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AHHOTALINA

06ocHoBaHue. [TpuMeHeHMe TeXHONOMMIA BULEODUKCALMM B 3MOPUONOrUN CYLLECTBEHHO pa3BUBAETCA. 3T TEXHONOMUM Mo-
3BONAIOT 06BEKTUBU3UPOBATL aHaNW3 NPOLLECCa paHHero aMbpUoreHe3a Kawaoro KynbTuBMpyeMoro aMbpuoHa 6e3 Heobxo-
LMMOCTU U3bATUA KyNbTypanbHOW YalKW U3 MHKybaTopa. TexHonoruu Taimmanc B pyTMHHOM MPaKTUKE MO3BONSOT rapaH-
TMPOBaHHO 06HapYXMTb NATONIOrMU Pa3BMTUA IMOPUOHA, HELOCTYMHbIE TPAAULIMOHHBIM METoaM KOHTpons passutua [1, 2.
OpHaKo pa3MeTKa M OLEHKa B PyYHOM peKuMe BCeX KafpoB, CHATbIX B MPOLECCe KyNbTUBMPOBaHMS, MOXET 3aHMMaTb 3Ha-
uutensHoe Bpems. KpoMe Toro, cama BugeodmKcaums He cHUMaeT npobnembl 06BEKTMBM3ALMM KayecTBa MHTepRpeTaLum
nonyyeHHbIX nM3obpaxeHuid [3]. PeleHnem 3apay Takoro Knacca ycrmelwHO 3aHUMAIOTCA MHTEUIEKTYaNbHble TEXHONOMUH,
B YaCTHOCTM peLUeHus, pa3pabaTbiBaeMble C NPUMEHEHUEM MALLMHHOIO 06y4eHus.

Llenb — pa3paboTka cuMCTeMbl aBTOMATMYECKOr0 aHanu3a MOpGhOKUHETUYECKOTO COCTOSHUS YeN0BEYECKOro IMBpUOHa C Lie-
Jbl0 OLEHKU ero UMMNaHTaUMOHHON CrnocobHOCT!.

Matepuanbl n MeToabl. BusyanbHble faHHble 6bin cobpaHbl B MeauumMHCKOM LieHTpe «CeMbs» (Yda, Poceus) u KnuHuue-
ckoM rocnutane UOK rpynnbl Komnanuin «Matb u guts» (Camapa, Poccus). LindpoBble n30bpaxeHns nepuoaa AovMniaH-
TaLMOHHOr0 pa3BuTMS 3MOPUOHOB YenoBeka [0 cTagumn bnactounctsl (0—6-e CyTKM OT UHCEMMHALMM) MOMYYeHbI C UCMOMb-
30BaHMEM WHKybaTopa Ansa nabopaTopuii 3KCTPaKOPMoOpanbHOr0 0NnoA0TBOpeHMA «3IMBprMoBu3op» € cucTeMon TamMnanc
(runepnanc) suneodukcaumn. KynbtueupoBaHue sMOPUOHOB OCYLLECTBNIANOCh MHAMBUAYANbHO B CMEUMabHbIX MUKPOYH-
Kax Yawek WOW (Vitrolife, LLeuus). PasMeTka Habopa AaHHbIX BbINOHAETCS C MCMOJIb30BaHWEM NporpaMMHoro obecneve-
Hus Label Studio Community Edition. [lns aHanusa faHHbIX BblbpaHa peKyppeHTHasi CBEpTOYHas HeMpoOHHas CeTb, KOTopas
Bbina obyyeHa Ha OCHOBE aHanM3a MHOTOYMCTIEHHBIX M30BpaXeHNi.

Pe3ynbtathl. B ocHOBe pa3paboTkyu cucTEMbl aBTOMATUYECKOrO aHan3a NeXuT Knaccubukaums MophOKUHETUYECKOTO CO-
CcTosHMA 3MOpUOHa No CTaamaM aMbpuoreHesa: onsofoTBOpPeHUe, apobneHue, obpasoBaHue Mopynbl, 0bpa3oBaHue bnacto-
umcTbl. B 3aBMCMMOCTM OT onpefienéHHOro 3Tana passuTis BYLeT BbIMOSHATLCA CErMEHTALMA MHOXECTBEHHbIX 06BEKTOB,
TaKUX KaK MPOHYKIeycbl M MonspHbIe Tefla Ha CTaguW OMnofoTBopeHus unu bnactomepbl Ha cTaguu Apobnenus. Mnanu-
pyeTcs NoCTpoeHWe BUHapHOK KnaccuduKaLumMm Hanuumua SOMONHUTENbHBIX MPU3HAKOB (MYbTUHYKIeaUmsi, HEOAHOPOAHOCTb
3H[L0NNA3MaTMYECKOW CeTM), KnaccubuKaumm/perpeccum AOMONHUTENbHBIX MPU3HAKOB (Tak, dparMeHTauus MoxeT ObiTb
OLeHeHa B BUAIE AMCKPETHBIX AMaNa30HOB UK abCcoNKTHBIX 3HayeHu). PesynbTatoM paboTbl ABNSeTCA cMcTeEMa pasMeTKu
MopdoanHaMuyeckoro npoduns 3MbpMoHa ¢ Ucnonb3oBaHUeM rnyboKoro obyyeHus. 3TOT MeTof, NO3BONISAET aBTOMAaTU3UPO-
BaTb W YCKOPUTb NPOLLECC aHanu3a, paHee TpeboBaBLLMIA 3HAUUTENbHBIX BPEMEHHBIX M YEIOBEYECKMX PECcYpCoB.
3aknoyenue. Oxumpaetcs, 4To pa3paboTaHHas cMCTeMa aBTOMATMYECKOr0 aHann3a MOPQOKMHETUHECKOrO COCTOAHMS IMbpH-
OHOB YMPOCTUT NpOLIECC aHanM3a KayecTBa IMOPMOHOB YesloBeKa B NabopaTopusx 3KCTPaKOPNOpasbHOro OMI040TBOPEHMS,
COKpaTMB BPeMS 1 Pecypchl, 3aTpainBaeMble Ha 3TOT MPOLECC, NOBBICUT TOYHOCTb U HAAEKHOCTb OLLEHKM MMMaHTaLUOHHOM
€nocobHOCTV 3MBPUOHOB M CMOKET CTaTb OCHOBOW CO3[1aHMS CUCTEMbI MOAEPIKKM NPUHATUA BpadebHoro pelleHns B aMbpu-
onorum.

KnioueBble cnoBa: 3MOpUOHbI YeNoBeKa; MOPPOKUHETUHECKUI NPOdUb; UMNIAHTALMOHHAsA CNOCOBHOCTD; TEXHONOMUK
BUAEODUKCALMM; CBEPTOYHASA HEMPOHHASA CeTb.
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ABSTRACT

BACKGROUND: The application of videofixation technologies in embryology is developing significantly. These technologies
permit the objective analysis of the process of early embryogenesis of each cultured embryo without the necessity of removing
the culture cup from the incubator. Timelapse technologies in routine practice allow for the guaranteed detection of embryo
developmental pathologies that are inaccessible to traditional developmental monitoring methods [1, 2]. Nevertheless, the
annotation and manual evaluation of all frames captured during the cultivation process can be a time-consuming process.
Furthermore, video fixation itself does not eliminate the issue of objectivizing the quality of interpretation of the obtained
images [3]. Intelligent technologies, in particular, solutions developed with the use of machine learning, are successfully
employed in the resolution of such problems.

AIM: The aim of this study is to develop a system for the automated analysis of the morphokinetic state of the human embryo
with the aim of assessing its capacity for implantation.

MATERIALS AND METHODS: The data were collected at the Family Medical Center (Ufa, Russia) and the Clinical Hospital IDK
of the Mother and Child Group of Companies (Samara, Russia). Digital images of the period of preimplantation development
of human embryos up to the blastocyst stage (days 0-6 from insemination) were obtained using an incubator for in vitro
fertilization laboratories, the EmbryoVisor, with a timelapse (hyperlapse) video fixation system. Embryos were cultured
individually in special micro-well WOW dishes (Vitrolife, Sweden). The data set was labelled using Label Studio Community
Edition software. A recurrent convolutional neural network was selected to analyse the data and trained using multiple images.
RESULTS: The development of the automatic analysis system is based on the classification of the morphokinetic state of
the embryo according to the stages of embryogenesis: fertilization, fragmentation, morula formation, and blastocyst
formation. Segmentation of multiple objects, such as pronuclei and polar bodies at the fertilization stage or blastomeres at the
fragmentation stage, will be performed depending on a certain stage of development. We plan to build a binary classification
of the presence of additional features (multinucleation, heterogeneity of the endoplasmic network), classification/regression
of additional features (so, fragmentation can be estimated as discrete ranges or absolute values). The result is a system for
labeling the morphodynamic profile of an embryo using deep learning. This method automates and accelerates the analysis
process, which previously required significant time and human resources.

CONCLUSIONS: It is anticipated that the developed system of automatic analysis of morphokinetic state of embryos will
simplify the process of evaluating the quality of human embryos in in vitro fertilization laboratories, reducing the time and
resources spent on this process. Furthermore, it will enhance the accuracy and reliability of assessing the implantation ability
of embryos and could potentially serve as the foundation for the development of a support system for medical decision-making
in embryology.
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