COMPUTER SYSTEMS: THEORY AND APPLICATIONS
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The problem of building modern systems for col-
lecting, processing and presenting information
for moving platforms, characterized by the pres-
ence of a neural network with deep learning, sen-
sors with preprocessing, systems processing and
presenting information, is considered. In modern
systems the physics of the processes does not
change, and accordingly, the algorithm for ex-
tracting signals from under the noise doesn't
change either but is supplemented by a neural
network that learns in the process of processing
information to perform an applied task. Imple-
mentation example shown the introduction of ar-
tificial intelligence technology for the design a
cognitive radar on a moving platform facilitates
the transition from adaptive systems to cognitive
ones.
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Introduction. Artificial intelligence has penetrated all the
cracks of our life. Technical knowledge-intensive systems
were not left aside either [1]. This includes medical sys-
tems, environmental monitoring systems, security systems,
military systems, demining systems, monitoring in agricul-
ture, and others. A special place is occupied by systems on
moving platforms: drones, airplanes, helicopters, and oth-
ers. Particular attention is paid to low-visibility systems,
which are achieved by low radiation value, the use of sen-
sitive signal receivers, the peculiarity of coding and trans-
mission mode. All systems use Artificial Intelligence tech-
nologies to some extent: use of neural networks with learn-
ing, signal classification, image processing, etc. [2]. All
components we consider through the prism of Artificial In-
telligence have their own characteristics.

Let's consider the elements of a neural network compo-
nent by component, ending with the training of the network
and issuing the results in a form acceptable to the User.
Let's start with the most common components of the net-
work: receiving and transmitting radio wave components
of the centimeter range, millimeter, terahertz, nano and
femto range. Each wave range is interesting in its own way:
it is the power, the presence of interference, the complexity
of the reception-transmission path, the amount of infor-
mation received, the conditions of use, etc., the cost of de-
sign and manufacture, the availability of specialists work-
ing with sensors are also taken into account. Modern Low
Probability of Interception (LPI) radars are a class of radar
systems that have certain performance characteristics that
make them nearly invisible to modern intercept receivers
[3-5]. The features of LPI radars include:

1) use of a narrow beam antenna with low side lobes;

2) transmitting radar pulses only when necessary;

3) reduction of transmitted pulse power;

4) spread of radar pulses in a wide band, so there will be
only a very small signal on any one band; or use various
transmission parameters such as: pulse shape, frequencies,
or pulse repetition frequency (PRF) via intra-pulse modu-
lation with imperceptible waveform.
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The main characteristics of the transmission path:

« X-Band solid-state transmitter;

* Pulse compression and coherent processing;

* Variety of frequencies;

* Software — frequency management;

* Pulse Doppler processing;

+ Low probability of intercept functions;

* Ability to choose peak power;

* Fully compatible with existing antennas.

The peculiarity of centimeter waves is the ability to spread over long distances, having small dimensions
and weight. Having a radiation power of one watt, we can scan objects at a distance, for example, of up to
20 km. The very process of designing a network transceiver device is little different from the usual one,
with the exception of the system for controlling the work of the receiving/transmitting path with a signal
level below noise and cognitive capabilities. Interest is due to informativeness and relative simplicity of
projection. They differ in frequency, sensitivity, power, modulation, amount of information, interface, ob-
ject detection, etc.

Fig.1 shows a block diagram of a centimeter range radar system. It has typical radar reception and
transmission units, reference generators, mixers, amplifiers, circulator, switches, signal limiters, analog-to-
digital and digital-to-analog converters [6-10]. Construction THz radar will be discussed later.
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FIG. 1. Microwave board block diagram

This difference from similar radars lies in the regulation of qualitative characteristics not autonomously,
due to feedback, but by the regulation of the cognitive abilities of the radar by the neural network [11, 12].
This article will introduce the construction of the radar, the characteristics of the reflected signals, the impact
on them of interference and external and internal noise. This will allow deep learning tools to create a cog-
nitive radar [13] with characteristics that are determined by the Customer.

ISSN 2707-4501. Cybernetics and Computer Technologies. 2023, No.1 75



M. KOSOVETS, L. TOVSTENKO

1. Characteristics of reflected signals

Achieving the required characteristics of the radar largely depends on the frequency of the probed sig-
nals and the type of modulation [14]. The most frequently used ranges: m, cm, mm, THz. [14] Used types
of modulation: [15] ultrawideband (UWB), frequency modulation continuous wave FMCW, [16, 17] pulse
modulation, etc. Let's consider the most widespread pulse modulation. For radar with pulsed radiation, the
signals reflected from a point target are a periodic sequence of bundles of pulses. The repetition period is
equal to the antenna rotation time interval. The frequency of the sequence of pulses in the bundle is equal
to the frequency of the sequence of probing pulses. The sequence of pulses Uc(t) in the bundle is modulated
by the amplitude of the antenna directivity diagram G(t), expressed in time.

The directional diagram G(t) has a bell shape. Fig. 2 shows how the magnitude of the pulse power of
the received signals changes over time due to the rotation of the antenna in the direction of the point object.
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FIG. 2. The graph of the change in the value of the pulse power of the received signals over time due to the rotation of the
antenna

With uniform rotation of the antenna, the number of pulses in a bundle

where o,y (degrees) is the width of the antenna's horizontal directivity diagram;
F (Hz) is the sequence frequency of probing pulses;
Vv, (degrees/s) is angular velocity of rotation of the antenna.
At an antenna rotation speed of 20 rpm, F = 1000 Hz, aH = 1°, is the number of pulses in a burst:
N =1 2000HZ _ga5 8.
20/60c™!

When the product is placed on a moving platform, the reflected pulses change in amplitude, resulting
in a "friendly" fluctuation of pulses in the bundle.

The maximum range of radar detection depends on the technical parameters of the radar, the effective
area of target scattering, the state of the atmosphere, the characteristics of the underlying surface, etc.

The minimum range of the radar is determined by the duration of the probing pulses, the recovery time
of the receiver's sensitivity, including the inertia of the antenna switch when switching from the radiation
mode to the reception mode.

The time interval t s , during which the probing pulse lasts, corresponds to the range

Ct |
D(Tpulse) e ;
2
where c is the propagation speed of radio waves. If D [m], ¢ [m/s], T,y [1s], then we get D150 (T pyse )-
At short ranges (less than 150 m), the pulse duration should be 7. < 1ps. Then the minimum radar

range will be obtained as:

Dnin =300t pulse *
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It follows that to ensure D, ~30m, the pulse duration should be of the order of ;.= 0.1ps.
Range resolution is estimated by the distance 4D between two separately observed targets 1 and 2,
located in the same direction relative to the radar (fig. 3).
i 2

Radar
jAD ﬁ—

FIG. 3. The position of targets and radars when determining the resolving power by range

Separate reception of reflected signals from these targets is possible if the reflected pulse from the first
target ends before the pulse reflected from the second target is received. Since the reflection from the first
target lasts for the time tpulse, and the signal from the second target is delayed for the time At=2AD/s, the

condition for separate reception of signals will be the inequality 24D > T pylse -
c

Separate display of two targets on the radar screen will be if the distance between the targets is:
AD 2 ADyggpjytion =CT pulse 12. (2)

As AD,soution decreases, the range resolution increases. Thus, to increase the range resolution, the

duration of the probing pulses should be reduced.

The azimuth resolution is estimated by the minimum value of the angle oo between the directions of
two equidistant point targets 1 and 2 (fig. 4), at which the reflected signals from these targets are received
separately.

Radar S \I

FIG. 4. Location of targets and radar when determining resolution along azimuth

The azimuth resolution ao is determined by the horizontal antenna beam width o, at half power. Thus,
to increase the resolution in azimuth, it is necessary to narrow the antenna pattern in azimuth.

The resolving area at distance D is estimated by the value of the area limited in azimuth by the beam
width o of the antenna at half power, and in range by the range resolution (fig. 5). It should be noted that
the range resolution due to the finite glancing angle B is 1/cosp times greater than the generally accepted
value Ctyyse /2.

FIG. 5. Definition of resolving area
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The slip angle is the angle in the vertical plane between the direction of maximum radiation from the
output of the radar antenna and the ground surface.
The size of the resolving area:
s o I:)O‘ch:pulse _ DOVHCTpuIse
resolution 57 3.2¢cosp cosp

For small values of B: Syegojution =0.0087 Doy CT e -
Calculation expression for resolving area

Doty 150C7 e

Sresolution = 573

~2.6Douy T pyse [M7], 3

where o [degree]; Ty [1s]; D [m].

Within the resolution area, point targets cannot be displayed separately on the Radar screen.

Else D =50-10° m oy = 1°; Tpuse = 1 us, When Ry egoiutions = 13:10% m2.

The resolving volume at a distance D is estimated by the value of the volume, numerically equal to the
cross-sectional area of the antenna beam at this distance, multiplied by the range resolution value (fig. 6),
2 a0 CTpuse

(57.3% 2

We get: Viesorution = D =1.5-10"* D%0L0CT e -

Calculation formula for resolving volume:

OLHQ

=D?
(57.3)°

V,

1507 y 5 = 0.045D %0y, 07 15 [M7], (4)

resolution

where D[m]; oy [degree]; 0 [degree]; Ty [1s]-

FIG. 6. Definition of resolving volume

2. Measurement error of navigation parameters
Let's consider the measurement errors of navigation parameters: distance to the target Dy, ; azimuth to

target ouyg4; target movement speed Ly -

The remaining parameters of the target are determined by calculation. The parameter measurement
error depends on the instrumental and noise errors.

Instrumental errors in digital Radars depend on: the chosen interval of range measurement; the bit depth
of the angle-code converter for measuring the angle of rotation of the antenna; the degree of optimality of
the algorithms used for the operation of systems for detecting targets and measuring target parameters.
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The resulting measurement errors depend primarily on: the impact of other radars; receiver's own noise
level; hydrometeors, the effects of mutual interference.

Electromagnetic waves propagate in vacuum at a speed ¢ = = 299792458 ~ 3-10% [m/s], where

1
\Ho€o

Lo =4n -10~" [H/m] — magnetic permeability, g = ﬁ [F/m] — the dielectric constant.
TE . .

: . : . o C
For a medium with relative values of p and ¢, the energy propagation velocity is v = T .
pe
All types of the earth's surface are non-magnetic, therefore, for a surface wave, u= 1. In the real Earth's
atmosphere, the propagation velocity of radio waves v is less than in free space, and depends on the refrac-
tive index n:

v="__¢ (5)

Je n
where ¢ is the dielectric constant of the atmosphere, ¢ =299792458+1.2 m/s is the exact value of the prop-
agation velocity of radio waves in vacuum.
The value of n is slightly greater than one, so:

V= ~Cc(l—-An),
1+An ( )
where An=n-1 — refractive index.
In a real atmosphere, when determining the limiting distance, we take into account the refractive indi-
ces.
We give the dependence of the refractive index on the parameters of the atmosphere in the form of an
empirical formula

(n—1)-10° z%'e(Po +P+

4810Pl]

where T is the temperature [K], Py, P, are the pressure of air and water vapor in megapascals.
In metrology 1 bar = 0.1 MPa = 760 mm Hg.
Experimentally, for a standard atmosphere, the average value of the refractive index was found:

(n—1)-10° ~ 313exp(—0.134H),

. (Zna . ) 2
p sin| ——sina
A

4ncos?o| ——2 2

R)LZ ° (2na. j
“Zsina
A

where, a is the angle between the irradiation direction and the normal to the sheet;
e a s the horizontal length of the sheet;

e Sisthe leaf area.
4
For corner reflector, 475::17 where a is the length of the edge side.
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It can be seen from the formula that RCS, for all cases, is inversely proportional to the square of the
wavelength A. Corner reflectors are installed on weakly reflecting objects, increasing the range of their
detection.

The table shows the experimentally obtained average values Sgcs for various types of targets with
horizontal polarization of radio waves.

TABLE
Value Approximate calculation formula for
Target type (RCS) Spes [M7] (RCS) Sgcs [M’]
Human 0,02 ...0,05 -
Pillar 0,1..0,2 -
Motorbike 3,0 Srcs =ah?, where:
a — coefficient,
h — height Motorbike
A car 1,0..50 -
Infantry fighting vehicles 50 -

The target RCS range is 60...70 db. Point targets at a close location of extended targets are difficult to
detect. The range of RCS variation depending on the angle can vary by an order of magnitude.

The maximum target detection range essentially depends on the height of the radar antenna and the
energy center of the target. The energy center of the target in height is the point at which the entire RCS is
conditionally concentrated. The reflected signal from such a point is equal to the signal from the real target,
distributed over the height.

During maneuvering, yaw and pitching of a moving target, the maximum values of impulses in a burst
change in amplitude. There is a so-called "friendly" fluctuation of the amplitudes of the pulses in the pack.

3. Effective scattering surface

When the target moves, the geometry of the reflecting surface is constantly changing: part of the power
of the probing signal is reflected from the target and enters the side of the radar, and part creates additional
interference (clutter).

The reflected signals in this case are diffuse in nature, the probability distribution of instantaneous noise
values has a normal distribution, the same as that of thermal noise.

We introduce the concept of the specific effective scattering surface S, it » Which is equal to the ratio

of the effective scattering surface Sy, to the resolving area S .o 1ution -

S — Ssea
sea,unit — S '
resolution
where S, ution — Fesolving area, Sy, — effective scattering surface.

Ssea = Ssea,units’resolution . (6)
The value of the specific effective scattering surface S, iy depends on the state of the surface, on the

direction of irradiation relative to the direction of the wind, on the glancing angle 3, on the range of waves,
and on the type of polarization of electromagnetic waves. If the height of the Radar antenna above the
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surface level is h, then the different glancing angles B correspond to the range D, which can be obtained
from the expression
p_573n
p
where h [m]; D [m]; B [degree] for h =30 mu = 0,1°; 0,3°; 10°, then the corresponding range values D
will be 17100; 5700; 1710 m.
For the case: distance D> 17 km; § = 0.1°; A = 3 c¢m; horizontal polarization; surface state 5 points, —

value Sggp it =—42dB =63 10-5.
If oy =1° 1, =1 ps; D =17000 m, then with expression (6) expression for resolving area:

Doy 150cT
Sresolution = Tpuse ~ 2.6Day Tpyise [m?],

where ayy [degree]; o5 [us]; D [m], gives the value S e pion = 44200 M,

The effective scattering surface of hydrometeors (rain, snow, fog) is determined by the corresponding
expressions:

Srain = Vresolution 'Vrain,unit + Ssnow =Vresolution 'Vsnow,unit , Sfog =Vresolution 'Vfog,unit'
where Vgsonution — resolution volume.

The values of specific RCS depend on the wavelength, plane of polarization, and intensity of hydrome-
teors. If A = 3 cm, then the specific effective scattering surfaces for fog and rain are of the order of
Vfog,unit ~107% [1/m], Vrain,unit ~107° [1/m].

At a distance D = 1000m, if o, =1 [degree]; 0 = 20 [degree]; T s = 0,1 ps, then taking into account
(6) calculation formula for the resolving volume

Srain =Vresolution * Vrainunit & 0.045-10%-20-0.1-107° ~ 0.90 m?,
Where V[m?], D [m]; oy [degree]; 6 [degree]; Tpuise [M]) effective rain scattering surface.

Against the background of the interfering effect of rain interference, it will be difficult to distinguish
objects whose RCS is commensurate with the obtained value of 90 m?, for example, boats, for which the
RCSis 75 ... 250 m?.

The specific RCS of hydrometeors decreases with increasing wavelength A. So, for example, at a rain

intensity of 100 mm/h for A = 3 cm, the value of Vi, it ~7-10°[1/m], and for A = 10 cm, is

Viainunit = 7 .10~ [1/m], the specific RCS decreases by 2 orders of magnitude.

Multiple reflections from hydrometeors lead to additional noise at the input of the Radar receiver
(weather clutter, volume clutter). The specific RCS of a thermal is 1071° [1/m].

Frequency band: X-band 9200 — 9600 MHz (0.0326 — 0.0313 m); Peak Power: > 30 dBm (1 W).

For our 9-ft antenna, characteristics follows:

e Gain: >31 dB;

e Vertical beam width: 22 degrees +/—10%;

e Horizontal beam width: 0.85 degrees;

e Rotation speed: 22 rpm. +/—10%.

The antenna pattern is characterized ®, by the width of its main beam at a level of 0.5 of its maximum

power value and the antenna gain G, which are related by the relations:
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2
sz, SA:ﬂ:d—A’ @A:L,
A2 4 da
. . A ndi A2
where S, u d, — effective area and length of the antenna aperture: Then dy =—, Sy=—==—-,
Op 4 404
_4nS, _TE_2
22 4
In case the antenna beam width (in the horizontal plane)
®, =0.85" - ——=0.014835 [rad], then
180°
8
A=t ¢ 310 ~=2.151 [m],
Op Oxfye 0.014835-9.4-10
2 2 2 812
A:ndA _ nkz _ T;C - n(3-10%) _-3.635 [m2],
4 407 4fO% 4(9.4'109)2(0.f:6nj

2 2
G=2Ma_ T _ 180 _ 11844290, what gives G =101g44844.290 = 46.5 dB.
20 085

I:)22 =Sa Gplz =S50 Pez 2
47R 47R (4nR7)
power flux density of the wave of the given polarization reflected from the target at the point where the
Radar is located; P, is the power reflected P, =o+p; by the target; o — target RCS; p;, is the power flux
density of the incident wave of a given polarization at the target location; R — distance from the radar to the
target; P, is the power emitted by the Radar.

4. Range of radar observation of targets

The concept of "radar surveillance™ includes a set of tasks: target detection; determination of coordi-
nates; determination of target movement parameters.

The range of radar surveillance is determined by the power P ;,, of the reflected signals at the input

of the receiver, which must not be less than the threshold value determined by the sensitivity of the receiver

Radar receiver input power: P, =S,:p, =S, G, where p, is the

IDS,inp,min :

When calculating the range of radar observation in free space, the following are not taken into account:
attenuation of signals in the Earth's atmosphere under various weather conditions; the presence of additional
interference due to re-reflections from hydrometeors, the properties of the underlying surface; the influence
of two-beam propagation of radio waves, refraction, and so on.

Such a calculation of the range makes it possible to obtain only an approximate value of the real range
of radar observation. If the Radar antenna is an isotropic radiator, then the radiated power flux is uniformly

distributed over the surface of a sphere with a total area 47D?, where D [m] is the distance from the Radar
to the target. Power flux density Wpep [W/ m?] near the target

P
pulseTTX
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where Ppse [W] - transmitter impulse power, ny, — efficiency antenna-waveguide path of the transmitter.

The value Py represents the power of the emitted probing pulse. However, it should be taken
into account that the real Radar antenna has high focusing properties, due to which the power flux density
near the target increases significantly and amounts to

F)pulseGAnTX
Werpy = RSy I
where G, is the directivity of the antenna.
Taking into account the absorption of a part of the incident power, the target re-radiates in the direction
of the Radar power
I:)pulseGAS_tag MNTx
4nD?

] :WPFD,ls_tag =

where S_tag [m?] — effective scattering surface of the target.
The power reflected from the target creates a power flux density near the radar antenna
R I:>pulse(-?"AS_tagnTX
4nD?  (4n)?D*
At the output of the receiving antenna-waveguide path of the Radar (at the input of the receiver), we
obtain the power

Wpep 2 =

I:’pulseGAS_tag SAnTX MNRrx
(4m)°D*

where S, [m?] is the effective opening area (aperture) of the Radar antenna;
nrx — efficiency receiving antenna-waveguide path.

There is a known relationship between the width of the antenna radiation pattern in the horizontal and
vertical planes with the values of its aperture and wavelength in the form; oy =A/a, 06=A/b, where A

[m] is the wavelength, o [rad], 6 [rad] is the width of the antenna radiation pattern in the horizontal and
vertical planes; a [m], b [m] are the dimensions of the antenna opening along the length and height.
Solid angle of the directional beam of the antenna:
A A2

: (")

PS,inp :WPFD,ZSAnRX =

oy

The directivity of the antenna is calculated as the ratio of the solid angle of the sphere, equal to 4, to
the solid angle of the directional beam of the antenna

. 47CSA

G2
A2 '

G
A 4r

, Where S, =

(8)
With the help of (7) and taking into account the last relation (8), the power of the received reflected
signals is equal to:
PpulseGistaglznTanx
(4m)°D*

I:)S,inp =
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If the received power at the receiver input Ps j,, is taken equal to the receiver sensitivity Ps i, min (the

minimum input signal level required to ensure the required quality of the received information), then the
maximum range of radar surveillance will be represented as

2c 2
D -4 PpulseGAStagx MNrx NRrx
max — 3
l:)S,inp,min (4n)

The sensitivity of the radio receiver P i, min [W] is determined based on the following considerations.

The signal path of the receiver is a multi-stage device, which includes an input circuit, an RF amplifier,
amixer, and an intermediate frequency amplifier (fig. 1). In each cascade, the input noise Py i, is amplified

(9)

with a power and the own noise of this cascade is added with a power of Py .44 . As a result, a large noise

power Py out = Py add + Pn,ingGpwr 1S Observed at the output, where G, = Ry / Byp

the cascade. Using the noise floor power reduced to the input Py aqq inp = Py add / Gpwr » We Obtain a simple

is the power gain of

formula PN,out = (PN,add,inp + F)N,iﬂp)GpWr !

In order to quantify the inherent noise properties of each of the stages of the linear part of the receiver
path, noise factor N, iS used —a number showing how many times the signal-to-noise ratio in power

SNR;

inp at its input is greater than the corresponding ratio SNR,; at the output:

N ~ SNRinp 3 IDs,inp/PN,iﬂp _
factor — - -
acr SNRyyt l:)S,inp('?"pwr /(PN add + PN,inIOGPWV)

_ I:,N add T F)N,ianpwr 14 I:)N,add 14 F)N,add,inp

I:)N,inp(-\"pwr I:)N,ianpwr I:)N,inp
where P j,, —signal strength at the input.
The total noise figure is calculated by the formula (with cascades matched to each other)

N factor,> = N factor,1 + (N factor,2 _1) / Gpwr,l + (N factor,3 _1) / Gpwr,lepwr,z +....

The source of external noise for the receiver is the antenna. The noise of the receiving antenna consists
of the thermal noise of its active resistance and the noise of the radiation resistance due to the reception of
radiation from space, the atmosphere, the Earth, as well as reflections from the underlying surface and hy-
drometeors. The overall noise of the antenna can be estimated by the mean square EMF of the noise from
external radiation:

EZise = AKTARAAT |
where R, is the radiation resistance of the antenna; T, is the equivalent noise temperature of the antenna
Ra . which makes noise like a real antenna, T =Tgpace + Tair + Tearth» Where Tgpace , Tgarn s are the noise

temperature values associated with the penetration of cosmic noise, atmospheric noise and thermal radiation
of the Earth into the antenna, respectively.

The power of external noise at the input of the receiver matched with the antenna (the internal resistance
of the antenna as a signal source Ry, is equal to the input impedance of the receiver Rj,,) will be
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The receiver noise floor power normalized to the input in the passband Af [Hz] is estimated by the
formula:
I:’N,add,inp = I:’N,add /Gpwr = kTRX Af = (Nfactor _1)kTOAf '

where k =1.38-10"2 [joule/K [degree]] constant Boltzmann's;
Tax = (Niactor —DTo [K [degree]] — receiver equivalent noise temperature;

To =293 [K [degree]] (which corresponds 20 degree).

The total noise power at the output of the receiver (additional own and amplified external) is determined
by the formula:

I:>N,out = (PN,add,inp + I:)N Jinp )Gpwr = (kTRX Af + kTAAf )Gpwr = kTOAfG pwr (tRX +tA) )

where ty =T, /Ty n tgy =Ty /Ty — relative noise temperatures of the antenna and the amplifier path of

the receiver.

The real sensitivity of the receiver is equal to the minimum signal power at the receiver input, at which
the specified discrimination factor is provided. If at the output of the linear path of the receiver it is required
to provide the signal-to-noise ratio m=Ps o / Py oy » then the required signal power at the input of the

receiver P ino m =MPy out / Gpwr = MKTAf (try +ta) given that tgy =Tgry /Ty =Nyaeor —1, and receive
ty =Ta /Ty =1, receiver sensitivity is real
IDS,inp,min = I:>S,inp,m = meactorkTOAf , [W]. 9)

When equality is fulfilled Ps;n, = Ps inp min » the signal-to-noise ratio g% = SNR,, (in terms of power)

at the output of the receiver is equal to m. For reliable operation of radar surveillance systems, the value of
m is chosen to be greater than one (in the case of using complex signals and matched filtering in the receiver,
the value of m can be chosen to be less than one).

It is known that for a bell-shaped radio pulse with a duration t . , the optimal bandwidth Af of a filter

with a bell-shaped frequency response (the readings of the duration and bandwidth are taken at the level of
0.46) is determined from the relation Af =1/t . For a rectangular pulse with duration . , the opti-

mal bandwidth of a filter with a rectangular frequency response is Af =1.37/ 1, -
In the future, we will assume that Af =1/t , the final expression for the range of radar observation
will be presented in the form of an expression, which is called the "Basic equation of radar":

2 3 2

D —a IDpulseGA":pulseStag}L Mrx MRx

max = :
N factorMKTo (47'5)3

(10)

It follows from expression (10) that in order to increase the range, D, is advisable to increase G,
and A as well.

The required value of the distinguishability coefficient m depends on the architecture of the receiver,
the required probabilities of detecting and missing targets, and the errors in measuring the parameters of the
movement of targets.
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Radars on a moving platform emit a periodic sequence of single pulses. When reviewing point objects,
the reflected signal is a burst of N pulses, so the signal-to-noise ratio (in terms of power) when processing
not a single pulse, but a burst of pulses increases N times.

The probing signal when using this expression can be of any form: in the form of packets of phase-shift
keyed pulses, parcels with linear frequency modulation, etc. In the simplest case we are considering, when
a sequence of single pulses is emitted Aftp,, =1, and the quantity B =1

Conclusion

As a result of researching the market of modern radars, it was concluded that they have moved from
purely special products to the social sphere. The parameters of the radar have also changed: invisibility, low
radiation power, low probability of errors, wide range, use of different frequencies of the wave spectrum. In
order to link consumer properties with quality characteristics, a trained neural network is needed to adjust
the radar parameters. This makes it possible to model a radar with the dependence of qualitative character-
istics on the hardware and software part even before manufacturing. Modularity will make it easier to get a
radar with optimal price/quality indicators. Requirements for the design of transceiver modules are increas-
ing, developmentsin 10T, cloud computing, and private cloud computing are used for special purpose radars.

The segment of radar technologies on mobile platforms is developing the fastest. Interest in them is due
to the possibility of remote sensing of various objects, the territory: searching for mines, video recording,
obtaining radar images, using the properties of the anisotropy of radar radiation, refraction, etc. Modern
radars on mobile platforms are becoming cognitive, such a requirement is relevant for projects when others
should not feel their presence.
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Cognitive Radar System
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The problem of building modern systems for collecting, processing and presenting information for moving
platforms, characterized by the presence of a neural network with deep learning, sensors with preprocessing,
systems processing and presenting information, is considered. In modern systems the physics of the processes
does not change, and accordingly, the algorithm for extracting signals from under the noise doesn't change either
but is supplemented by a neural network that learns in the process of processing information to perform an applied
task. Implementation example shown the introduction of artificial intelligence technology for the design a cog-
nitive radar on a moving platform facilitates the transition from adaptive systems to cognitive ones.

Keywords: artificial Intellect, deep learning, neural network, cognitive radar, multiprocessor, Frequency
modulation continuous wave, Radar Cross-Section, Solid State Transmitter.

ISSN 2707-4501. Cybernetics and Computer Technologies. 2023, No.1 87


https://doi.org/10.1109/SAM48682.2020.9104362
http://dx.doi.org/10.1016/j.icheatmasstransfer.2017.02.003
http://dspace.nbuv.gov.ua/handle/123456789/186204
https://doi.org/10.3390/jmse9080887
http://con.dut.edu.ua/index.php/communication/issue/view/116
https://doi.org/10.23919/EuRAD54643.2022.9924721
https://www.transnav.eu/Article_CRM-203_Type_Frequency_Modulated_Plata,11,171.html
http://con.dut.edu.ua/index.php/communication/article/view/1440
https://orcid.org/0000-0001-8443-7805
mailto:quantor.nik@gmail.com
mailto:115lili@incyb.kiev.ua

M. KOSOVETS, L. TOVSTENKO

VK 517.9:621.325.5:621.382.049.77

MuxkoJa Kocosenn * *, JIiiis ToBcTenko 2

Heiipomepe:keBuii KOMIIOHEHT cy4acHol iH(popmaniliHOI cucTeMH HA MOOITBHUX M1aTHOP-
max: LPI xornituBHa pagapHa cucrema

! Hayxoso-eupobuuue nionpuemcmeo «Ksanmopy, Kuis, Yxpaina
2 Incmumym xibepuemuxu imeni B.M. I'nywixoea HAH Ykpainu, Kuis
* Jlucmyeanns: quantor.nik@gmail.com

Betyn. Po3nisHyTo npo6iaeMy noOynoBU Cy4acHUX cUCTeM 300py, 00poOKu Ta IipeAcTaBiIeHHs iHpopMaii
UL PYyXOMHUX IIAT(opM, 110 XapaKTepU3YIOThCs HAsIBHICTIO HEHPOHHOT Mepexki 3 NIMOOKUM HaBYaHHSIM, CEHCO-
piB 3 HonepeIHL00 00pOOKOI0, cUCTEM 00pOOKH Ta MpencTaBlIeHHs iHpopMarii. Y cydacHHX cuctemMax Qisuka
MPOIIECIB HE 3MIHIOETHCS, @ BIAMOBIIHO QJITOPUTM BHJIYYEHHS CUTHAIB 3-IiJ] IIYMY TaKOX HE 3MIHIOETHCH, a
JTOTIOBHIOETHCSI HEHPOHHOIO MEPEKEI0, KA B TIpolieci 00poOKH iHpOopMallii HABYAETHCSI BUKOHYBATH TIPUKIIATHE
3aBaaHHs. [lokazaHui MPUKIIAI peati3aiii BIpOBaKEHHS TEXHOJIOTIT IITYYHOTO 1HTENEKTY Ui PO3POOKH KOT-
HITHBHOTO pajiapa Ha pyXoMii muatdopmi MoJierirye nepexiy BiJ alanTHBHUX CHCTEM IO KOTHITHBHUX.

Mera. OcHoBHa MeTa — BripoBajpkeHHs 1lITydHoro [HTenekTy B cydacHi pajapy pi3HOTO MPU3HAYEHHS:
ME/INYHI CHCTEMH, CHCTEMU MOHITOPUHTY JTOBKIJUISI, CHCTEMH O€3IeKH, BIHCHKOBI CHCTEMH, CUCTEMH PO3MiHY-
BaHHsI, MOHITOPHHT Y CUIbCBKOMY TOCIIOAAPCTBI Ta iHIm. OcoOIuBe MicIe 3aiMarOTh CHCTEMH Ha IIaThopmax,
IO PYXaIOThCS: POHH, JIITAKH, BEPTOIBOTH Ta iHII. Tako MPUAIICHO yBary mo0y/0Bi MAJIOMONITHIX paaap-
HHUX CHUCTEM, SIKi IOCATAI0THCS MAJIOIO OTYXXHICTIO BUIIPOMIHIOBAaHHS, 3aCTOCYBaHHAM Yy TJIMBUX IIPUHMayiB CH-
THaJIiB, 0COOJIMBICTIO KOJYBaHHS Ta PEXKUMY Iepeiadi, BUKOPUCTAHHSA HEHPOHHUX Mepex i3 HaBUaHHAM, KJIacU-
(ikariero curHania, 00poOKOrO paapHUX 300paXkeHb TOILO.

B3siTo pagap caHTUMETPOBOIO Jiana3oHy, K HailOinblle BUBUCHUH, HalO1IbII iHPOPMATUBHUI HA CHOTO-
JIHi, 34aTHOrO 30MpaT iH(GOpMAllil0 Ha BEIMKUX BiACTAaHSIX, MaluX rabapurax, po3MipiB, CIIOXKHMBAHHS, Basi.
Marouyu TOTYXKHICTh BUIIPOMIHIOBAHHS B OJUH Bm, MH MOXXEMO CKaHyBaTH OO0'€KTH Ha BiacTaHi 20 kM.
Cam npoliec IPOEKTYBaHHSI MEPEXKHOTO MTPUHMAITbHO-TIEPEIaBAILHOTO IPUCTPOIO MAJIO YUM BiJIPI3HSETHCS Bix
3BUYAHHOTrO, 32 BUHATKOM CHCTEMH YNPABIiHHS poOOTOI0 NPpHHMaIbHO-IIEPEAaBAILHOIO TPAKTY 3 PIBHEM CUT-
HaJTy HIDKYE IIYMIB 1 KOTHITUBHAX MOXKIIMBOCTEH. [HTEpec 00yMOBIIeHuU T iHDOPMATUBHICTIO Ta BiZIHOCHOIO MPO-
CTOTOO MPOEKTYBaHHS. BOHM Pi3HATHCSA M0 YACTOTI, YYTIUBOCTI, MOTY>KHOCTI, MOAYJIALLIT, KUTBKOCTI 1HPOpMAITiT,
iHTepdeiicy, BUSBICHHS 00'€KTIB TOIIO.

Pe3yabTaTn. PO3rissHyTHIT KOMIOHEHT HEWPOHHOT MEepEKi: paioXBUIBOBUH MpUiiMay Ta repejiaBay caH-
THMETPOBOTO Jiana3oHy. CIpoeKTOBaHHIA CydacHHH pajap 3 HU3bKOO HMOoBIipHicTIO epexoruieHHs (LPI) e kia-
COM PAaJiOJIOKAIIIfHOT CHCTEMH, [0 MA€ IEBHI XapaKTePHCTHKH, SIKi POOJATH 1X MPAaKTHYHO HEBUIUMHUMH IS
CyJacHHX IpHiiMadiB nepexomieHHs. OcobnmBocti pagapie LPI BKto4aroTh: BUKOPUCTaHHS BYy3bKOCIIPSIMOBA-
HOI aHTEHH 3 HU3BKMMH OIYHMMHU IETIOCTKaMU; Iepefada paaiooKalifHuX iMIyJbeiB JHiIe y pasi notpedy;
3HIDKEHHS TIOTYKHOCTI IIEPEJaHoro iMITyJIbCy; MOMUPEHHS paAioIoKaliiHUX IMIYJIBCIB Y IIMPOKIN cMy3i dac-
TOT, TOMY y Oyab-sikiii cMy3i Oyzme Iyxe crnaOKkuii curHan; abo BUKOPHCTOBYBATH Pi3HI ITapaMeTpH Iepenadi,
Taki sk popmMa imMITysIbCy, yactota noBropeHHs iMmmynsciB (PRF) 3a ronomMororo BHYTpIiIlIHBOIMITYI6CHOT MOZY-
JIALI.

BucnoBku. IIpeacrasieHa cxema npuiiMaabHO-IIEPEJaBaNbHOTO TPAKTY CUCTEMH PaAiooKalii CaHTHMe-
TPOBOTO Aiana3oHy. Bin Mae TumoBi Gyioku pamionokauii mpuifoMy i epenadi, OOpHi reHepaTopH, 3MilTyBadi,
T ICHITFOBaYi, IUPKYJSATOP, IepeMUKadi, 00MeXyBadi CUTHANIB, aHAJIOTO-IU(POBI 1 HU(PO-aHATIOTOBI IEPETBO-
proBaui. s BiAMIHHICTB BiJ aHAJOTIYHUX paapiB, ¢ PETYISLIS IKICHUX XapaKTePUCTHK JOCSITAEThCS alalTH-
BHHMH METOJaMH, a IUIIXOM PEryisilii KOTHITHBHUX 3II0HOCTEH pagapa HEHPOHHOIO Mepexero. Y Wil crarti
MPEJICTaBIICH] XapaKTEPUCTUKH BiJOUTHX CUTHANTIB, BIUTHB HA HUX MEPEIIKO, 30BHIIIHIX 1 BHYTPIIIHIX IIyMiB.
Ie n03BOIHTH IHCTpYMEHTaM TJIMOOKOTO HAaBUYAHHS CTBOPUTH KOTHITHBHUH pajiap 3 XapaKTepUCTUKAMHU, SKi BU-
3HaYac 3aMOBHHK.

Knrouosi ciioBa: mtydHuii iHTENEeKT, IMMOOKE HaBUYaHH, HEHPOHHA Meperka, KOTHITUBHUM pajap, MyJib-
THUIPOLIECOP, YaCTOTHA MOTYJISIIIisE Oe3MepepBHOT XBUIII, TBEPIOTIILHUN NepeaBay.
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