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Abstract

Based on finite time stability theory and hierarchical sliding mode control principle, this paper
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studies the tracking control problem of a second-order underdrive system with external interfe-
rence and model uncertainty. Firstly, the nonlinear sliding mode surface is used to design a finite
time hierarchical sliding mode controller, which makes the system achieve global finite time sta-
bility and avoids singular phenomenon. Secondly, In order to improve the robustness of the sys-
tem, the radial basis function (RBF) neural network is used to approximate the upper bounds of
the system’s external disturbance and model uncertainty in real time, and the neural network up-
dating law is designed by adaptive control. Thirdly, Lyapunov stability theory and homogeneity
theory are used to prove the asymptotic stability and global finite-time convergence of the system.
Finally, the effectiveness of the control method is proved by simulation results.
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Figure 1. System control framework

Bl 1. RGITHIRESR

1. BRI
FE S R IR

DOI: 10.12677/mos.2023.122064 679 e RSE TR


https://doi.org/10.12677/mos.2023.122064

s, =¢e, +j; Bsig (e, (z))" + Bysig (e, (7)) dz ®3)
s, =¢, +J'; Bisig(e; (7)™ + Bisig (e, (7)) dr 4)
20,

He, 0<a <1, a,= , O<a,<l, a,= 2a »osig(x)” =|x|"sgn(x), B> Byr By» B NIE
1+ 1+,

WH HEREERNE AT RGN SRR dE SN
_ fy (X) — X4 + isig (el)al + f,sig (62 )az

Uen = g, (x) 5)
o Ta00) =+ st (e)" + st (o) ©
eq2 ” (X)
B RN
S =as, +bs, o

Hrb, ab . BUBIEHIN[17]

S = —k,sig* (S)—k,sig* (S)—k,S —k,sgn(S) 8)
Forbrky,ky ky k, NIEWH, Hk, >ad +bs,, 0<py <1, >1. N THRIERGHI P RELERBITE %
BN SR ez, RENEREA RS FAERD TEEIN EREREEHIE. N T RS ED)
RGO A SR AR AR e, F B I AV 2 ug, . B

+U,, +U 9)

u= ueql eq2 sw

B, Uiy
__bg, (X)Upgy +a0; (X)Ugqgy _ kisig” (S)+k,sig” (S)+k;S +k,sgn(S)

= 10
w ag, (x)+bg, (x) ag, (x)+bg, (x) (10)
JUpsEEtilEe w5
U = Uggy +Uggp +Ug,
a0+ Asig(e)" + Aisiale,) "~ ) b( 1, (x)+ Aisig(e;)” + Aisig (e,) ~ ) an
B ag, (x)+bg, (x) ag, (x)+bg, (x)
_ kisig* (S) +k,sig” (S) +ksS +k,sgn(S)
ag, (x)+bg, (x)
4 Lyapunov &% N
1.
V=38 (12)

R, IR U AR
V, =SS =S(as, +bs,)

= S(a( fL(X)+ g, (X)u+d, — %4 + Bsig(e,)” + B,sig (e, )“2)

+b( f,(X)+ 0, (x)u+d, — %, +B;sig (&)™ + B,sig (e, )™ ))

DOI: 10.12677/mos.2023.122064 680 e RSE TR


https://doi.org/10.12677/mos.2023.122064

H
%
4

=5((ad, +bd, ) - k;sig" (S)—k,sig* (S) kS —k,san(S))
= (ad, +bd,)S —k, |S|* ™ —k, S| — kS K, || (13)
<k, |8 K, || —k,S? <0

3.2. FHEMEBRITHIST

N T RFFELF ST TIRIERE, W B 88 OB AR h — B i BRI DI WORARIE TR 5T d,
EEREE VIR R, PHRIE . A2 W 28 SN B & A ) SR e 2 il N AT R LR, A
ST ELOR B I RS ] (S iR e, A — B AR LN EHIR . RBF 2846 N\ fai 50509 -

h = exp _H (14)
, 207
d, =W, "h(x)+¢&, d,=W, h(x)+s, (15)

Horb, x=[x, % - x] HEEHA, b ORRIBZEIE | ML, ¢ =[c; o - ¢y] K
5§ A B T DR R, by > 0 NBBUE RS IC | A EERTER ST BRE s W, Wy SR AR 4 LA 1
B, g0, NMERGHIRITRE, Hlas +he)|<s, .

RGHNIT % =[e, & e e » MIMLifhY

d, =W,"h(x), d, =W, h(x) (16)

W, W, RftiHRUE. 4
d, =d, —d, =W, Th(x)+& W, h(x) =Vi,"h(x) + &, 17)
d, =d, —d, =W,Th(x) +&, -W,"h(x) =W,"h(x) + &, (18)

Frp W =W, W, W, =W —W, AR R R . Sl

a( f,(X)+Bsig(e)” + B,sig(e,)” — % + &l)
ag, (x)+bg, (x)
b( f, (X)+ B;sig(e;)™ + B,sig (e, )™ — Ky + &2)
- ag, (x)+bg, (x)
kysig” (S)+k,sig*? (S)+k,S +k,sgn(S)
- ag, (x)+bg, (x)

(19)

Horbky > ey IEIEREN

W, = ash(x) . W, = 7,bsh(x) (20)
4. @ MEIERR
4.1, HtRRE MERA

E 1 A FRQOIEMREH RS, WRDHERE) R@OMRO) R TIEE, If AR
IR BRI, WARSKWIMETS, 5, s, RUFEREN.
JE: HY Lyapunov B%CH

DOI: 10.12677/mos.2023.122064 681 e RSE TR


https://doi.org/10.12677/mos.2023.122064

v, =2 +§wgwl +§w;w2 1)
1 2
K G AR Q0 RN T 13
V, = 88— v, i,
a e
=S (a( f,(x)+d, — %4 + Aisig (‘%)a1 +B,5ig (e, )az )

+ b( f, (X)+d, =% + Bssig (&)™ + B,sig (e, )™ )

1 ~+ A 1 ~+ A
+(agl(x)+bgz(x))u)——WlTWl——WZTW2
N V2
=S (ad, +bd, —k;sig" (S)—k,sig" (S) kS — k,;sgn(S))—inllTV\?l —iV\NIZTV\A/2 (22)

1 2

=W, (aSh(x)—iV\?lJ+aSgl + W, [bSh(x)_iV@}bsgz
N 7>

—ky [S|*" K, [S] " —kS? ~ ki S|
<—ky|S|* —k, |8 — kS~ (k; — &y )|S|
<—ky |S[*" Kk, [S]* " —k,S? <0

a1V, >0 i Lyapunov E BRI, RYGEFER . X LML t KRR TS

V, (1) =V, (0) < [ -k, [S[** ~k, [s|"*"* —k,S?dt (23)
i

v, (0) thz (t)+ [ kS| " +ky [S)* +k,SPdo 4

> [k [S[* K, |8 +k,S?do
HA(T) A, Ht=01f, 17
S(e(0))=as, (e(0))+bs,(e(0)) <o (25)

HTW,(e(0)) <o, W,(e(0))<ow, LI FIRIZIt=0M, V,(e(0))<oo, KM

lim [[ ko[8[ +k, [S["* + k;S*dor <V, (0) <0 (26)

WARGESIHE 1, ATt — oo B limS =0, ATUERF REURMTILALENT .t TR B P A~
AL S, WIFECRAIE SIS BT AR e I, AR 2R 2 I AN 2 F2 B 7 W T A e 1, BRI 71 A T
WA BRERRE 1 -

4.2. £HARIETRE IR
TR HIE I H AR T — B P A B RGP B SR BL, AL 2y P A 20 BRAIE I B A 22 R 4t

FA A PR T o
EH 2: MNTRGQ), EAEEEEB), 4), ()AIFEHIEA)N, RS0 R LR 2 4 R FR I A A
&

iE: 1) SR IFRE: H(@8) T
V,(S)=5? (27)

m

DOI: 10.12677/mos.2023.122064 682 e RSE TR


https://doi.org/10.12677/mos.2023.122064

H
¥
4

Vi, (S) =2k, [S|™" — 2k, |S|"*" — 2k,S? — 2K} |3

m+l Mg+l (28)
< 2KV, (S)Z —2kV,(S) 2
iy +1 My +1 AN EL Bk | YL K
ﬁ¢,%;2 <1, 5 >1. Fitk, RGEEIEM B RETEA FRET ) Py S8 M .
2) X-FBRIN AR E: 25, =0, s,=00F, f7S=0, VLI RGRAFmA MR FEUSEEIE.
EM: Bh(e,e,) A, 1T s =0, Mfs =0, &
O ob - %
{m()§ By o 9)
h, (X) =€, =—/sig (e1) - B;sig (ez)
RS
hl(gllelaglzez) =" (% = %y)
h, ("¢, 5%, ) = ~Asig (g'lel)a1 - B,sig (e, )az (30)
=—psig(e)™ &" - B,sig (e, )™ &2
R ST 13
hl(gllel,g'zez):5'1*”‘()'(1—)'(1(1) a
hy (che,, e, ) = [—,Blsig ()" - B,sig(e,)™ }g'z*m
b A AT A
L+m=l, 32)
L+m=la =la,
am=%" o, wn l, -2, l, =1, BN RGAFXRG. B Lyapunov K%L
o +1 1+
w1
Vs =8, sig (o) da+5e§ (33)
XFV, R4

vs = ﬁ15ig (91)051 e, +&,€,
= Bsig(e)" &, +e, (~Bsig (e,)" - Bisig (e,)” ) (34)
_ —ﬁz |ez|a2+l < 0
MV, =0, "[fFe, =0 =0, "[fFlil lasalle JREL[18] 7] %1, 2H— T RARGLHTHEFEN.

IR 2 AR AT RIS (4%, ) RH NIRRT, FEE T RIS (%, x, ) L I
FaE, AT EEAN ROR BN 22 SR AS (1) R 5 1r 2 AE S ST B A BRI TRIC 8. GBS W] 60 R G A A B BRI
W SHB B AR 2 A PR B TR A2
5. TRAGREESH

BRI SR EN RGN BSEl, & 2 AR ENSEHE, BOREZMET(D)E, REHK
A (x), (X)), 9,(xX)s g, (x) HAARER N

DOI: 10.12677/mos.2023.122064 683 e RSE TR


https://doi.org/10.12677/mos.2023.122064

Figure 2. Crane structure diagram
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Figure 5. Sliding surface curve of the system without disturbance
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