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MACHINE LEARNING METHODS APPLICATION
FOR SOLVING THE PROBLEM OF BIOLOGICAL DATA ANALYSIS

According to statistics, every fifth married couple is faced with the inability to conceive a child. Male germ cells are very
vulnerable, and the growing number of cases of male infertility confirms that in today's world there are many factors that
affect the activity of spermatozoa and their number. But the important thing is not so much their quantity, but quality. The
spermogram is an objective method of laboratory diagnosis, which allows to accurately assess the man’s ability to fertilize
by analyzing ejaculate for a number of key parameters. Only a spermogram can answer the question of a possible male
infertility and the presence of urological diseases. When constructing spermograms, it is important to determine not only
the number of good spermatozoa, but also their morphology and mobility. Therefore, research and improvement of some
stages of spermogramm is the purpose of the study. This article addresses the problem of classification of spermatozoa in
good and bad ones, taking into account their mobility and morphology, using methods of machine learning. In order to
implement the first stage of machine learning (with a teacher) in the graphic editor, educational specimens (training
sample) were created. The training was implemented by three methods: the method of support vector machine, the logistic
regression and the method of K - the nearest neighbors. As a result of testing, the method K - the nearest neighbors is
chosen. At the testing stage, a sample of 15 different spermatozoa was used in different variations of rotation around their
axis. The test sample did not contain specimens from the training sample and was formed taking into account the
morphological characteristics of the spermatozoa, but did not copy them from the training sample. At the final stage of
study, the program's functioning was tested on real data.
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Introduction

Male and female infertility is a problem that is
relevant all over the world. According to statistics,
every fifth married couple is faced with the inability to
conceive a child. Male germ cells are very vulnerable,
and the growing number of cases of male infertility
confirms that in the modern world there are many
factors that affect both the activity of spermatozoa and
their number [1, 4]. But when fertilizing the ovule, not
only the quantity and mobility of the spermatozoa, but
also their morphology, that is, the appearance, is of
paramount importance. Only the spermatozoa with
normal shape move in a straightforward manner with
the required speed and can give birth to a new life.
Different anomalies of the body and tail of spermatozoa
reduce the chances of conceiving naturally.

Statement of the problem

It is precisely to assess the quality of biological
data that the spermogram exists. The applied form of
spermogram is based on the standards of the World
Health Organization. The document contains the
following graphs listing the main parameters that are
evaluated during the analysis: the volume of the
ejaculate; acid-base balance; definition of spermatozoa
antibodies; leukocytes; concentration of spermatozoa;
total spermatozoa count; mobility; morphology; share of
live spermatozoa.

Some other physical and chemical properties are
also studied: appearance, hue, viscosity, speed of self-

expansion. Sharp deviations from normal values indicate
a pathology that reduces or completely eliminates
reproductive function. And if most of the parameters can
be estimated without the use of an ECM, only with
chemical reagents, others, such as concentration and
quantity - are evaluated using a special device -
hemocytometer, then the latter can be improved with the
help of special equipment and software.

Currently, there are only a few systems for the
recognition and testing of spermatozoa, but all of them
are based on the CASA (Computer Assisted Sperm
Analysis) [8, 9]. Let’s consider the two most common:
IVF 1 and SCA.

The essence of the IVF 1 system is as follows.
When computer analysis of sperm, the computer
identifies and tracks every sample that is observed in the
microscopic field. For a fraction of a second the path
through which the sperm passed can be traced, and
many different parameters can then be calculated with a
high degree of accuracy. Fig. 1 shows the functionning
of the IVF system 1: shaky lines are the path of
individual spermatozoa. The dots mark the non-moving
spermatozoa.

But this computer system for determining
morphology is only at the testing stage and can conduct
research only on the basis of Kruger's criterion [2, 3].

SCA The SCA® CASA system for sperm analysis
(Fig. 2) allows for accurate, repeat and automatic
evaluation of the following sperm parameters: mobility,
concentration, morphology, DNA fragmentation,
viability and acrosomal response.
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Fig. 1. The functionning of the IVF system 1

4..&""

Fig. 2. The functionning of the SCA system
for the evaluation of morphology

Spermatozoa are registered as normal or abnormal,
according to established criteria: W.H.O., Strict Kruger-
Tygerberg, David modified, adaptive or individual. At
the same time, the system evaluates the size of the
acrosomes, the head, the middle, the tail and the

presence of vacuoles. However, the analysis of
biological materials using this system is very costly and
not always fast.

The classification of spermatozoa in the normal
and pathological forms by methods of machine learning,
the allocation of their morphological features, the
determination of the trajectory of motion and the
calculation of distribution density will undoubtedly help
scientists and biologists to improve and facilitate the
research methods and improve the accuracy of the
calculation for the compilation of spermogram.
Therefore, there is a need to develop a system for
analyzing biological data, which, on the one hand,
would work in real time, and on the other hand, its
operation would not lead to large financial costs.

Solving the problem

Taking into account the above-mentioned, it was
decided to solve the problem of mobility by means of
computer vision, and the problem of the establishment
of morphological deviations - by means of machine
learning [6, 7].

In order to determine how the spermatozoa look in
the norm, it is necessary to correlate them with certain
diagnostic criteria [5]. Normal spermatozoon consists of
an oval head and a long, curved tail. Abnormal forms
are characterized by very large or, conversely, small
heads, double tails, irregular head shape, and others.

Initially, the input data were screenshots from a
real video provided by the biological center, obtained
using a microscope. Since there is a plurality of
biological objects present on the video, and a single
specimen is required for the training sample, each
spermatozoon has been allocated with the additionally
developed application (Fig. 3) and the resulting image
was converted into binary format: black and white.

Fig. 3. Application for selecting individual objects

Since each instance has a different contrast level
compared to the background, a single threshold value
was selected. As a result, the data was not suitable for
analysis and training, since they looked completely
different from the original frames (Fig. 4).
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Fig. 4. Initial data with a dimension of 72 by 72 pixels
for the training sample
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The figure shows that the data obtained are
unsatisfactory  for  processing,  analysis  and
classification. Based on this, it was decided to form
perfect, close to real data in order to carry out a learning
process on them and to see if further research is
appropriate. Acquainted with the morphology and
peculiarities of real spermatozoa, educational specimes
were created in the graphic editor.

At the first stage of machine learning, a normal
spermatozoon is considered as a reference, and a double
one - as a defect, since it is this group that has the most
pronounced deviations for analysis. The data were 1
normal and 2 bad spermatozoa (two tails and two
heads), each of which was turned around its axis in a
cycle with an increase of 1 degree (Fig. 5).
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Fig. 5. Initial view of the data
of the study sample (1077 pieces)

The data were received by the program, not as an
image, but were presented as a code (Fig. 6).

[CO0O0D000000002552552552550000
0000000000

000000000000 2552552552550000
00000 000D0DD]

Fig. 6. Software representation of images

Since the classification problem is solved, and
given the nature of the data for training, we will
consider three methods of machine learning: support
vector machine (SVM), logistic regression (LR) and K-
the nearest neighbors (KNN).

The functionning of the selected three methods has
been tested on the training sample. It turned out that the
method K - the nearest neighbors works better than others
and has a sufficiently high speed of training. The results
of the three teaching methods are shown in Fig. 7-9.

Fig. 7. The result of the program using the KNN method

Fig. 8. The result of the program using the SVM method

Fig. 9. The result of the program using the LR method

At the second stage of machine learning a sample
for further study was formed. Each specimen of the data
for the training sample was placed on a large black
coordinate plane measuring 100 by 100 pixels at its various
points. In total 34560 elements of the training sample
were received (Fig. 10). Since the spermatozoa were
stored in blocks (good-bad-bad), the first 11520 pieces
were labeled as good, and the remaining (2/3) were bad.
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Fig. 10. The final version of the training sample

For testing, a sample of 15 different spermatozoa
was used in different variations of rotation around their
axis. The test sample did not contain copies from the
training one and was formed taking into account the
morphological characteristics of the spermatozoa, but
did not copy them from the training sample (Fig. 11).
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Fig. 11. Test sample measuring 30 by 30 pixels
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Next, three spermatozoa were randomly selected
(1 good and 2 bad) and were placed on a black
background with the dimension of 720 by 720 pixels.
On this background, the samples also rotated around
their axis and also directly moved around the
background in different directions on a certain
trajectory. The video was artificially added to the
rubbish of three types of different sizes and shapes.

The final picture for the testing was as follows:
one good and two bad spermatozoa with a different
angle of rotation and in different points on the
coordinate plane moved in a random direction with a
certain speed. Artifacts simulating biodegradable
garbage in the amount of 9 pieces, three of each type,
also at different random points on the coordinate plane
(Fig. 12).

Fig. 12. A screenshot of the video that served
as a platform for testing

The result of the program functionning on
artificially simulated data using the KNN algorithm is
presented in Fig. 13.

In the figure we can see that the main task of
recognizing biological images is realized: the
spermatozoon is framed with the help of the framework
of the corresponding color. White, if it meets the
necessary requirements and is recognized as good or
otherwise, it is placed in the frame of grey color, which
corresponds to its unsuitability for further biological
tasks. Above the appropriate object is the inscription
"good", which corresponds to a good specimen and
"bad". For each of the spermatozoa the head is defined
and it stands out in dot, and if the object has two heads,
then each one stands out in its circle. The trajectory of
the spermatozoa movement is represented by a white
line, which originates from the center of the head. The
distance traveled is always written under the object, it is
calculated from the starting point of motion. In the
upper right corner, the counter counts all spermatozoa
on the plane and records these values in two categories:
good and bad. Artifacts are not affected, but simply
ignored as an object that does not carry any useful
information.

Fig. 13. The result of the program with the KNN method

At the final stage of the training the program was
tested on real data. In Fig. 14 shows the work and
results of the program on one of the real-time live stop-
frame.

@

Fig. 14. Representation of the full functionality
of the program on real data

Analyzing the results of the program, we can make
a number of certain conclusions. The program shows
good results for all the initial requirements for both
artificially simulated data and real data that were
provided by the biological center.

Conclusions

The task of displaying the trajectory, analysis of
the traversed path for each individual sample is fully
executed on both types of data, as well as the allocation
of the head. Artifacts are not taken into consideration in
both cases, the calculation of all biological objects is
also successfully performed, which in the future will
allow finding the concentration of spermatozoa for
spermogram. As for the differences, on the real data we
partly managed to morphologically allocate tails. On
artificially modeled, we managed to achieve the
classification of biological objects in normal and
defective, although the study was conducted on the most
notable morphological pathologies.

8



ISSN 2522-9052 CyudacHi iHdopMmarriiini cucremu. 2018. T. 2, No 3

REFERENCES

1. Danilov, V.V. and Lelchuk, S.A. (2013), “Quantitative evaluation of spermograms in men based on interval scale”,
Andrology and Genital Surgery, No.1, pp. 44-48.

2. Kruger, T.F., Acosta, A.A. and Simmons, K.F. (1987), “New method of evaluating sperm morphology with predictive value
for human in vitro fertilization”, Urology, 30, pp. 248-251.

3. Kruger, T.F., Menkveld R and Stanger F.S.H. (1986), “Sperm morphologic features as a prognostic factor in in vitro
fertilization”, Fertil Steril, 46, pp. 1118-1123.

4. World Health Organization, Department of Reproductive Health and Research (2010), WHO laboratory manual for the
examination and processing of human semen, 5th edition, 234 p.

5. World Health Organization (2001), WHO guidelines on laboratory research of human ejaculate and interaction of

spermatozoa with cervical mucus, 4th edition, Publishing house "MedPress", Moscow, 144 p.

Theodoridis, Sergios and Koutroumbas, Konstantinos (2009), Pattern Recognition, 4th Edition, Academic Press, 984 p.

7. Poreva A.S. and Karpliuk, E.S. (2017), “Methods of machine learning for the study of lung sounds”, Biomedical instruments
and systems, No. 22 (6), pp. 41-46.

8. Talarczyk-Desole, J., Berger, A., Taszarek-Hauke, G., Hauke, J., Pawelczyk, L. and Jedrzejczak P. (2017), “Manual vs.
computer-assisted sperm analysis: can CASA replace manual assessment of human semen in clinical practice?”, Ginekologia
Polska, No. 88 (2), pp. 56-60.

9. (2014), Systems M-AD. SCA - Sperm Class Analyzer v. 4.1, polish version, Microptic - Automatic Diagnostic Systems.

o

Received (Hapniiinma) 11.06.2018
Accepted for publication (ITpuitasita 1o apyky) 22.08.2018

3acTocyBaHHsI METOAiB MALUIMHHOI0 HABYAHHS
IJ1sl BUPilIeHHs 3a/1a4i aHaJIi3y 0ioJI0riYHMX JaHUX

0. b. Axiesep, O. I. [lynaesceka, 1. B. Cepatok, C. B. CniBak

3a CTaTHCTHKOIO, KOXKHA I'ATa MOAPYXKHS Mapa CTUKAETHCS 3 HEMOXIIMBICTIO 3a4arTs AMTHHU. HouoBiui craTeBi KIITHHU
JIy’Ke Bpa3JIUBi, 3pOCTal04e YKCIIO BUMAIKIB YOJIOBIUOro O€3ILTi UL i ATBEPIDKYE, 110 B Cy4aCHOMY CBITi [JyXe 6araTto YMHHUKIB,
SIKI BIUTUBAIOTH 1 HA aKTHBHICTH CHEPMAaTO30I/iB 1 Ha IX KUIBKICTh. Ta Ba)XKIHMBOIO € HE CTUIBKM IX KUIBKICTB, CKUIBKHU SIKICTb.
Crniepmorpama € 00'€KTHBHUM METOJIOM J1ab0paTOpHOI JIIarHOCTHKH, IO J03BOJISIE MAKCUMAaIBHO TOYHO OLIHHUTH 3/aTHICTH 10
3aIUTITHCHHS YOJIOBiKa, NPOaHANi3yBaBIIM EAKYJIAT 33 PsJOM HalBaXIMBILIMX mHapaMerpiB. TUIbkKM crepMorpama 3JaTHa
BIINMOBICTM HAa MNMTaHHSA PO MOXIIMBE YOJOBide OE3IUIJUIA Ta HPO HAABHICTb YPOJOriYHMX 3aXBOpIOBaHb. [Ipum moOynoBi
CIepMOrpaMy, BaXJIMBO BU3HAYaTH HE TUJIBKU KUIBKICTh IOOPHX CIIEpMAaTo30iliB, ane ¥ ix Mopdonorito Ta pyxiausicts. Tomy
JIOCHI/KEHHS Ta BJIOCKOHAJICHHS AESKHMX €TalliB CIIEPMOrPaMH i € METOI0 JIOCHIDKeHHs. Y JaHiil cTarTi BUPIIIYeThCs 3ajada
Kinacudikamii crnepmaro3oiniB Ha 100pi Ta MoraHi, 3 ypaxyBaHHAM IX PyXJIMBOCTI Ta MOpQOIOrii, i3 3aCTOCYBaHHSAM METOJIB
MAlIMHHOIO HaBuaHHA. [ peani3awii mepiioro eramy MAaIllMHHOIO HAaBYaHHA (3 BUMTENeM) Yy rpadiuHOMy penakTopi Oymu
CTBOpEHI HaBYAJbHI €K3eMIULIpH (TpeHyBajbHA BHOiIpKa). HaBuanHs Oyio peamizoBaHa TpbOMa METOJAMH: METOJOM OIIOPHUX
BEKTOpiB, JorictudyHa perpecis ta meron K — HaiiGmmxuux cycimiB. 3a pesynpTaTamu TecTyBaHHA oOpaHo Merox K —
HalOmmwkunx cycigis. Ha erani TecTyBaHHS BHKOpPHUCTOBYBajacst BHOipka 3 15 pi3HHX CIEpMaTo30ifiB B pi3HHX Bapialisx
obepraHHsA HaBKONO CBO€l oci. TecroBa BuOipka He MICTHJIA NPUMIPHUKIB 3 TpeHyBaibHOI BMOipku i Oymaa cdopmoBana 3
ypaxyBaHHAM MOpPQOJIOriYHUX OCOONMBOCTEH CIIEpMaTo30iliB, aje He KomiroBana ix 3 TpeHyBaibHOi BHOipku. Ha
3aBeplIaIbHOMY €Talll HaBuaHHsA poOOTY Hporpamu 0yJI0 IPOTECTOBAHO HA PEaIbHUX JaHUX.

Knaro4doBi cioBa: MamMHHE HaBuaHHSA; criepMorpaMa; MopQoIoris; pyXJuBiCTb; po3mi3HaBaHHA o0pas3iB; OiHapHa
kiacuikaris; Mmerox K-HalOmmKaux cyciis.

IIpumeHeHue METOA0B MAILIMHHOIO 00y4eHuUst
IJISl pellieHHs] 321249 AaHAJIM3a OHOJIOrMYeCKUX AAHHBIX

E. b. Axuesep, O. U. [lynaesckas, 1. B. Cepatok, C. B. CniuBak

IMo craTucTuke, KaXkiast MATas CYNpYyXKecKas napa CTAIKUBACTCs C HEBO3MOXKHOCTBIO 3a4aTust pebeHka. MyXKcKHe M0JIOBbIC
KJIETKH OYEHb YSI3BUMBI, PACTYILEE YHCIIO CIIy4aeB MYKCKOr0 OECIUIONNS IOATBEPKIAET, YTO B COBPEMEHHOM MUPE O4Y€Hb MHOT'O
(baKkTOpOB, KOTOpPBIE BIMAIOT M Ha aKTUBHOCTb CIIEPMATO30MIOB M HAa MX KOJUYECTBO. I BaXKHO HE CTOJIBKO MX KOJIHMYECTBO,
CKOJIbKO KadecTBO. CriepMorpamma sIBISeTcs OOBEKTHBHBIM METOIOM Ja0OpPaTOPHOM JIMarHOCTHKH, 4YTO MO3BOJSET
MaKCHMaJIbHO TOYHO OLIEHHTb CIIOCOOHOCTH K OIUIOZOTBOPEHHIO UEJIOBEKa, NPOAHAIU3UPOBAB AAKYIAT 10 Psly BaKHEHIIMX
napameTpoB. Tolbko crepMorpaMma CrocoOHa OTBETHTh Ha BOIPOC O BO3MOXKHOM MY)KCKOM O€CIUIOAMHM U O HaJIUYHU
yponoruueckux 3aboneBaHuid. IIpu NOCTPOCHMM CIIEpMOrpaMMbl, BaXKHO OIPEAEINATh HE TOJNBKO KOJIMYECTBO XOPOLIMX
CIIEPMAaTO30HMI0B, HO U UX MOP(OIOru0 U MOIBHKHOCTb. [109TOMY HCCIE€I0BaHUS U COBEPLICHCTBOBAHUS HEKOTOPBIX 3TalloB
CIIEpMOrpaMMBbl U SIBJISETCS LEbIO MCCeloBaHus. B janHOll craThe pemiaercs 3ajaya KilaccM(UKAlUM CIIEPMATO30MIIOB HA
J00pbple M IUIOXHE, C y4eTOM HUX IOJBMXXHOCTH M MOP()OJIOrHH, ¢ NPUMEHEHMEM METOJOB MAIIMHHOro oOydenus. s
peanu3alyy IEpBOro 3Tala MallMHHOro oOydeHus (¢ ydurenem) B rpaduyeckoM peNakTope ObLIM CO3JaHbl ydeOHbIE
9K3EMIUIAPB (TPEeHUPOBOYHAsl BbIOOpKa). OOydeHHe OBbLIO peann30BaHa TPEMS METONAMH: METOIOM OIIOPHBIX BEKTOPOB,
norucrudeckast perpeccust 1 Merox K - Gmmxaiimmx coceneil. ITo pesynpraraM TectupoBanus BeiOpaH Meton K - Ommxaiimmx
cocezieil. Ha srame TecTMpoBaHMS HCIONB30BaJach BBIOOPKA M3 15 pasIMUHBIX CIIEPMATO30MIOB B PA3IMYHBIX BapHALUAX
BpallleHuss BOKpyr cBoei ocu. TecroBas BBIOOpPKAa He cozpep)kalla 3K3eMIULIPOB C TPEHUPOBOYHOW BBIOOPKHM U Oblia
copmupoBana ¢ ydeToM MOP(HOIOrMYECKUX OCOOEHHOCTEH CIIEpMaTO30MI0B, HO HE KONMPOBAJa HX C TPEHHPOBOUHOM
BbIOOpKHU. Ha 3aBepiaromem srane o0ydeHust pabore nNporpaMmsl ObUIM HPOTECTHPOBAHbI HA PEabHbIX JaHHBIX.

KawueBpie ciaoBa: MallMHHOE OOydeHMe; criepMorpaMma; Mopdonorus; NoABMKHOCTB; PAaclo3HaBaHUE OOpPa30B;
6unapHas kinaccudukaims; meron K-Ommkaiinmx coceneit.




