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The model of polarized structure of radar signals used for off-shore
finding and identification has been considered. The peculiar significance
of circular polarization under shipboard radar operating has been revealed.
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The usage of data about the object parameter link with radar signals
makes it possible to carry out shipboard radar functioning under the
interference or noise conditions. The main task of shipboard radar
corresponds to functions upgrading of off-shore facility radar data
acquisition by means of finding and acquisition of coordinates about
object motion and discrimination identification. If the shipboard radar,
when solving radar tasks, did not need the prior information about the
object scattering properties, propagation medium of an electromagnetic
wave and an object would be an external medium. The problem solution
of radar determination and discrimination can be based on usage of non-
coordinate objects information, which is connected with data about the
type of the radar object, its affiliation to definite class, geometry,
dimensions, area electrophysical parameters and other. The non-
coordinate object information is directly connected with the change of
echo signal polarized condition. The non-coordinate information is a
strong factor, which can determine the structure of modern shipboard
radar and algorithm of processing radar polarized object information.

Thus, this paper analyzes the spatiotemporal vectors structure of
orthogonal components of electromagnetic wave of circular polarization,
that is reflected from off-shore facilities.

In accordance with [1], radio wave polarization represents the feature
of electromagnetic field that corresponds to radio waves, which is
determined by spatiotemporal structure of vectors that make up the fields,
and is invariant to field propagation dynamic and time law of its resources.
Let us analyze the polarized signals structure of circular polarization,
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which we will use when solving the problems of objects finding and
identification by means of shipboard radar.

Let us write down a flat-topped electromagnetic wave in homogeneous
medium in two-component denotation:

E(r,t)=xE (zct)+ yE (zct). (1)
where E_ and Ey - component waves according to coordinate axes,
X, ¥V, Z = I -unitvectors of Cartesian coordinate system.
Components E_ (Z—C t) u E (Z—C t) can be totally independent and

arbitrary. With the help of postulation between components of functional
connection, let us impose definite restrictions on the type of polarized
components, which are considered simultaneously, i.e.

E (zct) = PE (zct). (2
Though, functional connection does not depend on temporal structure
E, (Z—ct). Condition (2) determines the class of polarized waves.

Functional operator PP meets the following conditions:

1. Class of functions, which describes polarized components, must
present continuity, reversibility and closure of functional operator P,

otherwise components E_ (Z-C t) and E (Z-C t) will be disparate.

2. Propagation operator P forms a spaciotemporal structure of waves
from certain field source system and should be linear, bounded and
regular, i.e.

P(XC,(zct)) = £C,P(E,, (zcn)) = £C,E,, (zct), (3)

where E_ (Z-c n) and Eyn (Z-C t) - are polarization components of

the n-th signal component,

C - are complex numbers fields, V¢,...c, € C.

3. Operator P, defined on functions that depends on the argument
( Z—Ct), coincides with the operator Pt( Z—ct), specified for time
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functions at an observation point and with the operator P (Z—ct),

specified along propagation direction at a fixed timepoint:

P(zct) = P,(zct) = P,(zct). (4)
4. Transformation P(Z-Ct) shouldn't change monochromatic

oscillation E_ (t)ZEXCOS(O)H- f), it is allowed to change the

amplitude and additional phase change @ could appear
E, (t)=P (E,cos(wt+f)) = E,cos(ot+f+d).(5)

The given condition provides an inclusion of the elliptically polarized
monochromatic waves into certain polarized waves class (3.2).

5.1fE, (t) is changed into E ( t-r) ,then E ( t) undergoes delay

Ey ( t—‘c) . This condition is an equivalent of commutativity of operator

P (Z-C t) with differentiation operator a , 1.€.

%P(z-ct)z P(MJ (6)

dt

We shall consider a class of circularly polarized waves, requiring
invariance of the operator P(Z-Ct) when rotating the used coordinate

system around the propagation direction Z=r, and we shall use another
notation of functional operator K (Z-C t) e K (Z—C t) ip (Z—C t) .

6. Inverse isomorphic functional operator K (Z—Ct) for circularly

polarized wave is defined by the rule:

I8 (z-ct)= K'l(Ey(z-ct))Z -K(Ey (z-ct)). @)
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Equality (7) is set up in view of polarized component transformation
when rotating the coordinate system around z about an angle 3 :

E}(z-ct)= cosBE;(z-ct)+sinpE;(zct)
. (8)
Ej(z-ct)= -sinBE; (z-ct)+cosPE;( z-ct)

where E! and EI; - are field vectors components in new (turned over
about an angle ) coordinate system,

E{ . Ej - are components in old coordinate system.
Then:

E;(z—ct):K(E: (z—ct)) = K[cosBEi (z-ct) + sinﬁE;(Z—ct)} )

which is according to the superposition principle (condition 2) is
transferred into:

E ( Z-C t) =cosPBK [Ez (Z-c t)]+ sin B K [E; (z—c t)] =
=cosPE; (zct)+sinBE; (zct). (10)

Here the invariance from [ is provided only in case the condition (6)

is met. The Hilbert transform satisfies all listed conditions for circularly
polarized waves :

E,(&)=K[E,(&)]=T[E(¢&)] =%T Jan. an

where E=z-c t.
equality K (Z-C t) =TI (Z-C t) reduces to the fact that in (4) phase

angle @ for circularly polarized monochromatic wave is found to be

T
equal - 5 , and the component Ey ( t) is as follows:
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E (t)=E,sin(ot+n). (12)
7. If polarized component EX( t) can be factorized
Ex( t) = Ei( t) Ei( t) , where a slow multiplier spectrum Ei( t)

does not reverse with a fast multiplier spectrum Ei ( t) , then existence

of circularly modulated waves is true:

E (zct)=T [Ei (zct)E(zc t)] =E; (zct) E; (zct). (13)
The signal spectrum E(r, 0)) can be divided into positive and

negative frequency harmonics, and set out it as a sum of right- and left-
hand circularly polarized oscillations:

E(z,t)=E, (r,t)+E_(rt),(14)

polarized structure of which is orthogonal, i.e.

[E.(r.t).E, (rt)]=0. 5

The preceding analysis of polarized structure of electromagnetic wave
revealed a significant role of circularly polarization signals, which will be
used while finding and identification of objects against the background of
natural disturbance.

We introduce the diverging operator or diverging matrix C for the
characteristics of diverging features of the object, which changes
polarization of illuminating wave. Transmitting and receiving circular
polarization will be specified with the Stokes parameter. Then the
connection between transmitting and diverging wave and object diverging
operator is as follows:

Ipac = C, C, C; C | x L., | (16)
Qe G Gy Gy Gy 0
U G, C, Gy Gy 0

pac Ca Cp C; Cy Vi
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Conclusions

1. Functional connection between orthogonal components of
electromagnetic wave reflected from off-shore facilities.

2. The class of circularly polarized electromagnetic waves with
positive and negative harmonics spectrum.

3. Radiolocation signal spectrum is set out as a sum of right- and
left-hand circularly polarized electromagnetic oscillations.
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MojesimpoBaHue 3JIeKTPOMATHUTHBIX MOJIeil MOJsIpU3aluOHHOIM
CTPYKTYPbI PaAH0JIOKAIMOHHBIX CUTHAIOB cy1oBbIX PJIC.

Kusase A.N.
Mopckas Axagemust Onecbl

PE3IOME

B pabote npoBeneH aHATN3 TPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYPBI
BEKTOPOB OPTOIOHAJIBHBIX KOMIIOHEHT JJIEKTPOMAarHUTHON BOJIHBI
KpYroBOH NOJISIpU3aLUK, KOTOPAsk MOKET U3Jly4yaThCsl aHTEHHOH CyA0BOM
PJIC, wmnm moctymaTh Ha €€ BXOA NpPH OTPAKCHHH OT OOBEKTOR.
W3nyyenue u npueM d1€KTPOMAarHUTHOW BOJIHBI MOKET OCYLIECTBIATbCS
MOJISIPU30BAHHON Kak IO MpaBoOMY, TaK W IO JIEBOMY Kpyry. AHaiuu3
MOJIAPU3ALMOHHON CTPYKTYpbl 2JEKTPOMArHUTHOM BOJIHBI  BBISBUII
0co0yr0 poib KPYroBod MOJISIPU3ALUM HPU €€ HUCMOJIb30BAHUU JUIs
U3MEpeHHs HEKOOPAMHATHON MH(OpManuu HaBUTAIIMOHHBIX OOBEKTOB,
KOTOpasi CBsi3aHAa CO CBEACHUSIMHM O THIIE OOBEKTa, €ro pasMepax,
TE€OMETPUH U IEKTPUUECKUX NapaMeTpax MOBEPXHOCTH.

IIpu  nmanmpHelilieM  WCCIENOBAaHUHM, PACCMOTPEHHBIM  aHAIHU3
IIPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYpbl BEKTOPOB OPTOTrOHAJIBHBIX
KOMIIOHEHT  3JIeKTPOMAarHUTHOM BOJHBI KPYIOBOM  MOJISIpU3aLUU
MPEAINOoNaracTcsi MPUMEHUTh Uil OOHapy)KEHHsT M PacHO3HABAHUS
00BexToB cynoBeMu PJIC.
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