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Adaptive Global Integral Sliding Mode Control of Magnetic Suspension
Ball System Based on ESO and Linearized Feedback

GAO Pengfei, SHENG Xiaochao *, ZHANG Denghui
(School of Mechanical and Electrical Engineering, Xi’ an Polytechnic University, Xi’ an 710048, China)

Abstract: [ Objective ] This paper combined linearized
feedback control with adaptive global integral sliding mode
control ( AGISMC) to optimize the control performance and
the control accuracy of the system based on the nonlinear
characteristics, uncertainty and susceptibility to external
perturbations of the magnetic suspension ball system.
[Methods ] First, a mathematical model was established
using linearized feedback, and adaptive control was employed
to achieve real-time estimation of the system parameters to
reduce the uncertainty. Second, a global function was
introduced to improve the transient response of the system,
and the sign function in the sliding mode function was
replaced with a saturation function to reduce system
chattering. Third, for uncertain disturbances, an extended
state observer ( ESO) was utilized to estimate unknown
disturbance signals in real time. Finally, simulations were
conducted in Matlab/Simulink, and an experimental platform
[ Results ]
experimental results showed that neither the AGISMC-ESO

was built for validation. Simulation  and
controller nor the proportional integral derivative ( PID)
controller exhibited overshoot in step response, with the
AGISMC-ESO controller achieving a shorter time to reach
steady state. The AGISMC-ESO controller compensated more
quickly when disturbances occur, allowing the system to reach
a steady state rapidly. Under the application of a sinusoidal
signal, the actual trajectory of the magnetic suspension system
closely matched the displacement curve observed by the ESO.
[ Conclusion] Compared to the PID controller, the AGISMC-

ESO controller designed in this paper offers faster response

E£WH. HXRARP#ES(52105584)
National Natural Science Foundation of China (52105584 )

speed, higher control accuracy, better dynamic tracking
performance, and superior disturbance rejection.

Key words: magnetic suspension ball system; linearized
feedback control; adaptive global integral sliding mode

control ; extended state observer
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Fig. 1 Schematic diagram of a single-degree-of-

freedom magnetic suspension system
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Magnetic suspension technology is a method that
the

allowing it to

uses electromagnetic force to counteract
gravitational force on an object,
suspend. Due to advantages such as frictionless, no
lubrication requirement, long lifespan, low noise,
and minimal heat loss, magnetic suspension systems
are widely used in fields such as transportation,
industry, and medicine. Researching magnetic
suspension control is of great significance for the
development of magnetic suspension technology.

The

suspension ball system,

single-degree-of-freedom magnetic
as a typical nonlinear
system, intuitively demonstrates the control effects of
controllers, and its control accuracy primarily
depends on the precision of the system model and the
effectiveness of the control algorithm.

In this paper, linearized feedback control was
combined with adaptive global integral sliding mode

( AGISMC ) the

characteristics, uncertainties, and susceptibility to

control to address nonlinear
external disturbances in the magnetic suspension ball
system, thereby enhancing control performance in
the single-degree-of-freedom magnetic suspension
ball system.

This paper established a mathematical model
using feedback linearization while employing adaptive
control to achieve real-time estimation of system

parameters, reducing system uncertainty. A global

S6

function was introduced to improve the transient
response of the system, and the sign function in the
sliding mode function was replaced with a saturation
function to reduce system chattering. For uncertain
external disturbances, an extended state observer
(ESO) was used to estimate unknown disturbance
signals in real time. Finally, simulations were
conducted in Matlab/Simulink, and an experimental
platform was set up for verification.

Simulation and experimental results showed that

both the AGISMC-ESO the

proportional integral derivative ( PID ) controller

controller  and
exhibited no overshoot in step response, with the
AGISMC-ESO controller designed in this paper
reaching steady state in a shorter time. Further
disturbance application revealed that the AGISMC-
ESO controller could compensate more quickly after a
disturbance, allowing the system to reach steady state
rapidly. Under the application of a sinusoidal signal ,
the of the
suspension system closely matched the displacement
curve estimated by the observer in the AGISMC-ESO
controller.

Compared to the PID controller, the AGISMC-
ESO controller designed in this paper offers faster

actual motion trajectory magnetic

response speed, higher control accuracy, better

dynamic tracking performance, and improved

disturbance rejection capability.
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