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OPTIMAL RADAR CROSS SECTION ESTIMATION IN SYNTHETIC APERTURE
RADAR WITH PLANAR ANTENNA ARRAY

The optimization problem of statistical synthesis of the method for radar cross section estimation in synthetic ap-
erture radar with planar antenna array is solved. The desired radar cross section is given as a statistical charac-
teristic of a spatially inhomogeneous complex scattering coefficient of the studying media. In fact it is developed
new methods of inverse problems solution not with respect to the restoration of coherent images in the form of
spatial distribution of complex scattering coefficient but with respect to the statistical characteristics of inhomo-
geneous (spatially nonstationary) random processes. The electrophysical parameters of surfaces and their statis-
tical characteristics are considered as functions of spatial coordinates. The maximum likelihood method was cho-
sen as the optimization method. The obtained results make it possible to determine the multichannel structure, the
optimal method of surface observation and the potential spatial resolution in aerospace scatterometric radars
with antenna array. Optimal operations for processing space-time signals are determined and a modified method
for synthesizing antenna aperture is proposed, which in contrast to the classical algorithm for synthesizing anten-
na aperture that integrates the product of the received signal and the reference signal equal to a single signal ad-
ditionally implements the decorrelation of signals reflected from the earth's surface, The new operation of the
scattered signals decorrelation consists in their integration with the space-time inverse correlation function. To
confirm the reliability of the results obtained, simulation modeling of the classical method for the synthesis of co-
herent images and the proposed optimal one was carried out. From the analysis of the results it flows that pro-
pose method has higher quality and smaller size of spackle noise. The results obtained in the article can be used
to develop and substantiate the requirements for the tactical and technical characteristics of promising aero-

space-based scatterometric radars with planar phased antenna arrays.

Keywords: synthetic aperture radar; radar cross section; statistical optimization.

Introduction

Modern studies of the Earth's surface cannot be
performed without information obtained by remote
sensing systems installed on various aero-space plat-
forms. Recently a large number of satellites with scien-
tific equipment on board has been launched all over the
world. A huge amount of information received from the
satellite is used not only for scientific purposes, but also
for solving many economic, environmental and military
tasks. The standard methods of remote sensing of the
Earth's surface, seas and oceans using the optical range
are ineffective at night, in bad weather conditions and
for estimation the electrophysical parameters of various
natural environments. Only when high spatial resolution
airborne synthetic aperture radars (SAR) had been de-
veloped new important and interesting results were ob-
tained in the hydrodynamics of the water surface, topog-
raphy, agriculture, glaciology for the first time. Thus all
resurches devoted to the optimization of the structure of
onboard radar systems are relevant and require further
development.

In recent years the great attention has been paid to
the technical implementation of aerospace radars [1-3]

based on a new element base and the analysis of digital
radar images of the underlying surface of the Earth. At
the same time, a further increase in the accuracy and
global scope of radio vision is possible only as a result
of end-to-end optimization of the spatiotemporal pro-
cessing of received electromagnetic fields.

Usually synthetic aperture radar is designed to es-
timate complex scattering coefficient as an unknown
parameter in a functionally determined model of re-
ceived spatio-temporal signals. The result in this case
will be distorted by multiplicative noise, speckles,
which make it difficult to determine the concept of the
image itself. Further improvement of the radar image is
carried out by smoothing the primary estimates of the
complex scattering coefficient or their square module by
various filters. As a result, the obtained images are close
to the estimation of the radar cross section (RCS). Such
RCS estimates are not optimal, since they were obtained
heuristically without optimization problem solving.

Statistical synthesis of the optimal method of RCS
estimation as a statistical characteristic of the complex
scattering coefficient and optimization of the imaging
technique in radar scatterometer is the goal of this arti-
cle. Generalized problem of spatio-temporal signal pro-
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cessing in aerospace radio engineering system with
moving planar antenna arrays is reasonably to solve
using modern advances in statistical theory of remote
sensing radio engineering systems [4-10]. In particular,
it is necessary to use the results of basics of statistical
synthesis of radio systems [4], modern algorithms for
high resolution imaging [5], results of the statistical
synthesis of optimal and quasi-optimal passive ra-
dars [6] and quasioptimal spatiotemporal signal pro-
cessing algorithms for radar imaging [7] in a complex.

Geometry of the surface measurements and
model of the received signal

We will consider on Fig. 1 geometry of surface
sensing from an aircraft located at a height H and mov-
ing in a plane y=0 at a constant speed V parallel to
the axis x. Parameters H and V are known. Suppose
that on board, parallel to the plane Oxy, there is the

registration area with coordinates ' =(x',y’,z)eD’.
According to the given geometry, the coordinates of the
phase center of  the region D’ are
(X'=Vt,y'=0,z'=H) at an arbitrary instant of
time t.

Using a small area around the phase center of the
registration plane or one antenna array element, in the
case of discrete idealization, in the direction of the sur-
face D under study, in a wide sector of angles, a signal
St (t) is transmitted,

s (t) = A(t) cos(2nf ot + ) = Re{A(t)eI ™}, (1)

where A(t) is the envelope of the probe signal,

A(t) :A(t)ej¢ is the complex envelope that takes into
account some initial phase ¢, f; is the center frequen-
cy, og = 2nfy is the circular frequency.

The transmitted signal reaches the surface D
with coordinates r=(x,y,0)eD, reflects from it

and is received by each antenna element with co-

ordinates ' =(x',y,H)eD' and a complex ampli-
tude-phase distribution (") .

The signals received by the registration area are
stochastic and have the following form [11, 12]:

§(t,7) = jD F(F)$o (L, T, F)F, (2

where F(F) is the specific complex scattering coeffi-

cient of some fairly small area element dr, F(r) is
spatially inhomogeneous stochastic process,

$o (4,7, 7) = el (FA(t -ty (F, 7)) x
xexp[j2nfo (t—tq (F, 7)1, @)
is the unit signal reflected from a surface element dr

having F(f)=1, ¢ is the attenuation of the signal on the
propagation path, tq(7,7") is the signal delay time

Fig. 1. Surface sensing geometry
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during propagation from the transmitting antenna to the
surface and vice versa. A unit signal (3) is determined
by the geometry of the sensing, the shape of the sound-
ing signal, and the movement of the region D' relative
to D.

The correlation function of the scattering coefficient

F(r) is related to the desired RCS as follows:
()= o< F(F)E" (F + AF) > e 19LATgAT =
= [ Re(F, A7) e J0ATdAT, )

where R (T,AT) is the spatial correlation function of

F(r), q | is the scattering vector.

According to Fig. 1 signal (3) can be specified in the
following form:

$o(t,1,7) =Sp(t, 7, ) exp(j2nfot), (5)
where

So(t, F, 1) = i (") exp(j2kS(F, ) F)A(t — 2R o (F, t)c 1) x
xexp(j2k(V(t—tg)cos O, (T, tg))) x
xexp(—jK[V? (t—tg)*Ro™ (T, tg)sin® 04 (T, ty)]),  (6)

8(F,1) = (95 (F, 1) = cos B, (7, 1), 8, (F, 1) = cos O, (F, 1))

is the vector of directed cosines that change in time with
the movement of the aircraft, Ry (7, t) is the distance from

the surface element P(X,y) to the antenna phase center.

Analysis of the statistical characteristics
of the received signal and noise

For a statistical description of the received signals
and noise, we can write the observation equation in the
following form

u(t, ") =Res(t, ") +n(t,T), (7

where n(t,?') is the white noise with correlation func-
tion

Ry (t1,t2, 71, F2) = 0,5Nond(ty —t2)3(r1 —12).  (8)

It is assumed that the spectral density of the noise
Np in each element of the antenna is the same.

The correlation function of the real received signal
has the form

Rg(ty, t5,11,T5) =

0,5Re [_c®(M)$o(ty, )8 (to, T, ). (9)

Based on (8) and (9), we will write the correlation
functions for the entire observation equation

Ry(ty,tp,11,15) =
0/ < K g
:O,5Rech5 (F)So(ty, . 1)Sp (to, 7, R)dr +
+0,5N0n8(t1—t2)6(ﬂ_—f2). (10)

RCS is determined by expression (4) and is a spec-
tral statistical characteristic (power spectral density) of a

statistically heterogeneous random process F(F) . It is the

desired surface parameter and the desired image in scat-
terometric radars. This parameter is contained not directly
in the observation equation, as it is usually in the classical
synthesis of aperture, but in its correlation and inverse
correlation functions.

Solution of the optimization problem

From the stochastic reflected signals $(t,r’) re-
ceived by each element of the antenna array D’ and ob-
served against additive Gaussian noise n(t,r") it is nec-
essary to estimate the RCS &° () of the underlying sur-

face in the SAR scatteromer with a planar antenna array
in an optimal way.
We will obtain the optimal estimation algorithm of

c°(F) by the maximum likelihood method. We write the

likelihood functional for the stochastic model of received
signals in the following form:

PLu(t, 1) | (7)] = o (M)]x
xexp{ 0,5 [ [ ulty, Wty tp, 7,73,0° (7)) x
xu(ty, i)dtydt,diai3 |, (11)
where K[cso(f)] is the coefficient depending on the de-
sired energy parameter cO(F), T is the observation

time, W(tl,tz,Fl’,Fz’,cso(F)) is the inverse correlation

function, which is found from the inverse integral equa-
tion
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[ [ Ryt t2, 5,13, 0% (MWt ts, 13,5, ° () digelt, =
TD

=3(t) —t3)0(H — ). (12)

Parameter o° () depends on the coordinates 7 then

the problem of finding the maximum of functional (11)
must be solved by variational methods. Since the exponent
and its argument are monotonously related to each other
instead of the likelihood functional (11) we will differenti-
ate its logarithm and equate the result to zero:

SInPLu(t, ) | s° )]/ 8c°(F) =0. (13)

o (1) =ogp (7)
In (13) & is the symbol of the variational derivative.

As a result of differentiation (11), we obtain the fol-
lowing equation

o2 L 0 e a2 e B,

V()| zzjco(rl)ppw(r,rl) 2 dE + Ngp Dy (1), (14)
D

where

(1) = [ [ ultn Dsowlts, 70" (MRt (15)

is the optimal output effect of the modified scatterometric
SAR,

= . N
Sw (1) =0, 5JT ID,BOW (t3,7,3) " didtg  (16)
is the energy of the reference signal Sg [t1, % O],

W (7 8) = [ S0t TR Sow (ty, B )R dty (17)

is the ambiguity function of the scatterometric SAR with
a planar antenna array determining its resolution,

Sowlt, 8,6 (F)] =

= [ [ Wity ta 8, 7,00 (M3 (ta, T, 7 )t (18)

is the reference signal in the synthesized optimal algo-
rithm.

Expression (15) is the basis of the modified aperture
synthesis algorithm in airborne radars with antenna ar-
rays. Unlike the classical aperture synthesizing algorithm
[13-16] the modified algorithm additionally performs
decorrelation of signals reflected from the surface, which
consists  in  integrating them  with  weight

W(ty,t3, 7,13, o2(F)) . As a result of this, the characteris-
tic speckle intervals (spot sizes) will be significantly
smaller than with classical aperture synthesis. Therefore,
their subsequent smoothing with the same efficiency can
be performed with windows of smaller width, which ul-
timately allows to increase the resolution of the scat-
terometer. The decorrelation procedure provides a certain
superresolution and can be performed using an inverse

filter with an impulse response W(tl,t3,?1’,Fé,co(f)),

which is usually used to solve incorrect inverse problems
of restoring various functions and, in particular, images.

Physical interpretation
of the obtained analytical expressions

In order to better understand the physical nature of
the obtained method for synthesizing aperture in airborne
scatterometers with antenna arrays we assume that the
integration time T and the integration region D' are
small, but significantly exceed the width of the correla-
tion function (10) in time and space coordinates. Then the
analysis of many expressions can be carried out by the
Fourier transform method either in infinite limits, or in
current (moving) finite ones, but considering the current
finite limits significantly exceeding the width of the cor-
relation function and assuming that the results obtained at
finite integration intervals and conditionally infinite prac-
tically coincide. This method of applying Fourier trans-
forms is called the method of frozen parameters in the
study of non-stationary statistically heterogeneous ran-
dom processes, with relatively slow changes in their sta-
tistical characteristics. We will call such processes locally
stationary or locally statistically homogeneous, and Fou-
rier transforms with such locally current limits in time are
short-term or window ones (with a rectangular window
corresponding to the current limits of integration), and in
space - short-scale ones.

For further analysis (15), we rewrite a unit signal in
the following form

So (L, F,F) =So (1, 7) I(F") exp(j2kS(F, 1)),  (19)

where

So(t,F)=eA(t—2Ry(F,t)c 1) x
xexp(j2k(V(t—tg)cos 0y (T, tg))) x

xexp(—jk(V2 (t—tg)?Ro1(F, tg)sin? 0, (T, o)) . (20)

According to the presented unit signal we will write
the optimal output effect in the following form
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Y(7)=05[ [ Solts. M), [, Ulta, )%
<" (B)W(ty, t3, 5. 5, 6°(F) x
xexp(—j2k9(T, t3)3) i} ddt,dts. (21)

For a physical interpretation of the obtained algo-
rithm (21), we divide the procedure of imaging into two
stages: spatial and temporal processing.

Spatial processing. At coinciding moments in time
ty =t3 =t (at the current time t), spatial processing is
determined by the internal integral of expression (21)
over the variables dr; df/

Yo (6. 1) = [ [, U DYWL . 5,67 (1) x

«i* (75) exp(=j2kS(F, 1) 3)dRdF =

= [ VD iw (LE PR, (22)
where
w(tH7)=
= [, W T, 5, 0% (") (%) exp(~j2kS(7, ) B)drs  (23)

is the amplitude-phase distribution of the transfer coeffi-
cient of the elements of the antenna system aperture.

The Fourier transform of (23) is the radiation pat-
tern of the antenna system

Flitt 7.7} =
= FAW(L, T, a2 (A)} Rl () exp(~j2kS(F, )F)}, (24)

where F.{} is the operator of the Fourier transform in

spatial coordinates.
The first factor is a spatial decorrelation filter with a
spatial characteristic

Gw (. 8(F,1) =

=o%(8(r,1))IS0(t, 9T, 1) [* +0,5Ngy,  (25)
where SO (t,9(F,1)) is the spectrum of (20).

The second factor of expression (24) is the radiation
pattern of an antenna with amplitude-phase distribution
i"(F") shifted on coordinate § by a value 9(F,t) . Phys-

ically, this factor indicates the procedure for the for-
mation of many radiation patterns oriented to each point

on the surface ¥ and changing their angular direction as
the aircraft moves creating a focusing effect on each point

P(x,y) on the surface. By selection i () the shape of

the antenna pattern can be adjust. This type of review
allows you to increase the observation time and expand
the range of viewing angles.

Taking into account (25) the expression (22) will be

Yo (t.F) =

g U(t, §(F, 1)) For (S(F, 1)) (26)
" GO (S(F, 1)1 8o (t, 87, 1)) 2 +0,5Ngp, |

The numerator of expression (26) indicates the se-
lectivity of the antenna array in angular coordinates in
the form of a radiation pattern. The denominator ex-
tends the observation area limited by the antenna array
radiation pattern due to inverse filtering in the filter

W(t, 7,6 (7)) .

Temporal processing. The temporal processing in
(21) is defined at some point §' =13 =" =0 in the fol-
lowing form

Y(f)=0,5 jT U(ty) jT So (ts, F)W(ty, t3, 60 (F))dtadt; .(27)

We will find the inverse correlation function using
the inverse Fourier transform

WIr, ° (7] = Fr{GR [, 0" (N]} =
=F{(c® (S +0,5Ng) '} (28)
where Gg[w,c°(F)] is the Fourier transform of correla-
tion function (10) at some point ¥ =13 =7"=0.

Taking into account (28), algorithm (27) in spec-
tral domain takes the form

U(jo)S(joo. )

Y (T) = -1
= {co(f) |50 (jeo) [> +0,5Ng,

Y (29)

In (29) U(jo) = F{U(t,F =0)} and Sy(joo,F) is
the spectrum of signals reflected from each point on the
surface with coordinates 1. From the analysis of ex-
pression (29) it follows that the numerator corresponds
to the classical method of synthesizing the aperture in
the form of coordinated processing of received signals
with a reference signal. The transmission coefficient
modulus of this matched filter and the spectrum modu-
lus of a unit signal are the same, but the phase character-
istics are opposite, which indicates that such a filter
equalizes the phases of all spectral components of the
received signal and performs their coherent addition
(accumulation). The denominator describes the opera-
tion of an inverse filter with an impulse response (28).
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The gain of the inverse filter increases at those frequen-
cies at which the spectral components of the received
signal are reduced. As a result, the effective spectrum
width of the received oscillations expands. The addition
0,5Ng,, in the denominator that eliminates the incorrect
division by zero operation and is a regularizer of this
unconventional statistical solution inverse problem of
o (f) recovery. An inverse filter decorrelates the re-

ceived signal making it closer to white noise.
Block diagram of optimal SAR

The optimal method (21) is general and can be
used for solution of many problems of estimating the
parameters of useful signals. However, the general ex-
pression in solving a particular problem acquires a
number of new properties that characterize the features
of the construction of algorithms for a particular geome-
try of the problem. Assume that the registration area of
the reflected signals is discrete, consisting of a set of
elementary antennas, which together form an antenna
array. The model of the observation equation for such a
discrete aperture is:

u(t, £) =Res(t, £)+n(t,F,), m=LM. (30)

We represent the inverse correlation function
W(tl,tg,fl’,%,co(F)) for the discrete aperture in the
form

W(ty, tg, B, 5, 6" (F) = Wiy (t, 6% (F)) - Wity t5, °(F),
m=LM, n=1N. (31)

In this case, algorithm (21) taking into account
(31) can be written in the vector-matrix form

Y(8(1) = 0,5[ S5 (t, 1) Wity ts, (7)) x
SN IS U () Wiy (1, 6 (7))]
xi7, exp(—j2kS(F, t;) ) dt;dit (32)

or matrix form

Y (8(7) =0,5[_So(ta, 1) [ W(ty, ts, ° ()

(U7 (t)W(ty, X (ME(, b)) dtgdts,  (33)

where U(t;) is the column vector of the signals re-
ceived by the antenna array of dimension mx1, (-)T is

the transpose sign, V_V(tl,co(F)) is the matrix of the

spatial  whitening  filter of dimension mxn,

E(F,t;) = i, exp(—j2k9(F, t;)T") is the column vector of
amplitude-phase distribution and phase shifts of dimen-
sion nx1.

One of the possible schemes of a quasi-optimal
RCS estimation is shown in Fig. 2.

The essence of received field U, (t) processing

according to (33) is as follows. Initially, the received
oscillations from the output of each element of antenna
array are processed in a spatial filter with an impulse

response i;m. Then the spatio-temporal signals are

whitened in the spatial filter W, (tl,cso(?)). The re-

sulting signals are processed in a beam synthesizer that
performs a spatial discrete Fourier transform and forms
a family of beams. As the aircraft moves, each individu-
al beam, at each moment of time t, moves in space so
that its maximum is always directed at a selected point
on the surface. The next stage of processing is decorre-
lation of signals over time in a filter with an impulse

response W(tl,ts,GO(F)). In the matched filter block,
the amplitudes of the received and decorrelated signals
from directions 9(F) are coherently detected and the

reflected signals are coherently accumulated along the
flight path of the aircraft. Coherent phase shift in the
reference signal leads to the formation of an artificial
aperture, the length of which is equal to the product of
the speed of the aircraft and the synthesis time. In this
case, the synthesis time is determined by the time of
focusing on the selected point on the surface.

Statistical modeling of the proposed method

For validation of the proposed method SAR imag-
es were simulated according to the phenomenological
description of the electromagnetic field [11, 12].

= beam inverse matched | . .
A = ():> syntrjeflze: ) filter > '*ﬁ|ter > Y (9(1))
o e IZKS(ET | [ W(ty,t5,6°(F)) So(t,T)

Fig. 2. Block diagram of optimal RCS estimation in SAR
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Test image is shown in the Fig. 3, a. Simulated
SAR image with coherent processing without decorrela-
tion is depicted in the Fig. 3, b. Result of proposed
method simulation is shown in the Fig. 3, c.

Fig. 3. Block diagram of optimal RCS estimation
in SAR Result of SAR images simulation:
a — test image, b — coherent processing without
decorrelation filters, ¢ — proposed optimal method

For quantitative estimation of the signal processing
quality the full-reference quality metrics [16, 17] were
used. The result of averaging of 1000 estimations is
shown in the Table 1.

From the analysis of the results in Table 1 it flows
that propose method has higher quality and smaller size
of spackle noise. This result was achieved due to the use
of the operation of decorrelation of the received signals.
The level of the decoration and superresolution of aero-

space radar depends on the signal-to-noise value, the
type of the transmitting signal, the parameters of the
antenna array, the geometry of the surface measure-
ments and the observation area. This result provides
wide opportunities to change the parameters of signal
processing and can be used to describe the receiving
path of a cognitive radar.

Table 1
Quantitative estimation of SAR imaging
Imaging method Full-reference quality metrics
MSE pSNR SSIM
Coherent pro-
cessing without | 4,1259-10% | 11,9756 | 0,1245
decorrelation
Proposed
optimal signal 4,0514-10% | 12,0547 | 0,1326
processing
Conclusions

The synthesized optimal method of signal pro-
cessing in radar scatterometers is a generalization of
already existing methods for the operation of SARs with
planar antenna arrays. The generalized method consists
in underlying surface observation and modified matched
filtering with the decorrelation operation. The applica-
tion of this method simultaneously allows to expand the
continuous observation region and increase the resolu-
tion in spatial coordinates. From the analysis of the fre-
quency characteristics of the decorrelating filters it fol-
lows that the resolution of the synthesized scatterometer
is inversely proportional to the signal-to-noise ratio.
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Future research directions

Future research should be devoted to radar cross
section estimation in synthetic aperture radar with pla-
nar antenna array in the presence of electromagnetic
jamming.
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ONTUMAJIBHA OIIHKA E@EKTUBHOI'O IEPEPI3Y PO3CIFOBAHHSI
B PAJIOJIOKANIMHHUX CUCTEMAX 3 CHHTE3YBAHHAM AIIEPTYPH
TA IINTAHAPHOIO AHTEHHOIO PEHIITKOIO

B. K. Bonociok, C. C. ZKuna, B. B. Ilasnixos, /I. C. Braceuko,
B. B. Kowmapcokuii, /]. B. Konecnikos, O. C. Inkapoacsa, K. M. Hexycanvcoka

Bupimeno onrumizaiiiiy 3a1a4y CTaTHCTUYHOIO CHHTE3Y METONY OLIHKK €(PEKTUBHOTO IIEPEPI3Y PO3CISIHHA B
PJIC i3 cuHTE30BaHOIO aepPTYPOIO 1 IUIAHAPHOIO aHTEHHOXO pelriTkor. HeoOXinHuil paxionokaniiauil eQeKTUBHUI
repepi3 Po3CiOBaHHS 3aJA€ThCS SIK CTATHCTHYHA XapaKTEPHCTHKA IPOCTOPOBO-HEOAHOPIIHOIO KOMILIEKCHOIO KOe-
(binieHTa PO3CIIOBAHHA CEPENOBUILA, 10 MIIIArac TOCaiKeHHI0. DakTUYHO pO3pOOIIAITLCS HOBI METOIU PO3B's-
3aHHS 00CPHEHHUX 3aJa4 HE CTOCOBHO BiJIHOBIICHHS KOI'€PEHTHHX 300pa)K€Hb Y BHUIJIAAI IPOCTOPOBOrO PO3MOILTY
KOMIIJIEKCHOTO Koe(dilicHTa pO3CiOBaHHs, a 1100 OL[IHIOBAHHSA CTATUCTUYHUX XapAKTEPUCTUK HEOQHOPIAHUX (IIpO-
CTOPOBO HECTAI[IOHAPHHX) BUIAAKOBHUX IporeciB. EnekTpodiznydi mapaMeTpy MOBEPXOHD 1 iX CTATUCTHYHI Xapak-
TEPUCTHKHU PO3MIISJAIOTHCA K (QYHKINT IPOCTOPOBHUX KOOPAMHAT. B AKOCTI MeTOy onTrMi3allii OyB 0OpaHuii MeTox
MaKCHMAaJILHOI IpaBaonogioHocti. OTpuMaHi pe3ynbTaTH J03BOJAIOThH BU3HAYNTH 0araToKaHallbHY CTPYKTYpPY, OII-
THUMaJIbHUI METOJ OIJISIAy HOBEPXHI 1 MOTEHIIHE MPOCTOPOBY PO3AUILHY 34ATHICTE B a€POKOCMIYHHX CKATTEPOME-
TPUYHUX pajapax 3 aHTEHHOI PEIIiTKOKN. BU3HaueHO onTHMAaibHI omeparii At 0OpOOKH MPOCTOPOBO-Y4ACOBUX
CHTHAJIIB 1 3aIIPOMOHOBAHO MOIU(IKOBaHUI METOI CHHTE3Y alepTypu aHTEHH, SIKHi, Ha BIAMIHY Bif KJIaCHYHOTO
AJTOPUTMY JJIS CHHTE3Y anepTypu aHTEeHH, [0 CKIANAETHLCA B IHTEIrPYBaHHI JOOYTKY 3HAYEHBb MPUHHATOIO CUTHAITY
1 OMOPHOro curHany (OJMHMYHOIO CUI'HANY), JOJATKOBO peaji3ye NEKOPENSLiI0 CUTHAJIB, IO BiJI3€pKaJIeHi Bifg
3eMHOI noBepxHi. HoBa oreparis gekoppersmil po3CiSsHUX CUTHAIIB MOJIATac B IX IHTErPYBaHHI 31 3BOPOTHOIO IIPOC-
TOPOBO-YaCOBOI KOPEIALIMHOK (yHKIic. JIg MiaTBEpKEHHS JOCTOBIPHOCTI OTPHUMAHUX PE3YJILTATIB OYJI0
MPOBEJCHO IMiTaliliHEe MOJEIIOBAaHHS KJIACUYHOTO METOIY CHHTE3Yy KON€PEHTHHUX 300pa)KeHb 1 3aIpOIOHOBAHOTO
OIITUMAJILHOT'O METOAY. 3 aHalli3y pe3y/bTaTiB BUILIMBAE, IO 3aIPOIIOHOBAHUN METOJ Ma€ OLIbII BUCOKY SKICTh 1
MEHIIHH po3mip crekia-myMmy. OTpuMaHi B CTaTTi pe3yabTaTH MOXKYTh OyTH BUKOPHCTaHI s PO3pOOKH 1 OOIPYH-
TYBaHHS BIMOT JI0 TAKTHKO-TEXHIYHUX XapaKTEPUCTHK MEPCIEKTHBHUX aCPOKOCMIYHUAX CKATTEPOMETPUIHUX paja-
PpiB 3 IIocKUMH (ha30BaHUMHU aHTEHHUMH PEIITKaMHU.

KurouoBi cioBa: pagap 3 CHHTE30BaHOIO allepTyporo; eheKTUBHUI Mepepi3 PO3CiFOBaHHS; CTATUCTHYHA ONTH-
Mizarfis.

ONTUMAJIbHASI OUEHKA D®@®EKTUBHOI'O CEYEHUA PACCESIHUS
B PANOJIOKAIMOHHOU CUCTEMOU C CUHTE3UPOBAHHOU AITEPTYPOU
N IINTAHAPHOU AHTEHHOUN PEHIETKOU

B. K. Bonocwk, C. C. ZKuna, B. B. Ilasnuxos, /I. C. Bracenko,
B. B. Kowmapckuii, /1. B. Konecnukos, O. C. Hukapoaesa, K. H. Hexcansckan

Pemrena ontuMu3alMoHHas 3ajaya CTATUCTHYECKOIO CUHTE3a METO/ia OLIEHKU 3(()EKTUBHOIO CEUCHUS pacce-
sausa B PJIC ¢ cuHTE3MpOBaHHON allepTypoil M IJIAHAPHOM aHTEHHOMH peleTKo. TpebyemMoe paauoIoKallHOHHOE
3 dexkTUBHOE CceueHHs pacCesHMs 3aJaeTCsi KaK CTAaTUCTUYECKas XapaKTePUCTHUKA IMPOCTPAHCTBEHHO-
HEOJHOPOJHOTO KOMILJIEKCHOTO KO3(h(UIIMEHTa paccesiHus HcclieayeMon cpenbl. DakThuuecku pa3padaThIBAFOTCS
HOBEIE METOJbI PEIIeHHs OOpaTHBIX 3a7a4 HE B OTHOIIEHHH BOCCTAHOBJICHUS KOTEPEHTHBLIX HU300paKEHUH B BUIC
MPOCTPAHCTBEHHOTO pacipeieieHns KOMIUIEKCHOTO KO3((PUIMEHTa pacCesHMs, a B OTHOIIEHUN OLIEHUBAHUS CTa-
THCTHUYECKUX XapaKTEPUCTUK HEOMHOPOIHBIX (IIPOCTPAHCTBEHHO HECTALIMOHAPHBIX) CAYYaWHEBIX MPOLECCOB. DieK-
Tpo(hU3NIeCKne mapaMeTpsl MOBEPXHOCTEH M UX CTATHCTUYECKNE XapaKTEPUCTUKU PACCMAaTPHUBAIOTCS KakK (pyHKIHH
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MIPOCTPAHCTBCHHBIX KOOPJAMHAT. B KauecTBe METOAa ONTUMHU3AIMU ObLT BEIOPAH METOJ] MAaKCHMAaJIbHOTO IPaBJIoIo-
qo6ust. TlomydeHHBIE PE3YILTATEI TO3BOJISIOT ONMPEACIUTS, MHOTOKAHAIBHYIO CTPYKTYPY, ONTUMAILHEII METO 00-
30pa MOBEPXHOCTH M MOTECHI[HAIBHOE IMPOCTPAHCTBEHHOE pPa3pelICHHe B adPOKOCMHUYECKUX CKATTEPOMETPHUECCKUX
pajapax ¢ aHTEHHOH pemeTkoil. OmnpeaeiaeHsl ONTUMAILHEIE ONEpaluy I 00pabdOTKH MPOCTPAHCTBEHHO-
BPEMEHHBIX CUTHAJIOB U IPEIIOKEH MOIUMUIMPOBAHHBIN METO CHHTE3a allepTyphl aHTEHHBI, KOTOPBIH, B OTINYHC
OT KJACCHYECKOr0 ajJropMTMa IJid CHUHTE3a alepTypbl aHTEHHBI, COCTOAIIETO B MHTCIPUPOBAHHUM IIPOU3BEICHUS
3HAYCHHUH MPUHUMAEMOr0 CUTHAJIa M OIIOPHOTO CHUTHaja (€QUHUYHOTO CHUTHANA), TOMOJIHHUTEIIBHO Peaanu3yeT JeKop-
PEIISIIUI0 CUTHAJIOB, OTPa)KEHHEIX OT 36MHOM MOBepXHOCTH. HoBast omepanys JeKoppelIaiuy pacCesIHHBIX CUTHAJIOB
3aKJIFOYAETCS B UX MHTETPUPOBAHMM C 0OPaTHOM NMPOCTPAHCTBEHHO-BPEMEHHON KOPPESIMOHHON DyHKumewn. s
MOATBEPKIECHUS JTOCTOBEPHOCTH IIOJIYYEHHBIX DPE3YILTATOB OBLIO IMPOBEACHO HMHUTALMOHHOE MOIEIUPOBAHUE
KJIACCHYECKOT0 METOJa CUHTE3a KOTePEHTHBIX H300paKeHU U MPEAJIOKCHHOTO ONTUMAILHOTO MeToaa. M3 aHanm3a
pPE3yILTATOB CIEAYET, UTO IIPEAIaraeMbIil METO ] UMeeT 00JIee BLICOKOE KaYeCTBO U MEHBIIMI pasMep CIIEKI-IIyMa.
ITonydeHHbIE B CTaThe PE3YIbTAThl MOT'YT OBITh MCITOJIB30BAHBI ISl Pa3pabO0TKU K 000CHOBaHUSA TPeOOBAaHUM K TaK-
TUKO-TEXHUYECKUM XapaKTEPUCTHKAM MEPCHEKTUBHBIX a9POKOCMUYECKUX CKATTEPOMETPUUECKUX PaJapoB C IUIOC-
KUMU (a3sUpOBAHHBIMA aHTEHHBIMH PEIISTKAMH.

KawueBble cioBa: pagap ¢ CHHTE3MPOBaHHOMW amepTypoi; 3(p(eKTuBHOE ceYeHUE pacCesHUsl; CTaTUCTHYC-
CKast ONTHUMHU3AIIHS.
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