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SIGNAL RELAY TIME MEASURER REFLECTED
FROM A SMALL PURPOSE AT ITS LOCATION OVER THE SEA

Abstract. In the article possibility of account of phase fluctuations of signals reflected is examined from littlepitch aims
location, during optimization of process of measuring of time of delay of signal. The process of optimization of measuring
of distance to the aim on conditions of superrefraction is examined in supposition, that fluctuations of the signals reflected
from nouupyembix aims up-diffused on a normal law, and the cross-correlation function of these fluctuations has an
arbitrary kind. Within the limits of suppositions got correlation for the optimal estimation of time of delay of the reflected
signals. Using the obtained ratios to determine the delay time and the variance of the group delay estimation, the target
distance meter was synthesized under the radar of the target above the sea beyond the line of sight for the case when the
correlation function of phase fluctuations is described by an exponential function. The proposed optimal estimation
algorithm and rangefinder can be used to construct promising radar locations for low altitude targets. The use of such a
meter can improve the accuracy of measuring the target range from 2 to 2,5 times.
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Introduction

Formulation of the problem. Usually, when
working, developing and designing radar stations (RS),
airspace intelligence engineers try to reduce the impact
of additive interference (generator noise, active
interference etc.) on the tactical and technical
characteristics of the radar stations. The impact of
multiplicative interference caused by the change in the
refractive properties of the medium of propagation of
radio waves on the operation of RS is not taken into
account. This fact does not allow to fully realize the
capabilities of RS for the detection and maintenance of
air targets with a given accuracy. Analysis of the work
[1, 2] showed that to improve the quality of radar at the
location of the low altitude target, it would be advisable
to conduct rapid diagnosis of propagation conditions in
the inspection area RS.

It is known that a change in the type of refraction
can cause both a decrease and an increase in the
detection range of radar facilities. The reason for this
phenomenon is the presence of inhomogeneities of the
troposphere on the route. The presence of tropospheric
inhomogeneities on the track of propagation of radio
waves can in some cases increase the range of radio
equipment [3, 4, 5]. However, the location of targets
beyond the line of sight increases the errors of
determining  spatial  coordinates. According to
experimental data [6-11], in determining the target
range beyond the line of sight for every kilometer of the
distance to the object fluctuating measurement error
range can reach ten meters, which does not allow to
fully realize the capabilities of anti-aircraft missile
systems for the destruction of low altitudes goals.

Analysis of recent research and publications.
Analysis of recent publications has shown that when
locating a low altitude target beyond the line of sight,

using the phasometric distance measurement method,
errors in measuring the range of that target increase. As
shown in [8-11], this is due to the appearance together
with the uncorrelated and correlated components of the
phase fluctuations of the signals reflected from low-
altitude targets, which are in the troposphere beyond the
line of sight.

A number of papers [8-13] have become the
theoretical basis for optimizing the signal delay
measurement process. In these works, the process of
optimizing the measurement of the distance to the target
under the conditions of superrefraction is considered on
the assumption that the fluctuations of the signals
reflected from the low altitude targets are distributed
according to the normal law, and the correlation
function of these fluctuations has an arbitrary
appearance. Within the assumptions, the ratios were
obtained to optimally estimate the delay time of the
reflected signals.

In order to be able to improve the accuracy of the
determination of the range of aerial objects in a
particular radar sample, it is necessary, first of all, to
have adequate structural diagrams of the rangefinders.
In the known literature [6], circuits of range meters for
the case where the fluctuations of the phase of the
signals reflected from the targets are distributed
according to normal law are considered, and the
correlation function of these fluctuations has an
arbitrary appearance.

In this paper, we propose an optimal estimation
algorithm and a device that implements this algorithm
for the case where the correlation function of phase
fluctuations is exponential.

The purpose of the article is to construct a
structural diagram of the device of the delay time signal
of the reflected from the low altitude target, provided
that the fluctuations of the phase of the reflected signals
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are distributed by normal law, and the correlation
function of the phase fluctuations is exponential.

Main part

As was established in [7-11], the phase
fluctuations of the frequency components of the signal
reflected from the low altitude target at its location
above the sea are distributed according to normal law.
This allowed us to optimize the process of measuring
the range by the criterion of maximum logarithm of the
likelihood ratio. According to this criterion, [12, 13]
obtained the relations for measuring the delay time and
the variance of the estimation of the group delay using
the correlation function of phase fluctuations, which is
given in the general form.

As shown in [12-14], the Optimal Delay Time
Estimation is as follows:

. [” r(@R(Q)d

3= > (1)
[ arect(0/a0)R(Q)d0

where  y(Q)=x(Q)+n(wy+Q) - the input signal
having the form of the sum of the expected signal, x()
and phase noise n(wy+Q); AQ — the width of the probe
signal spectrum; g - carrier frequency; R(Q) - a
weight function.

According to [12-14], the ratio for the variance of

the estimation of the group delay time is written as
follows:

144 0,5 AQ
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where @(€Q, Q) — the correlation function of the phase

fluctuations of the frequency components of the signal.

Since, when the signal is propagated to and from
the target, the effect of the medium is on its frequency
components, the equation with the weight function will,
in this case, be:

0,5AQ 1)
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If the phase fluctuations of the frequency

components of the signal are described by an
exponential correlation function:

1
D(Q,0Q)= cfp exp{—g|Q—Ql |}, 4)

then the integral equation for finding the weight
function will be:
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To solve it, we differentiate twice the left and right
parts, give similar and, given that R(Q,z,)=1¢,R(Q),

we get:
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where §(Q+AQ/2) - delta function.

Determine the variance of estimation of the
optimal measurement of group delay in this case.
Substituting (5) into (2), we obtain:

2
2 _ G(p ) 12¢ (7)
AQ? 1+3c+3c?
We get an expression for an algorithm for optimal
measurement of group delay (range to target). Using the

relation (5), respectively, we obtain the finite relation:

A 0,5AQ
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where K; and K, - weighting factors.

The weights are as follows:

-1
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K, =(3c+3c2)[AQ(l+3c+3c2)} . (10)

The scheme of the device that implements the
obtained algorithm (8) is shown in Fig. 1.
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Fig. 1. Scheme of the evaluation device t;

The operation of the device is as follows. The
implementation of the radar signal is accepted

S(t)= (1/(2n))~exp(j0)0 [t—(po (o9 )/mo})x
><Oj‘J G(Q)exp(j{Q[t—q)’ (oaO)J—n(0)+Q)})dQ

enters the block of formation of linear phase induction
of frequency components of signal 1 (block of
formation y(Q2) and relative interval of correlation of
phase fluctuations ¢ ).

From the output of block 1,the implementation of
the phase in y(Q) enters the block estimation delay. In
this block, according to algorithm (8), an optimal
estimate t; is formed. In this case, in block 2, the
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0,5AQ

integral is calculated J-—o A Qy(Q)dQ and in block 3,

the ratio is calculated [y(AQ/2)-y(AQ/2)] in

accordance with algorithm (8).

The output of block 2 is connected to the input of
one of the blocks 5, the other input of which receives a
voltage proportional to the coefficient k1 formed in
block 4. The output of block 5 is connected to one of the
inputs of block 7, the other input of which is connected
to the output of block 6, one of the inputs of which is
connected to the output of block 3, and the other with
the output of the block 4 on which the voltage is
generated, proportional to the coefficient x,. The
weights k; and k, correspond to the coefficients of the
additives of formula (8) and are determined in the block
of formation of weights 4, which receives the estimated
value of the relative correlation interval of phase

fluctuations ¢ = 2{)AQ_] from block 1. In blocks 5 and

6, multiplication is carried out, and in block 7 -
summation of the voltage supplied to their inputs.

We compare the variance of the optimal
measurement of the group delay of the algorithm (8)
with the variance of the measurement error according ¢,
to the algorithm, which does not take into account the
correlation of phase fluctuations. According to (2), for
the variance of the measurement error according to an
algorithm optimal for uncorrelated phase fluctuations,
we obtain the relation:

c,z =126<2P/A92 X

x{c—%cz (1+c)[e‘2/" +1+c(e_2/" —1)}}.

Using relation (11), we estimate the gain (B) in the
accuracy of measurement ¢,, which is ensured by using

(11)

the proposed optimal algorithm, using the expression:

The results of calculation B are shown in Fig. 2.
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Fig. 2. Evaluation of the gain
in the accuracy of measurement

From the data shown in Fig. 2, it is clear that in the
range of values of ¢=0,4—1,4 the accuracy gain is
from 2 to 2,5 times.

Conclusions

Therefore, the feature of measuring the distance to
the low-altitude target framed at a distance, the greater
the line of sight, is to take into account, together with
the uncorrelated and correlated frequency components
of phase fluctuations reflected from the target signal in
the frequency domain. In this case, the estimated delay
time of the reflected signal assuming a normal law of
distribution of phase fluctuations in the frequency
domain will be unchanged.

Using the obtained ratios to determine the delay
time and the variance of the group delay estimation, the
target distance meter was synthesized under the radar of
the target above the sea beyond the line of sight for the
case when the correlation function of phase fluctuations
is described by an exponential function.

The proposed optimal estimation algorithm and
rangefinder can be used to construct promising radar
locations for low altitude targets. The use of such a

2/ 12 meter can improve the accuracy of measuring the target
B=o / © tomm (12) range from 2 to 2,5 times.
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BumiproBa4 yacy 3aTpHMKH CHTHAJTY, BiAOMTOro BiJ MaJIOBHCOTHOI iJIi IPH ii JIOKaNii Hax MopeM
O. B. becosa, B. JI. Kapnos, O. B. Jlykamyk, B. M. Ilerpymenko

AHoTanisi. B craTTi 3anporoHOBaHO AJIrOPUTM ONTHUMAJIBHOTO OLIHIOBaHHS 4acCy 3aTPUMKHU CUTHAIY NP paJiiofoKarlii
MaJIOBUCOTHUX Lieil. AJITOPUTM BpPaxoBYye HAsBHICTH (ha30BUX (uIyKTyaliil BiOMTHX BiJ MaJOBUCOTHMX LiJ€i CHrHANIB, sIKi
00YMOBJICHI CEpeIOBHUIIEM MOIIMPEHHS paIioXBWib. B poboTi mpencraBiieHa CTPYyKTypHA cXeMa INPHUCTPOIO, SIKUH peaizye
3aIPOIIOHOBAHMI aJITOPUTM OLIHIOBAHHSA 4acy 3aTpuMKu. IIpu 1pomy KopessiniiiHa QyHKIis Gpa3oBuX QIIyKTyaliil OMUCYeThCS
€KCIIOHEHIIHHOW (yHKUieto. Po3paxyHkM, siki HaBeAeHI B CTaTTi, CBiAYaTh PO T€, IO BUKOPHCTAHHS 3alpOIIOHOBAHOI'O
BHMIpIOBa4a JajgbHOCTI JO3BOJISIE MTIIBUIIUTH TOYHICTH OLIHIOBaHHS JAJIBHOCTI Bix 2 10 2,5 pasiB. BukopucroByroun orpumani
CIIBBIJIHOLIEHHS /Ul BU3HAUYCHHS 4acy 3aTPUMKH 1 JMCIepcii OLiHKU IPyNoOBOi 3aTPUMKH, OyB CHHTE30BaHHH JAleKOMip IO
mery nix PJIC mMetn Haz MopeM 3a MexxaMu NpAMOi BUAMMOCTI JUI BUIIAJKY, KOJIM KopeswiiHa GyHkiig ¢pa3oBux Qurykryauii
OIMCYETHCS eKCIOHSHIIIHHOI (QyHKLi€r0. 3alpONOHOBAHUI aJlrOPUTM ONTUMAJILHOTO OLIHIOBaHHS Ta JAJICKOMIP MOXYTb OyTH
BUKOPHCTaHi Ul MOOYJOBH IEPCHEKTHBHHUX DaliONIOKaLlifiHUX JIOKalil Ui MaJOBUCOTHUX Lineil. BukopucTaHHs Takoro
BHMIpIOBa4a JI03BOJISIE IMiBUIIUTH TOYHICTH BUMIPIOBaHHS JAITBHOCTI JI0 iji Bix 2 110 2,5 pasis.

KawuyoBi ciroBa: BumiproBau gansHOCTi; pa3oBi GurykTyarlii; kopessiniiiHa QyHKIis; Auciepcis.

H3mepuTesib BpeMeHH 3ana3bIBAHUS CHTHAJIA, OTPA’KEHHOr0 OT MAJIOBBICOTHOI 11eJIH NPH ee JIOKALHH Hajl MoOpeM
O. B. becosa, B. Jl. Kapnos, E. B. Jlykamyk, B. H. Ilerpymenko

AHHOTAanmus. B crartee nNpemIoKeH airOpUTM ONTHMAIBHOTO OICHHUBAaHHMS BpPEMEHH 3alla3lblBaHMS CHTHAIA IIPH
PaaMoNOKalii MAJIOBBICOTHBIX LENel. AJITOPUTM yJHUTHIBAaeT HAIMIKeE (a3oBBIX (UIYKTYaIWii OTPaKCHHBIX OT MaJIOBBICOTHBIX IieNiel
CHTHAJIOB, KOTOpBIE OOYCIIOBJIEHBI CPEION paclpOCTpaHEeHUs paJroBONH. B pabore mpezicraBiieHa CTPYKTypHAsl CXeMa YCTPOKCTBa,
pEAH3YOIIETO TPEVIOKEHHBI aIrOPUTM OLCHMBAHUS BPEeMEHH 3aepkKKH. [Ipu 3TOoM KoppersunoHHas (yHKIMS (a3oBbIX
(IyKTyarmii OnMchIBaeTCS JKCIOHEHIMANBHON (YHKIMEH. Pacdersl, mpeicTaBleHHBIE B CTaThe, CBHUIETEIBCTBYIOT O TOM, YTO
WCIIONB30BaHUE TPEIOKEHHOIO M3MEPHTENS TAJbHOCTH TTO3BOJISIET TOBBICHTH TOYHOCTH OLEHHBAHMS JAJIBHOCTH OT 2 10 2,5 pas.
HVcnone3yst mofydeHHble COOTHOLICHUSI ISl ONpPENEICHUs BPEMEHH 3a[ep)KKH M JIWCTIEPCHH OLEHKU TPYIIIOBOHM 3aJIepXKKH, ObLT
CHHTE3UPOBaH JaibHOoMep 210 neiw rox PJIC nenm Hajg MopeM 3a npesenaMi IpsSMOi BHMMOCTH JUTSL CITydasi, KOTia KOpPEIsIOHHAs
(byHKIUS (a3zoBbIX (UIYKTyalHii ONMCHIBACTCS SKCIIOHSHIMAIBHOM (yHKIMeH. [IpeioyKeHHBIH ainropuT™ ONTHMAIBHOTO OLICHUBAHUS
1 JATBHOMEP MOT'YT OBITH UCIIONB30BAHBI YISl IIOCTPOSHHS IEPCIEKTUBHBIX PAIHOJIOKAIINI TSt MAJIOBBICOTHBIX Liesieil. Mcronb3oBanue
TAKOro U3MEPUTEIIS II03BOJIAET OBBICUTH TOYHOCTh M3MEPEHUS JaIbHOCTH JI0 LIeNH OT 2 10 2,5 pas.

Karoudesble ciI0Ba: U3MEpUTEIb JAILHOCTH; (ha30Bble (IIYKTyalluH; KOPPEISILIMOHHAs! (DYHKLNS; AUCTIEPCHSL.
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