202442 A &k HLodk 2= i 5555 % 42 1

doi:10.6041/]. issn. 1000-1298.2024.02. 041

B TR IR B R B R F 5 5] 22 40 B 4 R 12 BR BRI

FXE #He IRY F & FER O I# KXy
(LT Al TR, BT 2120135 2. 1ty EStBUR AL IR A WA A, i 202183)

T NI N2 302 5| RN AR S5 A b SR B8 Al i B 2R BR RS B AR . R iU 18 P TP RE ) 22 55 R
PR T — B TR PR T 3 A s o A T g | 2K A Ak I R A AR O *ET;’D?’HJFHZE% eI
A% ST A B L LR AR IR R 22 R TR Y — ﬁ%?m*ﬂi’%ﬁ%&ﬁiﬂﬁ B A AR B AR R R TR L R T
TR T B AR R S RHR S LR AR B R R, @ 3 Lyapunov i M 43 A AT, B B 4a i O i T AR IE 2 51 AL
AR S % 1A%, Wi B Ml =% Hiia,%jf Simulink {5 B 5 52 42358 30 % 32 45 1 77 1 09 A R0ME 5 00 R 1 E
AT o F RS 42080560 2 B, (ff F AR Seds il O 1k B 46 2 R 2 e K I AR IR BB 8 1l 352 22 43 331 Ol 0. 11,0, 12 m, Hi 4
IR 22 BRI 5 22 07 2243 310 0.001 3 .0. 001 5 m” ; MI4: T 1 4 5 T 25 b 30 A 14 31 Ao T A 42 1 8, - 2 i R4 T 24
58% , fie KRB DR 22 /N2 66%

KR RIVELI LW, BRI WRAEH; B0 G
hESERS . 24 ERARIRED: A X EHE: 1000-1298(2024)02-0415-08 OSID : e

Straight Line Path Tracking Control of Agricultural Tractor-trailer
Based on Fuzzy Fast Sliding Mode

HUANG Wenyue' WEI Xinhua' WANG Anzhe' JI Xin' GAO Yuanyuan' WANG Yefei' SHI Shenggao®
(1. College of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China
2. Shanghai SIIC Modern Agriculture Development Co. , Lid. , Shanghai 202183, China)

Abstract; In order to address the challenges posed by low linear tracking accuracy, slow on-line speed
and poor anti-disturbance rejection ability in unmanned tractor-trailer agricultural vehicles operating in
unstructured environments, a straight-line path tracking control method based on fuzzy fast power sliding
mode control was designed. Firstly, a straight-line path tracking error model was developed for
agricultural tractor-trailer vehicles, grounded in the vehicle’s kinematic model and the reference path.
A straight-line path tracking method based on fast power sliding mode theory and fuzzy parameter
adjustments was proposed, which solved the sliding mode controller chattering problem and also improved
the on-line speed. Rigorous Lyapunov stability analysis was presented to affirm the stability of the closed-
loop system. The designed control method ensured that the tractor-trailer effectively tracked the reference
path, while the articulation angle converged to zero at the same time. The effectiveness and superiority of
the proposed control method were evaluated through Simulink simulations and real vehicle tests. Field
experiments revealed that when employing this control method, the maximum path tracking lateral errors
for the tractor and trailer were 0. 11 m and 0. 12 m, respectively, with tracking error variance values of
0.001 3 m* and 0.001 5 m’. Compared with the traditional sliding mode controller designed based on
constant reaching law, the online time was improved approximately by 58% , and the maximum tracking
error was reduced roughly by 66% . The designed method can effectively improve the stability and speed
of the tractor-trailer path tracking.
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