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There is a question in machine learning of how to use representation and feature learning to
develop effective models for pattern recognition. This thesis proposes two methods of efficient
time series recognition. The first model proposes the use of Dynamic Time Warping (DTW) as a
distance measure for time series to embed dissimilarities into vector space using Dissimilarity
Space Embedding (DSE). Next, the thesis introduces the idea of using AdaBoost as a prototype
selection and ensemble classifier building solution to reduce the dimensionality of the space
created by DSE. For the second method, a novel feed forward network for time series called a
Dynamic Time Warping Neural Network (DTW-NN) is proposed. DTW-NNs implement DTW as
a kernel-like function and integrate them into fully-connected neural networks by replacing the
traditional linear kernel. In addition, this thesis explores the internal representations learned
by Convolutional Neural Networks (CNN). CNNs typically are trained on large quantities of
data, but often times acquiring heavily annotated supervised labels for object detection is
difficult. However, the thesis shows that it is possible for CNNs to develop inferred
representations of image components with only image-level labels. This thesis also explores the
internal representations and describes the characteristics of correctly detected components.

Part I describes representation learning for time series recognition. Chapter 2 provides the
background for time series recognition and introduces dissimilarity representation methods
and deep learning methods. Chapter 3 proposes the use of AdaBoost with a DTW distance based
DSE to create an effective method of representation learning for time series recognition. This
chapter demonstrates that AdaBoost only requires a very small number of prototypes to create
an accurate time series classifier. In addition, the proposed framework also demonstrates that
the use of prototypes from classes external to two-class classification are useful for DSE.
Chapter 4 proposes DTW-NN, a novel feed forward neural network with dynamic weight
alignment. The proposed DTW-NN shows that it is possible to use temporal kernel-like
functions like DTW within artificial neural networks (ANN). This lays the foundation for using
feed forward neural networks with temporal patterns.

Part II describes image recognition with representation learning. Chapter 5 provides the
background for image classification and object detection methods with CNNs. Chapter 6
investigates the features learned by CNNs on the task of weakly supervised component
detection. This chapter analyzes the components learned by the CNN and elucidates some of
the aspects and characteristics which lead to accurate detection. In addition, this chapter
verifies the learning ability of CNNs by demonstrating that component removal leads to

detection prevention.



