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ABSTRACT

An approach to increase the efficiency of detection of
small air objects through the using of multi-position
reception methods, in particular, the combination of
single-position and spaced signal reception methods.
The block diagram of the processing channels of the
survey radar station of the meter range based on the
combination of methods of single-position and spaced
signal reception is given.

Key words : small air object, detection, method,
single-position, signal, combination of methods.

1. INTRODUCTION

In modern conditions, the solution of the problem of
building a reliable air defense system is significantly
complicated due to the emergence of small unmanned
aerial vehicles [1]-[6]. Small air objects such as guided
missiles (projectiles), guided aerial bombs, cruise
missiles of various types of bases, anti-radar missiles,
unmanned aerial vehicles have specific flight
characteristics [2]-[4], [7]-[11]. First of all, these are
their small effective scattering surfaces, a wide range of
speeds, the implementation of covert flights at low and
very low altitudes using the terrain [2]-[4], [12]-[14].
These features significantly complicate the task of
detecting small air objects.

1.1 Problem analysis
It is known that to increase the efficiency of radar
reconnaissance of small air objects, a number of

organizational and technical measures are used, which
are summarized in [15]-[17]:

—the compaction of the location of radar stations in
dangerous directions (creation of detection bands of
low-altitude and small-sized objects);

— the using of radars of all frequency bands;

—the using of radars with the best capabilities (greatest
energy potential), etc.

In [18]-[21] alternative ways to improve the quality of
detection of small air objects are considered:

— the using of energies of external radiation sources;
—the using of the property of increasing the effective
scattering surface in the resonant reflection of
electromagnetic waves from the target;

—the using of the properties of increasing the bistatic
effective scattering surface of the secondary radiation in
comparison with the effective scattering surface of the
inverse secondary radiation.

The main disadvantages inherent in these alternative
methods of detecting small air objects are noted in [9],
[22].

In [9] [22]-[24], to increase the detection efficiency of
small air objects, the possibility of increasing the
effective scattering surface of small objects in survey
radars by using the properties of the bistatic effective
scattering surface of the object with spaced reception of
signals from external radiation sources. This becomes
possible by supplementing (or introducing) into existing
single-position surveillance radars additional modes of
spaced reception.
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According to the results of research [9], [22]-[23] on the
comparison of the bistatic and monostatic effective
scattering surface of air objects, it was found:

—at values of bistatic angles less than 136 degrees, the
value of the bistatic effective scattering surface does not
exceed, and in some cases less than 2-5 dB, the values of
the monostatic effective scattering surface, which leads
to deterioration of radar detection capabilities of air
objects;

—at values of bistatic angles close to 180 degrees, the
value of the bistatic effective scattering surface
significantly exceeds the value of the monostatic
effective scattering surface (up to 30dB), which
improves the radar's ability to detect small air objects;

— the sharpness of the bistatic scattering diagram is less
than the sharpness of the monostatic scattering diagram,
which reduces the flicker (noise) of the object and
reduces its impact on the measurement errors of the
object;

— for objects that are made by "Stealth" technology, there
is an increase in the values of the bistatic effective
scattering surface compared to the monostatic effective
scattering surface.

2. MAIN MATERIAL

To ensure continuous radar control of flights of air
objects at low altitudes, it is possible to use spaced radar
systems that using radiation from external transmitters

9.

The multi-position spaced radar system of semi-active
location in the field of radiation of the system of cellular
communication, radio and television broadcasting of
ground and space base is shown in Figure 1.
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Figure 1: The multi-position spaced radar system in the
radiation field of a cellular communication system
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The system is built at several detection boundaries to a
depth of 50-100 km along the front in the band 200-300
km and at an altitude of up to 1500 m.

The vertical profile of the detection zone in the radiation
field of the cell communication system is shown in
Figure 2.

Each detection boundary represents a sequence of
detection zones located between base stations (BS). The
detection zone is formed by a single-base spaced
(bistatic) Doppler radar. Information from each
detection zone is sent via GSM networks to the
Information Collection and Processing Center, which
can be located many kilometers from the detection
system. The objects are identified by direction-finding,
frequency and time features, as well as by the installation
of video recorders — by the image of objects.

BS "A"receptionarea  BS"B"reception area

BS A

Figure 2: The vertical profile of the detection zone in the
radiation field of the cell communication system

To solve the problem of detecting an air object while
using the properties of its bistatic and monostatic
effective scattering surface, it is necessary to ensure the
implementation of the radar algorithm for detecting the
object when it is irradiated by several transmitters. To do
this, the radar must implement the appropriate channels
for processing echo signals:

—the processing channel of echo signals that are
reflected from the object when it is irradiated by a
transmitter that is combined with a receiving device
(provides the use of the properties of a monostatic
effective scattering surface);

—the processing channels of echo signals, which are
reflected from the object when it is irradiated by
transmitters, which are spaced in space (provides the use
of the properties of the bitastic effective scattering
surface).

In general, you can use several independent transmitters
that are spaced apart and irradiate the object. To process
echo signals caused by the radiation of the corresponding
transmitter, a separate processing channel must be
implemented at the receiving point. Signals emitted by
space-spaced transmitters can generally be incoherent.
Therefore, the fluctuations of echo signals that are
reflected from the object in monostatic and bistatic
modes can also be considered independent.
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Based on the above, the algorithm for detecting an object
when irradiated by several transmitters should be based
on the principle of incoherent summation of the results of
coordinated processing of echoes reflected by the target.
The corresponding detection theory has been developed
for multi-position systems, multi-channel systems,
multi-frequency signal processing systems, etc. [9],
[22]-[23].

The algorithm of optimal processing, which is based on
the principle of incoherent summation of the results of
coordinated processing of the corresponding echo
signals, has the form (1)—(2) :

m A|2 ~

L, :%:N_i”zir , o)
m A2

L=g @

where L;, L, — the probability ratio for weak and strong

signals, respectively;, A, = L the ratio of the average
1

signal power in the i-th and the first channel; N; —

one-way spectral power density of white noise in the i-th

channel; Z; — the result of the coordinated processing of

the received signals in the i-th channel; m is the number

of processing channels.

The algorithm of optimal processing (1), (2), which
provides detection of the object when it is irradiated by
several transmitters, is reduced to the coordinated
processing of received echoes, quadratic detection in
each processing channel and weight summation of
detector outputs of all channels. The weights depend on
the signal-to-noise ratio and the spectral noise density in
the processing channels.

The block diagram of the detector, which implements the
algorithms for detecting the object (1), (2) using the
illumination of the object by several transmitters, is
shown in Figure 3. As can be seen from Figure 3, when
constructing a radar system consisting of one receiving
and several transmitting positions, the optimal detector

Hennadii Khudov et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4463 - 4471

is multichannel. The work of the detector (Det) is
reduced to the coordinated processing of echo signals
and detection.

The output signals of the coordinated processing devices
are equalized by the delay (according to the delay
values), which is due to the different distances between
the receiving and transmitting positions. The
delay-aligned signals are summed with weights Q,.The
values of the coefficients depend on the signal-to-noise
ratio in the processing channels.

The signal from the output of the adder (calculated
likelihood ratio) is fed to the threshold device, where it is
compared with the threshold. The value of the threshold
depends on the selected detection criterion (minimum
average risk, minimum, Neumann - Pearson, ideal
observer, etc.). Depending on whether or not the
threshold is exceeded, a decision is made on the presence
or absence of a signal.

To evaluate the quality indicators of object detection
using several transmitters, we will analyze the nature of
fluctuations in the amplitude of the signal reflected by
the object. The nature of the echo amplitude fluctuations
is determined by the nature of the effective scattering
surface fluctuations of the object. Amplitude fluctuations
of echo signals for a wide class of objects can be
described by Nakagami m-distribution models,
logarithmically normal distribution or a set of Johnson
distributions. An indicator of the choice of the model of
the distribution of amplitude fluctuations is the ratio (3):

K, =8, @)

Gtg med

where k, — the applicability of the model of the
distribution of fluctuations in the amplitude of echo

signals; 5, © — average and median value of the

tg med
effective scattering surface, respectively.
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Figure 3: The block diagram of an optimal detector that detects an object using multiple transmitters
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The value corresponds to the Nakagami distribution with
m=1 (Rayleigh distribution), corresponds to the Nakagami
distribution with m=2, for the values use an approximation of
the logarithmically normal distribution model (4):
( ) 1 7('”(%)’@)2
p(o,)=——¢ 20 . 4)
° GV 210
When using expression (4), the relationship between the
nature of the fluctuations of the effective scattering surface
and the distribution parameters is determined by the
expression:
G
kg =—2—=e?. (5)

Gtg med

[NJRe]

The value of the parameter calculated using the methods and
algorithms presented in [25]-[26] for a monostatic and
bistatic effective scattering surface of small targets
(AGM-86C cruise missiles, Taurus KEPD 350) for the
frequency of the probing signal corresponding to the
operating range of the radar meter range, are shown in
table 1, table 2.

Table 1: The value of the parameter k, for monostatic effective
scattering surface

The type of | Polarization Values at an azimuthal
effective foreshortening, degrees
scattering 0-45 45-135 135-180

surface
AGM-86C
Average horizontal | 41 345 | 10454 | 10,603
effective
scattering vertical 2,609 4,894 3,024
surface
Median horizontal | 41 416 | 3778 | 10843
effective
scattering vertical 2328 1614 3,281
surface
Kig horizontal | 994 2,767 0,078
vertical 1,121 3,032 0,022
K horizontal 158
tg !
vertical 1,69
Taurus KEPD 35
Avera}ge horizontal 13,609 7,202 5,72
effective
scattering vertical 8,582 8,299 3318
surface
Medlgn horizontal 11,117 7.16 1331
effective
scattering vertical 4,835 4,47 3,57
surface
Kig horizontal 1,23 1,02 4,29
vertical 1,78 1,86 0,93
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tg

horizontal

2,18

vertical

1,52

Table 2: The value of the parameter k, for bistatic effective

scattering surface

The type of | Polarization Values at an azimuthal
effective foreshortening, degrees
scattering 0-45 45-135 135-180

surface
AGM-86C
Avera}ge horizontal 3.974 1,262 19,99
effective
scattering vertical 2818 2 636 7.061
surface
Medlgn horizontal 3,703 0,792 19,142
effective
scattering vertical 2,56 224 7,263
surface
K horizontal |4 7 1,59 1,04
vertical 11 117 | 007
Et horizontal 123
4] ]
vertical 1,08
Taurus KEPD 35
Avera}ge horizontal 13,13 2523 35343
effective
scattering vertical 11,297 5,031 18,358
surface
Median horizontal | 15164 | 1,949 | 29,604
effective
scattering vertical 8,735 4.44 14,656
surface
kt@l horizontal 129 129 119
vertical 1,29 1,34 1,25
Et horizontal 126
4] ]
vertical 1,29

From the analysis of the average values of the parameter Etg

(table 1, table 2) it is seen that for the monostatic effective
scattering surface the parameter values change within
1.52-2.18, and for the bistatic effective scattering surface the
parameter value changes within 1.08-1.29.

To assess the quality of detection of objects, which are listed
in table 1 and table 2, taking into account the nature of
fluctuations in the amplitude of echo signals, it is necessary:

— find the analytical expression of the signal-to-noise ratio at
the output of the coordinated processing system for a signal
with an amplitude multiplier that satisfies the
logarithmic-normal distribution (4);
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—find the analytical expression of the dependence of the
probability of correct detection on the signal-to-noise ratio
and construct detection curves.

To simplify the task of finding an analytical expression to
assess the quality of detection of objects, which are listed in
table 1, table 2, you can use the following features:

—the interval of change of parameter values Etg for the

bistatic effective surface (0,92-1,29) includes the value
ki, =1,18 corresponding to the Nakagami distribution with

the parameter m=2;
—the interval of change of parameter values Etg for the

monostatic effective scattering surface (1,42-2,18) includes
the value k, =144 corresponding to the Nakagami

distribution with m=1.

The presence of amplitude fluctuations leads to a
deterioration in the quality of target detection (with values of
the probability of correct detection greater than 0.5) relative to
the case when the amplitude fluctuations are absent. Given
the above, a comparative assessment of object detection
quality indicators using bistatic and monostatic effective
scattering surfaces can be made using the Nakagami
distribution with parameters m = 2 and m = 1, respectively.

For a signal with a random amplitude with a Nakagami
distribution at m=1 (corresponding to the Rayleigh
distribution), the conditional probability of correct detection
is determined by the expression (6):

(6)

where D is the conditional probability of correct detection; F —
conditional probability of false alarm; q — signal-to-noise
ratio at the input of the threshold device.

For a signal with a random amplitude with Nakagami

distribution at m = 2, the conditional probability of correct
detection is determined by the expression (7):

1

2

qZ
q 7
D= 1+%|n[1j Fro
¢} \F
4

()

In the case of incoherent channel aggregation, provided that
the signal-to-noise ratio in all channels is the same and there
is no interchannel correlation of complex amplitudes
(independent fluctuations in the intensity of spatially
incoherent signals in the channels), the probability of correct
detection is determined by (8):
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where m is the number of incoherent channels to be merged;
g — the average signal-to-noise ratio at the output of the

processing channel (the same for all channels); uy —
normalized threshold level, which depends on the probability
of false alarm and is determined from the expression (9):

©)

In Figure 4 shows the characteristics of detection, which are
built on expressions (6), (7), (8). The curve 1 and the curve 2
correspond to object detection using a monostatic effective
scattering surface and a bistatically effective scattering
surface, respectively. The shift of curve 2 to the left relative to
curvel is explained by differences in the nature of
fluctuations in the intensity of echo signals in monostatic and
bistatic modes. The curves 3, 4, 5 correspond to the detection
of the object in the incoherent combination of 2, 3 and 4

detection channels, respectively, provided that the
signal-to-noise ratio in these channels is the same.
D 1 » ———
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Figure 4: The characteristics of object detection in the
channels for the probability of false alarm F=10: 1 - using a
monostatic effective defraction surface; 2 — using a
bistatically effective scattering surface; 3 — in case of
incoherent combination of 2 channels; 4 — in case of
incoherent combination of 3 channels; 5 — in case of
incoherent combination of 4 channels.

From the analysis of the detection characteristics shown in
Figure 4, it is seen that the transition from single-channel
object detection (curves1, 2) to object detection with
incoherent combination of two channels (curve 3) leads to a
significant shift of the detection characteristics to the left. A
further increase in the number of channels that are combined
incoherently (curves 4, 5) does not lead to a significant shift
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in the detection characteristics to the left compared to the
detection characteristics when combining two channels
(curve 3).

In Figure 5 shows the dependence of the energy gain in the
desired signal-to-noise ratio in each processing channel to
ensure quality indicators of target detection, with incoherent
combination of channels on the number of combined
channels.

K.iB
16|

14

12

10

23 4 5 6 7 8 9 m
Figure 5: The gain in the signal-to-noise ratio in the channels
when they are incoherently combined with respect to the
signal-to-noise value in a single-position channel that uses a
monostatic effective scattering surface (for detection quality
indicators D=0,8, F=10"®)

The gain in Figure 5 shows the relative signal / noise value
required to detect an object in a channel that uses a
single-position effective scattering surface (10):

Km = ZOIQ(?_lJi
U

where Kp,— the gain in the signal / noise ratio in the m-th
channel relative to the channel with the signal-to-noise ratio
qs; 01 — the signal-to-noise ratio in the channel, which uses a
monostatic effective scattering surface, which is required to
ensure the specified quality indicators of target detection
without the use of additional channels; - the signal-to-noise
ratio in the m-th channel, which is required to ensure the
specified target detection rates in case of incoherent
combination of m channel.

(10)

From the analysis of the dependence of the gain in the
signal-to-noise ratio shown in Figure 5, it is seen that the
combination of two channels (monostatic and bistatic)
provides a gain of 8 dB. Adding a third channel increases the
gain by only 2 dB. A further increase in the number of merged
channels results in an increase in gain of less than 2 dB for
each added channel. Therefore, according to the criterion of
efficiency-cost, the most effective is the combination of two,
maximum three channels (one-position and one or two
bistatic).
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In Figure 6 shows the dependence of the gain in the
signal-to-noise ratio in the processing channels on a given
probability of correct detection in the incoherent combination
of different numbers of channels.

K.dB
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Figure 6: The gain in the signal-to-noise ratio for incoherent
combination of m channels relative to the signal-to-noise
value in a single-position channel that uses a monostatic

effective scattering surface (for F=107°)

From the analysis of the curves shown in Figure 6, it is seen
that as the probability of correct detection increases, the gain
in signal / noise ratio increases. The gain gain in the
signal-to-noise ratio decreases at m>3, which confirms the
inexpediency of incoherent combination of more than three
channels.

5. CONCLUSION

Thus, the analysis shows that the incoherent combination of
single-position and spaced processing channels provides the
ability to detect small air objects in the meter range of
wavelengths with indicators of detection quality and reducing
the signal-to-noise ratio in each channel by 8 dB compared to
the case when the detection of an object with the same quality
indicators is carried out independently by each channel.

It is shown that according to the criterion of efficiency-cost,
the use of more than two channels (one monostatic and one
bistatic) to ensure energy gain in the detection of objects is
impractical.

In further studies to determine the impact of energy gain on
the parameters of the detection zone of small objects when
combining the modes of single-position and spaced reception,
it is necessary to analyze the dependence of the
signal-to-noise ratio on the geometry of such a system
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