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The object of this study is the
process of filtering images acquired
from a space radar observation sys-
tem. The task to filter images from a
space radar observation system has
been solved by applying the Kuan

algorithm.
The results reported here
include the following:

- the defined basic stages of the
method for filtering images acquired
from a space radar observation sys-
tem based on the Kuan algorithm;

- the performed experimen-
tal study on filtering images from
a space radar observation system
based on the Kuan algorithm.

A method for filtering images
Jfrom a space radar observation sys-
tem based on the Kuan algorithm
has been improved. Special features
of the improved method, in contrast
to those in established ones, are:

- selection of a local filtering
window;

- calculation of local statistical
characteristics;

- calculation of variation coef-
ficients;

- calculation of the Kuan weight
coefficient;

- sequential filtering of image
pixels using the “sliding” window
method.

Avisual analysis of radar image
filtering by an improved method
based on the Kuan algorithm and
known methods based on the Li algo-
rithm and Frost algorithm were car-
ried out. The use of the improved
method when filtering an image
acquired from a space radar sur-
veillance system made it possible to
increase the signal-to-noise ratio.
That became possible due to the use
of the Kuan algorithm. The choice
of the Kuan algorithm has made
it possible to achieve a 21% gain in
the maximum signal-to-noise ratio
in comparison with the known meth-
od (based on the Li algorithm).

The scope of the improved meth-
od application includes filtering
images from space radar surveil-
lance systems. Conditions for prac-
tical implementation of the results
are specialized software in soft-
ware-hardware systems for process-
ing radar images
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1. Introduction include, for example, environmental monitoring, agriculture,

water surface monitoring, defense and security, etc. [3].
Images acquired from space-based radar surveillance sys- A feature of images from space-based radar surveillance

tems are used to solve diverse tasks in various fields [1, 2]. These ~ systems is the presence of certain artifacts [4, 5]. Such arti-
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facts are caused by the existence of speckle noise, which, in
turn, leads to image graininess [6]. A feature of speckle noise
is its multiplicative nature, which leads to image quality deg-
radation [5, 6]. Therefore, the process of filtering images from
space-based radar surveillance systems is an important stage
of image processing.

Known image filtering methods, for example, (7, 8], have
certain advantages for images acquired from space-based opto-
electronic surveillance systems. The use of known methods for
filtering images from space-based radar surveillance systems
leads to a deterioration in the quality of such images. The main
disadvantages of known methods of filtering images from space
radar observation systems are primarily related to the failure
to take into account the multiplicative nature of speckle noise.

Therefore, solving the task of improving a method for fil-
tering images acquired from space radar observation systems
is a relevant scientific issue.

2. Literature review and problem statement

Methods for global threshold processing of images ac-
quired from radar surveillance systems were proposed in [9].
The main advantage of methods [4] is the simplicity of im-
plementation. However, the quality of the processed image
remained unresolved. The reason for this is an artifact in the
form of speckle noise. An option to overcome this is not to use
a global threshold. This is the approach used in [10].

In it, the use of the method for local threshold process-
ing of images from space radar surveillance systems was
proposed. The main advantages of [10] are the use of a local
processing window with the same threshold level within
this window. However, the issues of speckle noise filtering
remained unresolved. The reason is the failure to take into
account heterogeneous processing artifacts. An option to
overcome this is the texture processing method. This is the
approach considered in [11].

In it, a texture method for processing radar images was
proposed. The advantages of [11] are the use of the method
for processing radar images of different scales. But the issue
of isolating objects of interest under the influence of speckle
noise remains unresolved. An option to overcome this is to
use clustering methods. This is the approach used in [12].

In it, a k-means clustering method for radar images is
proposed. The advantage of [12] is invariance to a priori
information and simplicity of implementation. The main dis-
advantage is the dependence on the input data set for training
and the need to conduct the training itself.

In [13], a modified clustering method is proposed. The
advantage is to obtain acceptable results in the presence of
artifacts in radar images. The disadvantages are significant
computational costs.

In [14], a comprehensive method was proposed to reduce
speckle noise in images acquired from space-based radar ob-
servation systems. The method combines an extended adap-
tive Wiener filter at the first stage and an extended controlled
filter at the second. The main advantage is good performance
in suppressing the speckle noise effect while simultaneously
preserving contours and small details in the radar image. The
main disadvantage is the high computational cost and the
dependence of the quality of the result of the method on the
choice of filtering parameters.

In [15], a method based on adaptive selection of the size
of the Lie filter window was proposed for processing radar

images obtained from the Sentinel-1 spacecraft. The method is
based on the analysis of local statistical characteristics of the
original radar image and the assessment of the effectiveness of
reducing the speckle noise effect. Based on the results of such
actions, the optimal size of the Li filter window for individual
sections of the radar image is automatically determined. The
main advantages are the preservation of contour details and
texture in the radar image and the reduction of the effect of
speckle noise without significant loss of spatial resolution of
the image. At the same time, the main disadvantages are the
dependence of the quality of the processing result on the accu-
racy of the assessment of local statistical characteristics. This,
in turn, leads to an increase in computational costs.

In [16], a genetic algorithm for image processing is pro-
posed. The advantage of this method is ensuring the visual
quality of the original image. The main disadvantage is the
failure to take into account the presence of speckle noise in
the image. An option to overcome this is to highlight special
information zones in the image. This is the approach pro-
posed in [17].

In it, a method for selecting special information areas in
an image is proposed. The advantage of [17] is the reduction
of image processing time. The disadvantage is the failure to
take into account the presence of speckle noise in the image.

In [18], it is proposed to use an adaptive sigma-point Kal-
man filter with importance sampling. The method involves
taking into account the statistical characteristics of speckle
noise and adaptively adjusting the filter parameters. The
main advantage is to increase spatial resolution and reduce
the impact of speckle noise. The main disadvantage is the
complexity of implementing the filter under conditions of
processing large data sets (large volume of radar images).

In [19], a filtering method is proposed to reduce speckle
noise in radar images from the Sentinel-1 spacecraft. The
method is based on the selection of Frost filter parameters
based on the prediction of the descaling efficiency. Descaling
is the process of reducing and/or removing speckle noise
in radar images. The method evaluates the local statistical
characteristics of the radar image. Subsequently, based on
the obtained estimates, the descaling efficiency indicators are
predicted. At the next stage, the optimal values of the Frost
filter parameters are automatically selected. The advantage
of [19] is the preservation of texture and contour details in
radar images while simultaneously reducing speckle noise.
The disadvantage is the complexity of the algorithm due to
its multi-stage nature.

In [20], a method based on the ant colony algorithm is
proposed. The proposed method involves adaptive adjust-
ment of the input parameters of the ant colony algorithm
in order to improve the quality of the selection of objects of
interest in the original images. The main advantage is the
ability to select objects of interest in images with speckle
noise with high segmentation quality indicators. The main
disadvantage is that the results of the method are represent-
ed only on optoelectronic images. This calls into question its
versatility, namely the possibility of using it for processing
radar images acquired from space radar observation systems.

Thus, our review of known methods for filtering images
from space radar observation systems indicates the presence
of certain disadvantages:

- high computational complexity;

- low signal-to-noise ratio;

- partial consideration of the effect of speckle/noise on
the radar image;



- difficulty of implementation under conditions of large
volumes of radar images.

The above indicates the feasibility of research aimed at
improving a method of filtering images acquired from a space
radar surveillance system.

3. The aim and objectives of the study

The aim of our research is to increase the signal-to-noise
ratio when filtering images acquired from a space-based ra-
dar surveillance system using the Kuan algorithm. The Kuan
algorithm was chosen based on the features of its application
for filtering heterogeneous images (medical, natural land-
scapes, in the interests of agriculture, etc.) under conditions
of speckle noise (for example, [21, 22]). The use of the Kuan
algorithm will make it possible to improve the quality of ra-
dar image processing.

To achieve the goal, the following tasks were set:

- to define the main stages of the method for filtering
images from a space-based radar surveillance system based
on the Kuan algorithm;

- to conduct an experimental study on filtering images
from a space-based radar surveillance system based on the
Kuan algorithm.

4. The study materials and methods

The object of our study is the process of filtering images
acquired from a space radar surveillance system.

The principal hypothesis assumes that improving a
method for filtering images from a space radar surveillance
system based on the Kuan algorithm could make it possible
to increase the signal-to-noise ratio.

The following assumptions were adopted in the study:

- the radar image from the space surveillance system
was taken as the source;

- the radar image has (0-255) grayscale levels.

The following simplifications were accepted for the study:

- speckle noise was considered as an artifact;

- speckle noise is simulated with specified statistical
characteristics;

- other types of artifacts in the image were not considered.

The experimental study employed the following:

- hardware: DELL Intel(R) Core(TM) i7-8650U CPU @
1.90GHz (2.11 GHz) (USA) laptop;

- software: object-oriented programming language Py-
thon 3.12 (The Netherlands).

The following general methods were used in the research:

- digital image processing;

- digital signal processing;

— mathematical apparatus of matrix theory;

- probability theory and mathematical statistics;

- spectral analysis;

- empirical research;

- mathematical modeling;

- comparative research.

Our research methods were selected taking into account
the tasks formulated in chapter 3.

When defining the main stages of the method for filter-
ing images acquired from a space radar observation system
based on the Kuan algorithm, the following theoretical
methods were used:
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- digital signal processing;

- digital image processing;

- mathematical apparatus of matrix theory;

- probability theory and mathematical statistics;

- spectral analysis.

When conducting an experimental study on filtering
images from a space radar observation system based on the
Kuan algorithm, the following theoretical and practical re-
search methods were used:

- digital image processing;

- empirical research;

- mathematical modeling;

- comparative research.

5. Results of investigating the method of filtering
images acquired from a space radar surveillance system

5.1. Main stages of the method for filtering images
from a space radar surveillance system

The main stages of the method for filtering images from a
space radar surveillance system based on the Kuan algorithm

are shown in Fig. 1.

I

Start

T
Image input and preprocessing
I

T

Are all pixels processed?

Outputting the resulting image /

/ |

Fig. 1. Main stages of the method for filtering images acquired

from a space radar surveillance system based on the Kuan
algorithm



The main stages of the method for filtering an image
from a space radar observation system based on the Kuan
algorithm are:

1) input of the source image from a space radar observa-
tion system;

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

3) selection of a local window for further filtering. For
further filtering of the radar image, a local window w is set
for each pixel of the image;

4) calculation of local statistical characteristics. At this
stage, within the boundaries of the selected local window,
such local statistical characteristics as the mathematical ex-
pectation and variance are calculated.

The mathematical expectation x and variance o2 for each
pixel of the image with the row and column indices of its
location (coordinates) (i, j) are calculated within the select-
ed local processing window w according to expressions (1)
and (2), respectively:

1
=— D, I(x¥), @
“ |W|(i,j§W (xy)
1 2
= I(x,y)-u), ()]
7 |W|<i.jz>slw( (xy) y)

where |W| is the total number of pixels in the selected local
window w;

5) calculation of variance coefficients. At this stage, for
further differentiation of homogeneous and heterogeneous
areas in the image, the local variance coefficient C; and the
theoretical variance coefficient of speckle noise Cs are calcu-
lated using expressions (3) and (4), respectively:

c,=Z ©)

C.=— )

where L is the number of pulses used to form a pixel of the
output image from the space radar observation system;

6) calculation of the Kuan weighting factor. At this stage,
based on the calculated coefficients of variation, the Kuan
weighting factor wy is calculated, which determines the de-
gree of smoothing, according to expression (5):

0, C <Cy;
W, =41C;-C; ©)
K % C, >C,.

1

That is, in homogeneous areas, stronger smoothing will
occur, and in heterogeneous areas, details and boundaries
will be preserved;

7) pixel filtering. At this stage, the “filtered” value of each
pixel of the image is determined from expression (6)

@(x,y):,u+WK~(I(x,y)—y), ©)

where @(x, y) - “filtered” value (x,y);

8) sequential processing of pixels of the entire image

To process pixels of the entire image, it is necessary to
proceed to stage 4. And for each pixel of the image, we per-

form calculations according to expressions (1)-(6). Therefore,
this approach allows us to evenly reduce the effect of speckle
noise on the entire image and adapt the processing to the
local features of the shooting surface;

9) output of the resulting (filtered) image.

Thus, the method for filtering an image acquired from a
space radar observation system based on the Kuan algorithm
has been improved, in which, unlike the known ones,

- alocal filtering window is selected;

—local statistical characteristics are calculated (mathe-
matical expectation and variance);

- variance coefficients are calculated;

- Kuan weight coefficient is calculated;

- sequential filtering of image pixels is performed using
the “sliding” window method.

5.2. Experimental study on filtering an image from
a space radar surveillance system

To conduct an experimental study on filtering an image
acquired from a space radar surveillance system based on
the Kuan algorithm, an image (Fig. 2 [23]) was selected as
the initial image.

Fig. 2. Original image from a space-based radar surveillance
system [23]

This image was acquired from the Sentinel-1 space-
based radar observation system (European Space Agen-
cy) [23]. The original image (Fig. 2) was downloaded from
the website (https://surl.li/kjfphq) of the European Earth
observation program Sentinel [23]. The Sentinel program
provides free and open data (images) from space-based
radar observation systems for scientific and applied pur-
poses [23].

Subsequently, speckle noise was added to the original
image. It was taken into account that speckle noise, which
is characteristic of radar images, has a multiplicative origin
model. That is, the value of each pixel of the original image
from the space-based radar observation system (Fig. 2) can
be represented in the following form (7)

I(x, y) = G(x, y)-S(x.y), @

where I(x, y) is the pixel value of the original radar image;

G(x, y) is the value of the true signal, i.e., the signal re-
flected from the ground surface;

S(x.y) is the speckle noise value.

Fig. 3 shows the original image (Fig. 2), which is distorted
by speckle noise according to expression (7). The root mean
square deviation of the speckle noise intensity S(x.y) in Fig. 3
isequal to 1.



Fig. 4 shows a filtered image from a space-based radar
surveillance system using the improved method based on the
Kuan algorithm. The processing window size w is taken to
be (15 x 15) pixels.

Analysis of Fig. 4 reveals an improvement in the visual
quality of the distorted image (Fig. 3) when using the Kuan
algorithm.

For comparative analysis, Fig. 5 shows a filtered image
from a space radar observation system using the method
based on the Lee algorithm [15]. The Lee algorithm was
chosen for comparative analysis based on the fact that this
algorithm is effective in comparison with other known filter-
ing methods [15]. The processing window size w is taken to
be (15 x 15) pixels.

Fig. 3. The original image (Fig. 2) distorted by speckle noise
according to expression (7)

Fig. 4. The filtered image from a space-based radar surveillance
system using the improved method based on the Kuan algorithm

Fig. 5. The filtered image from a space-based radar surveillance
system using a method based on the Lee algorithm

Additionally, for comparative analysis, Fig. 6 shows a
filtered image from a space radar observation system using

the Frost algorithm [19, 24]. The processing window size w is
taken to be (15 X 15) pixels.

Fig. 6. The filtered image from a space-based radar surveillance
system using a method based on the Frost algorithm

Comparative analysis of Fig.4-6 reveals better visual
quality of Fig. 4 compared to Fig. 5, 6.

For quantitative analysis, the signal-to-noise ratio was cal-
culated for Fig. 4, 5. The calculation results are given in Table 1.
At the same time, Table 1 shows the maximum value of the sig-
nal-to-noise ratio on the filtered images (Fig. 4, 5)

Table 1
Signal-to-noise ratio
Processing Maximum
Segmentation method ID window | signal-to-noise

size w ratio

Improved ﬁlter’mg me-thod based on (15 x 15) 23.33
Kuan’s algorithm

Known ﬁlter’mg mthod based on (15 x 15) 19.37

Lee’s algorithm

Known ﬁlterl}lg metbod based on (15 x 15) 15.76

Frost’s algorithm

Analysis of Table 1 reveals a gain in the maximum signal-
to-noise ratio when using the improved method based on the
Kuan algorithm in comparison with the known methods:

- by 21% (known method based on the Lee algorithm);

- by 48% (known method based on the Frost algorithm).

6. Discussion of results based on the improved method
for filtering images acquired from a space radar
observation system

The method of filtering images from a space radar ob-
servation system based on the Kuan algorithm has been
improved, in which, unlike the known ones:

- a local filtering window is selected;

—local statistical characteristics are calculated (mathe-
matical expectation and variance);

- variance coefficients are calculated;

- Kuan weight coefficient is calculated;

- sequential filtering of image pixels is performed using
the “sliding” window method.

An experimental study on filtering images from a space
radar observation system has been conducted. Fig. 3 shows
the original image (Fig. 2), which is distorted by speckle noise
according to expression (7). Fig. 4 depicts the filtered image



from a space radar observation system using the improved
method based on the Kuan algorithm. The processing win-
dow size w is taken to be (15 x 15) pixels. Analysis of Fig. 4
reveals an improvement in the visual quality of the distorted
image (Fig. 3) when using the Kuan algorithm.

For comparative analysis, Fig. 5 shows a filtered image
from a space radar observation system using the method
based on the Lee algorithm [15]. The processing window size
w is taken to be (15 X 15) pixels.

Additionally, for comparative analysis, Fig. 6 shows a fil-
tered image from a space radar observation system using the
method based on the Frost algorithm [19, 24]. The processing
window size w is taken to be (15 X 15) pixels.

Comparative analysis of Fig. 4-6 reveals a better visual
quality of Fig. 4 compared to Fig. 5, 6.

For quantitative analysis, the signal-to-noise ratio was
calculated for Fig.4-6. The calculation results are given
in Table 1. Analysis of Table 1 reveals a gain in the maximum
signal-to-noise ratio when using the improved method based
on the Kuan algorithm compared to the known methods:

- by 21% (known method based on the Lee algorithm);

- by 48% (known method based on the Frost algorithm).

This became possible thanks to the use of the Kuan
algorithm for filtering images from a space radar surveil-
lance system.

The improved method of filtering images from a space
radar surveillance system based on the Kuan algorithm has
made it possible to solve the problem part, namely:

- increase the maximum value of the signal-to-noise ra-
tio by 21% compared to the known method (known method
based on the Lee algorithm).

Limitations of our study:

- only the radar image from the space radar surveillance
system was considered;

- only the effect of speckle noise was taken into account;

- rotation and scaling of the radar image were not taken
into account.

The disadvantages of the study are:

- the complexity of implementing the improved method;

- the use of a fixed value of the processing window when
applying the Kuan algorithm.

The development of this research may consist in optimizing
the processing window size when using the Kuan algorithm.

7. Conclusions

1. The main stages of the improved method for filtering
images acquired by from a space radar observation system
based on the Kuan algorithm are:

- selection of a local filtering window;

- calculation of local statistical characteristics (mathe-
matical expectation and variance);

— calculation of variance coefficients;

— calculation of the Kuan weight coefficient;

- sequential filtering of image pixels using the “sliding”
window method.

2. An experimental study was conducted on filtering
images from a space radar observation system. The choice of
the Kuan algorithm has made it possible to provide a gain in
the maximum signal-to-noise ratio by 21% compared to the
known method (based on the Lee algorithm).
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