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This dissertation proposes the robust fast online non—parametric density estimation as a basis of
intelligent information processing to handle data streams from the real environment. Here is the summary
of the document.

Chapter 1 presents the background and objective of this research. Recently, massive amount of data is
generated. One of the causes of it is the increasing number of sensors that are sensing real environment
continuously. Data generated continuously is called stream data. As more massively data will be generated,
it becomes more difficult to analyze all data by experts and the automation of data analysis will be
necessary. So, the intelligent information processing to handle data stream from real environment have
to have these characteristics: fast online learning, high robustness, and non—parametric approach.

Chapter 2 introduces a typical approach to non—parametric density estimation called Kernel Density
Estimation (KDE), which is a basis of our proposed method.

Chapter 3 describes Self-Organizing Incremental Neural Network (SOINN), which is another basis of our
proposed method. SOINN is a prototype-based clustering method that learns samples as networks. We
determined that the network structure has information regarding the distribution of underlying observed
samples.

Chapter 4 presents our proposed method, which is a non—parametric density estimator based on the SOINN s
statistical characteristics presented in the previous chapter. It learns samples as networks whose nodes
are prototypes of the samples in an online manner. Then it determines the shape and size of each kernel
at each node on the basis of the local structure of the network around the node and estimates the probability
density function of the samples as a summation of the kernels. In experiments, our proposed method
outperforms existing methods from the aspect of robustness and training time.

Chapter 5 presents improvements of our proposed method to improve its performance. Considering threshold
regions, which is the most important part of SOINN, improves its algorithm not to create inappropriate
edges. In experiments, the improvement brings better performances in terms of robustness, high

dimensionality and estimation accuracy.

Chapter 6 concludes and summarizes this dissertation, and shows the future directions of this research.
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