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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.
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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 
sin ( ) .xF x

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.

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 
maximum-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 (An), which are measured at distances 
obviously greater than those at which local objects (visible 
hills) may be located. Calculation of the average noise level

1

1 ,
N

n ni
i

A A
N =

= ∑
where N is the number of received signals; Ani is the level of the 
ith signal.

The detection threshold At for radar is calculated using the 
formula

	 ,t th nA k A⋅= 	 (1)

where kth 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 Ab (back). 
Calculate the ratio R of the level of the larger signal to the lev­
el of the smaller signal

	 .m

b

A
R

A
= 	 (2)

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 Ri ratios cor­
responding to different azimuth and range values is used, sub­
ject to the maximum Ami condition. The number of ratios M is 
determined by the spread in the values of Ri
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For each received Ai signal, the conditions for exceeding 
the detection threshold Ai are checked

Ai(j); Ai(j + π) ≥ At.

If the condition is met, then the conditions are checked

	 Ai(j) ≥ Ai(j + π).	 (4)

If condition (4) is met, the Ai(j) signal is considered to be 
received by the main lobe of the DPA. The signal Ai(j + π) is 
received by the rear lobe of the antenna. If condition (4) is not 
fulfilled, the signal Ai(j) is considered to be received by the 
rear DPA. The signal Ai(j + π) 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 ⋅ kR ≥ K ≥ R + R ⋅ kR.	 (5)

For the average value R  (3)

	   ,R RR R k K R R k- × ≥ ≥ + × 	 (6)

where kR is the coefficient determining the level of signal sup­
pression, which is set experimentally. It follows from condi­
tions (5) and (6) that kR defines the range between the upper 
and lower bounds of these inequalities, defined as 2R ⋅ kR 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

	
( )( ) ( ) .i

im
A

A
R
j + p

j = j - 	 (7)

Using R  (4), expression (7) is written as
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( )( ) ( ) .i
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A
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j = j - 	 (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)

.i nA A=

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

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 kn and kR 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 (An) 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 Am 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 Ab 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 kR 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.

Fig. 1. Algorithm for identifying and suppressing false land-
marks formed by the rear lobe of the radar antenna pattern

Table
R definition data file

Fig. 2. Signal amplitudes:
a – without back lobe suppression; b – with suppression

a

b
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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°, kn = 5, kR = 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 kR and the 
corresponding images of the RLS all-round view indicators 
and the main maximum of the front lobe directed at azimuth 
0° at kn = 5. Determining the optimal values of kn and kR 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 kR coef­
ficient, which determines the level of signal suppression, which 
is set experimentally.

Thus, at values kn = 5, kR = 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 kR 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 kn = 5 after sup­
pression decreases at kR = 0.2 by 47 %, with kR = 0.6 by 84 %. A 

Fig. 3. General radar picture:
a – without suppression of the posterior lobe; b – after suppression. 
The arrow points to false reflections

a

b

Fig. 4. Signal amplitudes (a) and radar image (b), with back 
lobe suppression at kR = 0.6

a

b

a

b

Fig. 5. Signal amplitudes (a) and radar image (b), with back 
lobe suppression at kR = 1

further increase in kR 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.
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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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radar navigation” IRN No. AP148036/0222.
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Мета. Розробка нового підходу до підвищення точ­
ності орієнтування по радіолокаційним відбиттям від 
місцевих обєктів і цифрової моделі місцевості.

Методика. Дослідження засновані на теорії випромі­
нювання, відбиття та прийняття радіолокаційних сигна­
лів. Статистичний аналіз великого обсягу реєстрованих 
сигналів дозволяє встановити причинно-наслідкові 
звязки появи «помилкових» відображень, що формують­
ся задньою пелюсткою діаграми спрямованості, і розро­
бити обчислювальний алгоритм їх пригнічення.

Результати. Розроблені метод і програмне забезпе­
чення, що дозволяють виявляти та пригнічувати «помил­
кові» відображення, які формуються задньою пелюсткою 
діаграми спрямованості антени, не спотворюючи відо­
браження від головної пелюстки. Для цього розроблено 
критерій, який визначається відношенням амплітуди 
сигналу, прийнятого передньою пелюсткою, до ампліту­
ди сигналу, що реєструється задньою пелюсткою. Крите­
рій дозволяє виключити «помилкові» сигнали, не маючи 
апріорної інформації про реальну діаграму спрямованос­
ті, за допомогою регулятора, що обрізає фантомні відо­
браження до середнього рівня шумових перешкод.

Наукова новізна. Уперше здійснене пригнічення фан­
томних відображень при відсутності апріорної інформа­
ції про діаграму спрямованості антени радіолокаційной 
станції, виключення втрати інформативності реального 
відображення, сформованого головною пелюсткою.

Практична значимість. Запропоновано метод пере­
шкодозахищеності радіолокаційних станцій у звязку з 
«помилковими» відображеннями. Потенціал методу й 
можливості розробленої компютерної програми зумов­
люють їх затребуваність для використання всіма радіоло­
каційними станціями при різних частотах, азимутах, 
дальностях і особливостях рельєфу місцевості.
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