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Various tasks in signal processing and machine learning can be cast as estimation of nonlinear
functions. With the rise of big data, online/adaptive learning algorithms to solve nonlinear
estimation problems in an online fashion have attracted particular attentions. Typical methods for
online nonlinear estimation include neural network, Volterra filter, and Kalman filter, each of which
has the following issues: local minima, high computational complexity, and model dependency.
Although online/adaptive learning method with reproducing kernels, which is called the kernel
adaptive filtering (KAF), overcome those issues, KAF suffers from the following efficiency issues:
(1) convergence speed of algorithms, (i1) increase of the dictionary size, and (ii1) the design of
kernel parameters. This study aims to propose KAF algorithms which overcome those issues
(1)-(i11) and verify the efficacy of the algorithm through computer simulations.

In Chapter 1, the background, the objective of this study, and the previous studies were presented.

In Chapter 2, an adaptive technique to enhance the convergence speed of KAF algorithms was
presented. The proposed technique was based on the use of the geometric structure of reproducing
kernel Hilbert space (RKHS)s as well as data-reusing implemented with the parallel projection.
Thanks to the proposed technique, the proposed KAF algorithm had the advantages: high
estimation-accuracy, low complexity, and fast convergence/tracking as well as noise robustness.

In Chapter 3, an adaptive dictionary-reconstruction scheme based on a shrinkage operator was
presented to avoid performance degradations of the algorithm caused by obsolete elements in the
dictionary, as well as the increases of memory usages and computational complexities caused by the
dictionary-size explosion. The proposed algorithm was shown to enjoy the monotone
approximation property for a certain function.

In Chapter 4, an adaptive algorithm which adapts the parameters of Gaussian kernels (scales and
centers) iteratively by a coordinate descent-based algorithm was presented. We pointed out that the
initial Gaussian scales largely affect the efficiency and the precision of the estimate. To alleviate the
sensitivity to the initial scales, the multiscale screening method was presented which selects an
adequate initial scale from multiple values efficiently. The proposed KAF algorithm included the
adaptive learning of the coefficient vector of kernels as well as the kernel parameters, thereby
learning mathematical models adaptively.

In Chapter 5, the results of this study were summarized.




