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Pic.8. PSD of test signal, specified by pseudo-random test sequence of polynomial of the form D?¢ + D3' = 0.

HOTro IHU(GPOBOTO TECTOBOTO CHUTHAaJAa.
ApPryMeHTBI IPEICTaBISAIOT COOO0I NX HaYasIb-
Hble (ha3pl. COBOKYITHOCTh aMILIUTY M 3Ha-
YEeHUI 4aCTOT CTAHOBUTCS aMILIMTYIHBIM
CIIEKTPOM CHTHAajia, a COBOKYITHOCTb 3Haye-
HMI1 HavaIbHBIX (pa3 M YaCTOTHBIX — (ha30BBIM
CIIEKTPOM cUTHaza [4].

Jns pacuera CIEKTPaJbHOM IUIOTHOCTH
MOIITHOCTH CUTHaJIa HEOOXOIUMO YYUThIBATh
IMMKOBBIC 3HAYCHUS HAIPSKEHUIN KaxXaoi
CIIEKTPaJIbHOM COCTABJISIONIC W COIPOTUB-
JIEHME BXOJIHOTO MHTepdeiica mepenaTymka:

S(L)
P(fk):%, k=0,1,2,..,N /2,
rae R — conpoTuBieHre BXOIHOTO UHTepdeli-
ca repcaaTymka.

PesynbraThl pacueTa xapakrepuctuk CITM
TECTOBBIX CUTHAJIOB, 3a[JaHHBIX HEKOTOPHIMU
(bUKCUPOBAaHHBIMU ¥ TICEBIOCTYYaliHBIMU
MOCJEeN0BaTEIbHOCTSIMU, MPUBEIEHDI
Ha puc. 5—8.

B 3akiioueHue cienyeT OTMETUTh, YTO
IMIOMMMO TIPOYEro IMpeIoXKeHHAsT METOIUKA
MOJICIMPOBAHUS M pacueTa XapaKTePUCTUK
CIIM 1udpoBBIX TECTOBBIX CUTHAIOB SIBJISI-
eTCS aHAJIMTUYECKUM MHCTpyMeHTOM. OH
JlaeT BO3MOXHOCTh UCCJICI0BaTh BIUSHUE
METOJIOB JIMHEHOIO KOAMPOBaHUS 1 (hopMa-
TOB MOIYJISILIUY ONITUYECKUX CUTHAJIOB Ha Ka-
YeCTBO IepeIaun JaHHbBIX 110 KaHAJIaM U TpaK-
TaM BBICOKOCKOPOCTHBIX LIM(POBBIX CETEIA.
U 310 TOXe HemanoBaxKHash (DYHKIIMS Hayd-
HOTo 00eCIeYeHUsI TEXHUKH CBSI3H.
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CALCULATION OF DIGITAL ELECTRICAL SIGNALS SPECTRUM
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ABSTRACT

In communications technology for testing of
digital channels and links are widely used digital
signals with fixed and pseudorandom structures.
The author proposes a method for simulating and
analyzing the characteristics of the power spectral
density of standard test digital electrical signals for
different methods of linear coding. As models of their
initial (primary) formations are used standard binary
sequences of fixed and pseudorandom structures. As
an analytical tool the method is suitable for studying
the effect of the linear coding and modulation formats
on the quality of data transmission in high-speed
networks of transport links.

ENGLISH SUMMARY

Background. Representation in the analytical
form the characteristics of power spectral density
(PSD) of digital test signals allows solving many
problems. This relates primarily to assess the
quality of data transmission in channels and links of
communication networks, depending on the selected
methods of linear signal coding.

For the mathematical description of their structure
at the department a model of binary test signal
generator has been developed.

Objective. The author aims at describing a method
for simulating and analyzing the characteristics of the
power spectral density of standard test digital electrical
signals for different methods of linear coding.
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Methods. As main methods the author uses
mathematical method, analysis and mathematical
modeling.

Analysis and results.

In test signals with a fixed structure (FS) of R
form logical units / K bits of zeros on the structure of
bit allocation for the transmission cycle is constant.

Forexample, test sequences of the form «a single
logical unit of eight bits’ has the structure 10000000
and sequence of «two logical units of eight bits’ —
10001000.

Pseudorandom structure (PS) is a conditional
stochastic sequence of bit allocation for the
transmission cycle formed by a given algorithm.

Standard polynomials defining the
structure of PS are described in ITU-T
Recommendations O.150-0.153. Main parameters
and scope of the PS are summarized in Table 1 [1-3].

For example, when channels and links of digital
communication networks are tested, which utilize
Ethernet, short pseudorandom sequences of length
27—1 bits are applied, and for high —speed with length
of up to 2?1 bits.

PS structure is completely determined by the
following parameters [1, 2]:

— The length of the transmission cycle L, bit
(number of bits in the transmission cycle of PS);

— Generating polynomial of the form DV + D' = 0,
describing the structure of the PS on the transmission
cycle.

Transmission cycle length (number of bits) of PS
is determined by:

L=2"-1, bit,

where M — parameter of PS, characterizing the
degree of the generating polynomial.

Pic. 1 illustrates an example of timing diagram of
the digital test signal, predetermined by PS with the
length L bits. Duration of transmission cycle of PS is
T.cnS€c, with duration of one bit transmission — T, _s.

Pic. 2 shows developed simulation algorithm of
PS. The result of the algorithm is the logical structure
of PS formed on the transmission cycle.

Calculation of PSD for test signal is carried out by
the discrete Fourier transform:

N1
S(£)= 3 S(t)W" s k=012, .N-1,

k=0

where y _ exp( —2xi ) , S(t)-anarrayofdiscrete
N

values of the test signal,

N-number of samples of the test signal, which is
calculated by the formula:

Gum
— >

At

where At - signal sampling step.

Sequence of computational operations is as follows:

— Transformation of the logical structure of the test
sequence to temporary function using software MathCad;

— The formation of an array of values of simulated
time T=[T, T, T, ..., T, ] and an array of digital signal
valuesS=[S, S, S,, ..., S,, ], taken at time points [0, At,
2+ At, ..., (M-1) « At];

— The sampling time of the test signal pulses and
the formation of two-dimensional array of data (reports
signal) of the form [t; S];

— Calculation of the amplitude spectrum of the test
signal using the data array [t; S, and the discrete Fourier
transform unit;

— Calculation of the power spectral density
characteristics of the test signal.

These calculation steps are illustrated on Pic. 3.

In accordance with the steps of converting a digital
test signal, an algorithm for calculating the parameters
PSD signal has been developed (Pic. 4).

Asaresult of the computing operations -dimensional
array of complex numbers is formed that are values
corresponding to the amplitudes of the spectral
components of the original digital test signal. Arguments
are their initial phases. Set ofamplitudes and frequencies
becomes amplitude spectrum of the signal, and the
set of values of the initial phase and frequency — phase
spectrum of the signal [4].

For calculating the spectral density of signal power
it is necessary to consider the peak voltage values of
each spectral component and the input impedance of
the transmitter interface:

P(ﬂ):%, k=0,1,2,..,N/2,

where R — resistance of transmitter input interface.

The results of calculating the characteristics of PSD
of test signals given by some fixed and pseudo-random
sequences are shown on Pic. 5-8.

Conclusion. In conclusion, it should be noted that
among other things the proposed technique for modeling
and calculation of the characteristics of PSD for digital
test signals is an analytical tool. It gives the opportunity
to explore the impact of the methods of linear coding
and modulation formats of optical signals on the quality
of data transmission channels and links of high-speed
digital networks. And this is also an important function
of scientific maintenance of communication technology.

Keywords: communications technology, digital channels, test signals, test sequences, signal model, the power

spectral density.
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