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Abstract

In the modern world, there is an increasing demand for automated information processing sys-
tems that reduce the time spent on monotonous human work, increase the efficiency of algorithms
and the time it takes to solve assigned tasks. The paper presents the development of an automated
recursive-separable digital filter for processing digital medical images. The feature of the automated
algorithm is its speed; due to its internal structure, the recursive-separable Laplacian Filter “double
pyramid” performs separate processing by row and column of the image, using recirculators. The
recirculator itself also affects the speed due to the use of recursion properties. Automation of the
algorithm will increase the efficiency of digital image processing, due to automatic enumeration of
filter coefficients, which will improve the quality of the original information almost without human
intervention. The developed algorithm itself carries out the process of image quality assessment and
repeats the digital processing procedure until it reaches the required values of one of the parameters:
mean square error (MSE), peak signal-to-noise ratio (PSNR) and structural similarity index of image
(SSIM). To test the developed automated algorithm, the software "ALF: Automated LDP Filter"
was developed and implemented using QtDesigner and PySide6. The software module consists of
three data entry areas, such as the mask size %, the coefficient for lifting 4, and the coefficient for
increasing the central element 4>, two areas for displaying the image, the original and processed,
seven buttons, such as input, output and saving the image, checking the image quality condition,
three buttons for calculating the parameters MSE, PSNR and SSIM. As part of the testing, a study
was carried out on the performance of the automated recursive separable digital filter using the ex-
ample of endoscopic images obtained from a robotic surgical complex, which showed the effective-
ness of its use, since it was possible to achieve the specified parameter values on the output image.
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Introduction

Digital image processing is one of the important areas
of development of computer technologies used in modern
telemedicine. Particular attention is paid to improving the
quality of images, restoring damaged images. Image pro-
cessing technology has a number of advantages, such as
flexibility, adaptability, data storage and communicative-
ness - it has many rules for synchronous image processing.
Two-dimensional and three-dimensional images can be
processed in several dimensions (image processing meth-
ods were founded in the 1960s), these methods have been
used in various fields, such as medicine, space, clinical re-
search, art, etc. [1].

Medical imaging and diagnostic techniques have de-
veloped rapidly in recent decades and have become a very
important part of disease diagnosis. Digital medical im-
ages (DMI) play an important role in transmitting infor-
mation about the heart, brain, nerves, etc. to obtain an in-
ternal view of the human body. Numerous mathematical
applications can be applied to medical images to conclude
whether healthy tissue is infected or not. However, the loss
of any specific area during medical imaging can lead to

disaster such as death. The main challenge in the process
of medical imaging is to obtain an image without losing
any significant information [2].

It should be noted that in a number of areas of DMI
research, the conducted scientific research on the automa-
tion of image processing and analysis yield worse results
compared to manual image analysis by specialists [3]. Ex-
isting software products for DMI processing yield good re-
sults, but they are usually foreign products with closed spe-
cialized software built into the analysis device and sup-
plied with it. This foreign equipment is expensive. The de-
velopment of domestic software for analyzing and improv-
ing the quality of visual information is an urgent task, the
solution of which will allow processing large volumes of
information obtained in the field of telemedicine [4].

In the modern world, many scientists are developing au-
tomated algorithms for processing and analyzing digital im-
ages that can increase human productivity. The work [5] pre-
sents Mitometer, an algorithm for fast, unbiased, and auto-
mated segmentation and tracking of mitochondria in live-cell
two-dimensional and three-dimensional time-lapse images.

A number of modern studies such as an artificial intel-
ligence-based  algorithm for automated diabetic

Kowmmsrorepras ontuxa, 2025, Tom 49, Ne6  DOI: 10.18287/2412-6179-CO-1597 1023



https.//www.computeroptics.ru

Journal@computeroptics.ru

retinopathy screening [6], methods for visual object recog-
nition for automated digital modeling of existing buildings
[7], a study on the impact of a real-time automatic quality
control system on the detection of colorectal polyps and
adenomas [8], an approach and dataset for describing doc-
ument feature points using a small convolutional neural
network [9], a method for segmenting breast cancer bound-
aries and pectoral muscles in mammograms using thresh-
old-based and fully automated trainable approaches [10], a
deep learning method for automatic medical image seg-
mentation requiring minimal annotations [11], and an arti-
ficial bee colony algorithm and its application in medical
image processing [12] present various methods for auto-
mating DMI processing algorithms and their application
for various telemedicine tasks. In addition to the automa-
tion of image processing algorithms, algorithms for auto-
mated assessment of the quality of processed images are
also being actively developed; for example, the work [13]
presents an automated visual assessment.

The aim of the research work is to develop and
implement a software implementation of an automated
recursive-separable algorithm for processing medical
images.Tasks of the work:

1. Develop an automated algorithm;

2. Implement an application for using the developed

algorithm;

3. Perform testing of the implemented algorithm.

1. Digital filter

The automated algorithm is implemented on the basis
of a two-dimensional digital Laplacian Filter “double pyr-
amid” (LDP) [14 — 15].

The two-dimensional digital LDP filter in the imple-
mentation of the size 7x7 (Fig. 1) is a filter in the center of
which there is a positive aperture of 3x3 elements.
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Fig. 1. Three-dimensional view of the LDP filter aperture

The structural diagram demonstrating the operating
principle of the filter used is shown in Fig. 2.

The filter operates according to the following principle.
In the second branch, a mask is formed, with a given di-
mension of the corresponding coefficients of the frame and
line recirculators. Recirculators use the recursion property
to search for each result obtained after the first sample is
formed, which allows to reduce the image processing time.
It is the main one and is fed to the adder with a negative

sign. In the first branch, a second mask is formed with the
same dimension as the internal mask from the lower
branch. In this case, it has a certain coefficient X, with
which the convolution by the line and frame recirculators
will occur. It is fed to the adder with a positive sign.

In the third branch, an additional mask is formed,
which performs a similar function as the upper branch of
the original filter. This branch has a coefficient 4>, which
participates in increasing the central element. This branch
is also fed to the adder with a positive sign. As a result, the
matrix of the digital filter is formed.

2. Automated processing algorithm

The filter algorithm consists of the following steps:

1. Entering basic parameters. It is necessary to enter the
input data: # — mask size value (odd); X — image to be pro-
cessed; A; — central aperture lift coefficient; 4> — central
element magnification coefficient.

2. Determining the recirculator values for convolution
of the processed image into the original matrix.

3. Calculating the main filter matrix, which consists of
calculating the coefficients of two frame and two row re-
circulators.

4. Calculating the shift coefficients of the additional
(internal) mask and calculating the size of this internal
mask.

5. Calculating the coefficients of the frame and row re-
circulators for the second (additional) matrix.

6. Calculating the coefficient 41, which is the main co-
efficient for convolution.

7. Convolution of the original image with these recir-
culators, taking into account the coefficient 4, the central
aperture lift regulator.

8. Formation of an additional matrix.

9. Surrounding the resulting matrix with zeros to the
size of the main one.

10. Formation of a third matrix to implement the lifting
of the central element.

11. Final calculations.

For the software implementation of the constructed au-
tomated recursive-separable algorithm for processing
medical images, the Python programming language was
chosen, where the algorithm of all processes occurring in
the filter is written in the form of code. Fig. 3 shows a
block diagram of the automated algorithm for processing
digital medical images.

The initial digital image is fed to the input of the algo-
rithm, the algorithm takes one color channel of the image and
starts working. The mask size is entered from the keyboard,
the entered value must be odd. To enter the parameters 4, and
A, a nested loop was created that automatically iterates over
the values in the range specified by the user. After entering
the initial parameters, the image is processed by the algo-
rithms described in the previous paragraph. When the image
processing is finished, the image quality assessments such as
the mean square error MSE, the structural similarity index
SSIM and the peak signal-to-noise ratio PSNR are calculated.
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MSE is the most common metric, and the closer its value to
zero, the better. It is also called the deviation of the evaluator,
which is the original image. The error is the difference be-
tween the estimated result and the evaluator [16]. PSNR is
used to quantitatively evaluate the effectiveness of different

noise reduction methods. It is a measure of the peak error,
used as a measure of reconstruction of lossy compression
codes. The signal is the original image, and the noise is the
introduced compression. The higher the value of the ratio, the
more the reconstructed image is similar to the original [17].

xom, ) A +14 LR LR FR FR +
1 = 2 > .2 —>| — —|
(or ) o 2 M=2 My=2 M,=2 My=2
IR | | LR [ 4] FR | | FR — wny, ny)
M,=5 My=3 M,=5 My=3 >
AL =z > z7 +

Fig. 2. Structural diagram of the LDP filter:
x(n1,n3) — input data; 14 (V) — coefficient for additional mask convolution; zi? and zx? — delay by two elements; LR - line recirculator, FR -
frame recirculator; M; — line direction, M2 — frame direction; zr3 — delay by three elements; A1 — coefficient of rise of the central aperture;
A2 — coefficient of increase of the central element, y(ni,nz) — output data; L - coefficient of the complementary matrix

The structural similarity index of image (SSIM) is a
relatively new method for measuring image similarity,
used in areas ranging from image restoration/compression
to object recognition [18].

Image processing ends with the formation of the final
matrix with normalization of the image brightness, this
matrix is larger in size than the matrix of the original im-
age, therefore, to calculate image quality estimates, it is
first necessary to crop the matrix to the desired size, thus
obtaining a mask. To calculate the peak signal-to-noise ra-
tio, it is necessary to know the root-mean-square error,
therefore this parameter is initially calculated. After the
MSE value is known, the PSNR is calculated.

The PSNR and MSE parameters provide a general in-
tegral assessment of image quality. It is believed that good
image quality is ensured at PSNR>40dB and
SSIM > 0.98 [19]. Accordingly, after calculating the im-
age quality estimates, the obtained values are compared
with the values at which the image is considered to be of
good quality. If the value of the processed image satisfies
the values of a good quality image, the image is saved with
the parameters 4, and A4, indicated, the values of the pro-
cessed image are output, and a message is output to the
console stating that the image has been saved.

The original image (x(n;, n2)) is processed by the line
(LR) and frame (FR) recirculators using the values ob-
tained during the calculations. The size of the first line and
frame recirculator is denoted by M), and the size of the
second line and frame recirculator is denoted by M,. The
calculation process is performed as follows: in the calcu-
lation algorithm, the minimum value of the recirculator is
specified, for the LDP filter it is equal to 3 (¢, =3), and then
the difference between the user-entered value of the filter
aperture size (%) and the coefficient ¢ is found. The result
is divided by 2 (k=(h—t1)/2). Then the obtained value is
added to the coefficient ¢;, hus the value of the coefficients
of'the first recirculators is calculated (M, = t,+k). The value

of the coefficient of the second recirculators (M) s calcu-
lated based on M, and the coefficient 2 is subtracted from
it (M2=M1 —2).

< Input(video stream, image) )

1

Entering processing
coefficients

1

Setting the limit
parameter

i
Converting a color image to black
and white

!

Measuring image parameters

|
>

Digital filter processing
!

Measuring image parameters

Are you satisfied
with the result?

(Output(video stream, image))*

Fig. 3. Block diagram of the automated recursive-separable
algorithm

Next, the algorithm is launched, constructing a matrix
of values, after processing the original image by the recir-
culator LR (M)). To begin with, the recirculator Y;, itself
is designated, it takes the size of one row and the number
of columns equal to M, which was calculated earlier. Then
the algorithm determines the values of the number of col-
umns and rows in the original image X, as well as the
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number of columns in the recirculator, and writes them as
i1, ] 1 and iz.

Next, the algorithm builds the matrix X; from the orig-
inal image and supplements it with zeros on the right to the
final size. Then it determines the coefficients & and m.
They are necessary for building the basis for recording the
future result, the zero matrix y;.

When all the initial data is ready, the code starts a two-
level cycle. First, it selects a row of the y1, matrix, then a
column, and fills the column with the necessary values. So,
in the first column there will be a value equal to the value
of the same element in the X; matrix. In the second column,
the value of the element in the X7 matrix will also be taken
into account, and in any case, whether there is a certain
number or zero, the algorithm will accept it and add the
previous element of the y; matrix to it. Such operations will
be performed until it passes the middle and reaches a cer-
tain element, when the value begins to change. Then it will
set values with the elements equal to the value of the X;
element plus the values of the previous element and minus
the value of the X; element, which is in the first column.

The result is a matrix (y1), where the number of rows
will be equal to ji x i1+i— 1.

The same thing happens with the second row recircu-
lator. The only difference is that instead of the original im-
age, the final matrix (y1), obtained after the first recircula-
tor, is taken (Fig. 4).

Y2=np.ones((1,t22)) #

il=np.size(y1l, axis: 1)
jl=np.size(y1l, axis: 0)
i2=np.size(Y2, axis: 1)

nuliki2 = np.zeros ((j1, i2-1))
X2 = np.hstack((yl, nuliki2))
k=71
m=i1+(i2-1)
y2=np.zeros((k,m))
for k in range (0, ji):
for m in range (0, i1+(i2-1)):
if m==0:
y2[k,ml=X2[k,m]
if m>0 and m<i2+1:
y2[k,ml=X2[k,ml+y2[k,m-1]
if m-i2>=0:
y2[k,ml=xX2[k,m]-X2[k,m-i2]+y2[k,m-1]
Fig. 4. Fragment of the code for the operation of the second line
recirculator

Similar work is performed by frame recirculators (FR).
Similar to the second row recirculator, the matrix obtained
as a result of work at the previous stage (3») is taken as a
basis. The matrix is surrounded by zeros from above and
below to the final size, and in the cycle itself the work is
performed by columns, and not by rows, as before. That is,
first a column is selected, filled with elements, and only
after that it moves on to another column.

The second frame recirculator operates in the same
way. However, this time the final matrix obtained after the
first frame recirculator (y3), respectively, and after two row
recirculators, i.e. the result of all previous convolutions, is
taken as the initial matrix and the basis for convolution. As

aresult, the matrix of the result of all operations in the filter
branch (y4) is obtained.

The process of calculating the central mask shift factor is
based on the use of the / value, i.e. the mask aperture size.

The aperture size value is increased by one (% + 1), thereby
bringing it to parity. Then a check is made, i.e. in this case,
the value is filtered for the possibility of dividing by 4. If the
value is divisible by 4, it is divided, and as a result, the shift
factor is obtained for the elements z;~" and z; "

The process of calculating the recirculator coefficient
for the central mask of a filter with an aperture of 7x7 ele-
ments is based on the use of the 4 value. The aperture size
value is increased by one (% + 1), thereby bringing it to par-
ity. Then a check is made, that is, in this case, the value is
filtered for the possibility of dividing by 4. If the value is
divisible by 4, then it is divided, and as a result, the coef-
ficient M,=M.,, is obtained, for LR and FR in the first
branch of the filter.

Next, the convolution coefficient ¥ is calculated (in the
special case of 7x7 elements, it is equal to 14). It should be
calculated based on the value required to achieve the goal at
which the sum of the internal and external elements of the fi-
nal matrix will be equal to zero A fragment with the calcula-
tion of the convolution coefficient is shown in the Fig. 5.

$0=(t11xt22)* (t11%t22)
P=(t33*t33)*(t33*t33)
A=s0//P

A=round(A)

Fig. 5. Code snippet with calculation of convolution coefficient

The coefficient for convolution is calculated according
to the following principle. First, the sum of the elements of
the main matrix is found. It is the multiplication of the co-
efficients of the recirculators. Thus, the summation is not
of the matrix that was obtained during processing of the
received image, but of the matrix calculation when feeding
a unit as the original image.

Since the final summation must be carried out with ma-
trices of the same dimensions, the resulting matrix is sur-
rounded by zeros up to the size of the main one.

The resulting matrices, when summed, will not give a sum
of elements equal to zero, therefore a third matrix is formed.

The formation of this matrix occurs according to the
following principle. First, the coefficient L is found. It is
based on finding the missing value, therefore, first, the sum
of the elements of the additional matrix is calculated. The
found coefficient V7 is also taken into account, it is multi-
plied by the sum of the elements when convolving the unit
with an additional mask, that is, as a result, the sum of the
matrix elements is obtained when convolving the coeffi-
cient V instead of the unit.

Then the missing value is found. For this purpose, the
code refers to the value of the sum of the elements of the
first matrix when convolving one. The found sum of the
elements of the additional matrix is subtracted from it, and
as a result, the missing value is obtained. It is the coeffi-
cient L. To begin with, the original image is multiplied by
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the sum A>+V, then the process of adjusting the obtained
element to the size of the main matrix occurs. A zero ma-
trix is constructed with the same size as the main one,
which will serve as the basis. And then the shift coefficient
is determined by adding one to the second value of the re-
circulators of the main matrix. And ultimately, a zero ma-
trix is formed, in the middle of which the central element
or matrix is placed.

The final stage of the filter operation is the summation
of all the obtained masks. However, when the central ma-
trix and the central element are raised, the image bright-
ness values are violated; in order to normalize it, the final
sum of the matrices is divided by the sum of the elements
that were added using A4, and 4,. The resulting matrix will
be the result of the filter operation [20].

3. Implementation of an application for using an
automated algorithm

To use the automated recursive separable algorithm for
processing medical images, a software module [21] was
implemented using QtDesigner and PySide6.

The software module consists of three areas for input-
ting data, such as the mask size /4, the coefficient for lifting
A and the coefficient for increasing the central element A,
two areas for displaying the image, the original and pro-
cessed, seven buttons, such as input, output and saving the
image, checking the image quality condition, three buttons
for calculating the MSE, PSNR and SSIM parameters.

To operate the buttons, the previously developed and
described algorithm was divided into functions. A certain
function is responsible for the operation of a certain button.

A separate function was written for the windows that
appear on the user’s screen, which report the successful
loading, output and saving of the image, display a window
with the results of calculating the MSE, PSNR and SSIM
parameters, and also display the result of checking the im-
age quality conditions (Fig. 6).

The function for the "Insert image" (kHOmNKa
«BcraButs n300pakeHue») button specifies the dimen-
sions of the window into which the image will be inserted,
as well as messages that will appear in the event of a suc-
cessful or unsuccessful attempt to load the image.

The function for the "Calculate MSE" (xHomka
«Paccuurats MSE») button specifies the lines for display-
ing messages on the user's screen, and also specifies all the
necessary parameters for calculating the value.

The function for the "Calculate PSNR" button (kHomka
«Paccuurath PSNR») specifies the lines with messages for
windows with notifications and specifies the necessary pa-
rameters. To calculate PSNR, the necessary parameter is
MSE; if it is not calculated, an error will occur.

In the function for the "Calculate SSIM" button (kHorKa
«Paccunrare SSIM»), the required parameter for calculation
is the resulting matrix obtained as a result of the algorithm. If
the matrix is not calculated, an error occurs.

The function for the "Output image" button (kHOnKa
«BoiBecTu m300pakeHue») is similar to the image input

function. It also specifies the size of the window in which
the processed image will be output.

The function for the "Condition check" button (kHomka
«IIpoBepka ycioBusi») requires the previously calculated
PSNR and SSIM values, otherwise the user will see an er-
ror message.

Fig. 6. Appearance of the software module

The function for the "Save image" button (kHOMKa
«Coxpanuth nzobpakenue») allows you to save an image
with a unique number using the coefficient values entered
at the beginning of the algorithm.

4. Testing the automated algorithm

The performance test of the developed and imple-
mented automated algorithm will consist of assessing its
impact on a number of parameters.

As part of the experimental study, the desired parame-
ters of the PSNR and SSIM metrics will be set, which the
algorithm must achieve during its operation, and a fixed
value of the filtering coefficient 4;=1. As a result of the
algorithm's operation, the operating time will be obtained,
during which it was possible to achieve the specified val-
ues of the PSNR and SSIM metrics, as well as the value of
the additional filtering coefficient 4.

The study will be conducted on a computing platform
with the following characteristics: processor — Intel(R)
Pentium(R) CPU 5405U @ 2.30GHz; RAM — 4 GB; sys-
tem type — 64-bit.

In the original image, the values of the parameters were
as follows: PSNR =13.994; SSIM =0.452.

Fig. 7 Shows a test image that will be used in the ex-
periment.

The parameter values were obtained using the equa-
tions below. All equations were written in the code and
calculated sequentially.

The mean square error is measured using Eq. (1):

(M.N) s
> [a()-L3))] (1)

1
MXxXN

MSE =

where M xN - image size, /,(i,j) — original image,
I, (i, j) —processed image.
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Fig. 7. Test image

The peak signal-to-noise ratio is calculated using the

following Eq. (2):
12
, 2
MSE } )

where / — the maximum value of an image pixel. If the
input image has an eight-bit integer data type, this value
will be 255.

The most common equation for measuring SSIM be-
tween x and y vectors is:

SSIM(x,y)=[l(x,y)]u [c(x,y)]l3 [s(x,y)JY, 3)

where / — comparison of luminance signals (Eq. 4), ¢ —
comparison of contrast signals (Eq. 5), s — structural cor-
relation of signals (Eq. 6).

PSNR = IOIOg[

l(x,y)=(2uxuy+cl)/(uxz+}1y2+cl), @)

c(x,y)z(ZGXGy+cz)/(0x2+6y2+cz), %)

s(ny) =228 (©6)
ny +c5

where U,, 1, —average values of x and y, 6%, 6,> — var-

iance of x and y, ¢, ¢,, ¢; — constant values for cases
where o and p are too small.

Substituting all the data we obtain the final result.

The structural similarity index is calculated using

Eq. (7):
(2wu, +¢)(20, +c)

SSIM = .
() (W2+p,2+¢)(62+06,2 +c)

O

In the experiment, different levels of PSNR and SSIM
metrics were set, with a fixed value of the filter coefficient
A= 1. After that, the automated recursive separable algo-
rithm was launched, within the framework of which it per-
formed a step-by-step enumeration of the filter coefficient
Az and an assessment of the specified parameters. In cases
where it was not possible to achieve the specified values
of the PSNR and SSIM metrics, repeated processing was
performed, but with a different value of the filter coeffi-
cient A, until the desired result was achieved. As a result,
information was also issued on the time spent on achieving
the required result, these results are presented in Tab. 1.

Analyzing the obtained data, it can be seen that the
higher the required values of the PSNR and SSIM

parameters, the more time the algorithm needs to find the
optimal coefficient. These results are logical and consistent.

Tab. 1. Test results of the automated recursive-separable

algorithm

PSNR, dB | SSIM | Time hh:mm:ss | Coef. 4>
15 0.35 00:00:26 Ax=1
20 0.45 00:01:18 A2=5
25 0.55 00:04:22 A2=19
30 0.65 00:09:58 Ax2=47
35 0.75 00:20:27 A2=95
38 0.85 00:30:46 A2 =141
40 0.98 01:58:55 A2 =571

By analyzing the works [14—15] it can be concluded
that the algorithm’s performance has improved signifi-
cantly, with the LDP filter showing a 6-fold increase in
performance compared to the classical two-dimensional
convolution.

In addition to the quantitative and time assessment, a
visual assessment of the image quality was also carried
out. Each image was saved when the parameters specified
in the table were reached and did not acquire third-party
artifacts. Fig. 8 shows a test image after processing by an
automated algorithm.

Fig. 8. The result of the algorithm operation with
PSNR > 35 and SSIM > 0.75

Conclusion

The developed automated algorithm of the LDP filter
operation allows achieving the required results without
user participation, in particular, increasing such image
quality assessments as PSNR and SSIM. In the process of
automating the algorithm, the ability to enumerate the lift
coefficients and increase the central element until the value
becomes equal to the parameters specified by the user was
added to it.

As a result of testing the algorithm, the dependence of
the growth of PSNR, SSIM, the algorithm operation time
and the value of the filter coefficient was demonstrated.
However, at this stage there is a significant drawback in
the speed of the algorithm, with the initially low quality of
the original images. In the framework of further work, it
will be eliminated by optimizing the algorithms of the au-
tomated filter.

During the implementation of the automated algo-
rithm, software was also developed that allows testing the
algorithm and performing a visual assessment of the re-
sults obtained.

1028

Computer Optics, 2025, Vol. 49(6) DOI: 10.18287/2412-6179-CO-1597



Automated recursive separable algorithm for medical image processing

Filimotseva A.A., Kamenskiy A.V., Zahlebin A.S.

References

[1] Grechishkina EI, Yaduta AZ. Analysis of digital processing
of medical images [In Russian]. Collection of selected arti-
cles based on the materials of scientific conferences of the
State Research Institute "National Development". Saint-Pe-
tersburg; 2021: 32-35.

[2] Sagheer SVM, George SN. A review on medical image de-
noising algorithms. Biomed Signal Process Control 2020;
61: 102036. DOTI: 10.1016/J.BSPC.2020.102036.

[3] Pugin EV, Zhiznyakov AL, Titov DV. Segmentation of im-
ages of blood vessels of the fundus using fuzzy image rep-
resentation [In Russian]. News of the South-West State Uni-
versity 2018; 1(76): 6-17. DOI: 10.21869/2223-1560-2018-
22-1-6-17.

[4] Shagalova PA, Sokolova ES, Ryndov SN. Automation of
blood microscopy image processing [In Russian]. Proc Int
Conf on Computer Graphics and Vision “Graphicon” 2022;
32: 1157-1164.

[5S] Lefebvre AEYT, Ma D, Kessenbrock K, Lawson DA, Dig-
man MA. Automated segmentation and tracking of mito-
chondria in live-cell time-lapse images. Nat Methods 2021;
18(9): 1091-1102. DOI: 10.1038/s41592-021-01234-z.

[6] Heydon P, Egan C, Bolter L, et al. Prospective evaluation of
an artificial intelligence-enabled algorithm for automated
diabetic retinopathy screening of 30 000 patients. Br J Oph-
thalmol 2021; 105(5): 723-728. DOI: 10.1136/bjophthal-
mol-2020-316594.

[7] Czerniawski T, Leite F. Automated digital modeling of ex-
isting buildings: A review of visual object recognition meth-
ods. Autom Constr 2020; 113: 103131. DOI:
10.1016/j.autcon.2020.103131.

[8] Sul,LiZ, Shao X,JiC,JiR, Zhou R, et al. Impact of a real-
time automatic quality control system on colorectal polyp
and adenoma detection: a prospective randomized con-
trolled study (with videos). Gastrointest Endosc 2020;
91(2): 415-424.e4. DOI: 10.1016/j.gie.2019.08.026.

[9] Sheshkus A, Chirvonaya A, Arlazarov VL. Tiny CNN for
feature point description for document analysis: approach
and dataset. Computer Optics 2022; 46(3): 429-435. DOI:
10.18287/2412-6179-CO-1016.

[10] Zebari DA, Zeebaree DQ, Abdulazeez AM, Haron H,
Hamed HNA. Improved threshold based and trainable fully

automated segmentation for breast cancer boundary and
pectoral muscle in mammogram images. IEEE Access
2020; 8: 203097-203116. DOIL:
10.1109/ACCESS.2020.3036072.

[11] Wang S, Li C, Wang R, et al. Annotation-efficient deep
learning for automatic medical image segmentation. Nat
Commun 2021; 12: 5915. DOI: 10.1038/s41467-021-
26216-9.

[12] Oztiirk S, Ahmad R, Akhtar N. Variants of Artificial Bee
Colony algorithm and its applications in medical image pro-
cessing. Appl Soft Comput 2020; 97: 106799. DOI:
10.1016/j.as0¢.2020.106799.

[13] Xue Z, Angara S, Levitz D, Antani S. Analysis of digital
noise and reduction methods on classifiers used in auto-
mated visual evaluation in cervical cancer screening. Proc
SPIE 2022; 11950: 1195008. DOI: 10.1117/12.2610235.

[14] Kamenskiy AV. High-speed recursive-separable image pro-
cessing filters. Computer Optics 2022; 46(4): 659-665. DOI:
10.18287/2412-6179-CO-1063.

[15] Rylov KA, Kupriyanova KS, Kamensky AV. Influence of
unequilateral apertures of digital filters laplacian “Trunced
pyramid” and “Double pyramid” on the accuracy of televi-
sion measuring systems. Program Comput Soft 2024; 50:
238-248. DOI: 10.1134/S036176882470004X.

[16] Nechayev AA. Using power mean for image quality assess-
ment. Int J Open Inf Technol 2024; 12(6): 65-75.

[17] Nikin VV, Garina SV. Overview of methods and tools for
evaluating the quality of frames in video file. International
Journal of Professional Science 2020; 11: 56-63.

[18] Kartashevsky VG, Mamyshev NR. Video quality assess-
ment. MPQM, SSIM, NQM metrics [In Russian]. Develop-
ment of modern technologies: Theoretical and practical as-
pects 2022; 30-34.

[19] Sai SV. A method for assessing photorealistic image quality
with high resolution. Computer Optics 2022; 46(1): 121-
129. DOT: 10.18287/2412-6179-CO-899.

[20] Sai SV, Kamensky AV, Kuryachy MI. Modern methods of
analyzing and improving the digital images quality [In Rus-
sian]. Khabarovsk: Publishing house of the Pacific State
University; 2020.

[21] Filimontseva AA, Kamenskiy AV. ALF: Automated LDP
Filter [In Russian]. Certificate of state registration of the
computer program No. 2024665224 of June 27, 2024.

Author’s information

Alina Anatolievna Filimontseva, born in 2002, graduated from Tomsk State University of Control Systems and
Radioelectronics, specialty 11.03.02 "Video Information Technologies". Research interests: digital image processing,
programming, biomedical technologies. E-mail: alyssa403@mail.ru

Andrey Victorovich Kamenskiy, birthed in 1992, Graduated from Tomsk State University of Control Systems and
Radioelectronics in 2015 with a specialist degree in “Audiovisual Engineering”, code 210312. PhD in Engineering Sci-
ence (2020). Senior Researcher in Television Automation Laboratory of Television and Control Department. Field of
expertise: digital image processing, programming, biomedical technologies. E-mail: andrul 70@mail.ru

Alexander Sergeevich Zakhlebin, birthed in 1993, in 2017 graduated from Tomsk State University of Control Sys-
tems and Radio Electronics with a degree in "Radio Engineering". PhD in Engineering Science. Senior lecturer of Tele-
vision and Control department of TUSUR, senior research associate in television automation laboratory of TUSUR. Field
of expertise: 3d images, photogrammetric image processing. E-mail: aerosnimok@gmail.com

Resived August 28, 2024. The final version — January 24, 2025.

Kowmmsrorepras ontuxa, 2025, Tom 49, Ne6  DOI: 10.18287/2412-6179-CO-1597 1029



