Preface

In the last 10 years, many methods have been developed and deployed for real-world
biometric applications and multimedia information systems. Machine learning has been
playing a crucial role in these applications where the model parameters could be learned
and the system performance could be optimized. As for speaker recognition, researchers
and engineers have been attempting to tackle the most difficult challenges: noise robust-
ness and domain mismatch. These efforts have now been fruitful, leading to commercial
products starting to emerge, e.g., voice authentication for e-banking and speaker identi-
fication in smart speakers.

Research in speaker recognition has traditionally been focused on signal processing
(for extracting the most relevant and robust features) and machine learning (for clas-
sifying the features). Recently, we have witnessed the shift in the focus from signal
processing to machine learning. In particular, many studies have shown that model
adaptation can address both robustness and domain mismatch. As for robust feature
extraction, recent studies also demonstrate that deep learning and feature learning can
be a great alternative to traditional signal processing algorithms.

This book has two perspectives: machine learning and speaker recognition. The
machine learning perspective gives readers insights on what makes state-of-the-art
systems perform so well. The speaker recognition perspective enables readers to apply
machine learning techniques to address practical issues (e.g., robustness under adverse
acoustic environments and domain mismatch) when deploying speaker recognition
systems. The theories and practices of speaker recognition are tightly connected in the
book.

This book covers different components in speaker recognition including front-end
feature extraction, back-end modeling, and scoring. A range of learning models are
detailed, from Gaussian mixture models, support vector machines, joint factor analysis,
and probabilistic linear discriminant analysis (PLDA) to deep neural networks (DNN).
The book also covers various learning algorithms, from Bayesian learning, unsupervised
learning, discriminative learning, transfer learning, manifold learning, and adversar-
ial learning to deep learning. A series of case studies and modern models based on
PLDA and DNN are addressed. In particular, different variants of deep models and their
solutions to different problems in speaker recognition are presented. In addition, the
book highlights some of the new trends and directions for speaker recognition based on
deep learning and adversarial learning. However, due to space constraints, the book has
overlooked many promising machine learning topics and models, such as reinforcement
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learning, recurrent neural networks, etc. To those numerous contributors, who deserve
many more credits than are given here, the authors wish to express their most sincere
apologies.

The book is divided into two parts: fundamental theories and advanced studies.

1 Fundamental theories: This part explains different components and challenges
in the construction of a statistical speaker recognition system. We organize and
survey speaker recognition methods according to two categories: learning algo-
rithms and learning models. In learning algorithms, we systematically present
the inference procedures from maximum likelihood to approximate Bayesian for
probabilistic models and error backpropagation algorithm for DNN. In learning
models, we address a number of linear models and nonlinear models based on dif-
ferent types of latent variables, which capture the underlying speaker and channel
characteristics.

2 Advanced studies: This part presents a number of deep models and case studies,
which are recently published for speaker recognition. We address a range of deep
models ranging from DNN and deep belief networks to variational auto-encoders
and generative adversarial networks, which provide the vehicle to learning repre-
sentation of a true speaker model. In case studies, we highlight some advanced
PLDA models and i-vector extractors that accommodate multiple mixtures, deep
structures, and sparsity treatment. Finally, a number of directions and outlooks
are pointed out for future trend from the perspectives of deep machine learning
and challenging tasks for speaker recognition.

In the Appendix, we provide exam-style questions covering various topics in machine
learning and speaker recognition.

In closing, Machine Learning for Speaker Recognition is intended for one-semester
graduate-school courses in machine learning, neural networks, and speaker recognition.
It is also intended for professional engineers, scientists, and system integrators who
want to know what state-of-the-art speaker recognition technologies can provide. The
prerequisite courses for this book are calculus, linear algebra, probabilities, and statis-
tics. Some explanations in the book may require basic knowledge in speaker recognition,
which can be found in other textbooks.
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