Foreword

The field of application for the obtained results described in the book is signal analysis in data processing systems.  These systems could comprise such ones as radio, radio-technical and hydro-location systems, command and control, telecommunications systems, telephony. In particular, the results could be applied to the equipment of signal reception, analysis and transmission as well as dealing with oscillations of different origin: radio, sound, ultrasound, hydro-acoustic and speech.

The carried out work is referred to the developments on signal and oscillation analysis methods and algorithms. A new area for research regarding continuous and discrete signal digital processing is proposed in the book.  Namely, a new approach to signal parameter description and estimation is proposed. The novelty consists in considering and investigating the harmonic spectra and signal harmonic approximation of limited length (the short ones). 
Presently traditional ways to determine signal spectra are based on the expansion of functions in Fourier series or on their representation by Fourier integrals with applying a system of basis orthogonal functions. However, these methods are not effective for signal type definition (it could be said that for many of them), especially, for short signals.
Nevertheless, as far as it is known to be, up to the present time, the problem of short signal spectra determination neither has been considered independently nor has been solved for practical purpose. Anyway, no works on this subject- matter are found among the published ones. 

The book discusses principal possibilities of efficient harmonic approximation and short signal harmonic spectra definition. For the first time, a new method of spectral analysis and approximation of analog and discrete signals of limited length is proposed. For this purpose, new concepts are introduced: finite spectrum (FSS) and entire spectrum (ESS) of a process segment that contain a limited and infinite harmonic set, correspondently.  Notice, that the requirement of mutual orthogonal property is not imposed on the harmonic sets. Spectrum calculation algorithms suitable for new method practical realization are offered.

This work has been done considering the results of studying, analysis and calculation of new spectrum and their properties.
The book describes, in an easy for understanding way, the elementary theory of short signal analysis, general approach to their harmonic spectra definition. Peculiarities of short signal processing are discussed. Some aspects useful for short signal processing algorithm synthesis and realization in order to define their spectrum parameters are brought to light. The research gave some interesting results.

General overview of the main known methods for signal spectrum definition is given. FSS and ESS properties and characteristics are compared with spectra based on traditional Fourier expansions. Their comparative analysis has been carried out.

A series of practical applications for the new method of analysis and processing continuous and discrete signals of limited length is given. The results of research work carried out are represented as computer-made numerical computation for different signals spectra. Spectra FSS, ESS and ones using other known methods are represented, for further comparison, as graphic dependences, built-up on the base of computation results. It gives a possibility to estimate visually practical results of carried research.

The book formulates problems that are to be solved. The main of them is development of analytical methods or more efficient numerical methods for new spectrum definition. However, offered algorithms practical realization depends, in great degree, on the success in the area of processing power increase for computing machinery in use.

Also, the work has, partly, a setting-up character. Proposals are given and fields are indicated for future theoretical and practical research.  A number of important problems are touched upon in the work and it is now waiting for further development and detailed research. It should be noticed, that a lot of questions that represent interest in designing effective methods of short signal harmonic spectra estimation have not been discussed yet. Those ‘blank spots’ encountered in the book are to serve as a stimulus for further development and research work.

The work is addressed to the researchers who are specializing in the field of signal transmission and reception. The book can have a large target  audience of experts specializing in both theoretical questions of statistical radio engineering and designing the conforming equipment. The material of the book can also be used for spectral analysis. Practical orientation of the carried out work must make it useful for researchers whose activity is directed to practical applications, who are in search of new efficient signal processing methods and who desire to realize them in hardware. Besides, these results can be used for experimental data processing in order to single out the periodic components. For example, in the study of economical, nature, atmospheric, biological, cyclic and oscillation processes. There is a hope that the work in a whole will wake up an interest of specialists in the problem of short signal spectra definition.

The book could be interesting for researchers in applied mathematics. It will get them acquainted with a new non-traditional approach to approximation (harmonic or with using other system basis functions) of short signals (Finite function) and definition of their spectral expansion.

I suggest this book, being the first work on the given problem, will serve as a stimulus to continue research work and practical application of the results.

