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ABSTRACT

The work deals with the investigation of digital fiber-optics transmission
systems (DFOTYS).

A scheme of DFOTS as a complex system is presented. The aspects of its
basic units and formalization of its characteristics are considered. Among them are an
optical transmission module (OTM), codec, optical cable (OC), an optical receiver etc.

The structure of the database of DFOTS and the database for some its
subsystems were elaborated. The database included additional attenuation of optical

fiber, the dependence of the optical receiver sensitivity on the transmission speed for
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photodetectors with p-i-n and avalanche photodiodes etc. For various avalanche
photodiodes (APD) were defined the optimal values of the amplification coefficient,
for which optimal values of the regeneration section (RS) length were determined.
When selecting the optimal values for APD, the regeneration section length could be
extended by 10% in comparison with that at a nonoptimal amplification ceofficient,
which effects economy in the overall cost of the system.

The iteration method is proposed for calculation of energy spectra of the linear
signals of DFOT. The calculation by this method is performed without knowing the
eigenvalues of the matrix of transition probabilities, which makes the calculation with
large matrices much simpler. A program package was developed. This package makes
the calculation much simpler in the case of high-order probability matrices and
promotes the automation of calculation. The developed method gives good practical
results in resolving the problems in some other fields of science and engineering.

A comparative analysis of the systems of Time Division Multiplexing (TDM)
and Wavelength Division Multiplexing (WDM) systems was performed. There were
analyzed the basic indices of the systems: capacity, possibilities for modernization of
avaliable traditional TDM highways, organization of the linear track, structural
flexibility, the model of interaction with transportation technologies, the budjet of
systems etc. The appropriate methodology was developed. The conclusions about the
advantages, drawbacks and equivalence of the systems were made.

The signicance of jitter in digital transmission systems, its origin and physical
nature were characterized by the systems approach. Classification of jitter is given; the
techniques of jitter measurement and assessment are analysed, the assessment of jitter
by using the eye diagram being one of the moust important. The Dual-Dirac method is
considered as the latest one for measurement of jitter. This method allows
representing the jitter in terms of deterministic and random jitters. Basic requirements
to the jitter in Plesiochronous Digital Hierarchy (PDH) and Synchronous Digital
Hierarchy (SDH) systems were stated. The standards of the International
Telecommunication Union (ITU) in this relation were worked out. The jitter testing
mask is presented.

A simulation-animation model of the eye diagram was developed. The model
makes possible the determination of the jitter value by artificial distortion of the
signal, the determination of the signal/noise ratio and the loss as compared to the ideal

signal/noise ratio, and the determination of the degree of deterioration of the digital
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system resistance to interferences, which allows assessing beforehand the quality of
communication in the given digital system. In addition, we can assess the
correspondence of signal transmission quality to ITU-T standards for the SDH system.

The aspects of restoration of the electric signal of the optical receiver were
studied. A formalized version of of the structural scheme of selection of amplifiers for
DFOTS was elaborated. In each node of the scheme, the formulae for calculation of
the signal/noise ratio of the corresponding amplifier and the procedure of choosing the
appropriate amplifier are given. Preliminary calculation of the signal/noise ratio of the
optical receiver of DFOTS was performed by particular data for amplifiers of all
types. This allows choosing the preliminary amplifier circuit and components of the
optical receiver in each particular case.

The programs composed in the frame of this work were realized in Mathlab.

The results of this work can be used in designing of the units of DFOTS. They
also can be used in the course "Digital Fiber-Optics Transmission Systems™ intended
for the students and post-graduates of the Faculty of Energetics and

Telecommunication of the Georgian Technical University.
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