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1. Introduction

The emergence of small-sized unmanned air objects
significantly complicates solving the task on building a
reliable air defense system at present [1-3]. Small-sized air
objects such as guided missiles (shells), guided air bombs,
cruise missiles of different types of base, anti-radar missiles,
unmanned air devices have specific flight-and-technical
characteristics. First and foremost, these are small effective
scattering surfaces (ESS), a wide range of motion speed
and the capability to carry out hidden flights at low and
ultra-low altitudes using terrain relief [3—5]. The specified
features significantly complicate the task on detection of
small-sized air objects by observation radars.

The use of traditional methods to increase effectiveness of
detection of small-sized air objects leads to an increase in the
number and energy potential of radar. Consequently, a need
to solve the problem of detection of small-sized air objects em-
phasized a contradiction between trends in the development
of small-sized air objects and capabilities of existing obser-
vation radar . Therefore, it is an important task to develop a

method for detecting small-sized air objects by observation
radar that would resolve the specified contradiction.

2. Literature review and problem statement

Paper [6] summarizes methods used to improve the effec-
tiveness of radiolocation detection of small-sized air objects.
They are:

— denser radar locations along dangerous directions (cre-
ation of zones of detection of small-sized air objects);

— using all frequency bands by radar;

— employing radar with a greater energy potential, etc.

Authors of papers [7-10] propose applying the following
new information technologies to increase the efficiency of
radiolocation detection of small-sized air objects:

— serial-parallel electronic monitoring of a zone along the
angle of a site and a two-dimensional electronic scanning of
a diagram of antennas orientation;

— phased antenna arrays that are active, semi-active and
passive for transmission;




— digital synthesis of probing signals with different pa-
rameters: carrier frequency, type of modulation, bandwidth,
duration, frequency of pulsing;

— digital diagramming of a phased antenna array for
reception;

— automatic analysis of a noise situation and adaptive
selection of means and modes of protection against inter-
ference;

— automatic topographic binding and orientation of
radar based on information from space navigation systems;

— complexing of radar with means of secondary radiolo-
cation;

— possibility of building up radar to an active-passive
complex.

Applying the aforementioned known methods and new
information technologies to increase the effectiveness of
detection of small-sized air objects leads to an increase in
the required number, capacity, and technological complexity
of radars.

Papers [10—16] consider alternative ways to improve
detection of small-sized air objects:

— use of multilocational systems;

— use of energy from third-party irradiation sources;

— use of the property to increase ESS at resonant reflec-
tion of electromagnetic waves from an air object;

— use of properties to increase bistatic ESS of secondary
irradiation in comparison with ESS of reverse secondary
irradiation.

Papers [11-13] consider detection of air objects by mul-
tistatic and bistatic systems of passive location. The works
give practical recommendations for the construction of such
systems and experimental data on detection of air objects.

Papers [14-16] present methods of multilocation radio-
location and their practical application to improve detection
and determination of air objects coordinates. The feature of
multiposition radiolocation systems is the use of spatial-tem-
poral methods of processing signals, which are received
simultaneously at spatially-dispersed reception points. In
this case, both active and passive methods of reception are
used. Article [15] describes a statistical theory of detection,
determination of coordinates of objects, definition of princi-
ples of interposition identification of unit measurements and
trajectories of air objects. Paper [16] develops methods of
combination of radiolocation information by multipositional
radiolocation systems. The main advantages of using multi-
position radiolocation systems in comparison with one-posi-
tion radar are as follows:

— increasing survivability of the system due to spatial
dispersion of receiving and transmitting positions;

— possibility of formation and dynamic control of the
required inspection area;

— possibility of increasing accuracy of the measurement
of spatial coordinates of air objects by employing rangefinder
methods;

— increasing reliability due to an excess number of re-
ceiving and transmitting positions, and others.

In multiposition systems, which operate according to the
principle of active location, typical radar are used as system
elements [14—16]. This requires an increase in the required
number of radars and in the cost of a multiposition system.

The transmitter, which is not part of the system (ex-
ternal transmitter), is used in a multiposition system in
papers [17-20]:

— LTE (Long-Term Evolution) signal transmitter — a
wireless high-speed data transmission system for mobile
phones and other terminals [17];

— transmitter of a signal from satellites located at a geo-
stationary orbit [18];

— DVB-T (Digital Video Broadcasting — Terrestrial)
broadcast transmitter of air digital television [19];

— transmitter of Wi-Fi technology (Wireless Fidelity) of
the IEEE 802.11 standard [20].

Systems [17-20] ensure minimum energy costs for op-
eration of a system. Authors of [17-20] consider principles
of construction and options of practical implementation of
dispersed radiolocation systems operating in the field of
illumination of third-party transmitters in different wave-
length ranges. They obtained expressions for estimation of
a potential of dispersed radiolocation systems for detection
and determination of coordinates of air objects, and derived
dependences of characteristics of dispersed radiolocation
systems on parameters of illumination signal.

The further development of radiolocation systems pro-
ceeds in the direction of combining of properties of certain
types of radiolocation systems into unified active-passive
multipositional radiolocation systems. Such complexes carry
out cooperative processing of radiolocation information.
Authors of papers [21, 22] consider an option of organization
of cooperative processing of radiolocation information in an
active-passive radiolocation system to increase probability
of detection of air objects [21, 22].

Paper [23] investigates a possibility of increasing ESS of
small-sized air objects in observation radar to increase the
efficiency of detection of small-sized air objects. For this pur-
pose, it utilizes the property of bistatic ESS of air object for
a dispersed reception of signals from third-party irradiation
sources. According to the results of the conducted studies
[23] on the comparison of bistatic and monostatic ESS of air
objects, the authors established:

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

— at values of bistatic angles close to 180 degrees, a value
of biased ESS exceeds a value of monostatic ESS signifi-
cantly (up to 30 dB), which improves radar capabilities for
detection of small-sized air objects;

— the brokenness of a bistatic dispersion diagram is less
than that of a monostatic dispersion diagram, which reduces
a flicker (noise) of an object and reduces its effect on a mea-
surement error of coordinates of an object;

— for objects based on the “Stealth” technology, there
is an increase in values of bistatic ESS compared with
monostatic ESS.

Thus, the analysis of literature on the research subject
showed that issues related to the construction and opera-
tion of an active observation radar during operation under
modes of single-position and dispersed radiolocation of air
objects remain insufficiently investigated. Also, known
papers do not consider a possibility of comprehensive use
of the possibility to locate air objects under monostatic and
bistatic detection modes. The issue of combination of prop-
erties of monostatic and bistatic ESS of air objects remains
unresolved. Solving it would increase the effectiveness in
detection of small-sized air objects.



3. The aim and objectives of the study

The aim of present study is to improve effectiveness of
detection of small-sized air objects by introducing an addi-
tional mode of dispersed reception to the existing one-posi-
tion observation radar.

We must solve the following tasks to achieve the ob-
jective:

— to improve an algorithm for the detection of an air ob-
ject at its irradiation by several transmitters;

— to develop structural scheme of a detector, which per-
forms the detection of an air object using the illumination of
an object by several transmitters, and to evaluate parameters
of the quality of detection of an air object at its irradiation by
several transmitters;

— to select the number of receiving channels that are
combined;

—to construct a structural diagram of channels for
processing echo signals from an observation radar at com-
bination of methods of one-position and dispersed signal
reception.

4. Improved algorithm for the detection of an air object at
its irradiation by several transmitters

It is necessary to provide an implementation of an algo-
rithm for detection of an object at its irradiation by several
transmitters in radar to solve the problem of detection of an
air object when introducing an additional mode of dispersed
reception. To do this, we must implement appropriate chan-
nels in radar for processing echo signals, which emerge due
to the irradiation of own and third-party transmitters:

— a channel for processing of echo signals reflected from
an air object at its irradiation by a transmitter, which is com-
bined with a receiving device;

— channels of processing echo signals reflected from an
air object at its irradiation by external transmitters, which
are dispersed in space.

We must implement a separate processing channel for
processing echo signals from each transmitter at a receiving
point. Signals irradiated by transmitters dispersed in space,
in general, can be incoherent among themselves. Fluctua-
tions of amplitudes of reflected signals under monostatic
and bistatic modes correspond to different dispersions, and
therefore they are independent.

We should construct an algorithm for optimal processing
of signals reflected from an air object under a monostatic and
bistatic mode based on the principle of incoherent summa-
tion of results of a coherent processing with an appropriate
compensation of time and frequency shifts. Thus, to improve
the detection of small-sized air objects due to the additional
use of third-party irradiation sources in observation radar,
it is necessary to improve a multichannel detection method
with incoherent combining of channels.

When an air object is in the irradiation zone of several
transmitting positions, we can present echo signals reflected
from it at the location of a receiving position in the following
form (1):
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where Y,(t,A) is the aggregate signal at the location of a
receiving position, which is conditioned by signals reflected

from an air object, while an air object is in the k-th sepa-
rate volume; S,(¢,A;) is the i-th type of a signal, which is
conditioned by the i-th transmitter and is reflected from an
air object, while an air object is in the k-th separate volume;
A is the vector of informational parameters of an aggregate
signal, which consists of vectors A;; A, is the vector of in-
formational parameters of an echo signal of the i-th type; i=
=1, 2, ..., N is the number of types of signals, which are con-
ditioned by a number of transmitting positions that irradiate
an air object.

Each S,(t,%,), signal that is a part of an aggregate
signal (1) at the point of the receiving position is mutually
uncorrelated and can be received and processed by the cor-
responding separate receiving channel. Therefore, to ensure
possibility of processing the entire set of signals Y,(¢,1), the
receiving point must consist of a set of specific processing
channels. Each receiving channel operates according to
algorithm (2):
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where Z, is the result of a coherent processing of an echo
signal of i-th type received from an air object, which is lo-
cated in the k-th separate volume; Y,(¢,1) is the aggregate
incoming signal at the output of a receiver reflected from an
air object located in the k-th separate volume; D, (¢,A,) is
the average square estimation of interference components
of an incoming signal, it forms at the output of interference
compensator for the i-th channel of processing and the 4-th
separate volume; X, (¢,A,) is the expected (reference) signal
of the i-th type for the %-th separate volume.

If we have one receiving channel, the optimal processing
algorithm takes the form similar to (1) and (2) [15]:
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where Ly, Ly are the ratios of probability for weak and strong
signals, respectively; Ny is the one-way spectral density of
white noise power in a receiving channel; Z, is the result of
coherent processing of received signals in a receiving channel.

Expressions (3) and (4) represent the optimal processing
algorithm based on the principle of incoherent summation
of results of a coherent processing of corresponding echo
signals in the case of m processing channels:
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where Ly, Ly are the ratios of probability for weak and strong
. . P . . .
signals, respectively; A, == is the ratio of mean signal
strengths in the i-th and first channels; Nj; is the one-way
spectral density of white noise power in the i-th channel;
Z, is the result of coherent processing of received signals in
the i-th channel; m is the number of incoherent processing

channels.



Optimal processing (5) and (6), which ensures detection
of an air object at its irradiation by several transmitters,
reduces to coherent processing of received echo signals,
quadratic detection in each processing channel and weight
summation of outputs of detectors of all channels. Weight
coefficients depend on a signal/noise ratio and spectral den-
sity of noise in processing channels.

Processing channels are at the same receiving point,
but emitters of probing signals that determine echo signals
of corresponding processing channels dispersed in a space.
Consequently, echo signals reflected from one air object and
conditioned by probing signals emanating from spatially dis-
persed positions will have different delay times and Doppler
frequency in the receiving position. Therefore, in contrast to
expressions (5) and (6), incoherent summation must proceed
separately for each separate volume of observation radar. In
this case, it is necessary to provide a preliminary compensa-
tion of a time delay and Doppler frequency in each receiving
channel to a separate volume of observation radar. Taking
this into account, expressions (5) and (6) take form (7) and

(8), respectively:
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where L(d,.B,.e,F,), Ly,(d,,B,€,F,) are the ratios of
probability for weak and strong signals in the k-th sepa-
rate volume with coordinates (d,,B,,&,) and k-th Doppler
frequency Fy, respectively; d,,B,.e, are a distance, an
azimuth and an angle of a location corresponding to the &-th
separate volume of observation radar; F, is the Doppler
frequency, which corresponds to the k-th separate channel
along Doppler frequency; A,(d;,B,.€,,Fp, ) is the ratio of
mean signal capacities in the i-th and the first channel for
the k-th separate volume and the k-th separate Doppler
frequency of observation radar; N,(d,,B;,&;,Fp, ) is the one-
way spectral density of white noise power in the i-th channel
in an element corresponding to the A-th separate volume and
the k-th separate Doppler frequency of observation radar;
Z(dk,Bk,sk,FDk) is the result of a coherent processing of
received signals in the i-th channel in an element that cor-
responds to the k-th separate volume and the k-th separate
Doppler frequency of observation radar.

As we can see from expressions (7) and (8), each receiv-
ing channel of i-th signal type should be multichanneled for
distance (delay time) and speed (Doppler frequency).

Thus, an improved algorithm for detection of an air ob-
ject when it is exposed to several transmitters is reduced to:

— coherent processing of received signals in each pro-
cessing channel in each element corresponding to the rel-
evant separate volume and the relevant separate Doppler
frequency;

— quadratic detection in each processing channel in each
element corresponding to the relevant separate volume and
the relevant separate Doppler frequency;

— mass summation of outputs of detectors for each pro-
cessing channel in each element, which corresponds to the

relevant separate volume and the relevant separate Doppler
frequency.

3. Structural diagram of the detector of an air object at
illumination of an object with several transmitters

We can see from the analysis of expressions (2), (7), (8)
that each receiving channel of a signal of the i-th type must
be a multichannel for distance (delay time) and speed (Dop-
pler frequency). Fig. 1 shows structure diagram of the detec-
tor, which implements the algorithms for detection of an air
object based on expressions (2), (7), (8) using illumination
of an air object by several space-dispersed transmitters. The
signal Y}, received by antenna of the i-th receiving channel
enters the unit of components evaluation D, (components
are interferences for the i-th type signal) and units ;.65
of distance channels formation for signals of the i-th type.

Fig. 1. Structure diagram of the detector that uses
illumination of an air object by several space-dispersed
transmitters

There are compensation operations of interference sig-
nals performed and Fpy;...Fpy; channels of speed formed in
each channel of distance. The result of a coherent process-
ing of an echo signal of the i-th type received from an air
object, which is located in the k-th separate volume for the
k-th high-speed channel, forms at the output of high-speed
channels after amplitude detection (“Dt” letters mark “a de-
tector” in Fig. 1). Results of coherent processing of echo sig-
nals are employed in weight summation. Weight coefficients
(Qp) are formed for each type of the i-th type of a signal in
each k-th channel of distance and speed. The outputs of each
channel of a signal of the i-th type, which correspond to
the same volume of the same name and the same channel of
speed, proceed to the input of the adder.

Fig. 2 shows part of the structure diagram of the de-
tector with a use of illumination of an air object by several
space-dispersed transmitters, which corresponds to the same
separate volume and a high-speed channel. Fig. 2 shows that
an optimal detector for the construction of a radiolocation
system consisting of one receiver and several transmitting



positions is a multichannel detector. Receiving channel
signals line up according to delay values tk, 1...tk, which is
conditioned by different distances between receiving and
transmitting positions. Signals lined up by delay proceed
to coherent processing, Doppler filtration (Fpg1...Fppm), de-
tection and summation with weight coefficients (Qpi...Qpm)-
Values of coefficients depend on the signal/noise ratio in
processing channels.

Signal

Threshold
device

No signal

Threshold

Fig. 2. Structure diagram of the detector that uses the
illumination of an air object by several space-dispersed
transmitters, which corresponds to one separate volume and
one high-speed channel

From the output of the adder, the signal accumulated
over channels (calculated likelihood ratio) arrives at the
threshold device. There, it is compared with the threshold,
the value of which depends on the selected detection criteri-
on (a minimum of average risk, minimax, Neuman-Pearson,
ideal observer, and others). Depending on an excess or no
excess of the threshold, a system decides on the presence or
absence of an air object in the k-th separate volume and the
k-th high-speed channel.

Thus, to detect small-sized air objects in observation
radar with a use of irradiation from third-party sources, it is
necessary to provide reception, coherent processing of echo
signals from third-party sources, compensation of differenc-
es in delay and Doppler frequency relative to a separate vol-
ume of observation radar and incoherent weight summation.

Let us evaluate efficiency of detection of an air object at
its irradiation with several transmitters. We will use condi-
tional probability of correct detection of an air object as an
indicator of efficiency.

The following expression determines conditional proba-
bility of correct detection in the incoherent combining of m
channels (9):
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where m is the number of incoherent combined channels; g is
the average signal/noise ratio at the output of the processing
channel (taken as equal for all channels); ug is the normal-
ized threshold level, which depends on the probability of
false alarm, the following expression determines it (10):

(10)

Fig. 3 shows detection characteristics constructed ac-
cording to expressions (9), (10) at incoherent combining
of two (indicated by number 3 in Fig. 3), three (indicated
by number 4 in Fig. 3) and four (indicated by number 5 in
Fig. 3) receiving channels. We constructed characteristics
for the value of conditional probability of false alarms F=10>.

There are also detection curves for monostatic signal
reception (indicated by number 1 in Fig. 3) and bistatic
reception of signals (indicated by number 2 in Fig. 3) for
comparison in Fig. 3.

D 1

0.8

0.4

0.2

0 2 4 6 8§ 10 12 14 16 18 q

Fig. 3. Characteristics of detection of an air object in
channels for conditional probability of false alarm F=105:
1 — monostatic reception of signals; 2 — bistatic reception
of signals; 3 — at incoherent combining of 2 channels;
4 — at incoherent combining of 3 channels; 5 — at incoherent
combining of 4 channels

From the analysis of detection characteristics depicted in
Fig. 3, it is evident that transition from single-channel detec-
tion of an air object (curves 1, 2) to detection of an air object
at the incoherent combining of two channels (curve 3) leads
to a significant shift of detection characteristics to the left.
A further increase in the number of incoherently combined
channels (curves 4, 5) does not lead to a significant shift in
detection characteristics to the left comparing to detection
characteristic when two channels are combined (curve 3).

6. Selection of the number of receiving channels,
which are combined

To select an optimal number of reception channels for
incoherent combining, let us evaluate a gain in terms of a
signal /noise ratio at the incoherent combination of channels
in comparison with one-position signal reception. We will
evaluate such a gain according to expression (11):

K, = 201g[?1),
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where K,, is the gain in a signal /noise ratio at the combining
of m channels relative to one-position reception (with a sig-
nal/noise ratio ¢1); g1 is the signal /noise ratio at one-position
reception, which is required to provide specified indicators
of a quality of detection of an air object without a use of
additional channels; ¢, is the signal /noise ratio required to
provide specified indicators for detection of an air object at
the incoherent combining of m channels.



Fig. 4 shows dependence of energy gain K, in the desired
signal/noise ratio to provide indicators of the quality of
detection of an air object D=0.8; F=10~ at incoherent com-
bining of channels on the number of combined channels. We
made calculations according to expression (11).
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Fig. 4. Gain in a signal /noise ratio at in the incoherent
combination of channels relative to a signal /noise ratio
for one-position reception (for indicators of a quality of

detection D=0.8; F=107)

From the analysis of gain in the signal/ noise ratio shown
in Fig. 4, it is evident that the combining of two channels pro-
vides a gain of 8 dB (m=2; K,,=8dB). Adding a third channel
will increase a gain by 2 dB only (m=3; K,,=10dB). A further
increase in the number of combined channels results in an
increase in a gain of less than 2 dB for each added channel.
Therefore, based on the efficiency-cost criterion, the most ef-
fective is to combine two, at most three channels (for example,
one-position channel and one or two bistatic ones).

To select the optimal number of receiving channels for
incoherent combining, we will also make calculations for es-
timation of a gain in the signal /noise ratio at the incoherent
combination of different number of processing channels on
the given probability of correct detection. The calculations
used expressions (9)—(11).

Fig. 5 shows dependence of K, gain in the signal /noise
ratio on the given conditional probability of correct detec-
tion at incoherent combining of different channels (m=2; 3;
4;10) at F=107,
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Fig. 5. Gain in a signal /noise ratio at the incoherent
combining of m channels relative to a signal /noise value with
one-position reception (at F=107)

From analysis of Fig. 5, it is evident that an increase in
the probability of correct detection increases a gain in the
signal /noise ratio. The increase in a gain for the signal /noise
ratio reduces at m>3, which confirms the inexpediency of
incoherent association of more than three channels.

In addition, the analysis of detection characteristics
(Fig. 3) also indicates inexpediency of combining more than
three channels. Fig. 3 shows that the further increase in the
number of incoherent channels (curves 4, 5) does not lead
to a significant shift in detection characteristics to the left
comparing to detection characteristic when two channels
are combined (curve 3).

7. Structural diagram of channels that process echo
signals from an observation radar

To ensure the possibility of combining the modes of sin-
gle-position and dispersed location in observation radars, it
is necessary to ensure complexing of corresponding digital
receiver devices and digital signal processing systems. One
receiving device provides reception and processing of echo
signals, which are caused by irradiation of a transmitter of an
observation radar, this corresponds to the standard mode of
operation of an observation radar. Another receiver provides
the reception and processing of echo signals, which are caused
by irradiation by external sources, this corresponds to imple-
mentation of the additional mode of dispersed location. The
basic principle of complexing of the mentioned receiving de-
vices should be the informational supplement without violat-
ing the standard modes of operation of an observatory radar.
Fig. 6 shows structural diagram of channels that process echo
signals from observation radar , which provides combining of
modes of one-position and dispersed location.

One-position receiving channel

Detection Yey
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Digital Correlat'ion .| Detection A
radio-receiving ™ processing Dt Y device <I
device of device No

+++HH reference signal * Channel of dispersed reception
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receiving channell

Fig. 6. Structural diagram of channels that process echo
signals of an observation radar , which provides combining
of modes of one-position and dispersed location

Designations in Fig. 6 above correspond to the designa-
tions in Fig. 1, 2. One-position receiving channel, which is
shown in the upper part of Fig. 6, corresponds to a regular
channel of reception and processing of echo signals of an ob-
servation radar . An additional channel, which is shown in the
bottom of Fig. 6, corresponds to a channel of dispersed recep-
tion. It provides combining of single-position and dispersed
modes in an observation radar. Signals received by the anten-
na of the observation radar and the antenna of the receiver of
a reference signal of the channel of dispersed reception, arrive



to the input of an additional channel. Based on the results
of correlation processing of the signals, a decision is made
to detect an air object in the mode of dispersed reception. A
combined channel is for combining the modes of one-position
and dispersed location. The combined channel receives results
of processing of echo signals in the main and secondary chan-
nels. After combining of results of processing of echo signals
of the main and secondary channels in the combined channel
detection device, a system makes a decision to detect an air
object at combining of single-position and dispersed modes.

7. Discussion of results of the introduction of an
additional mode of dispersed reception to the existing
one-position observation radar

We proposed the introduction of an additional mode of
dispersed reception into the existing one-position observa-
tion radar in the study. This addition makes it possible to
improve the efficiency of detection of small-sized air objects.

The benefits of present study are:

— improvement of the algorithm of detection of an air
object at its irradiation by several transmitters;

— development of the structural diagram of the detector of
an air object at illumination of an object by several transmitters.
We managed to take into account the multichannel character
of each receiving channel for distance and speed in this case;

— selection of the number of receiving channels, which are
combined. We selected the number of receiving channels by an-
alyzing a gain in the signal/noise ratio at incoherent combining
of channels relative to the signal /noise ratio with one-position
reception; by estimation of a gain in relation to the signal /noise
ratio at incoherent combination of different number of process-
ing channels by the given probability of correct detection and
by estimation of characteristics of detection of an air object;

—a structural diagram of channels that process echo
signals of an observation radar. There are possibilities of
operation of an observation radar under a regular mode,
under the mode of bistatic reception and under the mode of
combining of receiving channels. An operator of radar can
select an operation mode in dependence on air situation and
tasks solved by radar.

We accepted the following main limitations and assump-
tions during the study:

— we considered operation of observation radar only;

— a signal/noise ratio is the same in all additional chan-
nels of dispersed reception;

—we did not take into account a type of interference
components of an incoming signal;

— we ignored the influence of a direct signal from an ex-
ternal source of irradiation on the main receiving channel of
an observation radar.

Development of the present study implies the following:

— it is necessary to conduct research into development
of a direct signal auto-compensator to ensure functioning of
an additional channel under the influence of a direct signal
from external sources of irradiation;

— it is necessary to carry out research intp provision of
Doppler filtration of echo signals using Doppler filters based
on a fast Fourier transform to ensure selection of air objects
against the background of local objects;

— to conduct research into ensuring the synchronization
of operation of the main and additional channels of observa-
tion radar.

7. Conclusions

1. We improved the algorithm for detection of an air
object irradiated by several transmitters. To do this, we
implemented the appropriate channels for processing echo
signals:

— a channel for processing echo signals reflected from an
air object at its irradiation by a transmitter, which is com-
bined with a receiving device;

— channels for processing echo signals reflected from an
air object at its irradiation by external transmitters, which
are dispersed.

We provided a preliminary compensation of a delay
time and Doppler frequency in each receiving channel to a
separate volume of an observation radar at upgrading the
algorithm.

An improved algorithm for detection of an air object with
its irradiation by several transmitters is reduced to:

— coherent processing of received signals in each pro-
cessing channel in each element corresponding to the rele-
vant separate volume and the relevant separate frequency
Doppler;

— quadratic detection in each processing channel in each
element corresponding to a relevant separate volume and the
relevant separate Doppler frequency;

—a mass sum of the outputs of the detectors for each
processing channel in each element, which corresponds to
the relevant separate volume and the relevant separate fre-
quency Doppler.

2. We constructed a structural diagram of the detector
of an air object for the object illuminated by several trans-
mitters. Each receiving channel of a signal is multichannel
by distance and speed. The diagram provides reception,
coherent processing of echo signals from third-party sources,
compensation of delay differences and Doppler frequency
relative to a separate volume of an observational radar and
incoherent weight summation.

We carried out estimation of the efficiency of detection
of an air object at its irradiation by several transmitters. We
used the conditional probability of correct detection of an air
object as an efficiency indicator. We constructed character-
istics of detection of an air object with a different number of
receiving channels. We established that transition from sin-
gle-channel detection of an air object to detection of an air
object at the incoherent combining of two channels results in
a significant shift of detection characteristics to the left. A
further increase in the number of incoherent channels does
not lead to a significant shift in detection characteristics
to the left, comparing to detection characteristic when two
channels are combined.

3. We carried out selection of the number of receiving
channels, which are combined. We established that the most
effective is combining of two, at most three channels (for
example, one-position and one or two bistatic ones).

4. We constructed a structural scheme of channels that
process echo signals of an observation radar at combining of
the methods of one-position and dispersed signal reception.
For combination of one-position and dispersed location in
observation radars we provided complexing of correspond-
ing digital reception devices and digital signal processing
systems. The main principle of the combining of the men-
tioned receiving devices is the informational supplement
without violating the standard modes of operation of an
observation radar.
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