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Sliding Mode Control and Observation for
Complex Industrial Systems—~Part |l

HIS Guest Editorial is for the special section on “Sliding

Mode Control and Observation for Complex Industrial
Systems—Part II,” and it is the continuation of the previous part;
see item 1) in the Appendix. The previous part of the special
section (Part I) includes 14 papers, whereas this part (Part II)
has 11 papers included. To facilitate the review of these 11
papers in Part II, we classify them into two categories according
to their contents and focuses, i.e., seven papers are focused on
the “control design of power electronics” (see items 2)-8) in the
Appendix); and four papers are focused on the “control design of
vehicle systems” (see items 9)—12) in the Appendix). Following
is a brief review for each of these 11 papers.

The work in item 2) in the Appendix shows that the switching
surface controllers are of minimum-switching and bang-bang
natures for dc—dc converters and have the fastest analytically
possible response time. Since such controllers remain draw-
backs for the current limitation, the sensitiveness against small
parameters and the computation burden nonlinear switching sur-
face, a switched affine model of boost converters is used to re-
formulate its time response and to characterize its equilibrium
states. With a piecewise linear switching surface, a constrained
near optimal controller is proposed to guarantee the controller’s
robustness. For arbitrary switching surface controllers, a general
condition for the existence of sliding mode and a novel method to
check finite time reaching are presented. The proposed method
is validated on an experimental setup with a boost converter
prototype and a TMS320F2812 processor board.

Based on a higher order sliding mode observer, a robust con-
trol scheme is presented in item 3) in the Appendix for sen-
sor fault-resilient control, and the applications in dc servomotor
drive is provided, such as the antennae control for satellite track-
ing, radio telescopes, and conveyor belt systems. The incipient
sensor faults and detects are considered in contrast to the earlier
works on abrupt faults. A robust output tracking controller is
developed based on fractional integral terminal sliding mode
surface, and the faster and finite-time convergence of the error
trajectory is ensured. With the estimated speed, whenever the
residual crosses the threshold, various slopes of incipient faults
are considered in the control system. In the presence of most
common faults, the closed-loop performance is experimentally
validated on a DC motor-based industrial mechatronic drives
unit.

In item 4) in the Appendix, a new direct sliding mode voltage
controller is designed based on parabolic modulation, and then,
the application to buck converter is provided. The sliding mode
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controller is designed with simple control structure and good op-
erating performance and can help to achieve constant-switching-
frequency operation of a switching converter. It is validated on
a buck converter that the proposed parabolic-modulation ap-
proach can achieve constant switching frequency in the contin-
uous conduction mode and quasi-constant switching frequency
in the discontinuous conduction mode. The inherent input dis-
turbances can be rejected via the sliding mode controller, and
superior reference tracking performance can be implemented.
Besides, seamless mode transition between continuous con-
duction mode and discontinuous conduction mode can be also
achieved.

In item 5) in the Appendix, a detailed second-order sliding
mode control is presented to regulate active magnetic bearings
systems throughout a wide operating speed range. Since the
unavoidable imperfections in manufacturing, rotor mass imbal-
ance is a common problem to rotating machines. To stabilize
the inherently unstable system, a linear controller is designed
as the first component. Meanwhile, to handle the model un-
certainties of the system as well as the exogenous harmonic
disturbances, a second-order sliding mode control is presented
in second component. Additionally, compared to the conven-
tional linear controller, the effectiveness and superiority of the
proposed control techniques is demonstrated from simulation
and experimental results.

In item 6) in the Appendix, a discrete-time sliding mode ob-
server is designed for equivalent capacitor voltages control in
modular multilevel converters. The communication complexity
in applications is reduced with several series-connected sub-
modules. In the voltage control loops, the observed voltages
of the equivalent capacitors are used for simpler implementa-
tion. A new discrete time control methodology is presented to
design the observer and ensure the transient and steady-state
observer performances. Simulation results under distinct condi-
tions are provided to demonstrate the effectiveness of the pro-
posed methodology. For the equivalent capacitor voltages of
the proposed control system, the effectiveness of the designed
discrete-time sliding mode observer is also validated by experi-
mental results.

In item 7) in the Appendix, a state-machine structure of
second-order sliding mode control is proposed for three-level
buck dc—dc converters without sensing currents. Comparing
with the existing methods of balancing the flying capacitor
voltage, the proposed control approach tackles the strongly
coupled problem of output voltage and flying capacitor voltage,
and the insensitivity to parameter variations can be ensured.
For the output voltage, fast startup without overshoots, fast load
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disturbances rejection and robustness against parameter
uncertainties, and balance of the flying capacitor voltage can
be achieved using the controller without sensing the current of
flying capacitor.

The work in item 8) in the Appendix presents a novel sliding
mode control strategy of an islanded inverter-based microgrid
to perform the exact finite-time restoration among voltages and
frequencies. Distributed tracking consensus algorithms are de-
signed to achieve voltage and frequency restoration in the sec-
ondary control layer of an islanded inverter-based microgrid.
The presented control problem is attacked from a cooperative-
based control perspective inspired to the tracking consensus
paradigm. To enhance the robustness and convergence proper-
ties of the system with respect to the existing solutions, ad hoc
chattering-free sliding mode based distributed algorithms are
designed. The restoration is achieved while dispensing with the
knowledge of the distributed generators’ models and parame-
ters. Besides, a simple set of tuning rules are derived for the
performance of the control system. Simulations on a realistic
inverter-based microgrid modelization illustrate the effective-
ness of the proposed methodology.

In item 9) in the Appendix, a new model-free adaptive inte-
gral sliding mode-constrained control scheme is presented for
autonomous four-wheeled mobile vehicle (4WMV) parking sys-
tems. For 4WMYV, online identification for the object model is
presented based on a data-driven technique, and a compact-form
dynamic linearization-based observer formulation is used. In the
autonomous 4WMYV parking system, an integral sliding mode
controller a dynamic antiwindup compensator is provided to
solve integral saturation and actuator saturation problems. The
advantage of this control scheme lies in that only the body an-
gle and steering angle of the vehicle is utilized. The designed
model-free sliding mode control scheme is compared with the
PID control algorithm with coordinate compensation, and the
simulation results show that the designed control scheme pos-
sesses a better control performance for the autonomous 4WMV
parking system.

By using the sliding mode control strategy, the robust stability
of a type of multiagent system with time delay and uncertainties
is ensured in item 10) in the Appendix, while the insensitive-
ness to the parameter change and interference is implemented.
Considering the conditions that the system is with fixed struc-
ture, every agent being only influenced by single time-delay and
each agent being affected by multiple time delay, an improved
sliding mode control law is synthesized. Lyapunov functions
and the linear matrix inequality (LMI) approach are based to
derive the robust stability of the sliding motion. Experiments on
each condition are conducted to prove the effectiveness of the
conclusion.

Considering a nonrecursive higher order sliding mode ob-
server, the work in item 11) in the Appendix is concerned with
the finite- and fixed-settling time differentiators. The estimation
in fixed convergence time is achieved, which is independent of
initial conditions of the differentiation errors. The correspond-
ing convergence/settling times are also estimated. Against the
Levant recursive sliding mode differentiators’ performance,
the finite- and fixed-time higher order ones are compared via a

hypersonic missile control. The designed double-layer adaptive
algorithm can avoid the overestimation of the control gains that
mitigates control chattering. The simulation is carried out under
the case during the missile’s terminal phase of flight. For both
the differentiators and the controller, the robustness and the
high-accuracy output tracking performance are demonstrated in
the presence of matched and unmatched external disturbances
and missile model uncertainties.

For single input—single output dynamical systems, the authors
in item 12) in the Appendix discuss constrained a quasi-sliding
mode control problem based on the prescribed performance
control technique. The goal of the work is to maintain the track-
ing error trajectory in a predefined convergence zone. The zone
is described by a performance function in the presence of the
uncertainties. A quasi-sliding mode control with a new sliding
variable is designed in the discrete-time domain to achieve the
goal. Meanwhile, the transient response of the system can be
adjusted without producing the offset error in the steady state,
by using a modified convergence zone. Finally, an experiment
example on a piezo-actuated positioning system shows that the
proposed method has good response and gives much better per-
formance than the widely used PID controller in term of tracking
accuracy.

We have made an overview for all the 11 papers included
in the second part of the special section, and we hope that the
selected contributions will increase the interest of researchers in
related fields and push forward the research frontier of sliding
mode control and observation for complex industrial systems.
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