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Preface

Man has long dreamed of having a machine that can “listen to” and “speak” human lan-
guages, which enables him to enjoy a fairy world of wonder. This ideal of man, in the infor-
mation era, is gradually becoming a reality with the state-of-the-art technology in speech
recognition, the task of which is to solve the problem of machine understanding the human
speech.

At the beginning of the century, information technology develops by leaps and bounds,
and speech recognition also steps into an all-round developing period. It is absolutely neces-
sary to review the history of speech recognition in both theory and practice, to summarize the
research achievements and to make clear the intended developing thought. The author has
been teaching and researching in speech recognition for over twenty years and has obtained
some achievements, experience, ideas and thoughts which, biased as they may be due to the
author’s own limited knowledge, he would like to share with other academic colleagues.

Speech signal is non-stationary, time-varying and complex with a large amount of infor-
mation including semantic and personal alike. The present speech recognition is to process
the original speech signal in three levels: physical (acoustic) level, linguistic level (natural
language processing) , cerebral nerve level (intelligence) . Physical in-depth research has had
much accumulation in both theory and practice. The achievements of natural language under-
standing combined with linguistics are not as notable. The intelligence integrating the human
brains is just a start. Speech recognition comparable to man calls for more studies at the men-
tal level, which is now almost a blank. .

Speech recognition, whatever its application, involves three procedures: parameter de-
scription, model approximation and reasoning decision. It is expected that the parameter set
describing speech signals is stable, and easily extracted, but so far the relationship between
them is not found. Various parameters interlace in the parameter space, and the only differ-
ence lies in the degree of interlacing. The model approximations have the theoretical bases
which are representative of model matching, statistical probability model and decision model
with other additional background models for some applications (anti-model and filer) . Due to
. the limited knowledge of the physical nature of speech signals, these models are only approx-
imations. Reasoning decision develops from minimum distortion distance decisions, hypothe-

sized test to data fusion and evidence theory. It should be said that these knowledge have
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played an important role in different degrees, but it is a long way before practical applica-
tion. Speech signals are essentially turbulence in physical nature, a complex chaos phe-
nomenon, but it is difficult to get human ear perception model of speeches. At present, it is
only regarded as the filtering speech signals using filter banks. Speech recognition also in-
volves the brain processing and human psychological actions. Emotion speech recognition and
mouth shape recognition combining image processing is also studied in recent years, which
plays an auxiliary role to speech recognition.

Not only is speech recognition a theoretical problem, but also an engineering problem.
It integrates theoretic achievements of many disciplines, for example, acoustics, phonetics,
linguistics, physiology, digital processing, information engineering, communication theo-
ries; electronic technology, computer science, pattern recognition and artificial intelligence.
Integrated with the characteristics of speech signals, speech recognition brings forward a se-
ries of speech recognition theories. But in order to apply it to real environment, there are
many engineering problems to be solved. When the achievements of speech recognition come
out of the laboratory, they face more complex and difficult problems. The first problem is
various kinds of noise interferences. The next is the spectral distortion in various channel
conditions. -In addition, different requirements of users and different application environ-
ments, such as in a factory or a workshop, on the street, in a bar, are new tasks in real en-
vironments. For example, speech recognition in the background of many speakers and speech
recognition in the noise of music and radio speech are all the difficult tasks.

-1t is worth saying that the successful applications of oral telephone dialing and spoken
typing have obtained great commercial benefits, which adds the confidence of researches in
speech recognition. Our researches also enlighten us that. we should be established in practi-
cality and bring complex and multifarious application environments into the researches of the
applied speech recognition. Scientific simplification of the problems and rational processing of
the application environments are the basis of application of speech recognition.

So the evocable tasks include the study and extraction of robust semantic parameters of
speech signals, the study and extraction of robust individual parameters of speech signals, ac-
cent adaptation, channel adaptation, telephone transmitter adaptation, environment adapta-
tion, the intelligent model of speech, language and mentality, the fusion, reasoning and de-
cision of multiple parameters, patterns and models etc.. The academe should attach impor-
tance to the evaluation standards and methods of speech recognition system, which will
bridge the gap between laboratory research and real application in the form of task-specific
systems and complete market products. I think the evaluation standards and methods guide
the developments, which is another motivation of speech recognition researches. “Practical
Fundamentals of Speech Recognition” is completed in such considerations. It is called funda-

mentals because it certainly includes some fundamental theories and concepts, technologies
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and methods. It is called practical speech recognition because it attempts to put the speech
recognition out of laboratory and arranges the contents according to application. In such a
framework, this book puts emphasis on introducing new practical theories, and more atten-
tion has been paid to mathematical preciseness and rigorous logic. In the engineering intro-
duction, we briefly introduce our research ideas and achievements and pay attention to the
maneuverability based on theoretical fundamentals of college students in engineering.

The contents of this book are arranged into four parts of seventeen chapters. Chapter 1
briefly introduces the development process, research status and intended trends of speech
technologies. The first part ( Chapters 2 - 5) presents fundamentals of speech recognition.
(Chapter 2 gives the perceptual mechanism and the basis of the mandarin speech. Chapters 3
to 5 elaborately present speech processing methods including time processing, time-frequency
analysis, cepstral homeostasis processing. ) The second part (chapters 6-10), speech recog-
nition system, introduces in detail the construction process of the practical speech recognition
system comprising the foundation principles of speech corpus, pre-processing of speech sig-
nals, feature extraction, feature transformation and recognition models. (Chapter 10 puts
emphasis on five common models: dynamic time warping, hidden markov model, support
vector machine, artificial neural network and mixture Gaussian model.) In Part 3 (chapters
11-13), practical key processing technologies in speech recognition and key technologies to
improve the performance of speech recognition systems are presented. (Chapter 11 gives the
technologies of the speaker adaptation and speaker normalization. Chapter 12 gives the meth-
ods of noise suppression. In chapter 13, for non-matching of speech recognition systems in
various environments, methods of signal compensation are provided. All the technologies in
part 3 are the important factors of the application of speech recognition system.) Part 4, ap-
plication of speech recognition (chapters 14 - 17), introduce four primary applications of
speech recognition systems. ‘They are speaker recognition, keyword sPOiting, language iden-
tification and continuous speech recognition. Each of the four parts can be used independent-
ly in teaching. Each chapter is attached with references for further study. An English-Chi-
nese translation of special terminology is attached at the end of the book. Chapters 1, 6, 7,
11, 12, 16 are compiled by Qu Dan, chapters 2, 3, 5, 9, 15 by Peng Xuan, and chapters
10 and 12 by both of Wang Bo and Peng Xuan. The remaining chapters 4, 13, 14, 17 by
Ma Zhanwu, Wang Wei, Hou Fenglei and Xu Wang respectively. Qu Dan revised all of the
material. The whole book was planned, supervised and finally checked by Professor Wang
Bingxi.

This book is intended to present most popular theories, state-of-the-art technologies,
and prospective development trends. The chapters are arranged step by step from theory to
application with regional knowledge structure, close relationship between chapters, and con-

tinuity between parts of the book. The book is based on our achievements and also providés a
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large amount of parameters, figures and tables, which are experience from practical projects
having good maneuverability and practicality. Through this book, readers can learn the most
popular recognition technologies, master the basic knowledge and systematic theories, and
also obtain the basic skills of applying the speech recognition technologies. In addition,
through the heuristic process described, the readers not only improve their capacities of self-
study, but also improve their innovative thinking.

In the course of compiling the book, we have obtained supports and helps from the do-
mestic academic fellows, and also have some beneficial communications and discussions with
some famous experts, which have benefited the authors a lot. Their superexcellent opinions
improve the theoretical values and practicality and great thanks are to them. My doctorial
candidates, postgraduates have combined their own work to conduct practical studies, which

forms a solid foundation of this book. Their effective work is an important step to practica-
bility and makes the book richer in contents and more credible. I appreciate their hard work.
The great amount of reference for this book is arduous labors of their original authors, to
whom I am very grateful. Finally, I will show my great thanks to the leaders and colleagues
of PLA Information Engineering University, Information Engineering Institute for their
strong support' and help, which gives me confidence to overcome difficulties and challenges of
various kinds to make this book available.

Finally, especial thanks are to National Nature Science Foundation of China (NSFC)
for their supports to Project of Language Identification Of The Spontaneous Speech Over
Telephone Channel. 1 hope genuinely that the readers can criticize and correct the improper
remarks in the book.

In the new century, speech recognition will keep developing with related disciplines. In
the garden of information science, it will give out more brilliant color. Just as a saying goes:
when the mountain flowers are in full bloom, it will smile mingling in their midst, I intend

this book to be a pavement stone, looking forward to more and better such books in print.

Bonger Yoy
April, 2004

In Information Engineering University
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