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a b s t r a c t

This study proposes a solution to the problem of designing adaptive global sliding mode
controllers for a class of linear helicopter systems with actuator faults and time delay.
An adaptive global sliding mode control approach is proposed based on dynamic nonlinear
sliding mode function and adaptive law. The advantages of the controller include elimina-
tion of the reaching movement of traditional sliding mode control, realization of online
identification of the fault value, and overcoming of the effect of the actuator faults and time
delay. In addition, quantum information technique is used to increase the control accuracy
of helicopter. Simulation results demonstrate the efficiency and superiority of the proposed
method.

� 2015 Elsevier Inc. All rights reserved.

1. Introduction

Helicopters are widely used in land, naval, and air force missions, and play a huge role in air travel. While a helicopter can
complete a mission, its properties have caused widespread concern. For example, nonlinearity, heavy coupling, varying
parameters and model uncertainty can cause difficulty in controlling the helicopter [11,17,26]. Hence, much work has been
done in the field of helicopter controller design. Thus, the several proposed helicopter control schemes involve adaptive,
fuzzy, neural network, and sliding mode control [1,20,36] Sliding mode control (SMC) [16,19,24,35] is a robust method that
is used to control nonlinear and uncertain systems. The trajectory of the traditional sliding mode control consists of two
phases, namely, reaching and sliding modes. Studies have shown that the sliding mode control system is robust only when
the system is in sliding mode phase. Moreover, the system is susceptible to outside interference and parameter changes in
reaching mode phase. Therefore, ways to shorten reaching time has become an increasingly important issue in sliding mode
control. Lu and Chen proposed a global sliding mode system [13,21,28]. The system introduces state-related time-varying
factor entries in the sliding mode control law. In addition, the switching function is constructed such that the trajectory
of the system is on the sliding surface from the very beginning. This condition eliminates the reaching mode phase and exists
only in the sliding mode phase. This system improves the transient performance of the system and overcomes the influences
of unknown parameter perturbation, which ensures the robustness of the whole process of the system from the initial state
to the equilibrium point [7,12,18,32,34].
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Adaptive control is a controversial issue as well. Adaptive control aims to estimate uncertainties in the plant on-line, and
is based on measured signals. The conventional adaptive control can solve a few problems of uncertain systems, but is not
appropriate for very uncertain systems or rapidly changed systems. The global sliding mode control does not rely on accurate
aircraft mathematical model, and it is insensitive and robust to model uncertainties and disturbances in the system. Hence,
the control system will be strongly robust to uncertainty by using combined adaptive global sliding mode control [8,9,22].

In the actual industrial processes, a system will suffer time delay phenomenon inevitably because of the insensitivity of
information transfer and measurement. The existence of time delay is frequently a source of poor system performance and
instability. Hence, control problems of time-delay systems have received considerable attention over the past years
[2,10,25,27,30,33]. In these studies, the sliding mode variable structure control is a very effective method to stabilize
time-delay systems.

Considering the existence of actuator faults, this study introduces quantum information technique. Research on quantum
information technique is controversial because this technique is applied widely. In this study, quantum logic is used to
increase the control accuracy of helicopters [3–6,14,15,23,29,31].

This study introduces an adaptive global sliding mode controller via quantum logic to control helicopter flight control
systems. The designed controller allows the control system to track the desired signal with high accuracy, and allow the
faulty aircraft to continue to possess strong stability and tracking properties. Simulation results demonstrate the effective-
ness of the proposed approach. The powerful fault-tolerant ability of sliding mode control and the great parameter estima-
tion ability of adaptive control are directly applied for the system. The fault-tolerant control method we proposed here has
the following advantages. First, the whole system is easy to be realized, as each fault consists of the same fault-tolerant con-
troller. Second, the sliding mode observer can estimate uncertainties effectively even though the system has delay part,
which is seldom discussed in published studies related to helicopter fault-tolerant control. Third, the accuracy of helicopter
control is increased by the quantum information technique.

This paper is organized as follows. Section 2 introduces the problem statement for helicopters. Section 3 presents the
quantum information technique and develops the design of the adaptive global sliding mode control. Section 4 discusses
simulation results that demonstrated the feasibility of the designed controller. Conclusions are drawn in Section 5.

2. Problem statement for helicopter

In this study, an adaptive global sliding mode controller via quantum information technique is introduced to control the
helicopter flight control system. The basic structure of the system is shown in Fig. 1.

Consider a linear model of helicopter that is described as

_xðtÞ ¼ AxðtÞ þ BuðtÞ ð1Þ
yðtÞ ¼ CxðtÞ ð2Þ

where xðtÞ 2 Rn and yðtÞ 2 Rp are respectively the state and output of the system. uðtÞ ¼ ½u1; . . . ;um�T 2 Rm is the control input.
In this study, we focus on a class of additive actuator faults. Additive fault representation is more general than multiplica-

tive ones, which can be modeled as additive actuators. We consider that time-delay frequently occurs in many practical
systems. A faulty system with input time delay is described as:

_xðtÞ ¼ AxðtÞ þ B uðtÞ þ f ðtÞ½ � þ B1uðt � sÞ ð3Þ
yðtÞ ¼ CxðtÞ ð4Þ

where A 2 Rn�n; B 2 Rn�m; B1 2 Rn�m and C 2 Rp�n are the parameter matrices. f ðtÞ 2 Rm represents the additive actuator fault.
s is the delay. The following assumptions are made:

Fig. 1. Basic structure of the system.
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