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ABSTRACT

The subject matter of the paper is the method of
increasing resolution in network of radars type as
AN/TPQ-49. The goal is the statistical simulation of
trajectory measurements in a multi-station radar
complex of counter-battery. The tasks are the
determination of the accuracy of measuring the location
of fire firing means. The accuracy of measuring the
location of fire firing means was determined. For a given
location of fire firing means, the parameters of the
trajectory of the object (mines, projectile) of the fire
firing means were calculated when firing at a specific
target. Using the developed approaches, it is possible to
determine the trajectory measurement matrix taking into
account the measurement errors of the object coordinates
(mines, projectile) on the trajectory at different reception
points of the multi-position radar complex of the
counter-battery combat.

Key words: method, increasing resolution, network of
radars, target.

1. INTRODUCTION

According to the analysis of statistical data of the
International Institute for Counter-Terrorism, the most
common types of terrorist attacks are attacks using small
arms and grenade launchers and mortar shelling [1]. The
use of mortars by terrorists is due to the following [1]:

— at first, mortars are quite easy to make by hand from
improvised materials;

—the second, terrorists often place mortar firing
positions in residential areas, refugee camps, near
schools, hospitals, under the guise of a "human shield";
—the third, regular mortar shelling has a very strong
psychological impact.

The experience of recent armed conflicts shows the
growing role of counter-battery radars, which allow units
on the line of demarcation of troops to obtain a variety of

information about the nature of the enemy's actions

[2]-(3].

For example, the main disadvantage of small light
portable radar counterbattery AN/TPQ-49 is a fairly
wide beam pattern of the antenna in azimuth (the width
of the azimuth pattern at 3 dB is about 19° [4]), and in
the angular plane. This is due to the need (equivalent to
paying for other benefits) to provide other benefits of this
radar, such as small size, light weight, ease of transport,
electronic circular scanning (no mechanical rotation of
the antenna) and the use of decimetre wavelength range
(L-range, 23 cm ), which provides high reliability of the
radar and ease of using. The presence of wide rays of the
radiation pattern in the azimuthal plane necessitates the
use of a monopulse (sum-difference) method of
determining the azimuth, which leads to the presence of
known problems [5]-[16]:

— the deterioration of resolution in angular coordinates;
— the distortion of the direction finding characteristic of
the monopulse system and increase of angular
measurement errors in the presence of two or more
targets in the main beam of the antenna pattern.

Given the rather wide rays of the antenna pattern, the
probability of getting into the main ray of the pattern of
other targets and local objects that interfere with the
tracking of the target becomes quite high. This leads to
significant errors in the measurement of the azimuth of
the target, and deterioration of the accuracy of
determining the coordinates of the firing point.

1.1 Problem analysis

The known methods of improving the resolution of the
angular coordinates are to increase the size of the
antennas or the transition to a range of shorter
wavelengths [17]-[20]. In the case of radars with
electronic scanning type AN/TPQ-49, the first and
second path is impractical because:
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— the first way leaves the radar such advantages as small
size, ease and convenience of transportation;

— the second way leaves the radar such an advantage as
reliability in operation and ease of adjustment after
transportation.

An alternative possible way to increase the resolution of
angular coordinates and reduce the impact of interfering
targets on the determination of angular coordinates is the
using of system effects in the joint processing of radar
information from several spatially spaced radars [6]-[7],
[11], [13]-[14], [16]-[22].

Therefore, the task of increasing the resolution and
reducing the impact of interfering targets on the
accuracy of determining the angular coordinates of the
accompanying target, without changing the weight and
size and performance characteristics of the radar type
AN/TPQ-49, is relevant. The purpose of the paper is to
develop a method to increase the resolution and reduce
the impact of interfering objects on the accuracy of
determining the angular coordinates of the target,
without changing the mass and size and performance
characteristics of the radar type AN / TPQ-49.

2. MAIN MATERIAL

When using the monopulse method of determining the
angular coordinates, the presence in the main beam of
the pattern of the antenna of the second target leads to an
increase in the targeting error of the first target, which is
located in the equal signal direction (ESD).When using
the amplitude total-difference direction-finding system,
the magnitude of this error is determined by expression

@) [4:
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where A0 - the target direction error, which is located
on the ESD; 0, —the angle of the second target relative

to the ESD; a :@ — the ratio of the amplitudes of
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the echo signals from the targets; EqEp,
amplitudes of echo signals reflected from the first and
second targets; u —direction finding sensitivity around
ESD; F(eo) — antenna pattern; 6, — the angle of
deviation of the maximum of the antenna pattern from
the ESD; F(8g —6,),F (6o +6,) — directivity diagram
of the first and second channels.

When using a phase total-difference direction-finding
system, the error is determined by the expression:

:Ot_ze(ez)
® F2(0)

sin(k, Isin(6,)),  (2)

where k; :% is the wave number; | - the distance

between the phase centres of the first and second
channels; o —the ratio of the amplitudes of the reflected
signals. The influence of the presence of the second
target in the beam of the antenna directivity diagram on
the error of determining the bearing of the first target for
the amplitude sum-difference system is shown in
Figure 1.
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Figure 1 : The effect of the presence of the second target on the error of determining the azimuth of the target on the
ESD
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In Figure 1 shows that in the presence of two targets in
the beam, where Target 1 is located on the ESD, and
Target 2 is located at an angle 6,, only one target will be
detected at an angle A®.

The results of measuring the azimuth of the target, which
is located on the ESD, in the presence of the second
target in the beam are shown in Figure 2, where the dots
indicate the positions of the targets, and the cross
indicates the result of detection. In Figure 2 shows that
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when the targets are not separated by azimuth, the
distance of Target 2 from the ESD leads to an increase in
the error of determining the azimuth of Target 1, which
is located on the ESD.

The dependence of the azimuth measurement error of the
first target on the position of the second target is shown
in Figure 3..
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Figure 2: The results of measuring the azimuth of the target, which is located on the ESD, in the presence of
the beam of the second target
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Figure 3 :The dependence of the measurement error of the azimuth of target 1, which is located on the ESD,
on the position of target 2
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In Figure 3 shows that as the second target approaches the
edge of the beam, the measurement error of the azimuth of the
first target decreases. The increase in the azimuth
measurement error after the mark 25° is explained by the
influence of the second target through the lateral lobe of the
antenna orientation

Thus, from the analysis of Figure 1, Figure 2, Figure 3 it
follows that insufficient azimuth resolution and high level of
side lobes of the antenna pattern can lead to significant errors
in determining the azimuth of the targets, accompanied by the
presence in the beam of reflections from the underlying
surface or reflections from other targets.

Thus, when simultaneously moving in the radial direction on
the radar of two targets that are not separated by azimuth and
released from two spatially spaced starting positions, one
target will be detected with significant errors in determining
the azimuth (Figure 2).

As a result, instead of the true position of the two starting
positions, the wrong position of the wrong starting position
will be determined. This can lead to a deterioration in the
accuracy of information about the coordinates of the starting
positions and disruption of the task.

According to the tactics and technical features of the
simultaneous use of several AN/TPQ-49 radars in one
position, they are located at a distance of at least 1 km from
each other, as shown in Figure 4 [4].
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Figure 4 — The placing the radar AN / TPQ-49 while using in
one position [4]

At the location of the radar, as shown in Figure 4, it is
possible to use multi-position location methods to increase the
azimuth resolution and reduce the effect of simultaneous
presence in the beam of the antenna pattern of two inseparable
targets on the accuracy of determining the azimuth of the
target.
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The possibility of using multi-position radar methods with the
simultaneous use of several radars AN/TPQ-49 is due to the
use in the radar of a modern element base and the following
features of construction:

—the presence of a circular electronic scan provides the
possibility of synchronous and coordinated survey of space by
spatially spaced radars;

—the presence of digital transmitting, receiving and
synchronizing systems provides the possibility of
synchronous start and synchronous radiation of probing
signals by spatially spaced radars.

Therefore, when combining spatially spaced radars into a
multi-position system by implementing an additional system
of synchronization and transmission of detected marks to a
single processing point, it is possible to increase the accuracy
and reliability of determining the coordinates of the starting
positions.

In the two-position radar system, the root mean square error
(MSE) of determining the azimuth of the target and the
azimuth resolution in the implementation of the rangefinder
method is determined by the expressions (3)—(4):

_ GR\/E
%P~ Lsin(p)’ ®)
AP AR c ()

“Lsin(B)  2Lsin(p)Af, '

where og — MSE range measurement; L — distance between
radars; B — azimuth of the target relative to the base line;
AP —azimuth resolution; AR - range resolution; Af, —the

width of the spectrum of the probing signal; ¢ — the speed of
light.

When the radar is located at a distance of L=1000 m,
providing appropriate synchronization for launch and
inspection of space, the using of standard sounding signals
(spectrum width 3 MHz) in directions perpendicular to the

base line ([3:900) can be expected to provide azimuth
resolution:

e S 310° _
2Lsin(B)Af,  2.1000-sin(90)-3-10°

0,05(rad) =2,9°

In Figure 5, Figure 6 it shows the results of statistical
modeling of determining the coordinates of targets in the
system of two spatially spaced radars AN/TPQ-49 in the joint
processing of the detected marks and the implementation of
the long-range method.
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Figure 5 — The results of statistical modeling of the
coordinates of targets by one radar AN / TPQ-49
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Figure 6 — The results of statistical modeling of the
coordinates of targets by the system of two radars AN /
TPQ-49, spaced at 1000 m

Statistical modelling was performed for conditions when one
target is located at a distance of 5.5 km and azimuth 0°
(relative to the origin), the second target is located at a
distance of 5.5 km and azimuth 4° (relative to the origin). In
Figure 5 it shows that one radar AN/TPQ-49 detects these two
targets as one target and cannot separate them by azimuth.
When using a system of two radars AN/TPQ-49 and the
implementation of the long-range method provides separation
of targets and their separate observation (Figure 6).

5. CONCLUSION

Thus, when using several identical AN/TPQ-49 radars at the
same position, which are located at a distance of at least
1000 m, it is advisable to combine them into a multi-position
system with synchronous start, coordinated survey of space
and joint processing of detected marks. at the central point of
radar information processing. This will complement the radar
information obtained by each individual radar, the
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information that will be obtained from the joint processing
using the rangefinder method.

As a result, it is expected to increase the azimuth resolution
and reduce the error in determining the azimuth of the
targets, which is due to the influence of the presence of several
targets in the main beam of the antenna pattern. Increasing
the resolution and accuracy of azimuth determination will
increase the reliability of determining the coordinates of the
starting positions.
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