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BLOCK DIAGRAM OF A MULTI-FREQUENCY RADIOMETRIC
COMPLEX FOR UAV DETECTION IN DIFFERENT
METEOROLOGICAL CONDITIONS
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Eduard O. Tserne, Anatoliy V. Popov, Anton D. Sobkolov
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Background. Technologies for the production of unmanned aerial vehicles (UAVs) of various classes are rapidly
developing in Ukraine and the world. Small in terms of weight and dimensions and almost invisible for most information and
measurement systems, UAVs began to be used in various industries - from the national economy to multimedia and
advertising. Together with their useful application, new dangers and incidents have appeared - a collision of UAVs with
people, structures, cultural monuments, the transportation of criminal goods, terrorist acts, flights over prohibited areas and
within airports. UAV detection and control of their movement in populated areas and near critical objects are becoming one of
the most important tasks of air traffic control services. The existing systems of the optical, acoustic and radar ranges cannot
effectively perform such tasks in difficult meteorological conditions. As an addition to the already developed detection
systems, it is proposed to use radiometric systems that register the UAV's own radio-thermal radiation. The authors have
developed the theoretical foundations for the construction of multifrequency complexes necessary for the specification of their
structural schemes.

Objective. The purpose of the paper is development of a scheme for a multi-frequency radiometric complex for detecting
UAVs in different meteorological conditions based on optimal algorithms.

Methods. Analysis of the experience in the development of radiometric systems and methods for dealing with fluctuations
in the gain of receivers, optimal operations for processing signals of intrinsic radio-thermal radiation, investigations of the
probabilistic characteristics of detection and analysis of the domestic market of microwave technology developers will make it
possible to develop a scheme of a multifrequency radiometric complex that will perform reliable measurements in various
meteorological conditions.

Results. A block diagram of a four-frequency radiometric complex is proposed, which can be implemented in practice and
is capable of performing reliable measurements in various meteorological conditions. The frequencies 10 GHz, 20 GHz, 35
GHz, and 94 GHz were chosen as the resonant frequencies for tuning the radiometric receivers. For a given design and
characteristics of receivers, the probabilities of detecting a UAV were calculated depending on the range of its flight.

Conclusions. From the results of the analysis of the existing achievements in the development of radiometric systems in
Ukraine and the elemental base of microwave components available on the market, it follows that the Ku and K bands have the
worst characteristics of spatial resolution, but are all-weather. The Ka and W bands are highly sensitive to radio-thermal
radiation against the background of a clear sky, but are completely "blind" in a cloudy atmosphere and in rain. The results of
calculating the detection ranges with a probability of 0.9 lie in the range from 1 to 3 km, depending on the condition of the
atmosphere. These results coincide with the known detection ranges of optical, acoustic and radar systems, but the selected
parameters of the receivers do not correspond to potential world achievements and can be improved.

Keywords: radiometry; UAV detection; block diagram; detection range.

Introduction radar methods. Each method has its own advantages
and disadvantages, but they are united by the fact that
at the same time research is underway to develop
methods and means of reducing the signature in the
specified ranges. As a result, a contradiction arises: on
the one hand, the developers of means for detecting
and combating UAVs are constantly increasing the

The fast developing of unmanned aerial vehicles
and their wide application in military conflicts,
geodesy and cartography, agriculture, media make new
demands to developing methods of counteraction,
improvement of existing and creation of new methods

and means of detection, ranging and eliminating
unregistered UAVs.

When developing and modernizing modern
airspace control facilities the main attention is paid to
the development of acoustic, optical, infrared and

accuracy and reliability of measurements, and on the
other hand to the time of obtaining the results, they are
already outdated and not relevant in relation to the
developed means of reducing the visibility. This

© The Author(s) 2021. Published by Igor Sikorsky Kyiv Polytechnic Institute.
This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits re-use,
distribution, and reproduction in any medium, provided the original work is properly cited.



N. RUZHENTSEYV, S. ZHYLA, V. PAVLIKOYV, G. CHEREPNIN, E. TSERNE, A. POPOV, A. SOBKOLOV. BLOCK DIAGRAM OF A 51
MULTI-FREQUENCY RADIOMETRIC COMPLEX FOR UAV DETECTION IN DIFFERENT METEOROLOGICAL CONDITIONS

contradiction can be overcome through the use of
devices and systems of passive radio heat location.
Such systems are hidden, supersensitive and capable of
registering the own radio-thermal radiation of aircraft,
including those made of composite materials, in a wide
spectrum of frequencies against the background of
atmospheric radiation in any weather, day and night.

Signals of radio-thermal radiation are random and
can be described by normal distribution. There are
some classical works [1-6] of detecting noise on the
background of noise and theoretical results [7-10] of
signal  processing methods  optimization  for
radiometric systems improvement. Taking into account
these results and practical recommendations [11-16] of
radiometer receivers design it is necessary to develop
practical recommendations for the construction of
radiometric systems for detecting UAVs against
the background of the atmosphere.

Previous theoretical results

To develop new passive radar of UAV detection it
was stated following optimization problem: it is
necessary, according to the received observations
u(t) to make a decision over the time interval

t€[0,7] whether an increase in the useful signal
sy4y (1) has appeared at the receiver input or there
is a constant background signal s,,,(r) mixed
with the receiver noise n(z) .

The vector observation equation describing the
signals at the input of the multifrequency radiometric
complex on the time interval (0,7") has the form

U(t) = &5y qy (1) + S () +1(1), (D
where ¢=(0,1) is the multiplier indicating the
presence and absence of an increase in radio-thermal
radiation, 54y, (¢) is the vector of useful noise signals

from the desired UAV, §,,(¢#) is the atmospheric
background radiation signal vector, 7(¢) is the vector

of additive noise. Several frequencies for receiving
UAV’s own radio-thermal radiation were chosen in the
X, Ku, Ka and W wave bands. In cloudless and clear
weather, radiometric measurements in the W range
will provide high-precision estimates of the spatial
position of UAVs, in the X and Ku ranges - reliable
observations in rain, snow, mist, fog, and the Ka range
increases overall fluctuation radiometric complex.

The processes s;p4y (), S;gm(t), n;(t) for each

i-th frequency (i=l,_K) are Gaussian white (delta-
correlated) stationary and mutually independent
random processes with zero mean.

optimal observation #(t) processing system), it was

used the criterion of the likelihood function ratio:
P - PO) o
P(u(1)[0) P(1)

where P@i(t)|e=1)=P@u(t)|1) and

P(ii(t)| e =0)=P(u(t)|0) are likelihood functions,

P(0) and P(1) are a priori probabilities of the absence

>

and presence of a UAV in the observation area.
The obtained optimal detection method is as follows

K
T
Y:ZCI.[() ulz(t)dt >, or < YO , (3)
i=1
where Y is the optimal detector output effect, ¥ is the
output effect threshold,
B Tivay
kB(TI atm +]} n)(Y; UAV +7} atm +];' n)

kg is the Boltzmann constant, T; 41, T 4>

i

T;, are

brightness temperatures of the UAV, background
radiation of the atmosphere, internal noise of the
receiver.

Block diagram of the radiometric complex

The main operations in algorithm (3) are the
formation of estimates of the energies of the received
oscillations u;(tf) and weight averaging of these

estimates taking into account the characteristics of the
receivers and the brightness temperatures of the UAV
and the atmosphere in different frequency ranges.
Weight averaging with defined coefficients C; is a new

optimal operation. At the same time, the operation of
energy estimation by the energy receiver was
investigated in [1-5]. Over the past 50 years, a number
of practical recommendations [6-16] for the
construction of energy receivers and the development
of additional measures to obtain effective and unbiased
estimates of the parameters of radio thermal sources
were proposed. Such operations should include
modulation of useful signals to the receiver input,
periodic calibration of receivers, thermal stabilization
of input paths. Taking into account the experience of
developing radiometric receivers, a structural diagram
of the radiometric complex is proposed, which is
shown in Fig. 1.

The radiometric complex works as follows. Any
matter with a temperature above zero Kelvin emits its
own radio-thermal radiation, the magnitude of which
can be described in units of luminosity temperature.
Usually anthropogenic sources of radiothermal
radiation have a brightness temperature higher than the
brightness temperature of the sky and can be detected
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antenna 1 receives radio thermal radiation. Antenna 1
focuses the radiation in the area where N irradiators are
placed. These irradiators in each channel implement a
parallel view of the space and increase the observation
time of the source of radio thermal radiation. Increasing
the observation time leads to an increase in the
detection range of sources of radio thermal radiation
against the sky. From the output of the irradiators 2
signals are modulated in N PIN diode modulators 3,
amplified in N broadband low-noise amplifiers 4 and
detected in N square detectors 5. Modulation is
required to further compensate in the intelligent
processor 9 for the impact of flicker noise on the
measurement results. PIN diode modulator 3
periodically closes the input path of the receiver and is
controlled by the meander signal from the output of the
control generator 8. After detectors 5 signals in each of
the M channels are converted into digital form by ADC
6. After presenting signals of different channels in
digital form, flicker noise and inter-channel integration
in the digital information processing unit 7 in the form
of weight summation with coefficients. To filter from
flicker noise measurement results, digital signals based
on the signal from the control generator 8§ are divided
into half-cycles. In the first half, there is a signal that is
proportional to the sum of the brightness temperatures
of the source of radio thermal radiation and internal
noise, which are distorted by flicker noise. In the
second half of the modulation, only the signal from
internal noise is observed, which is also distorted by
flicker noise. In the digital information processing unit
7, the division of luminance temperature estimates for
different modulation periods is performed. To
determine the true value of the brightness temperature

of a source of radio thermal radiation, it is necessary to
know the brightness temperature of internal noise.
Fully stationary and reliable measurements can be
obtained when the brightness temperature of internal
noise is constant over time. For this purpose, the
structure of the radiometric complex provides a thermal
stabilization unit 14, which covers the input path - all
PIN diode modulators 3 and broadband low-noise
amplifiers 4. The measured temperature in the middle
of the thermal stabilization unit 14 is fed to an
intelligent processor 9. Thermal stabilization 14 and
outputs control signals to the unit 14. The results of
weight summation of data from different channels are
fed to the intelligent processor 9 to decide on the
presence or absence of a source of radio thermal
radiation in the observation area. Processing in the
intelligent processor 9 can be performed by optimal
algorithms or using modern methods of machine
learning. To study the selected part of the sky in the
structure of the complex provides controls 11, which
adjust the viewing sector and scanning speed. The
control signals are fed to the intelligent processor 9 and
to the antenna-rotary device 12, which implements the
mechanical movement of the pattern of the antennas in
space. The current value of the rotation angles of the
antenna-rotary device 12 by angle and azimuth is
registered by the angle sensor 13. Signals from the
angle sensors enter the intelligent processor 9, where
taking into account the specified sector, scanning speed
provided by the controls 11 temperatures, a radiometric
image of the observation zone is formed. The methods
of image processing and compression are applied to the
radiometric image in the intelligent processor 9.

| 10

Fig.1. Block diagram of the radiometric complex of UAV detection
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To ensure all-weather in the complex, there are 2
channels for receiving its own radio-thermal radiation
in the Ku and K wave bands, and to ensure high
resolution - in the W wave range. The higher frequency
bands have a significant attenuation of electromagnetic
waves along the propagation path, while the lower
frequency bands have cumbersome antenna systems
and low resolution at angular coordinates. Between the
bands K and W to increase the sensitivity of the
radiometric complex and the reliability of UAV
detection, it is also proposed to use a radiometric
receiver Ka of the wavelength range.

Probability of UAV correct detection in the
background of the atmosphere signal generation

In practice, the most interesting are the probability of

correct detection D(¥,)= I;O P(Y|s=1)dY and the
0

probability of false alarm L(¥;)= I;ZP(Y|8:0)dY.
To determine them, it is necessary to find the differential
laws of probability distribution P(Y |e=1),P(Y|&=0)
. In expression (7), the processes u;(¢) at each
frequency are distributed according to the normal law,
and the values ul-2 () according to the ;(2 law, the

T
values j u

0
degrees of freedom. In practical situations of radiometric
measurements, the number M, exceeds one million.
Therefore, the output effect ¥ (sufficient statistics) due
to the central limit theorem of Lyapunov can be
considered distributed according to the normal law

1 (Y —my)?
=\/ﬁay exp{_ 20_)2]1/ ], ®)

where my is the men of the output effect V', 052; is the

2(t)dt according to the z> law with M,

P(Y)

variance of Y .
For the stated optimization problem (8) has the
following forms:
1
P(Y|0)= X
(10) _

2
\/ZEO,SkI%ZMi Ci2 (Tz atm +Tin)

i=1

2

K

[Y_O,SszMi Ci(Ti atm +7;' H)J
i=1

xexp| ——

., (10)

K
0,5k > M; G (T; +Tl~,,)2

i atm
i=1

P(Y|0)= ! x

klz; K ) 2
2”72M[Ci (TiUAV +];‘atm +Tin)
i=1

LK 2\ (11)
1£Y—2szMiCi(TiUAV + T} am +7}n)J

i=1

xexp| ——

K
2 2 2
O’SkBZMi Ci (];'UAV +Tiatm +Tin)
i=l1

To calculate L(Yo) it is performed the following

transformations
(Y-my[Y @0))?
ks 1 263 Y (iil0)]
L(Yy)=| ——¢ Y dY =
(%) IY<>~/2zmy[1/(a|0)]
L_Yomly@loy o av
_ oy[Y(u|0)] oy[Y(u|0)] _
fO]/‘ Y:Y X = X, :M
- oy [Y(ii | 0)]
17 x2 1 *0 x2
=—— |exp| —— ldx=1-——— | exp| —— dx =
\/27r)£ p( 2} \/27r_‘[0 p[ 2

1
Zl—F(Xo) :F(—XO) 25[1 —CD(XO)],

where F (xo) and ®(x,) are probability integrals.

The probability of correct detection D(YO) is also
written as follows

1

D(¥y)=1=F(y0)=F(-v0) = J1=20o)], (13)
Yo —my[Y(@|D)]

oy[Y(@u|1)]

(12)

where y, =

Calculation of probabilities of correct UAV
detection

The following investigations of the probabilities of
UAV detection were performed for the following
parameters:

— probability of false alarms: 10_2, 10_3, 107 ,

— central frequencies of receivers tuning:
fi=11ITy, f, =211Ty, f3=351Ty, f4 =94 [Ty,



54 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 12 NUMBER 2 JULY-DECEMBER 2021

— UAV category is the light UAVs,

— atmospheric condition: clear, cloudy, rain.

It has to be noted that the effect of fog, mist and
smog on the probability of detection is negligible
compared to clouds and precipitation in these frequency
ranges.

Developments and components available on the
Ukrainian market that will allow the development of
budget radiometric receivers were used as radiometric
receivers to study the potential characteristics of
detection. In particular, a Ka-band radiometric receiver
developed on the PJSC NPP "Saturn" [17], a State W
radiometer from the State Enterprise RI "Orion" [18],
Ku and K band satellite converters for satellite television
were selected for analysis. These radiometric receivers
and converters have the following characteristics:

— internal noise temperature of receivers: 100 K for
frequency f;, 130 K for frequency f;, 600 K for
frequency f3,2000 K for frequency fj,
— receiver bandwidth Af; =1GHz,
Afy =4,5GHz , Af4 =6GH:z .

— observation time constant 1 s for all receivers.

Calculations were performed for one 40° sighting
angle. For this angle, the brightness temperatures of the
UAV, made of composite materials, have the following
values: 86 K for frequency f;, 96 K for frequency f5,

121 K for frequency f3, 247 K for frequency f .

To determine the curves of the correct detection of
UAVs depending on the range in different weather
conditions, a simulation program was developed in the
MatLab package.

The results of calculating the probability curves are
shown in Fig. 2-4.

Summary information on the range of detection of
UAVs with a probability of 0.9 during a clear
atmosphere, cloudy atmosphere and rain for
L= 10_2, L= 10_3, L=10"* are given in Table 1.
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Fig.2. The probability of correct detection of UAV's
against a clear atmosphere
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Fig.3. The probability of correct detection of UAVs
against a cloudy atmosphere
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Fig.4. The probability of correct detection of UAVs in
the rain

Table 1. UAV detection distances

I Atmospheric condition
Clear Cloudy Rain
1072 3195 M 3069 m 1296 m
1073 2905 m 2790 M 1178 m
1074 2717 M 2610 M 1102 m

The obtained results of calculating the range of
reliable UAV detection have the same order as the
detection range of advanced optical, radar and acoustic
systems. At the same time the laid down characteristics
of channels of radiometric receivers can be increased in
case of use of an element base of world-class
companies RPG-Radiometer Physics GmbH (RPG) -
Member of the ROHDE & SCHWARZ group of
companies [19], Pasternack Company [20], Millimeter
Wave Products Inc. (Mi-Wave) [21]. Taking into
account breakthrough results of microwave components
developing it was calculated probability of correct
detection of UAVs and defined limit detection distance
of correct detection. All the obtained results are shown
in Table 2.
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Table 2. UAV detection distances for high-quality
passive radar microwave components

I Atmospheric condition
Clear Cloudy Rain

1072 8200 m 8000 m 6800 M

107 7450 M 7200 m 6150 m

107 6970 m 6800 M 5700 m

Conclusion

The results of the analysis of the existing
achievements in the development of radiometric
systems in Ukraine and the elemental base of

microwave components available on the market, it
follows that the Ku and K bands have the worst
characteristics of spatial resolution, but are all-weather.
The Ka and W bands are highly sensitive to radio-
thermal radiation against the background of a clear sky,
but are completely "blind" in a cloudy atmosphere and
in rain. The results of calculating the detection ranges
with a probability of 0.9 lie in the range from 1 to 3 km,
depending on the condition of the atmosphere. These
results coincide with the known detection ranges of
optical, acoustic and radar systems, but the selected
parameters of the receivers do not correspond to
potential world achievements and can be improved.
Taking into account results of microwave components
developing in companies GmbH (RPG), Pasternack
Company, Millimeter Wave Products Inc. the limit
UAV detection distances were obtained. Such multi-
frequency radiometric complex can detect light UAVs
in the range from 6 to 8 km. These characteristics are
good and promising for the following practical
development and experimental investigation.
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Pysicenuyee M.B., Kuna C.C., Ilagnixoe B.B., Uepennin I. C., I]epue E.O., Ilonog A.B., Cookonos A./].
CTpykTypHa cxemMa 06araTo4acTOTHOIO PpPaJiOMeTPHYHOr0o KoMmIuiekcy BusiBjJeHHss BIIJIA B pi3Hux
METeOPOJIOTiYHHUX YMOBAX

IIpo6aemaTunka. B VYxpaini Ta cBiTi HaOyaM CTPIMKOTO PO3BHTKY TEXHONOTii BHPOOHMITBA OE3MUIOTHUX JITaTBHHUX
amapartiB (BIIJIA) pisHoro xmacy. Mami 3a Maco-rabapUTHHMH XapaKTePHCTUKaMHU Ta Maibke HEBHAMMI IS OLTBIIOCTI
indopmamiitHo-BuMmiproBansHNX cucteM BITJIA cramm BHKOPHCTOBYBAaTHCH B PI3HHX Tally3sX — BiJ HApPOJHOTO TOCIOIApCTBA
JI0 MyJbTHME/ia Ta peKIaMi. Pa3oM 3 KOPHCHHUM X BUKOPHCTAHHSAM 3 SIBIJINCH HOBI HEOE3IEKH Ta IHIUICHTH — 3ITKHEHHS
BITJTIA 3 monsMH, CHOpYAaMH, TTaM ITHUKaMH KyJIbTYPH, IePEBE3CHH KPIMIHAIBHUX TOBAPiB, TEPOPHCTUYHI aKTH, MOIBOTH
HaJ 3a00pOHEHHMH JIISHKAMH Ta B Mekax aeponopTiB. Bussnenns BITJIA Ta KoHTpoms iX HepeMiIICHHS Yy HACEIeHHX
NYHKTIB Ta IOOJIM3Y KPUTHYHUX OO €KTIB CTAa€ OJHIECI0 3 HAMBAXIIMBIMIMX 3a4a4 CIYXKO KOHTPOIIO PyXy IOBITPSHUM
IPOCTOPOM. ICHYIOWI CHCTEMH ONTHYHOTO, aKyCTHYHOTO Ta pPamioJOKAIlifHOTO Miala3oHIB HE CIIPOMOXHI e(EeKTHBHO
BUKOHYBAaTH TaKi 3a71a4i B CKJIQJHUX METCOPOJIOTIYHIX yMOBaX. Y SKOCTi JOMOBHEHHS JI0 BXKE PO3BUHYTHX CHCTEM BHSABIICHHS
HPOTIOHYETHCSI BUKOPUCTOBYBATH PaliOMETPUYHI CHCTEMH, L0 PEECTPYIOTH BIIACHE PajioTeIuIoBe BHIpOMiHIOBaHHS BITJIA.
ABTOpamu OynH po3poOIIeHi TEOPETHYHI OCHOBH MOOYOBH 0araTo4acTOTHHX KOMILIEKCIB, HEOOXIHI JUI1 KOHKpeTH3alii ix
CTPYKTYPHHX CXEM.

Merta pocrimkenb. Po3poOka cxeMm 0araro9acTOTHOTO paJiOMETPHYHOTO KOMIUIeKcy BusBieHHs BIIJIA B pisHHX
METEOPOJIOTTYHIX YMOBAaX Ha OCHOBI ONTHMAJIBHUX AJITOPUTMIB.

Metoanka peasizamii. AHami3 JOCBiLy pO3POOKH pPagiOMETPUYHMX CHCTEM Ta METOIIB OOpOTHOM 3 (IyKTyarlisMu
Koe(iieHTy MiICHICHHS MPHMadviB, ONTHMANBHI Oneparii 0OpoOKH CHTHAJIB BIACHOTO PaiOTEIIOBOTO BHIIPOMIHIOBAHHS,
JIOCTI/DKeHHS IMOBIPHICHUX XapaKTEPUCTHK BHSBICHHS Ta aHANI3 BITYN3HAHOTO PHHKY po3poOHHKiB HBY TexHikn 103BOIATH
PO3pOOUTH CXeMy 0araTo4acTOTHOTO PaJiOMETPUYHOTO KOMILICKCY, 10 BHKOHYBaTUME HaJilHI BHUMIDIOBaHHS B Pi3HUX
METEOPOJIOTIYHIX YMOBAX.

Pe3ysbTaTi A0CITiKEeHb. 3alpOIIOHOBAHO CTPYKTYPHY CXEMYy YOTHPHOXYAaCTOTHOTO PaJiOMETPUYHOTO KOMILIEKCY, IIO0
Moke OyTH peaji3oBaHHIl Ha IPAKTHII Ta 3AATHHH BUKOHYBATH HAJiifHI BUMIPIOBAHHS B PI3HUX METCOPOJIOTIYHHX yMOBaX. Y
SKOCTI PE30HAHCHUX YacTOT HANAIITYBAaHHS paJiOMETPHYHHX NpuitMadiB Oyim obpani wactotr 10 I'Tm, 20 I'To, 35 I'Tr i 94
I'Tn. Jlns 3agaHOT KOHCTPYKINT Ta XapaKTEePHCTHK MPUHMAaviB po3paxoBaHi iiMoBipHOCTI BusBiIeHHS BIIJIA B 3anexHOCTI Bij
JTAJILHOCTI OTO MOJIBOTY.

BucHoBKH. 3 pe3ynbTaTiB aHANi3y iCHYIOYHX JIOCSTHEHb PO3BHTKY PaIiOMETPHYHHMX CHCTEM B YKpaiHi Ta HasBHOI Ha
PHUHKY eleMeHTHOI 0a3u MiKpOXBHIJIBOBHX KOMIIOHGHTIB BHIUIMBAE, Mo AiamazoH Ku Ta K Mae Haifripmn XapakTepHCTHKH
MIPOCTOPOBOI PO3JIIBHOI 3ATHOCTI, aie € BcernorogHumu. [lianmazonn Ka i W MaroTh BUCOKY Uy TJIMBICTh JI0 PaioTEIIOBOTO
BUIPOMIHIOBAHHSI Ha TJi SICHOro HeOa, ajlie BOHM IMOBHICTIO «CIiMi» MpH XMapHid atMocdepi Ta B noml. Pesymbrati
pPO3paxyHKy BiJcTaHeil BusiBIeHHs 3 iMoBipHicTiO 0,9 nexarb y nmiamas3oHi Bijg 1 70 3 KiJIOMETpiB B 3aJIeKHOCTI BiJl CTaHy
armocdepu. Lli pesynbraru 30iratoThCsi 3 BIIOMHUMH JAIBbHOCTSIMUA BHSBJICHHS ONTHYHUX, aKyCTUYHUX Ta PajioOKaliHHUX
CHCTEM, ajie TIPH [IbOMY 00paHi mapaMeTpH MPUIiMadiB HE BiIIOBINAIOTH MOTCHIIHAM CBITOBHM JIOCSTHEHHSM 1 MOXKYTh OyTH
MOKPALIEH.

Kurouosi cioBa: pagiomerpist; BusiBieHHst BIIJIA; cTpyKkTypHa cXeMa; JalIbHICTh BUSBICHHS.
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CTpykTypHasi cXeMa MHOI0YAacTOTHOIO PagUOMeTPUYeCcKOro Komiiekca oOHapy:xenusi BIIJIA B pa3HbIx
MeTeopPOoJIOrH4eCKUX yCJI0BHAX

IIpodaemaTuka. B Ykpaune u Mupe CTpEeMHUTENIBLHO PA3BUBAIOTCSI TEXHOJIOTHH IPOU3BOJICTBA OECIIMIIOTHBIX JIETaTEIbHbBIX
anmnapatoB (BITJIA) paszHoro xiacca. Maible 10 MaccorabapUTHBIM XapaKTEPUCTHKAM M [IOYTU HEBUAUMBIE ISl OOJIbLUIMHCTBA
uH(opMaoOHHO-U3MepUTeNbHBIX cucTteM BIIJIA cranm ucnosb30BaThes B pasHbIX OTPAC/AX — OT HAPOJHOTO XO3sHcTBa 10
MyJbTHUMEAMA M pEKJIaMbl. BMecTe ¢ MOJIe3HBIM MX MCHOJIb30BAHUEM IOSBUIIMCH HOBBIE ONACHOCTH M MHLUAEHTHI —
cronkHoBeHue BIUJIA ¢ mroneMu, COOpYKEHUSIMH, TaMSATHUKaMH KyJbTYpbI, ITI€PEBO3Ka KPUMHHAJIBHBIX TOBApOB,
TEPPOPHCTUYECKUE AKThI, MOJIETHI HaJl 3alpelleHHBIMH TEPPUTOPUSMH W B Tpezaenax adpornoprtoB. Bwiseienue BIUJIA u
KOHTPOJIb UX INEPEMEIIEHHs] B HACEJICHHBIX IMYHKTAaX M BOJIM3M KPUTHYECKUX OOBEKTOB CTAHOBATCA OAHOW M3 BayKHEHILIHMX
3a7a4 CIy’k0 KOHTPOJIS ABMKEHHS BO3LYLIHBIM HNPOCTPaHCTBOM. CyIIECTBYIOLIME CUCTEMBbl ONTHYECKOrO, aKyCTUYECKOI0 U
PaIHOJIOKAIIOHHOTO JAMANa30HOB HE MOTYT S(Q(EKTHBHO BBLINOJIHATH TAaKUE 3aJauydl B CIOXHBIX METEOPOJIOTHYECKUX
ycinoBUsiX. B KauecTBe JOMOJMHEHMS K YK€ Pa3BUTBIM CHUCTEMaM OOHApyXEHHUsl MpeajaraeTcs HCIOJIb30BaTh
paJIMOMETPUYECKUE CHUCTEMbI, PETHCTPUPYIOIIME COOCTBEHHOE paauoreruioBoe wu3nyueHue BITJIA. Apropamu  ObLin



N. RUZHENTSEYV, S. ZHYLA, V. PAVLIKOYV, G. CHEREPNIN, E. TSERNE, A. POPOV, A. SOBKOLOV. BLOCK DIAGRAM OF A 57
MULTI-FREQUENCY RADIOMETRIC COMPLEX FOR UAV DETECTION IN DIFFERENT METEOROLOGICAL CONDITIONS

pa3paboTaHBl TEOPETHYECKHE OCHOBBI MOCTPOEHMS MHOTOYACTOTHBIX KOMILICKCOB, HEOOXOAMMBIX IS KOHKPETH3AIMH WX
CTPYKTYPHBIX CXEM.

Heab ucciaenoBanmii. Pa3zpaboTka cxeMbl MHOTOYacTOTHOTO PaJHOMETPHUECKOT0 Komiuiekca oOHapykenus BITJIA B
Pa3HBIX METEOPOTOTHIECKHX YCIOBHAX Ha OCHOBE ONTUMAIIBHBIX alTOPUTMOB.

MeTtonuka peaju3aiuu. AHaIIU3 ONbBITA pPa3pabOTKU PaTHOMETPUUCCKUX CHUCTEM M METOJIOB OOpBOBI ¢ (IyKTyalusMu
koo duIMeHTa yCUIICHHS] TPUEMHHUKOB, ONTHMAIIBHBIE Omepanud oO0pabOTKH CHUTHAIOB COOCTBEHHOTO DPAaIHOTEIZIOBOTO
U3ITydeHHs], NCCIIE0BAHNS BEPOATHOCTHBIX XapaKTEePUCTUK OOHAPYKEHHs M aHAIN3 OT€UECTBEHHOTO PBHIHKA Pa3pabOTUMKOB
CBUY TexHHKH TO3BOILT pa3paboOTaTh CXeMy MHOTOYACTOTHOTO PAIMOMETPHYECKOTO KOMIUIEKCA, KOTOpas OyAeT BBIIOIHATH
HAJeKHBIC U3MEPCHHUS B PA3INYHBIX METCOPOIIOTHIECKUX YCIOBHSAX.

PesynbTaThl HcciaeqoBanuii. [Ipemnoxkena CTPyKTypHas cxeMa YETBHIPEXYACTOTHOTO PAaAMOMETPHUYECKOTO KOMILIEKCa,
KOTOpass MOXET OBITh pealn30BaHAa HAa MPAKTHKE M CIIOCOOHA BBIIONHATH HAACKHBIE WM3MEPEHHS B Pa3IHMYHBIX
METCOPOJIOTHIECKUX YCIOBHAX. B KadecTBe PE30HAHCHBIX YAaCTOT HACTPOWKH PaJHOMETPUUCCKHUX IPHEMHHUKOB OBLIH
BbIOpanbl yactoThl 10 [T, 20 I'T, 35 I'Tiy u 94 I'Tu. Jlnsg naHHON KOHCTPYKIIMU U XapaKTEPUCTHK IPHEMHUKOB PACCUMTAHbBI
BepoATHOCTH 0OHapykeHus1 BITJIA B 3aBUCHMOCTH OT JaJbHOCTH €T0 TOJIeTa.

BoiBoabl. 113 pe3ynbTaToB aHalu3a CyILIECTBYIOUIMX IOCTIDKEHUH pa3sBUTHA PaAMOMETPHUUYECKUX CHCTEM B YKpauHe U
HMeIoIIelicsa Ha PHIHKE 3JIEMEHTHOH 0a3bl MUKPOBOIHOBBIX KOMIIOHEHTOB CIIeyeT, 9To Anuana3onsl Ku n K umeer Hanxymmmue
XapaKTePUCTHKN MPOCTPAHCTBEHHOTO Pa3peIICHHUs, HO SABIAIOTCA BcemoromHsMu. [mama3onsl Ka m W 0071amatoT BEICOKOIT
YyBCTBHTEIGHOCTRIO K PAJHOTEINIOBOMY W3Iy4eHHMIO Ha (hoHEe SCHOrO Heba, HO MONHOCTBIO «CIEMbI» MPH 00IadHOI
aTMoc(epe B JOKAb. Pe3yspTaThl pacuera JalbHOCTEH 0OHapYKeHHs ¢ BeposTHOCTHIO 0,9 nexar B auamazone ot 1 10 3 kM
B 3aBHCHMOCTH OT COCTOSIHHS aTMOC(ephl. DTH pPe3yibTaThl COBMATAIOT C HM3BECTHBIMH JAaTbHOCTSAMH OOHApyKEHHS
ONTHYCCKNX, AaKyCTHUECKHX M PAJHOJIOKAIMOHHBIX CHCTEM, HO MPH 3TOM BBIOpAaHHBIC TapaMeTpbl NPHEMHHUKOB He
COOTBETCTBYIOT MOTEHIINATBHBIM MUPOBBIM JOCTIDKEHHSAM H MOTYT OBITh yTydIIICHBI.

KuaroueBsle c1oBa: pagnomerpus; ooHapyxerue BITJIA; cTpykTypHas cxeMa; TabHOCTh OOHAPYKECHHS.





