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OBTAINING STABLE CHARACTERISTICS DESCRIPTION OF SIGNALS
SCATTERED BY COMPLEX OBJECTS THROUGH FREQUENCY AVERAGING

An analysis of the appearance of a complex dependence of the echo signal field on the observation conditions
was performed. It was demonstrated that it is caused by the interference of electromagnetic fields of the local
scattering area (LSA) of a complex object with the spatial coherence of the probe signal generated by the antenna
with a limited aperture. Reducing of the variability of the informative features is associated with solving the
problem of reducing the interference of the local scattering area, forming the signal reflected by the target. This is
possible either by increasing the spatial resolution of the radar system or by averaging the received field over a
particular set of parameters. It was demonstrated that the carrier parameter of quasi-monochromatic premises for
spectral scanning of the probe signal is an effective parameter for the formation of stable informative features of
averaging signal. It follows from the analysis that, for a sufficiently wide band in which the scanning probe is
scanned and the object is in an arbitrary spatial location, the phases of the scattered signal are statistically
independent and uniformly distributed. It increases robustness of characteristics of scattered signals to the
variations in observation parameters due to the decrease of the sensitivity of frequency-averaged parameters to the
spatial position of LSA. The criterion of sufficiency of the frequency band for approximate fulfillment of
abovementioned statistical independence is provided. It has been demonstrated that the characteristics of complex
radio-locative objects obtained utilizing the signal frequency-averaging satisfy the conditions of universality of the
description, robustness to the spatial position of LSA, accessibility of their observation, and informativeness.

Keywords: frequency averaging, local scattering area, radio-locative characteristics of complex objects robust
to the variation in observation conditions, signals scattered by complex objects, variability radio-locative
characteristics.

Introduction

The pertinent problem of radio-locative recognition
of complex objects (targets) has been examined over
decades.

One of the most important challenges preventing
the problem to be solved is the detection of certain
radio-locative features (standards) aiming to meet
contradictory requirements.

On the one hand, those features should be informa-
tive enough in order to definitely characterize an object
(or distinguish it as a representative of the certain class
of objects). On the other hand, the number of standards
should be minimized keeping in mind that they should be
robust to the variations in radio-locative observations.

In order to study the processes of scattering of an
electromagnetic wave by objects with a complex shaping
surface, it is advisable to use the model of a limited set
of local scattering regions for which the field at the
entrance of the receiving path of the radar system can be
represented in the form
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where A; - amplitude of the signal reflected by the

i-th local scattering area (LSA) (local reflection area);
Y - a vector that characterizes the conditions of

observation: the evolution of the state of the target, its
orientation.

The complex dependence of the echo-signal field
on the observation conditions is determined by the
rapidly oscillating factor exp{ijRi/c} and is due to

the spatial coherence of the probing signal generated by
the antenna with a limited aperture [1-3]. Therefore, if
we do not take additional special measures, the field E,
and all its parameters, are very sensitive to the change in
conditions, which leads to a huge variety of signal
characteristics at the input of the receiving path and
makes it difficult to use them effectively for detection
and recognition.

Therefore, the search of radio-locative characteristics
of complex objects robust to the variation in observation
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conditions, allowing to remove or at least to eliminate
their extremely high variability in addition to that retaining
its sufficient self-description, is an pertinent problem.

Problem statement

It is obvious that the decrease in the variability of
informative features is connected with the solution of
the problem of reducing the interference of the LSA
forming the signal reflected by the target. In [4] it is
shown that there are two rational ways of solving the
above mentioned problem:

- increasing the spatial resolution of radar system.
As for objects using antennas with small apertures, the
principal role is played by increasing the resolving
power in range. If the resolving power in the range is
not worse than the average size of the characteristic
constructive fragment of the shaping surface, then the
output of the matched filter produces an impulse
response or a distance “portrait” of the target,
characterizing the distribution of LSA within the
physical size of the target in range

2r
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where r — is the current range within the physical target
size. The variability of the distance "portrait" is
determined by the dependence of the parameters of
individual LSA on the conditions and, naturally, weaker
than in the field (1);

— averaging of the received field by one or another
set of parameters.

It should be noted that the averaging method
proposed in [5] for a possible or conditional set of target
positions, in which the average characteristics of the
parameters of the scattered field p(V)=p[E(V)] are

determined by the expression
p=[p(VW(V)dv , 3)

where w(V) - is the joint density of the distribution of

the values characterizing the position of the target, for
example, the probing angles in the vertical and
horizontal planes, in practical radar can hardly be
applied.

Firstly, the calculation of the average characteristics
of the field parameters in accordance with expression (3)
is possible only with a known dependence p=p(V),

which, generally speaking, presupposes specifying an
analytical representation of the received signal.
Secondly, there is a completely natural arbitrariness in
the choice of the distribution density w(V). In additional

point is that, this approach is associated with rather
cumbersome calculations, which allows one to obtain
results only within the framework of the correlation
theory.

Result and discussion

An effective parameter for the formation of stable
informative features of recognition by averaging is the
carrier frequency of quasi-monochromatic premises in
the spectral scanning of the radar signal [4, 6]. The field
of the signal reflected by the complex target can be
written in the spectral region

2R
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where ¢; =|—" , — are the phases of the elementary
2n

components of the signal, reduced to the periodicity

interval of the complex exponential (see Fig. 1).
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Fig. 1. Dependence reduced to the interval (0 + 27) of the
phase of scattered signal one LSA from the frequency

The pitch of the saw and, accordingly, the
frequency of the saw ¢; , is determined by the values of

R;. The amplitudes of LSA 4; are assumed to be
constant in a sufficiently wide frequency band, which is
usually performed in short-wave part of radio range. If
in the sum (4) R; are incommensurable, then depending
on the frequency ¢; these depencies will vary

inconsistently (see Fig. 2).
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Fig. 2. Dependence reduced to the interval (0 + 27) of the
phase of scattered signal from the frequency an object
consisting of two LSA (a) range of relative change
frequency 10, (b) range of relative change frequency 80)

With a sufficiently broad band in which spectral
scanning of the probe signal is carried out, the phases
¢; turn out to be statistically independent and uniformly

distributed, i.e. if i runs through a finite set of values 1,
... I and R; are incommensurate (zi'zlmi R; =0 for any

integer m;, not equal to zero at the same time), then in
the frequency band wy < w < o ¢; are “statistically

independent” and the multidimensional probability
density [4] is
1
Wi, ) )=—.
( ) o

Indeed, due to the periodicity of the complex
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exponential function el®—¢" ¢ the

multidimensional characteristic function (CF) of the
random process (4) can be written in the form

®¢(V1,...,V| )Z
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where v; - are complex variables of the CF, ‘vi‘

accordingly their modules and arguments.
Using the representation

echos¢ _ ijlm(B)ejm¢,
m=—0

(7) can be written
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Here I, — is the Bessel’s function. If we multiply
infinite sums, then the problem reduces to calculating

integrals of the form
(j)m1+...+m| |m1(Ai )...Iml(Ai‘vl )x
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The integral in the expression (8) converges if

Vi

Zi':lmiRi #0 [7]. Taking into account the above

mentioned condition on the incommensurability of R;,
we obtain that different from zero by Q — o for the
expansion of CF will be a member m;R; =0 for any i
S0 the expression (7) transforms to

®¢(V1""'V|):HIOOVi D (9)
Thus, a multidimensional CF can be represented as
a product of one-dimensional CF processes with a
uniform distribution of ¢; on the interval [0, 2x], which
means the statistical independence of ¢;. The
information about amplitude LSA saves.
An approximate equality to zero for the terms of
the decomposition of CF is ensured by the condition

%‘Zilzlmi Ri‘ >>1 (10)

for any integer m, not equal to zero at the same time.
Conclusions

It follows from the analysis that when averaging
the characteristics of the echo signal in a wide
frequency band Q, it is possible to use (5) as an
averaging function for a sufficiently arbitrary spatial
position of the target's LSA.

It should be noted that the description of the
characteristics of the radar signal by averaging over the
spectral scanning range of the probing signal satisfies
the conditions formulated above, namely, it is:

- sufficiently universal;

- stable, because of the insensitivity of the
distribution (5) to the spatial position of the LSA;

- observable, as the formation of characteristics is
made by changing the parameters of the sounding signal
and does not impose significant restrictions on the
external operating conditions of radar system;

- informative since it mainly affects the phase
characteristics of LSA, keeping the information stock in
the form of distribution of their amplitudes.
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YacToTHE ycepeAHEHHS fIK CIIOCI0 OTPHMAHHA CTIHKOro OIKMCY XapAKTEPUCTUK CHTHAJIB, PO3CiAHUX CKJIATHUMHU
00’exTamMu

B.B. Aramaniok, F0.M. KocoBuos, A.M. 3yokos, 10.B. lllagarypa, M.C. MixaneBa

Y pobomi posensnyma padionoxayivina mooens Ckia0Ho20 00’ckma y 8u2nsidi CyKYRHOCMI OLIAHOK JIOKAIbHO20
poscitoeanns ([JIP), KojcHa 3 SAKUX XAPAKMEpU3yeEmMvcs amnaimyoolo i ¢asoto. Ilposedenuil ananiz SUHUKHEHHS CKIAOHOL
3a1eACHOCMI PO3CIAHO20 CKAAOHUM 00 €KMOM NOis 6i0 YMOE CHOCHEPECEH s, WO NPU3eooums 00 GenudesHoi MIHAUBOCMI
Xapakxmepucmuk CUSHAaIi8 Ha 6X00i NPUUMAIbHO20 MPAKmy I YmpYyoHIOE IX eghekmueHe SUKOPUCMAHHS O GUSGICHHA Mad
posniznaganns. I[lokasano, wo ys MiHAUGICMb 00YMOGIEHA IHMEPPEPEHYIE eleKmpoMasHimuux nouis, poscisuux JIJIP
CKNAOH020 00’eKma npu npocmoposiil KO2epeHmHOCHi 30HOYIOU020 CUSHANLY, AKULL (OPMYEMbCA AHMEHOI 3 00MEMNHCEHOIO
anepmypoio. 3HUMNCeHHs 8apiamueHOCmi IHPOPMAMUBHUX O3HAK NOB AZAHO 3 PO38 AZAHHAM NPOOIEMU SMEHUEHHS 83AEMOBNIUBY
JIP, sxi ¢hopmyroms iobumuil yinnto cuenar. Cnocodamu MOMCAUB020 3MEHUIEHHS TMAKO20 83AEMOBNIUBY MOdce Oymu abo
NiOBUWEHHSL NPOCMOPOBUX PO30LTbHUX 30amHOCHell padionoKayitiHoi cucmemu, abo ycepeOHeHHsA NOasA, AKe NPUUMAEMbCsa No
MoMy uu iHWoMy Habopy napamempie. Bioomuil memoo ycepeOHeHHs N0 MONCAUBIU CYKYNHOCMI NON0X4CEHb Yili, HANPpUKIAo,
KYMI8 CHOCMEPeXCeHHs 6 6EePMUKAIbHIN | 20PU3OHMANbHIU NIOWUHAX, 8 NPAKMUYHIN padioiokayii Haspad yu modce Oymu
3acmocoganutl. Y pobomi NOKA3aHo, Wo ehekmueHUM napamempom Onsi HOPMy6aHHa CMIUKUX THPOPMAMUBHUX O3HAK Yinell
WIAXOM YCepeOHeH s € HOCIlHA Yacmoma Kea3iMOHOXPOMAMUYHUX NOCULOK 30HOYIOU020 CUSHANY. 3 NpoeedeH020 aHanizy
BUNTUBAE, WO NPU OOCMAMHLO WUPOKILl CMY3l, 6 AKill 30IUCHIOEMbCA CNEKMPANbHEe CKAHYBAHHA 30HOVIOH020 CUSHANY I npu
00CmMamHb0  00BINILHOMY NpOCmoposomy posmiwjenni [JIP 06’exma, ¢pasu po3cianozo cueHany 6uABNAIOMbCa AK OU
CIMAMUCMUYHO He3ANEeHCHUMU [ PIBHOMIDHO po3nodineHumu. Takuli aneopumm niosuuye Cmiiukicms Xapakmepucmux po3CisHo2o
cucHany 0o 3MiHU NApamempié CNOCMepediCeHHs 6 CUNY 3MEHUeHHS YYMAUGOCHI YcepeOHeHUX no 4acmomi napamempis 0o
npocmoposozo nonodcenna JIJIP. Hagedenuii Kpumepiti docmamuocmi cmyeu yacmom 0N NPUOIUSHO20 BUKOHAHHA
suwyeekazanoi cmamucmuynoi Hesanexchocmi. Ilokasano, Wo XapaxmepucmuKku CcKIAOHUX paodionoxayiinux o0 e€xmis,
ompumani 3 00NOMO2010 YACMOMHO20 YCEPeOHEeHHs CUSHALY 3A0080NbHAIOMb YMOBAM YHIBEPCANLHOCMI onucy, cmitkocmi 0o
npocmoposo2o nonodxcerts JIJIP, docmynnocmi ix cnocmepesicensi ma inpopmMamueHOCmi.

Knwwuoei cnoea: uacmommue ycepeonenHs, OLISAHKA JAOKAIbHO20 PO3CIIO8AHHS, CMIUKI 00 3MIiHU PAOIONOKAYIUHI
Xapaxmepucmuxy CKIAOHUX 00'€kmie, po3CisHull CKIAOHUM 00' €EKMOM CUSHAI.

YacroTHOE yYcpeaHnenue Kaxk crnocood nmoJsiyyeHus ycTOﬁ‘lHBOFO OMUCAHUS XAPAKTEPUCTUK CUTHAJIOB, PaCCEIHHBIX
CJIO}KHBIMH 00bEKTAMH

B.B. Aramantok, FO.H. Kocosios, A.H. 3y6kos, 10.B. [lladatypa, M.C. Muxanesa

B pabome paccmompena paouonoxayuonnas mooenb crodicHo20 00beKma 6 eude COBOKYNHOCMU YUACMKO8 JIOKANbHO2O
paccesnus (YJIP), kaxcovlii uz KOmopwix Xapakmepuzyemcs amnaumyoou u ¢asoii. [lposeden ananus 603HUKHOBEHUS CTIONHCHOUL
3A6UCUMOCTNU NOJA IXO-CUSHANA OM YCA08ULl HAOMIOOEHUs, 4MO NPUBOOUM K OZPOMHOU UBMEHYUBOCTNU XAPAKMEPUCHUK
CUCHATI08 HA 6X00€e NPUEMHO20 MPAKMA U 3ampyoHsem ux d¢gekmusroe Uchob3oeanue 0l 0OHAPYIICeHUs U PACNO3HABAHUSL.
THoxazano, umo ama usmenuueocms 06yciosiena unmeppepenyueli INeKMPOMASHUMHBIX noael, paccesunvlx YJIP croscrnoeo
0b6vekma npu NpoOCMPAHCMEEHHOU KOLEPEHMHOCMU 30HOUPYIOWe20 CUSHANA, (YOPMUPYEMO20 AHMEHHOU C 02PAHUYEHHOU
anepmypoil. CHudCeHue 8apuamusHoCmu UHOOPMAMUEHBIX NPUSHAKOE CEA3AHO C peueHuemM npoodiemvl YMeHbUEeHUs 63aUmMo-
enuanua YIJIP, gopmupyrowux ompadxcennuviii yenwvio cuenan. Cnocobamu 603MOHNCHO20 YMEHbUEHU MAKO20 83AUMOBIUAHUSA
Mooicem Obimb IUOO NOGbIUEHUE NPOCMPAHCMEEHHBIX PAPEUaAIoOWUX CnoCcobHocmell paouoIOKAYUOHHOU cucmemvl, 1ubO
ycpeoHeHue NPUHUMAeMo20 NOA RO MOMY Uau uHomy Habopy napamempog. HMzeecmmuulil Memoo ycpeoHeHUs no 803MONHCHOU
COBOKYNHOCMU NONOJCEHUN Yeau, Hanpumep, Y2108 HAONI00eHUs 6 8ePMUKANLHOU U 20PU3OHMANLHOU NAOCKOCMAX, 8
Npakmuyeckol paouoIoKayuu 8psao iu Modicem Oblmb UCNOAb308aH. B pabome nokazano, umo s¢pghexmusHvim napamempom 07is
@opmuposanua ycmouuugblx UHGOPMAMUBHBIX NPUSHAKOS Yellell nymeM YCpeoHeHUs ABNAemcs Hecywas 4acmoma
KBA3UMOHOXPOMAMUYECKUX NOCBLIOK 30HOupylowe2o cucHana. M3 npogedennoco amanusza ciedyem, ymo npu OOCMAMOUHO
WUPOKOIL nonoce, 8 KOMOPOU OCYWeCmeNaemcs CNeKmpaibHoe CKAHUPOS8anue 30HOUPYIOwe20 CUSHANa U npu O00CmMAamouHo
NPOU3BOILHOM NPOCMPAHCMEEHHOM pacnonoxcenuu YJIP obvekma, ¢hasvl paccesannozo CusHana OKA3bIBAIOMCs KAk Obl
cmamucmuiecky He3agucUMblMU U PAGHOMEPHO pacnpedeienHblMU. Dmo nogviuiaem yCcmouyuugocms XapaKmepucmux
PACCESHHO20 CUSHANA K UBMEHEHUIO Napamempos HAaOM00eHUs 6 CUNY YMEeHbUWeHUs UYBCMGUMENbHOCMU YCPeOHEHHbIX No
uacmome napamempos Kk npocmpancmeennomy nonodicenuio YJIP. [Ipuseden kpumepuii 00cmamo4Hocmu noI0Cyl 4aCmom Ol
NPUOIUZUMENBHO2O0 GbINOIHEHUA BbIUEYKA3AHHOU cmamucmuyeckol Hesasucumocmu. Ilokazano, umo Xapaxmepucmuxu
CNLOJCHBIX PAOUOTOKAYUOHHBIX 0OBEKMOB, NOAYUeHHbIe ¢ HOMOWBIO YACMOMHO20 YCPeOHeHUsl CUSHANA YOOB8IIemEOPAIOn YCilo-
BUAM YHUBEPCANbHOCMU ONUCAHUA, YCMOUYUBOCIU K HPOCMPANCMEEHHOMY nonodxcenuto YJIP, nabaiodaemocmu u
unghopmamusnocmu.

Knrouesvle cnosa: uwacmomuoe ycpeduenue, yuacmokK JIOKajlbHO2O paccCesinus, ycmoﬁuusble K U3MeHeHUIO
paduozzoxaz;ummhze XapakmepucmuKu Cl0HCHbIX 061)6}(’"’!08, paCCéﬂHHbllZ CHOCHBIM 0OBEKMOM CUSHAIL.
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