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Model predictive control for magnetic levitation ball system based on
equivalent input disturbance sliding mode observer
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Abstract: To deal with the problem of degradation in control performance of the magnetic levitation ball system caused
by uncertainties and external disturbances, this paper presents an equivalent-input-disturbance-sliding-mode-observer based
model predictive control (MPC+EIDSMO) scheme. First, an original system is transformed into an EID system, and an
equivalent-input-disturbance-sliding-mode-observer is then used to estimate not only the system states but also the equiva-
lent input disturbance. Then, a model predictive controller is designed based on the state estimations, by compensating the
estimation of equivalent input disturbance in a feedforward manner, a composite control law is obtained to achieve the rapid
and accurate tracking of the reference positions, as well as the robustness against lumped disturbances. It is worth noticing
that compared with the conventional EID with a Luenberger observer, an extra nonlinear observation error feedback term
from the equivalent-input-disturbance-sliding-mode-observer helps to improve the rapidity and accuracy of the state esti-
mation. This system is proven theoretically to be globally uniformly ultimately bounded. Simulations and experimental
results show that compared with the EID observer based model predictive control and Luenberger observer based integral
model predictive control, the proposed method improves the tracking performance and suppresses both the uncertainties
and the external disturbances effectively for the magnetic levitation ball system.

Key words: magnetic levitation ball system; model predictive control; sliding mode observer; equivalent input distur-
bance; disturbance rejection

Citation: WANG Junxiao, CHEN Linjie, YU Li. Model predictive control for magnetic levitation ball system based on
equivalent input disturbance sliding mode observer. Control Theory & Applications, XXXX, XX(X): XXX — XXX

SRR H 3 xxxx —xx—xx; A HI: xxxx—xx—xx.

T3@(5/E# . E-mail: wjx2017 @zjut.edu.cn; Tel.: +86 18795895157.

AT

|5 AR 42 (6180333 5) MINSFC-WIN LRI ALl & kA 4 R (U1709213) BE .

Supported by National Natural Science Foundation of China (61803335) and NSFC-Zhejiang Joint Fund for the Integration of Industrialization and
Informatization (U1709213).



2 7w oo 5 MM

9xx &

1 55

Fil 2 A — o i AR B Al AR S B R I R,
ZHARWEBE T RG2S AR A 2 R L
Bl i, DR b e L T BE R TE B AR TR AR
AU H R, R R AR TSGR T Tz N
FH, hn v BT 4 R R R A
. BRI EL BB RN, BT RS A
LAY s AELR M, TP AT E RS, H 524N T

DRI, X AR ET R G M R RO — Ak

0%, Ak, FE ARG RIT R G e BT K
R R AT, WPIDEEHIO, A frPfas]7 ., i
PSR IX VAR R T T e T R RS
I ERE.

AR IR 3 1 (MPC) A AT LB LR S A0 3k A3
A NI BE, T HIS B BRI R fg
- H Bl R 4R PID % il 2 Ji5 78 42 1] A2 3k 15
I N A FRA AT et i sk 2 — U2, 5, i
T A 2R TR A TR RS skt g SIAE
S B, RGO A AN i AN T A R 4 1A
IR e = AR A R R, T FEASE 2R TR0 4 il 75 A
FRF 22 0 33 42 1) B9 A e 4 i ) I s ok e
SKANFIFL S IFE, X S E T I R GG ATEA
e R RE R AT IR T P m P sh el 17 1
S BRI TR 25 8 (IMIPC) 815 45k FH S 300 1) - 0 R A 7Y
ANHf s 1, 125 B R IR A O FE S i A
NFUSER, DR A g S iy s (L sh. SR80, 24
RGBS ARSI, FRASIRESR B —A
AL 1. BRIz Ab, R AR S 1 SR P 30
oK AT U PR R G e aa I M B AR, A BRER
PERE A E R PEZENO fEoy— RS B Rk, 2T
YL 25 (145§ (DOBC) /7 V4 BE A R A M2 AT
TP RIS R AT 58 P X 2 0 R Ge i gm0, 32 b
K, G5 E R IN 4 H (MPC) I 5 L 28 (DOB) )
5 1 45 K6 RE R A2 AN AR B PE RE O RT3 F0H P 3h.
STk [20]H 45 A MPCHIY TR S W 28 (ESO), #2 =1
TR R R G0 RS B s MR T I e, S
BR 21 HELR M RS T RS T R M T
M2 (NDOB) [ A 45 A B T 42 i1l (NMPC) /7 V2%,
SCHIR [22] 2 HH 28T BSOS TR RE BT LRI R 4 W
TE&(RGPIO) T AL A3 5%, B8 47 & SEBR B

FHEC TP NES, SN T-HUEID) T IEATH
BRGHTRA, R L8 7 AR AN T 2 ]
(X, T HR AN SR B AR AR 0E B2 %07
O BRI N B2t R 12420 I AE RS PS2TTRI
Mt RG2S b M AL GEEID 45 ) rh (K R A A% W)
25, VE AL 5 (SMO) UK 2 S0 AN &5 4 2 18]
R ZE 2 I A5k, T ELI RE AR Al M35 22 7= A g A
27, MIMSEBUPIRA AR B POE RS FHb 51+,

ASCEE XA E VEMSN TR SRR LT ER R
iyt PERE T BRI, SR 0 T AT
PUHPROULIN &5 (A5 78 F 42 ] (MPC+EIDSMO) J5 7.
PN E S REAHE ESN T I — A
iy kAN NG I S PO X T
AT PRI BLIN 25 % 2 GRS AR B R S A T30
BEATAG T, BRE i RS T HE B PR T s 4%,
FARF AN S N TP VB LART ) 07 SR S A5 2
IR E G 07 B S Z5 IR W], ARBCT
T EID LI s AR TR N 42 1 5 VAN T e A F A O
SRR TN 50, P de 7 8 mn 1 G2t
R A G EREANE REIE HAT RN T R GEAH 2 1R
HRERT.

2 HBFHRAGRE AR

ASSCRIR A R B B AR ) R LSS M i B T,
ZARG T A LL T DR TGS L A% Bot
fir BAR IS ANERAT ALK, VRO — Rt e E:
FEHORKISRI T 6, HIEAS S B I 15 r R 2 el
HH R LR AR LR 77, DA R ERA R 1E [ 52 1 BB
WA NERER B 2 B, FEE R, 145K
KV 6o E AR RS, WANER A e e E
Jila bissh, A2 2 2= e 5 BRI AR

A ! U _ PWM

3 BES =

23 Hokse | O 22 |e—)
] T e

F i :
HER H
1

1

1

1

1

1

1

1

1

1

il 2%

mg
e o
X 70

foias

. —_—

1 BhEF Rk R G4
Fig. 1 Structure of the magnetic levitation ball control system
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