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This work examines the pro-
cess that determines a phantom 
area in an image acquired from 
a space radar observation system. 
The principal hypothesis of the 
study assumed that improving a 
method for defining the phantom 
area could reduce image processing 
errors of the first and second kind.

The operational method for 
determining the phantom area in 
an image acquired from a space 
radar observation system has 
been improved; in it, in contrast to 
known ones,

– a radar image is represented 
as a two-dimensional array of pix-
els whose intensity is determined by 
the amplitude of the radar signal in 
grayscale;

– the influence of speckle noise 
is minimized using convolution 
with a Gaussian filter;

– the image histogram is 
aligned to increase contrast;

– the boundaries in the image are 
selected using a gradient operator;

– the area with the selected 
boundaries with objects of interest 
is defined as the phantom area in 
the image acquired from a space 
radar observation system.

An experimental study was 
conducted on the operational deter-
mination of the phantom area in 
an image from a space radar sur-
veillance system. Phantom areas 
on which objects of interest are 
located are highlighted in an image 
from a space radar surveillance 
system. At the final stage of the 
improved method for boundary 
selection, the Sobel, Prewitt, and 
Roberts operators are considered. 
The choice of the Roberts opera-
tor at the final stage for boundary 
selection allowed for the following:

– a decrease in processing 
errors of the first kind: by 2.64% 
compared to the Sobel operator; 
by 5.66% compared to the Prewitt 
operator;

– a reduction of processing errors 
of the second kind: by 2.4% compared 
to the Sobel operator; by 4.26% com-
pared to the Prewitt operator
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1. Introduction

When solving certain tasks using space radar surveil-
lance systems, there is a need to prevent acquiring reliable 

information from such systems (for example, [1, 2]). This may 
include information about some objects of interest (military 
objects, critical infrastructure, military and other equipment, 
etc.) [3]. Therefore, there is a need to change certain infor-
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display the structure of all objects shown in the original im-
age and the ability to adapt to different scenes and shooting 
scales. However, the issues of computational complexity and 
sensitivity remain unresolved. This leads to distortion of the 
co-occurrence matrix. An option to overcome this is to ex-
tract texture characteristics from the segmented image. This 
is the approach employed in [7]. 

In [7], a method for automatic extraction of texture char-
acteristics from segmented radar images is proposed. The 
advantages of [7] are the universality of this approach, i.e., 
there is no binding to a specific type of objects of interest 
and automation. The disadvantages of [4] are the complete 
dependence of the result of the method on the quality of the 
segmentation result of the input image and the resource-in-
tensive nature of this image processing method. An option to 
overcome this is to use a hybrid approach to automatic object 
extraction. This is the approach reported in [8].

In [8], a hybrid approach to automatic object extraction 
of interest in radar images is proposed, which is based on the 
k-means clustering method and the data augmentation strat-
egy. The advantages of [8] are the simplicity of the method 
implementation and the flexibility of operation under condi-
tions of limited a priori information about the types of objects 
of interest in the images. The main disadvantage of [8] is the 
need for training at the stage of using the data augmentation 
strategy and the dependence on the volume of the data set of 
“input” samples.

For processing complex agricultural areas, the Organiza-
tion Evolution Algorithm ISODATA method was proposed 
in [9] for processing radar images, which is a modification of 
the classical clustering algorithm. The essence of the method 
is to cluster not individual pixels by their intensity value but 
rather groups of pixels. The advantage of [9] is good segmen-
tation results on complex agricultural landscapes even in 
the presence of noise in the images. The disadvantages are 
the direct dependence of the increase in time, computational 
costs, and resource intensity on the division of the image into 
groups of pixels. An option to overcome this is to use com-
bined features. This is the approach chosen in [10]. 

In [10] it was proposed to use a method that combines 
physically based features, statistical modeling, and compar-
ison of the template and test image when processing radar 
images. The main advantage is to increase the robustness of 
the system for processing radar images. The main disadvan-
tages are computational complexity, the need for a template 
library, and the need to select the parameters of the method.

In [11], in order to improve the quality of segmentation, 
a method combining super pixels and structural modeling is 
used. The advantage is a higher quality of image processing 
compared to classical methods. The main disadvantage is the 
dependence of the segmentation result on the size and com-
pactness of super pixels, when either details are lost in the 
resulting image when the super pixel size is too large or the 
computational costs increase when it is too small.

For the classification of polarimetric radar images, an ap-
proach was proposed in [12] that takes into account both the 
probabilistic data distribution model and the neighborhood of 
pixels or segments. The main advantages are adaptability to 
the structure of the survey area due to the ability of the sys-
tem to adjust to the geometry of the terrain and the versatility 
of the method in terms of processing both homogeneous and 
heterogeneous areas, both urbanized and agricultural areas. 
The main disadvantages of the approach in [12] are high 
computational complexity and dependence on the settings of 

mation regarding some areas of the terrain. This process is 
commonly called phantomization [2].

Known phantomization methods (for example, [1, 2]) are 
based on the principles of receiving and processing a radar 
signal as a source of observation information. However, such 
methods have certain disadvantages. First of all, such dis-
advantages are associated with the complexity of processing 
radar information, uncertainty regarding the parameters of 
radar signals, etc. In [2], only the basics of the theory of phan-
tomization of images from space radar surveillance systems 
are outlined. At the same time, certain examples of process-
ing such images for the purpose of their further phantomiza-
tion are not considered. In [2], some requirements are also set 
for the size of the phantomization area of a radar image for 
certain observation conditions. However, the calculation of 
the size and orientation of such areas is not considered in [2]. 
In addition, in [2] it is noted that one of the requirements for 
image processing for the purpose of its further phantomiza-
tion is rapidity.

Therefore, it is a relevant task to improve the method 
that rapidly determines the phantomization area in an image 
acquired from a space radar observation system.

2. Literature review and problem statement

It was established in [1, 2] that during radar observation 
of the Earth’s surface, the amplitude of the radar signal can 
be used for operational processing of radar information. In 
this case, the amplitude can be considered as the intensity 
of brightness, and the set of amplitudes of the radar signal 
can be represented in the form of a two-dimensional array 
(image). In this case, the value of the amplitude of the radar 
signal can be considered as the brightness of a pixel of the ra-
dar image. With this representation, to determine the areas of 
phantomization, the radar image can be processed by known 
methods for processing optoelectronic images. 

In [4], a detailed analysis of threshold segmentation 
methods, which are also used in the processing of radar im-
ages, is given. The paper compares the results of image seg-
mentation by both classical and modified global thresholding 
methods. In this case, the radar image was selected with 
the presence of speckle noise. The main advantages of the 
approach considered in [4] are the simplicity of implemen-
tation and high quality of segmentation only when selecting 
segments in the amount of no more than three. However, the 
issues of segmentation efficiency remained unresolved. A 
likely reason is the presence of speckle noise in the image. An 
option to overcome it is the use of local thresholding. This is 
the approach used in [5].

In [5], the use of a local thresholding approach is pro-
posed, where the threshold is determined locally in the 
blocks into which the entire radar image is divided. The main 
advantages of [5] are the absence of the need for training and 
adaptability to the conditions of radar imaging. However, 
the issues of the need for computational operations, which 
reduces the efficiency of processing, remained unresolved. A 
likely reason is the dependence on the size of the block into 
which the image is divided. An option to overcome this is the 
use of a texture approach. This is the approach applied in [6].

In [6], the use of a radar image processing method based 
on a texture approach based on a co-occurrence matrix is 
proposed, with the help of which changes in shooting scenes 
are studied over time. The advantages of [6] are the ability to 
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the input parameters of the method. An option to overcome 
this is to use simplified processing and reduce the number of 
input parameters. This is the approach proposed in [13].

In [13] it was proposed to take into account the shortcom-
ings of the approach from [12] and in the improved method 
of processing polarimetric radar images, simplified mathe-
matical processing is already used and the number of input 
parameters is reduced. Other advantages are the stability of 
operation in the presence of noise in the input image. The 
main disadvantage is the high probability of the end of the 
iterative process of the algorithm with the problem of several 
“local minima”.

In [14] it was proposed to use a method from the “re-
gional” family, the essence of which is the growth of regions 
around the starting points using a statistical homogeneity 
criterion. The advantage of the method is the absence of the 
need for preliminary filtering of radar images, the pecu-
liarity of which is the presence of speckle noise. The main 
disadvantages of [14] are the dependence of the processing 
result on the choice of starting points and computational 
complexity.

In [15], when performing the segmentation task, it is pro-
posed to consider the radar image as a topographic surface 
where “watersheds” form the boundaries between the seg-
ments. However, this approach is most often used as one of 
the stages of image processing; it is not an independent pro-
cessing method, which is the main drawback of [15]. Another 
drawback is re-segmentation, i.e., the appearance of an exces-
sive number of false segments. The main advantages are its 
use as an auxiliary stage of radar image processing and high 
quality of processing when segmenting water surface images.

In [16], a graph method was proposed for water surface 
separation in radar images, in which segmentation is per-
formed by minimizing the energy of the graph. In [16], the 
similarity of the main pixel and neighboring pixels to the 
water and/or land model was taken into account. The main 
advantage is the high quality of dividing the radar image 
into two segments – land and water – under an automatic 
mode. The main disadvantages are the possibility of using 
this approach only for water surface separation and the high 
computational complexity of constructing the graph.

In [17], the use of specialized super pixel generation in 
the processing of polarimetric radar images was proposed. 
Unlike the classical approach of the super pixel algorithm, 
the improved method [17] eliminates the problems of work-
ing with the presence of speckle noise in the image and high 
textural heterogeneity of the input image. The main disad-
vantages are the need for preprocessing the input image and, 
with a fixed super pixel size, the problem of resegmentation 
arises in the case of images with a water surface and under-
segmentation when processing urbanized images.

In [18], a method is proposed that combines the advantag-
es of the transformer and the advantages of CNN in order to 
distinguish ships on radar images under conditions of a com-
plex background and the presence of noise in the images. The 
advantages are the operational separation of ships of different 
sizes on the water surface even under conditions of a complex 
background, for example, large waves, proximity to the shore, 
etc. The disadvantages are the need to train on a sufficiently 
large data set and the availability of resources for training. 
Another disadvantage is the limitation to the only type of 
object that can be distinguished, namely ships. An option to 
overcome this is to use artificial intelligence methods. This is 
the approach suggested in [19].

In [19], a hybrid method was proposed for the separation 
of ships on a complex background of radar images with 
noise, which combines the advantages of the transformer and 
YOLO. This method quickly solved the problem of separation 
of ships of different sizes, even when they are crowded, but 
has high computational costs and training on a large data set. 
An option to overcome this is to use several neural networks. 
This is the approach described in [20].

For the selection of water areas on satellite radar images, 
in [20] it is proposed to use two neural networks: U-Net and 
DeepLabv3+. The results of the study showed that the U-Net 
network is better at selecting narrow rivers or water streams, 
and the DeepLabv3+ network, on the contrary, is better at 
selecting wide rivers and reservoirs. Therefore, the main 
advantage of the method is its versatility and flexibility in se-
lecting water streams of different widths. The main disadvan-
tages are the division of the input image into only two classes, 
i.e., the resulting image is a binary image, and the need for 
training and further testing on a large amount of data. 

In [21] a method for selecting the contours of urban in-
frastructure objects on remote sensing images of the Earth is 
proposed. The essence of the method is its two-stage nature 
where at the first stage of the method, the boundaries are 
selected using the classical Canny boundary detector, and at 
the second stage, geometric primitives are selected using the 
classical Hough transform. The main advantage of the meth-
od is good results of contour extraction on the input image. 
The disadvantages are that the experimental studies were 
conducted only on optoelectronic images and required high 
computational costs.

In [22], the use of a genetic algorithm for processing im-
ages from both unmanned aerial vehicles and space observa-
tion systems is proposed. The results of the method showed 
high quality segmentation of optoelectronic images, which is 
an advantage of this approach. However, the main disadvan-
tage is the failure to take into account possible artifacts that 
are relevant for real images from space observation systems. 
An option to overcome this is to use simplified methods of 
boundary extraction. This is the approach chosen in [23].

In [23], an improved boundary selection method was pro-
posed to be used to select information zones in images from 
airborne reconnaissance and surveillance systems. The main 
advantage is the reduction of time for searching for objects of 
interest in complexly structured space images. The disadvan-
tage is the computational complexity of the proposed method.

Thus, our analysis of known image processing methods 
revealed certain disadvantages, the main ones of which are:

– computational complexity;
– long processing time;
– significant processing errors of the first and second kind;
– lack of processing efficiency, etc.
This indicates the feasibility of a study aimed at improving 

a method that rapidly determines the phantomization area in 
an image acquired from a space radar surveillance system.

3. The aim and objectives of the study

The aim of our research is to reduce the processing errors 
of the first and second kind by using a method that rapidly 
determines the phantom area in the image from the space 
radar observation system. This will make it possible to in-
crease the efficiency of defining a phantom area in the image 
acquired from a space radar observation system.
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To achieve the goal, the following tasks were set:
– to list the main stages of the method that rapidly deter-

mines the phantom area in the image acquired from a space 
radar observation system;

– to conduct an experimental study on the operational de-
termination of the phantom area in the image acquired from 
a space radar observation system.

4. The study materials and methods

The object of our study is the process of determining the 
phantom area in an image acquired from a space radar sur-
veillance system.

The principal hypothesis assumes that improving the 
method for determining the phantom area could reduce im-
age processing errors of the first and second kind.

The following assumptions were adopted in the study:
– an image acquired from a space radar surveillance sys-

tem is considered;
– the image is represented in grayscale from 0 to 255.
The following simplifications were accepted for the study:
– in the experimental study, there is one object of interest 

in the image;
– the influence of distorting factors is not considered.
During the experimental study, we used the following:
– hardware: DELL Intel(R) Core(TM) i7-8650U CPU @ 

1.90GHz (2.11 GHz) laptop (USA);
– software: object-oriented programming language Py-

thon 3.14 (The Netherlands).
The following general methods were used in the research:
– system analysis;
– mathematical apparatus of matrix theory;
– spectral analysis;
– digital processing of radar signals;
– digital image processing;
– probability theory and mathematical statistics;
– mathematical modeling;
– analytical and empirical methods of comparative re-

search.

5. Results of investigating the method that rapidly 
determines a phantom area

5. 1. Main stages of the method that rapidly deter-
mines a phantom area

When defining the main stages of the method that rapidly 
determines a phantom area in the image acquired from a 
space radar observation system, the results reported in [24] 
were used. However, unlike [24], the features of the radar 
image were taken into account.

The main stages of the method that rapidly determines 
a phantom area in the image acquired from a space radar 
observation system are shown in Fig. 1.

The main stages of the method for operationally deter-
mining the phantom area in an image acquired from a space 
radar observation system are:

1) inputting the source image acquired from a space radar 
observation system;

2) representing the source image as a data array with 
brightness values from 0 to 255 in grayscale;

3) minimizing the impact of speckle noise using convolu-
tion with a Gaussian filter.

The main noise that distorts the image acquired from a 
space radar observation system is speckle noise [1]. There-
fore, it is necessary to reduce the impact of speckle noise. 
For this purpose, a simple Gaussian filter is used. That is, 
the input image data array is smoothed in the grayscale color 
model using convolution with a Gaussian filter [25], which is 
represented by the following expression (1)

( ) e σ

πσ

+−
= ⋅

2 2

22
2

1  , ,
2

x y

G x y 			   (1)

where x, y – coordinates of the image pixel (element of the 
data array);

σ – mean square deviation of the normal distribution.
4. Image histogram equalization to increase contrast.
At this stage, the image histogram equalization operation 

is applied to the result of filtering with a Gaussian filter. This 
operation is performed by redistributing the intensity of pix-
els on the histogram. This is done in order to maximize detail 
and overall brightness and, as a result, increase contrast.

5. Selection of boundaries in the image using a gradient 
operator.

The area with highlighted boundaries with objects of 
interest is defined as the phantomization area in the image 
acquired from a space radar observation system.

The use of spatial filtering is proposed to highlight the 
boundaries. Some of the most known discrete differentiation 
operators are considered, namely by Sobel, Roberts, and Pre-
witt. The use of such simple operators is due to the require-
ment of efficiency in determining the phantomization area.

The values of the image gradients in the vertical and 
horizontal directions are formed using the classical Sobel 
gradient operator [24].

 
 

Input source image 

Start 

Representing the original image as an 
array of data with brightness values 

from 0 to 255 

Minimizing the impact of speckle 
noise using convolution with a 

Gaussian filter 

Leveling the image histogram to 
increase contrast 

Output of the resulting 
image (phantomization 
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Selecting boundaries in an image 
using the gradient operator 
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  Fig. 1. Main stages of the method for operationally 

determining the phantomization area in an image acquired 
from a space radar surveillance system
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Square matrices of size (3 × 3) for calculation using 
the convolution operation of the values of the deriva-
tives in the horizontal and vertical directions for the 
Sobel operator are represented by expressions (2) and (3),  
respectively:

 +
 
− + 

 − + 

1 0 1
2 0 2 ,
1 0 1

  				      (2)

 + + +
 
 
 − − − 

1 2 1
0 0 0 .
1 2 1

  				    (3)

And the components of gradients Gx and Gy, respectively, 
by expressions (4) and (5):

I
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2 0 2 ,
1 0 1

xG  				     (4)

I,
 + + +
 

= ∗ 
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1 2 1
0 0 0
1 2 1

yG  				     (5)

where I is the result of image histogram equalization after 
processing the original image acquired from a space radar 
observation system with a Gaussian filter;

* is the convolution operation.
To calculate the gradient value G in each pixel, expres-

sion (6) is used

= +2 2 .x yG G G  					     (6)

The direction of gradient G is calculated from the follow-
ing expression (7)

Θ
 

=    
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x

G
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 				    (7)

The work of the Prewitt operator for highlighting the 
boundaries in the image after histogram equalization is 
considered. Square matrices of the same size as in the Sobel 
operator (3 × 3) for calculating the values of the derivatives 
in the horizontal and vertical directions are represented by 
expressions (8) and (9), respectively:
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and the components of gradients Gx and Gy, respectively, by 
expressions (10) and (11):
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Unlike the Sobel operator, this discrete operator uses only 
those weight kernels that are equal to 0 and 1, that is, this 
operator is simpler in calculations.

The value and direction of gradient G in each pixel are 
calculated similarly using expressions (6) and (7).

Another gradient operator is considered – the Roberts 
operator for highlighting the boundaries in the image after 
histogram equalization. Unlike the Sobel and Prewitt op-
erators, this discrete operator uses square matrices of size 
(2 × 2), which are represented by expressions (12) and (13):

 +
 −  

1 0
,

0 1
 					     (12)

 +
 −  

0 1
,

1 0   			   (13)

and the components of gradients Gx and Gy, respectively, by 
expressions (14) and (15):

I
 +

= ∗ −  

1 0
,

0 1xG
  

				    (14)

I,
 +

= ∗ −  

0 1
1 0yG  			     (15)

The value and direction of gradient G in each pixel are 
calculated similarly using expressions (6) and (7).

6. Output of the resulting image (phantomization area).
Thus, the method of operational determination of the 

phantomization area in the image acquired from a space ra-
dar observation system has been improved; in it, in contrast 
to known ones,

– the radar image is represented as a two-dimensional 
array of pixels, the intensity of which is determined by the 
amplitude of the radar signal in grayscale;

– the influence of speckle noise is minimized using con-
volution with a Gaussian filter;

– the image histogram is aligned to increase contrast;
– the boundaries in the image are selected by the gradient 

operator;
– the area with the selected boundaries with objects of in-

terest is determined as the phantomization area in the image 
acquired from a space radar observation system.

5. 2. Experimental study on the operational deter-
mination of a phantomization area

To conduct an experimental study on the operational de-
termination of the phantomization area in an image acquired 
from a space radar observation system, an image (Fig. 2 [26]) 
was selected as the source.

This image was obtained from the Sentinel-1 space-
based radar system (European Space Agency) [26]. The 
original image (Fig. 2) was acquired from the website 
(https://surl.li/kjfphq) of the European Earth Observation 
Program Sentinel [26]. The Sentinel program provides free 
and open data (images) from space-based radar systems for 
scientific and applied purposes. The original image (Fig. 2) 
is represented as an array of data where each element of 
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the array is a pixel intensity value in the range [0; 255] in 
grayscale. The histogram of the original image is shown 
in Fig. 3.

Fig. 3. Histogram of the original image from the space-based 
radar surveillance system

One can see that the histogram has a certain peak in a 
narrow range of pixel intensities.

To reduce the effect of speckle noise, a Gaussian filter is 
used. Fig. 4 shows the result of convolution of the input radar 
image in the grayscale color model (Fig. 1) with a Gaussian 
filter.

Fig. 4. The result of convolution of the input radar image in 
the grayscale color model (Fig. 1) with a Gaussian filter

At the next stage, the image histogram equalization op-
eration is applied to the result of Gaussian filtering (Fig. 4). 
All these stages are intended for preliminary preparation of 
the input radar image for further boundary selection on it in 
order to determine the phantomization area.

Fig. 5 shows the result of the improved method for opera-
tional determination of the phantomization area on an image 
acquired from a space radar observation system when using 
the Sobel operator for boundary selection.

Fig. 5. Result of the improved method when applied to 
extract the borders of the Sobel operator

The work of the Prewitt operator for highlighting bound-
aries in the image after histogram equalization has been 
considered. The result of the work of the improved method 
for operational determination of the phantomization area in 
the image acquired from a space radar observation system 
when using the Prewitt operator for highlighting boundaries 
is shown in Fig. 6.

Fig. 6. Result from the improved method when applied to 
extract the borders of the Prewitt operator

The work of another gradient operator, the Roberts operator, 
for edge detection in an image after histogram equalization has 
been considered. The result of the improved method when using 
the Roberts operator for edge detection is shown in Fig. 7.

Based on the results from the improved method of oper-
ational determination of the phantomization area in the im-
age from the space radar observation and analysis system, 
phantomization areas are highlighted in Fig. 5–8. These 
are areas where objects of interest are located – objects of 
technology.

 

 
  

Fig. 2. Output image from the space-based radar surveillance 
system [26]
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Fig. 8. Image from a space-based radar surveillance system 
with highlighted phantomized areas

To select a boundary selection method at the final stage 
of the improved method, the image processing errors of the 
first and second kind were calculated. The image processing 
errors of the first (α1) and second (β2) kind were calculated 
using expressions (15), (16) [21, 22]:

( )( )
( )( )α = 1

1
2

,
S fs

S f

X

X
	  			   (15)

( )( )
( )( )β = − 3

2
4

1 ,
S fs

S f

X

X
	  			   (16)

where X(x, y) is the vector of pixel coordinates in the image;
f(X) is the original image;
fs(X) is the processed image;
S1( fs(X)) is the number of background pixels incorrectly 

assigned to the object of interest in the image fs(X); 
S2( f(X)) is the number of background pixels in the image 

f(X); 
S3( fs(X)) is the number of correctly processed pixels of 

the object of interest in the image fs(X); 
S4( f(X)) is the number of pixels of the object of interest in 

the image f(X).
The results of calculating the processing errors of the 

first (α1) and second (β2) kinds are given in Table 1.
Analysis of Table 1 reveals the feasibility of using the 

Roberts operator at the final stage for boundary selection. This 
allowed us to reduce the processing errors of the first kind:

– by 2.64% compared to the use of the Sobel operator;
– by 5.66% compared to the Prewitt operator.

Table 1

Processing errors of the first (α1) and second (β2) kind

Segmentation method
Processing error 
of the first kind 

(α1),  %

Processing error 
of the second 
kind (β2),  %

Application of the Sobel  
operator for boundary selection 19.76 18.29

Application of the Prewitt  
operator for boundary selection 22.78 20.17

Application of the Roberts  
operator for boundary selection 17.12 15.89

This also allowed us to reduce the processing errors of 
the second kind:

– by 2.4% compared to the Sobel operator;
– by 4.26% compared to the Prewitt operator.
So, in general, all three boundary selection operators can 

be used at the final stage of the improved method. As for a 
specific radar image, then, taking into account Table 1, it is 
advisable to use the Roberts operator for boundary selection.

The considered operators are simple; therefore, they 
ensure the efficiency of their use, taking into account the 
automation of radar image processing.

6. Improving the method that rapidly determines the 
phantom area: results and summary

A method for operational determination of the phantomi-
zation area in the image acquired from a space radar obser-
vation system (Fig. 1) has been improved; in it, in contrast to 
known ones:

– the radar image is represented as a two-dimensional 
array of pixels, the intensity of which is determined by the 
amplitude of the radar signal in grayscale;

– the influence of speckle noise is minimized using con-
volution with a Gaussian filter;

– the image histogram is aligned to increase contrast;
– the boundaries in the image are selected by the gradient 

operator;
– the area with the selected boundaries with objects of in-

terest is determined as the phantomization area in the image 
acquired from a space radar observation system.

An experimental study was conducted on the operational 
determination of the phantom area in an image from a space-
based radar observation system. Fig. 4 shows the result of 
convolution of the input radar image in a grayscale color model 
with a Gaussian filter. Fig. 5 shows the result of the improved 
method that rapidly determines the phantom area in an image 
from a space-based radar observation system when using the 
Sobel operator to select the boundaries. The result of the im-
proved method that rapidly determines the phantom area in 
an image from a space-based radar observation system when 
using the Prewitt operator to select the boundaries is depicted 
in Fig. 6. The result of the improved method when using the 
Roberts operator to select the boundaries is given in Fig. 7.

According to the results of the improved method that rap-
idly determines the phantom area in an image from a space-
based radar observation system and the analysis of Fig. 5–8, 
phantom areas were selected. These are areas on which ob-
jects of interest are located – objects of technology.

 
  

Fig. 7. Result from the improved method when applied at the 
last stage to highlight the borders of the Roberts operator
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To select a method for boundary selection at the final 
stage of the improved method, the first and second kind im-
age processing errors were calculated (Table 1). Analysis of 
Table 1 reveals the feasibility of using the Roberts operator 
at the final stage for boundary selection. This allowed us to 
reduce the first kind processing errors:

– by 2.64% compared to the Sobel operator;
– by 5.66% compared to the Prewitt operator.
That also reduced the processing errors of the second kind:
– by 2.4% compared to the Sobel operator;
– by 4.26% compared to the Prewitt operator.
This all became possible owing to the use of several 

stages of the improved method of operational determination 
of the phantomization area. The efficiency of the phantomi-
zation area selection is ensured by using a simple Roberts 
operator for boundary selection at the final stage.

So, in general, all three boundary selection operators can 
be used at the final stage of the improved method. As for a 
specific radar image, then, taking into account Table 1, it is 
advisable to use the Roberts operator for boundary selection. 
The considered operators are simple; therefore, they ensure 
efficiency of their use, taking into account the automation of 
radar image processing.

The improved method of operational determination of 
the phantomization area in an image acquired from a space 
radar observation system allowed us to solve the problem 
part, namely:

– to reduce computational complexity – by using simple 
operations at the component stages of the method;

– to reduce processing time – by using the speed of meth-
ods to minimize the effect of speckle noise, image histogram 
equalization, and boundary selection;

– to reduce processing errors of the first and second kind.
Our research limitations are:
– the results are given for an image acquired from a space 

radar observation system;
– the phase of the radar signal when probing the earth’s 

surface is not taken into account.
The disadvantages of the study are:
– the complexity of implementing the improved method 

when other noises affect the radar image (Gaussian, salt and 
pepper);

– a decrease in the quality and efficiency of image pro-
cessing when rotating and resizing the radar image.

Further studies imply improving the methods of prepro-
cessing the radar image to compensate for speckle noise.

7. Conclusions

1. The main stages of the method for quickly determining 
the phantom area in an image acquired from a space radar 
observation system are:

– input of the source image acquired from a space radar 
observation system;

– representation of the source image as a data array with 
brightness values ​​from 0 to 255 in grayscale;

– minimization of the effect of speckle noise using convo-
lution with a Gaussian filter;

– image histogram equalization to increase contrast;
– selection of boundaries in the image by a gradient op-

erator;
– output of the resulting image (phantom area).

2. An experimental study was conducted on quickly 
determining the phantom area in an image acquired from 
a space radar observation system. Phantom areas on which 
objects of interest are located were highlighted in the image 
acquired from a space radar observation system. The choice 
of the Roberts operator at the final stage for boundary selec-
tion allowed for the following:

– a decrease in the processing errors of the first kind: by 
2.64% compared to the application of the Sobel operator; by 
5.66% compared to the Prewitt operator;

– a reduction in the processing errors of the second kind: 
by 2.4% compared to the Sobel operator; by 4.26% compared 
to the Prewitt operator.
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