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Abstract. This paper presents the method of radar observation of objects which are located in the zone of
atmospheric formation (precipitation of the various phase states). The interconnection of the operational radar
information is used and represented by the Stoke’s physical parameters. The Stoke’s physical parameters are
characterized by the total reflecting properties of the object and atmospheric formation with Stoke’s parameters which
are obtained in advance for a certain type of atmospheric formations and recorded in the radar observation database.
The process of scattering of the irradiated wave on the observed radar object is represented by a model built on the
concept of understanding the condition of the energy matrix. The energy matrix provides information about the
parameters and properties of the scattering process under the conditions that parameters of the irradiation wave are
known.

The objects scattering ability is described by a radar scattering matrix when the object is irradiated by the
electromagnetic wave with four polarizations and when an echo signal is received for each polarization of the
irradiation wave. For each scattering object there is a strong temporary dependence of the elements of the matrix since
the direction of irradiation of the object and the observation of the scattered wave are determined by the conditions of
radar observation.

The task of the radar observation of an object located in the atmospheric formation comes down to subtracting
the energy matrices of the object plus the atmospheric formation and the atmospheric formation, as a result the energy
matrix of an object is determined and its scattering properties are characterized. The optimization procedure of the
electromagnetic wave received by the radar polarimeter antenna of an electromagnetic wave was reviewed using the
Stoke’s vectors and Muller matrices.

Keywords: object, atmospheric formation, Stoke’s vector, Stoke’s parameters, polarization, electromagnetic
wave, energy matrix, all-polarized antenna, radar system.

Anomayin. Y pobomi npedcmaeiena Memoouxka padionoKayiliHozo CROCMepedceHns 00 ckmis, AKi
3HAXOO0SAMBCS 8 30HI aMMOCHepHo20 YmMEopeHHs (3MUB086i i 06102061 onadu pisno2o gazoeozo cmamny). Bukopucmanuii
83A€M038 A30K ONepamueHoi padionoxayitinoi ingopmayii, wo npeocmasieHuli MaAmepiaibHUMU  NAPaAMempamu
Cmoxca, AKi Xapaxmepusyomscs CyMapuumMu 8i00UBATbHUMY GIACMUBOCIAMU 00'€kma | ammochepHozo ymeopents 3
napamempamu Cmoxca, ompumanumy 3a30a1e2iob Olid NesHo20 BUJY AMMOCHEPHUX YMBOPEHb | 3aHeCeHUMU 68 OAHK
Odanux PJIC cnocmepeoicennsn. Ilpoyec poscitosanns xeuni, wo onpominwoe 06’ckm, Ha cnocmepedcyeanomy PJIC,
npeocmagienutl Mooeuno noby008anol0 Ha PO3YMIHHI NPOCMOPY CMAHY eHepeemuyHOI0 Mampuyelo, sKka 3abe3neuye
8i00MOCMI PO napamempu ma e1ACMUE0Cmi NPoyecy Po3Cilo8anHs 3a YMOE Gi0OMOCMI NapaMempie OnpoOMIiHIOBaHOT
X6ui.
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Posciosanvha 30amuicme 06’exkmis onucyemvcsa padiolokayitiHow mMampuyero po3cito8anHsa NpU ONPOMIHeHHI
006 ’ckmy eneKmpoMAcHimHOIO XEULEI0 YOMUPLOX NONAPUAYIT MA NPUUMANHA JIYHA-CUSHANY OJis KOJCHOI noaspuzayii
ONPOMIHIOBAHOI X8ui. ISl KOJCHO20 PO3CIIO8AILHO20 00 EKMY YACO8A 3ANEHCHICTND eleMeHmie MAMPUYi € HCOPCMKOIO,
MOMY WO HANPAM ONPOMIHEHHA 00°€Kmy i CnoCcmepedceHHs pO3CIilOBANbHOI  X6UMl  GU3HAYEHi yMO8amu
PAadionoKayiliHo20 CROCMePedHCeHH .

3a0aua padionokayitinoeco cnocmepedicenusi 00’€kmy, WO 3HAXOOUMBCS 6 AMMOCHEPHOMY YMBOPEHH,
3800UMbCSL 00 GIOHIMAHHA eHEPLeMUYHUX MAMpuyb 00’ €km + ammocpepue ymeopenHs i ammoc@epue ymeopenHs, 6
pe3yibmami  AK020 BUBHAYAEMbCS  eHepeemudna Mampuysi o00’ckmy, AKa Xapakmepusye 1020 po3Cilo8anbHi
eracmueocmi. Ilpoyedypa onmumizayii nputiHAmo aHmMeHow paodioNoKayitinozo NOAAPUMEMPA eNeKMPOMACHIMHOT
Xeuni pozenanyma 3 sukopucmanuam eexkmopie Cmoxca i mampuys Mionnepa.

Knwuosi cnosa: 06’ckm, ammocgepre ymeopenns, eexkmop Cmokca, napamempu Cmoxca, noaspusayis,
eNeKMPOMACHIMHA X8UTIA, eHEPLeMUUHA MAMPUYS, 6CENONAPUI08AHA AHMEHA, PAJIONOKAYIUHA cucmemd.

Annomayun. B pabome npedcmagnena memoouxa paouoiokayuuoHHo20 HAb00e s 00beKmos, Haxo0aWUxcs 8
30He ammocgheproeo 06pazoeanus (nueHessvle U 00I0HCHIE OCAOKU PA3IUYHO20 a3068020 cocmosaHus). Hcnonvzosana
83AUMOCEA3b  ONEPAMUEHOL PAOUOTOKAYUOHHOU UHDOpMayuy, NpedcmasieHHOl GeujeCeeHHbIMU Napamempami
Cmoxkca, xapakmepusyembiMu CYyMMAPHLIMU OMPANCAOUWUMU CBOUCMBAMU 00BEKMA U AMMOCHepHO20 00pa308anUs ¢
napamempamu Cmoxca, noxyueHHuIMU 3apanee 015 Onpedenénno2o 8uoa ammocepuvix 0opazoeanuii u 3anecénHbiMu
6 Oank Oaunnvix PJIC nabniodenus. Ilpoyecc paccesnus obayuaemotl 6onanvt Ha Habmodaemom PJIC obvexme,
npeocmagien MoOenblo, NOCMPOEHHOU — HA NOHAMUU NPOCMPAHCINEA COCMOAHUU IHepemuyeckou mampuyeil,
obecneyusaioweli cee0eHls 0 NApaAMempax u c60UCMeax nPoyecca paccesaHus npu YCio8uu U38eCmHoCmy napamempos
obyuaroweri GoNHbl.

Pacceusarowan cnocobnocms 00beKmog onucei6aemcs paouoIOKAYUOHHOU Mampuyell paccesHus npu
obnyuenuu 00veKma  NeKMPOMASHUMHOU GOJHOU YemblpéX ROAApu3ayull u npuéme 35X0-CUSHANA OAsL KAHCOOl
nonapuzayuu obnyuaroujed 60aHbvl. A Ka®co02o pacceusaroujeco 00beKmMa 6PeMeHHAs 3A8UCUMOCHb  SNIEMEHMO8
Mampuybl A6NIAEMCS HCECMKOI, M.K. HANPAIeHue 00IyueHus 00beKma u HabnooeHue PaccesHHON BONHbL ONpedeeHbl
VCA08UAMU PAOUOTIOKAYUOHHO20 HADIHOOEHUS.

3aoaua paduonoxkayuonnoco HabAOOeHUs 00beKMd, HAX00AUWE20CA 8 AMMOCHePHOM 00pA308aHUL, CBOOUMCA K
BLIYUMAHUIO DHEP2eMUYecKUx —mampuy 00vekm + ammocgeproe obpazoganue u ammocpeproe obpazosanue, 6
pe3ynomame KOMoOpo2o Onpeoensiemcs dHepeemuyeckas Mampuya o0bekma, Xapaxmepusyioujas e2o pacceusaioujue
ceoticmaa. ITlpoyedypa onmumuzayuy npuHAMOU AHMeHHOU PpaouoIOKAYUOHHO20 NOIAPUMEMPA dIEKMPOMASHUMHOU
807IHbL pACCMOMPERA ¢ UCNONb308aHuem sekmopos Cmokca u mampuy Mionnepa.

Knrouesvie cnosa: ob6vexm, ammocpepnoe obpazosanue, sgekmop Cmoxca, napamempor Cmoxca, noaspusayus,
INEKMPOMASHUMHASL 80TIHA, IHEP2EMUYECKASI MamMpuyd, 8CenoaApU308aAHHAS. AHMEHNA, PAOUOIOKAYUOHHAS CUCTEMA.

Spatiotemporal filtering of interference can be carried out by radar systems which have
antennas of different types including phased antenna arrays [1]. The echo signals are received onto
the radar receiver from atmospheric formations (hydrometeors) which masks the echo signal of the
observed object. Hydrometeor fractions are dipole reflectors for the antenna-emitting radar signal of

the centimeter wavelength range (0.8-10 cm) and have a length equal to1/2 with an average

effective scattering surface dipole & equal to 0,174% [2]. The value of the total effective

scattering surface of particles is obtained when &, is multiplied by the number of dipole reflectors
«ny in the radar volume of the atmospheric formation, i.e.

O, =0,174%n. (1)

The radar observation of an object which is located in the zone of atmospheric formation will

be effective if the total effective scattering surface of the hydrometeor particles is less than the
effective surface of the object by the value of the suppression coefficient N, i.e.

Oxer,, << N0y (2)

where N is the coefficient of suppressing the interfering background of atmospheric
O
formation, N = ==
Oefon
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However, it is difficult to obtain real o, and o, , therefore a search for the other

directions is necessary to make it possible to highlight the object of the radar observation from the
passive interference of the atmospheric formation. The interference from the hydrometeors creates
identical to the object images on the radar indicator also masks it and reduces its radar observation.

So far, different methods and devices have been developed for the noise suppression such as
high and low pass filter systems, band-pass filters, devices with corner selection and blanking ,
pulse repetition frequency discriminators, frequency range tuning, side lobe noise cancellers, etc. [3
-6]. However, uncertainties caused by interferences, result in misjudgments in actual situation.
Various situations occur during radar observation of the objects which force one to take into
account the semantics and pragmatics of atmospheric noise echoes. There is a necessity to use a
thesaurus which forms information about atmospheric disturbances (intensity of precipitation). The
characteristics of the echo signals while observing an object in atmospheric noise are based on
temporal, spatial and polarization parameters. The polarization energy parameters allow the object
to be recognized against the background of atmospheric noise, taking into account the available
thesaurus by comparing the echo signals with the radar signals from precipitates of known intensity
available in the data bank. An energy scattering matrix is the simulation model with elements
represented by real Stock’s parameters which are easily measured by radar. The polarization
direction of the atmospheric noise compensation is an alternative solution to the existing problem
during radar observation of the objects.

The purpose of this work is to obtain and use energy scattering matrices [S,, ] _ . [Sa].,

and [Sen]Ob in order to suppress atmospheric interference during radar observation of the objects.

The remote measurement of the time-averaged polarization of the Stoke’s parameters of echo
signals of a partially polarized wave during radar observation of the objects in the zone of
atmospheric formation was carried out in linear and circular bases. The interrelation of the Stoke’s
parameters with the amplitudes of the orthogonal components of the electromagnetic wave and the
phase difference between them when using a linear basis is established using the following relations

[6, 71:
S1I =<Efm>+<E5m>’

Sa = (Ein)~(Eim)’

S; =2 < EwnEym > cos D, ; ©
Sy =2(EmEyy )sin®,.
When using a circular basis, the specified correlation is written in the following form:
S =(Ex ) +(Em);
2 2 \.
5= (E8)-{E2) o

Ssc = 2<ErmEIm>COSq)rI;

Sy =2(EEp )sin®@,,.
where S;, S,,S;, S, are the Stoke’s parameters, and E,, E , ® are the amplitudes of the
orthogonal components of the electromagnetic wave and the phase difference between them in a
linear basis, and E,, E, @, are the amplitudes of waves of the right and the left direction of the

rotation and the phase difference between them.

The combination of the Stoke’s parameters of the echo signals of the electromagnetic wave of
the observed by the radar object, at each considered moment of time, reflects the functioning of the
object. The use of linear and circular bases being considered in terms of the value of the information
obtained when observing an object. We introduce the Stoke’s parameter vector for a quasi-
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monochromatic wave which is emitted by a radar antenna in the form of grouped Stoke’s
parameters in a 4x4 column vector

Sl

S
S=| 2. 5

5 (5)

3

3

Let the radar observed object be sequentially irradiated by an electromagnetic wave of four
polarizations. Three of them are linear (one — vertical, second — horizontal and third one with an
electric vector tilted at an angle of 45°) and the fourth is circular. For each polarization of the
emitted wave, the Stokes vector is written by the following relations:

Seers =S, S5",0,0

ShOI’.l = S]irr ! _S;rr ! 0’ 0 (6)
Sys1 = Slirr 0, Ssirr’o
S, =S/ 0,0,S/"

During scattering of an irradiation wave, of any four polarities, by an object or an atmospheric
formation or both, an echo signal of definite polarization is formed, which carries information about
its reflective properties. The Stoke’s parameters of the irradiation wave undergo transformations
during reflection, since in both cases the reflected electromagnetic wave has a polarization structure
different from the polarization structure of the irradiating wave. Reflection coefficients will also be
changed. By virtue of the linearity of the process of scattering of an electromagnetic wave, the
interrelation of the polarization parameters of the reflected wave with the reflection coefficients for
each of the above polarizations of the irradiated wave is determined by the relations:

a) for vertical polarization of the irradiation wave:
Iref irr irr.
S = I1181 + I1281 1

lref __ irr irr.
Sl —I1181 _I12sl 1

vert.|

Slllref _I Sirr_l_l Sirr. (7)
1 — MMl 13%1

Sllwef — Illslirr +|l4Slirr;
b) for horizontal polarization of the irradiation wave:

SzIrEf = I2181irr + |2281m;

Szllref — |2181|rr _ |2281|rr; (8)

Href _ irr irr.
SZ - I21Sl +|2381 !
IVref _ irr irr.
Sz —|2181 +|2481 ’

c) for the linear polarization with the slope of the electric vector under 45° of the irradiating
wave:

Sslref = I31slirr + Iszslirr;
S:;Iref — |3lslirr _|3zs1irr;
S;IIref :|3181irr +|3381irr;
SgIVref — |318£” + |348£rr;

d) for an irradiating electromagnetic wave of circular polarization:

(9)
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Sz:m = I4181irr + |4281m;
Silref = |4181irr - |4281m;
Szi”ref = |4151irr + |4351irr;
SJ,WEf = I4181irlr + |4481m-
In the ratios (7-10) the coefficients |, |,,, l,;,1,, characterize the straight lines and 1,1,

byl bog g by by bgg 1y 14, 1, Stokes  parameters of the reflected wave. The reflection

coefficients fully characterize the reflecting properties of the observed radar objects and
atmospheric formation. In the polarization basis, the direct and cross reflection coefficients form the
energy scattering matrix:

(10)

_Sllref +Slllref Sllref _Slllref ghirt Sllref n Slllref gt _ Sllref n Slllref ]
2 2 ! 2 ' 2
Szlref + Szllref Szlref _ Szllref Slllref ~ Szlref + Szllref SIVref ~ Szlref + Szllref
2 2 ? 2 ? 2
S =
[ el ] S;ref +S:;Iref S:’!ref _S;Iref Slllref ~ S:;ref +S;Iref SIVref ~ S:;ref +S;Iref . (11)
2 2 3 2 : 2
S;ref + Silref Siref _ Silref Slllref ~ S‘:ref + Silref SIVref ~ S‘:ref + Silref
L2 2 ! 2 * 2

All the coefficients included in the matrix (11) are real Stoke’s parameters reflected from the
object observed by the ships radar, atmospheric formation or from both and are easily measured by
the radar. The separation of the object's and atmospheric formation echoes is made by
distinguishing their energy scattering matrices after subtracting the total object echo from the matrix
and the atmospheric formation of an atmospheric formation matrix, which is known in advance.
Most environments have electrodynamic parameters corresponding to a substantial, symmetric and
energy matrix (9). The Stoke’s parameter measurements are carried out in one-dimensional radar
channels, when there are no physical and geometric boundaries. The selected irradiation and
reflection signals from the object and its meteorological formation determined the form of the
energy scattering matrix, which allowed making a connection, of the objects parameters and its
radar signals, with the operation of the radar station under the conditions of meteorological
interference in solving the problem of object selection.

The energy matrix of the atmospheric formation is related with an idea of a thesaurus-
accumulated information about the structure of atmospheric formation and the processes occurring
in it (clouds, precipitation, fogs). The radar signal reflected from the object and meteorological
formation is represented by a model of a total electromagnetic field consisting of a completely
polarized and partially polarized fields. Radar cumulative processing of the measured real Stoke’s
parameters allows to apply the energy matrix to highlight the object's echo signal from the
atmospheric noise echo signal.

The interrelation of the Stoke’s parameters of the reflected partially polarized wave with the
reflection coefficients for each of the four polarizations of the irradiated wave of an object located
in the zone of atmospheric formation (heavy rainfall of varying intensity) is described by sixteen
linear equations characterizing the overall polarization state (object + atmospheric formation):

1) The object + atmospheric formation is irradiated with a vertical linearly polarized wave:
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Iref
1 ob-+af

( + )
Slll’rtiaf (IllOb iy S"r (Ilz ob 12 af )Sli";
( ( )

|
|
)si+
|

irr irr .
Illob + Illaf S I12 ob + I12 af S1 ’

12
Slllref _ I I I I Sirr. ( )
lob+af = \"1lob + 11 af 13 0b + 13 af 1
IVref irr irr
S1ob-af :( 1o hsar ) St ( haob + g of )Sl :
2) The object + atmospheric formation is irradiated by a horizontal polarized wave:
Iref irr irr
S2 ob-af :( Zlob+|21af)s ( 220b+|22af)sl
lref irr irr
S obat =(210b+|21af)s (220b+|22af)s (13)
S Iref | SII’I’ | Sirr
2 ob+af _( 21ob + 21af 230b + 23 af 1
IVref irr irr
S2 ob-af :( 2100 lasat )S ( 200 + bag ot )Sl

3) The object + atmospheric formation is irradiated with a linearly polarized wave with the
slope of the electric vector below 45°:

_ irr
_( 31lob +I31af S

)i+ )
)SI" = (bszap + lapar ) S1™
)Si+( )

)

Iref

irr .
S3 ob-+af |32 ob + |32 af Sl ’

Iref _
SS ob+af _( 3lob + I3laf (14)
Slllref _ +| Slrr | +| Slrr.
3ob+af — 310b 31af 330b 33 af 1

IVref irr irr
S3ob+af - (|310b + I31af )Sl ( 340b + |34 af S '

4) The object + atmospheric formation is irradiated by an electromagnetic wave of
circular polarization:

Iref
S4 ob-+af

Iref
S4 ob-+af

IVref
S4 ob-+af

Ilref
4ob+a (|410b + I4laf

I410b + I4laf )Slrr
)Slrr
)
)

|rr
I41ob + I41af S

irr .
(|420b +I42af )Sl '
irr .
(|420b +I42af )Sl ’

irr.
|430b+|43af Sl !

irr irr
( 410b + I4laf S ( 440b + |44 af )Sl '

(15)

The solution of the systems of equations (12—15) allows to obtain the energy matrix of the
observed by radar objects, in the polarization basis (linear, circular), against the background of

atmospheric formations:

[ Iref Iref Iref Iref Iref lref Iref Iref
Sl ob+af + Sl ob+af Sl ob+af S10b+af iref Sl ob+af + Slob+af Vref Slob+af + Slob+af
S S _
lob+af lob+af
2 2 2 2
Iref Iref Iref Iref Iref Iref Iref Ilref
SZ ob+af + SZ ob+af SZ ob+af SZ ob+af S Hiref SZ ob+af + SZ ob+af S|Vref SZob+af + SZ ob+af
20b+af 20b+af
[Sa Lot =| g - ’ ? ? (16)
en lob+af Slref +Sllref Slref _Sllref Slref +Sllref Slref +Sllref
3 ob+af 3 ob+af 3ob+af 3 ob+af S 1iref 3ob+af 3ob+af S Vref 3ob+af 3ob+af
3ob+af 3ob+af
2 2 2 2
Iref Iref Iref Iref Iref Iref Iref Ilref
S4 ob-+af + 84 ob+af S4 ob+af — S4 ob-+af S iref 84 ob-+af + 84 ob+af S IVref S4 ob-+af + S4 ob+af
4ob+af 4ob+af
L 2 2 2 2 ]

The elementary reflectors in the navigation object on its surface form fluctuating echo signals,
as well as elements with a large effective scattering surface form a deterministic component, which
remains stable during the measurement time. Atmospheric formation, in which the radar observed
object (aircraft, ship) is situated and which consist of a large number of reflectors of different
shapes, phase states, sizes and different orientations in space, form a fluctuating echo signal on the
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input of the radar receiving system. These joint echoes form a total illumination on the radar
indicator against the background of which the echo signal of the observed object is hidden.

To solve the problem of extracting an object's echo from the total echo (af +ob) , two energy
af and [Sen ]ob

advance, taking into account it’s parameters (for heavy rainfall and it’s intensity, for clouds and
their radar reflectivity). The Stoke’s parameters of the total echo signal (object + atmospheric
formation) are measured using the radar and with their help the energy calculated for a particular
type of irradiation wave. With the help of the second Stoke’s parameter S,, the intensity of the

precipitations I mm/hour is determined. According to this intensity of precipitation, an energetic
matrix of atmospheric formation is selected (heavy rainfall of measured intensity). The energy
matrix of the atmospheric formation corresponding to the rainfall of a given intensity at the time of
the radar observation of the object is subtracted from the energy matrix of the total echo signal
(object + atmospheric formation) in the automatic mode. The energy coefficients of the resulting
matrix belongs to the observed object, which appear on the radar indicator or computer display in
the certain color, for the purpose of radar object observation and determination of its coordinates.
The procedure of sequential emission of an electromagnetic wave of the four considered
polarizations is easily implemented in the antenna radar device in automatic mode. For heavy
precipitation (25 mm/h), there is energy scattering matrix with the following coefficients:

12,75 1225 025 0.25

[S ] _ 12.75 1225 -0.75 -0.75
o0 Jaf 0 0 350 040

0 0 040 3.50

matrices [S,, ] are used. The energy matrix of atmospheric formation is known in

The energy scattering matrix of the total echo signal [S,,] has the following coefficient

ob+af
values:
154 145 045 045
5.1 - 15.4 145 -0.45 -0.45
en Jobsaf 0 0 420 070
0 0 070 420

Then the energy matrix of the scattering of the echo signal of the object is defined as the
difference [S,,] Sa],, and is written in the following form:

ob+af _[

265 225 020 0.20

(S.]. = 2.65 225 -0.30 -0.30

e ob 0 0 0.70  0.30
0 0 030 0.70 |

When the intensity of liquid precipitation is | =10 mm/hour, the energy scattering matrix of
the atmospheric formation has the following values of its coefficients:

1.18 0.35 0 0.01

(s, - 0.35 118 -0.84 -0.01
on Jaf 0 0 112 0.04 |
0 0 -004 112

Energy scattering matrix of an object in atmospheric formation [Sen]

ob+af *
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305 210 085 085
305 210 -0.75 -0.75

S — .
[ en ]ob+af 0 0 1.90 0.08
0 0 -0.08 1.90

Energy scattering matrix of the radar observed object[Sen ]ob :

187 165 085 084
270 092 169 -0.76
Solo=| o 0 178 004
0 0 -012 078

When the air temperature is below —2°C the intensity of snowfall is determined by three
gradations: weak (1 =0.02+0.1 mm/hour), moderate — (I =0.11+1.0 mm/hour)and strong

(I >1.0 mm/hour). The energy scattering matrix of moderate snowfall is written as follows:

148 0.75 001 0.01

(S, = 148 0.75 -0.73 -0.73
o Jaf 0 0 126  0.22]°

0 0 -004 112

The energy matrix of the total echo signal (object + atmospheric formation) consists of the
following coefficients:
1.83 1.01 -0.02 -0.02
183 1.01 085 0.85
Saloa =0 0 183 o053
0 0 053 183

The energy matrix of the object observed by the radar is presented as:
0.35 0.26 -0.01 -0.01
s, - 0.35 026 158 1.58
b0 0 057 031
0 0 057 o071

The resulting energy scattering matrix corresponds to the representation of the object by a set
of “bright dots”, non-standard choice of the type of polarizations of the electromagnetic wave
irradiating the object and received orthogonal vertical and horizontal polarizations.

The advantage of the considered method of radar recognition of an object located in the zone
of atmospheric formation manifests the accumulated meteorological radar thesaurus about the
signals reflected from existing atmospheric formations and entered into the radar data bank. The
task of the radar is to measure the Stoke’s parameters of atmospheric formation echoes, which
determine the intensity of the process in atmospheric formation (intensity of rain or snowfall), and
based on the available thesaurus, compare the received echoes with the existing atmospheric
formation matrix . The generated thesaurus of meteo-objects allow the radar to use the accumulated
information efficiently and to take full account of environmental factors during recognition of
objects in remote radar observation.

The results of a methodological nature, which can be further embodied in the task of
unification procedures for improving a certain type of radar and it’s functionality, and the practical
usefulness of the considered methods of recognizing objects that are on the background of
atmospheric formation is aimed at applying program-targeted methods of selection and recognition
of objects.
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When implementing the algorithm of radar recognition of objects, the RL antenna is the main
element of structure of radar polarization that implements the recognition algorithm using the
energy scattering matrix of the object. When solving the problem of radar object recognition, an all-
polarized antenna is used, being a polarization analyzer, in which the amplitude, phase and
polarization of the radiated electromagnetic wave is controlled. A round horn is used as an
irradiator, and antenna tuning with controlled polarization of radiation is managed by operator

G(O,(p), that consist of the product of two linear operators: the operator of rotation of the
polarization plane G(ﬂ, 0, go) and the ellipticity transformation operator G(a,@, go) given the laws

of variation of the arguments a=«a(t) and S=/4(t) [7]. The structure of the antenna with

controlled polarization characteristics, which was used in experimental studies on the radar
recognition of objects in the zone of atmospheric formations using the energy matrix (9), is shown
in Fig. 1.

6
3 4 y
\4
1 2 5 7 8
A
» 3 4 A

Figure 1 — Structural diagram of the antenna with controlled polarization parameters:
1 — transmitter; 2 — power splitter; 3 — amplitude controls; 4 — phase shifters; 5 — polarization
selector; 6 — receivers of orthogonal channels; 7 — switch, 8 — radiator

The amplitude regulators 3 create a specific amplitude relationship between the orthogonal
components of the electromagnetic wave, 4 — phase shifters, creating phase relationships between
the orthogonal components of the electromagnetic wave to obtain a certain polarization of the
emitted wave at the output of the polarization selector. Switch 7 alternately connects the antenna in
the transmission mode to the polarization selector, and in the reception mode to the two receivers 6
orthogonal channels. For a radiated linearly polarized wave of a paraboloid of rotation, the radiation

pattern G (6, @) . G (6, @) has the following form:

G sin(Psing)

" psing Gy, 1-(cosm,@)sin2m,p |

G(0,9)= , (17)

. sin(Psing
Gp,[1-(cosm,f)sin2m,p| G, |£ST¢)

where the parameters P, m,, m  determine the width of the radiation pattern both in the main
and in the cross-polarization lobes; G,m(l,m:1,2) — antenna gain factors for the main and cross-
polarization components.

At small angles 6 and approximate equality G, =G,, equation (17) is written in abbreviated
form:

G(0,0,t)=G(1)T, (18)
where T is the unit 2x2 matrix.

The antenna’s operator commutes with the electromagnetic wave of linear, circular and
elliptical polarization. The radar antenna becomes all-polarized.
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Conclusion and prospects for further work in this area:

1 In the current paper, a mathematical model is formed, on quantitative assessment of the
selection of a radar observation object from atmospheric interference in the form of precipitation of
various intensity and phase conditions.

2 The process of matrix transformation of an electromagnetic wave in its interaction with an
object is discussed. This process made it possible to form the energy matrix of a radar object
observation in the presence of natural atmospheric interference.

3 Processing and analysis of radar information in solving the problem of selection and
recognition of the object was carried out on the basis of the thesaurus by comparing an echo signals
received from the object with an echo signals of known atmospheric objects available in the radar
data bank.

Further research into use of ultra-wideband signals will follow.
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