, | < Ky 7EPRF R Z0524T koL, O
4 eﬁphmi@ﬂajﬁoa@%ﬁ,ﬂg > 1,
2

Pl

1
Bz >0

5 PERIES ST

N T B UE A SC AT HE IAFNTSMC 5.9 (1 45 %t
W AR SO H SRR 5 [R) 28 SCHR i)t 98 i SR 32 47 0T LG
7 3 IR FH ) R G 225y

T, = X9 +sinxzy + 9—{@1 + dl,
i = vQ(u) + cos(xy + z2) + 032 + da,

Yy=2=ai.

(74)
Hrbiv =195 o1 = [21,27]", @2 = [z1sinzy, 23]";
01 = [1,1TF1 0, = [1, 12T R AN SHn =, B4
MESEDH NG, = [1,1]"F16, = [1,1.2]". {FE+
PRI HLEH I d; = 0.1(xq — 0.5sint) cos 27
Jedy = 0.1sin*(xy + z2). REVIEN21(0) = 0.5,
25(0) = 0. 3H155 My, = 0.5sin (gt)
51 XfEE1

AT R R REXT L.

J5 %1 RIS (51) ~ (54) #4707 2L, Vi A 1 i
FAA SV 0 e B AR 3 M ST (6).

J7 %2 RIS (51) ~ (54) iE47 15 1, 18 1 T i
FHSCHR [16] Bt IR o T BT

HERITSHI AN, = 45,61 = 2,k = 1,
o1 = 0.5,kpo = 0.8, kpoo = 0.02,0 = 5,11 = p1o =
0.001,p1 =5,p2 =3,91 = 13,92 = 3,61 = 1.2, 5, =
1,y = 55,71 = 0.0L,x = 3,b = 0.000006,0 =
0.1, I, = diag(0.001,0.001), I, = diag(0.001,0.001);
BUBRSHIBM N = 0.02,§ = 02 FTER2i&E
F 5 AR SCEREAT F o AR [R) R 1 28 B0 o 2 8 CUik
[16] T FIEA S S H ). B R WE 1~ E4. )\
B LR 2 T LG Y, 7 R VR R 2 BT sSe I R 4t
fiy L KT 0 B B0 (R ST S, R i R 2 AR AE
(—ky, ky), B 77 22 1 IR ERERAS 52 50 4, Wie Sfc 2 sk —
B P30 RGN HHN u, B 4 il N A
JEEUE Q (u).
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60 50
-80 0 0.1 0.2 03 04 05
. ; . . -0.6¢L . . . .
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t/'s t/s
3 IwHMAuGEERD 5 RGHMIHBES RTHE2)
20 .oy T RCSWQI
2
—~ 20 20 5
3 &
S g
60t "’ 3
-20 . . . =
-100 L 005 010 015 020
0 2 4 6 8 10
t/s
4 EURMAQu)(FER E6 #MHiRE (Xtt2)
52 XTE2 6 & ®

¥ A SC AT TAFNTSMC 532 5 40 F SCHR [19]
T £ 1) i 2 TR O N S T R A e N 45 I B
% (adaptive control scheme with quantized input,

ACSWQI) HEAT A R G 2 4 s e B

u =
]. AT .
[— (02 + 5)2’2 —cos(xy + z2) — O30 + 1 —

(1 — d)atanh (?)]/[1 + 4 tanh (%)] — 4;322.

(75)
Hrp
«a :—(c +1>z —sinz; + 9 —éTcp —iz
1 1 2 1 1 T 1¥1 40_% 1,
(76)
éi = Ii(pizi — Gi0:), i =1,2. (77)

i B, IAFNTSMC HE S HUN kyo = 0.35,
kpoo = 0.01,79 = 25,b = 0.000 004. ACSWQI 5211
BN =1,¢0=1,00 =00 =0.1,e =0.1,I =
I, = diag(1,1),¢; = ¢ = 0.1. IAFNTSMC 5% HAth
SR KBRS HIVE S XA . A ST
DA H, PR b i 77 9 T LA A e vy i o 202 R
EEPERE. BB 6 7] WL, IAFNTSMC #9% 7] DL 48 %
R ZEMLIRAE (—ky, k) N, ACSWQI 51k T ik 5L Bl
Wt R 25 2 R AE TR I LA

B PL B ANXT B o] DA, A SCRT I TE BT AR T
A BT IR pA 2R 2R Sl i B, AR SC R 4 i A
EAT DK R ZE 2 R T TR I

A SCHIE T AR S M 2R G AE B A A AR it 2 PR A
BT BB BRI ) A, S 1 — 25 H 3l N AR Ay e A
TR T V. A SR i T — R B A I AR 4 R
15 Lyapunov & %%, F T S B XT & Gt ia 17 19 18] 1) 4
R 22 HEAT B I 1) AR AL B MR B 20 R 4R i 3 R G
R ZE IR B, ST s T — R B e A T A i
T3 58 A FOGS F s RIGAIE 1 AT 5 TV B R
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