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Abstract

Two common topics in time series analysis are segmentation and interaction detection.
On one hand, existing segmentation methods either estimate the dynamics of the time
series, or extract its hierarchical structure, but usually not both. However, we are
interested in a segmentation method that discovers both the dynamics and structure of
the data. On the other hand, existing interaction detection methods generally assume
that interaction information is time-invariant. However, we are interested in detecting
interaction that changes over time, since dynamics of time series sequences may switch.
While these two problems are seemingly unconnected, we want to use a segmentation
approach for interaction detection.

In this thesis, the problem of segmentation and interaction detection was tackled, with
the end goal of using the segments to detect interaction. For the first part, we
segmented time series sequences from dynamical systems that have a hierarchical
structure. To segment these time series sequences, we proposed a method combining
the segmentation by beta process - autoregressive hidden Markov model and the double
articulation by nested Pitman-Yor language model. For the second part, we detected
switching interaction using the resulting autoregressive models by generating
surrogates and performing non-parametric tests.

Based on experiments using synthetic toy datasets and real motion dataset, we
demonstrated that the proposed method segments the time series in both low and high
levels, with errors smaller than those of the existing double articulation analyzer. We
were also able to extract the dynamics of the time series using autoregressive
coefficients. Using the discovered dynamics, the proposed method also inferred
interaction information with good specificity. These results then suggest that switching
interaction could be detected using the proposed segmentation approach.
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