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EVALUATION OF THE POSSIBILITIES OF PROVIDING THE NECESSARY
ACCURACY OF THE RADIAL VELOCITY MEASURING OF A TARGET
BY COHERENT-PULSE RADARS OUTSIDE THE LINE OF SIGHT

Abstract. The purpose of the article. The article estimates the possible values of the components of the mean-square
error of measuring the radial velocity of the target which appear as a result of fluctuations of the phase of the radio signal
outside the radar line of sight. The expediency of using a coherent burst of radio pulses to provide the necessary detection
range with specified quality indicators is substantiated. Consideration is carried out for a model of a signal with a random
amplitude and an initial phase. It is assumed that phase fluctuations are distributed according to the normal law with zero
mean, and their correlation decreases with an increase in the interval between the radio bursts of the packet alternating. Re-
sults. The results show that due to the phase fluctuations of the radio pulses of the received pack, the mean-square measur-
ing error of the target radial velocity can exceed the values determined by the tactical requirements for coherent-pulse ra-
dars. Conclusions. The performed numerical analysis allows to determine the degree of reduction of the quality of the radio
pulses burst time-frequency processing in coherent-pulse radars and evaluates the degree of reduction of the effectiveness
of the further secondary processing of the radar information.

Keywords: radar line of sight; radar surveillance; radial velocity; coherent- pulse radar; burst of radio pulses; phase fluc-
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Introduction

Problem statement. Providing the necessary
range radar subtle, pinpoint and maneuvering targets are
connected to obtain the greatest possible signal-to-noise
ratio at the output coherent processing of the received
signal. When radar such purposes, the use of features in
troposphere propagation radio wave can significantly
increase the range of the radar.

The ability of modern aerodynamic purposes in the
course of assigned tasks the implementation sudden
maneuvers necessitates the estimation of the maximum
radial velocity with high accuracy. To solve this prob-
lem a coherent pulse radar as a probing signal using
coherent packet radio pulses. The actual conditions of
distribution and reflection of the radar signal outside the
range of sight significantly limit its temporal coherence
and quality of time-frequency processing.

These conditions can be considered: the impact of
atmospheric irregularities Doppler noise objectives and
reflection of radio waves from the earth's surface with a
complex terrain or rough sea surface. Danny conditions
give rise to phase fluctuations of radio pulses adopted
by the packs that reduce measurement accuracy of fre-
quency and how to radial velocity targets. Until today
coherent pulse radar imposed strict enough requirements
for a given accuracy characteristics. So, radar, perform-
ing trajectory radar data processing error measurement
targets radial velocity should not exceed 1 m/s. It is
therefore necessary to analyze the components men-
tioned radial velocity measurement errors objectives and
assess the extent of the contribution of individual factors
in reducing the quality of time-frequency radio pulses
packs processing of coherent-pulse radar.

Analysis of recent research and publications.
Improvement and development of modern radar aerody-
namic objects causing increasing requirements for
means of identification and tracking.

In today's coherent pulse radar algorithms imple-
mented digital coherent integration pachkovoho the re-
ceived radio signal. Therefore, a practical benefit as-
sessment of possible measurement errors radial target
velocity based on the statistical characteristics of phase
fluctuations of radio pulses adopted by the packs.

Radar targets and measuring their coordinates and
motion parameters in a complex environment devoted a
significant amount of work.

Phase fluctuations arising from atmospheric ir-
regularities and use of radio systems in these conditions
are described in the works [1—4]. In addition, the phase
distortion of the received signal which are caused by
complex form goals and its ability to perform sudden
maneuvers, causing her walk radar center and as fol-
lows, the emergence of high-speed noise targets [1, 5,
6]. In the case of radio signal propagation with radar
targets moving at small angles place as it appears addi-
tional phase distortion, as described in [3, 5-7].

Said demonstrates the need for assessing the im-
pact of these factors on the quality of the measurement
coordinates and motion parameters purposes, capable of
sudden maneuvers by the radial velocity, including at-
tack helicopters. Given the method described in [8], the
results of which are shown in [9] indicate that the detec-
tion range of the helicopter outside the range of sight in
terms of its location by the sea can be increased in
7 ... 10 times. However, with a significant impact exer-
cise phase fluctuations of the received radio signal.

Problems ranging and radial velocity of targets in
the circumstances considered in [10]. However, the con-
clusions were obtained for the case of radar signal. Pro-
viding the required detection range and accuracy radial
velocity measurement objectives involves using as a
probing signal radar coherent bundles of radio pulses. In
[11-24] the method of calculating the error rate meas-
urement packs resulting from the influence of phase
fluctuations of radio pulses.
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Assumptions statistical characteristics of reflected
signals confirmed results of experimental studies that
covered in [25].

Therefore, the urgent task is to find ways deterio-
ration degree estimation accuracy radial velocity meas-
urements of complex maneuvering targets beyond line
of sight and radar analysis of the impact of the deterio-
ration in their highway further processing. The purpose
of the article: is the calculation of the component errors
of the radial velocity measurement of the target and the
analysis of their contribution to the resulting error for
typical parameters of coherent-pulse radar.

Main material

Ensuring the sustainability radar complex maneu-
vering purposes directly related to maximizing the ra-
tiosignal-to-noise ratio, which determines need-range
radar quality radar detection and accurate measurement
of their coordinates. This is achieved coherent accumu-
lation packs received radio pulses.

For models with random signal amplitude and ini-
tial phase conditional probability of correct detection
described by [26]

1/(1+¢2 /2
gl o
and depends only on the conditional probability of false
alarm F and signal-to-power ratio q2 (detection pa-
rameter).

Thus, to increase the conditional probability of
correct detection, it is necessary to increase the signal-
to-noise ratio, which can be ensured by the use of a co-
herent pack with as many radio pulses as possible.

The accepted implementation is considered to be

the sum of the useful radio signal reflected and the in-
trinsic noise of the receiving device

y(t, Q) =x(t,Q)+n(t), (2)

where y(¢,Q) - implementation of the accepted oscilla-
tion; x(z,Q2) - implementation of a useful signal; n(¢) -
implementation of internal Gaussian noise;

Q - the Doppler cyclic frequency of the received radio
signal.

As the signal seenpack having n radio pulses with
random amplitude and initial phase. By phases of radio
pulses packs attached fluctuation components
¢@; (i=1,2..n) That due to the above terms of its dis-

tribution and reflection

n
X(6,Q)=bY X;(1,Q)expli(B+¢;)], A3)

i=l
where X ;(,Q) - complex amplitude i -th radio pulse;
b — the random amplitude of a radio signal distributed
by Rayleigh's law; B — a random initial phase of a radio
signal, distributed according to a uniform law; ¢; —

fluctuation component of the initial phase i -th radio
pulse; i — the number of the radio pulse that is counted
from the beginning of the pack; n — the number of ra-
dio pulses in the pack.

Fig. 1 presents graphs of the conditional probabil-
ity of correct detection (1) of the number of coherently
accumulated radio pulses in the process of processing
the received signal.
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Fig. 1. The conditional probability dependence correct
detection from the number of radio pulses
the number of radio pulses

The results obtained in q2 =100 for cases:
F=107* (graph 1) F=10"° (graph 2) F=10"8

(graph 3) F = 10710 (graph 4).

These values characterize the quality of radar de-
tection radar for different purposes, like viewing radar,
as radar and support.

The dependences indicate that the accumulation of
coherent radio pulses packs adopted zinachno able to
improve the quality of radar detection. However, most
efket observed during the transition from one treatment
to ridioimpulsu coherent processing 10 radio pulses.
Increase the conditional probability of detection pravil-
noho D depending on the conditional probability of

false alarm F=10"%.10"'"" makes up 15..30
percentage. The transition from coherent accumulation
10 of radio pulses to coherent accumulation 100 the
radio pulse causes an increase D only on
1,6 ... 4 percentage.

The above indicates that when solving the problem
of high-quality radar surveillance, it is necessary to pro-
vide in-phase addition of 10 ... 30 received radio pulses.

Due to the effect of the troposphere radio
waveguide, it is possible to detect targets at distances that
far exceed the line of sight. This is confirmed by the
results of the experiment given in [9]. During its
conducting, a coherent pulse radar located on the coast of
the Azov Sea was used as a radar meter 35. However,
there were significant random distortions of the phase
structure of the radar signal, which reduced the accuracy
of measuring its time-frequency parameters.

According to the results of the experiment, in the
conditions of anomalous refraction, the amplitude and
the initial phase of radar signals are distributed accord-
ing to the normal law at the propagation of electromag-
netic waves over the sea. In this case, the normalized
correlation function of the phase of the reflected signal
is oscillating. For a packet of radio pulses with a rectan-
gular scan and an even number of radio pulses, the vari-
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ance of the measurement error parameter () only inter-
nal noise of the receiving device is evaluated according
to the expression [11]

I _q’@m’ -1

2
Ooys 12

(4)

and it looks

) 12
ooy =——>"——, (5)
q>(4m? -n1?

where T — period of packet radio pulse tracking; m -
the number of pairs of radio pulses symmetric about the
center of the pack.

The presence of phase fluctuations peak signal is
expanding body of uncertainty for time-frequency pa-
rameters and their deviation from the center, leading to
deterioration of measurement accuracy radial velocity
targets. If the phase fluctuations of radio pulses adopted
by the packs described oscillatory correlation function,
the dispersion parameter measurement error Q Only
the presence of phase fluctuations estimated by the ex-
pression obtained in [11]

cé =18csq)2/(m2(4m2 —1)2T2)><

X { > @ 1)?(1—exp (—%(2]—1)} cos((2j-yT))+
=1
! m—j m—1 (6)
+2- " exp(=(T/t) )Y (2 -1)2j+2-1)x
I=1

J=1

x(cos(jyT)—exp (—%(Ej - l)jcos((Zj +[- l)yT))J,

2
where Oy

tion interval phase fluctuations; y — frequency oscilla-

— variance of phase fluctuations; T — correla-

tions correlation coefficient phase.

Relevant components of the mean square error
(MSE) measure the radial velocity of targets can be cal-
culated according to the expressions:

A A
Ous =4_TCGQS > Oy =EGQ’ (7

where A — wavelength radar.

The principal feature of the radar tracking is that
this class is designed for radar-guided weapons of de-
struction (missiles) to the target. It is technically en-
sured by the use of a radar tracking target image, includ-
ing range and radial velocity. Modern radar-guided anti-
aircraft missiles is trykoordynatnym coherent-pulse ra-
dar centimeter range, which provides automatic detec-
tion and capture acrodynamic and ballistic targets, while
their maintenance, start-up and restore them to anti-
aircraft missiles.

Such packs probing radar used signals from radio
pulses repetition rate of 20 ... 100 kHz [27].

It has practical benefits get the possible values of
components measuring radial velocity MSE aims with

respect to signal noise in power q2 =1000 for cases of

short coherent integration »n =8, medium »=16 and
long n =32 packs of radio pulses.

Using expressions (5) and (7) can be calculated
component MSE radial velocity measurement purposes,

due to internal noise receiver o, for packs of n= 8,
16 and 32.

In the case of propagation in random heterogene-
ous environment, in [1, 2] given the magnitude of dis-
persion of phase fluctuations of radio cs(zp which has
passed through the Earth's disturbed troposphere. Inter-
val correlation phase fluctuations may be t=0,1...1s.

For tracking radar target detection at ranges of
50 ... 150 km heterogeneity troposphere size 100 m can
cause fluctuations of the phase dispersion

cfp =4,8..9,7 rad2 at A =0,3...0,5 cm.

For the data, using expressions (6) and (8) can be
calculated component MSE radial velocity measurement
purposes, due to phase fluctuations of radio pulses

adopted by the packs o, for n= 8, 16 and 32.

The calculation results constituents MSE radial ve-
locity measurements for radar tracking targets are
shown in Table 1.

Table I — Components measuring radial MSE rate targets
for radar tracking, m/s

n Oys Gy

8 0.66 1.85...6.9
16 0.33 1.3..4.82
32 0.16 091..34

The results obtained indicate that the values of the
components of the MSE measurement of the radial
speed of the target, due to the phase fluctuations of the
radio-pulses of the received pack, can several times ex-
ceed the components due to the influence of the intrinsic
noise of the receiving device.

In addition to the influence of troposphere hetero-
geneities, the effect of target Doppler noise and multi-
path propagation of the signal causes an additional in-
crease in the fluctuation component of the MSE meas-
urement of the radial velocity of the target to several
units of m / s or more.

Thus, the phase distortion of the radar signal influ-
ences the operation of the radar tracking, causing the
risk of disruption of the target from auto tracking at ra-
dial speed.

Conclusions

The conducted evaluation shows the necessity of
using special methods of reducing the influence of
these factors in radar measurement of radial velocity of
the target both within and outside the radar line of
sight.

The results obtained allow us to determine the
degree of deterioration in the quality of the time-
frequency processing of a bundle of radio pulses in
coherent pulse radars and to evaluate the degree of
decrease in the efficiency of further secondary pro-
cessing of radar information.
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OuiHoBaHHSI MOKJIMBOCTEN 3a0e3MeYeH s 3a1aH0i TOYHOCTI BUMipIOBaHHS PaliaJibHOI IIBHAKOCTI 1ii
KorepeHTHO-iMnyascHumMu PJIC 3a meskaMu najbHOCTI NPSAMOI BUAMMOCTI

0. JI. Ky3uenos, B. 1. Kapnos, B. M. Ilerpymenko, O. B. becosa, O. B. Jlykamyk

AHoTamis. Y cTaTTi OLIHIOIOTHCS MOMJINBI 3HAYEHHS CKJIAJIOBUX CEPEIHbOKBAPATHYHOI TOMUIIKY BUMIPIOBAHHS palli-
aJIBHOI IUIBMIKOCTI IiJIi, SIKI BUHUKAIOTh BHACHINOK (UIyKTyauiii (a3u paniocurHainy 3a MeXaMH JIbHOCTI IPSIMOI BUAMMOCTI
PJIC. Ob6rpyHTOBaHa JOIIIBHICTh BUKOPHCTAHHSI KOr€PEHTHOI MAauKK palioiMITyJIbCiB [UIsl 3a0e3MeueHHs] He0OX1IHOT NaabHOCTI
BUSIBJICHHS 13 3aJIJaHMMH HOKa3HUKaMH IKOCTi. Po3riisn npoBoaMTHCS I MOJIENl CUTHAILY 3 BUIIAIKOBOIO aMILIITY/IO0 Ta 1104aT-
KOBOIO (pazoro. Baxaerbcst, mo (a3oBi (uIyKTyawii po3noaiieHi 3a HOpMaJbHUM 3aKOHOM C HYJIBOBHM CEpe/IHIM, a TXHs Kope-
ISt yOyBae 31 30UIbIICHHM iHTEpBally MK Pa/lioiMITyJIbcaMH NAYKH 33 3HAKO3MiHHUM 3aKOHOM. Pe3ynbTaTi BKa3ylOTh Ha Te,
1110 BHACIIIOK (pa30BUX (IIyKTyalliil panioiMITy/IbCiB IPUHHATOI AYKU, CePeJHBOKBAAPATHYHA IOMUIIKA BUMIPIOBaHHS pajiialib-
HOI IIBMAKOCTI LI 37aTHA NepeBeplLIyBaTH 3HAUCHHS, SIKi BU3HAYAIOTHCS TAKTUYHUMU BUMOTaMH O KOI'€PEHTO-IMITYJIbCHUX
PJIC. IIpoBeneHuii YncesIbHUIA aHalli3 03BOJISAE BU3HAYATH CTYIiHb MOTiPIIEHHS SKOCTi YacO-4aCTOTHOI 0OPOOKH MaukKH pasio-
IMITyTIbCIB B KOrepeHTHO-iMIyinbcHUX PJIC Ta OLiHIOBATH CTYIiHb 3HMKEHHS €(EKTHMBHOCTI IOJANBIIOI BTOPHMHHOI 0OpOOKH
pagionokariinoi iHpopmaryi.

Kar4dosi ciaoBa: nanbHICT NPSAMOI BUAMMOCTI; PajlioIoKaLiiiHe CIIOCTEPEKSHHS; paliaibHa IBUIKICTh; KOT'€PEHTHO-
immynbena PJIC; nauka pazgioiMmynsci; Gaszosi qurykryarii.

OuennBanue BO3MOKHOCTEH o0ecredeHns 32JaHHOI TOYHOCTH H3MEpPeHHsl P AJILHONH CKOPOCTH LeIH
KOrepeHTHO-uMyabcHbIME PJIC 3a npenenamn JajabHOCTH NPAMOI BUAMMOCTH

0. JI. Ky3uenos, B. /1. Kapnos, B. H. Ilerpymenko, O. B. becosa, E. B. Jlykamyk

AHHoTanus. B crarbe OllEHUBAIOTCS BO3MOXKHBIE 3HAUCHHS COCTABILIOIIMX CPEAHEKBAAPATHUECKOH OMIMOKK H3MEpeHHs
pajuanbHOM CKOPOCTH LEITH, KOTOpbIe BO3HUKAIOT BCIEICTBHIE (IyKTyalui (a3l pajlocurHana 3a npeeaMu JadbHOCTH NPsMOi
BugumMoctu PJIC. O6ocHOBaHa 1e/1ec000pa3HOCTh HCIIONB30BAHMS KOTEPEHTHOM MAauKu pajuOUMITYJIbCOB 11 00ecrieueHns HeoO-
XOJIMMOMH JIAJILHOCTH OOHApYKEHHs C 3aJaHHBIMM IOKa3aTeNlsiMM KauyecTBa. PaccMOTpeHHe NpOBOIMTCS Ul MOJEIM CUTHalla cO
CllydaiHol aMIUIMTY 0/ 1 HauanbHOMU (a3oi. ITpeanonaraercs, uro $azosble GIyKTyaluK pacipe/eeHbl 0 HOPMaIbHOMY 3aKOHY
C HYJIEBBIM CPEIHUM, a X KOppeJsys yObIBaeT ¢ yBEIMYEHHEM MHTEpBaja MEXIy PaJHOUMITY/IbCAMH IAYKU MO 3HAKOIEPEMEH-
HOMY 3aKOHY. Pe3ynbTaThl yKa3bIBaroT Ha TO, YTO BCIEICTBUE (ha30BbIX (IyKTYalMi paJHOMMITY/IbCOB MPHHSTON MauKH, CPEIHe-
KBaJpaTHyeCcKas ONOKa U3MEPEHHS PaJIMaIbHOM CKOPOCTH LIeNM CHIOCOOHA NPEBBIIIATH 3HAUCHUS, KOTOPBIE OIPEIENIAIOTCS TAKTU-
4eCKUMH TpeOOBaHMSIMM K KorepeHTHO-UMIynbcHbIM PJIC. TIpoBeneHHBIN YUCICHHBIM aHAIN3 II03BOJIIET ONpEJEISATh CTEIeHb
YXYILIEHHs] Ka4ecTBa BPEeMsA-4acTOTHOH 00paOOTKH Iauky paJUOMMITYJIbCOB B KOrepeHTHO-UMITyIbcHbIX PJIC 1 oneHuBarth cre-
IIEHb CHIDKEeHUS 3 ()eKTUBHOCTH asbHeHIel BTOpUYHOI 00paboTKN paioIOKalliOHHON HH(OpMAaLn.
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