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Abstract. We carried out the methods™ analysis for assessing the state of livestock micro-
objects. It is showcased that in order to assess the state of embryos and determine the optimal
biotropic parameters of the electromagnetic field for influencing embryos, in the technological
process of animal reproduction, optoelectronic systems with optimal filtering of embryo image
signals should be used.
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Introduction.

The use of a low-energy electromagnetic field (EMF) for increasing animals’
fertility is best used to influence micro-objects (embryos, ovules, sperm). This
electromagnetic technology requires a mandatory micro-objects assessment state after
exposure to EMF with optimal biotropic parameters [1, 2].

There are various ways to assess the ovules and embryos viability. Each of them
is based on its own criteria characterizing certain structural or functional properties of
a living object. Ovules and embryos are evaluated and selected: by morphological
features; according to the stage of their development according to the actual age; in
relation to test dyes; by osmotic reaction to solutions of different osmolarity;
according to metabolic rate. The highest criterion for assessing the viability of an
embryo is the birth of a normal offspring that has developed from it as a result of
transplantation. It is this indicator that is usually used to determine the objectivity of a
particular method for assessing embryos [3, 4].

Of all currently existing methods for assessing the ovules and embryos quality,
the method of assessment by morphological features is most widely used in practice.
The functional state of an object in this way is determined only by visible external
signs and does not allow revealing hidden internal cellular defects that affect its
vitality [5].

One of the most developing and informative methods is the determination of the
qualitative and quantitative biological objects’ characteristics by their image. This
control method 1s especially important in biomaterial quality evaluation, since it
implies remoteness, excludes the influence of external factors, and, ultimately, does
not violate the vital functions of living biological objects.

Conference proceedings 7 Series «SW-US Conference proceedings»



Modern systems of science and education in the USA, EU and other countries January, 2023

All these methods, with the exception of the morphological one, are a load on
sensitive diagnosed objects and involve a certain set of additional manipulations on
embryos, such as, for example, washing them from the dye, etc.

Main text.

The most promising systems for assessing the state of animal microobjects are
control systems based on optoelectronic systems (OES) [6, 7].

For optical images, which evaluate the quality of microbiological objects, the
brightness function obtained in transmitted light is used, which determines the
spatiotemporal distribution of light intensity, which is proportional to the square of
the amplitude of the EMF light wave [§].

Hence, the brightness function describing the object image has the following
form:

B=f(x, . 1),
where ¢ — time, x, y — spatial coordinates.

The obtained embryo’s image with this method on the photosensor is two-
dimensional, and the brightness function of the static image does not depend on time.
Hence, the assessment of the qualitative and quantitative characteristics of embryos,
in order to determine their viability, is carried out according to a static image [9].

In real conditions, when using the visual control method, it is necessary to
analyze the intensity distribution in the image of the edge of the object under study.
As a result, such an assessment is made by the operator based on his experience and
intuition [10].

The best samples of such systems at a high cost give an error in assessing small
sizes of + 0.5 um, which does not provide an evaluation of the belonging of embryos
to a certain class (embryo quality).

In the case of expanding the functionality of the OES, when assessing the
dynamic characteristics of microbiological objects (spermatozoa), it is necessary to
take into account the time parameter for finding the motion parameters [11].

The use of OES with computer estimated parameters of living cells movement
makes it possible to expand the functionality of the system and increase the
information reliability on the effect of EMF on cells vital activity.

The method of living cell movement parameters computer estimation, based on
the processing of a cell sample television image, makes it possible to build tracks of
motile cells and determine their kinetic characteristics.

The disadvantage of this method is that the quality of information is determined
by the contrast ratio of the image and the signal-to-noise ratio. To improve the
information quality, when exposed to EMF on animal cells, one should strive to
increase the signal-to-noise ratio. This problem can be solved based on the theory of
optimal filtering [12].

In most cases, OES is used for tracking the relative movements of
microbiological objects [13]. The task becomes much more complicated when it is
necessary to provide tracking of objects that have a complex shape, with a multi-tone
structure on an uneven background and changing geometric dimensions.

The article [14] describes devices for assessing the parameters of sperm
movement, based on the measurement of Doppler frequency shifts that occur when
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optical radiation is reflected from motile cells in the ejaculate. The principle of
device's operation is based on the registration of laser light scattered by moving
spermatozoa, which has a Doppler frequency shift.

Currently, there are a number of OES based on the use of statistical and
structural methods of image recognition [15]. Automatic construction of structural
descriptions of images can be considered as image segmentation and feature
measurement.

The article [16] reviews a computer method for estimating the parameters of
sperm movement, based on the processing of a television image of cells with further
statistical analysis. To implement the computer method following equipment was
used: R-11 microscope; thermostatic table; camera (photocathode size 320x240
pixels); block of synchronization and pairing; personal computer (CIRIX 6x86 PR-
200, ASUS V264 video adapter).

The processing of a video fragment in order to form tracks occurs by sequential
addition of frames, which leads to a loss of information quality. In addition to this
disadvantage, there are others, such as: a long processing time for video frames, 4 ...
5 minutes., A long time for obtaining histograms due to manual retrieval of
information.

In article [17], an automated device was proposed for measuring the kinetic
characteristics of livestock cells motility. The measurement method is based on
computer analysis of a television image of a cell sample.

However, this method does not allow to unambiguously restore of the studied
objects’ coordinates and motion parameters, because when determining motion
parameters, objects are not identified. Using this method, it is impossible to
determine the individual characteristics of cell movement parameters. This method
cannot be used for morphological studies of cells. Computer technology for
processing and storing information about the studied animal cells has become
widespread. Diagnostic systems of this type are united under the general name
CASA. CASA systems have been used to study potential reproductive ability [18],
poor fertility, the relationship between morphology and cell motility.

CASA-system consists of: a thermal table; video cameras; video recorder;
monitors for analog and digital images visualization, computer system with
equipment for digitization and image processing; keyboard and printer for data input
and output.

It is noted in article [19] that the main disadvantage of the considered systems
is that CASA systems either do not carry out simultaneous measurements of the
mobility and morphological features parameters of the same cell, or do not allow
analyzing a large number of cells as well as require a large amount of memory and
high processing ability of the PC.

Summary and conclusions.

The analysis performed shows that in order to create electromagnetic technology
with animal embryos, optoelectronic systems must provide the following functions:
create conditions for the movement of embryos; determine the total number of
embryos in the field of view; determine the percentage of mobile, immobile and
locally swinging embryos; carry out simultaneous measurement of movement and
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morphological features of the same embryo; image single embryos at different
magnifications using a single microscope objective.
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