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Control theory asks how to influence the behavior of a
dynamical system with appropriately chosen inputs so that
the system’s output follows the desired trajectory or final
state [1–5]. A key notion in control theory is the feedback
process: the difference between the actual and desired output
is applied as feedback to the system’s input, forcing the
system’s output to converge to the desired output. Feedback
control has deep roots in physics and engineering [6, 7].

Indeed, when a system is performing the same task
repeatedly, it is advantageous to use the knowledge from
the previous iterations of the same task to reduce the error
on successive trials. An example of such a system is robot
arm manipulators when the reference trajectory is repeated
over given operation time. When the conventional control
algorithms with such systems are used, the same error is
repeated from cycle to cycle. Iterative Learning Control (ILC)
is a relatively new addition to the toolbox of the control
algorithm. It is concerned with the performance of systems
that operate repetitively. ILC differs from most existing
control methods in the sense that it exploits every possibility
of incorporating past control information, such as tracking

errors and control input signals, into the construction of
the present control action to enable the controlled system
to perform progressively better from operation to operation.
Since the ILC method was proposed by Uchiyama [8] and
presented as a formal theory by Arimoto [9], this technique
has been the center of interest of many researchers over the
last decades [10–19].

Fractional order control systems have also received con-
siderable attention recently, from both an academic and
industrial viewpoint, because of their increased flexibility
(concerning integer-order systems) which allows more accu-
rate modeling of complex systems and the achievement of
more challenging control requirements [20–24].

The overall purpose of this special issue lies in gathering
the latest developments, trends, research solutions, and appli-
cations of ILC and fractional order control and to explore the
more productive avenues for future research. The breadth of
scope for the special issue includes both theoretical study and
experimental application.We receive a total of 26 submissions
where the authors are from geographically distributed coun-
tries, denoting the high impact of the proposed topic and the
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seniority in the organization of the special issue. After two
rounds of rigorous review, only ten papers were accepted.

In the paper “Robust Fractional-Order PID Controller
Tuning Based on Bode’s Optimal Loop Shaping,” L. Liu and
S. Zhang present a novel fractional-order PID controller
tuning strategy based on Bode’s optimal loop shaping which
is commonly used for LTI feedback systems. The controller
parameters are achieved based on flat phase property and
Bode’s optimal reference model so that the controlled system
is robust to gain variations. Also, the proposed fractional-
order PID controller does not have any restriction on the
controlled plant so that it can be widely applied to both
integer-order and fractional-order systems.

In the paper “A Fractional-Order Systemwith Coexisting
Chaotic Attractors and Control Chaos via a Single State Vari-
able Linear Controller,” P. Zhou et al. propose a 3D fractional-
order nonlinear system with coexisting chaotic attractors.
The fractional-order system exhibits chaotic attractors with
the order as low as 2.5431. Meanwhile, a control scheme for
the stabilization of the unstable equilibrium is suggested via
a single state variable linear controller.

In the paper “New Iterative Method for the Solution
of Fractional Damped Burger and Fractional Sharma-Tasso-
Olver Equations,” M. J. Khan et al. apply the new itera-
tive method to obtain the approximate solutions of time-
fractional dampedBurger and time-fractional Sharma-Tasso-
Olver equations. The 2nd-order approximate solutions by
the new iterative method are in good agreement with the
exact solution as compared to the 5th-order solution by the
FRDTM.

In the paper “Consensus of Multi-Integral Fractional-
Order Multiagent Systems with Nonuniform Time-Delays,”
J. Liu et al. study the consensus problems for multi-
integral fractional-order multiagent systems (MIFOMASs)
with nonuniform time-delays. The consensus conditions
for MIFOMASs are obtained by a novel frequency-domain
method which properly eliminates consensus problems of
the systems associatedwith nonuniform time-delays.Numer-
ical simulations with different parameters demonstrate the
results.

In the paper “TheUnique Existence ofWeak Solution and
the Optimal Control for Time-Fractional Third Grade Fluid
System,” G. Shao et al. study the third grade fluid system with
the time-fractional derivative of the order ∝∈ (0, 1). They
first establish a unique existence criterion of weak solutions
in the case that the dimension. Then they prove the sufficient
condition of optimal pairs.

In the paper “Adaptive Inverse Control Based on Kriging
Algorithm and LyapunovTheory of Crawler Electromechan-
ical System,” G. Zhang et al. propose an adaptive inverse con-
trolmethod based on kriging algorithm and Lyapunov theory
to improve control accuracy during adaptive driving of the
electromechanical system of a crawler. The adaptive travel
control law of the crawler was obtained by the Lyapunov
theory. Combined with the kriging algorithm, the adaptive
driving reverse control method is designed, and the online
system is used to update and perfect the inverse systemmodel
in real time. The adaptive inverse control method is verified
by theoretical analysis and virtual prototype simulation.

In the paper “Complex Dynamics of the Fractional-Order
Rössler System and Its Tracking Synchronization Control,”
H. Wang et al. study the fractional-order Rössler system with
a fast discrete iteration using the Adomian decomposition
method (ADM) for its implementing on a DSP board.
Complex dynamics of the fractional-order chaotic system
are analyzed by means of Lyapunov exponent spectra, bifur-
cation diagrams, and phase diagrams. Moreover, tracking
synchronization controllers were theoretically designed and
numerically investigated. That lays a foundation for the
application of the fractional-order Rössler system.

In the paper “Dynamics Feature and Synchronization of
a Robust Fractional-Order Chaotic System,” X.-B. Yang et
al. introduce a three-dimensional fractional-order chaotic
system. The critical finding by analysis is that the position
of signal x3 descends at the speed of 1/c as the parameter b
increases, and the signal amplitude of x1, x2 can be controlled
by the parameter m in terms of the power function with
the index −1/2. Consequently, this system can provide rich
encoding keys for chaotic communication. By considering
the properties of amplitude and position modulation, the
partial projective synchronization and partial phase syn-
chronization are also realized with a linear control scheme.
Numerical simulations are executed to confirm the theoreti-
cal analysis.

In the paper “Evaluating Fractional PID Control in a
Nonlinear MIMO Model of a Hydroelectric Power Station,”
O. A. Rosas-Jaimes et al. present a fractional PID control
for a hydropower plant with six generation units working
in an alternation scheme. The parameters and other features
of such a set of hydrogeneration units have been used to
perform the respective tuning up. To assess the behavior of
this controlled system, a model of such nonlinear plant is
regulated through a classical PID by classical linearization of
its set points, and then a pseudo-derivative part is substituted
into a fractional PID. Both sets of resulting signals are
compared; the simulations show that the fractional PID has
a faster response concerning those plots obtained from the
classical PID used.

In the paper “Results on a Novel Piecewise-Linear
Memristor-Based Chaotic System,” B.Wang studies a kind of
piecewise-linear memristor-based chaotic system. Based on
a novel and complicated piecewise-linear memristor model,
a chaotic system is constructed; then a random sequence
extraction approach from the given memristor-based chaotic
system is designed. At last the random sequence test is carried
out to show the potential application value in encryption field
of the new memristor-based chaotic system.
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