Pure Mathematics Bi2%{%#, 2025, 15(2), 79-88 Hans X
Published Online February 2025 in Hans. https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2025.152048

S EHriELe it R Gy FUE B 8] B4R
BRI

ges’, TERA, £%8
[EEREEs PN 6= e R U DL I ]

Weks HiH: 20244F12 H21H; FHHEM: 20254F2H10H; &4 H#: 202542 H24H

R

AHFIT BB — TS0 R 4E D BB ARt R R BOE ERFE 88, AR5 R e i 72 T I 18] Y e sl gl
SEMMENZ . B, ATETEERNEOH AFIAARNRIIREERIN T, BERAG
BUNEAEBRRERRGE. W5, KL BEET E R iR B ) SR BT o, Bt T WA o3
i, A O R AR T R ER T 8 R AR . W E B H K S AF i Lyapunovis &
Ve, BEFRHRIRRY BRI SRES LR R HAETUE R B gk EENE, 544
) [E 52 I RIS SRS AR LE, 275 VAT DARE RIS ] RA MBS 1|, FTIEHIMRER. &fE, B
D7 FLE5 FRAE B T 3K A% ) SRk B T AT A 2

XK ia
SEM AL RG, WEES], FUER Rk, B

Prescribed-Time Sliding Mode Tracking
Control for a Fractional-Order Nonlinear
System

Jinhong Zou’, Yucai Ding, Wenting Li

School of Mathematics and Physics, Southwest University of Science and Technology, Mianyang Sichuan

Received: Dec. 21%, 2024; accepted: Feb. 10, 2025; published: Feb. 24", 2025

Abstract

This research is dedicated to designing a sliding mode tracking controller for high-dimensional
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fractional-order nonlinear systems, with the objective of making the system output converge to a
given desired trajectory within a prescribed-time. In order to facilitate the design of the sliding
mode surface, this paper uses the traditional high-order sliding mode control method to transform
the complex system into a simpler chained-form system. Subsequently, this paper modifies the tra-
ditional integer-order fixed-time sliding-mode control strategy and designs two types of fractional-
order sliding mode surfaces, so that the improved sliding-mode control approach can be applied to
fractional-order systems. By differentiating the sliding mode surface and leveraging the Lyapunov
stability theorem, the two classes of fractional-order sliding mode controllers designed can ensure
that the system output tracks the desired trajectory within the prescribed-time. Compared with the
traditional fixed-time sliding mode strategy, the proposed method has a significant advantage in
that it can freely control the maximum convergence time of the system. Finally, two simulation re-
sults demonstrate the feasibility and effectiveness of these two types of control strategies.
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Figure 1. The output and desired trajectory of system (28)
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Figure 2. Output tracking error
2. MiEERIRE

BilF 2:
9T YE R 2 AT, X RAT TR A e R G
D" =X +X%,

D", =X} +sinX, +(L+sin® x, Ju

Hrih=1. 4s,=x, s,=D" , A%ELEFHLN:

(1)

DOI: 10.12677/pm.2025.152048 86

LN


https://doi.org/10.12677/pm.2025.152048

§,=8,=X +X,

S, =X+ X +5in X, +(1+sin x, Ju (32)
TEEARGA, AX) =X+ +sin%, , B(X)=(1+sin*x, ). HHUHRHLA:
2
:{(14) O<t<1 )
0,t>1
BB AT, =1, HIRER 2, T u=01, A=15, B=15, o, =2, k=4, k=4, FH%
witA:
u= B(x)’l(Dzyd _p* (15Lz1ﬁ5“2/1*°'“12 )—4sign(s)—4Lsf - A(x)) (34)
Horig e s 5t

1.527 /110127

s= Dlzl+D°(ﬁL21J (35)

R GBI (x(0),%(0))=(2.5). RMAAERIE 3 M HLEHIE, BRI
A 0.2 min, T T BABGIE R 58 2 47 R

2.5

x,(0)
yd

05

-0.5

0 0.15 1 1.I5 2 215 3
times (s)

Figure 3. The output and desired trajectory of system (31)
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