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RADAR IMAGING COMPLEX WITH SAR AND ASR FOR AEROSPACE VECHICLE

The subject of study in the article is the algorithms for radio monitoring of the Earth in a wide field of view
from aerospace transport. The goal is to design a structural diagram of a radio complex that can operate
simultaneously in two modes: modified synthetic aperture (SAR) and aperture synthesis (ASR), in accordance
with algorithms synthesized by the maximum likelihood method. The modified SAR mode allows obtaining
high-resolution radio images in the observation angle range £(20°...50°) from the direction to the nadir. A
method of combining a modified SAR algorithm is used, which differs from the classical imaging algorithm by
the possibility of obtaining a higher spatial resolution, the payment for this is the complication of the signal
processing algorithm associated with the implementation of decorrelating filters that expand the spectrum of
received signals in each receiving path, and the ASR mode, which allows imaging using passive or active
radar principles. The passive ASR mode provides for the imaging in the observation angle range of £20° from
the nadir based on the results of processing signals of its own broadband radio-thermal radiation, and the
active mode — in the same observation angle range, but using the broadband noise signal of the backlight. An
important result in the formation of a radio image in the specified viewing area when using the active mode of
the ASR is that the images are close in physical content, namely, proportional to the specific effective reflection
surface of the underlying surface. In addition, a distinctive feature of the synthesized algorithms is the use of
wideband probing signals and, accordingly, the same input paths of receivers, which makes it possible to
increase the signal-to-noise ratio of the output effect. Conclusions. The scientific novelty of the results
obtained is as follows: a structural diagram of the radio complex was developed on the basis of algorithms
synthesized by the maximum likelihood method. For the formation of a radio image in the radio complex, a
combination of SAR and ASR (with two modes of operation) is implemented. This implementation is important,
since it allows obtaining high-resolution images in the observation angle range of £50° from the direction to
the nadir. It is advisable to place the complex on airplanes, helicopters and spacecraft (preferably those that
move in low orbits).

Keywords: radar imaging; synthetic aperture radar; aperture synthesis radar; signal processing algorithm;

ultrawideband signal processing.
Introduction

Motivation. High information content about the
Earth's surface can be obtained using optical and radar
surveys [1, 2] from an aerospace carrier. At the same
time, radar images are much more informative in
conditions of limited optical visibility due to cloudiness,
smoke, darkness, etc. This creates the preconditions for
the widespread use of aerospace-based radars capable of
imaging. However, it should be noted that to ensure
high spatial resolution (comparable to the resolution of
images in the optical range), it is necessary to develop
and implement complex algorithms for processing radio
signals [3 - 7], as well as algorithms for their filtering
[8, 9]. In particular, filtering algorithms are necessary
because radio images obtained by active radars are
usually distorted by a high level of speckle-noise.

Today, two main signal processing algorithms are
used to ensure high spatial resolution of radar images.

These are synthesis of antenna aperture algorithm
implemented by synthetic aperture radar systems (SAR)
[10, 11], and an aperture synthesis algorithm
implemented in passive aperture synthesis radar (ASR)
[12-14]. Each has its own advantages and
disadvantages. Thus, SAR allows obtaining high spatial
resolution of the image in the range of observation
angles +(20°...50°) from the direction to the nadir [15-
17], but does not provide a high resolution in the range
of £20° from the nadir. ASR, on the other hand, allows
us to get an image in the range of £20° from the nadir.
Therefore, as shown in [18, 19], it is advisable to
combine these radio systems into a single complex
capable of forming radar images in a swath of +50°
from nadir.

State of the Art. It should be noted that significant
advances in the field of increasing the spatial resolution
of images are obtained due to the ability to form and
process wide- and ultra-wideband signals [20-22]. The
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modern radioelement base makes it possible to design
ultra-wideband radars. Such radars can be multi-
position [23, 24], single-position with probing through
obstacles [25-27], single-position but with multi-
frequency signal processing [28], single-position with
very short pulse signals [29]. Unlike all of the above,
the designed complex is supposed to work not with
ultra-short pulse signals, but with ultra-wideband noise
signals [20-22]. The latter is very important for meeting
the modern requirements of Green Engineering [30].

Objectives. The report develops the works [3, 15-
19, 31] and proposes the synthesis of a radio complex
with the processing of wideband spatio-temporal signals
to obtain radar images in the range of observation
angles £50° from nadir with high spatial resolution.

Purpose of the article: designing and research an
aerospace-based radio complex capable of forming high
spatial resolution radio images in the sector of
observation angles £ 50°.

Radar Imaging Algorithms

A. Modified SAR Imaging Algorithm

We will solve the problem of synthesizing a signal
processing algorithm for forming images in the field of
view £(20°...50°) from the nadir. For this, we will use a
unified recording [32-34] of a set of wideband probing
signals

s(t) = Reexp(-jpg ) x

x% B, (Dexp(j2nfy(t—(n-1T,)), (1)
n=1

where B, (t) is the complex envelope of the n-th
pulse (n=1..N) in the set, which, for example, can
describe  linear  frequency  modulation  (Chirp)
B, (0 =T1(t—(n-DT,)exp(jrAFT L (t—(n-DT;)?) ;

I(t—(n-1T,) is the radio pulse envelope;

AF is the bandwidth;

T is the signal duration;

T, is the pulse repetition period in the set;

fy is the central frequency of the emitted signal;

t is the time;

¢p Iis the initial phase;

j is the complex unit.

The expression for B, (t) can have other forms of
notation [35, 36], which does not significantly affect the
physical properties of the chirp signal.

We will specify the width of the passband AF
during the simulation; we only note that it must satisfy

the wideband condition [37-39]. It should be noted that
today there are several options for defining the concept
of broadband (at different levels of spectrum falloff
from its maximum value) [40-42] and ultra-wideband
(in the context of using ultrashort pulses) [43, 44]
signals. The choice of a specific criterion of broadband
is advisable to carry out based on the specific task under
consideration. In fig. 1 it is shown the geometry of the
problem, which is necessary for solving the problems of
synthesis of signal processing algorithms.

In fig. 1 introduced the following designations: V

is the flight speed; t is the time; tq is the beginning of
synthesis; R(t,-), R,(t,-) are the current distances

from the phase center of the transmitting antenna to the
element of the underlying surface and from this element
to the p-th element of the antenna system (p=1..Q);

Ap are the elements of the receiving antenna; Ay, is the

transmitter antenna; r is the radius vector from the
projection of the phase center of the transmitting antenna
on the underlying surface to the elementary area D with

coordinates (Xc,Yc); h is the flight altitude of the
aircraft.

Fig. 1. Geometry of the radar imaging problem

The signal reflected by a single element of the
underlying surface, the coordinates of which are
determined by a vector ¥ (Fig. 1), can be written in the
following form

S (t’hlr):lcjtr (ttg (h.r))exp(-iog)*

x> By (ttg (h,r))x
n=1
xexp(j2nfy (t-(n-DT, —t4 (h,r))), @)
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where h is the flight altitude of the aerospace carrier;
tq (h,r) is the signal propagation delay time;

Gy (t—tg(h,r)) is the complex radiation pattern of

the transmitting antenna in the direction of the surface
with coordinates r.

The signal reflected within the irradiation zone of the
underlying surface, which entered the receiving antenna,
can be written as follows

3(1)=exp(jo) [ G, (L r)F(Nsg (thr)dr,  (3)
D

where F(r) is the specific complex reflection
coefficient of the underlying surface element with
coordinates r;

G, (t,r) is the complex radiation pattern of the

receiving antenna in the direction of the underlying
surface element with coordinates r (limits the
irradiation zone of the underlying surface).

Phase ¢ uncontrollable, but it can be neglected in

coherent signal processing.
We can write the observation equation in the form
of an additive mixture of signal (3) and noise

u(t)=Re{s(t)}+n(1), 4)

where n(t) is the is the internal noise of the receiver
(white Gaussian noise with zero mean).

The signal processing algorithm in the modified
SAR (MSAR) is found by the maximum likelihood
method [45] from the solution of the likelihood equation
with respect to the optimal recovery of the specific
effective reflection surface of the surface elements

o(r), which can be considered as a radar image,
8Inp(u(t)|o(r) 5

sor) = 3e(e) k(o)

TT

xexp —%”u (t)W(ty,tp, o(P)u (tz)dtldtzJ} -0,
00

()

where is the variational derivative of the

da(r)
specific effective reflection surface of the underlying
surface;

W(tl,tz,c(r)) is the inverse function to the
correlation function of the observation equation.
Solution (5) can be reduced to the following algorithm

for optimal signal processing in MSAR (the transition to
complex envelope processing is taken into account):

~ TT .
Imsar (1) = [ [U(t)W(ty,tp,5(r) 8§ (t, h,r)dty dty,
00
where U(t;) is the complex observation envelope;

S;‘(tz,h,r) is the complex conjugate complex

envelope of the signal (2).

The radar image, which is formed in accordance
with this algorithm, will be complex. Therefore, to
display it, the modulus or square of the modulus is
usually calculated [45] and it is this function that is taken
for the assessment of the radar image, i.e.

iMSAR (r):
TT 2
=|[ [U(t)W(t,t2,0(N)SS (tp,h,r)dty dty| . (6)
00

For the first time, the problem of synthesis of an
algorithm for optimal recovery of the specific effective
scattering surface and its solution with obtaining the
MSAR algorithm were developed by
V. K. Volosyuk [46].

Algorithm (6) corresponds to the following basic
signal processing operations: forming the envelope of

the reference signal S”(t,r) for different range sections

(the number of range sections is determined by a specific
signal shape and antenna directivity patterns for
transmission and reception); setting of the decorrelation
filter, the impulse response of which is determined by
the function W(ty,t,,o(r)) (in the optimal form, this

function is adaptive, since it requires a priori knowledge
of o(r)); formation of observation envelopes U(t,r)
for different parts of the range; performing double

correlation processing operations in accordance with (6).
It should be noted that the most difficult operation

in (6) is the formation of the function W(tl,tz,o(r)).
However, in practice, it can be realized as the average
value of o(r), which is typical for a certain type of
underlying surface. In some cases, filtering can be

neglected and go to a quasi-optimal signal processing
algorithm. For this, it is necessary to introduce the

following replacement in (6) W (ty,t,,r)=38(t; —t,). In
this case, the signal processing algorithm is reduced to
the classical algorithm used in SAR [47, 48]

T 2

[US (¢, h,r)dt
0

iSAR (r)=

Note that algorithm (6) allows obtaining high
spatial resolution for viewing angles +(20°...50°) from
the direction to the nadir.
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The block diagram that implements the MSAR
algorithm will be given below as part of the complex for
the formation of radar images.

B. Active ASR Imaging Algorithm

For the first time, the problem of synthesizing a
signal processing algorithm in an active aperture
synthesis system was formulated and partially solved in
[15]. Its peculiarity lies in the fact that it is not the
effective temperature of the underlying surface that is
subject to recovery, as is typical for passive aperture
synthesis systems, but the specific effective scattering
surface, similar to active synthesis systems, for example,
in MSAR. This makes it possible to form radar images
of the same physical entity by different synthesis
systems. Active systems of aperture synthesis are of
particular importance when solving problems of forming
radar images within £20° of the nadir.

We will synthesize a signal processing algorithm
in such a system. To achieve a high resolution in spatial
coordinates, we will use a wideband signal, the model
of which can be represented as a Gaussian process with
zero mean as follows

Fmax

=2 | N

Fmin

(j2nf)exp(j2nf t)df,  (7)

where Fmax and Fmin
frequencies;

N(j2nf) is the random spectral density of the

are the limits of operating

complex amplitude;
t is the time;
f isthe frequency.

As it is usually done in aperture synthesis systems,
to receive the reflected signal, we will use an N -
element antenna array with a non-equidistant spatially
distributed arrangement of the phase centers of
individual antennas. The position of the phase centers of
the elements of the antenna array is determined by the
Monte Carlo method.

According to fig. 1 let us determine the signal
propagation delay time from the transmitter antenna to
an elementary section of the underlying surface and then
to the i-th (i=1..N) receiver antenna (the phase center
is characterized by the end of the radius vector

r{ =(x{,y}), the beginning of which is at the phase
center of the transmitter antenna)

tg,i (rr)=(R(t)+R;i(t-))c™, (8)

where R(t \/hz +(Xc - Vt) +y&

2 ’ ’ 2 ’ ’ 2
Ri(t"):\/h +(xc =V t=x{ =xgi )" +(Yc —Yi —Yai)
(xi,yj) are the coordinates of the phase center of the
i -th element of the antenna system, i =1.Q, (Xg;.Yqi)

are the coordinates of the receiving aperture of the i -th
element of the antenna system, which are counted from
the end of the vector r; .

Signal at the output of the i-th element of the
receiving antenna system

0 o Fnax

si (t,r) 2.[.[ jlrdI

—0 -0 Fyin

xFc (2nf,r)G(2nf, Vi, r)N(j2nf ) x
xexp( j2nf (t—tq,; (r, v )))df drgidr,  (9)

where G(an,Vt,r) is the complex radiation pattern of
the transmitter, which is recalculated to the elements of
the underlying surface;

i(r4i) is the amplitude-phase distribution in the
aperture of the i -th element of the antenna system;

Fc (2nf,r) is the complex reflection coefficient of
an elementary section of the underlying surface centered
at the end of the vector r.

We rearrange the observation equation at the output
of each element of the antenna system by a vector:

u(t)={s; (t 1) +n; (t)}i'il, (10)
where
Fmax
=2 j N, (j2nf )exp(j2nf t)df , (11)
Fmin

is the internal noise of the i-th receiving channel,
Nn,i(jan) is the random spectral density of the

complex amplitude of the noise in the i -th channel.

The physical nature of noise is such that it is a zero-
mean Gaussian process. There is no cross-correlation of
noise between different channels, because in different
channels the noise is statistically independent.

Full information about the observation is contained
in the matrix of correlation functions

R(ty,ty,0(r)) = <u(t1) u' (t2)> ,

where "T" is the transposition operator;
o(r) is the radar cross section of the underlying
surface.

(12)
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Substituting (9) and (11) in (10), and (10) in (12)
and rewrite the matrix of correlation functions in the
following form

R(tl,tz c)=< T(tl)u(t2)>=

o Fmax

[ ] el

— Frin

N(27‘cf)G(2nf th,r)G* (Zch,Vtz,r)x

B :
c*[”“")*&if('?;.)] X

(f.r)exp(j2nf (t; —tp))x

xexp +R, (tl,.)_
xdrgdrgdrdf 14
Fmax
+IN [Ny (2nf )exp(j2nf (4, —tp))df, (13)
Frmin

where IN is the unit dimension matrix NxN;

N(2nf) and N, (2xnf) are the spectral power
densities of the signal and noise (we assume that the
spectral power densities of the noise are the same in

value in all channels, which is determined by the
thermodynamic temperature of the input paths);

c(f, r) is the frequency-dependent specific effective
scattering area of the underlying surface.
Function o(f,r) actas a radar image both at each of the
individual frequencies, and in integral form at all
frequencies.

Expression (13) is a mathematical model of the

relationship between the statistical characteristics of the
observation and the radar image.

We can find the signal processing algorithm by
solving the likelihood equation

n)-

o (r’ {_%ﬁ[

W (t3,t, 6 (F,r)) [ u(tz) ~ (s(t2, 1)) |yt | =0, (14)

)

8o (r')

Inp(u(t)|o(f Ink(o(f,r))-

1)
3o (r’)

tl, h )>JT X

where k(o(f,r)) is the function that depends on the
radar image; -) are the statistical averaging brackets;
W(ty,tp,0(f,r)) is a matrix that is inverse to the

matrix of correlation functions, and which is found from
the solution of an integral matrix equation

T
IR(t,q)W(q,r)dqzINS(t—r), where §(t—1) is a
0

delta function.
From the solution of equation (14), we find the

following signal processing algorithm in the active
aperture synthesis system:

exp(—
=L i

XN(ZTCf) VF—FR {Up (t, r)}Vé_FR {U| (t, I’)}df,

Iaasr (r)=

J;c—z((yc i) ~(ye-vi )Z)JX

N Fmax

(15)

where  Vg_pr{} is the Volosyuk-Fourier-Fresnel

operator [45].

Algorithm  (15) is quasi-optimal, since the
operations of decorrelating observations are excluded
from it to simplify the technical implementation of the
radio complex.

Algorithm (15) implies the main operations of
observation processing: the implementation of Vg_pg -

transformations for observations in all channels (the
observation record in the form u; (t,r) indicates that the

signal in the i -th channel is "focused” on an elementary
section of the underlying surface with the center at the
end of the radius vector r. Such "focusing" is provided
in decorrelated filters, and after their elimination is
implemented in wideband phase shifters); multiplication
of complex conjugate processes focused on the same
area of the surface, after V_pgg -transformations in

different channels; compensation of the interferometric
factor, which naturally appears in the process of diagram
formation in a rarefied antenna array (this operation is
usually associated with aperture synthesis [49]);
integration within the operating frequency band of the
receiver and the addition of all output effects from
different pairs of antennas.

It was shown in [50] that for the case when the
channel of the probing signal is absent, solution (15) is
reduced to the signal processing algorithm in the
aperture synthesis system

N Fmax

T(N=> I

ih1=1 Fmin

(16)

r }F'l{u| (tr)}df

where F{-} and F1{} are the operators of the direct

and inverse Fourier transform.

Similarly to (15) in (16), signal decorrelating
filters are not applied. The initial effect of the radar that
implements (16) will be a function proportional to the
radio brightness temperature of the underlying surface.
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Radiocomplex Block Diagram

According to the formulated task, we will design a
structural diagram of the radio complex, which will
provide the formation of a radar image within +50° of
the nadir. For this, it is necessary to implement signal
processing algorithms (6) and (15).

In fig. 2 it is shown a block diagram of the
complex for the formation of radar images.

In fig. 2, the following designations have been
introduced: Aysar 1S the modified SAR transmitter
Agpasr 1S the antenna of the AASR
transmitter; A; (i=1..N) are the receiving elements of
the antenna system (all are involved in the operation of
the AASR, and some, along the direction of movement
of the aircraft, are involved in the work of the MSAR);
ID is the block of initial data for the formation of the
probing signal; Trysar and  Traasg are the

transmitters of MSAR and AASR systems; IP; is the

receiver input path with frequency filtering; WLNA are
the wideband low-noise amplifiers; Mix is the mixer
with a filter for suppressing higher harmonics; F is the
block for filtering (separating) signals by frequencies;
fusar and faasp are the operating frequencies of
MSAR and AASR systems for radiated signals;
designations Fysari and Faasrj indicate that the
signals of the MSAR and AASR systems in the i-th
receive channel are transferred to intermediate
frequencies; R is the block for dividing signals by range
to sections of the underlying surface (uses a priori
information about the flight altitude h from the H
block); Vg_gr is the block of the Volosyuk-Fourier-
Fresnel transformation; PD is the a priori data block; G
is the heterodyne; RSG is the reference signal generator
for MSAR; ID is the block of initial data; SM is the
signal multiplication unit (one input is direct, and the
other is complex conjugate, which is indicated by the
corresponding sign =*); E; is the block of multiplication

antenna;

by a complex exponent, the argument of which is
proportional to the distance between the i-th and | -th
antennas; | is the integrator; X is the adder; W, is the

signal decorrelation unit; PhD is the phase detector;
CSM is the complex signal multiplier; AS is the block

for calculating the square of the module; iAASR is the
assessment of the radar image at the AASR output;
Iaasrilk IS the evaluation of the radar image at the

output of the signal processing channel from the i -th
and I-th antennas for the k-th (k=1..K) range in the

AASR; Taasrk is the estimation of the radar image for

the k -th range in the AASR; Tysar is the evaluation of

the radar image at the MSAR output; Iysarm iS the
estimation of the radar image for the m-th (m=1..M)
range in MSAR,; Ch;, is the formation channel for

1 AASRilK ; Chy is the formation channel for TaASRK

Chpsarm 1S the formation channel for Tygagm ; C is
the computer; Mem is the memory for storing images;
Disp is the display for displaying the image.

The complex works as follows. The transmitters
Trysar and Traasy generate and radiate signals

through the antennas Aymsar and Agaasg towards

the underlying surface. The signals reflected by the
surface are fed to the elements A; of the receiving

antenna system. All N elements of the receiving
antenna system are involved in the operation of the
AASR, and some of these elements (located along the
direction of movement of the aircraft) are involved in
the operation of the MSAR. Next, let's look at how
AASR works. The signals from the outputs of the
antennas go to the blocks IP,, where they are amplified

in WLNA, transferred to the intermediate frequency in
the mixers Mix, which include filters for suppressing
the higher components in the signal spectrum, then the
signals go to the signal separation unit by frequency K
and then to the range separation units R . Observation
from the given range sections is fed to the Chyy,

blocks, where the Volosyuk-Fourier-Fresnel
Ve_gr transformation, multiplication of complex
conjugate processes and compensation of the

observation phase difference in E;;, which occurs due
to the different paths of the reflected signals to the i -th
and j-th antennas, are performed. After integration, one
sample of the image 1aagri is formed.

Combining the outputs of the blocks Ch;;, for all
possible pairs il antennas provides the formation radar
image at the output of the block Ch, of the Tansri for
k -th (k =1..K) section of the range. After combining in
the adder all the range elements into a line of the image
of the observation area within £20° from the nadir, it is
fed to computer C and then stored in Mem and can be
displayed on the Disp display.

Some AASR blocks (antennas, mixers, frequency
separators) are common to MSAR as well. Further, the
signals at frequencies Rysagj and filtered by range are
fed to the Chy,sarm blocks for forming images in the
zone +(20°...50°) from the nadir. In these blocks,
whitening of signals in filters W,,,, phase detection in
PhD blocks and correlation processing in CSM and 1,
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as well as the formation of a square of the image
module in AS are performed. At the outputs of

Chpsarm €lement of the radar image Iysarm 1S

formed for the m -th section of the range. It should be
noted that the number of ranges for MSAR and AASR
may differ. Images of different ranges of range are
combined into a line for evaluating the radar image

Iysar and fed to a computer.

It should be noted that the issues of the accuracy of
image formation are often investigated in the problems
of synthesizing radio complexes. These questions are
beyond the scope of this article, but they can be solved
both by using optimization methods, when the so-called
potential values of accuracy are obtained [45], and
directly from navigation [51-53] or other data [54-56],
by indirect methods of image processing.

Conclusions

In this work, the structure of a radar complex for
forming an image of the underlying surface in a swath of
+50° from the direction to the nadir is synthesized for the
first time. The peculiarity of the complex is as follows:

- the presence of two modes of operation - MSAR
and AASR, which respectively provide survey in the
range of angles +(50°...20°) and +20° from the nadir, and
their combined use gives a continuous image in the
swath of £50° from the nadir;

- the use of ultra-wideband probing signals and,
accordingly, the same channels of the signal processing
receiver, allows obtaining high image resolution in
spatial coordinates.

It is assumed that this complex can be used from
aircraft or space carriers.
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AEPOKOCMIYHHHI BOPTOBUM PATIOJOKAIIMHUN KOMILIJIEKC
®OPMYBAHHS 30BPAKEHD 3 PCA TA PAC

B. B. Ilasnikos, K. I'. Benoycos, C. C. Kuna, E. O. Ilepne, O. O. llImamko, A. /]. Co6xonos,
/. C. Bracenko, B. B. Kowmapcokuii, O. B. Qdokienko, M. B. Pysicenyes

[IpemMeToM BHUBUYEHHS B CTAaTTI € alTOPUTMH PATiOMOHITOPHHTY 3eMili y IIUPOKIH 30HI Orsay 3
ACPOKOCMIYHOIO TPaHCIOPTY. MeToro € po3polKa CTPYKTYPHOI CXeMHU PaJiOKOMIUIEKCY, KUl MOXe IMpaloBaTh
OJIHOYACHO Y JBOX peXHMMax: MOAM(IKOBAHOTO CHHTe3yBaHHs aneptypu aHteHu (PCA) i amepTypHOro cuHTE3y
(PAC), BIigmoOBIZHO 10 aJIrOPUTMIB, CHHTE30BAaHMX METOAOM MAaKCHMAaJbHOI MpPaBAONOMiOHOCTI. Pexum
MoaudikoBanoro PCA 103Boiisie OTpUMAaTH pajio300pakeHHS BHCOKOTO pO3pI3HEHHS Yy Aiana3oHi KyTiB
croctepeskenuss £(20°...50°) Bim HampsMKYy B Haaup. BUKOPHUCTOBYETHCS METOX MOEAHAHHS MOIU(IKOBAHOTO
airoputMy PCA, sKuil BiIpi3HSI€TBCS Bl KIACHYHOTO aIrOpUTMY (GOpPMYBaHHS 300pa’keHHS MOKJIHBICTIO
OTpPHUMaHHS OUTBII BUCOKOI IPOCTOPOBOI PO3JUIBLHOI 3/JaTHOCTI, IUIATOIO 3a II€ € YCKIJIaJHEHHS alrOpuTMy 0OpOOKH
CUTHAJIB, TIOB'SI3aHE 3 pealli3alielo JeKOPPeTooYnX (UIBTPIB, SKi PO3LUIMPIOIOTh CHEKTP NPUHHATHX CUTHATIB B
KO)KHOMY NpHHManbHOMY TpakTi, Ta pexumy PAC, sxuii no3Boisie (opmyBatu 300pakeHHS 3a JOIOMOIOIO
NPUHIOUIIB NacuBHOI abo akTuBHOI pamiosokanii. [TacuBHuii pexxum PAC mnependadae moOynoBy 300paxxeHHs y
JiamasoHi KyTiB cmocrepexeHHs =+20° Big Haaupy 3a pesyiabTaTaMu OOpOOJEHHS CHTHAB BJIACHOTO
IIMPOKOCMYTOBOTO PaliOTEINIOBOTO BUIPOMIHIOBAHHS, a aKTUBHUHM — y I[bOMY X [ialla30Hi KyTiB CIIOCTEPEKEHHS
ajle 3 BHKOPUCTAHHSM MIMPOKOCMYTOBOTO IIYMOBOTO CHTHAY MiJCBiY4yBaHHA. BaXIMBUM pe3yjbTaToM Yy
(opmyBaHHI pamio300pakeHHs y 3a3HaUCHiH 30H1 OISy TPH BUKOPUCTaHHI akTUBHOTO pexuMy podotu PAC € e,
10 300pakeHHs € OIM3BKUMU 32 (Pi3MIHIM 3MIiCTOM, a caMe MPOMOpLiiHI THTOMIH eheKTHBHII MOBEpXHI BiIOUTTS
migctunbHoi ToBepxHi. KpiM  Toro, BiAMIHHOIO pHCOIO CHHTE30BAaHMX aJITOPUTMIB € BHKOPHCTaHHA
IIMPOKOCMYTOBUX 30HAYIOUHMX CHTHAJIB 1, BIAMOBIAHO, TaKWX JK€ BXIIHUX TPAKTiB NpHUHMAadiB, IO JO3BOJISE
MIBUIINTH BITHOIIEHHSI CUTHAI/IIYM BHXiZHOTO edekry. BucHoBku. HaykoBa HOBM3Ha OTpUMAaHHX PE3yJIbTATIB
nojsrae B HACTYIHOMY: OYJIO pO3po0JE€HO CTPYKTYpHY CXEMYy paJiOKOMIUIEKCY Ha OCHOBI ajrOpUTMIB,
CHUHTE30BaHMX METOJIOM MaKCHMMAJIbHOI IpaBaonoaioHocti. s hopmyBaHHS panio300pakeHHs B PaIiOKOMILIEKC]
peanizoBano noegHanHs PCA 1 PAC (3 nBoma pexxumamu pobotn). JlaHa peanizamnisi Mae BaXJIMBe 3HAYCHHS, aJKe
JI03BOJISIE OTPUMYBATH 300pa’KeHHS] BHCOKOI PO3PI3HIOBAJILHOT 37aTHOCTI y Jialma3oHi KyTiB crocTepexeHHs +50°
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BiJl HANPsSIMKY y Haaup. Kommieke H0o1ijpHO po3MilllyBaTH Ha JliTakax, BEPTOIbOTAX i KOCMIUHMX anaparax (0axaHo
THUX, SKI PyXarOThCs 110 HU3BKUM OpOiTam).

KuarouoBi cioBa: (opMyBaHHS panio300paXkeHb; pafgap 3 CHHTE30M amepTypH; pamap 3 amepTypHHM
CHHTE30M,; aJITOPUTM 00pPOOKH CHTHAIY; 00poOKa HaAITHPOKOCMYTOBOTO CHTHANTY.

ADPOKOCMMYECKH BOPTOBOM PAJTMOJIOKAITMOHHBIIA KOMILJIEKC
®OPMUPOBAHUS N30BPAKEHUI C PCA U PAC

B. B. Ilaénuxos, K. I'. Benoycos, C. C. Kuna, 3. A. llepns, A. A. IlImamxo, A. /]. Co6kon08,
/. C. Brhacenko, B. B. Kowmapckuii, A. B. Oookuenko, H. B. Pyscenues

[IpeaMeToM M3y4eHUs B CTaThe SIBISIOTCS aITOPUTMBI PaJHOMOHMTOPHUHTA 3eMJIM B LIMPOKOH 30HE 0030pa ¢
a’pOKOCMHUUECKOro TpaHcmopTa. Llenpro sBnsercss pa3paboTka CTPYKTYPHOM CXEeMBI paJuOKOMILIEKCa, KOTOPBIH
MOXET padoTaTh OJHOBPEMEHHO B JIBYX PEXHMaxX: MOJU(QHIMPOBAHHOTO CHHTE3MPOBAHMS anepTypbl aHTECHHBI
(PCA) u ameprypuoro cunre3a (PAC), B COOTBETCTBHH C aQITOPUTMAaMH, CHHTE3HPOBAHHBIMH METOJIOM
MaKCHMAalIbHOTO TpaBpomnonobms. Pexxum mommdpunmpoanHoro PCA 1mMo3BONSET MONYYHTh PagHOM300paKeHUS
BBICOKOTO pa3pelIeHHs] B IHAra3oHe YrioB HaOmomeHus +(20°..50°) ot HampaBneHus B Hagup. Mcmomesyercs
METOJ coueTaHus MoanunupoBaHHOro amroputMa PCA, KOTOPBHIH OTIMYAEeTCS OT KIIACCHYECKOTO alrOpHTMa
(dbopMHpOBaHUS W300paKEHHS BO3MOXHOCTHIO MOIy4eHHs OoJiee BBICOKOTO IPOCTPAHCTBEHHOTO pPa3pelIeHUs,
IUIATOM 32 9TO SBISETCS YCIOXKHCHHWE alropuTMa oOpabOTKM CHTHAJOB, CBSI3aHHOE C pealu3anueH
JEKOPPETUPYIOINX (QMIBTPOB, KOTOPBIE PACHIMPSAIOT CHEKTP NPHHUMAEMBIX CHTHAJIOB B KaXIOM IPUEMHOM
Tpakre, u pexxuma PAC, koTopslil 103BOJIsIET (OPMUPOBATH U300PAKEHUE C IIOMOILBIO TIPUHIUIIOB TACCUBHON WU
akTHBHOW pajuonokanuu. [laccuBublii pexxum PAC mpenycmatpuBaeT MOCTpoeHHE HM300pa)keHHs B JAMala3oHe
yrioB HaOmoneHus +20° oT Haaupa N0 pe3yibraTaM 00pabOTKH CUTHAJIOB COOCTBEHHOI'O IIMPOKOIIOJIOCHOTO
PaaAMOTEIUIOBOIO M3ITY4YEHHUs, a aKTUBHBIM — B 3TOM )€ JMala30HE YIJIOB HAOMIOACHHS, HO C HCHOJIb30BAHHUEM
LIMPOKOIOJIOCHOTO IIYMOBOTO CHTHAJIA MOJCBETKH. BaXKHBIM pe3ysibTaToM B (POPMHUPOBAHUH PaJMON300paKEHHs B
yKa3aHHOH 30He 0030pa IIpU HMCHOJIB30BAHMHM AKTHBHOTO pexknma paboTtel PAC sBisercss TO, 4TO M300paXkeHUs
OMM3KM 1Mo (PU3MYECKOMY COJEP)KAaHHWIO, a MMCHHO IIPOIOPIHOHAIBHEI YAENbHOH 3()()EeKTHBHONW MOBEPXHOCTH
OTpaXXCHUsI MOJCTHIIAIOIICH MOBEpXHOCTH. Kpome TOro, OTIMYMTENBHON YepTOi CHHTE3MPOBAHHBIX aJITOPUTMOB
SIBISIETCSI MCIIONb30BaHNWE HIMPOKOIIOJIOCHBIX 30HAMPYIOIINX CHUTHAIOB M, COOTBETCTBEHHO, TaKMX € BXOIHBIX
TPAaKTOB TPHEMHUKOB, YTO MO3BOJISIET IMOBBICUTH OTHOIICHWE CHTHAN / IIYyM BBIXOZHOTO 3¢dexta. BBIBOIBI.
Hayunast HOBU3Ha MOJyYEHHBIX PE3yJIbTATOB 3aKIIOYAETCs B CIeAylomeM: Oblla pa3paboTaHa CTPYKTYpHAs cxema
paMOKOMIUIEKCa Ha OCHOBE aJTrOPHUTMOB, CHHTE3WPOBAHHBIX METOJOM MAaKCHUMAaJbHOTO Mpasiomnonobus. s
(dhopMHUpOBaHUS PaTUOnN300paKeHus B paguoKoMILIekce peann3oBano couetanne PCA u PAC (¢ nBymst pexuMamMu
paboter). [laHHas peanm3anus UMeEeT BaKHOE 3HAUCHHE, ITOCKOJIBKY MO3BOJISET IONIyYaTh M300PaXKEHHS BBICOKOU
paspemiamoimield CrocoOHOCTM B JHama3oHe YrIOB HaOmoaeHus +50° oT HampamieHuss B Hagup. Kommiekc
1esiecoobpasHo pa3MemaTh Ha caMoJjeTax, BepToleTaXx M KOCMHUYECKHX ammaparax (PKelTaTelnbHO TeX, KOTOpbhIe
JBIDKYTCS TI0 HU3KUM OpOHTaM).

KaioueBnie ciioBa: (opMupoBaHue paanon300pakeHNH; paiap ¢ CHHTE30M arlepTyphl; pafap C anepTypHbIM
CHHTE30M; aJITOPUTM 00pabOTKH CUrHaia; 00paboTKa CBEPXIIMPOKOIIOIIOCHOTO CUTHAIA.
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