55 42 55 2 W) wode B R 2 o i Vol.42,No.2

2021 44 H Journal of Hebei University of Science and Technology Apr. 2021

XEHRS:1008-1542(2021)02-0144-08

FLF P 9K PR 2 LT 2 ) 1 B 17 BR 1) S A5 18
=2 & L e, K 4ES, 2K K

U.HFHALRXFAEESRBIRFR,LHAET 210037;:2. M K FHIMHK IR FR, T 5H N
225009 ; 3. 3T h A BB Ay A RG] L Him B3 312030)

B EHANLOEREFRAANELRRE FAAEREFR 2R EFHFE. RE-—FLATIFEREKS
MM BRI EH T EARGAANEFBRRE, EAATIRHEIRRAGHELT . ERAT KK
AU S EHAETBFRGERE ZRERKDEZE . FHEIAETEEEF B RITMES.RER
RE T EE &SRR BERIZEH A, L Lyapunov X2 2 AW RIFE £ RLA R
Wost, AL RAW.ESO-BS 445 PID 4= Hl A0k, 47T & & L8 % BF 18 4 0.01 s, )5 & 8 ¥ 6F /|
#0.08 s, A 24K, A, ESO-BSI=H 9 sh SR LR T PIDIES . EARGEEFHEZ R F
TR IR R E N EFROBRTRF GFRRBEERNEFH A LT Z A ERIE,

KER R RAAGAEERLBEFR T RRENM B R F 3560 45 B R3z
FESES . THI17.1 X ERFRIZAD : A doi:10.7535/hbkd.2021yx02007

Back-stepping control based on extended state observer
for magnetic levitation ball
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of Mechanical Engineering, Yangzhou University, Yangzhou, Jiangsu 225009, China; 3.Zhejiang Jinggong Science & Technology
Company Limited, Shaoxing,Zhejiang 312030, China)

Abstract: Aiming at the characteristics of non-linearity, uncertainty and susceptibility to disturbance of single-degree-of-
freedom magnetic levitation ball system, a back-stepping control method based on extended state observer (ESO-BS) was
proposed to improve the control performance of the system.The extended state observer was used to estimate the position,
velocity and disturbance information of the levitation ball in real time when the system was disturbed by uncertainty. The
estimation was combined with the controller design,then the back-stepping method was used to design the levitation position

tracking control law of the magnetic levitation ball, and the Lyapunov method was used to prove the ultimate bounded
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convergence of the tracking error of the system.The simulation results show that,compared with PID control,the adjusting time
of ESO-BS control system is 0.01 s, while that of PID control is 0.08 s, which is obviously longer,so the dynamic characteristic
of ESO-BS control is better than that of PID control. When there is uncertainty in the system, the designed control law can
realize the stable suspension of the ball, and can realize the position tracking according to the required suspension height

position.

Keywords: control system simulation technology; magnetic levitation ball; extended state observer (ESO); back-stepping

control; position tracking
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