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ABSTRACT:
Switching dynamical processes, such as the hidden Markov model (HMM) or switching linear dynamical system (SLDS), have been widely applied in speech recognition, bioinformatics, econometrics, and target tracking, amongst other fields. In this talk, we examine a Bayesian nonparametric approach in defining a prior on the model parameters of the switching processes, allowing flexibility in the complexity of the learned model and for development of efficient inference algorithms.

Through the use of the hierarchical Dirichlet process (HDP), one can examine an HMM with an unbounded number of possible states. We revisit this HDP-HMM and develop a generalization of the model--the sticky HDP-HMM--that allows more robust learning of smoothly varying state dynamics. We demonstrate the utility of the sticky HDP-HMM on the NIST speaker diarization database, segmenting audio files into speaker labels while simultaneously identifying the number of speakers present.

Although the HDP-HMM and its sticky extension are very flexible time series models, they make a strong Markovian assumption that observations are conditionally independent given the discrete HMM state. To better capture the temporal dependencies of real data, we develop extensions of the sticky HDP-HMM for learning SLDS, with applications ranging from the stochastic volatility of financial time series to the dance of honey bees, two examples we use to show the power and flexibility of our Bayesian nonparametric approach.

Finally, in many applications, one would like to discover and model dynamical behaviors which are shared among several related time series.  In the latter part of this talk, we consider employing a beta process prior to jointly infer such relationships, and present results on unsupervised segmentation of data from the CMU motion capture database. 
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