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System Identification and State Estimation under Lebesgue Sampling

In the ordinary system identification and state estimation problems, it is commonly assumed that the
output signal of a dynamical system is measured at regular time intervals. This thesis proposes system
identification method and state estimation method under the Lebesgue sampling: an irregular sampling
rule in which the signal is sampled only when it crosses specific thresholds. In addition to information on
the sampled points, the data sampled by the Lebesgue sampling has inter-sample information; namely,
a time interval between consecutive two samples informs us that the signal does not cross the
thresholds. Such inter-sample information is utilized in the proposed system identification and state
estimation methods. The identification and estimation accuracy with a little amount of data is improved
by proposed methods.

This thesis is organized as follows. In the first chapter, the purpose of the proposed methods in this
thesis is described. The purpose is to propose system identification and state estimation methods under
the Lebesgue sampling to estimate the parameter of the model and the state of the system accurately
with only a little amount of data.

In the second chapter, some related mathematical bases are described. System identification and
state estimation methods based on statistical inference are described.

In the third chapter, a system identification method under the Lebesgue sampling is proposed. In the
proposed method, inter-sample information is utilized to improve estimation accuracy in system
identification. Moreover, we analyze the statistical property for the estimated model obtained by the
proposed identification method. Through numerical experiments, the effectiveness of the use of the
inter-sample information is verified. It is also illustrated that the deterioration of the accuracy by
decreasing amount of sampled data is reduced compared to the periodic sampled method.

In the fourth chapter, a state estimation method under the Lebesgue sampling is proposed. The
proposed method also utilizes the inter-sample information. In particular, we employ a particle filter for
the estimation since the inter-sample information makes the distribution of the estimates non-Gaussian.
The effectiveness of the proposed state estimation method is examined through numerical examples.

In the fifth chapter, the proposed system identification and state estimation methods are implemented
for a more application level by considering rechargeable batteries. The model of the rechargeable
batteries is identified and used to estimate the state of charge using measurable electric current and
voltage. The practical usefulness of the proposed methods is verified by performing simulations under
the condition that emulates an electric vehicle.

In the sixth chapter, this thesis is summarized.




