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Preface 

Synchronization is a critical function in digital communications; its failures 
may have catastrophic effects on the transmission system performance. 
Furthermore, synchronization circuits comprehend such a large part of the 
receiver hardware that their implementation has a substantial impact on the 
overall costs. For these reasons design engineers are particularly concerned 
with the development of new and more efficient synchronization structures. 
Unfortunately, the advent of digital VLSI technology has radically affected 
modem design rules, to a point that most analog techniques employed so far 
have become totally obsolete. 

Although digital synchronization methods are well established by now in 
the literature, they only appear in the form of technical papers, often 
concentrating on specific performance or implementation issues. As a 
consequence they are hardly useful to give a unified view of an otherwise 
seemingly heterogeneous field. It is widely recognized that a fundamental 
understanding of digital synchronization can only be reached by providing the 
designer with a solid theoretical framework, or else he will not know where to 
adjust his methods when he attempts to apply them to new situations. The task 
of the present book is just to develop such a framework. 

This is achieved by considering synchronization as a parameter estimation 
problem and approaching it with the techniques of estimation theory. In doing 
so two main goals are attained. One is to offer a coherent and systematic 
methodology to follow when looking for new synchronization structures. The 
other is to provide the designer with precise indications on the inherent 
performance limits of these structures. 

Synchronization circuits are occasionally devised on an ad hoc basis and 
proven eventually by demonstration in hardware or computer simulation. Ad 
hoc synchronization procedures are welcome and fully acknowledged in this 
book. They result from application of physical insight and may lead to valuable 
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solutions. When facing more complex problems, however, like those 
encountered with continuous-phase modulations, they seem of lesser efficacy 
and a theoretical oriented approach is indispensable. 

Exercises have been inserted throughout the text as a convenient means 
for providing examples of application of the proposed techniques. They are not 
merely routine manipulations of equations. Their purpose is rather to 
supplement the text in various ways: (i) to gain familiarity with important 
concepts; (ii) to apply these concepts to practical situations; (iii) to fill in miss
ing details. 

The book is intended for three categories of readers. Primarily, it should 
be a valuable tool for design engineers in telecommunications industry. 
Second, it might be used as supplementary material in digital transmission 
courses or as a separate course in synchronization or digital modem design. As 
a text for a graduate-level course the book can be covered in one semester. 
Finally, it should be useful to researchers. On several occasions in the book we 
have pointed out open problems of considerable technical relevance. 

The book is self-contained and any significant results are derived either in 
the text or in the appendices. The underlying assumptions and methods 
employed in the derivations are accurately outlined and the final outcomes are 
discussed and compared with other situations, in order to stress the physical 
significance. Nevertheless, as many aspects of synchronization can only be 
expressed in mathematical terms, the reader must have some mathematical 
background. In particular, a working knowledge of linear system theory, 
Fourier transforms, and stochastic processes is needed. 

This leaves only the pleasant task of acknowledging the contribution of 
several people to the creation of this book. Many thanks go to our good friends 
and colleagues Floyd Gardner, Des Taylor, and Ruggero Reggiannini, who 
suggested valuable improvements and reviewed several portions of the 
manuscript. We would also like to express gratitude to our co-workers and 
students Antonio D'Amico, Alberto Ginesi, Michele Morelli, and Giorgio 
Vitetta, who performed many simulations, reviewed the manuscript in detail, 
and offered corrections and changes. There are no words to describe adequately 
our indebtedness to all of them. 
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