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IMPROVING THE ACCURACY OF EXPONENTIAL SMOOTHING IN SECONDARY
INFORMATION PROCESSING IN MODERN INFORMATION LOCATION SYSTEMS

Abstract. The quality of tracking location objects (LO) depends not only on their ability to perform complex maneuvering,
but also on the influence of external conditions of the primary processing of location information (LI). These external
conditions can be defined as the state of the atmosphere and the influence of the earth (sea) surface. The quality of secondary
processing of LO, in particular, the stability of tracking depends on the accuracy of the current measurement of the radial
velocity of the observation object (OO), which is largely determined by the influence of the external conditions of the primary
processing means of LI (radar) performing its intended tasks. The subject of study in the article is the possibility of improving
the quality of secondary processing of the LI, namely, the accuracy of tracking the LO by radial velocity. The aim is to study
the possibilities of increasing the accuracy of exponential smoothing in the secondary processing of the LI by considering
the correlated phase fluctuations of the signal at the stage of current measurement of its Doppler frequency. Objective: to
consider the information on correlated phase fluctuations of radio pulses of the packet signal when tracking the LO by radial
velocity. Methods used: maximum likelihood and Kalman filtering of trajectory parameters. The following results were
obtained. The influence of correlated phase fluctuations of the received packet signal radio pulses on the decrease in the
accuracy of the discrete tracking measurement of its Doppler frequency is estimated. The possibilities of increasing the
accuracy of exponential smoothing in the steady-state filtering mode in the discrete tracking measurement of the radial
velocity of an OO by considering the correlated phase fluctuations of the received packet signal radio pulses, which are
described by a known correlation function, are determined. Recommendations for constructing a block diagram of a trajectory
parameter filtering device for tracking measurement of the radial velocity of an OO with the implementation of an improved
exponential smoothing procedure in it are given. Conclusions. Proposals are presented to improve the accuracy of
exponential smoothing by considering information on the correlated phase fluctuations of the received radio pulses at the
stage of current Doppler frequency measurement, which contributes to the efficiency of secondary processing of the L1 in
difficult conditions of performing the radar's intended tasks. A promising direction for further research may be to identify
ways to improve the accuracy of joint tracking measurement of the range and radial velocity of the OO.
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Introduction

The problem definition. In modern information
systems, ensuring the continuity of obtaining location
information (LI) and increasing its reliability is
associated with the combination of data coming from
different sources, considering their location and the
nature of the movement of the observation object (OO).

The system of LI secondary processing provides
obtaining the trajectory of location objects (LO). In other
words, this system ensures the solution of the task of
trajectory processing of LI and OO support.

The output information stream of the secondary
processing system is the estimated values of co-ordinates
and parameters, considering the possible prehistory of the
OO movement.

The input data for this system are the results of the
primary processing system of the LI, namely the
coordinates and parameters of the OO movement
obtained by a single LI source during a one-time space
survey. The results of the secondary processing system
are the input data for the tertiary processing of LI, which

solves the problem of identifying information obtained
from different sources and estimates the parameters of
the combined trajectories.

The ability of the LO to maneuver and use low and
extremely low flight altitudes requires ensuring the
highest possible accuracy of the current measurement of
its radial velocity at the stage of primary processing,
since this directly affects the quality of the stages of
secondary and tertiary processing of the LI.

The quality of OO tracking by radial velocity
depends on the accuracy of estimating the Doppler
frequency of the received signal at the stage of primary
processing of the LI, which is determined by the degree
of its coherence. The presence of tropospheric
inhomogeneities and reflection of radio waves from the
ground or sea surface led to a violation of the coherence
of the received signal and the occurrence of fluctuations
in its phase. An additional factor in the emergence of
Doppler noise of the OO is the possibility of its sudden
and complex maneuvering.

Thus, the presence of a fluctuating component of
the error in measuring the Doppler frequency of the
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received signal can lead to a deterioration in the quality
of the trajectory processing of the LI, which is especially
important when it is necessary to ensure reliable tracking
of the OO at long ranges.

The above indicates the relevance of research aimed
at considering the correlated phase fluctuations of the
signal during the tracking measurement of its Doppler
frequency and, thus, improving the efficiency of
secondary processing of the LI, particularly the accuracy
of tracking the OO by radial velocity.

Analysis of recent research and publications.
Consideration and comparative analysis of the main
stages of LI processing are described in [1].

In particular, the signal processing issues in the
implementation of the primary processing of the LI are
considered in [2, 3].

The conditions of radio wave propagation, in
particularly,  the  influence  of  tropospheric
inhomogeneities, the underlying surface, and the nature
of the OO movement, were analyzed in [4].

In these works, it was noted that due to the influence
of the above factors, the phase front of the signal wave
undergoes distortions, whose nature is random. The
characteristics of phase fluctuations that can occur during
the observation of modern OO due to the influence of the
above conditions are given in [5]. At the same time, it
was determined that their influence causes a decrease in
the accuracy of measuring the coordinates and
parameters of the movement of the OO, which is
especially relevant when they are observed at small
angles [6].

Accuracy of measuring the Doppler frequency and,
accordingly, the radial velocity of the OS when using a
packet of radio pulses as a sensing signal was carried out
in [7]. It was assumed that the law of distribution of phase
fluctuations is normal, and the correlation function can
be described by the variable dependence [8].

The results obtained in these works can be used to
study the issues of ensuring the required quality of
secondary processing of L1. The peculiarities of assessing
the stability of tracking LO capable of sudden
maneuvering are discussed in [9]. However, the issue of
considering the influence of signal parameter fluctuations
on the quality of secondary processing of LI was not
studied in these works. Therefore, the analysis of these
sources indicates the relevance of finding ways to
improve the quality of OO tracking, by optimizing the
current measurement of the Doppler radar signal
frequency at the stage of primary processing of the LI.

In [10], the problem of optimal estimation of the
Doppler frequency is presented, considering the
correlated phase fluctuations of the received radio pulses,
and in [11], the corresponding optimal algorithm is
proposed and its effectiveness is proved in comparison
with the measurement algorithm against the internal
noise of the radar receiving device alone.

The obtained results could be used to improve the
quality of exponential smoothing when tracking the LO
by radial velocity under the influence of correlated phase
fluctuations of the received signal.

The aim of the article is to study the possibilities of
increasing the accuracy of exponential smoothing in the

secondary processing of the L1 by considering information
about correlated phase fluctuations of the signal at the
stage of current measurement of its Doppler frequency.

Summary of the main material

The estimation of the current coordinates of the OS
in information localization systems with pulsed radiation
is carried out discretely. About all-round radars, the data
of primary information processing are issued practically
equally discrete with the viewing period To. In the case
of tracking the LO, for example, by range, data can be
issued in each period of pulse passage [12].

The trajectories of the OO do not belong to the class
of deterministic ones. When analyzing the trajectories of
such objects, their maneuverability, altitude, and flight
speed are essential. The choice of certain motion
parameters is influenced by several random factors. For
example, those related to the need for maneuvering,
uneven density and current state of the atmosphere,
inaccuracy of the object's control, etc.

The above factors lead to the need to attribute the
trajectory of the OO movement to the implementation of a
random process. Knowledge of the statistical
characteristics of such processes allows us to introduce a
stochastic model of the OO movement [13]. However,
there are certain a priori difficulties in specifying the
characteristics of trajectories. It is only possible to specify
the limits of the permissible change in time of individual
parameters of the radar observations objects. Such
restrictions include the limits of change in radial velocity.

The implementation of secondary processing of LI
requires timely receipt of information on the coordinates
and parameters of the movement of the object in each
survey period. Pulsed circular view radars provide this
information with a discreteness of To,

The parameter to be evaluated when implementing
a discrete tracking measurement is the Doppler frequency
and, consequently, the radial velocity, which has random
deviations from cycle to cycle of inspection due to both
the performance of a random manoeuvre by the OO and
the influence of correlated phase fluctuations. The
process of exponential smoothing in the steady-state
filtering mode under different degrees of influence of
correlated phase fluctuations is subject to study.

To effectively process the obtained data, it is
necessary to determine a mathematical model of the OO
movement, i.e., to accept the hypothesis about the nature
of changes in the parameters of its trajectory. Motion
models with a constant structure have a sufficient
simplicity of mathematical description and ease of use in
the systems of secondary processing of the L1I.

For a linearized model of changes in the parameters
of the OS trajectory, the optimal estimate of the state
vector a4 can be described in general by the following

expression [2]:
2 5 2 ~-1~ S 5 2
41 = Bkak +Ck+1CY(k+l) |:aY(k+l) - Bka‘k:| ) (1)

where By — is a square non-random matrix of dynamic
recalculation of the state vector from the k-th to the (k+1)
step; a,— s the state vector estimate based on
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measurement data during k survey cycles; Cy. }1 — the
correlation matrix of errors of the (k+1) state vector
estimate based on measurement data for all (k+1) survey
cycles; CY(k+ y " the accuracy matrix of the state vector

estimation based only on the data of the current radar

measurement; éY(k+1) — the current state vector

estimation based on the radar measurement data on the
(k+1) view cycle.

That is, on the (k+1) cycle of the radar survey, the
state vector &, ,; is subject to evaluation, considering the

entire set of received signals.

The state vector is assumed to be represented by a
single parameter - the Doppler frequency Fd of the radar
signal. Fluctuations in the parameters of the radar signal
cause the difference between the estimate of the state
vectora,,; and its actual value. Therefore, the Doppler
frequency acquires random deviations (fluctuations) with
each survey cycle, which may be caused by the sudden
maneuver of the vehicle and the influence of the
conditions of propagation and reflection of the radar
signal.

To build tracking meters, it is necessary to define a
model of the OO movement, which should consider both
deterministic and random movement [14].

Given the above assumptions, the model of the
change in the state vector is the following scalar value:

Ogy1 = Qg + 6 + Ly, 2)
where «, — the previous value of the state vector

(Doppler frequency); o — a random increase in the

Doppler frequency on the k-th inspection cycle due to the
influence of correlated phase fluctuations; x4, - a

random increase in the Doppler frequency on the k-th
inspection cycle due to the OO maneuver.
In the trajectory parameter filtering equation (1), the

accuracy matrix Ck_il is generally defined by the
following expression [15]:
C_k+1:C_0

(k1) Sy ? ®)

where  C, — the matrix of forecast accuracy

(K+1)
(extrapolation) for the (k+1) view cycle.
In this case, the matrix 60(k+1) can be determined

by the following relationship:

-1
= =-1=T =1
Coy :[Bka B +C#J . @)

where C_:/:kl— is the correlation matrix of errors of the

discrete Doppler frequency measurement arising from
the OO maneuver.

Given that only the Doppler frequency is subject to
monitoring, the above matrices are scalar values:

= =1 _ — _
Bk —1, C/‘k = D,uk' CY(k+l) _]/DY(k+1) y (5)

where D, - is the dispersion of the Doppler frequency

measurement error component caused by the OO
maneuver, DY(k+1) — is the dispersion of the current

Doppler frequency measurement on the (k+1) view cycle.

Thus, for the case of tracking measurement of
only a single parameter (in this case, the Doppler
frequency), expressions (1) and (3) can be represented
as follows:

. ~ . Dka (A . )
Oy41 = Oy +———| by, .~ 0k |; 6
" Dy (kspy \ (k) ©
1 _ 1 N 1 %
Dk+1 Dk + Dﬂk D)/(k+l)

where Dx,1 and Dy — are the error dispersions of the

resulting discrete Doppler frequency measurement at the
(k+1) and k-th steps, respectively.

According to expression (6), it can be argued that the
k+1 estimate of Doppler frequency is the sum of the
previous estimate and the corresponding difference in

estimates, balanced with the dispersions Dks1 and
DY(k+l) '

In the steady-state mode, the value of the dispersion
Dy, practically does not change from cycle to cycle. At
the same time, DY(k+1) =Dy and D, =D, - are
constant values in each of the inspection cycles at the

same manoeuvre intensity.

Provided that D, =uvDy, for the value of

Dy,1 = D, we can state the following:

i 1
D D+uvD, Dy’ ®)

One solution to the quadratic equation:
D? +vDy D-vDZ =0,

which relates to D with Dy , is following:

\/Uz +4v —v

2 Dy . ©9)

The dispersion of the current Doppler frequency
measurement Dy is determined by the following

components [11]:

D=

Dy =04 +0d (10)

where Ué —isthe error dispersion of the current Doppler

frequency measurement, which is caused by the influence
of only the internal noise of the radar receiving device;
Q=27Fy — is the index denoting the cyclic Doppler

frequency; aéﬂ — is the error dispersion of the current

Doppler frequency measurement, which is caused by the
predominant influence of correlated phase fluctuations of

the radar signal (o—éﬂ >> o-é) .
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The components of expression (10) ¢3 and o3

can be considered constant values since they do not
undergo significant changes during the radar survey
cycle.

A radar with coherent pulse radiation is considered
as a system of primary processing of the LI, the sensing
signal of which is a packet of n radio pulses, the phases
of which have fluctuating components ¢; (i =1,2...n)

due to the influence of real conditions of propagation and
reflection of radio waves.

The component cré or a packet of radio pulses with
a rectangular envelope can be determined by the
following expression [11]:

12
QT2 (n? -1)
where ¢? is the signal-to-noise ratio in terms of power

provided by the radio pulse of the packet; T is the period
of the packet radio pulse tracking.

It is assumed that the phase fluctuations of the
received radio pulse packets are distributed according to
a normal law, and their correlation coefficient can be
described by an oscillating dependence, which is
confirmed by the results of experimental research [16]:

(12)

oh = (11)

R, = e cos(yT),
where 7 — is the phase fluctuation correlation interval,
y = 27r/Tﬂ — is the oscillation frequency of the phase
fluctuation correlation coefficient; T¢ —is the oscillation

period of the phase fluctuation correlation coefficient.

At the same time, the oscillation frequency of the
correlation coefficient (12) shall be chosen according to
the following condition:

Tf|/T=3,

that is consistent with the results of experimental studies
[16]. For the correlation coefficient of phase fluctuations

(12), the component O'éﬂ can be determined by the
following expression [11]:
720, 2 n/2
2 [ C 2
o6l =—————— ) (2]-D“x
o n2(n2 —1)2T2 Lz_‘i
x(1-exp(-T(2j-1)/7)cos((2j-1yT)+

(n/2)-] (n/2)-1
+2- Y exp(-Tlir)- > (2j-1)(2j+21-1)x
1=1 j=1

x(cos( jyT) —exp[—%(Zj —1))005((2j +1-1)yT))],

(13)

where crf, — is the dispersion of phase fluctuations.
Assuming that the weighting factor is included:

D/Dy =¢, (14)

then, considering (14), expression (6) can be written as
follows:

Gien = 5[(1—5)"*1 Giyy +(1=E) o+

+(1—§)&Yk +&Y(k+1) :| (15)

The more compact form of equation (15) is as
follows:

k+1
1= D, Wisaom Gy, Wi =819

m=0

(16)

and is a convolution operation performed by a discrete
linear filter with impulse response W, ..

For values of ¢<<1, the normalized impulse
response can be determined by the following relation:

W,
Wy = —"—=(1-9" ~exp(-m&).  (17)
Wmax
According to (17), the parameter ¢ is the

exponential smoothing coefficient.

The exponential smoothing procedure is realized in
the steady-state mode of filtering the trajectory
parameters. However, the contribution of the previous
results of the current measurement to the smoothed
trajectory estimate is reduced according to the
exponential function.

The exponential smoothing coefficient should be
considered for the following cases, based on the
influence of correlated phase fluctuations.

The first case corresponds to the condition of
insignificant influence of correlated phase fluctuations

compared to the impact of internal noise (aéﬂ <<aé) as
follows:

D/0d =& . (18)

The second case corresponds to the condition of the
predominant influence of correlated phase fluctuations

compared to the impact of internal noise (aéﬂ >> aé )as
follows:
2
D/O'Qﬂ =Sy (19)

According to (18) and (19), the relationship
between &, and &4 can be described as follows:

&1l = Ssh 'O’sza/aszm - (20)

Likewise, the relationship  between the
corresponding normalized impulse responses WHmSh and

Wiim,, Can be determined:

2/ 2 o2 /o2
Weimyy :(WHmsh )m/%ﬂ :[e_méh} Q/ " 21)

Fig. 1 shows the values of Wyp  ~ for different

values of &, =0,10,3 and 0,5,

According to the obtained graphs, we can state that
at smaller values of &, which correspond to larger

values of the error dispersion of the current Doppler

96



ISSN 2522-9052

CyuacHi iHpopmartiitai cuctemu. 2025. T. 9, Ne 2

frequency measurement, the function Wy, -~ decreases

more slowly. This indicates that the previous estimates
are considered with more weight.

WH Mgy

ésh =0,1
2' E.m‘h =0,3
ésh =0,5

"""""""
0 5 10 15 20 25 30 35 40 45 50

Fig. 1. Dependence of Wy, for different &y,

Thus, the closer & isto zero, the slower the results

of current measurements age because they require a
longer consideration in the algorithms of secondary
processing of the LI until a stable mode of OO tracking
is achieved.

The analysis of the above data indicates that the
error dispersion is established. That is, the stabilization
of the & value at a level different from zero.

A discrepancy between the value of the exponential
smoothing coefficient and the required one will lead to a
decrease in the quality of OO tracking. Therefore, to
ensure close to optimal quality indicators, it is advisable
to evaluate this coefficient at each cycle of measuring the
radial velocity of the OO and timely adjust the tracking
algorithm.

As it was proved in [16], for modern radars under
regular measurement conditions, the accuracy of
estimating the Doppler frequency of a radio pulse packet
is much more influenced by the statistical characteristics
of the phase fluctuations of its radio pulses than the
signal-to-noise ratio. The values of the dispersion and the
correlation interval of the phase fluctuations of radar
signals can be within the following limits:

o5 =(0,01..10)rad®, 7=(0,1..1)s.

According to [17], with the predominant influence
of correlated phase fluctuations over internal noise, i.e.,

when o7 =(1..10)rad® and the ratio T/r=10"% or

more, the fluctuation component of the Doppler
frequency measurement error can exceed the
corresponding noise component by tens to hundreds of
times.

Many modern coherent-pulse radars implement
coherent processing of sequences of (8...16) radio pulses.
Therefore, below is an analysis of the decrease in the
quality of exponential smoothing when implementing

coherent processing of packets of 8 and 16 radio pulses
due to the presence of the predominant influence of
correlated phase fluctuations with a phase correlation
coefficient of (12).

Therefore, it is initially advisable to analyze the
same effect of correlated phase fluctuations on the quality
of exponential smoothing at different values of the
coefficient &y, .

Fig. 2 shows graphs corresponding to the following
cases:

1) Wyp, for n=8, ¢*=1000, o,*=1rad’,

T/r =10~ with &, =0,1 and &, =0,5;
2) Wy, for &sn =01 and &y =0,5.

VVHmSJ7 > WHmﬂ

Fig. 2. Dependencies Wy, and Wy, for different &g,

According to the graphs in Fig. 2, the influence of
correlated phase fluctuations reduces the accuracy of the
current Doppler frequency measurement, which requires
an increase in the number of tracking measurement steps
to achieve a stable mode of the OO.

Thus, at gy =0,1, the value that Wy, takes at,
for example, m=30, the value of Whimg, approaches only

at m=50.
That is, the influence of the fluctuating component

of the Doppler frequency measurement error requires 20
additional steps of tracking measurement.

If the primary processing of the LI results in a
higher accuracy of the Doppler frequency measurement
(&sh =0,5), then under the similar influence of correlated

phase fluctuations, the number of corresponding steps to
approximate the values of Wy~ and Wy, - decreases.

Further, it is advisable to perform a comparative
analysis of the different degrees of influence of correlated
phase fluctuations on the quality of exponential
smoothing at a given value of &, .

Fig. 3 shows the graphs constructed for n=8,
0?=1000, &g, =0,1 which correspond to the following
cases:
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1) Wy, for of=lrad® with T/r=10"

(graph 1) and T/z = 1072 (graph 2);
2) Wy, for of=10rad? with T/r=10"°

(graph 3);

3) Whmg, (graph 4).

The relevant graphs shown in Fig. 4, are plotted for
n =16.

WHmsh > WHm ¥

1

0.8

0.6

0.4

0.2

Fig. 3. Dependencies Wy, and Whmy,

forn=8

Wn 5 W i

200 300 400 500

Fig. 4. Dependencies Wy, and Whmy,
forn=16

Comparison of Fig. 1 and 4 indicates that the usual
influence of phase fluctuations requires only tens of
additional steps of tracking measurement to achieve a
steady state mode of OS tracking at the Doppler
frequency.

Comparison of Fig. 1 with Fig. 2 and 3 indicates that

an increase in the ratio T/z from 1073 to 1072 is close
to the effect of increasing the dispersion of phase
fluctuations a(/z, from 1 rad? to 10 rad? This means that

a significant influence of phase fluctuations leads to an
increase in additional steps of the Doppler frequency
tracking measurement to a thousand or more, which
indicates the possibility of a danger of disruption of the
tracking of the OC by radial velocity.

Thus, it is of practical use to evaluate the
possibilities of improving the accuracy of exponential
smoothing by considering the correlated phase
fluctuations of the received radio pulses at the stage of
primary processing of the current Doppler frequency
measurement [18].

The following study investigates the possibility of
using the optimal current estimate of the Doppler
frequency, obtained considering the statistical
characteristics of the correlated fluctuations of the initial
phases of the received radio pulses, in the algorithm for
filtering the parameters of the OO trajectory [19].

The corresponding algorithm for the optimal
accurate measurement of the Doppler frequency is given
in [20].

The error variance of the optimal measurement of
the Doppler frequency of the packet, considering the
predominant influence of the phase fluctuations of its
radio pulses with an oscillating correlation coefficient, is
as follows [21]:

N Ij
205 l+e [’ cos(yT)

2

O = X
Qopt T

T2 1—e_(;] cos(T) |(n-1)

T 2

x l—e_(;j cos(yT) | x

T 2

X [4(n—1)2 —1] 1—e(’]cos(7T) +

T -1

+n—1-(n- 3)e_[fj cos(yT) 22)

Given (22), we consider the third case, which meets
the condition of accounting for the predominant
influence of correlated phase fluctuations compared to
the influence of internal noise:

D
=
O Qopt

(23)

The normalized impulse response WHmopt , which,

by analogy with (17), is determined by the following
expression:
Ufzz/gfzzopt

WHmOpt = (WHmm ) (24)
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Fig. 5 shows the graphs obtained for the above
conditions (n=8, g*=1000, ¢y, = 0,1), which correspond
to the following cases:

1)o2=1rad? and T/r =102 for Wi, (graph 1)
and WHrnopt (graph 2);

2) cr(/z, =1rad?and T/r =102 mma Wiim,, (graph3)
and WHmopt (graph 4);

3) 05 =10rad? and T/r =10 mma Wiy, (graph
5) and WHmopt (graph 6).

Fig. 6 shows the corresponding graphs for n=16.

1000 1500 2000 2500 3000 3500 4000 4500 5000

Fig. 5. Dependencies Wy, and WHmOpt

forn=8

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

m
Fig. 6. Dependencies Wym, and WHmOpt

forn=16

From graphs 1 and 2, it can be concluded that
considering the insignificant influence of correlated
phase fluctuations in the current measurement allows
reducing the process of tracking Doppler frequency

(radial velocity) measurement by only a few to a dozen

steps. Therefore, curves 1 and 2 practically coincide.
According to the obtained graphs 3 and 4, it can be

concluded that with an increase in the influence of

correlated phase fluctuations (increasing T/z from 1073

to 10‘2), their consideration provides a reduction in the
process of tracking Doppler frequency measurement by
tens to hundreds of steps.

Comparison of Fig. 5 and 6 indicates that with

significant phase fluctuations (G(/Z,:lo rad> and

I:10‘2) he number of steps of the tracking
T

measurement before reaching a steady-state Doppler
frequency tracking mode can reach many thousands, but
their reduction when optimizing the Doppler frequency
measurement can be hundreds to thousands of steps.
Thus, for example, the reduction in the number of
these steps when Wy, . and WHmopt reach the level of

0.1is:

— from graphs 1 and 2 - 3 steps (by 8%) for n=8 and
12 steps (16%) for n=16;

— from graphs 3 and 4 - 70 steps (17%) for n=8 and
265 steps (31%) for n=16;

— from graphs 5 and 6 - 700 steps (17%) for n=8 and
2310 steps (31%) for n=16.

With further complication of the radar operation
conditions (T/z’=(10_2...10_1)), i.e, a significant
influence of the disturbed state of the atmosphere, earth
(sea) surface and maneuvering of the OO, the useful
effect of the proposed optimization in the secondary
processing of the LI will only increase.

Thus, the optimization of the current Doppler
frequency measurement can provide an additional
increase in the stability of the tracking of the LO in
difficult conditions of performing the intended tasks by
the means of primary processing of the LI.

The corresponding device for optimal filtering of
the tracking measurement parameters should be
supplemented with an additional optimal Doppler
frequency meter.

In case of insignificant influence of correlated phase
fluctuations, parameters corresponding to the usual mode
of trajectory processing of the LI should be used. In case
of significant influence of correlated phase fluctuations,
it is recommended to switch to tracking the LI using
estimates of the Doppler frequency and their error
dispersions, which are determined in the optimal Doppler
frequency  meter, considering the  statistical
characteristics of correlated phase fluctuations.

Conclusions

Thus, the impact of correlated phase fluctuations
requires an increase in the number of tracking
measurement steps to achieve a stable radial velocity
tracking regime. In particular, the significant influence of
correlated phase fluctuations leads to the necessity of
performing up to several thousand of these additional
steps.
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Consideration of the influence of correlated phase
fluctuations in the primary processing of the LI and the
measurement of the Doppler frequency allows to reduce
the process of tracking radial velocity measurement by
17 % for a packet of 8 radio pulses and by 31 % for a
packet of 16 radio pulses.

The complication of the conditions of functioning
of the means of primary processing of LI will lead to
an increase in the beneficial effect of the proposed

optimization during the secondary processing of L1I.

The study indicates the feasibility of using an
additional optimal Doppler frequency meter in devices
for filtering the OO trajectory parameters, which
implements obtaining current estimates of the Doppler
frequency and their error variances, determined by the
optimal measurement algorithm, considering the
statistical ~characteristics of correlated phase
fluctuations.
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IlinBUIEHHS TOYHOCTI eKCIOHEHTHOIO 3IJIAKYBAHHSA NIPU BTOPUHHI 00po0ui iHdopmanii
y cy4yacHuX indopmManiliHux JokamiifHUX cucTeMax

0. JI. Ky3nenos, O. B. Kosnowmiiines, B. 1. Kapnos, 1. O. Ky3uenos, B. O. Timodees

AHoTanis. SKicTb cynpoBomKeHHs JokauinHux 00’ ekTiB (JIO) 3aneuTh He TUIBKH BiJl MOXKITUBOCTEH 3/1iHCHEHHS HUMHU
CKJIAZIHOTO MaHEBPYBaHHs, a TAKOX 1 BiJ BIUIUBY 30BHIIIHIX YMOB (DYHKIIOHYBaHHs 3ac00iB NMEPBUHHOT OOPOOKHU JIOKAL{HHOT
inpopmauii (JII). Takumu 30BHIMIHIMH YMOBaMH MOXKIMBO BBaKAaTH CTaH aTMOC(epH Ta BIUIUB 36MHOI (MOPCBHKOI) MOBEPXHI.
Skicte BropuHHOT 00p0o0KH JIO, 30KkpeMa, CTIHKICTh CyNPOBOHKEHHS 3aJISKHUTh BiJl TOUHOCTI IOTOYHOTO BUMipIOBaHHS PaialibHOL
mBuAKocTi 06’ekta crocrepexenns (OC), ska y 3HAYHOMY CTYIICHI BU3HAYAETHCS BIUTMBOM CaMe 30BHIIIHIX YMOB BUKOHAHHS
3aco0oM nepBuHHOI 00poOku JII (pamionokaropom) 3aBaaHb 3a npu3HadeHHsM. [IpeMeToM BUBUECHHS y CTATTi € MOMIIMBOCTI
MiABUILEHHS SIKOCTI BTOpHHHOI 00po0Oku JII, a came — TouHOCTi cynpoBomkeHus JIO 3a pamianbHOI0 mBHAKiCTIO. MeTow0 €
JOCITI/DKEHHST MOXJIMBOCTEH MiBHILICHHS TOYHOCTI €KCIOHEHTHOrO 3IJIA/KyBaHHs IMPU BTOpHHHIM 00po6mi JII 3a paxyHok
BpaxyBaHHS KopenboBaHMX (a3oBux (uyKTyawliii curHaay Ha erami HOTOYHOTO BHUMIpIOBaHHs #oro uactotu Jlomruiepa.
3aBmanHsi: BpaxyBaHHs iHpopmanil mpo KopenboBaHi ()a30BH (QUyKTyalii pagioiMIyJbCiB MaYKOBOrO CHTHAIY IpU
cynpoBomkeHHi JIO 3a paxianpHOO MBHIAKICTIO. Bukopucrani mMeromm: Haiibinblioi mpasaonoaioHocti Ta KanmaniBebkol
¢inpTpanii mapamerpiB Tpaektopii. OTpUMaHO HACTYMHI pe3yJbTATH. 3[iMCHEHO OILIHKY BIUIMBY KOpEIbOBaHUX (pa3oBHX
¢uykTyaliii paaioiMITyJIbCiB MPUHHATOrO MAYKOBOTO CUT'HATY Ha 3HMXKEHHS TOYHOCTI TUCKPETHOrO CIIIJKYIOYOro BHMIipIOBAHHS
fioro yacroru [Jonmiepa. BuzHaueHO MOMXIMBOCTI MMiIBHIIEHHS TOYHOCTI €KCHOHEHTHOTO CIIA/DKyBAHHS Y CTAJIOMY PEXHMI
¢inpTpanil Opu JUCKPETHOMY CIIiIKYIOYOMY BHMiprOBaHHI pamiansaoi mBuakocti OC 3a paxyHOK BpaxyBaHHS KOPEJIbOBaHUX
(dazoBux GuykTyauii pamioiMIyJbCIB MPUUHATOrO I[AYKOBOTO CHTHANY, SIKi OMUCYIOThCS 3HAKO3MIHHOIO KOPENSAIiHHOI0
¢yukiiero. HaBeneno pexoMeHzalii 11010 moOyI0BH CTPYKTYPHOI CXeMH HPHUCTPOIO (inbTparii mapamerpiB TpaexTopil mpu
CIIIIKYIOUOMY BHMIipIOBaHHI pamianbhoi mBuakocti OC 3 peamizariero y Hel MOKpAIICHOI MPOLEAYpPH EKCIOHEHTHOTO
crnapkyBanHs. BucHoBku. HaBemeHo mpomoswiii MO0 MiJBUIICHHS TOYHOCTI €KCHOHEHTHOTO 3IJIA/[DKYBAaHHS 3a PaxyHOK
BpaxyBaHHsA iH(poOpMalii mpo KopenboBaHi (a3oBu (IyKTyalil pamioiMIyabCciB MPUUHITOI MAYKH HA eTam IOTOYHOrO
BUMIpIOBaHHs yacToTH J{omIuiepa, 1o Cpusie miABHIIeHHIO e(eKTUBHOCTI BTOpHHHOT 00po0Ku JII y ckamHUX yMOBaX BUKOHAHHS
PamionoKaTopoM 3aBIaHb 3a NpH3HAYCHHAM. IlepCHeKTHBHUM HANMPSIMKOM IIOAO0 MOJANBLINX AOCTIMKEHb MOXe OyTH
BU3HAYCHHS IIUBIXIB MiBUIICHHS TOYHOCTI CYMiCHOTO CITiIKYIOYOr0 BUMIPIOBaHHs JaIbHOCTI Ta pamianbHol mBuakocti OC.

KawuyoBi ciaoBa: BropuHHa 00pOOKa; EKCIIOHEHTHE 3rIa/DKyBaHHS; JIOKaIliiiHa iH(opMallis; ToKamiiHuii 00’€eKT;
panianbHa MIBUAKICTH; PaaioiIoKaTOp; CIIiIKYI0UYe BUMIPIOBAHHS; TPAEKTOpHA 00poOKa; (ha3osi (aykryarii; yactora Jommiepa.
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