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We consider stabilization of uncertain control systems over communication channels. Due to
the existence of the channels, communication between the plant and the controller is
constrained. In particular, the data rate — the number of bits transmitted through a
channel at a time — is limited and transmitted packets may be randomly lost. Hence, the
controller cannot utilize complete information of the plant states. These constraints reflect
bandwidth limitations and unreliability due to congestion, collision, or effects of noises, which
are often observed in practical communications.

In addition to the incompleteness in state observation, we explicitly take account of the
uncertainty of the plant model. Uncertainties have been an important subject in control
theory. However, in the context of networked control, it has been commonly assumed that
exact plant models are available.

The objective of the thesis is to clarify how large the amount of information communicated
through the channel should be, especially in the presence of system uncertainties. We derive
necessary conditions and sufficient conditions on the communication constraints for stability.

The necessity results provide limitations on the data rate, the packet loss probability, and the
magnitude of the plant uncertainty. The limitations are characterized by the product of the
eigenvalues of the plant similarly to the well-known data rate theorems for the known plants
case. We also derive the optimal quantizer to achieve stability under the minimum data rate.
It is shown that the quantizer takes a nonuniform structure due to the uncertainty.

The sufficient conditions provide stabilizing controllers, which can be less conservative
compared with those given in existing results. The relationship between the convergence rate
and the communication constraints is also given.

The thesis studies problems formulated in four setups. We first establish our results under
the fundamental setup and then consider more general cases: One of them is for further data
rate suppression. The other two setups are dedicated to deal with more practical classes of
uncertain plants and packet loss behaviors, respectively.
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