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ABSTRACT

In this article problem of constructing broadband channel signals is considered in
terms of usage of an orthogonal basis in the form of eigenvectors of sub-band matrices
that must have a priori predetermined properties.

The increasing need for users to exchange information for different distances with
a high quality of service, regardless of where they were located, led to the need to
develop channel signals, the use of which in telecommunication systems would ensure
high reliability of reception of transmitted information in conditions of various types
of interference, including narrowband interference.

In this study, to improve the noise immunity of telecommunication systems it is
proposed to use as a carrier of information a new class of broadband signals based on
the use of eigenvectors of subband matrixes with small eigenvalues in which the
distribution of parts of their energies in the frequency domain can adaptively change.
The use of such signals, as shown by the results of the computational experiments,
makes it possible to significantly increase the noise immunity of telecommunication
systems in the conditions of spectrum-focused interference resulting from various
phenomena, including the technogenic conditions of modern industrial cities,
compared with the use for this purpose of known classes of broadband signals.

Key words: Channel signals with adaptive change in distribution of their energy
fractions in the frequency range, Spectrum concentrated noise, Eigenvectors of the
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1. INTRODUCTION

1.1. Mathematical Basis of the Method

The method offered involves a new principle of forming channel signals based on the solution
of a variational problem to minimize their energy in a given frequency domain of final
duration [1, 2, 3]:
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where P. —energy in a given frequency domain, the width of which equals to
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X — signal vector; X — transposed signal vector; A, ={a,}- subband matrix
corresponding to r- frequency domain with the elements of the following type:
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The following inequation is assumed here 0<v, <v,,; <.
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To form the channel signals, eigenvectors and A, matrix eigenvalues must be calculated.
To do this, it is reasonable to use the orthogonal basis consisting of a set of eigenvectors

expressed by [4, 5, 6]: Q=(q;,dj;1,---dn), Where qd, — eigenvectors of the subband matrix,

A, — eigenvalues of eigenvectors J; equal to 4, ~ 4, ~...~ 4y ~0, where i=Kk,..,N .
Thus, channel signals are formed as follows:

x=Q-¢, 3

r r
where: X — channel signal formed; €=(€;,€,,....;) — information vector; €3 — symbol
transmitted.

It should be noted that the energy of a channel signal outside the given frequency domain
is calculated from the following expression:

J
Eout = Zeiz (1_ 2'|) (4)
i=1

Since subband vectors are orthogonal, the following equation must be used to restore the
information vector:

#=Q' X ©)

According to the expression (4) the method offered allows to form the channel signal X,
with the minimum energy, and with values 4; =0, with zero energy in a given frequency
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domain of final duration, which allows to minimize the influence of the spectrum
concentrated noise when the frequency range of noise and domain coincide with minimum
energy of the channel signal formed [7, 8].

According to the expression (3) signal formation allows to change the frequency domain
where signal energy is minimum using eigenvectors for various subband matrix calculated
according to expression (2). This fact allows to adapt to narrowband noise concentrated in
various parts of the frequency range used to transmit data.

As noted above, when 4;, is close to zero, the energy of the eigenvector almost
completely concentrates outside the given frequency domain (Figure 1). Thus, concentration
of narrowband noise in the frequency domain which does not contain energy components of
the signal transmitted will not affect the accuracy of coherent reception of the signal formed
on the basis of eigenvectors of the subband matrix.

2. SIMULATION EXPERIMENTS

To verify the theoretical results obtained, simulation experiments have been conducted which
allowed to obtain quantitative assessments of distribution of the energy of channel signals (P),
formed on the basis of subband vectors with eigenvalues close to zero. Figures 1-2 show how
the energy spectrum of generated channel signals is distributed, and Figure 3 shows how the
energy spectrum of broadband signals (BBS), obtained on the basis of M sequence, is
distributed.
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Figure 1 The energy spectrum of the channel signal formed on the basis of subband vector with the
eigenvalue close to zero (zero energy in the range from 0.257 to 0.327)
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Figure 2 The energy spectrum of the channel signal formed on the basis of subband vector with the
eigenvalue close to zero (zero energy in the range from 0.5z to 0.57x)
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Figure 3 The energy spectrum of the BBS obtained on the basis of M sequence

To prove the efficiency of the method developed, we have estimated the probability of
errors when receiving information sequences in conditions of narrowband noise, which is
calculated by the following formula [9]:

P, =1-F E-xz. T)
NO

(6)

F(x) = % J'e—yZ/zdy

E —signal energy;

N, —single-sided noise spectral density;

[ x(t) - x(t +7) - exp(~ j2aft)dt _ _ _
2e,f)== — uncertainty function, when f =0, is actually the

j x(t) - x(t)dt

—0

autocorrelation function [9].

To determine the probability of errors, broadband signals have been simulated: using
eigenvectors with small eigenvalues and BBS obtained on the basis of M sequence, as well as
narrowband noise of various energies added to the signals. For the signals added to
narrowband noise, the coefficient of correlation with the signal not affected by noise
(reference signal of the receiving unit required for coherent correlation processing) is
calculated. The obtained data were substituted in the formula (6). The results are shown in
Table 1.

According to the results obtained for the BBS formed on the basis of M sequences, the
increase in the narrowband noise energy results in the increase of probability of error when
receiving a signal. The signal spectrum notching in the bandwidth of narrowband noise
decreases the probability of error; however, in addition to error the signal is partially rejected,
which results in worse noise immunity. In its turn, change in the probability of error when
receiving a broadband signal using eigenvectors of the subband matrix is not more than 2-10°®
up to -20 dB in the signal energy to noise energy ratio.
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Table 1 The coefficient of correlation with the signal not affected by noise

Signal energy to noise energy ratio, dB 20 12 6 2 -2 -6 | -12 | -20

Probability of an error [Frequency range of
for a signal formed on |noise coincides with | 6.91- | 6.95- | 6.86- |6.79- | 6.69- |6.52-6.11- | 5.01-
the basis of frequency domain 10° | 10° | 10° | 10® | 10® | 10° | .10°| 10°®
eigenvectors

Frequency range of
noise does not 1.13- | 1.05- | 1.28- |1.48-|1.86- |2.68-|7.19-| 1.5
coincide with 10° | 10° | 10® | 10®° | 10° | 10° | 10° | 10°
frequency domain

Probability of an error |Without spectrum

for the BBS obtained |notching 9.17- | 9.99- | 1.15- |1.36- | 1.77- | 2.7- | 8.42- | 2.81-
on the basis of M 10° | 10° | 10° | 10° | 10° | 10®° | 10®° | 10°
sequence
With spectrum 448- | 45. | 454. |459.-|4.67-| 4.8- |5.15- | 6.41-
notching 10° | 10®° | 10° | 10° | 10®° | 10° | 10®° | 10®

3. CONCLUSIONS

Thus, according to the expression (3) formation of a channel signal allows to change the
frequency domain, where the signal energy is minimal, through using eigenvectors with small
eigenvalues for various subband matrix calculated according to expression (2). This fact
allows to adapt to narrowband noise concentrated in different parts of the frequency range
used to transmit information.

As noted above, when 4, is close to zero, the energy of the eigenvector almost
completely concentrates outside the given frequency domain

(Figures 1-2), i.e. concentration of narrowband noise in the frequency domain, which does
not contain energy components of the channel signal transmitted, will not affect the reception
accuracy.

The simulation results and calculations for the probability of errors have shown that the
signal with eigenvectors of the subband matrix with small eigenvalues is more resistant to the
effect of spectrum concentrated noise. Besides, energy distribution in the frequency domain of
the signal offered might be changed depending on the interference environment.

These signal properties in total allow to confidently state that their application will allow
to improve the quality of data transmission in communication systems with broadband signals
when they are affected by narrowband noise.
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