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The object of this study is the process of filter-
ing astronomical frames that contain images of
potential objects in the Solar System. To contour
the image of each such object and recognize it in
contrast with the background of the frame, it is
necessary to filter the image. Most often, a vari-
ety of high-pass filters are used to determine the
high-frequency component of the image, which
can be removed as a coarse-grained component.
Any image filtering is aimed at increasing the sig-
nal-to-noise ratio and reducing the dynamic range
of the background image. However, the filter-
ing process is quite resource- and time-consum-
ing. This is especially true for systems for parallel
processing of series of astronomical frames in real
time (online). Therefore, to solve the problem of
lack of frame fragmentation, which leads to high
consumption of RAM, a procedure for fragmenting
astronomical frames has been proposed.

Ouwing to the introduction of a formal connec-
tion between the values of frame pixels and frag-
ments, as well as determining their number, it was
possible to reduce RAM utilization. Testing was
carried out using the following high-pass filters -
ideal filter, Butterworth filter, and Gaussian fil-
ter. Using the devised procedure for fragmenting
astronomical frames has made it possible to reduce
the utilization of RAM during filtering. As a result,
with parallel processing, this has also made it pos-
sible to speed up the high-frequency filtering pro-
cedure itself.

The procedure devised for fragmenting astro-
nomical frames was tested in practice within
the framework of the CoLiTec project. It was
implemented in the On-Line Data Analysis
System (OLDAS) of the Lemur software.

The study showed that when using the
devised procedure, RAM utilization was reduced
by 7-10 times. And the speed of filtration itself
increased by 2-3 times. Accordingly, the process-
ing time for each astronomical frame was reduced
by 2-3 times

Keywords: frame fragmentation, multiprocess-
ing, high-pass filtering, ideal filter, Butterworth
filter, Gaussian filter
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1. Introduction

The field of observational astronomy [1] continues to
actively evolve due to the constant improvement of various
methods of astrometry [2] and photometry [3]. However,
the main source of astronomical data (series of frames) is
ground-based and space telescopes. In observational astron-
omy, astronomical frames are not only accumulated but also
processed by various image processing methods. Owing to
improvements and breakthroughs in digital technology and
telescope construction, astronomical data has become big
data [4]. Large asteroid surveys consist of several telescopes
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equipped with very large charge-coupled device (CCD)
cameras [5]. Automated processing of such frames requires
consistency in the sequence of operations on the processing
pipeline, as well as high power of multiprocessor systems.
During such processing, huge astronomical catalogs and
archival big data are also involved [6]. That has made it pos-
sible to accumulate, obtain knowledge [7], and analyze ac-
quired publicly available data [8] and measurements. Most
often, astronomical data are classified into specific class-
es/types of Solar System Objects (SSOs) [9] (for example,
asteroids [10] or comets), as well as artificial Earth satellites.
Such measurements were obtained over a long period of ob-




servation and their analysis may even include calculation of
the period and shape of rotations of such SSOs [11].

Any process of preliminary preparation of an astronom-
ical frame using brightness leveling of the background or
using calibration frames is very resource- and time-consuma
ing. This is a rather labor-intensive and inconvenient opera-
tion for the observer, which requires a properly configured
processing pipeline. In addition, during parallel processing
of a series of frames under online mode, requirements are set
both for the RAM used and for the actual execution time of
the operation at each stage of the pipeline.

Therefore, it is a relevant task to devise a procedure for
fragmenting astronomical frames. This technique will reduce
RAM utilization during the high-pass filtering procedure.
This, in turn, will speed up the process of preliminary frame
preparation using brightness leveling of the background or
using calibration frames. As a consequence, the brightness
and positional coordinates of the objects under study will
be more quickly assessed [12]. And this will already increase
the conditional probability of correct detection (CPCD) of
real objects [13] under the mode of their tracking.

2. Literature review and problem statement

In the field of processing astronomical frames, one of
the key problems relates to the heterogeneity of the typical
shape of the image of objects [14]. The typical shape directly
depends on the conditions and quality of shooting with a
CCD camera. It is an important factor that influences the
subsequent process of detecting objects and assessing their
position and brightness. It is assumed that methods of pre-
liminary image preparation can remove artifacts and shifts
in the positional coordinates of the frame center between
frames in a series, as well as align the brightness of the back-
ground. All such methods of preliminary image preparation
are aimed at improving the quality of the frames themselves,
which significantly affects the accuracy of the main image
processing methods. However, any parallel processing pipe-
line in a multiprocessor system imposes strict requirements
on the use of RAM and on the speed of preprocessing. All
these requirements directly depend on the throughput of the
system for simultaneous online frame processing.

Computer vision methods [15] have the main disadvan-
tage that they are not able to provide the required level of
processing speed using standard libraries. Classical methods
for object image recognition [16, 17] require analysis of all
pixels of potential objects to determine their typical shape.
This also significantly affects processing time. In the case
of heterogeneity of the standard shape, objects become con-
fused, and this, in turn, increases the processing time of both
the strobe with the image of the object and the entire frame.

Methods for estimating image parameters [18, 19] are
based on the analysis of only those pixels that potentially
belong to the object under study. Their disadvantage is the
inability to initially accurately determine specific pixels and
reject those whose intensity exceeds a specified limit value.
Because of this, the processing time of each frame increases.

The authors of [20] use automatic selection of a reference
point as preprocessing to select calibration frames. This
algorithm requires quite a lot of execution time because it
involves first analyzing the image to find reference points.
Next, these points are identified with astronomical catalogs
to obtain coordinates on the celestial sphere. After this, the

telescope is pointed at the coordinates of the desired area of
the sky and takes calibration frames. This entire algorithm
requires the coherence of all systems, including the automat-
ed telescope mount. At the same time, if there are artifacts
in the images, these control points may be false, this leads
to an increase in processing time (to search for new control
points), or even the impossibility of executing the algorithm.

The median pooling algorithm [21] proposes to accumu-
late a large number of frames for pre-calibration to get rid of
real objects, leaving only a uniform background signal. The
disadvantage of this approach is the fact that the formation
and use of data arrays for each such image requires huge
volume of RAM.

The variety of typical shapes (stroke, extended, circular)
or the intersection of an object image with parasitic illumina-
tion also affects various methods of cluster analysis of large
data sets [22] and time series [23]. The disadvantage of these
methods is that their application requires a very large sample
of data with “pure” measurements, and the heterogeneity of
the standard form will greatly spoil the overall indicator. A
similar influence of the heterogeneity of the standard shape
appears on the Wavelet transform methods [24, 25]. Thus,
the processing time of the entire series of frames will also
increase, which contradicts the established requirements for
the rapid processing of series of frames online.

A matched filtering algorithm is also known [26, 27], but
it uses only an analytical image model. The disadvantage of
this algorithm is the use of a huge volume of RAM in the
case of processing a frame with a high resolution (more than
4000x4000 pixels).

Work [28] presents an implementation of fragmentation
using the PointRend neural network (point rendering). This
module performs fragmentation prediction for segments of
potential objects based on points at adaptively selected loca-
tions based on an iterative subdivision algorithm. However,
the efficiency of PointRend provides an output resolution
that would otherwise be impractical in terms of memory and
computation compared to existing approaches.

The widespread success of the deep learning approach
has also generated interest for its application in the field of
image fragmentation and segmentation [29]. The cited work
proposes the use of convolutional pixel labeling networks,
recurrent networks, adversarial visual attention models,
and generative methods. However, these approaches require
a long time to prepare the training sample and the deepest
training. And in the case of online image processing, pro-
cessing time is very critical.

Based on the above, all existing image preprocessing
methods perform operations on the entire source frame.
With large resolutions of such frames, these operations will
require a large volume of RAM. On weaker multiprocessor
systems there are limits on available RAM and a processing
queue. Accordingly, under the online frame receipt mode, the
series itself as a whole will be processed much longer due to
the introduced restrictions on the use of RAM.

Thus, a revealed problem in online high-frequency pro-
cessing is the lack of frame fragmentation (splitting the
frame into fragments) for subsequent parallel processing of
the fragments separately. Existence of this problem leads to
extreme RAM utilization. Therefore, it is necessary to devise
a procedure for fragmenting an astronomical frame, which
will divide the frame into fragments, taking into account
the peculiarities of frame formation. It will make it possible
to significantly reduce RAM utilization and speed up the



process of subsequent frame processing (for example, the
process of high-frequency filtering).

3. The aim and objectives of the study

The purpose of our study is to devise a procedure for
fragmenting astronomical frames, ensuring a reduction in
RAM utilization during image processing by high-frequency
filtering. This will speed up the process of processing astro-
nomical frames in general.

To achieve the goal, the following tasks were set:

— to introduce a formal connection between the values of
frame pixels and fragments;

— to determine the number of fragments of the astronome
ical frame;

—to develop an algorithm for the procedure for fraga
menting astronomical frames;

— to verify the procedure for fragmenting astronomical
frames.

4. The study materials and methods

The object of our study is the process of filtering astronom-
ical frames that contain SSO images. The initial series for the
study were acquired from a variety of telescopes installed at
observatories in Ukraine and around the world. Namely, the
ISON-NM observatory, the SANTEL-400AN telescope (New
Mexico, USA); Vihorlat Observatory, VNT telescope (Hu-
menne, Slovakia) [30]; Odesa-Mayaky observatory, OMT-800
telescope (Mayaki, Ukraine) [31]. The original astronomical
frames considered for the study had a variety of resolutions,
namely: 512x512, 768x512, 3056x3056, and 4008x2672 pixels.

Implementation of high-frequency filtering of large images
with discrete Fourier transform (DFT) requires significant
volume of RAM. We propose to test the hypothesis that divid-
ing the original frame into fragments and sequentially filtering
them could reduce the volume of RAM required for frequency
filtering. And as a consequence of this, with parallel processing,
the speed of frame processing as a whole could increase.

The high-pass filtering methods used were: ideal filter,
Butterworth filter, and Gaussian filter [32].

The devised procedure for fragmenting astronomical
frames was implemented in the C++ programming language.
This code was used at the stage of preliminary processing of
the Lemur software package (Ukraine) [33] for the automat-
ed detection of new and tracking of known objects within
the CoLiTec project [34].

The devised procedure, implemented in Lemur software
(Ukraine), was used during testing on various servers,
including cloud ones. As you know, cloud servers have a lim-
ited volume of RAM and are quite expensive. Therefore, the
devised procedure has confirmed its practical significance
primarily for cloud servers.

5. Results of investigating the procedure for fragmenting
astronomical frames

5. 1. Formal connection between frame and fragment
pixel values

The use of DFT during high-pass filtering makes it pos-
sible to reduce the complexity of the filtering in the spatial

domain [35]. The original frame A;, of size Nepp*Ncppy is
divided into M,xM,, fragments A of size Ng»<Ne,,, which
depends on the allowable amount of memory used for fre-
quency filtering (Fig. 1).
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Fig. 1. Covering the original frame with fragments

When dividing the source frame into fragments, it is
necessary to have a clear array of pixels belonging to each
fragment of the source frame. To this end, it is proposed to
introduce a formal connection between the pixel values of
the original frame A;, and the pixel values of its k/-th frag-
ment Az

Acppi(m, n):Ain(erNcrxk; n+Ncryl), ¢))

where Ag,(m, n) — pixel brightness of the kl-th frame frag-
ment with numbers m, #;

Ajn(m, n) — pixel brightness of the original frame with
numbers m, n;

m=0,N, -1 — pixel number of the frame fragment
along the abscissa;

n=0,N ay—1 — number of pixels of a frame fragment
along the ordinate;

k=0,M_—1 — frame fragment number along the ab-
scissa;

[=0,M,-1 — frame fragment number along the ordi-
nate; ‘

M,, M,, — number of frame fragments along the abscissa
and ordinate;

Nepp*Neppy — size of the original frame along the ab-
scissa and ordinate;

Nep*Neyy — size of the frame fragment along the abscissa
and ordinate.

After introducing a formal connection between the pixel
values of the original astronomical frame and the pixel values of
its fragment, it is necessary to determine the number of neces-
sary fragments to cover the entire original astronomical frame.

3. 2. Determining the number of fragments in an as-
tronomical frame

To devise a procedure for fragmenting the initial astro-
nomical frame A, it is necessary to determine the number
of fragments along the abscissa axis M, and ordinate axis M,
into which the frame will be divided.

It is assumed that the size of the original frame is Noppx
*N¢ppy, and the selected fragment size is N, xNe,, along the
abscissa and ordinate axes, respectively.

To solve this problem, it is proposed to determine the
number of fragments along the abscissa M, and ordinate M,
axes using the following expressions, respectively:

NCDDJ( at NCDD): =F NCDD):
Ncn: y Nrrx N(‘r‘( 7
M, = ' ” 2)
E NCDDJ: +1 at NCDD:( # E NCDDJ(
N crx 7 N cry N crx ’
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where E[*] is the operation of obtaining an integer from a
function argument.

In this case, frame fragments with numbers £=M,_; and
[=M,.1 are supplemented to sizes N %N, with the pixel
values of previous fragments.

It is also necessary to take into account the peculiarities
of the formation of initial astronomical frames of different
sizes, which must be divided into fragments.

In the case when the frame size along the x-axis is not
equal to the integer number of frame fragments along it, the
last frame fragments (with number k=M,_) are supplement-
ed with the pixel values of the previous frame fragments. In
this case, the pixel values of the original frame A;, and the
pixel values of the kl-th fragment A are related as follows:

Acrki(m, 1)=Ai(Nccpar—Netm+1, n+Ncryl)r 4)

where m=0,N__ -1, n=0,N, —1, Z=O,My -1, k=M 1.

When the ordinate size of the frame is not equal to
the integer number of fragments, the last fragments of the
frame (with number /=M,,.,) are additionally determined by
the pixel values of the previous fragments. In this case, the
pixel values of the original frame A;, and the pixel values of
the k/-th fragment A, are related by the expression:

Acrii(m, n):Ain(m+Nc7‘xk: NCCDnycry+n+1)v (5)

where m=0,N, -1, n=0,N,, —1, k=0,M -1, [=M,~1.

In the case when the frame size is not equal to the integer
number of frame fragments along two axes, then the frame
fragment with numbers #=M,.{ and /=M., located in the
upper right corner of the frame, is supplemented with the
pixel values of the previous fragments. In this case, the pixel
values of the original frame A;, and the pixel values of the
kil-th fragment A, are related as follows:

Acrkl(m; n):Ain(NCCDx_Ncrx+m+1: NCCDy_Nc1y+n+1)y (6)

where m=0,N__ -1 n= O,N,, —1, k=M.—1,I=M,~1.

The potential conditions described above must be taken
into account during the development of an algorithm for the
procedure for fragmenting astronomical frames.

5. 3. Development of an algorithm for the procedure
for fragmenting astronomical frames

The proposed algorithm for the procedure for fragment-
ing astronomical frames includes the following sequence of
operations:

1. Obtain the dimensions Ne¢pp*Neppy of the original
astronomical frame in pixels.

2. Select the default fragment size N¢,<Ner, which depends
on the allowable amount of memory used for frequency filtering.

3. Determine the number of fragments of the astronomi-
cal frame along the abscissa (2) and ordinate (3) axes.

4. Form a discrete spectrum of the original astronomical
frame S;, using direct DFT of the original astronomical
frame A;,:

. 2n
Neepe=1Neepy =1 - NCCD =
Su(wo)= 3 3 Ay (mmexpl o " (D)
m=0 e —i no
N CCDy

where S;, (u, v)is the uo-th harmonic of the discrete spec-
trum of the source frame;

Ajyn (m, n) — brightness of the mnth pixel of the source frame.

5. Introduce a formal connection (1) between the pixel
values of the original frame A;, and the pixel values of its
kl-th fragment A

6. Take into account the peculiarities of the formation of
fragments depending on the size of the original frame (4) to (6).

7. Select the transfer function Hgp, of the high-pass fil-
ter [36] that will be used during the study.

8. Perform a high-pass filtering procedure for each cal-
culated fragment.

5. 4. Verification of the procedure for fragmenting
astronomical frames

To verify the devised procedure for fragmenting astronomi-
cal frames, testing was carried out on a series of frames obtained
from various telescopes. The devised procedure for brightness
alignment of the background frame was tested using the fol-
lowing high-pass filters: ideal, Butterworth, and Gaussian.

To confirm the hypothesis, processing time and RAM
utilization were assessed during high-pass filtering using the
devised fragmentation procedure and without it.

It is known that the optimal implementation of high-
pass filter procedures, for example in the C++ programming
language, uses a different number of arrays to store data in
memory [32]. For example, an ideal filter is 6 arrays, a Butter-
worth filter is 7 arrays, and a Gaussian filter is 9 arrays. Source
images are 64-bit. Thus, to process a frame with a resolution of
512x512 pixels with an ideal filter, you need to allocate only
12 MB of RAM. But to process a frame with a resolution of
4008%2672 pixels with a Gaussian filter, you already need as
much as 735 MB. More detailed information is given in Table 1.

Table 1
Required volume of RAM for processing frames

High Pas Fiter |\ (G0 | i | e | i
Gaussian filter 9 18
Butterworth filter 512 512 7 14
Ideal filter 6 12
Gaussian filter 9 27
Butterworth filter 768 512 7 21
Ideal filter 6 18
Gaussian filter 9 641
Butterworth filter 3,056 3,056 7 498
Ideal filter 6 427
Gaussian filter 9 735
Butterworth filter 4,008 2,672 7 572
Ideal filter 6 490

The average processing time of the entire original astro-
nomical frame was obtained for each high-pass filter used. For
example, for a source frame of 512x512 pixels, the average time
for an ideal filter is 0.32 seconds, for a Butterworth filter it is
0.36 seconds, and for a Gaussian filter it is 0.41 seconds.



A multiprocessor system on a server was considered,
which uses different numbers of cores to process entire raw
astronomical frames. Detailed information about the pro-
cessing time of the initial series of 50 frames with a resolu-
tion of 512x512 pixels is given in Table 2.

Table 2

Processing time for entire frames on
a multiprocessor system

High Pass Filter o?élﬁrrl }::és Totalg/{ngmory ’| Processing time, s

Gaussian filter 72 5.1
Butterworth filter 4 56 4.5
Ideal filter 48 4.0
Gaussian filter 108 3.4
Butterworth filter 6 84 3.0
Ideal filter 72 2.7
Gaussian filter 144 2.5
Butterworth filter 8 112 2.2
Ideal filter 96 2.1
Gaussian filter 180 2.0
Butterworth filter 10 140 1.8
Ideal filter 120 1.6

Now consider the same multiprocessor system on a server
to process an initial series of 100 frames with a resolution of
4008%2672 pixels. The average processing time for such a
frame for an ideal filter is 3.1 seconds, for a Butterworth fil-
ter — 3.7 seconds, and for a Gaussian filter — 4.2 seconds. De-
tailed information about processing time is given in Table 3.

Table 3
Processing time for entire frames on a multiprocessor
system

High Pass Filter OI;T}?; (lejaedrs Totalli/[ngmory, Processing time, s
Gaussian filter 2,940 105.1
Butterworth filter 4 2,288 92.5
Ideal filter 1,960 77.5
Gaussian filter 4,410 70.2
Butterworth filter 6 3,432 61.7
Ideal filter 2,940 51.7
Gaussian filter 5,880 52.5
Butterworth filter 8 4,576 46.3
Ideal filter 3,920 38.8
Gaussian filter 7,350 421
Butterworth filter 10 5,720 37.3
Ideal filter 4,900 31.2

Using the devised frame fragmentation procedure, the
following number of fragments was obtained for each reso-
lution (Table 4). The region of 512x512 pixels was chosen as
the fragment size.

The calculated values of the total memory and the time
for complete processing of 100 frames of different resolutions
in a multiprocessor system using the devised fragmentation
procedure are given in Table 5.

All our research results in Tables 1-3, 5 have averaged
values obtained on a sample of 10 iterations for each high-
pass filter, each frame, and each fragment.

Given in Table 5, the results of the study indicate suc-
cessful verification of the devised procedure and confir-

mation of the working hypothesis put forward. Performing
fragmenting reduces RAM allocation and usage during
high-pass filtering by 7 to 10 times.
Table 4
Required number of fragments to process frames

Frame width, pixels | Frame height, pixels | Number of fragments
512 512 1
768 512 2
3,056 3,056 36
4,008 2,672 40
Table 5
Processing time for frame fragments in a multiprocessor system
High Pass |Number of{Number of Total Framfe Total'
Filter threads | fragments memory,| processing | processing
MB time, s time, s
G‘E‘ﬁ;‘ra“ 72 0.10 2.56
Bm;ﬁg"rth 1 ! 56 0.09 2.25
Ideal filter 48 0.08 2.03
G?i‘;i;a" 108 | 0.4 2.28
B“tgrtzvrorth 6 2 84 0.12 2.03
Ideal filter 72 0.11 1.78
G‘gﬁ:‘rﬁ“ 144 | 185 | 2306
B“t§§g°“h 8 36 12 | 162 | 2025
Ideal filter 96 1.44 18.02
G“;l‘l‘:;‘m 180 | 164 16.40
Butt;ﬁrt\;vrorth 10 40 140 144 14.40
Ideal filter 120 1.28 12.80

6. Discussion of results of investigating the procedure for
fragmenting astronomical frames

Within the framework of the CoLiTec project and Lemur
software (Ukraine), a study was carried out on the proce-
dure for fragmenting astronomical frames for subsequent use
during high-frequency filtering.

Solving the problem of introducing a formal connection
between the pixel values of the original astronomical frame
and the pixel values of its fragment made it possible to generate
arrays of pixels for each fragment of the original frame for sub-
mitting them to the filtering procedure. The following high-fre-
quency filters were chosen: ideal, Butterworth, and Gaussian.

Owing to solving the problem of determining the number
of necessary fragments to cover the entire initial astronomical
frame, two-dimensional arrays of pixels along the abscissa and
ordinate axes were formed. The generated two-dimensional
arrays for each frame fragment were submitted to high-fre-
quency filtering procedures for three types of filters. Each of
these filters was tested in the devised procedure and analyzed.
During the study, different multiprocessor systems with 4, 6, 8,
10 processing threads were used. The required volume of RAM
was obtained for each high-frequency filter under consideration



for different frame sizes (Table 1). For example, to process a
frame of 512x512 pixels you need from 12 to 18 MB, but for
a frame of 4008x2672 pixels from 490 to 735 MB depending
on the selected filter. The processing time of series of frames
consisting of 50 and 100 frames of different resolutions was
also obtained (Tables 2, 3). For example, to process a series of
50 frames of 512x512 pixels it takes from 1.6 to 5.1 seconds,
but for a series of 100 frames of 4008x2672 pixels from 31.2 to
105.1 seconds depending on the selected filter and the number
processing threads.

The study showed that the use of the devised procedure
reduces RAM utilization by 7-10 times (Table 5). For example,
to process a series of 100 frames of 4008x2672 pixels in 10
threads without the devised procedure with a Gaussian filter,
7.35 GB were simultaneously required, while with a devised
procedure only 180 MB.

In addition, the speed of the highest frequency filtering was
increased by 2—3 times. For example, to process a series of 100
frames of 3056x3056 pixels in 8 threads without the devised
procedure with a Butterworth filter, it took 46.3 seconds, while
with a devised procedure and division into 36 fragments it took
only 20.25 seconds.

Statistical and full-scale modeling [37] have proven that
this also significantly affects the speed of performing a number
of tasks of brightness equalization, accumulation, and data ac-
quisition [38]. It also has a positive impact on computer vision
methods [39, 40] using supercomputers [41].

The limitations of this study are the computing power of the
equipment and the number of cores in multiprocessor systems.
Another possible limitation may be the set requirements for the
speed of simultaneous frame processing during parallel pro-
cessing from different telescopes. However, these requirements
directly depend on the power of multiprocessor systems them-
selves. The issue of security [42] of frames, namely the encryp-
tion of input data, is also important. In this case, an additional
decryption algorithm will be required.

A drawback of the study is that the proposed fragmentation
procedure can only be used after the astronomical frame has
been completely formed from the telescope. There are frame
saving systems that gradually save parts of frames during on-
line processing in the case of very large frame sizes, and access
to the file is blocked.

It would be advisable to focus further research on the si-
multaneous application of the devised procedure during train-
ing and calibration service frames, and not only to the initial
target frames. This will be necessary to accumulate and obtain
data [43] for further identification of SSO with astronomical
catalogs. To this end, it will be necessary to design the correct
processing pipeline, connection of astronomical catalogs and
appropriate methods for fetching services/modules [44]. Tt is
also necessary to evaluate the usefulness of the devised proce-
dure for other mathematical models [45], which will be used
in methods for recognizing objects and detecting their move-
ment. To this end, one can use Wavelet analysis [46], machine
learning, or the forecasting method [47] to calculate statistical
indicators.

7. Conclusions

1. A formal connection has been introduced between the
pixel values of the original frame and the pixel values of its frag-
ment. The peculiarity of this connection is the fact that when
dividing the source frame into fragments, it is necessary to have

a clear array of pixels belonging to each fragment of the source
frame. This will allow us to get rid of confusion of pixels, direc-
tions of the coordinate axes of each fragment, and also assemble
the filtered frame from the fragments correctly.

2. For the procedure of fragmenting astronomical frames,
the fragment size was chosen in accordance with the allowable
amount of allocated RAM. Owing to the proposed expressions,
an equal number of fragments of the astronomical frame along
the abscissa and ordinate axes was determined. Various fea-
tures were also taken into account when the frame size along
the axes is not equal to the whole number of fragments. In this
case, it was proposed to supplement the incomplete fragment
with the pixel values of the previous frame fragment. Owing
to this, the formal connection between the pixel values of the
original frame and the pixel values of its fragment was clarified.

3. An algorithm for the procedure for fragmenting astro-
nomical frames has been developed. The key point is to take
into account the peculiarities of the formation of fragments de-
pending on the size of the frame with the subsequent formation
of the spectrum of the high-frequency component of the image
based on the selected transfer function. This made it possible to
pre-fragment the original image to perform high-pass filtering.

4. The devised procedure for fragmenting astronomical
frames using various high-frequency filters was verified based
on many series of frames of different sizes. We simulated
different numbers of threads on multiprocessor systems and
measured RAM usage and processing time. By taking into
account the size features of the original astronomical frames, as
well as clarifying the formal connection between the values of
the pixels of the frame and its fragments, the use of the devised
procedure reduces the RAM utilization by 7—10 times. This
solves the first part of the identified problem. The second part
is the speed of the filtering procedure itself. Verification of the
devised procedure showed that when dividing the original
frame into fragments, the speed of the highest frequency filter-
ing was also increased by 2—3 times. Accordingly, the time for
complete processing of each astronomical frame was reduced by
2-3 times. When processing series consisting of a large number
of astronomical frames (up to 100), the devised procedure can
significantly speed up the overall processing of the series.
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