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A Statistical Theory of the Electromagnetic
Field Polarization Parameters at the Scattering
by Distributed Radar Objects

Victor Tatarinov and Sergey Tatarinov
Tomsk State University of Control Systems and Radioelectronics
Russian Federation

1. Introduction

The development of coherent radars leads to discovery of coherent images specific
properties at the electromagnetic waves scattering random distributed radar objects
(RDRO). It was fixed that these images are having a stochastic - spotty structure. This
structure is stipulated by interference of waves scattered by a random collection of RDRO
secondary radiation centers. The similar phenomenon in optics has named as “speckles”.
So far all existent investigations both in the optic area and in RDRO coherent images for
microwaves area (speckles theory) were made only for the case of electromagnetic waves
linear polarization. However, the results of scattered wave’s polarization parameters
extensive experimental investigations at the scattering by man - made RDRO have
demonstrated the existence of speckle - effect for scattered field polarization parameters.
One from main aspects of a developed polarization parameters statistical theory appears
an establishment of connection between RCRO coherent images polarization parameters
with these objects space spectra. It is demonstrated that a formation process of RDRO
coherent images polarization - energetically parameters can be considered as the
interference process. A validity of emergence principle for polarization - energetically
parameters at the scattering by RDRO has demonstrated. A polarization coherence notion
has introduced.

A generalization of Fresnel - Arago interference laws has demonstrated an emergence of a
new physical effect, which demonstrates that at the scattering by RDRO a scattered field
polarization - energetically parameters are not defined by an union of RDRO separate
scatterers polarization parameters. How it is demonstrated, in the reality these parameters
are defined be relations between RDRO separate scatterers properties.

As far as polarization - energetically parameters of RDRO coherent images are having the
intensity dimension, then RCRO random polarization - energetically responses
autocorrelation functions (ACF) will be as correlations of the 4-th order. It is
demonstrated for the first time that ACF of the 4-th degree and a distribution of
polarization proximity (distance) along a RDRO space spectra are related by Fourier
transformations pair. Thus, a connection between scattered field polarization -
energetically parameters distribution and polarization parameters distribution along a
RDRO space spectrum can be found.

www.intechopen.com



514 Wave Propagation

2. Electromagnetic waves scattering by random distributed object

2.1 Scattering geometry for random distributed object

A considerable number of articles are devoted to radar objects (RO) scattering properties. So,
the scattering properties of RO having the simplest form were analyzed in «Proceedings of the
IEEE» (1965. Vol. 53, Ne 8) and in the book (Ufimtsev, 1963). The special issues of «Proc. of the
IEEE» (1985, Vol. 77, Ne 5), and «IEEE Trans. on Antennas and Propagation» (1989, Ne 5) were
devoted to complex radar objects scattering properties. At this case complex radar objects were
defined as non-regular bodies in contrast with simplest objects, which are usual body of
rotation. However, all these investigations did not take into account a polarization of
electromagnetic field. Complex (distributed) RO can be presented also as a combination of
“point” scatterers (point RO) (Ostrovityanov, 1982), (Shtager, 1994). It is necessary to point out
into attention that the notion of a “brilliant” point (or secondary center of radiation), which is
defined by Fresnel the first zone is well known an it is used in radar theory at the definition of
a radar object cross section ((RCS). For the correct definition of radiation secondary center we
will use the expression for a radar object cross section in the form

0:% J.T(Z)exp{jZkacosg}dz , (1)
which is valid both two-position and one-position radar (Kell, 1965). The expression (1) is
one from the forms of Stratton-Chu integral (Stratton & Chu, 1939) for the electromagnetic
wave scattering by object having an arbitrary form . Here value S is two-positional
scattering angle. The OZ axis is coinciding with this angle bisector. A vectorial function
I(z) is connected with electrical and magnetic vectors of an incident wave. The integral (1)
can be decomposed to an union of integrals. Every from these integrals is integrated into an
area z, where integrand function is continuous. All these integrals can be interpreted as a
“simplest” center of secondary radiation (Kell, 1965), which is stipulated by a stationary
phase area . A contribution of every secondary radiation center in full diffraction integral (1)
is connected with a stationary phase area size, i.e. an area near considered radiation center.
Into the limits of this area a summarized phase of integrand function
I (z)exp{j2kyzcos B/ 2} is differing not more than 7z /2 from its value in the central point
of secondary radiation area.

If a radar object will have only one area (center) of secondary radiation, it will be an one-
point radar object. In this case an unique are of secondary radiation must have a fixed phase
center. An object area, which is defined a scattered field can be as ideal conducting surface
or it can be having an electric anisotropy (Kell, 1965).

An electric anisotropy property of a secondary radiation area is defined the connection
between of incident and scattered waves electric vectors E; in the form of matrix equation,
which for the case of one-position radar has the form [Tatarinov et al, 2006]

EIS
EZS

S'11 S'12
S21 S22

El]
EZI

(2)

where the matrix HS fl” (j, 1=1, 2)is so-called back-scattering matrix (or scattering matrix)
of a point scattering radar object.
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Let us consider that a random complex radar object (RDRO) is a system of N rigidly
connected scattering centers T,;, (M =1, ... N) each having local scattering matrix S;’Z Al
scattering centers are contained in area T. The outline of this area is the outline of the RDRO
(seefig.1).

Gravity center

Y|'\ X'

Object outline

Fig. 1. The scattering geometry
Every realization of such a random system is a collection of a large number N of points
reflectors (scattering centers ). The M —th scattering center has a position x,,, y,in the

coordinate system XOY connected with the object. The origin of coordinates is the "center of

N

gravity" of the reflecting system. The conditions ) x,,=0; D yam =0 are existing in
M=1 M=1

this connection. The values oy, oy are essential mean square of the random reflecting

N
system sizes and these values can be written as oy= \/(l/N—l) X3
M=1

N
\/ (1/N-1)> y3,. For the case N >> 1 the approximation
M=1

/1/N ZxM,JY— (1/N) ZyM 3)
M=1

will be correct. Then mean square sizes of the distributed reflecting system along essential
directions OX, OY can be defined in the form

N N
Ly=2 (1/N)Zx§4,' Ly=2 (1/N)Zy§/f' )
— M_
If the probability density of reflectors coordinates is uniform, we can write (Kobak, 1975)

LX _( Xmax — mm)/\/— LY = (ymax - ymin)/ \/5 (5)
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516 Wave Propagation

The distributed (complex) radar object representation in the form of scattered centers
collection can be confirmed by the experimental results.

Fig. 2. The sea ship picture

So, on fig. 2 the picture of a sea ship is shown and on fig. 3 the optical simulation results of
electromagnetic waves scattering by this ship are placed (Shtager, 1994). On this picture a lot
of brilliant points are represented. These points are secondary scattering centers. A random
collection of brilliant points is characterizing an electromagnetic field scattered both by
complex (distributed) radar object and by the sea surface.

=

Fig. 3. The optical simulation results of electromagnetic waves scattering by the ship

Modern methods of complex radar objects experimental investigations allows us to have the
sizes of the resolution cell equal to 1x1 m. In this case the resolution along the range is
provided using ultra short pulses (5-7 nanosecond) and angular resolution is provided by
aperture synthesis. This experimental radar has been designed in USA (Steinberg, 1989)..
The fig. 4 presents two-dimensional radar map of the plane Locheed L - 1011 that was
obtained with the use radar mentioned and its picture. It follows from these pictures that
scattering centers distribution correctly represents the plane structure.

Fig. 4. The secondary scattering centers of the plane Locheed L - 1011 and its picture
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Let us now to find a distance R,, between a scatterer T,; and radar, taking into account
that a positional angle ¢ of object has defined in the form ¢ = ¢, £ dp , where ¢, is a mean
positional angle. In what follows we will define a scattered field into some angular interval
+op relative to angle ¢ . In far zone a distance R,; can be found in the form

Ryp =Ry =[ (1 cos @y — Yy singy ) sindp +(y, cos @, + xy, singy ) cos 5] . (6)

Using the approximation sindg ~ dp, cosdp ~1 we see that the expression (6) will have the
form Ry, =R, —[xy0p+y'y ], where xjy =xy,co80) —yysingy, y'y =Yy cos@y +x),sing,
are Cartesian coordinates of M - th scattering center into new coordinate system X'0Y"' that
is rotated on an angle ¢, relative to initial coordinate system XOY (see fig. 1). With regard
to statistical independence of values x,,, y,, we can find mean square sizes of distributed
radar object into new coordinate system X'0Y"' in the form

0,5(Lk + I3 ) J1+ 71Capg 5 Ly =4/0,5(L% + I3 ) 1= 71Capq (7)

Here and later on the designation C, =cos¢g; S, =sing for the writing shortening are used.
Into the expressions (7) the designation y; :(sz —L%() / (LZX +L§) was introduced, where
values Ly, L, are mean square sizes of distributed radar object into its initial coordinate
system XOY . So, a value y; is dimensionless factor for characteristic of distributed radar
object on the average. We will name this factor as “distributed radar object geometric
anisotropy degree”.

2.2 Polarization invariants of distributed object elementary scatterer and their
geometric representation

For the definition of an electromagnetic field at the scattering by random distributed object
we must determine of polarization parameters system for description of scattering process
by elementary (point) scatterer in the best way.

Let us to write an electromagnetic field, scattered by point scattering center T,, in the form

B () = exp(~ ]'ZkRM)HS?I/IH £, (8)

ST RyAr

taking into account the coherent nature of scattering process. Here a value R,, is the
distance between scatterer T, and radar; matrix HS ﬁ/[ H is a scattering matrix of distributed
radar object elementary scatterer; vectors E, and Eg are complex Jones vectors of radiated
and scattered waves respectively. Now we will analyze most important invariant of
elementary scatterer scattering matrix - a complex degree of point radar object polarization
anisotropy. For this parameter introduction we will use the writing of radar object scattering
matrix in the Cartesian polarization basis under the condition of arbitrary angle of object
eigencoordinates system and radar coordinates system mutual orientation

Cs —Sp

S OH I R R ™
B B

0 4 Y - (A _/iz)SZﬁ (2‘1“‘22)_(2’1_22)@/3.
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518 Wave Propagation

Here A is mutual orientation angle, 4, =4, exp{ip/2}, 1, =, exp{-ip/2} are scattering
matrix complex eigenvalues, 4;, 4, are their modules and ¢ is arguments difference. Let us
decompose this matrix using Pauli matrix system:

1 0

1 0
+SM
0 1

0 -1

0 1
10

0 1

[5]=0.5 {SSM i 0

H +55M

H +55M

where SfM = Sp{HO'jHHSﬂ

}, (j=0, 1,2, 3) are developing coefficients. So,we can rewrite the

expression (8b) in the form

. 1 0] . |lcos2f sin2p
HSJ”H:O’S(%MZ){HO 1H+”sm2ﬁ —cos2,BH}' ©)
where the complex value
fr=(h =)/ (h+ ) (10)

is the “complex degree of the polarization anisotropy” (CDPA). It follows from this
expression that a scattering matrix HSJ-ZH can be presented in the weighted sum of an
isotropic radar object, i.e. trihedral corner reflector and dihedral corner reflector, a weight of
which is defined by s value. Let us write the CDPA module as follows

A=\ = (123 -20005C, ) /33 +3 + 204 0,C, (1)

The real part, imaginary part and argument of the CDPA can be written in the form

A =2

_ . 2111,S,
M +A3+200,C,

A A3 42005,

201 A5 S
;arg{p}:arctan[le—;z(p) (12)

Rel 1

m{ 4}

1 2

where A, and A, are the modules of the eigen values; ¢= arg{il} - arg{/i'g} is the
arguments’ difference corresponding to the phase shift caused by the object’ electric
properties. It is obvious that the values ||, Re{s}, Im{/}, arg{/} are also the invariants
of the scattering matrix. Thus, the CDPA fully describes the polarization properties of the
object. The introduction of the CDPA notion allows presenting on the complex plane the
objects” polarization properties how it was demonstrated in (Tatarinov at al, 2006).

Let us consider this aspect more explicitly. It can be shown with the use of expressions (11)
and (12) that s —value can be presented on the complex plane s =Re{z}+jIm{z} (fig.5).
The points of this plane are connected with the polarization properties of the radar objects as
far as ji—value is a radar object scattering matrix polarization invariant. The origin of the
coordinates (z=0) corresponds to the object characterizing by values L;=%4,, p=0 (a
phase shift between eigenvalues is zero). It follows from the necessity to simultaneously
satisfy the conditions Re{s}=0, Im{x}=0.The physical analog of this point is
polarization isotropic radar object (trihedral corner reflector, sphere, metal plate ). The point
at infinity corresponds to the object having the following polarization properties:
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A1=MA,, ¢ ==x . The physical analog of the point at infinity is the dihedral corner reflector.
All points of the imaginary axis correspond to the objects with Re{z}=0,ie. L;=%1,.In
this case, the points laying on the positive imaginary semi-axis, present radar objects which
are characterized by the phase shift ¢ >0, while the negative imaginary semi-axis

Fig. 5. The complex plane of radar objects

(Im{/1} <0) depicts the objects with ¢ <0 . The points +j present the objects having
¢ =%(7 /2) phase shift. All real axis’s points of the complex s —plane correspond to the
objects with zero phase shift p=0;(i. e. Im{zi}=0). However, the given case is
complicated by the fact that the object, which corresponds to the point at infinity, is the
dihedral reflector. This contradiction can be solved, considering the equality sing =0 both
for ¢=0; and ¢ =7; cases. Then the points of the real axis of the complex i —plane must
be determined with the wuse of the conditions (cosO=1, cost=-1) as
Re{ i} =(X12 - x%)/(xf +05 +2h 4y C(p) . Thus, into the interval Re{/}=0; Re{/}=1 the
value 4, reduces from 4, = 4, in the origin up to 4, =0 in the point Re{z}=1 (horizontal
oriented object). This point depicts the “degenerated” radar object (long linear object, dipole,
i.e. polarizer). The phase shift in the point has an undefined value. It changes spasmodically
by 7 when passing the point Re{/} =1. Then, the value 4, increases from 4, =0 (in the
point Re{/}=1) up to 4, =4, (the point at infinity). In this case, the phase shift along the
ray Re{s}=1; Re{j} = equals tor . The similar analysis can be made with respect to the
negative semi-axis Re{z} . Thus, the complex / —plane has the properties equivalent to the
properties of the circular complex plane . However, at that time when the circular complex
plane presents the polarization properties of electromagnetic waves, the complex & —plane
is intended for presentation of the invariant polarization parameters of the radar objects
scattering matrix.

Analyzing the similarity, which exists between the /i —plane and the circular complex plane,
we can conclude that it is expedient to choose the circular basis as the basis for presenting
the radiated and scattered waves. The scattering matrix (8) in the circular basis can be found
in the form (Tatarinov at al, 2006)
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(4 =4 )exp{j(28-7/2)] (4 +4)

(h+4) (=4 )exp{=j(28-7/2)]
Change of the rotation direction under backscattering is also considered in this expression.
Let us present the radiated wave in the circular basis (éR, éL) . The circular polarization

ratio for this wave can be written as P~ = Ej, / E; . Then, the circular polarization ratio for
the scattered wave will have the form

[si]=0.51 (13)

P& = {1+ jrexpl-j (2 B-7 / )]} /{ ivexp[- j (2 -7 / )]+ Bt} (14)

It is possible to set the specific polarization state of the radiated wave, when polarization
ratio of the scattered wave will have an unique form. So, if Py~ =0, (right circular polarized
wave ) then we can rewrite the expression (14) in the form

i 1 + fexpl-j (2 -z / 2)} PR

pRL .
pRL,., dexpl-j(2f-7 [ D+ B

expl~ j[2B-arg(i) ~x /20).  (15)

If =0, then we get
Pt =||expi- j[arg(s) + 7 / 2]} . (16a)
Using the Jones vector E r. We can find the circular polarization ratio in the form

PR =tan(a + 7 / 4)exp{-i(28 -7/ 2)}. (16b)

Here ¢ is an ellipticity angle and £ is an orientation angle of polarization ellipse.

The comparison of expressions (16a, b)shows that the measured module of the circular
polarization ratio of the scattered wave (when the radiated wave has right circular
polarization) is equal to the complex degree polarization anisotropy (CDPA) module

P8 = tan(ar + 7/ 4) =] (17)

The argument of the P& (for the case #=0) can be presented as
arg{s}+n /2=-2B+r/2 or arg{iu}=-2p. The last expression demonstrates that the
value of CDPA argument determines the orientation of the polarization ellipse in the
eigencoordinates system of the scattering object. If =0, then the polarization ellipse will
be rotated additionally an angle of 2/ . The correspondence between the circular complex
plane and the Riemann sphere, having unit diameter, was analyzed in details in (Tatarinov
at al, 2006) with the use of the stereographic projection equations, which are connecting on-
to-one the circular complex plane points P** =Re PX* + jIm P** with Cartesian coordinates
X;, X5, X5 of the point S, laying on the Riemann sphere surface. The transition from the
circular complex plane to the Poincare sphere , having unit radius, can be realized with the
use the modified stereographic projection equations
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X =2Re PR /(1 +‘PRL‘ZJ, Y = 2Tm PR /(1 +‘PRL‘ZJ, 7- 2{\1’9“\2 /(1+\PRL‘ZJ—0,5}.

Using these equations we can connect the complex / -plane of radar objects with the sphere
of unit radius(fig. 6).

- Re
Wr /

S, ©Repn
Fig. 6. Polarization sphere of radar objects
We will assume that the axes S;, S, of the three-dimensional space S;, S,, S; are
coinciding with real and imaginary axes Re{z}, Im{//} of the radar objects complex plane
f=Reji+ jIm ji respectively. In accordance with stated above, all point of this S; -sphere
will be connected one-to-one with corresponding points of radar objects complex / -plane.
Let us consider now that a radar object is defined on the j -plane by the point
Ly = pg + ju; . Then we will connect the point s with the sphere north pole by the line,
which crosses the sphere surface at point S” . The projections S, Sj, S3 of the point S; to
the axes Sy, S,, S; will be defined to modified stereographic projection equation. It is not
difficult to see that these values are satisfying to the wunit sphere equation
(ST) (2 +(st) =1
Thus, all points of the complex plane of radar objects are corresponding one-to-one to points
of the sphere S; . We will name this sphere as the unit sphere of radar object .

2.3 Scattering operator of distributed radar object and its factorization
Let us to write now the Jones vector of the field scattered by the RDRO in the form

N N
Z Sff exp{janM} Z ng exp{janM}
M=

. =0
HESZ (k, 5(/’)“ z%j%&)} MI\71 . N1 ' ?) ’ (18)
0 z sM exp{j2k77M} Z sM exp{janM} 2

M=1 M=1

where " =x],8¢ + z;, and matrix
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N N
Z Sff exp{j2k77M} Z 512 exp{ M}

& (k, op)] = SRR i W )
H ! H R4z i gM exp{janM} i S5 eXP{JZk M}
= M=1

is scattering operator, which includes space, polarization and frequency property of random
distributed radar object. It follows from the expression (19) that all elements of the RDRO
scattering operator ‘S (k, Sp) H are the function of two variables. These variables are as the
wave vector absolutely value and positional angle ¢ . A dependence from the wave vector
absolutely value is the frequency dependence, as far as for a media having the refraction
parameter n=1 the wave vector has the form k=27 /A=w /c, where cis light velocity
and w =27z f . It is necessary to note here that scattered field polarization parameters at the
scattering by one-point radar object are independent both from positional angle and
frequency. For analysis of polarization-angular and polarization-frequency dependences of
the field at the scattering by the RDRO we write the exponential function
exp{— j[2kx'y S0 + 2kz}v1]} that has been included into the operator (19) elements. The index
of this function is originated by the existence both angular and frequency dependences of
the field scattered by the RDRO. We will rewrite this index for its analysis:

fu (k,80) = 2kx} 60 + 2kz); . (20)

Let’s us assume that the initial wave is quasimonochromatic (A® / @y << 1) and that radar
radiation frequency arbitrary changes are not disturbing this condition. We can write the
wave vector k absolutely value in the form

k=(w/c)=(wy+Aw)/c, (21)

where @, is a mean constant frequency of radar radiation, and Aw@ is a variable part

originated by radar radiation frequency change or frequency modulation. The substitution
of the expression (21) in the expression (20) give us

fu(k, Sp)= 2[((00 +Aa))x;n5(p/c]+2[(a)o +Aw)z)y /c] = @)
=2(@yxy09 / ¢)+2(wyzhy / €) +2(XydpAw + ZyAw) / ¢

As far as the value @, is constant, then from all items of the expression (22) only the value
2x,,0pA® / c is depending simultaneously both on variable positional angle Jdp and on
frequency variable Aw . However, it is not difficult to see that the inequality

2(xydpAa [ ¢) << 2(zyAw / ¢) (23)

is correct under the condition dp <<1 Rad (i.e. op <10°). Taking into account this inequality,
we can neglect by the value 2x),0pA®w /¢ in the equation (23) and then we can rewrite it in
the form

fu(ko, S, Aw) = 2kyx)y S + ty@, (24)
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where w=w,+Aw, t;=2z),/c. Thus, the angular and frequency variables in the
expression (24) are separated. It is so-called factorization operation. The value t,,is a
doubled time interval, which is necessary for initial wave passage of a distance, which is a
projection of segment z,, on the OZ' axis, i.e. on the propagation direction of radar initial
wave. This analysis shows that the scattered field polarization parameters frequency
dependence at the scattering by the RCRO is defined by the projections of the scattering
centers co-ordinates on the OZ' axis, which is coinciding with the radar initial wave
propagation direction. In other words, a frequency dependence is defined by the RCRO
extension along the initial wave propagation direction. It follows simultaneously from the
equation (33) that the scattered field polarization-angular dependence on the mean
frequency @, is defined by the values x), collection. These values are projections of
scattering centers positions on the OX' axis that is perpendicular to radar initial wave
propagation direction. So, an extension of the RCRO along the OX' axis is originated a
polarization-angular dependence of field polarization parameters at the scattering by a
RCRO.

3. Angular response function of a distributed object and its basic forms

Taking into account the results of subsection 2.3 we can now consider separately the
polarization-angular and polarization-frequency forms of a distributed radar object
responses on unit action, having circular polarization.

In accordance with the mentioned results the polarization-angular response of a complex
object at mean frequency @, is determined by extension of the object along the axis OX’,
that is perpendicular to direction of incident wave propagation’s. Taking into account the
expression (18) we can write the scattering operator (28) of the distributed radar object for
the circular polarization basis in the form

S%{RL (k0/ 5(/’) SlziRL (ko/ 5¢)
S%iRL (kOI 5(/7) SgiRL (kO/ 5(/’)

_ exp{—j2koRo}

“Sﬁ'RL(kOI 5§D)H RoAx

, (25)

Where

. N . . N .
5121'RL (k015§0) = Z ‘AM‘exp{j[ZkOx}wégo Y ﬂBM]} ’ ng'rl (k0r5¢) vl Z ‘Am‘exp{j[Zkox;n - ﬁlm]} ’
M=1 m=1

. . N . . '
S35 (Ko, ) = 531" (Ko, 80) = § . [£"|exp {i[ 2Kk}, 80 = B} -
m=1

Here f,), =arg3™ —2kz),; fy =argAM —26,, —2kz, ; fors = arg =M —2kz), ;

Pons =arg AM +20,, —2kz), and values AM=AYAM, sM =M 1 M are the difference and
union of M —th elementary scatterers eigen values . If the Jones vector of the incident wave
is right circular polarized, we can write for the circular Jones vector of the wave, scattered
by a distributed radar object in the form
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N
-j Z ‘ZM‘GXP{j[QM5¢—/32M]}
I : (26)
.y _
: ‘A ‘eXP{][QM&P—ﬂlM]}

_ exp{—j2koR,}
Ry4r

Es™ (ko, 5p)

M=1

We are using here the notion of spatial frequencies Q,; = 2k,x); (Kobak, 1975), (Tatarinov et
al, 2006) that allows us to consider the elements of the Jones vector (26) as the sum of a large
number harmonic oscillations. The moving coordinate of these oscillation is the variable
positional angle ¢ . The frequencies of these oscillations are determined by projections of
the coordinates of scattering centers T,; on the axis OX".

Amplitudes of oscillations are the values ‘EM ‘ , AM can be characterized by the Rayleigh
distribution (Potekchin et al, 1966) and the random initial phases f;,;, f,, may have the
uniform distribution into the interval 0+27z . Stochastic values of the spatial frequencies
Q,; may have the uniform distribution in the interval Q,;\ +Quux. This interval
correspond to domain of definition x}y +x)\ax along the OX' axis. Thus, we can consider
the sum (26) as a complex stochastic function of the moving coordinate J¢ .

The circular polarization ratio for mean frequency @, we can write using elements of Jones
vector (26) in this case will have the form

. N . N .
PE- (Ko, 0p) =D [AM|expli[Qudp -}/ Y [EY|expli[Qudo- Aol @)
M=1 M=1

This ratio represents an angular distribution of the polarization parameters of an RCRO and
it is the polarization-angular response function of a random distributed radar object on the
unit action, having the form of a circular polarized wave.

Polarization-angular response function (27) is a generalization of the point object response
(16a) on the unit action, having the form of a circular polarized wave. Both the polarization
properties of scatterers, and geometrical parameters of a random distributed radar object are
represented into the polarization-angular response (27). We will transform every item of the
numerator of (27) in the following form

[AM|exp{j[ Q00 - Biu ]} = ‘ZMMAM‘ / ‘EM‘)eXp{j[QM&p ~ Pl =

= ‘EMH/JM‘exp{j[QM&D—mM]}

Here the values ‘/JM ‘ are determined by expression (10) and represent modules of

, that

elementary scatterer’s T,, complex degree polarization anisotropy. The Values‘ M

are describing the polarization properties of elementary reflectors of an RDRO, make up a
. 2 2 0.5
general expression by using the weight factors ‘ZM‘ = [(/llM ) + (ﬂQM ) +2A4MAM cos AgoM}

Taking into account this fact, we can find

www.intechopen.com



A Statistical Theory of the Electromagnetic
Field Polarization Parameters at the Scattering by Distributed Radar Objects 525

. N . N .
PSRL(ko: 5p)=j z ‘EM“ﬂM‘eXP{j(QM5¢—/31M )} / Z ‘ZM‘exp{j(QMé'(o—ﬂZM)} - (28)
M=1 M=1

The weight factors ‘Zm‘ are connected with the radar cross sections of elementary scatterers.
The angular distribution of the polarization ratio (28) completely describes the polarization
structure of the field, scattered by a complex object

PEE (k,, 5§D)=tan[a(k0, 5¢)+%]exp{j2ﬂ(k0, 5p)} . (29)

Here values a(ky, dp) and B(k,, 6p) are angular distributions both of the ellipticity angle
and the orientation angle of the polarization ellipse of the scattered field.

Existing measurement methods allow us to carry out direct measurements of the module of
a polarization ratio. Thus, we have the possibility for the direct measurements of ellipticity
angle of the scattered wave. The measurement of the orientation needs indirect methods.
First of all we shall consider the opportunity of the characteristics of an ellipticity angle in
the analysis of wave polarization, scattered by random distributed objects. We will use all
forms of complex radar object polarization-angular response, which are different functions
of an ellipticity angle. The following parameters are connected with an ellipticity angle
value:

- The value tan(a+7 /4)= ‘PRL (ky, 8p)|,  determined in  the interval

O<tan(a+7z/4)<o;
- The coefficient of ellipticity K(ko, 5(0) =tana , determined in the interval

-1<tana <1. This coefficient is connected with the module of circular polarization
ratio ‘PRL‘ by

K(ky, 6¢)=tana = [(\PRL\ ~1) /(| + 1)] _ [tan(a +7) —1} / [tan(a +7) +1} ; (30)

- -The third normalized Stokes parameterS; =sin2a, determined in the
interval -1 <S5, <1.

This parameter is connected with the square of the circular polarization ratio module as
S, (ko, 60)=sin2a(ky, 6p) = UP;{L (ko 3p)| ~ 1} / UPﬁL (ko 3p)| + 1} . (la)
The Stokes parameter S; and the ellipticity coefficient K are connected by the expression
S; =sin2a =sin(2arctanK) = 2K / (1+K?). (31b)

The inverse function K(S;) is the solution of the equation S;K* —2K+S5,=0. We will

choose the solution K(S;) = (1 —{1-53 ) / S; from two versions K, /, = (1 +,1-53 ) /S;. Tt
follows from conformity K=-1 , S3=-1; K=0, S3=0; K=1 , S;=1 that only solution
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(4c) remains. Thus, we can wuse the initial polarization-angular response

P (ko 5(0)‘ =tan[a(ky, 5p)+7 /4] and two other forms of responses -

K(ky, 6p)=tan[a(ky, 5p)] and S;(ky, p)=sin2a(ky, p) .

Inll” YT “m. I

'I’IHWI‘ ’V [ '“ U‘ 4 ” '; Sl 1897

|

Fig. 7. The experimental realization of polarization- angular response function S; ()

For example, the experimental realization, having the form of narrow-band angular
dependence S;(8p) has shown on the Fig. 7. The angular extension of this experimental
realization is +20° at the observation to radar object board . The samples of polarization-
angular response function are following with the angular interval 0,2°.

4. An emergence principle and polarization coherence notion

The analysis of an electromagnetic field polarization properties at the scattering by space
distributed radar object is closely connected with two key problems. The first problem is the
influence of separated scatterers space diversity on scattered field polarization. The second
key problem of polarization properties investigation at the scattering by distributed radar
object is connected with scattered field polarization properties definition on the base of the
emergence principle with the use of possible relations between complex radar object parts
polarization properties.

4.1 An emergence principle and space frequency notion for a simplest distributed
object. polarization proximity and polarization distance
Let us to define a field, scattered by RDO using the Stratton-Chu integral (1), which

allows us to represent this field as the union of waves scattered by elementary scatterers
(“bright” or “brilliant” points), forming complex object. For the case when every elementary
scatterer is characterizing by its scattering matrix HS ; (i,1=1, 2) then the scattered field

complex vector can be defined in the form

2kgRy}
eXPRO&ZIHS IIEd|

=y (k()/ 5¢))H =

(32)

where R, is a distance between the radar and object gravity center, d¢ is a positional angle
of the object and |E,| is the complex vector of initial wave. It is necessary to indicate here
that the expression (32) has been represented only individual polarization properties of
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every from scatterers, which are forming a large distributed radar object. Unfortunately, a
large system property in principle can not be bringing together to an union of this system
elements properties. The conditionality of integral system properties appear by means of its
elements relations. These relations lead to the “emergence” of new properties which could
not exist for every element separately. The emergence notion is one from main definitions of
the systems analysis (Peregudov & Tarasenko, 2001). Let us consider the simplest
distributed radar object in the form of two closely connected scatterers A and B
(reflecting elliptical polarizers), which can not be resolved by the radar. These scatterers are
distributed in the space on the distance [ and are characterizing by the scattering matrices
in the Cartesian polarization basis:

by 0

5= :
i -

sl=" ). S

4

i 0
0

It will be the case of coherent scattering and its geometry is shown on the fig. 8.

| 0,51 0,51
A

Rl 6(P Ro R2

Fig. 8. The scattering by two-point radar object

Here the distances R;, R, between the scatterers and arbitrary point Q in far zone can be
written in the form R; , = Ry +£0,5lsindp ~ Ry £0,5l6¢ under the condition 0,5/ << R, . Using
these expressions, we can find the Jones vector of the scattered field for the case when
radiated signal has linear polarization 45

£y (09)= 22

) exp(jf) + 1:71 exp(—j§)
ay exp(jf) +b, exp(—jf)

‘ / (34)

where £=klf . Let us to define now a polarization- energetical response functions in the
form of Stokes momentary parameters S, S; angular dependences

So(09)=Ex (09)Ex (09) + Ey (5p)EY (89); S5(Sp)=ilEx (5p)Ey (69) - Ey (5p) Ex (59)]-

The expanded form of the energetically response function S;(8p) can be found as

So(6p)=0,5[ 53" + 58 | +Jadb? + a2b3 + Giighyb; + iy i3b3b, cos(2£ +71,) - (35a)

where 7, = arctan{[lm([zlbf . QZBZ)/ Re([zllﬁ - dZE;)}} and S§'=a?+a}, S{=b7+b3. The

values S{', S§ are the Stokes zero-parameters of elementary scatterers A and B. The

polarization-angular response function S;(dp) has the form
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S3(8p)=0,5[ 84"+ S5 |+ 2\/aZb? + a3b2 — (d5nhyb3 + iy d3bib,) sin (26 +77,), (35b)

where 77, = arctan{[lm(a’zlbz - ézzl}i‘) / Re(élll}; - ézZB;)J; and S = —05j(éz1£z; — i, ) ,
S =-0,5j (615; - Bfl}z) are the 3-rd Stokes parameters of elementary scatterers A and B.

The angular harmonic functions cos[2klSp+1,], sin[2klf+1,] in the expressions (35a,b),
are representing the influence of scatterers A and B space diversity to the scattered field
polarization-energetically parameters distribution in far zone. The derivative from angular
harmonic functions full phases y(5p)=2kidp+n, (k=1, 2) along the angular variable is
the space frequency fsp =(1/27)(d / dSp)[2klSp +n,]=21/ 2.

Now we will analyze the amplitudes of angular harmonic functions cos|2klsp+17,],
sin[2kISp +n, | . Let us write first of all the polarization rations Py=a,/d,and Py=b, /b,
which are characterizing the point radar objects A and B on the complex plane of radar
objects . We can find the spherical distance between the points S,, Sg, laying on the surface
of the Riemann sphere having unit diameter, which are connected with points P,, P; of
radar objects con_1]:2>lex plane. The coord'iréates of the goints Sa 5 Sp on the sphere surface are
X4 =ReP/(1+‘P‘ ), X5 =ImP/(1+‘P‘ ) X5 =‘P‘ /(1+‘P ) and a spherical distance
between these points can be found in the form (Tatarinov et al, 2006)

pPs(Sa, SB)=‘PA _PB‘/\/1+‘pA‘2\/1+‘PB

the complex plane of radar objects. After substitution of the polarization ratios

? , (36) where ‘PA —PB‘ is the Euclidian metric on

P,=a, /d,and Py =b, /b, into the expressions (46) we can write

. Jof B (i + k) \/afblz a8 (b i) o
\/1+‘PA‘2\/1+‘PB‘2 (‘11 +a2)(b1 +bz)
where the value
D =] afb} + a3b3 — (d5,b,05 + &y 3b;b,) | / (af + a3 ) (b7 + 3 ) (38)

is so-called polarization distance between two waves (or radar objects polarization states),
having different polarizations (Azzam & Bashara, 1980), (Tatarinov et al, 2006). It is not

difficult to demonstrate that the waves having coinciding polarizations ( P, = P; ) are having
the polarization distance value D=0 and the waves having orthogonal polarizations
( Pz =-1/ P} ) have the polarization distance value D = 1. Thus, it follows from (37) and (38)

that a?b? + a3bs — (aja,b,b5 + a,a5b7D,) = D(a% - a%)(blz + b%) :
We can use also so-called polarization proximity value N=1-D. Using values N, D we
can rewrite the expressions (35a,b) in the form

Sy (5p) = 0,5[55‘ + 88 +2,/58\SEVN cos(2¢ + 13, )} . (39)
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53(5(/)):0,5[5;‘+s§+2\/§\/§ﬁsin(2§+nz)] (40)

We can consider these expressions as generalized interference laws as far as these
expression are the generalization of Fresnel-Arago interference laws (Tatarinov et al, 2007).
It follows from the expression (39) that the orthogonal polarized waves can not give an
interference picture, as far as for the polarization proximity value N =0. However, the
expression (40) demonstrates that in this case we will have the maximal value of this
interference picture visibility. It follows from expressions (40) that for every Stokes
parameters have the place some constant component, which is defined by the according
Stokes parameters of both objects (A and B), and space harmonics function

cos[2kldp+1,], sin[2kldp+1,] , having amplitudes 2,/Sg' \/%\/ﬁ , 24/S¢ \/%\/5 and
space initial phase 7, . So, the polarization-energetically properties of complex radar object
can not be found only with the use of its elements properties. The conditionality of integral
system properties appear by means of its elements relations. These relations in our case are

polarization distance and polarization proximity. The use of these values leads to the
“emergence” of new properties which did not exist for every element separately.

4.2 A polarization coherence notion and its definition as the correlation moment of the
forth order

Let us to define a momentary visibility of generalized interference law (39) in the form

W =[SYX (8) - Sy (8) | /[ Y% (8) + S3N (8) | = 2y/8 JSE VN /(5§ +58). (4D)

The equation (41) is coinciding with well known expression for partial coherent field
interference law visibility (Born & Wolf, 1965 ), (Potekchin & Tatarinov, 1978)

W =[ 1" ()~ 1" (0) | /[ "X (0)+ 1™ (0) | = 2L, T 71, / [ + 1],

where I;, I, are power of waves summarized and y;, is a coherence degree. If I, =1, then
an interference law visibility is defined by coherence degree having the second order.

So, we can claim, that from physical point of view the parameter N can be considered as
polarization coherence parameter, which defines a proximity of elementary scatterers
polarization states, analogously coherence degree of stochastic waves summarized. In this
case we have “momentary” value of polarization coherence, at the some time a coherence
degree y,, is the correlation value. In this connection it is necessary to analyze statistical
effects and polarization coherence mean value.

If we will consider the interference law (39) visibility, then we can see that it is defined by a
value /N , which is a magnitude of space harmonic function cos[2kldp +7;] . It is necessary
to point out that a value JN s corresponding to polarization coherence of the second
order. However, it is clear that value N is corresponding to polarization coherence of the
forth order. On the fig. 9 the interference law (39) is presented for the case Sit =S¥ In this
case the interference law visibility is defined by value v/N .
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S& +Sg

=
SOMIN

Fig. 9. To polarization coherence definition

A magnitude of space harmonic function sin[2kldp+7,] into the interference law (40) for
the third Stokes parameter is defined by elementary scatterers A and B polarization states
distance /D . As far as \/5 =+1-N, then a value \/5 can be considered also as
polarization coherence of the second order.

It follows from the expressions (39, 40) that polarization states proximity and distance are
included into the interference laws in the form VN and /D . It provides power dimension
for these laws. Let us to find now an autocovariance function of the interference law (39) for
polarization coherence mean value definition. We will assume here that space harmonics
amplitudes JN and space initial phase r are random independent variables. For this case
their two-dimensional probability distribution can be presented as two one-dimensional
distributions densities product WZ(\/N , 77)=W1 (\/ﬁ )Wl (7) . We will assume also that
W(n)=1/2z). We can presuppose also that Sit =S5 =S, . At that time auto covariance
function can be defined in the form of the mean value

K(Ap)=S2 {1 + N cos[2klSp + , |cos| 2Kl (dp + Ap) + 771]} =s2[1+B2(Ap)]  (42)

that is statistical moment of the forth order. Here the function B (A9) is the autocorrelation
function of scattered field intensity

B (Ap) :TT( ) cos| 2kl§gp+771]cos[2kl Sp+ A +771]W1(\/7)W1(77)d(\/ﬁ)d77. (43)
0 o0

The integration of this expression gives us

O

,5
2

BY(Ap) = TT( ) cos 2k1A(p)w1(W)d(W)dn:0,5Ncos(2klA¢), (44)
0-7

where N is the mean value of elementary scatterers A and B polarization states
proximity. It is defined amplitudes of space harmonics collection having f¢, =21/ A.

Thus, both autocovariance function and autocorrelation function are correlation function of
the forth order and they are describing the intensity correlation for interference law (39). In

this connection autocovariance function (42) is the interference law of the forth order. A
visibility of this law is defined by polarization coherence degree N .
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For the interference law (40) under the condition S =S¢ =S, autocovariance function has
the form

K (a0) 02553 (53] /53] - 288 (a0 )

and it is (how earlier) statistical moment of the forth order. Here S} =S4 +S5, and function
B3 (Ap) is autocorrelation function of the third Stokes parameter angular distribution.
Using the assumption how earlier, we can write

0,5
2

B (Ap) = TT( D) cos 2kZA(p)W1(\/5)d(x/5)d77=0,55cos(2klA¢)), (46)
0-7

where D is the mean value of elementary scatterers A and B polarization states distance,
which was defined by the average of random values D statistical set. The autocovariance
function (45) is the interference law of the forth order . A visibility of interference law (45) is
defined by polarization coherence degree D =1- N by virtue of the result (46).

The joint experimental investigation of generalized Fresnel - Arago interference laws in
conformity to polarization-energetically properties of two-elements man-made radar objects
were realized in the International Research Centre for Telecommunication-Transmission
and Radar of TU Delft (Tatarinov et al, 2004). In this subsection we present an insignificant
part of these results for the following objects: 1). Two trihedral, where the first was empty
and the second was arranged by the elliptic polarizer in the form of special polarization
grid. The transmission coefficients along the OX and OY axes are by, =0,5bx and mutual
phase shift between polarizer eigen axes is ¢y, =7 /2 (P, =1; Py = j0,5;

N =0,5 D=0,5); This object is presented on the fig. 10. 2).Two trihedral, where the first
was empty and the second was arranged by the linear polarizer in the form of the special
polarization grid. (N =0,5;D=0,5);

Fig. 10. Two-point radar object N1

The phase centers of the trihedral were distributed in the space on the distance 100 cm, the
wave length of the radar was 3 cm. For these parameters the space frequency and space
period are fsp =21/ A(Rad)™, Typ =0,015Rad (or 0.855°). The construction, where the
trihedral were placed, has rotated with the angular step 0,25°,

When the object includes the trihedral arranged by the elliptic polarizer and empty trihedral
(combination N1), the polarization proximity and distance theoretical estimation is
N =D=0,5.0n the Fig.11a,b the experimental angular harmonics functions (generalized
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interference pictures) S,(6), S;(6) are shown. It follows from these figures that the
visibility for interference picture S;(0) isW,=0,3 that corresponding to polarization
proximity N =0.54 (theoretical estimation is N=0.5). The visibility for S;(6) isW; =1 that
corresponding to polarization distance D =0,5.

For the system including the trihedral arranged by the linear polarizer and empty trihedral
(object N2), we can find the theoretical estimation visibility values W, =0,66; ;=1 that
correspond to polarization proximity valuesN, = \/W =0,82; N;=W;=1. On the
Fig.12a,b the angular harmonics functions S,(8), S;(8) for this situation are shown.

0.2 0,1
0,1 /\/\/\/\/\ 0,05 | /\ /\ \
0 1 1 0 1 1 \\/ —

1 4 7 10 13 16 1 4 7 10 13 16

Fig. 11a. Generalized interference law Fig. 11.b. Generalized interference law for the
parameter S (&) (object N1) for the parameter S;(&) (object N1)

0,4 0,4
N

R AVAVAVAYA B AVAVAVAVAN

1 4 7 10 13 16 1 4 7 10 13 16

Fig. 12a. Generalized interference law Fig. 12.b. Generalized interference law for the
parameter S () (object N2) for the parameter S;(6) (object N2)

The experimental estimation with the use of Fig.12a,b gives us N, =0,85; N; =1 what is the
satisfactory coinciding with the theoretical estimation.

5. Polarization — energetic parameters of complex radar object coherent
image formation as the interference process. Polarization speckles Statistical
analysis

It is demonstrated in the given subsection that the scattered field polarization-energetically
speckles formation at the scattering by multi-point random distributed radar object (RDRO)
is the interference process. In this case the polarization-energetic response function of a
RDRO can be considered as space harmonics collection. Every space harmonic of this
collection will be initiated by one from a great many scattered interference pair, which can
be formed by multi-point RCRO scatterers. In this connection every space harmonic will
have an amplitude, which will be defined by a value of this pair scatterers polarization
states proximity (or distance). As far as the RCRO elementary scatterers positions are
stochastic, at the positional angle change and a random number of interference pairs,
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having the same space diversity under the condition of these pair scatterers polarization
states proximity stochastic difference, we have the classical stochastic problem. This setting
of a problem has been formulated in the first time.

Let’s to consider the scattering by a multi-point (complex) radar object (see Fig. 13). For the
case of coinciding linear polarization both for transmission and receiving we can write the
field scattered by a point X, (RCS of this scatterer is o; ) for some point Q in far zone

. ex ZkR
Es(0)=- IP;(]—\M_O\/’EOexp (-/2kX,0),
0

where R; =~ R, - X, is the distance between the scatterers X; and X ; E, and Eg are initial
and scattered field electrical vectors respectlvely For the case when a scatterers are
characterizing by the scattering matrix HSI i,k=1,2) then the scattered field complex
vector will be connected with initial field complex vector as

s(0)= exl};(z/Zﬁio

Let us consider now the electromagnetic field polarization-energetic parameters distribution
formation as the interference process at the scattering by multi-point RDRO. For the
example we will find that the electrical vector of the field, scattered by 4-points complex
object for the case of coinciding linear polarization both for transmission and receiving;:

HS”‘HEOexp —j2kX,0) - (47)

. ex 2kR E
Es(0)=- PR] FO Ozf exp(—-j2kX,0)
0

X
‘N \ \
RN \ \
\ \
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Fig. 13. Waves scattering by multi-point RDRO

Now we can define the instantaneous distribution of scattered field power in the space as
the function of the positional angle & :

P(0)=Eg(0)E5(0) =0y + 0y + 05 + 0y + 24010, c0s(2kd,0) + 25105 cos(2kd,30) +

+2,/o104 c0s(2kd,40) + 2,/ 0,05 c0s(2kdy0) + 2,050, cos(2kd,,0) + 20304 cos(2kdy,0).  (48)
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So, the instantaneous distribution of scattered field power in the space as the function of the
positional angle € is formed by the union of elementary scatterer radar cross section (4 items)
plus 6 cosine oscillations. It is not difficult to see that every cosine functions are caused by the
interference effect between the fields scattered by a pair of elementary scatterers forming the
RCRO. The number of this pairs can be found with the use binomial coefficient

Chp=M!/[N(M-N)!],

where M is a number of values, N is a number elements in the combination. In the case
when M=4, N=2 , we have CZ =6. So, the angular response function of the complex
radar object considered will include 6 space harmonic functions as the interference result
summarize how it follows from the expression (48) where the values d;, = X; - X,;

dis =X —Xg,d =X, —Xy;dn =X, —X5;dy, =X, —Xy;dy = X5 — X, are the space diversity
of scattered elements for every interference pair. The space harmonic function
o0, cos(2kd;0) corresponds to the definition that was done in (Kobak, 1975), (Tatarinov
et al, 2007) . In accordance with this definition, the harmonic oscillation in the space having
the type cos(2kdd) is defined by the full phase y(6)=2kd6 = (27 / 2)2d0, the derivative
from which is the space frequency fsp =2d /A having the dimension Rad ™. The period
Tsp =1/ fsp = A/ 2d has the dimension Rad , which corresponds to this frequency.

So, a full power distribution of the field, scattered by complex radar object, is an union of
the interference pictures, which are formed by a collection of elementary two-points
interferometers.

Thus, we can write a scattered power random angular representation, depending on the
positional angle, in the form

M C
P(0)= Y on+2> \Jo,0, cos(2kd; ).

m=1 1

where C=C ]2\/1 is combinations number, M is a full number of RCRO elementary scatterers.
It was demonstrated above that the electromagnetic field Stokes parameter S, S; angular

distribution at the scattering by two-point distributed object has the form

So(0) =S8+ Sy +24[Sa Sy Ny cos(£+0,50); S5(8) =S8+ S} +2,[Sa[Sy /Dy cos(-0,50),
where &=2kl6 . It follows from this expression that the space harmonics functions
cos(2kl@ +77) are having amplitudes \/% \/% m or \/% fSDE m . Here the values
N,,,D,, are a proximity (distance) of distributed object elementary scatterers polarization
states respectively.

Taking into account above mentioned, we can write the Stokes parameters angular
distribution for the field, scattered by random complex radar object as an union of the
generalized interference pictures, which are formed by a collection of elementary two-points
interferometers (see Fig.13):

M C
50(9) = Z S + 22\/50i50k VN Cos(é:ik + ’lik)'
= 1
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M C
= 3 Sy +2"\/S0;Sox /Dy cos (& + i) s
m=1 1

where C =C3, is combinations number. An amplitude of every space harmonics and initial

space phases of these harmonics will be stochastic values and the further analysis must be
statistical. First of all we will find a theoretical form of scattered field Stokes parameter Ss
angular distribution autocorrelation function. As far as we would like to find the
autocorrelation function (not covariance function!), we must eliminate a random constant

item Sy from the stochastic function S;(6) for the guarantee of zero mean value.

M
Taking into account that the value DSy can be as no stationary stochastic function, the

m=1
average must be made using a sliding window. After a mean value elimination and
normalization we can write stochastic stationary function S3(6) in the form

C
S3(0)=>, /D, cos(2kdy 6 + ;)
1

Its autocorrelation function can be found as

C o0 00
s(A0)= " j I( DN) cos[2de9+n]cos[deN(t9+A0)+U]Wz(\/ﬁ, n)d(x/ﬁ)dn. (49)
N=1_»—x

Here amplitudes VD and space initial phase 7 of space harmonics are random values,
which can be characterized by two-dimensional probability distribution density IV, (\/5 ,77) ,
and A0 =6, -0,. We will suppose that random amplitudes and phases are independent
variables. For this case two-dimensional probability distribution can be presented as two
one-dimensional distributions densities product

W, (\/5, 77) =W, (\/B)Wl (77) )

Let’s suppose also that random phase has the uniform probability distribution density on
the interval \}:ﬂ', 7) ie. W(n)=1/2x . A probability distribution density for the random
amplitude D can be preassigned, however for all cases it will be one-sided. After the
integration we obtain the value of double integral in the form

_ 0,5
2

TT( DN) cos(2kdyA0)W; (VD )d(VD)dy =0,5 < Dy > cos(2kdyA0),  (50)
0-7

where <Dy > is the polarization distance mean value, which was found by the average
along the statistical ensemble of random values D, for all space harmonics having the
space frequency fa =2dy /A. Thus, we can write the theoretical form of scattered field
Stokes parameter angular distribution autocorrelation function in the form

C
Bs(A0)=0,5)" <Dy > cos(2kdyA0)- (51)
N=1
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Taking into account that the every item of the union (51) is the autocorrelation function for
an isolated space harmonic oscillation Sy (6)=+/Dy cos(2kdy6+ny) having random
amplitude /Dy and random initial space phase 7, i.e.

Bsy (AB)=0,5 < Dy > cos (2kdyAB) (52)

it is not difficult to see that the autocorrelation function of the Stokes parameter stochastic
realization is the union of individual autocorrelation functions of all space harmonics:

C
Bs(A6) = > Bgy(A0). (53)
N=1
Let’s now to find a complex radar object averaged space spectra using the expressions (8) for
polarization-angular response autocorrelation function. The power spectra for the case of
isolated space harmonic can be found as the Fourier transformation above the
autocorrelation function (52):

P(Qsp) = [ Boy (A0)exp(—jQspA0)d(A0) =0.5 < Dy >[5(Qp — U )+ 5(Qp + Q85 |1, (54)
where Qgp =27fsp =27(2d / A) is a space frequency. The spectra lines are placed on the
distances +Qf}, from the co-ordinates system origin and their positions are defined by the
space frequency feop=2dy /A of two-point radar object. This space frequency is
corresponding to space diversity of two reflectors distributed in the space. The intensity of
power spectra lines is determined by polarization distance between polarization states of
two scatterers forming the radar object.

The full space spectra of stochastic polarization-angular response, i.e. Fourier
transformation of the autocorrelation function (53) is:

c
P(Q4p)=0,5% <Dy > [5(—Q§VP)+5(+Q§VP)] . (55)
N=1

It is necessary to indicate here that a connection between scattered (diffracted) field
polarization parameters and polarization parameters distribution along a scattering
(diffracting) object in the form of Fourier transformation pair is established in the first time.
However, this connection is correct for fourth statistical moments: scattered field intensity
correlations (include mutual intensity) and polarization proximity (distance) distribution
along a scattering (diffracting) object.
In the conclusion we consider some results of scattered field polarization parameters
investigation at the scattering by random distributed object having a lot of scattering centers
- “bright” points. It follows also both from theoretical and experimental investigations
results that polarization-angular response function of a RCRO in the form of the 3-rd Stokes
parameter angular dependence corresponds to a narrow-band random process. The
experimental realization of this parameter has shown on the fig.7. The angular interval for
this dependence is +20° . The rotated caterpillar vehicle (the sizes 5,5x2,5x1,5 m) placed on
the distance 2 km was used as complex radar object. The autocorrelation functions (ACF) of
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this object response S;(A@) are shown on the fig.14. The ACF on the angular interval +20"
concerning the direction to the object board is designated by dotted line and the ACF into
the same interval in direction to the stern of the object is continue line. The measurements in
these directions allow us to take into account the difference in the radar object space spectra
band at its observation in areas of perpendiculars to the board and to the stern of the object.
On the fig. 15 RDRO mean power spectra are shown. Dotted line is corresponding to
direction to the object board and continue line corresponds to object stern.

1 1
0,5
0 i
0 |
-1 -0,5

Fig. 14. Autocorrelation functions of RDRO Fig.15. Mean power space spectra of RDRO
stochastic polarization-angular response

6. Conclusion

In the conclusion we can to indicate that in the Chapter proposed a new statistical theory of
distributed object polarization speckles (coherent images) has been developed. The use of
fourth statistical moments and emergence principle allow us to find the answers for a series
of problems which are having the place at the electromagnetic waves coherent scattering by
distributed (complex) radar objects.
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