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In this paper, a hybrid controller with observer is introduced for the estimation and rejection of a dis-
turbance. It is based on the combination of the sliding mode technique and the output feedback strategy.
It is divided into two designs: (1) the observer and (2) the controller with observer. The observer is
selected to reach two objectives: (a) to assure its stability and (b) for the estimation of a disturbance. The
controller with observer is selected to reach three objectives: (a) to assure its stability, (b) for the
rejection of a disturbance, and (c) for the decreasing of chattering in the sliding mode behavior. The

proposed method is applied for the estimation and rejection of the disturbance in a plotter and a sus-

pension system.
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1. Introduction

Disturbances are undesired signals presented as inputs of a
system which affect outputs. This problem has been studied in
many systems. Rejection of a disturbance in the output of a system
is required because it can affect the sensors, actuators, plants, or
controls, causing accidents or unnecessary costs. Thus, a control to
reject or to attenuate the disturbance in the output of a system is
an important and current issue, in the theory and applications.

There is some research about the disturbance rejection or about
controllers with observers. The criteria of robustness for a con-
troller to disturbances are evaluated in [1]. In [2], the optimal
tracking performance of disturbed plants is considered. Various
methods of improving the overall estimation quality in state
observers are considered in [3]. In [4,5], the sliding mode approach
is utilized for the disturbance rejection. Methods for the dis-
turbance detection are presented in [6,7]. In [8], a novel control
scheme based on disturbance rejection is mentioned. A observer
based controller using the output feedback is designed in [9]. In
[10], an adaptive fuzzy backstepping output-feedback tracking
control approach is proposed. An adaptive fuzzy robust output
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feedback control problem is considered in [11]. In [12], a hybrid
fuzzy adaptive output feedback control design approach is intro-
duced. A composite adaptive fuzzy output-feedback control
approach is suggested in [13]. In [14], a fuzzy adaptive output-
feedback stabilization control method is designed. A control for
the stabilization is introduced in [15]. In [16], a fault-tolerant
control of fuzzy systems is mentioned.

The above research, mention some important investigations in
controllers for the disturbance rejection such as [1-8], or in con-
trollers with observers for the trajectory tracking such as [10-15].
However, it is not common to design controllers with observers for
the estimation and rejection of a disturbance such as [9,16].

In this study, a controller with observer is suggested for the
disturbance rejection. The introduced strategy is divided into two
designs, the observer and the controller with observer. The
observer is selected to reach two main objectives: (1) to assure its
stability by the utilization of the Lyapunov technique and (2) for
the behavioral estimation of the unknown disturbance. The con-
troller with observer is selected to reach three main objectives:
(1) to assure its stability by the utilization of the Lyapunov tech-
nique, (2) for the rejection or attenuation of the unknown dis-
turbance, and (3) to suppose an alternative for the decreasing of
chattering in the sliding mode behavior.
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On the other hand, the aforementioned research shows that the
disturbance rejection problem is an actual and novel investigation.
In this study, an alternative method for the estimation and rejec-
tion of disturbance is designed, the method is based on the com-
bination of the sliding mode technique [17-21] and the output
feedback strategy [22-26].

The sliding mode controller has two problems: (1) the pro-
duced chattering because it can damage devices and (2) the sliding
mode surface because it requires many derivatives of the system. A
proposal of solution for both problems is presented in this
research as follows: (1) the chattering of the sliding mode con-
troller is decreased by utilizing the estimated disturbance from an
observer and (2) derivatives of the system are not required
because the sliding mode surface of this controller is changed by
the output feedback strategy.

And finally, there are some works about stable disturbance
rejection. In [27], the disturbance rejection of closed loop control
systems is focused. Robust controls of turbines with disturbances
are introduced in [28-30]. In [31], the stabilization for a Schro-
dinger equation with a disturbance is designed. The stability using
a disturbance rejection control is approached in [32]. In [33], a
robust controller of disturbed systems is designed. The sliding
mode observer for jump systems against actuator faults is inves-
tigated in [34]. In [35], the disturbance rejection control for stable
systems is investigated. The H-infinity control of a neural network
with an external disturbance is designed in [36]. In [37], the robust
output feedback control of systems with disturbances is explained.
The robust stability of a class of disturbed systems is investigated
in [38].

From the above studies, in most of the cases authors use the
Lyapunov method. Therefore, in this investigation, the Lyapunov
analysis is utilized to assure the exponential stability of the pro-
posed controller with observer.

This paper is organized as follows. Section 2 presents the
employed systems, they will be used for the controller design. In
Section 3, the hybrid observer is proposed for the disturbance
estimation. In Section 4, the hybrid controller with observer is
proposed for the disturbance rejection. In Sections 5 and 6, the
introduced strategy is verified by two examples: the plotter and
suspension systems, respectively. Section 7 presents conclusions
and suggests future research directions.

2. The disturbed system

Consider the following disturbed system:

z=Az+Bv+Bd
y=0Cz (M

where z e R" is the state, ve R™ is the control input, y € R is the
output, d e R™ is the disturbance. A e ®"", Be "™, and C € RP*"
are matrices representing the transformations A:R"-—NR",
B: R >R, and C: R" - NP, respectively.

The following two sections will describe the observer for the
estimation of a disturbance, and the controller with observer for
the rejection or attenuation of a disturbance.

3. Hybrid observer
3.1. Observer design
In this subsection, a hybrid observer will be designed based on

the assumption that the output y is known, and the disturbance d
is unknown. Let Z € R" be the estimation of states z e R". Define

the output error y as follows:
y=y-y=0C @)

where y=Cze WP, y=CZ e NP, Z=z—-Z e R" is the state error.
The following hybrid observer is proposed:

% — AZ+ K +Bv-+N sgn(My) 3

where y is the output error, N e R is a constant matrix which is
selected after, M is a vector or matrix such that MCe R™" is a
positive semi-definite constant, K is a vector or matrix such that
KC e ®™" is a constant matrix, sgn( - ) is the signum function, M, N,
and K will be utilized in the stability analysis of the next
subsection.

Remark 1. The observer of Egs. (2) and (3) is selected to find two
main objectives: (1) to assure its stability by the utilization of the
Lyapunov technique in the application of systems with the form
(1) and (2) for the behavioral estimation of the unknown dis-
turbance in the system (1).

The objective of the observer is that states Z and the dis-
turbance d of (3) may follow states z and the disturbance d of (1)
using outputs y in the output error (2). See Fig. 1.

3.2. Stability analysis

In this subsection, the exponential stability of the closed loop in
the hybrid observer and the disturbed system is assured by the
solution of the Lyapunov method.

From (1) to (3), the observer error equation can be formed as
follows:

7 =A% +Bd—Kj — N sgn(My)

=[A—KC]Z +Bd—N sgn(My)

=AoZ +Bd— N sgn(My) “4)
where A, =A—KC.

The following theorem shows the stability of the proposed
hybrid observer.

Theorem 1. The state of the hybrid observer (2), (3) is applied to
estimate the state z of the disturbed system (1) and it ensures
exponential stability; thus, the observer error Z satisfies:

<112 il 112

[12]|" < ae=7||i]| )
where Z; is the initial condition of Z, a=%, y=/1mm(RS’]),
|ld|| <d, d is the known upper bound of d, d is the unknown dis-
turbance given in (1), ||Bd|| < IBId <N, MC >0, ||-|| is the Euclidean
norm in R" and || is the absolute value, S € R"™" and Re R™" are
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Fig. 1. Hybrid observer.
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