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IDENTIFICATION AND SUPPRESSION OF SIGNALS OF THE REAR LOBE
OF THE RADIATION PATTERN OF THE RADAR ANTENNA

Purpose. Development of a new approach to improving the accuracy of orientation based on radar reflections from local ob-
jects and a digital terrain model.

Methodology. The research is based on the theory of radiation, reflection and reception of radar signals. Statistical analysis of
a large volume of recorded signals establishes causal relationships between the appearance of “false” reflections formed by the back
lobe of the radiation pattern and to develop a computational algorithm for their suppression.

Findings. A method and software that allows detecting and suppressing “false” reflections formed by the rear lobe of the an-
tenna pattern without distorting the reflections created by the main lobe. For this purpose, a criterion has been developed, deter-
mined by the ratio of the amplitude of the signal received by the front lobe to the amplitude of the signal recorded by the rear lobe.
The criterion allows eliminating the “false” signals without having a priori information about the real radiation pattern using a
regulator for the reduction of phantom reflections to an average noise level.

Originality. For the first time, suppression has been carried out of “false” reflections without having a priori information about
the real radiation pattern of the radar station antenna, as well as elimination of the loss of informativeness of the real reflection
formed by the main lobe.

Practical value. A method is suggested of radar immunity of radar stations is noise immunity due to “false” reflections. The
potential of the method and the capabilities of the developed computer program determines the relevance of their capabilities for

use by all radar stations at various frequencies, azimuths, ranges and terrain features.
Keywords: radar, directional pattern, rear lobe, “false” landmark, digital terrain model

Introduction. The advent of accessible digital terrain maps,
such as [1, 2] and their constant improvement [3, 4] made it
possible to create radar models of reflections from local objects
that can be used for terrain orientation [5, 6]. Radar orienta-
tion in the space of aerial objects has been developing success-
fully for a long time [7, 8]. However, specific problems appear
with radar orientation of ground objects, one of which is as-
sociated with the appearance of “false” landmarks associated
with reflections from the terrain received by the side and rear
lobes of the radar directional pattern.

Problem statement. The orientation of the RLS on the
ground using a radar signal is accompanied by certain prob-
lems associated with the directional pattern of the antenna
(DPA). The presence of signals from the rear and side lobes in
the diagram leads to the appearance of false images on the
RLS indicator, which make it difficult, and in some cases
make it impossible to identify the real picture of radar reflec-
tions formed by the main lobe. It is known that DPA is ap-

proximated by a function of the form F(x)= % It follows

that the width of the main and rear lobes of the radiation pat-
tern is twice as wide as the side lobes located next to them [9].
In this regard, special attention is paid to the establishment
and suppression of signals from the rear lobe.

A feature of the image formation from the rear lobe is the
appearance of false landmarks on the indicator, which are lo-
cated in the opposite direction (1800) from the main lobe of
the DPA at the same range. The similarity of the reflections
received by the main maximum of the radiation pattern and its
rear lobe makes it difficult to isolate phantom reflections in
order to suppress them.
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False images complicate the task of navigating the RLS on
the ground. Therefore, the removal of reflected signals re-
ceived by the rear lobe of the antenna is a common problem for
all RLS.

Literature review. There are several methods for suppress-
ing the posterior lobe of the DPA [10]. Conditionally, they can
be divided into two independent approaches. In the first, the
solution to the problems of the rear lobes is aimed at develop-
ing constructive and technical solutions for the creation of new
RLS that allow changing the geometry of the DPA in order to
reduce the intensity of radiation from the rear and side lobes.
The second, focused on RLS, is aimed at identifying and sup-
pressing signals received by the rear and side lobes without
changing the geometry of the radar DPA. Antennas are used
with variable directivity, which can change their orientation by
adjusting the shape or geometry, which allows you to control
the back radiation. It involves the use of digital signal process-
ing algorithms to suppress interference and interference aris-
ing from the rear lobes.

Methods of distributed radiation pattern formation based
on optimized elliptical arc geometry (EAG) are proposed to
suppress the rear lobes of linear antenna arrays (LAA) [11,12].

In [13,14], it is proposed to use adaptive beamforming to
suppress the rear lobes to detect and evaluate the signal of in-
terest at the output of the sensor matrix through adaptive spa-
tial filtering and interference suppression.

Of interest is the suppression of lattice lobes using antenna
arrays with discrete dipole elements [15], an approach to the sup-
pression of lattice lobes based on a null scanning antenna (NSA)
for a sparse phased array [16], the synthesis of a conformal an-
tenna array template using an optimization algorithm [17].

In [18,19], a new optimized structure of a square pyrami-
dal antenna array is proposed to minimize the back lobe of flat
antenna arrays. The problem of uniformity of the amplitude of
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the main beam an additional structure is proposed that allows
minimizing the rear lobe, while maintaining control over such
characteristics of the radiation pattern as the level of the side
lobes and the beam width of half power.

Despite the difference in approaches to the problem of the
rear lobes and the degree of success in solving it, the known
methods are aimed at reducing the amplitude of the radiation
of the rear lobe when designing new ones and, as practice
shows, do not meet the conditions for solving the problem of
increasing the accuracy of orientation with radar locations of
existing RLS.

Research methodology. To solve the problem of identifying
false landmarks and removing them, a method is proposed that
effectively identifies phantom reflections and suppresses them.
The idea of the method is based on the immobility of the ter-
rain relative to the radar station during its location. This deter-
mines the appearance of phantom reflections at the same range
as real reflections at angles differing by 1,800. The amplitude of
the phantom reflection should be less than the real reflection
received by the main lobe of the radiation pattern by as many
times as the amplitude of the rear lobe is less than the ampli-
tude of the main lobe of the radiation pattern of the radar an-
tenna. Such signals should be ignored and removed from the
radar portrait of the terrain. However, since there is a probabil-
ity of finding opposite landmarks, only those signals whose
level is less than the main signal by as many times as the level of
the main maximum of the directional pattern is higher than the
level of the rear lobe of the directional pattern should be sup-
pressed. Since these ratios are different for different radars and
at different frequencies, at the first stage of suppression, several
maximume-level signals are sought in radar reflection, regard-
less of azimuth. Since these signals are maximum, they are ob-
viously received by the main lobe of the radiation pattern, and
the signal-to-noise ratio in the radar reflection will also be
maximum, which will increase the measurement accuracy.

At azimuths opposite to the azimuths of maximum signal
reception and at the same ranges, the levels of radar reflection
received by the rear lobe of the radiation pattern are measured,
the ratios of the levels of these signals and their average value
are calculated. When false reflections are suppressed, the val-
ues received by the main radar beam, but reduced in level by
the value of the calculated ratio of signal levels in the main and
rear lobes of the radiation pattern, are subtracted from the sig-
nals received by the rear lobe of the radiation pattern.

In practice, there is a spread of signal ratios in the main
and rear lobes of the radiation pattern, associated both with
the presence of noise and interference, and with the accuracy
of signal measurements by the radar radio receiver. To make a
decision on the suppression of “false” reflection, not a strict
threshold is used, but a threshold interval that takes into ac-
count the presence of noise and errors in RLS measurements.
The introduction of such an interval can lead to the fact that
after suppressing “false” reflections, negative signal levels can
be obtained. To eliminate such a situation, instead of negative
levels in radar reflection, such values are replaced with levels
corresponding to the average value of radio noise.

To calculate the average level of radio noise required for the
operation of the algorithm for suppressing “false” reflections,
at least 200 signal levels (4,), which are measured at distances
obviously greater than those at which local objects (visible
hills) may be located. Calculation of the average noise level
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where N is the number of received signals; 4, is the level of the
i" signal.

The detection threshold A, for radar is calculated using the
formula

Atzkth'An! (D

where k, is the coefficient for calculating the Detection
Threshold.

We determine the signal amplitude levels for azimuth val-
ues from 0 to 180 degrees over the entire range of the RLS
range. If the signal level exceeds the Detection Threshold (1),
the signal level is determined at the same range at an azimuth
equal to — the azimuth of the detected signal plus 180 degrees.
If this signal also exceeds the Detection Threshold, then it is
checked which of the signals is greater. The larger signal is
considered to be the signal received by the main lobe of the
antenna Am (main), and the smaller signal is considered to be
the signal received by the rear lobe of the antenna A4, (back).
Calculate the ratio R of the level of the larger signal to the lev-
el of the smaller signal

R=2Lm. )

The ratio (2) is the basis of the criterion by which the sig-
nals from the front and rear lobes of the DPA are identified. In
this regard, to establish the uniqueness of the criterion, to ex-
clude accidental overlaps of signals, it is necessary to use the

average value of the ratio R. To do this, a set of R ratios cor-
responding to different azimuth and range values is used, sub-
ject to the maximum 4,,; condition. The number of ratios M is
determined by the spread in the values of R;

R=—73"R. 3)

For each received 4; signal, the conditions for exceeding
the detection threshold A4, are checked

A(0); Al + 1) 2 A,
If the condition is met, then the conditions are checked
Afo) 2 A + 7). (4)

If condition (4) is met, the 4,(¢p) signal is considered to be
received by the main lobe of the DPA. The signal A;(¢ + n) is
received by the rear lobe of the antenna. If condition (4) is not
fulfilled, the signal 4;(¢) is considered to be received by the
rear DPA. The signal A,(¢ + m) is received by the main lobe.
We calculate the ratio of the larger signal to the smaller K.
Then we check whether the calculated ratio K falls into the
following range

R—R-kzg>K>R+ R kg 5)
For the average value R (3)
R—Rxky>K >R+ Rxkg, (6)

where ky is the coefficient determining the level of signal sup-
pression, which is set experimentally. It follows from condi-
tions (5) and (6) that k; defines the range between the upper
and lower bounds of these inequalities, defined as 2R - kz and
therefore is very important in the implementation of back lobe
suppression.

If the calculated K ratio falls within the specified range, we
assume that the smaller signal (Aback) is a signal reflected
from a Local Object, received by the rear lobe of the antenna,
and reduce it to the value of the average noise amplitude
(ANoise).

If the calculated ratio is less than the specified range, we
assume that the smaller signal (ABack) is the signal reflected
from the Local Object, received by the rear lobe of the anten-
na, plus an additional signal, and reduce it to the Aim value
according to the following formula

A(p+m)
R

Using R (4), expression (7) is written as

A (0)=(9)— (7
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A(p+m)
~z (8)

If the value of the reduced signal becomes negative, then
the value of the smaller signal (Back) is equated to the value of
the average noise amplitude (Apoise)

A=A,

Alm((p) = ((P) -

As a result of simple transformations, conditions (5 and 6)
can be written as follows

A(@+m)
R(—x,)

A(p+m)
R(+xy)

A(p)=

or

A(p+m) Al )>Ai((p+n)
R(-xz) "7 R(l+xg)

This allows you to move from the ratio of the larger signal
to the smaller one used in conditions (5 and 6) directly to the
amplitude of the signal.

In accordance with the sequence of actions to identify
false landmarks formed by the rear lobe of the radar antenna
directional pattern and their suppression, an algorithm has
been compiled (Fig. 1). In accordance with the algorithm, a
computer program “Clearing the Buffer from signals re-
ceived by the back lobe of the antenna” has been developed
in the Pascal language of the latest version (Deiphi XE 7 en-
vironment).

Each program file contains a data buffer for one revolution
of the station antenna. The Data Buffer contains the values of
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Fig. 1. Algorithm for identifying and suppressing false land-
marks formed by the rear lobe of the radar antenna pattern

the amplitudes of the reflected signals for 1,200 range samples
in each of the 2,048 angular positions of the antenna.

After reading the files, a file (buffer) is selected to delete the
reflected signals received by the rear lobe of the RLS antenna.
The k, and kj coefficients used for calculations are set, the azi-
muth is used to display the amplitudes of signals received from a
given angular position of the antenna over the entire range of the
radar range received by the main and rear lobes of the antenna.

To calculate the average level of radio noise required for
the operation of the algorithm for suppressing “false” reflec-
tions, at least 200 signal levels (4,) received at distances obvi-
ously greater than those at which local objects (visible hills)
may be located are measured. The program determines the
average value of the noise amplitude and calculates the Detec-
tion Threshold (2).

Next, the program finds the maximum value of the signal
amplitude in the A,, buffer and determines its coordinates
(range and azimuth). It sets the value of the amplitude of the
signal with the coordinates maximum range and maximum
azimuth plus 180 degrees 4, and determines their ratio R (3).
The data obtained are recorded in a separate file (Table).

The ratio R (4) for 200 signals with the highest amplitude
is 3.47.

Further, in accordance with the algorithm, the program
identifies the signals generated by the rear lobe and reduces
them to the level determined by the selected ky value. The cor-
rected signals are recorded in a separate file. The result of sup-
pression of “false” reflections is displayed in graphs of the am-
plitudes of reflected signals in the range of radar ranges at a
given azimuth, recorded in the “Original” and “Cleared” buf-
fers. Fig. 2 shows graphs of the signal levels received by the RLS.

Table
R definition data file
Frequency [MHz] Range [km] Azimuth [degrees] Anoise [ADC units] Amax [ADC units] Aback [ADC units] Amax / Aback
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Fig. 2. Signal amplitudes:
a — without back lobe suppression; b — with suppression
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The red color on the graph shows the levels of the reflected
signal received by the front lobe, the green color shows the
back lobe.

The signal levels are given in units of the ADC (analog-to-
digital converter) of the receiving device. The main maximum
of the front lobe is directed at azimuth 0°, k, =5, kg =0.2.

At these coefficient values, the amplitude of the signal re-
ceived by the rear lobe after suppression decreases by 45 %.
Fig. 3 shows images of the RLS all-round view indicator before
and after the suppression of the signal received by the rear lobe.

Figs. 4, 5 and 6 show the amplitudes of the signals after the
suppression of the rear lobes at various values of k; and the
corresponding images of the RLS all-round view indicators
and the main maximum of the front lobe directed at azimuth
0° at k,=5. Determining the optimal values of kn and &k allows
you to simultaneously maintain the level of useful signals while
suppressing false ones. To fulfill this condition, the most im-
portant thing is to establish the effective value of the k coef-
ficient, which determines the level of signal suppression, which
is set experimentally.

Thus, at values k,, =5, kz= 0.6, the amplitude of the signal
received by the rear lobe after suppression decreases by 83 %.

At these values, the amplitude of the signal received by the
rear lobe after suppression decreases by 94 %.

At these values, the amplitude of the signal received by the
rear lobe after suppression decreases to almost zero.

At the same RLS radiation frequency, the suppression of
false signals generated by the rear lobe at an azimuth of 150 de-
grees and a frequency of 145 MHz and a noise factor of 5 at
different values of k; were investigated, Fig. 7.

The green color on the graph shows the levels of the re-
flected signal received by the front lobe, the red color shows
the side and rear lobes.

Thus, the signal amplitude at an azimuth of 150 degrees and
a frequency of 145 MHz and a noise factor of k, = 5 after sup-
pression decreases at kz = 0.2 by 47 %, with k= 0.6 by 84 %. A

b

Fig. 3. General radar picture:

a — without suppression of the posterior lobe; b — after suppression.
The arrow points to false reflections
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Fig. 4. Signal amplitudes (a) and radar image (b), with back
lobe suppression at kr=0.6
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Fig. 5. Signal amplitudes (a) and radar image (b), with back
lobe suppression at k=1

further increase in k; does not change the signal level. Com-
parative analysis of the suppression of the signal of the rear lobe
at azimuths of 0 degrees and 150 degrees shows the indepen-
dence of the results from the direction of the main lobe.

Conclusions.

1. The proposed method makes it possible to suppress
“false” reflections from the rear lobe without having a priori
information about the real directional pattern.

160 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, N° 3



-

JEiEEEE

b

Fig. 6. Signal amplitudes (a) and radar image (b), with back
lobe suppression at kg =1.2
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Fig. 7. Signal amplitudes (a) and a snapshot of the ICO (b)
without suppression of the side and rear lobes

2. A new approach to suppression of the rear lobe of the
DPA based on a criterion determined by the ratio of the am-
plitude of the signal received by the front lobe to the ampli-
tude of the signal received by the rear lobe (Rcalculated =
= Amain/Aback) and the suppression level regulator has
shown its effectiveness and ability to suppress the rear lobe
to zero.

3. The computational potential of the developed computer
program for the implementation of the solution of the task has
shown its promise and determines the possibility of its use on
any type of radar at various frequencies and ranges.

4. After suppressing reflections from the back lobe, “false”
reflections remain, formed by the side lobes, the removal of
which requires the development of additional methods.
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Merta. Po3po6Kka HOBOro MiIxony A0 MiABUILEHHS TOY-
HOCTi OpIi€EHTYBaHHsSI IO paAioJIOKALliiHKUM BIiIOUTTSIM BiI
MiclieB1UX 00’€KTiB i LMbPOBOI MOAEJIi MiCLIEBOCTI.

Meroauka. JlocninxeHHs 3aCHOBaHi Ha Teopii BUIIPOMi-
HIOBaHHSI, BiIOUTTS Ta MPUUHSATTS paaiofoKalliiHUX CUTHA-
JiB. CTaTUCTUYHUIA aHAIi3 BEJIMKOTO OOCSTY PEECTPOBAHMX
CUTHAJIIB JIO3BOJISIE BCTAHOBUTM MPUYMHHO-HACIIIKOBI
3B’SI3KU TMOSIBU «IIOMUJIKOBUX» BiIOOpaXeHb, 1110 (POPMYIOTh-
Csl 3a[IHBOIO MEJIIOCTKOIO AiarpamMu CpsiIMOBAHOCTI, i pO3po-
OUTHU OOUYMCTIOBATILHUIA aJITOPUTM iX MPUTHIYEHHSI.

Pesyabratn. Po3pobiieni meton i mporpamHe 3abesre-
YEHHSI, 10 JO3BOJISIIOTH BUSIBJISITY Ta TIPUTHITYBATU «[TOMUJI-
KOBi» BiloOpaXXeHHsI, siKi (hOPMYIOTbCS 33 IHBOIO MEJTIOCTKOIO
JiarpaMu CIIpsSIMOBAHOCTI aHTE€HU, HE CIIOTBOPIOIOYM Bigo-
OpakeHHS Bill FTOJIOBHOI MeJIOCTKU. [J1 IbOro po3po0JieHO
KpUTEPIii, KW BU3HAYAETHCS BiTHOIIEHHSIM aMILIITYAU
CUTHAJTy, IPUIHSATOTO MEPEIHBOIO MEJIOCTKOIO, 10 aMILIITY-
NI CUTHAJTY, 1110 PEECTPYETHCS 3aIHBOIO MeTIocTKOo0. Kpure-
pili 103BOJISIE BUKJTIOYUTH «[TOMUJIKOBi» CUTHAIW, HE MalOUK
arpiopHoi iHpopMallii Mpo peanabHy diarpaMy CIIpsSIMOBaHOC-
Ti, 3a JIOMIOMOTIOIO0 peryjsitopa, 1o oopizae (paHTOMHI Bifo-
OpakeHHSsI 10 CEPEAHBOTO PiBHSI IIIYMOBUX MEPEIIKO]I.

Haykosa HoBi3Ha. Yriepiie 3ailicHeHe MpUTrHiYeHHs haH-
TOMHMX BimoOpaXkeHb IMPU BiJICYTHOCTI ampiopHOi iHhopMma-
i1 po aiarpamMy CHpsIMOBAHOCTI aHTEHU paaiojioKalliitHOI
CTaHIIil, BUKJITIOYEHHS BTpaTH iH(POPMATUBHOCTI peaJbHOTrO
BinoOpaxeHHsI, CHOPMOBAHOTO T'OJIOBHOIO MEJIOCTKOIO.

IIpakTyna 3HauMMicTh. 3amPOMOHOBAHO METO, Tepe-
LIKOAO03aXUIIEHOCTI padiosoKaliifHUX CTaHILiA y 3B’I3KYy 3
«[TOMWJIKOBUMMW» BinoOpaxeHHsmu. [loteHuian mertomy i
MOXJIMBOCTiI po3p00JIeHOT KOMIT IOTEPHOI MTPOrpamMu 3yMOB-
JIIOIOTH 1X 3aTPEOYBAHICTD 111 BAKOPUCTAHHS BCiMa paiioio-
KalliflHUMU CTaHLISIMU TpPU Pi3HUX YacTOTax, a3uMyTax,
JAJTBHOCTSIX i 0COOIMBOCTSX PeNbE(DY MiCIIEBOCTI.

KimouoBi cioBa: padionokauisn, diaepama cnpsamoeanocmi,
3A0H5 NeAOCMKA, <NOMUAKOBUI» OpieHmup, uugposa modens
Mmicyesocmi
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