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ABSTRACT

The solution of the characteristics of an information
extraction system under conditions of stochastic change of
the state of the working signals propagation path and a-
priori uncertainty about the informative parameters of
objects on the sighting surface.

The main ratios and sequences of the required evaluations
are given. Numerical estimates of the accuracy
characteristics of the information extraction systems in case
of navigation of aircrafts have been obtained.

It has been established that deterioration of the signal on
the propagation path significantly affects the accuracy of
navigation of aircraft at high altitudes, and at the last frame
at an altitude of about 500 m, deterioration can be
neglected. It is shown that at the noise-to-signal ratio q ~3

, the navigation accuracy is no fewer than 10 m.

Key words: information extraction systems, interference
attack, engineering activities, sighting surface, accuracy
characteristics.

1. INTRODUCTION

Process of operation of earth surface monitoring systems,
remote objects detection systems, navigation systems of
aircrafts, which belong to the class of remote information
extraction systems, depends on a multitude of stochastic
factors, which can significantly reduce their effectiveness.
Accidental or intentional interference with the class of
systems under consideration may be caused by interference
from different generation systems, electronic warfare
system (EWS). Primarily, they affect the receiver pathways
as well as the environment in which the operating signals of

the considered systems are disseminated. Moreover, the
various engineering activities carried out at a location used
by the information extraction systems will result in changes
in the sighting surface, which will also reduce their
efficiency. One of the most important quality indicators for
the systems under consideration is the accuracy indicator,
which will also be stochastic taking into account the
stochastic conditions of operation. Therefore, the question
of the exact characteristics of remote information extraction
systems remains a pressing one.

1.1 Problem analysis

The study of the accuracy characteristics of the information
extraction systems is described in works [1-6], in which it
was assumed that a priori information on the informative
parameters of the measured sighting surface is not
available. The influence of the signal propagation medium
on the accuracy of the systems was not considered. The
work [7] proposes a solution to the problem of estimating
the potential accuracy of an aircraft navigation system in
terms of the theory of signal  parameter
estimation. Inpointoffact,
theinteractionoftheoperationalsignalofthenavigationsystem
withnoise, thestatisticalcharacteristicsofwhichareknown,
isconsidered. It was necessary to find an optimal estimate of
the unknown signal parameter ewith unknown interference
parameters T,, anqu,. In such a case, the criterion of
maximum likelihood was used as the criterion of
optimality. However, the influence of the signals
propagation path condition was not taken into
consideration.
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At the same time, it is possible to have another research
objective, which is to assess the potential accuracy of the
navigation system by assuming that the parameters of the
background are known, in particular, its temperatureT,,
while the temperature of the objectT, is unknown and is to
be assessed, as well as the contrastAT=T,-T, and

likelihood functions.

Since the background of the sighting surface is usually the
same in engineering activities, it is interesting to study the
accuracy characteristics of the information extraction
system in the conditions above stated in the research
objective.

The object of the article is to study the accuracy
characteristics of the information extraction system, taking
into account the influence of the signal propagation
medium, as well as the change of the informative parameter
of the reference object.

2. MAIN MATERIAL

2.1 The study of the accuracy characteristics of the
information extraction system with respect to the
influence of the signals propagation path

2.1.1 Results of experimental studies on the influence of
the propagation medium on the image of the sighting

surface formed by the information extraction system ' c)
Images of the sighting surface are obtained with the Dji Figure 2:Images of the sighting surface in a clean atmosphere
Mavic Pro quadcopter, which is equipped with a from altitudes:

gyrostabilised 4K camera. The appearance of the
quadcopterDji Mavic Pro and its control panel are shown in
Figurel.

a) 100 m; b) 250 m; ¢) 500 m.

Figure 1:Exterior of the quadcopter and its control panel

In order to visually assess the quality of the images,
depending on the influence of the propagation medium of
the working signals, images from different altitudes were
obtained in a clean atmosphere and low fog. Images of the
sighting surface are shown in Figures2, 3.
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c)
Figure 3:lmages of sighting surface in mild fog from altitudes:
a) 50 m; b) 100 m; ¢) 200 m

The visual analysis of the above images points to the need
to take into consideration the impact of the signals
propagation path on the accuracy characteristics of the
information extraction system.

2.1.2 Study of the accuracy characteristics of the
information extraction system in the event of a change
in the state of the propagation path of the working
signals

In accordance with the results of the work [7], accuracy can
be estimated by defining and calculating correspondences
cg(s),cTO(s),cT¢(s)for ratios for mean-square deviations of

the parameters being evaluated:
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P\ +2cos (f,e) cos (£, T, ) cos (e, T, )

cos (f , e) isthecosineanglebetweenvectorsf ande .

Figure 4 illustrates the graph of accuracys.against the
signal-noise ratio q at a fixed parameter value
£=X4 (t))-X, ~ 172,22m, which coincides with the position
of the axis of the antenna directivity diagram (ADD) of the
forth beam (lower curve) and the above mentioned set of
other parameters.
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Figure 4:Correspondencec,(q)

The upper curve corresponds to the value

e=[x41 (1 1x51.(t) |2 %g )

i.e. the position of the temperature difference coincides
with the midpoint of the junction of the ADD axes of the
fourth and fifth beams of the antenna with the surface.
Furthermore, the channel noise dispersion o?and
background temperatureT were assumed to be constant,
and the temperatureT, has been changed for noise-to-signal
ratio. For the navigation of aircrafts, it is desirable that the
ratiog>3. It follows from the graph that for images in which
the reference object occupies a significant part of the
sensor’s field of view, there may be a significant
improvement in accuracy compared to there solution of the
element of the antenna system on the ground. Thus, for
example, at the mean distance between the axes of the
adjacent ADD=20 m for signal-noise ratiog=5...9the
navigation accuracy isc.=(4,5...2,5) m.

Figure 4’s graph does not account for the attenuation of the
signal on the propagation path, which causes the signal-to-
noise ratio to deteriorate.To illustrate this effect on Figure
5, a correspondence set is shown ofc,against altitudez,,
frame exposure for different values of linear attenuation on
the propagation path, which was taken into account by a
known factor [1]:

L=exp [-azoseC(p] , (3)

whereais the long attenuation of signal, dB/km.
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Figure 5: Correspondencec(z,),t(z0)
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The altitude values in formula (3) shall be expressed in
kilometres. Calculations are performed according to the
first expression of the correspondence (1), where the
contrast is AT should be replaced by 9T=LAT .

For each altitude according to the formula:

Axlcos ((p-Bl)
3VsinBy

(4)

a valid constant time valuer is calculated.

Correspondence t(zq ) is also represented in the Figure 6 by
bar line.

The contrast-forming temperatures were chosen to be equal
to T, =270K, T,=260K.

Value of the temperature differencee co-ordinate at each
altitude value zywas chosen from the condition (2).Long
attenuation a=1 dB/km corresponds to the attenuation of
radio waves with a wavelength of 8.6 mm at a rain intensity
of 4 mm/h [1].

Analysis of the graphs in Figure 5 shows that signal
attenuation on the propagation path significantly affects the
accuracy of navigation of aircraft at high altitudes, and at
the last shot at high altitude ~ 500 m, attenuation may be
neglected.

2.2 Study of the accuracy characteristics of an
information extraction system under conditions of a
priori uncertainty about the informative parameters of
objects on the sighting surface

In the case of a priori uncertainty about the informative
parameters of objects on the sighting surface the expression
for the accuracy characteristics of the evaluation are written
as follows:

o <[l -] @

-12
oxr = I (R /IR1F | ©

If the parameter AT isalso be considered as known, then

o, =1/(AT]f]).

According to the general theory, the accuracy of the joint
assessment of parametereshould drop as the number of
parameters assessed increases. In fact, the accuracy of
navigation calculated by the formulas (1), (5), (7) for the
set of parameters used in the construction of Figure 5, and
for the parametere, determined by the condition (2), was
(atq=3) o, =11,477 m,c, = 10,659 m, o, =9,926 m
respectively.

U]
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Let us consider the case when a range
{a; < x<b}x{y e R} with a known widthAl=b, -a, is used
as a reference object. Neglecting the phenomenon of blur,

i.e. assuming the channel to be inertialless, we represent the
output signal of the channel as:
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Figure 6 shows the relation graph between the accuracy of
navigation and the position of the border a, of the range of

Al=20 m, constructed according to formula (1).Comparing
to the case of a half-space for a given range width, a
slightly higher accuracy and the appearance on the curve of
another additional minimum corresponding to the
coordinate of the axis of the ADD of the first beam can be
noticed.

where g=a, -x,,ie ,N; .
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Figure 6: Correspondencec,(€) 4

Figure 7 illustrates the correspondence of navigational
accuracy to range width.
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When the width of the range changes, the curves like the
one shown in Figure 5 become slightly offset; for each
width value Althe positione of the third maxima of the
curve in Figure 5 was calculated and function values
oi(e)
fi(e), p
formulas (8), (9) and then using an expression (1) the value
of the accuracy of navigation was determined. The mean of
the half-power semi-axle of the ellipse was calculated as

Ay =10m, and an average distance between the axes of

were calculated for the found position using

adjacent axes ADD is equal tothe value 2A, . The position
of the third curve maxima in the Figure 5 for the different
values ewas determined to lie in the range of[160...168] m.

Analysis of the graph leads to the following conclusions:

1) In areae<2A, as the edecreases,the accuracy of the
navigation drops sharply;

Inareae>110 mthe second boundary of the range
b, =e+Al+x, does not enter the field of view of the

system and the range is perceived by the sensor as a
half-space, therefore the accuracy of the navigation
corresponds to the received in work [1] for the half-
space and is equal (for the third maximum) to c, = 9,5
m;

In the intermediate area, the accuracy of navigation is
the best, since both boundaries of the range enter the
viewing area and it is maximal for

e~ (2k+A, ke 1,4, i.e. the width of the range is an

odd number of half-intervals of the resolution of the
antenna system.

2)

3)

3. CONCLUSION

Experimental studies of the image quality dependency of
the retrieval system show the need to take into account
signal attenuation caused by the influence of the
propagation path.
Theoreticalestimatesoftheaccuracycharacteristicsofinformat
ionextractionsystemsincaseofnavigationofaircraftshavesho
wnthat deterioration of the signal on the propagation path
significantly affects the accuracy of navigation of aircraft at
high altitudes, and at the last frame at an altitude of about
500 m, deterioration can be neglected. The solution of the
problem is suggested in order to determine the accuracy
characteristics of an information extraction system under
conditions of a-priori uncertainty about the informative
parameters of objects on the sighting surface.

It is shown that at the noise-to-signal ratio ¢~ 3the

navigation accuracy is no fewer than 10 m.
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