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POLARIZATION SELECTION OF NAVIGATION OBJECTS
LOCATED IN THE ZONE OF ATMOSPHERIC FORMATIONS
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PO3SMIIIEHHUX B 30HI ATMOC®EPHUX YTBOPEHb
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ABSTRACT

The possibility of polarization selection implementation of the navigation objects located in the
area of atmospheric—formations by the ship single-position radiolocation station (radar) is
considered. The polarization selection of the navigational objects located in the area of atmospheric
formations is based on their different electro-physical parameters, which from them electromagnetic
waves of different polarization. The process of the polarization selection is controlled by the
appropriate choice of polarization, which irradiates the objects of the electromagnetic wave; given
the actual Stokes parameters. The interference performance of the objects, observed by the ship’s
radar, is represented by means of the Mueller matrices (i.e., dissociation), which have 16 coefficients.
The determination of the matrix coefficients of the atmospheric formation dissociation is carried out
by their differentiation or integration by the method of Pikar (i.e., the successive approximation).
The coefficients of the atmospheric formation matrix are shown to be variable functions of time,
endpoints for all values of the analyzed interval. The division of the time interval into segments, in
which the coefficients of the matrix are considered constant, allows them to be calculated using
Baker's formula. The practical implementation of the polarization selection of the navigation objects
located in the zone of atmospheri formations; is based on the measurement of the coefficients of the
dispersion matrix by the intermittent sampling of objects by non-polarized wave, double line wave,
and circular polarization.

Keywords: polarization selection, navigation object, atmospheric objects, electromagnetic
wave, Mueller matrix, Stokes parameters, sequential approximation method, differentiation and
integration operators, dynamic system, electrophysical parameters of objects, reflecting property of
objects.

PE®EPAT

30iticneno peanizayiro mooeni 3aemooii cyonosoi PJIC i3 306niwHim cepedosuwem npu
00HONO3UYIHIL padionokayii, Konu Hagieayitinuil 00'ekm nepedysac y 30HI ammocgepHo2o
ymeopeHus. EnexkmpomazHimnua Xeuns Ha 6UNPOMIHIOBAHHS I NPULIOM NPeoCcmasiena y u2iiaoi 080X
Mampuysb, wWo CKIA0AOmMvbCs 3 OIUCHUX eHepeemuuyHux napamempie Cmoxca, a 6i0busaioui
B1ACMUBOCMI AMMOCHEPHO20 YMBOPEHHs Xapakmepusyomuvcs 16 xoegiyicumamu, wo 06'eOnani 6
mampuyro Mroanepa sKa cKiadaemvcs 3 YOMmupbox cmoenyie i Homupvox psokie. Bioouma xeuns
npeocmasiena yomupma napamempamu Cmoxca, 5K nojne, iHOYKO8aHe HeGIOOMUM PO3NOOLIOM
8i00uU6aui6 ammochepHo2o YMEOpeHHs, Npu iX ONpPOMIHEHHI eleKMPOMASHIMHUMY XEUTIAMU
YOMUPLOX NOJAPU3AYIN Y JIHIIHOMY ma Kpyeogomy bazucax. Busnauenns xoeghiyienmie mampuyi
PO3CII08aHHA AMMOCHEPHO20 YMBEOPEHHA 30IUICHIOEMbC OUGhepeHYiI08aAHHAM AOO IHMe2PYBAHHAM 3d
memooom Ilikapa (nocnioosnum mnabauxcennsm). Ilokazamo, wo Koeghiyiecnmu mampuyi
PO3CII08AHHA AMMOCHEPHO20 YMBOPEHHS € IMIHHUMU YHKYIAMU Yacy, KiHyesumu OJisl 6CiX 3HAYEHb
aHaniz08anoeo inmepeany. 3pooaeHo Nl YACO08020 NPOMINCKY HA BIOPI3KU, V AKUX Koeqhiyienmu
mMampuyi po32ns0aromecs AK NOCMIlHI, WO 00380JA€ iX obuuciumu 3a 00nomo2oto Gopmynu
beiikepa. [Ipaxmuuna peanizayis mooeni 3aemodii cyonosoi PJIC 3 ammocpepnum cepedosuem
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3ACHOBAHA HA BUMIDIOBAHHI KOeqhiyienmie mampuyi po3Ccito8aHHs NPpu NOCIIO08HOMY ONPOMIHEHHI
ammocgepHoco ymeopenHs HenoaApU306aHol0 Xeuiero, Xeuielo 080X JNiHIUHUX ma Kpyeogoi
noApuU3ayill.

KurouoBi ciioBa: moznens B3aemosii, cyanosa PJIC, atmocdepHe cepenoBuie, HaBiraiitaui
00'€KT, €JeKTpOMarHiTHa XBWJIS, MaTpuisl Mromiepa, nmapamerpu CTOKca, METOI MOCHiIOBHHX
HaOJIMXKEeHb, onepaTopu AUQEPEHITIIOBAHHS Ta IHTETPYBAHHS, PAJIIOJIOKAIIMHUN KaHAT, JUHAMIYHA
cucrema.

Statement of the problem in general terms and its relationship to scientific and practical
tasks

When the ship’s radar is activated, a signal is received by the input of the decision-making
device, the source of the signal is a navigation radar object in the absence of the atmospheric
environment signal. The radar information channel model describes the process of transforming the
signal characteristics along the trace from the transmitter to the object, from the object to the receiver
and then to the device for the processing of the received signals. In this case, all processes are set in
discrete time.

The result of the interaction of the wave emitted by the ship’s radar antenna with the
atmospheric formation, in which the navigation object is located, is obtained by multiplying the
Stokes vector of the emitted wave by the Muller matrix of the atmospheric formation-As a result, the
Stokes vector of the reflected wave is calculated.

To analyze the principle of transition when describing the operation of the ship’s radar from
continuous time to discrete time, a mathematical structure called the dynamic system is used, which
is an abstract model and satisfies the principle of causality. In this case, the most important class of
dynamic systems at the continuous time of their installation are smooth dynamic systems, described
by the transition function of the state.

Analysis of recent advances and publications that have begun to address this problem,
and highlighting unresolved issues

The theory of the information channel was formulated by V.A. Potyekhin, V.€. Dulevich, A.P.
Rodimov, D.A. Middleton, E. M. Kennaugh, J.R. Huynen, W. M. Boerner; etc. The obtained results
on the state of the radar channel theory are presented in [1]. The Polarization of the radar signals is
fully considered in [2-4]. The parametric representation of the polarization of radio waves is based
on the four real parameters, introduced by Stokes, which have the intensity dimension. Since the
interaction of the emitted wave with the atmospheric object occurs incoherently, the Muller matrix is
used, the formalism of which is based on the representation of the polarization state of the wave by
the Stokes vector and the representation of the scattering properties of the atmospheric formation by
16 real coefficients.

The result of the interaction of the wave emitted by the ship’s radar antenna with the
atmospheric formation in which the navigation object is located is obtained by multiplying the Stokes
vector of the emitted wave by the Muller matrix of the atmospheric formation, a result, the Stokes
vector of the reflected wave is calculated.

Formulation of the goals of the article (problem statement)

The purpose of this article is to present a model of the interaction of the ship’s radar with the
atmospheric environment, taking into account the reaction of the atmospheric environment to the
operation of the ship’s radar.

Statement of the material of the study with the justification of the obtained scientific
results

Consider a smooth dynamic system described by a transient state function, i.e.:

Hanionaneuuii yHiBepcuteT «Oechka MOpPChKa akaJaeMis



Cynnosoainns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 32-2021

B _si5(1),0.. (1))

dt (1)

and the output display:
U@ux (t)zueux {S(t)} (2)

In terms of the dynamic system (1), (2), the input impact changes the state of the ship’s radar,
which determines the output signal.

For smooth dynamic systems, in which the linearity of the transient state function and the output
mapping by their signal arguments is ensured, equations (1) and (2) are written in the form:

ds (t
_7£2=Asu)+&uwﬁ); 3)
U,..(0)=C5(t) ®

where A.B.C matrices, which can depend on time;
S (t)’Uw (t) - multidimensional vector functions.

Equation (4) is called the equation of state in the theory of the dynamical systems.

Based on the phenomenological description of devices and systems in terms of input and output,
the description of the dynamic system is represented by a differential equation that connects the input
and output-effects, i.e:

d'U, (1) _ d"U. (1)

G e M+...+bu (1)

n-1 n eux
dt (5)

+..+aU, (t)=h

aO dtn_l n= ex

where ng(t)n U () multidimensional vectors;
8 (1), 8, (1), -, 8, (1), B (1), (1), Br (1) _ matrix coefficients, the dimensionality of which allows us to
match the input and output signals into a single equation.

The output equation (3) and the equation of state (4) for the discrete system are written as:
Sj.=AS;+BU,,, ©)

U =CS/.’ )

eux j
ne A, B, C — matrices that do not have an index t for a discrete system, which indicates the
discreteness of time.

=02 -A

Equations (6) and (7) are obtained from (3) and (4) at dt | and the operator B
AS -1 -1

(3) is converted into the operator B _(e _1) B=(A)"B
system.

Thus, the definition of the dynamic system in terms of the input-output and the standard
representation (3), (4) are fully equivalent.

For the ship’s radar, two types of descriptions are used:

- Using the dynamic system (1) - (7), corresponding to phenomenological representations that
describe devices and systems in terms of input and output;

- by means of the model of interaction of the ship’s radar with the external environment, which

, Where is 5 >0 the sampling step of the
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corresponds to purposeful systems.
When describing the ship’s radar using the dynamic system, the signals coming to the input of

the ship’s radar Uu(t) and output signals U (1) are related by matrix equations represented by

Stokes energy parameters:
t

26x t

s
S (
S (t
[ Sa (

lex
U,.()=

t

46x

"
)
)
)

(8)

Slswc( 3
S (1)
Saan (1)

36ux

U, (1) =

_S4eux (t)_ (9)

When using the model of interaction of the ship’s radar with the atmospheric environment,
when the atmospheric environment reaction to the operation of the ship’s radar during radar
observation of navigation objects in conditions of atmospheric interference is considered, the fixed
sequence of operators, changing in time, is represented as matrices T, characterizing the set of
atmospheric environments (rain of different intensity and phase state):

oy (tl ) 2P (tl) X3 (t1) o (tl )
T = Uy (t1) Uy (t1) U3 (tl) Oy (t1)
' (2 (tl) U3y (tl) 1228 (tl ) A3y (tl )
Uy (t1) Uy (t1) Uy (tl) Oy (t1) : (10)
a, (tz ) a, (tz ) Q3 (tz ) ay (tz)
T = Oy (tz) Oy (tz ) O3 (tz ) Ay (tz )
’ U5 (tz ) s, (tz ) g3 (tz) sy (tz )
| Cn (tz) Ay (tz) O3 (tz ) Ay (tz )_ : (11)

L n n n n)| , (12)

where %m (t“)- coefficients, which characterize reflecting-effects of atmospheric environment,
in which navigation object is located.

Taking into account the equations (8) - (12) for the ship’s radar, in general, at any point of time,
the main information flow is continuous from input to output, formed by the atmospheric environment
and the navigation object. The equation of the main information flow is represented in the form of
three matrices:
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S (t) | [ (t) an(t) as(ty) a(t)] ] Suw(t)

S (tn) _ i) (tn ) Az (tn ) a3 (tn ) eon (tn ) . Soa (t”)

Sa (L) ay(ty) an(t) an(t) au(ty)|| S (t,)
_846)( (tn )_ ! (tn ) a2 (tn ) a3 (tn ) Paa (tn ) _S4eux (tn )_

(13)

The syntactic approach to the research of processes or information received by the ship’s radar
is aimed at the structural analysis of information, i.e., removing uncertainty in the incoming message
about the navigation object taking into account the spatial, temporal, and polarization structures of
the signal. The semantic approach involves the analysis of the semantic content of the information,
and pragmatic - to assess the usefulness and value of the information obtained. The system of signals
is considered as some mathematical construction, reflecting the ability to transform, transmit, receive,
and process information about the observed situation.

The presence of a navigational object in the area of the atmospheric formation is considered.
The electromagnetic wave emitted by the antenna of the ship’s radar and received at reflection from
the precipitation zone, in which the navigation object is located, is represented by four valid Stokes
parameters S1, S, Ss, S4 :
[ I [

X4 Y= "+7ld4 " -nld="1 4 n;

S1=

Sy= x- v (14)

S3 = I+7r/4+ I—/r/4;

Sy = I”-Iﬂ.

Stokes parameters are called parametric. They describe the polarization of the wave field by
means of a system of real parameters quadratic with respect to the field strength. Wave intensities are

denoted by IX, Iy, |+ﬂ/4, I-ﬂ/4, Iﬂ, In, where the first four relate to the linear polarizations and the

last two to the circular polarizations of left and right rotation.

The reflecting properties of the radar volume of the atmospheric formation are characterized by
the coefficients (a1 ... ass). The electromagnetic wave on radiation and on reception is represented in
the form of two matrices consisting of Stokes parameters, and reflecting properties of the radar
volume of the atmospheric formation are also represented in the form of matrix consisting of 16
coefficients. Then the equation of relation between the emitted wave and the reflected wave and the
reflecting properties of the radar volume, are written in the form:

S0 ay d, Gy Ay || Sy
82610 aZl a22 a23 a24 SZsun
S3i0 Oy Qp Oy Oy || Sa,
S, . A, o, o, « S
46i0 41 42 43 44 4eun , (15)
or as four linear equations:
Slei() = allslefun + alZSZGUVl + a13836un + a14 S46LIVI
SZ@iO = aZlSlgun + aZZSZe’un + a23833un + a24s45un
538[0 = aSlSleun + aSZSme + a33833un + a34s48un
Sagio = UarSipun + UapSspn T Ai3Sy T 0gsS

deun ) (1 6)

Determination of the reflecting properties of a particular type of the atmospheric formation is
performed by theoretical or experimental investigation of the matrix coefficients (all ... a44), which
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carry all the information about the physical properties of the atmospheric formation. Four Stokes
parameters of the emitted wave of four polarizations, and four Stokes parameters of the reflected
wave for each type of polarization of the emitted wave are used in modeling the reflecting properties
of the atmospheric formation.

Then during irradiation of the atmospheric formation (precipitation zone) with a navigation
object located in it by the electromagnetic wave of the linear vertical or horizontal polarization,
equation (15) is as follows:

N

2

S

S

N

K

N
o o o o
© o o o

, (17)

[S.0]=[e] [Sunsscrnr | (18)

or in the form of:

and the matrix of coefficients [a] are written as follows:

Ay % | (19)

The Stokes parameters of the emitted and reflected wave are not independent, there are four
linear equations between them:

Sle[() = allsleun + alZSZRun
Spuio = Uit T Ay,
S36i0 = a31815un + a32825un
S, =0,S,, +0,5
46i0 41%16un 42~ 26un , (20)

which solution allows us to determine the coefficients of the matrix (19).

When irradiating the precipitation zone, in which the navigation object is located, by a linear
polarization wave with the slope of the electric vector at an angle of 45°, the equation (15) has/takes
the following form:

Siaio a, 0 ay 0]15,,
S0 @m0 a5 0 ) 0
S3si0 ay 0 Oy 0 S33un
Sun) Lo 0 ay OJ[0 | (21)
Or in the form of:
[S.]=1e] (S, ] (22)

and the matrix of coefficients [a] are written as follows:
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@ Oy
Ay Oy
[a] =
Uy Oy
Ay Az (23)
From (21) the linear relations between the Stokes parameters are represented in the form:
Slei{) = allsleun + al3s38un
SZsi() = aleleun + aZSSSf;un
SS«i() = aSlslaun + a33S36un
S43i0 = a4lsleun + a43s3eun . (24)

When irradiating the precipitation zone, in which a navigational object is located, by a circular
polarization wave of left or right rotation of the electric vector, the equation (21) has/takes the
following form:

Stio a; 0 0 ay||Sy,,
Saaio |an 0 0 ay||0
Saai - ay 0 0 ay||0
S 4aio ay 0 0 ay||Siuum ’ (25)
as well as in the form of three matrices:
[S..]=[] [swn.k-p.] , (26)
the coefficient matrix [a] is written as follows:
a, Qy
| @ Oy
la]=| —
31 34
Ay Oy (27)

The following linear relationships exist between the Stokes parameters of the emitted and
reflected wave:

Sio = W1Siy, + A1ySy,,
S = Aa1S1m T U2s Sy
Sasio = Aa1Sip + XasSyy,
Stsio = AarSigun T UagS

46un . (28)

In the ship’s radar the method of the radar observation of a navigation object is used in a single-
position radar, when the transmitting and receiving antennas are located in one point of space, and
the coefficient matrix is a backscattering matrix:
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a]-
(29)

The backscattering matrix characterizes the scattering properties of the radar observation object
in the opposite directions of propagation of the radiated (incident on the object) and scattered by the
object (reflected) electromagnetic wave, i.e. the scattering operator in terms of transformation of
polarization of the wave by the object during backscattering, relative to the linear and circular bases.

The elements of the matrix (29) % are the functions of one variable t , i.e

O = & (t) (30)
The derivative of the matrix (29) is defined by the following relation
(da, do, da, da, |
dt dt dt dt
day, da, da, day,
d [a]= d dt  dt dt
dt day, dag, da, do,,
dt dt dt dt
da, da, da, da,
L dt dt dt dt | (31)
The integral of the matrix (29) can be represented as:
Mt t t t T
I a,,dt jalzdt ja13dt ja14dt
t f t fo
t t t t
t J.aﬂdt J. a,,dt J. a0t J. a,,dt
to t t t,
J[a]dt - t t t t
o Ia3ldt ja32dt Ia%dt Ia34dt
t f f f
t t t t
Ia41dt Ja42dt J.a43dt JaMdt
Lt fo fo fo 4. (32)

Then the derivative of the matrix (29) are written in the form:

Hanionaneuuii yHiBepcuteT «Oechka MOpPChKa akaJaeMis



Cynnosoainns | Shipping & Navigation ISSN 2306-5761 | 2618-0073

[da,, da,
Tt dt
da, da,,
dr o | dt dt
E[a]_ da, da,,
dt dt
da, da,
L dt dt |

and its integral is defined by the relation:

- ;[aﬂdt joazzdt
Jlek= ot fou
(ot fa
Lt ty |

The derivative of the matrix (19) are written in the form:

day, day,
dt dt
da, doy,
d E dt dt
dt da, dag,
dt dt
da, da,
L dt dt |
and its integral in the form:
- : -
jalldt J. a,,dt
f t
t t
t Jandt [adt
to to
I [ar]dt = . )
o Ia3ldt J a0t
to t
t t
Ia41dt J. a,,dt
f fo i

The derivative of the matrix (27) are written in the form:
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day, da, |
dt dt
da, da,
d (o] = dt dt
—[a]=
dt day day,
dt dt
da, da,
L dtdt | (37)
and its integral in the form:
'[alldt IalAdt
to ty
t t
et Jat
Jlape=)t
t J‘asldt Ia34dt
ty f
t t
[audt  [a,dt
K 0 1 (38)
In general terms, the solution of the system of linear differential equations of the first order is
written:
das,.
dlsla = allslb’un + alZSZSun + alSSSf;un + a14S
dS 6l
ﬁ = aZlSl(fun + aZZSZ(;un + 0,’23538“”
ds,,.
% - a3lslsun + a32826un + a33836””
dS 8i
# = a41818un + a42823un + a43838“’1

(39)

To determine the coefficients of the system of equations (39) (011 ... aa4), it is necessary to have

information about Stokes parameters Sicio, S2sio, Sasio, Sasio, When the radar object of the ship’s radar
observation by electromagnetic waves of four fixed polarizations, considered above or unpolarized
wave, linear vertical (horizontal) polarization wave, linear wave with a field vector angle of 45° and
circular polarization wave (right or left rotation vector). However, the Stokes parameters of the
reflected wave are related to the microstructure of the reflecting object, and their theoretical
calculation is a difficult task. Denoting by D the differentiation operation, the system of equations
(39) are written using the matrix notations as follows:

[DS,.]=[a] [S...] _ (40)
The Stokes parameters of the electromagnetic wave radiated by the ship’s radar antenna do not
depend on time t, and are taken equal to one. Then equation (40)-takes the following form:

[DS,,]=[a] , (41)
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or

( w)=la]

(42)

Under the initial conditions for the reflected wave t = 1o, the Stokes parameters of the reflected
wave -are generally written as follows:

ez() I:Sez() :I (43)

and the integral equation is written:
t
[ 6i0 :' I:Sm() O):|+'[|:a (t):II:SSié (t)] dt
(44)
The solution of the equation (44) can be done by the successive apprOX|mat|on (Picard method)

j a(t)dt
with the introduction of operator Q, which defines the integration operation % , 1.e. allows to
obtain [5]:

[, (1)]={[1]+Q[e]+Q[a]Q[a]+Q[a]Q[e]Qla]+.{[S,, (t:)] (45)

The integration operator ©2°*, allows to obtain the result of its operation produced over the
matrix in the form:

Q“"t:{[] ja]dt+j dtj dt+j a]dt“a ja]dt+ }

f f f ) [

(46)

As a result, the solution of the system (43) is written in the form:

(5. (0] =0 (a5, 1)] o

ty
Differentiating the integral operator [a] with respect to t, allows us to obtain the following
result:

d to.t fo.t
S [e)= (] (o] (48)

However, the coefficients a are functions of the variable t , finite for all values of the interval

. QY N . . . .

(to, t), so the calculation [ ( )] is difficult and to obtain an approximate solution the interval (to
, t) is divided into segments in which the coefficients a are treated as constants and then (48) is written
in the form:

to t _ Ale]t-t)
O '[a]=e 1 (49)

as in this case:
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C(t-ty) o7
Qla]Q[a]Q[a].Qla]="— []_ (50)

And taking into account (49), equation (47) is written as:

[8. ()] =1 5, ()] (51)

The matrix gl v is calculated using the Backer formula [5].

The practical implementation of the determination of the reflective properties of the radar
objects of the ship’s radar observation (elements of scattering matrix a1 ... o4s) is easily performed
by irradiation of the observed object by the ship’s radar, non-polarized wave, linear vertical
(horizontal) polarization wave, linearly polarized wave with an angle of inclination of field vector in
45° relative to the horizontal axis of the selected linear basis and circular polarization wave (right or
left rotation of vector).

When irradiating an atmospheric object with an unpolarized wave, the equation (15) is written
as follows:

Sl'sit) all O O 0 S]r@un
S0 _|on 0 00 0
SE B ay 0 00 0
Shaio ay, 000 0 (52)
From (52) we obtain four linear equations:
Sl’(fio = allsllsun
Sém’d = aleilreun
Sésid = C¥3ls]f(s’un
Sé’lsi() = a4lsilreun . (53)
From (53) we determine the coefficients of the first column of matrix (29):
. = S:Iflfi() . — Séeid . — Sési() . — Séllsi()
11 ] 121 12 1y 431 ] 1741 ]
Sle,wn Slsun Sleun Sleun i (54)

' ' i ’
Slsi() ! 8261'() ! 8381'0 '

The Stokes parameters of the reflected wave 460 gre measured by the ship's

radar, and the Stokes parameter Stau is known in advance, so the coefficients of the first column of
the matrix are easily measured experimentally and their values are displayed on the ship's radar
computer.

To determine the coefficients of the second column of the matrix (29), the atmospheric object
is irradiated with an electromagnetic wave of linear vertical polarization for which the equation (15)
is written in the form:
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/4
Slsi() all alZ O 0 Slllmn
" "
SZsid _ aZl aZZ O 0 SZsun
" - '
S3uio ay ap 0 0[]0
"
Sio a, a, 0 0]]0 (55)
and the linear equations from (55) are written in the form:
n 14 14
Spiio = 1S + 4125,
n 14 14
Sguio = U1 St S5,
14 14 14
S33id = aSlSlgun + a32828un
n 14 14
S46i() = a4lsl¢fun + a42826un , (56)
from which the coefficients of the second column of the matrix (29) are determined:
14 " 14 14
16i0 . _ Y2si0 . _ “3sio . _ “deio
Q= Y Oy, Oy = Y 0,y = Y 03,0y = Y —0y
1eun 1eun 1eun 1eun , (57)
S " — S ”

where “lem ™ “2am gnd the matrix coefficients a11, o21, 031, 041 are defined in relation (54).
To determine the coefficients of the third column of the matrix (15), the atmospheric object
should be irradiated with an electromagnetic wave of the linear polarization with the angle of

inclination of the field vector 45°. For such a wave Staun = Ssun and by analogy with (57), the

coefficients of the third column of the matrix (15) are determined by the relations:

m " " m
_ “leio . _ 2600 __ . _ 360 __ . _ Ydsio __
Q3 = X QU3 = g Uy, Uyz = X U3, O3 = Y Ay
leun leun leun . (58)

leun

The irradiation of an atmospheric object by an electromagnetic wave of circular polarization
nr — SIII!

allows us to determine the fourth column of the matrix (15), taking into account that “leun ™ “4eun
then by analogy with (57):

"ee "ee "ee "ee
_ “leio __ . _ Y260 __ . _ T36i0 __ . _ Y40
4= g 110Xy = g/ Oy, Oy = g/ Oy Oy = g/ 41
leun leun leun leun . (59)

o,

As a result of sequential irradiation of an atmospheric object with the electromagnetic waves of
four fixed polarizations and measurement of Stokes parameters of the reflected wave, for each
polarization of the irradiated wave, the scattering matrix of the atmospheric object, which
characterizes its reflection properties, is fully determined. Discrepancies in the coefficient values of
the matrices of certain atmospheric formations are used in the methodology of their identification as
well as for solving the problem of polarization selection of navigation objects located in the area of
the atmospheric formation. Emission of an electromagnetic wave of a certain polarization is carried
out automatically according to a certain program, and the whole process of measuring matrix
coefficients is several seconds, which is within the limits of changes in the physical state of the
internal structure of the atmospheric object.
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Conclusions and prospects for further work in this area

The functional connections between the ship’s radar and the atmospheric environment are
considered. The basic information flow for any moment of time, formed by the atmospheric
environment in which there is a navigational object and represented in the form of three matrices, is
established.

The model of interaction between the ship’s radar and the atmospheric environment is
implemented, the reflective properties of which are determined by the theoretical and experimental
study of the Mueller matrix coefficients that carry all information about the atmospheric environment.
In modeling the reflecting properties of the atmospheric formation, the actual Stokes energy
parameters are used.

The theoretical calculation of the Muller matrix coefficients is shown to be a difficult task, so
the method of their experimental measurement with the ship's radar is presented. However, the
functional construction of the ship’s radar should allow to emit and receive an electromagnetic wave
of any polarization with the formation of Stokes parameters both for emission and reception.
Therefore, further research in this direction will be devoted to the development of a functional scheme
of the ship’s polarization radar with the automatic processing and presentation of the received
information, which will allow to separate the navigation object echo-signal from the atmospheric
environment echo-signal.
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