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Introduction. To form radio-location portrait (RLP) of aim – in the structures and algorithms of modern
radar sets (RS), methods based on high identification signals are used. The hereinabove was established by the
research analysis concerning the synthesis of RLP and existing approaches to the identification of unknown
systems by adaptive methods. These methods imply high requirements for transmitters and prevents their
implementation in pulse RS with low-frequency oscillators. This problem can be solved in another way, fit
for use in RS with low-stability transmitters. In this case, the aim is regarded as a certain unknown system
that brings certain known distortions in the deterministic signal that correspond to its transient response.
At active location, the signal is fully known on both the transmitting and receiving sides (probing and
echo signals), while spreading in a homogeneous medium, non-linear phase-frequency distortions are not
introduced into it. When the adaptive filtering algorithm is applied, its transient feature is formed, to which
the optimal weight vector of the synthesized adaptive filter will correspond. Thus, forming RLP in each
probing period, it is possible to perform single-angle identification of aims and to realize coherent processing
of echo signals, even when using incoherent sources of ultra-high frequencies of probe signals. This allowed us
to formulate the purpose of the article, which is to increase the coherence of processing echo signals in pulsed
RS with incoherent sources of probing signals. In order to achieve this research goal, the paper analyzes the
existing methods of radio-location portrait of aim formation, on the basis of which mathematical models of
signals reflected from aims with complex geometric surface shape are exploited, on which simulation work
of the developed algorithms is carried out.
Theoretical results. The mathematical model of the complex of radio-location portrait of aim image with
a finite number of «bright points» has been improved pursuant to the analysis of existing methods of
formation of radio-location portrait of aim and identified inconsistencies of existing methods with the modern
requirements regarding the use in incoherent pulse radar stations. The model differs from the existing ones
as it allows to take into account the amplitude-phase transformations of a complex circumflex of probing
signal when reflected from a aim with a complex geometric shape in the azimuthal and longitudinal plane.
Results. The simulation results, received with the help of the developed method, showed that RLPs enable to
distinguish by visible range bright points on the surface of objects with great accuracy. It is 3-4 times greater
than the potential for distinguishing the probing signal caused by the duration of the radio pulse. RLPs also
enable to increase the coherence of inter-period signal processing by a value of coherence coefficient from 3
to 6 times (depending on the spatial shape of the aim surface).
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Introduction

The development of radar in recent decades has
been accompanied by a sharp increase of requirements
for the main characteristics of radar stations (RSn).
At the same time, requirements for the completeness
and reliability of radar information have been grow-
ing, which is the basis for providing radar of aims
recognition. Despite the considerable progress in the
characteristics of the element base, the increasing

requirements concerning the completeness and reliabi-
lity of radar information, in many cases, it is not
possible to satisfy in the framework of the traditional
RSn construction. This is the evidence that one of the
ways to providing radar of aims recognition can be
considered the development of efficient algorithms of
secondary information digital processing.

http://radap.kpi.ua/radiotechnique/article/view/1608
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1 Analysis of recent research and

publications

The analysis of scientific works in the field showed
[1–6] that the basis of almost all methods of formati-
on of radio-location portrait of aims is the use of
complex sounding reference signals, such as linear-
frequency modulated signals, frequency- and phase-
manipulated signals, possessing optimized correlation
properties and providing resolvability to in the range
of a few centimeters. Other known methods are based
on the use of complex multifrequency signals and are
implemented by gradually probing the surface of whole
signals with discrete increasing or decreasing frequency.
In doing so, an amplitude-frequency response of the
aim, surface is formed, which, when performing the
Fourier Reverse Transformation, makes it possible to
obtain a long-range portrait. The implementation of
these approaches in radar systems requires a significant
complication of their transceiver part, which is not
always economically justified.

Many scientific works have been devoted to the
development of methods and means of radio-location
aims recognition. Among them are the works of J.D.
Shirman, Y. L. Barabash, E. L. Kazakova, A. E.
Okhrimenko, S. A Gorshkov, S. P. Leshchenko, O. I.
Sukharevsky, V. M. Orlenko and others [7–11]. The
analysis of results of their scientific works has proved
that almost all methods of forming radio-location
portrait of aims, which are the source information for
recognition, are based on the use of complex signals
with frequency, phase modulation, which have optimi-
zed correlation properties required for high resolution
in the range of the formation faraway portraits. There
are also methods based on the use of multifrequency si-
gnals, which are implemented by gradually probing the
surface of the aim with signals with gradually increas-
ing or decreasing frequency, thus, spectral characteri-
stics of the scattering function of the surface of the aim
are determined, which, when performing the inverse
Fourier transform, also allow to obtain faraway portra-
its. Given the complexity of the probe signals, the
implementation of these approaches in radar requires a
significant complication of the transceiver part, which
is not always optimal in terms of efficiency/cost.

2 The purpose and objectives of

the research

Thus, the question arises of finding effective
methods of radar recognition based on the use of si-
mple pulse signals. The formation of radio-location
portrait of aims, in this case, can be accomplished
by directly forming the transmitting characteristi-
cs of aims in the time and frequency planes using
adaptive filtering algorithms. To achieve this goal,
on the basis of performed mathematical modeling of

the reflection functions of complex surfaces of radio-
location aims, a mathematical model of the complex
transient characteristic of a aim with a limited
number of bright points when probing its surface with
narrowband signals was developed.

3 Materials and methods of

research

The research methods used in the work are:
methods of mathematical analysis, theory of optimal
signal reception, statistical theory of signals, theory of
probability and mathematical statistics. Mathematical
models are developed on the basis of spectral analysis
theory and the theory of digital signal processing.
Methods of experimental research are: field experi-
ment, simulation modeling. Simulation methods were
implemented using computer aided design systems
(MathCAD and MatLab software). The mathemati-
cal modeling method analyzes the potential accuracy
of reproduction of radar characteristics of aims with
different geometric surface shapes based on adaptive
filtering algorithms.

4 Spectral method of forming

radio-location portrait of aim

using limited-spectrum signals

On the basis of the mathematical modeling of
the reflection functions of radio-location aims complex
surfaces, a mathematical model of the complex transi-
ent characteristic of the aim with a limited number of
bright points was developed when probing its surface
with narrowband signals.

The obtained model is designed to calculate and
construct the spatial shape of a multipoint aim surface
by phase, frequency and amplitude transformations
of a radar signal with spatial elements of resolution
the size of which is much smaller than the temporal
and azimuthal element of the difference between aims
portraits.

In order to obtain the model, at the first stage, the
physical scattering processes of electromagnetic radi-
ation upon reflection from the surface of the aim were
analyzed. It was found that a complex radar image
of a multipoint object could be developed using an
approach based on a point model of effective radar
scattering centers of objects.

In this case, it is assumed that the amplitude of the
reflected wave of each «bright point» of the object in
the frequency band of the sounding reference signal is
constant, since the duration of the sounding reference
signal is much shorter with respect to the minimum
time of moving the aim.

Besides, considering that the main mechanism for
the interaction of electromagnetic fields in the presence
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of several centers of object scattering is interference,
the received radar signal scattered by the radar object
is suggested to be considered as the signals superposi-
tion from each «bright point» of the aim.

The complex circumflex of radar signal reflected by
the 𝑖-th scattering center is introduced as:

𝑠̇𝑖(𝑡) = 𝑢𝑖𝑒
𝑗Ψ𝑖𝑒𝑗𝜔0𝑡𝑖 = 𝑢̇𝑖𝑠(𝑡− 𝑡𝑖), (1)

where 𝑢𝑖 and Ψ𝑖 – the amplitude and phase of
the complex circumflex signal, scattered by the 𝑖-th
scattering center; 𝑠(𝑡) – the circumflex of the sounding
radar pulse; 𝑡𝑖 – the delay due to the time of the
electromagnetic wave expansion from the aerial to the
scattering center; 𝜔0 – carrier frequency.

The complex circumflex of the signal reflected by a
fixed scattering object of the complex shape is determi-
ned by the superposition of the complex circumflex
of the signals reflected from the final number of this
object scattering centers [1]. The total complex ci-
rcumflex is the result of its components’ vector putting
together. Thus, the interference of waves reflected from
different elements of an object upon its irradiation
by a radar signal can be described. In this approach,
the complex radar image is the dependence on the
range 𝑟 and azimuth angle 𝜙 of the values of the echo-
signal complex circumflex scattered by the 𝑖-th «bright
points» of the object:

𝜒̇(𝑟, 𝜙) =

𝑁∑︁
𝑖=1

𝑢̇𝑖𝑠̇(𝑟 − 𝑟𝑖)𝐺
2
𝐴(𝜙− 𝜙𝑖) + 𝜂̇(𝑟, 𝜙), (2)

where 𝑢̇𝑖 – is the complex amplitude; 𝜙𝑖 – the azimuth
coordinate of the 𝑖-th center of the object scattering;
𝑟𝑖 – the coordinate of the range of the 𝑖-th center of the
object scattering; 𝑠(𝑟) – the circumflex of radar signal;
𝐺2

𝐴(𝜙)– the characteristic of aerial direction; 𝜂̇(𝑟, 𝜙)
– is the complex circumflex of noise in the receiving
frequency band.

As the frequency approach is applied, the noise and
encumbrances introduce the significant effect on the
reliability and accuracy of the model. It is suggested to
determine the required signal/noise ratio according to:

𝑞 =

𝑅𝑚𝑎𝑥∫︀
0

2𝜋∫︀
0

|
∑︀𝑁

𝑖=1 𝑢̇𝑖𝑠̇(𝑟 − 𝑟𝑖)𝐺
2
𝐴(𝜙− 𝜙𝑖)|2d𝑟d𝜙

2𝜋𝑅𝑚𝑎𝑥𝜎2
, (3)

where 𝑅𝑚𝑎𝑥 – is the spatial length of the sounding
reference signal; 𝜎2 – noise dispersion.

The mathematical model of the radar image of the
object within the distance interval [𝑟𝑚𝑖𝑛, 𝑟𝑚𝑎𝑥] and
the azimuth interval [𝜙𝑚𝑖𝑛, 𝜙𝑚𝑎𝑥] is presented in the
following form:

𝜒̇[𝑛,𝑚] =

𝑁∑︁
𝑖=1

𝑢̇𝑖𝑠̇(𝜌𝑛 − 𝑟𝑖)𝐺
2
𝐴(𝜃𝑚 − 𝜙𝑖) + 𝜂̇[𝑛,𝑚], (4)

where the discrete results of distance and azimuth
angle are determined by the expressions:

𝜌𝑛 = 𝑟𝑚𝑖𝑛 +
𝑛

𝑁 − 1
(𝑟𝑚𝑎𝑥 − 𝑟𝑚𝑖𝑛),

𝑛 = 0, 1, ..., 𝑁 − 1,
(5)

𝜃𝑚 = 𝜙𝑚𝑖𝑛 +
𝑚

𝑀 − 1
(𝜙𝑚𝑎𝑥 − 𝜙𝑚𝑖𝑛),

𝑚 = 0, 1, ...,𝑀 − 1.
(6)

The module and argument of the complex radar
image are formed according to the amplitude and phase
distributions of the radar signal reflected from the aim.

In order to construct a map of the scattering centers
location on the surface of the aim, an algorithm of
parametric identification is presented in the article.
Parametric identification of the object is carried out
sequentially by a series of processing procedures in
accordance with the selected model of the received
radar signal.

The spectrum of the complex circumflex of the
radar signal reflected by the 𝑖-scattering center has the
following form [7]:

𝑆̇𝑖(𝑓) = 𝑢̇𝑖𝑆̇(𝑓)𝑒−𝑗2𝜋𝑓𝑡𝑖 , (7)

where 𝑆̇(𝑓) – is the spectrum of the complex circumflex
of the sounding reference signal.

For a discrete complex radar image of the object,
a two-dimensional discrete Fourier transformation
(hereinafter referred to as DFT) is calculated as:

𝑋̇[𝜈, 𝜇] =

𝑁−1∑︁
𝑛=0

𝑀−1∑︁
𝑚=0

𝜒̇[𝑛,𝑚]𝑒−𝑗2𝜋( 𝜈
𝑁 𝑛+ 𝜇

𝑀 𝑚),

𝜈 = 0, 1, ..., 𝑁 − 1;𝜇 = 0, 1, ...,𝑀 − 1.

(8)

The model of the scattering characteristic of the
object’s «bright points» in the spectral region of a
discrete radar image is described by the expression:

𝑍̇[𝜈, 𝜇] =

𝑁∑︁
𝑖=1

𝑢̇𝑖𝑒
−𝑗(𝛼𝑖𝜈+𝛽𝑖𝜇), (9)

where

𝛼𝑖 = 2𝜋
𝑟𝑖 − 𝑟𝑚𝑖𝑛

𝑟𝑚𝑎𝑥 − 𝑟𝑚𝑖𝑛
;𝛽𝑖 = 2𝜋

𝜙𝑖 − 𝜙𝑚𝑖𝑛

𝜙𝑚𝑎𝑥 − 𝜙𝑚𝑖𝑛
. (10)

The shape of the two-dimensional spatial spectrum
of a single radar response of the object’s 𝑖-th «bright
point» is determined along one spatial frequency of the
𝑠(𝑟) signal circumflex spectrum – independently, and
along the other – by the spectrum of the known aerial
directivity in 𝐺2

𝐴(𝜙) power.
Thus, the two-dimensional spatial spectrum of a

single radar reflection is a two-dimensional weight-
ing function 𝐷̇[𝜈, 𝜇] of spectral readings 𝑍̇[𝜈, 𝜇] for a
multi-point object. To obtain the characteristic of point
centers of the object scattering in the spectral field of



26 Shynkaruk O. M., Kyrylenko V. A., Babii V. A., Polishchuk V. V., Babaryka A. O., Chukanov A. I.

a discrete radar image, it is necessary to compensate
the function 𝐷̇[𝜈, 𝜇] for two-dimensional DFT 𝑋̇[𝜈, 𝜇]:

𝑌̇ [𝜈, 𝜇] =
𝑋̇[𝜈, 𝜇]

𝐷̇[𝜈, 𝜇]
= 𝑍̇[𝜈, 𝜇] +

𝑊̇ [𝜈, 𝜇]

𝐷̇[𝜈, 𝜇]
,

𝜈 = 0, 1, ..., 𝑅− 1;𝜇 = 0, 1, ..., 𝑄− 1,

(11)

where 𝑅 < 𝑁 and 𝑄 < 𝑀 are determined by the
effective lengths of the signal circumflex spectrum 𝑠(𝑟)
and the spectrum of the aerial directional characteri-
stics in 𝐺2

𝐴(𝜙) power, respectively; 𝑊̇ [𝜈, 𝜇] – two-
dimensional DFT noise readings 𝜂̇[𝜈, 𝜇].

To calculate the sample of two-dimensional
succession 𝑌̇ [𝜈, 𝜇], when 𝜈=0 and 𝜇=0, the following
expressions are suggested to be used:

𝑦̇𝜃[𝜈] = 𝑌̇ [𝜈, 0] =

=

∑︀𝑁−1
𝑛=0 (

∑︀𝑀−1
𝑚=0 𝜒̇[𝑛,𝑚])𝑒−𝑗2𝜋( 𝜈

𝑁 𝑛)

𝐷̇[𝜈, 0]
, (12)

𝑦̇𝜌[𝜇] = 𝑌̇ [0, 𝜇] =

=

∑︀𝑁−1
𝑛=0 (

∑︀𝑀−1
𝑚=0 𝜒̇[𝑛,𝑚])𝑒−𝑗2𝜋( 𝜇

𝑀 𝑚)

𝐷̇[0, 𝜇]
. (13)

From the vector of data 𝑦̇ = [𝑦̇0, 𝑦̇1, 𝑦̇2, ..., 𝑦̇𝐾−1]𝑇 ,
obtained for each succession of spectral readings in the
following form:

𝑦̇𝑘 = {𝑦̇𝜃[𝑘], 𝑦̇𝜌[𝑘]}, 𝑘 = 0, 1, ...,𝐾 − 1, (14)

it is necessary to create a data matrix that looks like a
Hankel matrix:

𝑌̇ =

⎡⎢⎢⎣
𝑦̇0 𝑦̇1 ... 𝑦̇𝐿
𝑦̇1 𝑦̇2 ... 𝑦̇𝐿−1

𝑦̇2 𝑦̇3 ... 𝑦̇𝐿−2

𝑦̇𝐾−𝐿−1 𝑦̇𝐾−𝐿 ... 𝑦̇𝐾−1

⎤⎥⎥⎦ , 𝐿 <
𝐾

2
, (15)

where 𝐾 = {𝑅,𝑄} is the number of data readings
contained in the data vector 𝑦̇.

Estimates of the distance and azimuth coordinates
of 𝑖-th scattering center position can be obtained by
the formulas:

𝑟𝑖 = −arg(𝑍̇𝜃𝑖)

2𝜋
(𝑟𝑚𝑎𝑥 − 𝑟𝑚𝑖𝑛) + 𝑟𝑚𝑖𝑛, (16)

𝜙𝑖 = −arg(𝑍̇𝜌𝑖)

2𝜋
(𝜙𝑚𝑎𝑥 − 𝜙𝑚𝑖𝑛) + 𝜙𝑚𝑖𝑛, (17)

where 𝑍̇𝜃𝑖 and 𝑍̇𝜌𝑖 are the indexes of the sequences of
spectral readings poles 𝑦̇𝜃[𝜈] and 𝑦̇𝜌[𝜇], are accordingly
obtained using the matrix beam method.

5 Simulation modelling of functi-

oning formation method of

radio-location portraits of aims

in spectral sphere

To check the adequacy of designed models simulati-
on modelling of the object surface shape assessment has
been conducted in MathCAD environment by means
of synthesis of model reflection from the object that
consists of three bright spots. Discrete radar picture
was modelled on the coordinate area range and azimuth
in 50 х 50 = 2500 points. Allocations were accepted
within the range interval under the duration of sound-
ing impulse 0,1 мks [15m] beyond 500m (distant zone)
and the interval by bearing angle 0, 9∘. 20 dB accepted
signal-to-noise ratio. Accepted parameters of dispersi-
on centers are the following: range – 510, 504, 513m;
azimuth – 0, 2∘, 0, 8∘, 0, 78∘; magnitude factor – 4, 2,
1,2; phase shift – 1,89, 0,9, -1,1 rad. Obtained radar
reflection is presented in figure 1 in the form of some
range and azimuth reflection sections. As we can see
in the figure, there are strongly marked local peaks in
sections, and their quantity can point out the presence
of reflections in the received signal from both a single
dissipation center and from two or three short-range
dissipation centers.

The range estimation based on the received signal
in such sections is complicated by insufficient resolution
for localization of some «bright points» of the object,
noise and interference of reflected signals from several
scattering centers.

According to Fig. 1, the range estimates of
504m, 510m, 513m for scattering centers correspond to
the location of the "bright"points within the element
of difference, both by the range and azimuth of the
radar image at a distance of 500m. Estimates of the
signal amplitudes reflected by the «bright points» of
the object are indicated by the height of the arrow.

The invisibility of «bright points» with almost
complete coincidence of their range are shown on the
Fig. 1. However, the position of the azimuth scattering
centers remains unknown. In addition, the estimation
of the intensity level of «bright points» is not carried
out without carrying out a similar stage of the identi-
fication algorithm for azimuthal sections of the radar
image of the object.

Several azimuth cross sections of the object radar
response are depicted by the dotted lines ( Fig. 1).
The signal obtained as a result of coherent radar image
processing over a distance is shown in the figure as a
solid line. The parameters of the «bright points» of the
object were estimated by the quadrature components
of the signal spectrum.
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Fig. 1. Allocation of amplitudes in range (a) and azi-
muth (b) sections

An estimate of the azimuth coordinates of the «bri-
ght points» shows that the minimum angular distance
between the «bright points» is 0.3∘, that is much less
than the difference between the radar image and the
azimuth almost three times. The amplitudes of the
reflected signals by the «bright points» were obtained
for all three scattering centers.

Fig. 2 shows the obtained positions of the scattering
centers on the contour maps of the amplitude and
phase distributions of the radar image. In compari-
ng these provisions with the initial parameters of the
scattering centers, deviations associated with the effect
of noise and the limited number of discrete points of
the radar image can be observed.

 

f1

 

A
zi

m
ut

h 

Range 

Amplitude distribution 

(a)

           f1

 

A
zi

m
ut

h  

Phase distribution 
 

Range 

(b)

Fig. 2. A map of the radiolocation image positions wi-
th three «bright points» (a) and position of scattering

centers (b)

According to Fig. 3, the proposed algorithm allows
to estimate the number and position of scattering
centers within the total amplitude burst of a complex
radar with three-dimensional graph interpolation.

Thus, using the developed model and performing
parametric identification based on it, it is potenti-
ally possible to form two-dimensional radio-location
portraits of aims with resolution elements that are
several times smaller than the resolution of radar
images both by azimuth and length.

The accuracy and reliability of the models obtai-
ned was evaluated by modeling the processes in di-
fferent software environments and according to the
convergence of their results with each other and the
results of practical implementation.
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Fig. 3. Two-dimensional interpolation of the radar
image of the three-point aim (a) and scattering

centers (b)

6 Discussion of results

Analysis of the results of numerical simulation of
the radar object identification shows the possibility
of estimating the intensity, coordinates and azimuth
of scattering centers located within the radar image
distinguishing element at radial distances, which are
3-4 times greater than the resolution of the radar with
the duration of the signal and sufficient signal/noise
ratio (not less than 20 dB).

Using the model and performing parametric identi-
fication based on it, it is possible to form two-
dimensional radio-location portraits of aims with
elements of resolution which dimensions are several
times smaller than the radar and azimuth resolution.
However, the implementation of this approach requires
considerable computational cost, which may not always
be implemented in pulse radars.

In addition, it is possible to provide such requi-
rements in respect of signal/sound (over 20 dB) in

active radar only on small distances or during an
observation of aims with a large effective scattering
surface. Thus, in order to implement potential radar
signals for distinction, it’s necessary to elaborate the
radar forming method, which is resistant to the sound
and the instability of the transmitter.

Conclusions

1. The transitional characteristic of a radio-location
aim reflective surface in its informational content may
as well be used as the main characteristic of a coherent
accumulation. In observing the movable aims, even wi-
th their minor movement during probing, it is necessary
to consider or to compensate the homogeneous angular
displacement of the echo signal concerning the soundi-
ng, as they significantly reduce the accuracy of the
monoaspect portrait of the goal both in the current
review period and beyond. However, this circumstance
does not require additional efforts when used to
determine the number and the coordinates of the
algorithm object scattering centers for the parameters
identification of the radar image model in the frequency
domain. By means of mathematical methods, the use
of this algorithm enables to detect additional signs of
an effective scattering aim surface, which significantly
increases the efficiency of detection algorithms and di-
stinction. As a result of identification, the parameters
of the model received by the radar signal can be
considered as characteristics of the most powerful equi-
valent points of scattering. Consequently, observing the
behaviour of the object scattering properties on a limi-
ted number of of its «bright points» can be virtually
used for the recognition of radio-location aims.

2. The presented model can be applied to describe
the radar signals of pulse radar, which has a high
separation ability due to the small duration of the
probing signals. In this case, the monitored radar si-
gnal can be described as a reviews superposition from
separate «bright points» of aims.

3. The simulation technique results demonstrated,
that obtained with the help of the developed method
radio-location aims portraits allow to cut by the range
the bright points on the surface of objects with an
accuracy of 3-4 times greater than the potential di-
stinction probing signal by duration in respect of
signal/sound at least 20 dB at the detector inlet.

4. The mathematical model of the aim integrated
radar image with a final number of bright points got
its further development. The difference between this
model and the existing ones, which defines its novelty,
is that it allows to take into account the amplitude-
phase transformation of a complex circumflex signal at
reflection from a aim with a complex geometric form
in azimuth-distant flat.

5. In the future, the results of this work can be used
by the department of the State Border Guard Service of
Ukraine in the development of technical requirements
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for prospective pulse radar stations in the system of
engineering and technical security of the state border.

A forward-looking direction of further research
is the use of adaptive algorithms not only for the
formation of radar goals portraits, but also for the
implementation of coherent impulse methods of selecti-
on aims in pulse radar means for their identification.
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Математична модель комплексного
радiолокацiйного зображення цiлi з
кiнцевою кiлькiстю яскравих точок

Шинкарук О. М., Кириленко В. А., Бабiй Ю. О.,

Полiщук В. В., Бабарика А. О., Чуканов А. I.

Вступ. На основi проведеного аналiзу робiт в частинi
синтезу радiолокацiйних портретiв цiлей та iснуючих
пiдходiв щодо iдентифiкацiї невiдомих систем адаптив-
ними методами було установлено, що в структурах та
алгоритмах роботи сучасних радiолокацiйних засобiв
(РЛЗ) для формування радiолокацiйних портретiв цiлей
(РЛПЦ) застосовують методи на основi сигналiв з висо-
ким розрiзненням, що обумовлює високi вимоги до пере-
давачiв i унеможливлює їх реалiзацiю в iмпульсних РЛЗ
з низькостабiльними генераторами надвисоких частот,
хоча це завдання можливо вирiшити iншим шляхом,
придатним для застосування в РЛЗ з низькостабiльни-
ми передавачами. В цьому випадку, цiль розглядається
як певна невiдома система, яка вносить в детермiнова-
ний сигнал певнi вiдомi спотворення, що вiдповiдають
її перехiднiй характеристицi. Оскiльки, при активнiй
локацiї сигнал повнiстю вiдомий i на передавальнiй,
i на прийомнiй сторонi (зондуючий i ехо-сигнали), а
при розповсюдженнi в однорiдному середовищi в ньо-
го не вносяться нелiнiйнi фазо-частотнi спотворення,
застосувавши алгоритм адаптивної фiльтрацiї, формує-
ться її перехiдна характеристика, якiй буде вiдповiдати
оптимальний вектор вагових коефiцiєнтiв синтезованого
адаптивного фiльтру. Таким чином, формуючи РЛПЦ
в кожному перiодi зондування можливо здiйснювати
моноракурсну iдентифiкацiю цiлей i реалiзувати коге-
рентну обробку ехо-сигналiв навiть при застосуваннi
некогерентних джерел надвисоких частот зондуючих
сигналiв. Це дозволило сформувати мету статтi, яка по-
лягає в пiдвищеннi когерентностi обробки ехо-сигналiв
в iмпульсних РЛЗ з некогерентними джерелами зонду-
ючих сигналiв. Для досягнення поставленої мети до-
слiдження в роботi проведено аналiз iснуючих методiв
формування радiолокацiйних портретiв цiлей, на основi
якого розробленi математичнi моделi сигналiв вiдбитих
вiд цiлей зi складною геометричною формою поверхнi,
на основi яких проведено iмiтацiйне моделювання робо-
ти розроблених алгоритмiв.
Обговорення отриманих результатiв. На пiдґрунтi ана-
лiзу iснуючих методiв формування радiолокацiйних
портретiв цiлей та визначеннi невiдповiдностей iсную-
чих методiв сучасним вимогам в частинi використання
в некогерентних iмпульсних радiолокацiйних станцiях,
удосконалено математичну модель комплексного ра-
дiолокацiйного зображення цiлi з кiнцевою кiлькiстю
яскравих точок, яка вiдрiзняється вiд iснуючих тим,
що вона дає змогу врахувати амплiтудно-фазовi транс-
формацiї комплексної обвiдної зондуючого сигналу при
вiдбиттi вiд цiлi зi складною геометричною формою в
азимутально-дальнiснiй площинi.
Результати. Як показали результати моделювання,
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отриманi за допомогою розробленого методу РЛПЦ да-
ють змогу розрiзнювати по дальностi яскравi точки на
поверхнi об’єктiв з точнiстю, що в 3-4 рази перевищує
потенцiйнi можливостi розрiзнення зондуючого сигналу
обумовленi тривалiстю радiоiмпульсу, а також пiдви-
щити когерентнiсть мiжперiодної обробки сигналiв за
значенням коефiцiєнта когерентностi вiд 3 до 6 разiв (в
залежностi вiд просторової форми поверхнi цiлi).

Ключовi слова: радiолокацiйна станцiя; радiолока-
цiйний сигнал; ехо-сигнал; радiолокацiйний портрет цi-
лi; комплексна обвiдна; перехiдна характеристика

Математическая модель комплексного
радиолокационного изображения цели
с конечным количеством ярких точек

Шинкарук О. Н., Кириленко В. А., Бабий Ю. А.,

Полищук В. В., Бабарыка А. А., Чуканов А. И.

Вступление. На основе проведенного анализа ра-
бот в части синтеза радиолокационных портретов целей
и существующих подходов к идентификации неизве-
стных систем адаптивными методами было установле-
но, что в структурах и методах работы современных
радиолокационных средств (РЛС) для формирования
радиолокационных портретов целей (РЛПЦ) применя-
ют методы на основе сигналов с высоким разрешением,
что обусловливает высокие требования к передатчи-
кам и исключает их реализацию в импульсных РЛС с
низкостабильными генераторами сверхвысоких частот,
хотя это задание возможно решить другим путем, при-
годным для применения в РЛС с низкостабильными
передатчиками. В этом случае, цель рассматривается
как определенная неизвестна система, которая вносит
в детерминированный сигнал определенные известные
искажения, соответствующие ее переходной характери-
стике. Поскольку, при активной локации сигнал полно-
стью известен и на передающей, и на приемной стороне
(зондирующий и эхо-сигналы), а при распространении в
однородной среде в него не вносятся нелинейные фазо-
частотные искажения, применив алгоритм адаптивной
фильтрации, формируется ее переходная характеристи-
ка, которой будет соответствовать оптимальный вектор
весовых коэффициентов синтезированного адаптивного

фильтра. Таким образом, формируя РЛПЦ в каждом
периоде зондирования возможно осуществлять моно-
ракурсную идентификацию целей и реализовать коге-
рентную обработку эхо-сигналов даже при применении
некогерентных источников сверхвысоких частот зонди-
рующих сигналов. Это позволило сформировать цель
статьи, которая заключается в повышении когерентно-
сти обработки эхо-сигналов в импульсных РЛС с неко-
герентными источниками зондирующих сигналов. Для
достижения поставленной цели исследования в работе
проведен анализ существующих методов формирования
радиолокационных портретов целей, на основе которого
разработаны математические модели сигналов отражен-
ных от целей со сложной геометрической формой по-
верхности, на основе которых проведено имитационное
моделирование работы разработанных алгоритмов.
Обсуждение полученных результатов. На основе ана-
лиза существующих методов формирования радиоло-
кационных портретов целей и определении несоответ-
ствий существующих методов современным требовани-
ям в части использования в некогерентных импуль-
сных радиолокационных станциях, усовершенствована
математическая модель комплексного радиолокацион-
ного изображения цели с конечным количеством ярких
точек, которая отличается от существующих тем, что
она позволяет учесть амплитудно-фазовые трансформа-
ции комплексной огибающей зондирующего сигнала при
отражении от цели со сложной геометрической формой
в азимутально-дальностной плоскости.
Выводы. Как показали результаты моделирования, по-
лученные с помощью разработанного метода РЛПЦ по-
зволяют различать по дальности яркие точки на поверх-
ности объектов с точностью, что в 3-4 раза превышает
потенциальные возможности различения зондирующего
сигнала, которые обусловлены длительностью радиоим-
пульса, а также повысить согласованность межперио-
дной обработки сигналов с значением коэффициента
когерентности от 3 до 6 раз (в зависимости от пространс-
твенной формы поверхности цели).

Ключевые слова: радиолокационная станция; радио-
локационный сигнал; эхо-сигнал; радиолокационный
портрет цели; комплексная огибающая; переходная ха-
рактеристика
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