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A computational method for matched filtra-
tion with analytical profile of the blurred digi-
tal image of the investigated objects on digital
Jframes has been developed. Such <blurred»
objects can be the result of an involuntary
shift of a fixed camera, an incorrect choice
of the mode of guiding the telescope (diurnal
or object tracking) or a failure of the diurnal
tracking.

This computational method is based on the
analytical selection of the typical form of the
object’s image, as well as on the choice of spe-
cial parameters for the transfer function of the
matched filter for the blurred digital image,
which makes it possible to evaluate the required
parameters of the blurred digital image.

In addition, determining the number of
Gaussians of the object’s image makes it pos-
sible to perform the most accurate assessment
of the initial approximation of the parameters
of their shape. Thus, matched filtration makes
it possible to highlight the investigated objects
with a blurred image of a typical shape against
the background of substrate noise. Using the
computational method of matched filtration
makes it possible to improve the segmentation
of images of reference objects on the frame and
reduce the number of false detections.

The developed computational method for
matched filtration with analytical profile of
the blurred digital image of the investigated
objects on the frames was tested in practice
as part of the research of the CoLiTec project.
It was implemented in the intraframe pro-
cessing unit of the Lemur software for the
operational automated detection of new and
observation of known objects with a weak
brightness. Owing to the Lemur software using
and the proposed computational method intro-
duced into it, more than 500,000 measure-
ments of the various investigated objects were
successfully processed and identified
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1. Introduction

Given the problem of asteroid-comet danger [1], auto-
matic processing of the results of asteroid surveys is the
leading direction for the use of the most modern methods
of astrometry [2] and photometry [3]. The accumulation of
archival big data [4], astronomical catalogs [5], and virtual
observatories make it possible to collect, gain knowledge [6],
and analyze historically accumulated data and measurements
of the investigated Solar System’s celestial objects (SSO) [7].

Such SSOs in general have a wide range of speeds of vi-
sible motion (near-zero speed [8], non-zero speed, extremely
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fast speed). Other objects that do not belong to the solar
system (stars, galaxies) have zero speed of apparent motion.

However, it is the shooting conditions that affect how
an object will look on the frames taken by the charge-cou-
pled device (CCD) [9]. Such shooting conditions include
the following: the mode of guiding the telescope, the side
wind, and the weather in general, the mechanical failure of
the diurnal tracking, and others. Under adverse conditions,
images of individual objects or the entire CCD frame as
a whole can be blurred. This circumstance significantly
reduces the quality of detection of the investigated objects
by known methods.




Therefore, it is relevant to devise a computational me-
thod for matched filtration with analytical profile of a blurred
digital image of the investigated objects on CCD frames. This
method will make it possible to more accurately assess the
image parameters [2] of such «blurred» objects and identify
them with those already known from the list of cataloged
ones. In addition, the method to be devised will reduce the
number of false detections and increase the conditional pro-
bability of correct detection (CPCD) of real objects [10].

2. Literature review and problem statement

A fully blurred CCD frame in this work is a digital image
formed under the condition of significant synchronous move-
ments of all objects of the CCD frame over the entire time
of exposure. This blurring is considered only when this move-
ment cannot be neglected categorically.

Typical conditions for the appearance of such a blurred
CCD frame are an involuntary shift of a fixed CCD camera,
gusts of wind, or an incorrect choice of the mode of guiding
the telescope (diurnal or object tracking). In addition, the
formation of a frame by a telescope without diurnal tracking
or with its failure can lead to blurring the image.

The characteristic of the blurred frame, first of all, is the
synchronous elongation of all images of objects as a measure of
blurring. Synchronous elongation refers to the same directions
and lengths of blurred images of all objects in a CCD frame.

In addition, images of such SSOs as asteroids, meteors,
comets are blurred due to their natural motion. In this work,
the blurring of the image of objects due to its natural move-
ment is not considered.

However, blurred images of the investigated objects
on CCD frames affect the quality and accuracy of various
image processing and machine vision tasks [11]. Namely, they
affect the detection of images of objects and the evaluation
of their parameters [2], image segmentation [12], image pixe-
lation [13], object recognition and their classification [14].
In addition, blurred images of objects affect detection of
their movement and evaluation of the parameters of the
trajectories of movement [8], and even a wavelet transforma-
tion (analysis) [15] of various signals and data.

In general, the detection of images of objects in the pro-
cess of image processing and machine vision [16] is based on
analytical or numerical methods. Some of them are based on
image segmentation, where only those pixels that potentially
belong to the investigated object are analyzed, and the in-
tensity of which exceeds the specified limit value [12, 17].
Methods of addition of frames [18] can be used only when
the image of the investigated object is visible with clear
boundaries on all CCD frames in the series.

Other numerical methods use Hough, Radon transforma-
tions, or their modifications [19, 20] but they are not able to
detect an image of an object with the required conditional
probability of correct detection (CPCD) under conditions
of blurring of the image itself. In addition, the evaluation of
image parameters by processing methods [2, 13, 14] in the
absence of clear boundaries of the object image does not cor-
respond to even the lowest limit value for accuracy.

As practice shows, it is the agreed filter that has the best
efficiency in relation to the CPCD with a fixed value of the
conditional probability of false detection [21]. This is a linear
filter that minimizes the signal-to-noise ratio (SNR) and,
therefore, increases the probability of detecting the investi-

gated objects, in the images of which random additive noise
with a normal Gaussian distribution is embedded [22].

The problem statement involves the construction of the
transfer function of the matched filter on the blurred images
of all objects on the digital frame and in the matched filtra-
tion of the original digital frame.

A blurred digital frame A;, the size of NecpexNeepy is
selected as the initial data. The image of any object, for exam-
ple, j-th, is actually present in the frame and is located in the
area of intra-frame processing (AIFP). In this case, AIFP is
a set of Quyy; pixels in which a blurred image of the j-th object
is assumed to be present. The number of pixels belonging
to AIFP is considered to be Njpg;.

Blurred images of objects, especially with a significant
exposure time, have the shape of a hill stretched along the di-
rection of their apparent motion. Images of such objects can be
represented by a set of Gaussians. According to the model used
in the work, the Gaussian centers lie on one straight line passing
through the point of reference of the blurred image of the j-th
object with coordinates x,(@;") and y,(©7") at an angle

T T
to the abscissa axis in the coordinate system of the digital frame.

3. The aim and objectives of the study

The aim of this study is to perform matched filtration of
the blurred digital image of various objects on CCD frames.
Such <«blurred» objects can be the result of an involuntary
shift of a fixed CCD camera, or a failure of the diurnal track-
ing of the telescope, as well as its coma. Matched filtration
makes it possible to highlight objects with a typical image
against the background of noise. Typical shapes of objects
with a blurred digital image on CCD frames, as well as their
profile, can be set analytically.

To accomplish the aim, the following tasks have been set:

— to select the shape and parameters of the transfer func-
tion of the matched filter for the blurred digital frame, as well
as evaluate the required image parameters;

— to determine the number of Gaussians of the image of
the investigated object and estimate the initial approxima-
tion of the parameters of their shape;

—to devise a computational method for matched filtra-
tion with analytical profile of a blurred digital image.

4. The research materials and methods

The object of this research is blurred digital images of
various objects on CCD frames.

Within the current research, the main hypothesis was
put forward that the use of matched filtration as a prelimi-
nary preparatory method for processing the original blurred
image will significantly increase the CPCD of object images.
In addition, matched filtration will increase the accuracy of
object parameter estimation when further performing the
main tasks of image processing by known methods.

The obtained research results, as well as the devised
computational method of matched filtration, were converted
into program code using the C++ programming language.
This code was integrated into the system unit of intraframe
processing of the Lemur software for operational automated
detection of new and observation of known objects with
low brightness (Ukraine) [23] within the framework of the
CoLiTec project [7].



As initial test data, we used data acquired from a variety
of telescopes installed at various observatories in Ukraine
and the world. Namely, the Mayaki Astronomical Observa-
tory [24], the ISON-NM and ISON-Kislovodsk observa-
tories [25], the Vihorlat Observatory [3], and the National
Astronomical Research Institute of Thailand (NARIT) [26].

The observational conditions were specially selected in
such a way that the obtained series of CCD frames contained
blurred images of the investigated SSOs [7].

The devised computational method, integrated into the
Lemur software, contributed to the successful processing and
identification of more than 500,000 measurements of various
objects on a number of series consisting of many CCD frames.
Given this, the method of matched filtration confirmed its
practical necessity within the framework of the main hypo-
thesis put forward.

5. Results of the matched filtration research
with analytical profile of the blurred
digital image

3. 1. Selecting the form and parameters of the matched
filter transfer function for a blurred digital frame

The original blurred CCD frames typically have a syn-
chronous elongation of all images of objects (Fig. 1). To se-
lect the form and parameters of the matched filter transfer
function, one must first select the blurred images of objects
and determine the model brightness.

Fig. 1. Blurred images of objects: a — without diurnal
tracking; b — in the case of failure of diurnal tracking

The model brightness A, (x;,y,;,07) of the ik-th pixel
for the blurred image of the j-th object is determined by the
following expression [19]:
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where Cj is the average brightness of the background sub-
strate of the blurred image of the j-th object; @7 — vec-
tor of parameters of the blurred image of the j-th object;
xjj, yij — coordinates of the ik-th pixel of the blurred image

of the j-th object; Ag; is the model amplitude of Gaus-

sians corresponding to the blurred image of the j-th object;
Gg;is a parameter of the form of the Gaussians corresponding
to the blurred image of the j-th object; the position 7, of
the n-th Gaussian of Ng; used to approximate the blurred
image of the j-th objects; d; is the length of the movement
traveled by the j-th object during the exposure time, in pixels
relative to the frame; N, =E {d : /ch]+1 is the number of
Gaussians in the model of the blurred image of the j-th object;
EJe] is the operation of selecting an integer part of a number.
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It is also necessary to determine the spectrum of the typi-
cal image that is subject to matched filtration. It follows that
the value of the wov harmonic S, of the discrete spectrum
of the n-th Gaussian of the image of the j-th object is deter-
mined by the following expression [22]:
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According to the linearity property of the discrete Fou-
rier transform (DFT), the discrete spectrum of the image
sum is equal to the sum of the discrete spectra of the
images [27, 28]:
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Taking into consideration the obtained expressions (3)
and (4), the value of the uo-th harmonic of the discrete spec-
trum of the digital blurred image of the j-th object S, will
take the following form [29]:
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where #=0,Np, —1, ©=0,N,, —1 are the harmonic num-
bers of the discrete spectrum of the blurred image.

To select the form and parameters of the transfer function
of the matched filter for a blurred digital frame, it is neces-
sary to determine the transfer function of the matched filter,
which is equal to the complex-conjugate spectrum S, ; of the
object image [30]:
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To ensure the position of maximum response of the
matched filter in the center of the blurred images of objects
in the coordinate system (CS) of the digital frame, expres-
sion (6) sets zero values for the coordinates of the image
binding center [31]:

x,(057)=0, 5 (057)=0. @

To agree on the aperture (total) brightness of the pixels
of the image of the j-th object on the source frame and on the
frame after the matched filter, the complex-conjugate spec-
trum S, is multiplied by its normalizing coefficient:
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According to (6) to (8), the expression for calculating
the transfer function Hyr of the matched filter for a blurred
digital frame will take the following form:
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where Hyg,, is the uo-th harmonic of the transfer function of
the matched filter.

After calculating the Hyp transfer function of the matched
filter for a blurred digital frame, one must evaluate the de-
sired image parameters.

The parameters of blurred images of objects on the frame
are evaluated by Q selected images of objects. To select object
images to evaluate the required image parameters, a set of
images is formed with the aperture (total) brightness of the
pixels of the images of objects A;j, satisfying the condition:

A, =(10+20)0,,.,, (10)
where 6, is an estimate of a standard deviation of the back-
ground brightness;

A;jz 2 (A;ef_c.f)

ih= Qi

is the aperture (total) brightness of the pixels of the j-th
image of the object.

This set is ordered in descending order of the aperture (to-
tal) brightness of the pixels of the images of objects. From the
ordered set, 10-20 % of images of objects with the highest

aperture (total) brightness of pixels are excluded. From the
resulting set, the Q first images of the objects are selected.

In other words, the first image of an object in an ordered
set selected to evaluate the blurring parameters has a number
equal to (0.1+0.2)Quax, Where Qnay is the total number of
images of objects in the ordered set. The number of the last
selected image of the object is (0.1+0.2) Qpaxt Q.

To assess the required image parameters, the Gaussian
pixel model of the digital blurred image of the object was
used in this work (1). The quality criterion for evaluating
the parameters of a blurred image of the j-th object is the
minimum of the sum of the squares of deviations between
the experimental A;kj and model A, (©7") brightness of
the pixels of the blurred image of the j-th object:

En(05)= 3 (4-4u(057)) pmin (D)
.= Q7 Y
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is the vector of estimated parameters of the blurred image of
the j-th object.

The estimated parameters of the blurred image of the
j-th object are the position x,(07"), y,(©5"), the model
amplitude of the Gaussian A, the parameter of the shape 6;,
the average brightness value of the background substrate C;,
the angle between the direction of the blur of the object im-
age and the abscissa axis Q; and the distance of movement of
the object relative to frame d;.

In turn, the length of movement d; of the object relative
to the frame (the path traveled by the object) during the
exposure is determined by the expression:
d.= (NG. —1)6@..

J

(13)

To obtain the estimated parameters of the blurred image
of the j-th object, the sum of the squares of deviations (11) is
fed into the Levenberg-Marquardt algorithm (LMA) [2, 32].

3. 2. Determining the number of Gaussians of the in-
vestigated object’s image and assessment of the initial
approximation of the parameters of their form

The number of Gaussians of the image of the j-th ob-
ject should be estimated separately from the LMA proce-
dure [33]. The desired number of Gaussians Ng; is selected
from the range of values N ., N,,,;- The initial Ngyi; and
resulting Ngeng; values of the range are determined by the
following expressions:

d, —k. 0.
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where d,y; is the maximum size of the blurred image of the
Jj-th object; oo is the initial approximation of the Gaussian
form parameter corresponding to the blurred image of the
Jj-th object; ks, kena — coefficients that specify the minimum
and maximum number of Gaussians.

During the studies and subsequent analysis, the values of
the coefficients &y and kg were derived empirically and are
equal to 7 and 2, respectively.



The maximum size dc,p; of the image of the j-th object is
considered to be equal to the maximum distance between the
two pixels belonging to the outline of the image of the j-th
object (Fig. 2).

Segmentation is carried out in the CS associated with
the image of the object. The center of the CS coincides with
the center and image of the object. The coordinates x,
of the center of the image are defined by the expressions:
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The CS abscissa axe of the object image is ro-
tated relative to the abscissa axis of the CS frame

a7

(18)

Fig. 2. Relationship of the length of movement d of the image

of the j~th object relative to the frame with the maximum size

of the contour d_,,; of the image of the j-th object

For each number of Gaussians from a given range,
a @7 vector of estimated parameters of the blurred image of
the j-th object is determined. As the desired number of Gaus-
sians Ngjmin of the image of the j-th object, the one is chosen
at which the sum of the squares of deviations F,,, (©7,") (11)
is minimal:

N,

o =argminFy, (077). (16)

Next, it is necessary to evaluate the initial approxi-
mation of the Gaussian form parameters from the vector
07" of estimated parameters of the blurred image of the
Jj-th object. To do this, the blurred image is divided along
the semi-major axis into N, segments with a width of

Axyee pixels (Fig. 3).

Y

Fig. 3. Splitting an image of the j-th object
into Ngey segments

by an angle Q;
o OJj:%arctan%, (19)
where
M = ,EQ: (45, -C)) (e = x,) (20)
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are the second-order moments.
The number N, of segments is defined by the expression:

dmnj
N segj = Axi

seg

(23)

During the studies and subsequent analysis, the width
of the segment Ax,, was derived empirically and is equal
to 3+5 pixels.

The pixels of the blurred image of the j-th object are
considered to belong to the m-th segment Qg if the con-
dition is met:

m-Ax,, <x;<(m+1)-Ax, (24)

[’g'

To obtain an estimate of the initial approximation of the
Gaussian form parameter Gg;jy, in the m-th segment of the
image of the j-th object, the sum of squares of deviations
between the experimental A;j and model Agjgmi(Ogp) bright-
ness of the pixels of the m-th segment of the blurred image
of the j-th object is added to the LMA procedure [33]:

(25)
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where Ogy=(Sgjm Acim Yojm) is the vector of the estimated
parameters of the m-th segment of the blurred image of the
Jj-th object;

1
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— model brightness of the pixels of the m-th segment of
the blurred image of the j-th object; 6¢jm — estimates of



the initial approximation of the Gaussian form parameter
in the m-th segment; Agj, — Gaussian model amplitude in
the m-th segment; yj, is the coordinate of the reference
center of the Gaussian in the m-th segment along the ordi-
nate axis.

The estimation of the initial approximation of the Gaus-
sian form parameter G¢jy of the blurred image of the j-th
object is determined by the following expression:

1 N.scg/’1
Ogjo = N z OGim+

segi m=0

(26)

Thus, with the help of expression (26), the parame-
ters of the blurring of the selected images of objects Q are
evaluated.

5. 3. Computational method for matched filtration with
analytical profile of a blurred digital image

The devised computational method of matched filtration
with analytical profile of the blurred digital image of the
investigated objects on CCD frames is the following se-
quence of actions:

1. Determine Q selected blurred images of objects to eva-
luate the blurring parameters according to condition (10).

2. For Q selected blurred images of objects, the initial
approximation of the Gaussian form parameter 6y (26) is
determined for the estimation of the blurring parameters.

3. For each blurred image of the object, the initial Ny
and the final Ng,,q values of the range of changes in the
number of Gaussians in the blurred image model of the j-th
objects (14) and (15) are calculated.

4. Evaluate the vector @7 of estimated parameters of
the blurred image of the j-th object:

—for each number of Gaus-
sians of the blurred image of the
j-th object from a given range
using the LMA procedure, the
vector @7 of the estimated pa-
rameters is determined by mini-
mizing the sum of the squares of
deviations (11);

—select the optimal number
of Gaussians Ng;j and the vector of
estimated parameters @ for the
blurred image of the j-th object in
accordance with condition (16). a

5. Calculate the average values
of the parameters of the blurred
image of the object on the digital
frame from the Q selected images:

G = iicc'v (27)
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6. Determine the transfer func-
tion of the matched filter accord-

ing to expression (9) from the calculated average values of
the parameters o, d, and Ng.

7. Determine a digital frame filtered by a matched filter
as the inverse of DFT of its spectrum. The brightness of the
ik-th pixel of the filtered digital frame is determined by the
expression:
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where Souo=SimuoHmu is the uo-th harmonic of the filtered
digital frame spectrum;
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— uo-th harmonic of the digital frame spectrum; A;, is the
brightness of the ik-th pixel of the digital frame.

Below are examples of blurred initial and 3D images of
the different investigated objects under conditions without
diurnal tracking (Fig. 4) and in the case of failure of the diur-
nal tracking (Fig. 5).

Fig. 6, 7 also show the corresponding results of processing
the initial blurred images of the investigated objects using
the computational method of matched filtration with analy-
tical profile devised in this work.

The 3D images of blurred objects after applying the
matched filtration in Fig. 6, 7 indicate the formation of a sepa-
rate brightness peak, which indicates the success of the appli-
cation of the devised computational method.

b c

Fig. 4. Blurred image of an object without diurnal tracking: a — original image;
b — 3D image of the CCD frame; ¢ — 3D image of a blurred object

A a,
\’i{i\iﬁ

Fig. 5. Blurred image of the object when the diurnal tracking is failed: @ — original image;
b — 3D image of the CCD frame; ¢ — 3D image of a blurred object



a b

Fig. 6. The result of processing a blurred image of an object without diurnal tracking:
a — original image; b — 3D image of the CCD frame; ¢ — 3D image of a blurred object

a

Fig. 7. The result of processing the blurred image of the object when the diurnal
tracking is failed: @ — original image; b — 3D image of the CCD frame;

¢ — 3D image of a blurred object

6. Discussion of results of investigating the matched
filtration with analytical profile of the blurred
digital image

Within the framework of this work, the possibility of
processing blurred digital images of the investigated objects
on a series of CCD frames was investigated. As a result of
the studies, the typical conditions for the appearance of such
blurred images were analyzed (Fig. 1). Existing methods of
both preliminary and basic image processing and machine
vision [11] were also analyzed. Basically, they are aimed at
detecting objects [2], their movement, and assessing image
and trajectory parameters [8]. Both classical and non-stan-
dard analytical and numerical methods of image processing
were considered. However, the accuracy and quality of pro-
cessing by such methods directly depended on the accuracy
and quality of the original image of the investigated object
in the CCD frame.

Therefore, within the framework of the CoLiTec pro-
ject [34], studies were conducted on the application of the
devised method of matched filtration with analytical profile.
As our research showed, after applying the matched filtra-
tion, the image of the investigated object in 94 % of cases
began to clearly show only one peak of brightness (Fig. 6, 7).
This significantly affects the quality and accuracy of a num-
ber of tasks of data acquisition [35], image processing and
machine vision [11] (detection of images of objects and as-
sessment of their parameters [36], detection of the movement
of objects, and assessment of the parameters of motion tra-
jectories [19]). This indicator clearly indicates that our task
has been successfully solved for the case of the analytically
determined profile of the image of the investigated object.

Analysis of the results of our
studies revealed an increase in
the probability of identification of
the investigated objects relative
to those already known from the
list of cataloged ones [37]. In ad-
dition, CPCD and the accuracy
of estimating the image parame-
ters increased by 15-20 % after
the preliminary execution of the
matched filtration as compared to
the main processing method.

These results are primarily
due to determining the transfer
function of the matched filter (9)
from the calculated average values
of parameters (27) to (29). In ad-
dition, an important factor is the
definition of the digital frame fil-
tered by the matched filter as the
reverse DFT of its spectrum (30).

The devised method was also
successfully applied to the calcu-
lation and analysis of the orbital
parameters of fragments formed af-
ter the collision of the first Indian
anti-satellite (ASAT) rocket used
against the Microsat-R satellite
launched on January 24, 2019 [38].
The data that were tracked and
provided by NASA were pre-pro-
cessed by matched filtration.

Further, based on cloud computing, orbital parameters
and pulse distribution were calculated 18 % more accurately
for the fragments of the Microsat-R satellite [39], obtained
after a collision with an ASAT rocket.

Thus, the devised computational method of matched
filtration makes it possible to successfully select the investi-
gated objects with a blurred image of a typical shape against
the background of substrate noise. In addition, the use of the
devised method makes it possible to improve the segmenta-
tion of images of reference objects on the CCD frame and
reduce the number of false detections.

The application of the proposed computational method of
matched filtration of a blurred digital image involves the task
of setting an analytical model of an image of an object with
known parameters. Therefore, the limitation of this study is
the fact that for the whole variety of encountered images of
objects on various digital frames, this task is difficult to solve.
Due to unfavorable shooting conditions, the typical shape of
the image of objects changes from frame-to-frame. Taking
into consideration all random factors affecting the shape of
the image of the object in the analytical model leads to its
complication and an increase in the parameters of the model,
which leads to large computational costs and a decrease in
the accuracy of estimating the parameters of the model. The
disadvantage of the study is precisely the fact that a typical
analytical shape of the image was used.

Further research should be focused on the adaptation and
application of the devised computational method of matched
filtration for the case of an analytically unspecified profile
of the blurred digital image of the investigated objects in
CCD frames. Namely, when the shape of the image is deter-
mined not on the basis of standard analytical forms but on



the basis of data obtained directly from CCD frames, which
may contain various atypical shapes.

7. Conclusions

1. To devise a computational method for matched fil-
tration of a blurred digital image, an analytical choice of
a typical image shape was proposed. The form and special
parameters of the transfer function of the matched filter for
the blurred digital image of the investigated objects were
also selected. Based on them, the Hy transfer function of
the matched filter was formed. This was followed by an
OLS-evaluation of the required parameters of the blurred
digital image.

2. Determining the number of Gaussians for the blurred
image of the investigated object has made it possible to
perform the most accurate assessment of the initial approxi-
mation of the parameters of their shape. During the studies
and subsequent analysis, the values of the coefficients ki
and k.,q setting the minimum and maximum number of
Gaussians, were derived empirically and are equal to 7 and 2,
respectively. To estimate the initial approximation of the
parameters of the blurred image, it is divided along the semi-

major axis into Nyg segments with a width of Ax,, pixels.
Based on empirical studies, the width of the segment Ax
is 3+5 pixels, which made it possible to estimate the initial
approximation of the Gaussian form parameter c¢j of the
blurred image of the j-th object.

3. Owing to preliminary calculations, a computational
method of matched filtration with analytical profile of the
blurred digital image of the investigated objects on CCD
frames was developed. The ultimate step of this method is
to define the digital frame A, filtered by a matched filter as
the inverse of the DFT of its spectrum. The use of matched
filtration for a blurred image of the investigated object in
94 % of cases makes it possible to clearly select only one peak
of brightness, which significantly affects the quality and
accuracy (an improvement of 15-20 %) of the subsequent
execution of a few image processing and machine vision tasks.
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