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B cucmemax ynpaeninnusa axmyanvioro npoéne-
MO0 € 3MEHULEHHS 6NJIUBY WYMOBUX 3A6a0 3 MEMOIO
36invuenns cnigsionouenns cuenan/3aeada (SNR).
IIa npoonema € maxoxc axmyanvnoro ONA THWMUX
mexuivnux cucmem. Jlana poboma npucesuena
OPMO2OHATbHIN TIaz2epposCoKi Pinompauii wymo-
BUX NPOUECIB, AKI ONUCYIOMbCS JIHIUHUMU 6UNA0-
K08UMU npoyecamu. 3anponorosanuii memoo Qinv-
mpayii 0ae MONCIUBICMb 3IMEHUWUMU BNIUG UYMOBUX
3a6a0, AKi ONUCYIOMBCA CMAUIOHAPHUMU JUHTUHUMU
sunadxosumu npouecamu, npu pobomi Kopeaauiii-
Hux cucmem. Ides ybozo memody nonsieac y euxopu-
cmanni opmozonanvhux Qinempis Jlazeppa 6 sxocmi
BXIOHUX NIAHOK KOPeNAUTUNHOT cucmemu.

Ha ocnoei opmozonanvioi nazepposcoroi Qinv-
mpayii cmauionapnozo 01020 WYMY OMPUMAHO
nOCNI006HICMb WYMOBUX NPOUECI8, AKI HEKOPeNbo-
8aHI HA 3HAMHOMY UACOBOMY THMEPBAI IX 63AEMHO20
3cyey. Taxi npouecu onucyromocs cmauioHapHumMu
JIHIUHUMU  6UNAOKOBUMU NPOUECAMU i € MOOes-
MU WUPOKO020 KONA WYMOBUX 34640, AKI 00CNI0HCY-
10movca npu podomi PizHUX MexHIMHUX cucmem,
BKNIOMAI0OMU CUCMEMU YNPABIIHHS, GUSGIEHHS,
po3niznasanns, eumiprosanns, mowo. Ilpu euxopu-
CManHi maxo20 Memooy IMEHUYEMbCS 6NILUG ULYMO-
6UX 3a6a0 3 PI3HUMU KOPEAAUIUHO-CNEKMPATLHUMU
xapaxmepucmuxamu i 36inouyemovcs SNR na 6uxooi
Kxopeaauiiinoi cucmemu. Jlna 3anpononosarnozo
adanmuenozo memooy opmo2oHANLHOL IA2EPPOECH-
Koi Qinvmpauii eupimyromoca npaxmuuni 3adaxi
3MeHuenHs 0ii CMauioHapHuUX WYMoeux 3aeao, 0Js
Yb020 6 cmammi HaedeHA CMPYKMYPHO-102iMHA
cxema Kopensuiiinoi cucmemu. 3a 00noMm02010 npo-
2pamnoz0 3abe3nevenns peanizoeano aazopumm
adanmuenoi Qinempauii na 6asi cknaonux Qinompie
Jazeppa. Peanizauis 6yna nposedena ons peaio-
HOi wyMm060i 3a6adu, sxa nanexcums 0o xaacy RLC
wymie, 3 nonepednim nasuanuam Qinompy. Ipo
epexmuenicmos 3meHweHHA 6NIUBY 3A0aH0T cmauio-
HapHoi wymoe6oi 3a6adu ceiduums ompumani xoeqi-
yienmu epexmuenocmi y posmipi —6 06 ma —16 ob
0151 MHOMCUHU MOYUOK 3aHYIEHHS 306A0U

Knouosi cnosa: wymoea cmauyionapna 3asa-
da, ninilinull 6UNAOK0BUL NPOUEC, OPMO2OHATHUIL
Qinomp Jlazeppa, cniesionowenns cuznan/3asaoa,
Kopensuiiina cucmema
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1. Introduction

Information signals are widely used in various fields,
including their application in control systems. It should be
noted that, given the powerful information resource of noise
signals, the potential possibilities of their use have not been
utilized in full when creating modern information technolo-
gies, developing the software and hardware information and
control systems. This can be explained by the hypothesis
that noise signals in radio-electronic systems are considered
as interference, which, accordingly, underlies the methodol-
ogy of research into reducing their intensity and the level of
influence. Such a methodology is still relevant in the analysis

| DOI:10.15587/ 1729—4061.2020.201397|

APPLYING AN ADAPTIVE
METHOD OF THE

ORTHOGONAL LAGUERRE

FILTRATION OF NOISE

INTERFERENCE TO INCREASE
THE SIGNAL /NOISE RATIO

V. Kozlovskyi

Doctor of Technical Sciences, Professor, First Vice-Rector**

L. Scherbak

Doctor of Technical Sciences, Professor
Department of Computer Science

Kyiv International University

Lvivska str., 49, Kyiv, Ukraine, 03179

H. Martyniuk

PhD*

R. Zharovskyi

Senior Lecturer

Department of Computer Systems and Networks
Ternopil Ivan Puluj National Technical University
Ruska str., 56, Ternopil, Ukraine, 46001

Y. Balanyuk

PhD, Associate Professor*

Y. Boiko

PhD, Associate Professor

Department of Applied Information Systems
Taras Shevchenko National University of Kyiv
Volodymyrska str., 60, Kyiv, Ukraine, 01033
E-mail: julia_boyko2010@ukr.net

*Department of Information Security**
**National Aviation University

Liubomyra Huzara ave, 1, Kyiv, Ukraine, 03058

Copyright © 2020, V. Kozlovskyi, L. Scherbak, H. Martyniuk, R. Zharovskyi, Y. Balanyuk, Y. Boiko

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

and synthesis of technical systems for various purposes. This
applies to issues related to the system noise immunity.

The wide range of tasks on processing the informa-
tion signals under the action of interference is common
knowledge. To solve them, classical and modern methods
are used. The theoretical foundation of research into noise
signals is the boundary theorems of the sum of independent
random quantities, which were further advanced within the
framework of the theory of linear and harmonized random
processes and fields. The practical justification for such
studies is the stochastic integrated physical mechanism of
noise signals formation and their distribution in different
mediums.



It should be noted that known methods for decreasing
the signal /noise ratio are based on a limited series of theoret-
ical ideas. An example would be the use of a reference model
of the Gaussian random process of white noise as a noise
interference [1]. Even though the continuous white noise has
not been physically implemented, this model is widely used.

2. Literature review and problem statement

Paper [1] investigates the wireless information transfer
systems using an adaptive filter based on the least-squares
method (LSM) to reduce the impact of noise interference —
the Gaussian white noise. However, the cited paper is gen-
erally applied to eliminate the attenuation within the wire-
less information transfer systems. The results of using an
estimate of the signal/noise ratio (SNR) based on Kalman
filtration are reported in [2]: the cognitive radio networks
were investigated. It should be noted that the Kalman
filtration algorithm is described to apply to the Gaussian
white noise, for which the SNR estimate is projected, but
no results for other types of noise interference were given.
The results of changing the dynamics of numerical series
and textured objects in image research using a reference
model of a random process of the Gaussian white noise, as a
random process with uncorrelated (in a broad sense) or in-
dependent (in a narrow sense) values, were described in [3].
These results make it possible to evaluate the presence of
a Gaussian Markov random field in the tasks on detecting
a textured object in a noisy image. It would be expedient
to see how these results could be applied to other subject
areas. Work [4] examined the low levels of SNR in object
detection systems and proposed the use of two new detec-
tors under the action of non-Gaussian noise interference.
However, it should be noted that the accuracy of measuring
the parameters of a usable signal can be achieved for the
case of a correlated non-Gaussian interference. Computer
simulation of problems on the recognition of objects under
conditions of indirect visibility (Non-Line-of-Sight) em-
ploys the methods of inverse correlography with the use of
white noise implementations in line with a uniform distri-
bution law [5]. This method is limited due to the use of only
correlated non-Gaussian interference. According to the
results reported in [6], the use of the phase-rotated spectral
correlation detection method for spectral investigations
provides for the enhancement of SNR versus the energy
and single-cycle cyclo-stationary detector. The detectors,
which operate on this principle, surpass energy detectors
in terms of analytical results and model experiments but
are quite complex in technical implementation. The results
of the Xilinx Artix-7 FPGA chip operation in studying the
algorithm for orthogonal mutual correlation under a strong
exposure to the Gaussian white noise aimed at increasing
the SNR are reported in [7]. To implement the algorithm
of orthogonal reciprocal correlation of the investigated
signals, an additional supporting signal is generated, the
phase characteristics of which are shifted by n/2 relative to
the investigated one. This is a known signal orthogonaliza-
tion method, similar to the method for forming quadratic
signals in phase systems. The basic provisions of the theory
and practice of noise interference are given in [8]. The lin-
ear random processes with infinitely dividing distribution
laws, including Gaussian and Poisson, have been used as
a mathematical model of noise interference. In practice,

noise interference studies that are most used in the study
of radio-electronic systems are the white noises, including
heat and fractional ones. A given work offers the use of
the correlation orthogonal filters for processing the geo-
physical signals. However, the implementation of such an
idea is not clearly formulated; no recommendations for its
practical implementation are given. It is proposed, for the
technical diagnostics tasks, to use a method for finding the
piecewise-homogeneous intervals of noise signals [9]. The
method reduces the effect of the interference component
due to the use of singular spectral analysis and subsequent
sliding processing of the noise sequence. However, when
using such a method, it is necessary to clearly define the
threshold values used for the sliding processing of the noise
sequence, which is not described in practice.

It follows from our analysis that increasing the SNR
has not fully used the possibility of decreasing the denom-
inator values of this correlation. In a general statement,
this is the issue related to increasing the noise immunity
of technical systems.

3. The aim and objectives of the study

The aim of this study is to ensure an increase in SNR at
the correlation system output by using the adaptive method
of the orthogonal Laguerre filtration of noise interference.
Such an approach would make it possible to reduce the value
of the SNR denominator.

To accomplish the aim, the following tasks have been set:

— to analyze the operation of a correlation system with the
input orthogonal Laguerre filters under the action of white
noise with the infinitely dividing distribution laws as a process
with the uncorrelated values for analog and digital variants;

— to design a functional structural-logical circuit of the
correlation system with the complex orthogonal Laguerre
filters, which would give an opportunity to use them in
practice;

—to conduct a computer simulation experiment to sub-
stantiate the reduction of the influence of the interference
at the output of the correlation system when using complex
orthogonal Laguerre filters.

4. Analysis of the operation of the correlation system
with the input orthogonal Laguerre filters

The responses from the n-channel linear system of the
Laguerre filters &,(o, ¢) under the action of stationary white
noise {(w, ¢) (Fig. 1) are uncorrelated along the semi-axis of
their lateral time-dependent shift as a sequence of the uncor-
related linear random processes.

The theoretical justification of the proposed assertion is
based on the following results obtained using [9, 10].

For a continuous case, the reciprocal correlation func-
tion of the Laguerre filter response at n>m is determined
as follows:
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Fig. 1. Schematic of the Laguerre filter system’s formation of
the sequence of n time-uncorrelated responses along
the semi-axis of mutual shift
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In this expression: 6 — variance of the centered continu-
ous input random process of white noise;

{L;(202),j=0,1,2,...,n}

is the sequence of orthogonal continuous Laguerre polyno-
mials, parameter a is the parameter of implementation of

1
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For a discrete case, the digital Laguerre filters under the
condition of n>m, the mutual correlation function of their
responses under the action of the centered discrete station-
ary white noise is determined as follows:
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In this expression: 6> — variance of the centered dis-
crete stationary white noise; {Il. (sj),iz 0,1,2,...; — the or-
thogonal Laguerre polynomials of the discrete argument;
{sj =j-At,je Z} — the discrete uniform grid whose pitch Az
is determined from the time sampling conditions, and Z — the
set of integers; A — the digital Laguerre filter parameter.

The main provisions from the theory of statistical deci-
sions and the theory of linear random processes (LRP) make
it possible to use theoretical results for solving practical tasks.

A mathematical model of the input actual noise interfer-
ence, which is described by the stationary LRP, is recorded
for a discrete case as follows

§(‘°’ tj)z i% (tj_Ti)Q(“)’Ti)’ )

i=—c0

accordingly, the autocorrelation function of an actual noise
interference model takes the form:

7 (Sj)ch__i 9 (¢ )90 (t +s )’ @

where 9,(¢;) is the pulse transition function of the linear
forming filter.

Typical continuous actual noise interference can be di-
vided into two types:
a) the low-frequency broadband with a forming filter

0, (£)=oexp(—at)U (¢),

where U (ti) is the Heaviside function; o is the parameter of
the pulse transition function of a filter (for example, RC filter);
b) the high-frequency narrowband with a forming filter

0, (¢)=€* sin2mft,

where o and f are the parameters of the filter’s pulse transition
function (for example, RLC filter). A series of publications [4, 8]
use the following titles of actual noise interference, respectively:

a) RC noise;

b) RLC noise.

Given the known statistics on the implementations of
model (3), the use of methods for statistical processing of
time series and the LRP theory, the statistical estimates of
the process characteristics C((M,-) and functions &(0), tj)
are determined unequivocally. A statistical estimation of
the autocorrelation function is also determined (4). To solve
practical problems, it is necessary to additionally introduce
the following limitations, which are often when studying the
operation of correlation systems. A statistical estimate 7, (s ].)
is obtained under the condition that two ergodic hypotheses
hold for model (3), namely, the mathematical expectation
and correlation function. The need for the implementation of
ergodic hypotheses for a stationary LRP is connected to that
the algorithm for computing a statistical estimation 7, (sj?
is implemented not by the operator of the mathematica
expectation of model (3) but the correlation operator of the
time-averaged stationary LRP implementations.

The adaptive method of the orthogonal Laguerre filtra-
tion is proposed to ensure that the correlation system with
the input Laguerre filters produces a decrease in the interfer-
ence effect at the output.

The main provisions of a given method are based on the
following:

—using the orthogonal Laguerre filtration of actual noise
interference based on the complex digital Laguerre filters (com-
plex Laguerre filters) with corresponding weight coefficients;

— determining the autocorrelation function of an input
noise interference to form, over the predefined sequence, a
reduction of the values of this function over the correspond-
ing time shift sequence;

— determining the weight coefficients of the components
of a complex Laguerre filter depending on the predefined
sequence of reduction of the value of the mutual correlation
function of noise interference at the output of the system;

— deriving the reduced values of the mutual correlation
function of actual noise interference at the output of the cor-
relation system;

— evaluating the effectiveness of the proposed method.

To implement this method, we have developed a struc-
tural-logic scheme.

5. Development of the scheme of the correlation system
with complex orthogonal Laguerre filters

The functional structural-logical scheme of the correla-
tion system with complex Laguerre filters is shown in Fig. 2.



The filter itself is composed of a sequence of the Laguerre
filters, interconnected in parallel (Fig. 1); and in each of
them, the responses are independently formed under the
interference influence.

Using an adaptive method in practice implies the stage
of training.

At the training stage, the autocorrelation function of
the input noise component 7, (sj) is determined, which is
described by a stationary LRP. At this stage, the complex
Laguerre filters are formed with the pulse transient func-
tions in the following form

w(e)-Zeel' (o)
wa(t,)= 38,01 ®

where

{60 (0 )0 ()t

is the system of orthonormal Laguerre functions of the dis-
crete argument, {ock,B,,,k e[l,m],re [1,n]} — the valid numer-
ical weight coefficients, in this case,

(o)) )20 B2(e) 0.

We obtain, at the output of the correlation system, tak-
ing into consideration the expressions (4) and (5), a response
from the system as a mutual correlation function of the input
noise interference in the form

()2 R BB ()0l )

je(-e=ee), (6)

where a mutual correlation transformation of the complex
Laguerre filters is determined as follows:

()= 360 ()0 (4.

=

ie(—oo,oo).
In general, expression (6) is the algorithm for the func-
tioning of a correlation system with the input complex

Laguerre filters under the effect of input noise interference,
which is described by a stationary LRP in form (3).

In order to reduce the impact of noise interference,
a sequence of values for the mutual correlation function
T (sj) is taken to be 0 over the predefined set of time-shift
points s; €[-K, K].

Next, it is necessary to determine the weight coeffi-
cients o, and B, in expression (5), based on the condition
K <m(n—1). To this end, it is necessary to solve the system
of equations (6) relative to unknown a; and B,, by selecting
m and p so that the number of equations equals the number
of unknowns. Such a correlation system with the orthogo-
nal filters makes it possible to ensure, for the input noise
interference over the set of shifts s; €[-K, K], the reduced
values 7, (sj).

To estimate the efficiency of the adaptive method for
reducing the effect of noise interference, we shall use the
expressions to compute the following numerical efficiency
coefficients with the use of values for the mutual cor-
relation function 7, s]). over the interval of time shifts

sje[—P,P]:
Sl
— TS5
A =10 lgiziD F - : : @)
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The use of expression (8) has been theoretically substan-
tiated to a greater degree.

The correlation system with the input complex Laguerre
filters is adaptive to:

— the type and value of the intensity of the input noise
stationary interference, which is taken into consideration by
its autocorrelation function;

—the frequency range of the examined interference,
which is determined by the choice of the A parameter for the
complex Laguerre filters;

—the number of channels for two complex Laguerre fil-
ters, which enables obtaining 2m(n—1) values of a sequence
of reducing the correlation function at the output of the
system.

The implementation of such a functional structural-log-
ical scheme makes it possible to practically use the complex
orthogonal Laguerre filters in order to reduce the signal/
noise ratio.

Complex Laguerre filter

9 (1) T o
Autocorrelation !
—»| [Input Acceptance, p‘rocessing of Weight coefficients Transfer f’fWCight Mutual correlation PnnS))
signals digital signals interference formation coefficients to processing "
ro(s)) complex Laguerre
filters 1

o (f_

)

Complex Laguerre filter

Fig. 2. The structural-logical scheme of a correlation system to implement an adaptive method



6. Results of computer simulation of the adaptive method
of orthogonal Laguerre filtration of noise interference

The algorithm of the adaptive filtration has been imple-
mented based on the complex Laguerre filters. The com-
puter simulation experiment was conducted employing the
Visual C++ programming environment.

To conduct the experiment, the following actions were
performed:

1. One of the random process implementations has been
received. A function for the normal distribution of pseu-
do-random values was used for this purpose.

Initial data:

Sample volume: N=10,000.

Mathematical expectation M{=0.

Variance D{=1.

The chart of the obtained implementation 7(i) is shown
in Fig. 3.
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Fig. 3. The implementation of a discrete random process
(first 1,000 values)

The estimates of mathematical expectation and vari-
ances have been computed, M{=0,0004 and D{=0,9726,
respectively.

The estimation chart of the correlation function of one of
the implementations of white noise R(s), where se(0,10), is
shown in Fig. 4.
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Fig. 4. The estimation chart of the correlation function of one
of the implementations of white noise R(s)

The derived statistical characteristics of the white noise
implementation confirm the expediency of using such a gen-
erator to obtain a sampling of the values with the Gaussian
distribution. Further research is based on the received im-
plementation.

2. Based on a sampling of the values with the Gaussian
distribution law, the implementation of RLC-noise (Fig. 5)
was formed to train the filter.

Initial data:

Implementation of the basic white noise.

Sample volume: N=10,000.

Pulse transition function of the RLC filter:

0, (t,)=€e " sin2nft, ie [O,_N]

A forming filter parameter: o.=0,1.
Frequency: f=0,17.

.
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Fig. 5. The implementation of RLC noise (first 100 values)

The estimation chart of the autocorrelation function of
the implementation of RLC noise RO(s), where s, €(0,50),
is shown in Fig. 6.
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Fig. 6. The chart of the statistical estimation of the
normalized autocorrelation function of the input noise
interference at the stage of training

The resulting chart shows that the autocorrelation func-
tion of the noise interference accepts rather large values,
which affects the signal/noise ratio at the output of the
system. In order to reduce the impact of interference, the
experiment involved the following actions.

3. The estimates of the weight coefficients B, were cal-
culated based on formula (6).

Initial data:

Estimation of the values of the correlation function of
RLC-noise 7 (sj).

The number of zeroing points — 15.

The complex Laguerre filter parameter A =0.1;

m=1;

n=16;

o =0y =1

re|2,16|.

The value of the mutual correlation function at the
stage training must be equated to 7, (s j) =0 over the range
s; €(0,15).

We determined the matrix of coefficients at unknown B,
in the system of 15 linear equations (Fig. 7).

By using the obtained coefficients, the values of the coef-
ficients B, were determined (Fig. 8).
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Fig. 7. Equation coefficients values at unknown f,
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Fig. 8. Values of the B, coefficients

It is necessary to check that the calculation is correct by
the values of coefficients B,. To test the filter performance, it
is sufficient to determine the values for a mutually correlated
function Rmn(s) using the derived coefficients (Fig. 9).
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Fig. 9. The chart of statistical estimation of the response
from the normalized correlation system with complex
Laguerre filters under the action of noise interference at
the stage of training

The built chart (Fig. 9) shows that, when using these co-
efficients, the complex orthogonal filter fully eliminates the
interference as 7, (sj): 0 at points s, €(-15,15).

Thus, the stage of training was performed for a given
experiment. In the future, for the noise interference of the
same type, one can use the calculated coefficients of the
complex orthogonal Laguerre filter to compute the values
for the mutual correlation function. To experimentally
find a mutual correlation function, the following was
performed.

4. We re-generated the RLC noise with similar pa-
rameters.

5. By using the calculated coefficients B, of the complex
orthogonal Laguerre filter, the value of the mutually cor-
related function Rmn(s) was calculated (Fig. 10).
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Fig. 10. The chart of statistical estimation of the response
from the normalized correlation system with complex
Laguerre filters under the action of noise interference at
the stage of using

Fig. 10 shows the operation of the complex orthogonal
Laguerre filter over the set of points s, e(~15,15). Over
this range, the values r,, (sj) are not equal to 0 because it is
impossible to accurately generate the identical interference.
The practical use of the adaptive method implies the same.
However, it should be noted that the following values of the
system performance coefficients were obtained. For the set
of points s; €(-50,50)

A=-5,89984 dB,
Ay=-5,90125dB,

and for the set s, e(-1515)
A1=-16,47063 dB,
Ay=-16,48631 dB.

The obtained numerical data confirm the fact of reduc-
ing the impact of noise interference, by —6 dB and —16 dB,
respectively.

The implementation of computer simulation using the
adaptive method was carried out for an actual noise inter-
ference, which belongs to the class of RLC noise. A given
class of noise interference is formed in the typical links of
radio-electronic systems.



7. Discussion of results of using the adaptive method of
orthogonal Laguerre filtration

The justification of the correlation system using the
complex Laguerre filters has been given. To this end, the
theoretical information on the analog and digital Laguerre
filtration was provided. It should be noted that up to
now the complex Laguerre filters have not been used in
practice. Because of this, we have proposed an adaptive
method of the orthogonal Laguerre filtration and outlined
its main provisions. The use of the adaptive method of the
orthogonal Laguerre filtration makes it possible to form the
uncorrelated linear stationary random processes along the
semi-axis of their mutual time shift, which describe a wide
range of actual noise interference. In this, a given method
differs significantly from previously known methods.

The special feature of applying the method of the adap-
tive orthogonal Laguerre filtration when using the digital
variant of processing the investigated signals is that it makes
it possible to avoid solving a series of hardware tasks related
to the creation of the appropriate analog modules of the cor-
relation system.

The advantages of the method are as follows:

1. The theoretical justification, based on the results, of
the theory of orthogonal functions and random processes,
including LRPs.

2. The solution of the applied tasks using:

— known results of the theory and practice of processing
stationary noise interference because the signals and in-
terference create the non-stationary combinations and this
largely restricts the range of research methods while the
stationary noise interference is typical of the most applied
problems;

— the digital variant of the method as an algorithm for
operating a correlation system and the implementation
of the concept model-algorithm—software in a computer
simulation;

— the reduction of impact exerted by noise interference
described by a stationary LRP for SNR assessment;

— the uniqueness of the orthogonal Laguerre filtration
of a stationary white noise process — to form a sequence of
uncorrelated noise processes over a significant time interval
of their mutual shift;

—the potential capabilities to undertake, based on an
LRP model, noise interference research not only within
the framework of the correlation theory but with the use of
higher moments;

— the pulse transition functions of linear forming filters.

Restrictions on the use of the adaptive method include:

1. The Laguerre filters are filters of lower frequencies,
which narrows the frequency range of the examined noise
interference.

2. In order to define SNR, additional research should be
performed taking into consideration the transformation of
signals in the links of a correlation system with the input
Laguerre filters.

3. For the practical use of the method, it is necessary to
conduct a training phase to the input noise interference.

4.In each case, it is necessary to assess the effectiveness
of the method and decide on its application taking into con-
sideration:

—an infinite interval of the orthogonality of Laguerre
polynomials replaced with a finite one;

— changes in the values of the Laguerre discrete argu-
ment polynomials at their quantization;

— unbiasedness and effectiveness of the obtained statis-
tical estimates of the mutual correlation function 7, (sj).

The subject areas of method application are statis-
tical hydroacoustics, geophysics, and radiophysics. The
method could be used for vibration diagnostics and
non-destructive control of technical systems, as well as in
noise-reduction, which is a relevant field in the theory and
practice of modern information technologies of measu-
rements.

A computerized modeling experiment was implement-
ed to further the expediency of the adaptive method of
orthogonal Laguerre filtration. As a result of an example
of calculating the parameters of pulse transitional charac-
teristics with the orthogonal Laguerre filters, it is possible
to draw the following conclusion. If one uses a predefined
interference, it is possible to calculate the system of or-
thonormal functions of the Laguerre discrete argument.
The values of these functions make it possible to build a
filter that enables determining the characteristics of the
correlation conversion of a usable signal over a certain
offset range.

Thus, based on the use of the adaptive method of the
orthogonal Laguerre filtration, we can create correlation
systems to reduce the influence of stationary noise inter-
ference.

7. Conclusions

1. The operation of a correlation system with the input
orthogonal Laguerre filters under the action of the white
noise process with the infinitely dividing distribution laws
as a process with the uncorrelated values for analog and digi-
tal variants has been analyzed. At the known statistics of the
model implementations, the use of methods for the statistical
processing of time series, and the LRP theory, the statistical
evaluations of the process characteristics and functions are
determined unequivocally; the statistical evaluation of the
autocorrelation function is also determined. The adaptive
method of the orthogonal Laguerre filtration has been pro-
posed to ensure that the correlation system with the input
Laguerre filters produces, at the output, a decrease in the
interference impact.

2. Based on the proposed adaptive method, the function-
al structural-logical scheme of a correlation system with the
complex orthogonal Laguerre filters has been developed, in
which the filter is composed of a sequence of the Laguerre
filters, which are interconnected in parallel, each of them
independently forms the feedback under the action of in-
terference. The proposed structural-logical scheme would
make it possible to use them in practice to reduce SNR at the
output of the system.

3. A computer simulation experiment has been con-
ducted to substantiate the reduction of an interference
influence at the output of the correlation system when us-
ing complex orthogonal Laguerre filters. As a result of the
experiment, for an actual noise interference belonging to
the RLC class of noise, the values of performance coeffi-
cients were obtained, -5 dB and —16 dB, depending on the
range of values. Such results indicate a significant reduc-
tion in the impact of interference over the selected ranges.
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