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Oscillations are well known as important phenomena in nature and artificial systems. They can be
classified as forced oscillations and unforced oscillations (i.e., self-excited oscillations). Self-excited
oscillations occur in nonlinear autonomous systems, in which external energy is continuously
provided, and their nonlinearity maintains their oscillations. Nonlinear autonomous systems with
self-excited oscillations are simply called oscillators throughout this thesis. Some oscillations, such
as the periodic firings of pacemaker cells, are beneficia to the performance of their various systems.
Other oscillations, such as the wind-driven vibrations of bridges, harm the stability of their system
and degrade its performance. In applications, it is imperative to avoid or suppress the harmful
oscillations. In order to do this, the parameters must be chosen in such a way that the oscillations do
not occur. This may require major changes in a system. An alternative is to suppress the harmful
oscillations with feedback control; this is more practical, since it does not require major changes.
There is an important method for suppressing oscillations: a delayed feedback control method can be
used to stabilize an unstable steady state that is embedded within a system of oscillators, and it does
this without direct knowledge of the steady state position. Thus, this delayed feedback control method
has been useful for experimental situations, and it has been extended to various situations.

In daily life, we can observe synchronization, for example, in the flash of fireflies, the firing of
pacemaker cells, and the chirping of crickets. In the field of nonlinear science, researchers have found
many interesting phenomena relating to coupled oscillators, but if they are harmful (e.g., the
oscillations in DC micro-grids), they must be suppressed. Amplitude death, the stabilization of a
steady state that is induced by a static connection, is a strong candidate for suppressing the
oscillations in coupled oscillators. Unfortunately, a static connection cannot induce amplitude death
when the coupled oscillators are similar. In practice, thisisacrucial limitation of the use of amplitude
death. However, Reddy et al. showed that amplitude death can be induced in this case if the
connection has a transmission delay.

Time delays inevitably exist in many dynamical systems, such as biological systems, traffic systems,



and supply chains, since sighal propagation and processing signals both have finite speeds. This may
induce self-excited oscillations in nonlinear autonomous systems, such as metal-cutting tools, contact
rotating systems, and oil-well drill-string systems. Nonlinear autonomous systems with self-excited
oscillations that are induced by delays are called time-delay oscillators. Some oscillations in
time-delay oscillators are harmful to the performance of the system, and it is desirable to suppress
them. Stability analyses and the control of time-delay oscillators have gained increasing attention
from a theoretical viewpoint as well as for practical applications; however, these are not easy tasks,
since, due to the time delays, the dimension of oscillatorsisinfinite.

Let us recall that previous studies dealt only with the stabilization of oscillators that did not have a
time delay. However, we have seen above that the stabilization of time-delay oscillators is an
important subject. The main purpose of this thesis is to apply the results of previous studies to the
stabilization of time-delay oscillators. The contents of each chapter of this thesis are as follows.

Chapter 2 investigates amplitude death in time-delay oscillators that are coupled by a static
connection. It has been reported that static connections cannot induce amplitude death in a pair of
coupled identical time-delay oscillators. However, we have shown that the static connection can
induce death when the oscillators have different delay times. Its stability analysis was a difficult task,
since the two different delays in the characteristic equation prevent a conventional stability analysis.
We have shown that this difficult task can be successfully performed by using the method known as
the cluster treatment of characteristic roots, which determines the boundary curve of the region of
amplitude deaths in the parameter space. However, for three coupled time-delay oscillators, the three
different delays in the characteristic equation prevent the use of this method. We have shown that
combining this method with advanced clustering and frequency sweeping allows us to obtain the
boundary curves.

Chapter 3 considers a network of time-delay oscillators coupled by a delay connection. It has been
shown that the stability of a steady state with uncertain topology is equivalent to that of a linear
delayed system with an uncertain parameter. A simple sufficient condition for the steady state to be
stable has been derived on the basis of robust control theory. This condition provided us with a
systematic procedure for designing the connection parameters. This procedure has two advantages:
the designed parameters can be used for any network topology, and the design procedure is valid even
for oscillators with long delays. We used numerical examples to verify the analytical results for
complete, ring, and small-world networks.

Chapter 4 shows that the multiple delay feedback control method can stabilize an unstable steady
state in time-delay oscillators. We provided a simple systematic procedure for designing the feedback
gain and the two delays in the feedback loop. The advantage of this method is that arbitrarily long
delay times can be used for the stabilization. An electronic circuit experiment was performed to verify
the stability region and the systematic design procedure. Furthermore, we have shown that a multiple
delay connection can induce amplitude death in two identical coupled time-delay oscillators. A
systematic procedure for designing the coupling strength and the two delays in the connection was
provided. The advantage of the multiple delay connection is the same as that of the multiple delay
feedback control method.

Chapter 5 considers steady-state stability in limit-cycle oscillators coupled by a digital delayed
connection. The semi-discretization technique allowed us to derive a characteristic equation with real



polynomials for which the coefficients depend on the network topology. Our numerical results proved
that the digital delayed connection better induces amplitude death than does the conventional delay
connection.

Chapter 6 summarizes our results.
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