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AHHOTALUA

O6ocHoBaHMe. OBapuanbHbIii pe3epB OTPaXKaeT CMOCOBHOCTb MEHLLUMHDI K YCMELUHOM peanu3aumu penpoLyKTUBHOM BYHKLMM.
OueHKa oBapuanbHOro pe3epBa ABMSAETCA aKTyaNbHOW 3aa4en 41 KITMHWYECKOM NpakTvkm [1] v BaxkHa npu NpoBeaeHun Ha-
YUHbIX McCrej0BaHuiA. Vcnonb30BaHWe MeTOA0B KOMMNbLIOTEPHOM 06paboTKM AuarHoCTUYECKUX M30BpaKeHW CNOcoBHO YCKopUTb
1 06nerynTh BhINOSHEHUE PYTUHHBIX 33434 B KIIMHUYECKOW NpaKTUKe. VX NpuMeHeHMe Npu peTpoCneKTUBHOM aHan3e LaHHbIX
B HaY4HbIX LIENAX NM03BOMISET NOBBLICUTL 0O BLEKTUBHOCTbL UCCNIE0BAHUSA, AONOJHUTL €ro BCNOMOraTebHon UHdopMaLmeii [2].
PaccmatpuBaeMas 3afaya loKanmM3aumm ASUHHUKOB U OSIIMKYOB Ha YNbTPa3BYKOBLIX CHAMKAX YKe UCCNeoBanach B Apy-
rux pabotax. Hanpumep, Z. Chen u coaBT. [3] npuMeHsnn Mogenb U-net ons cerMeHTaumm GOoNaMKynoB Ha ynbTpasBYKOBbIX
cHumKax. A B ctatbe V.K. Singh v coaBT. [4] noxoxas 3agaya peluanach ¢ UCrosb30BaHMeM Moandukaumn U-net, HasbiBae-
moit UNet++ [5], KoTopas ABnAeTcs o4eHb NOMynApHON MOAENbIO A1 aHaNKU3a MeaULIMHCKMX n3obpaxeHuni [6].

Llenb — pa3paboTtka Mopenei MallmMHHoro obyyeHus ans aHanusa u30bpaxeHWin AMYHUKOB, NOYYEHHbIX C annapata yib-
TPa3BYKOBOM AMArHOCTUKM.

Matepuanbl n Metoapl. [Ins npeaBapuTenbHOro 0byyeHns Mogenen CerMeHTauMu AMUHUKOB U AeTeKUMM GONMKYN0B HC-
MoIb30BaICA OTKPbITLIM Habop AaHHLIX C pa3MeyeHHOi 06M1acTbio sMyHKKa [7]. 3ateM anis 0bydeHns U TecTMPOBaHMA UC-
nonb3oBancA cobpaHHbIN HaMK Habop LaHHbIX, KOTOpbIA COLEPKUT pasMeTKy obnacten sudiHuKoB M donnvkynos. Bcero
B HEM HaxoauTca okoo 800 npuMepoB 50 yHWUKaNbHbIX NaLMEHTOB.

Jlokanusaums GonnmKkynoB Ha yNbTPa3ByKOBOM CHUMKE SIBNSIETCS CIIOMHOM 3aiadei, N03TOMY NPOEKTUpyeMasi CUCTEMa fie-
TeKTopa Oblna pa3feneHa Ha [Be YacTu: CErMeHTaLMs SUYHUKA W AeTeKums BOMMKYI0B BHYTPU BbiaeneHHon obnacu. 3to
M03BOJIAET CKOHLIEHTPMPOBATb BHUMaHWe MOAENM Ha 0651acTy, rae HeT APYrux OpraHoB W pasnuuHbiX apTedakToB yibTpa-
3BYKOBOM MarHOCTUKM, KOTOpble MOTYT BbiTb NI03KHO BOCMPUHATLI Kak UCCNeayeMblit 00beKT. [na cerMeHTauum AMYHUKOB
Mbl Ucnonib3oBanm apxutekTypy UNet++ [5] ¢ ResNeSt koauposLumkoM [8], KoTopbi 06beauHAET B cebe MexaHWU3Mbl BHUMA-
Hua SE-Net [9] n SK-Net [10].

[na HaxoxpoeHWs MecTomonoXeHus QONNMKYNOB BHYTPU AMYHMKA MCMONb3YeTCA MOfeSb AETEKUMM 0OBEKTOB, MOCKOMb-
Ky OHa Mo3BOJIAET NPOU3BECTM TOYHBINA NOACYET KOMMYECTBA QOSNIMKYNOB, LaXe ECIM OHU NEPEKPLIBAIOT ApYr Apyra, Yero
He MOXeT caenaTtb MofieNlb cerMeHTaumuu. B cBoeit pabote Mol ucnons3osanu YOLOVS [11].

KpoMe Toro, ans ynyyileHus kayectsa npefcKkasaHuii Moaeneii ucnonb3oBaHa npeobpaboTka faHHbIX: feTeKUMA 1 yaane-
Hue obnacTu co BcnoMoratenbHoW MHbOPMAaLMEN, CHUXEHWE LIYMa W ayrMeHTaLuK.

Pesynbtarthl. [lo pe3ynbratam gaHHon paboTbl NpeAcTaBneHbl ABE MOAENM JIOKANM3aUUK IMHHUKOB: MOJESb CErMeHTaLmuu
¢ KauectBoM loU He mMeHee 50% 1 Moaenb feTeKunmn ¢ kadecTBoM MAP He MeHee 65%. Moaenb ans aetekuuu GponnnuKynos
C nocnefyoLwmuM NoacYEToOM UX KoNMdecTea ¢ ownbkoi MAPE He Boiwwe 35%.

3akntoyeHue. B pesynbrate NpoBeAEHHOMO UCCIeA0BaHUS ObINO NPELIOKEHO, KaK NPUMEHUTL METOAbI MaLUMHHOMO 0byye-
HWA 4718 33[la4M aHanu3a CHUMKOB Y/IbTPa3BYKOBbLIX CHUMKOB. Pa3paboTaHHble Mofenu cerMeHTaLmu U AeTeKUMM yMeHbLLa-
10T BpeMS W OLLMOKM NpU aHann3e SUYHUKOB U (QOJIIMKYNOB Ha CHUMKaX. Mcnonb3oBaHue MexaHW3Ma BHUMaHWsA U Npepao-
BpaboTKM AaHHbIX NOBbILWAET KayecTBO Mopenei. HelipoHHas ceTb Ans AeTeKumn QONNMKYNOB 0becneunBaeT X MOACHET,
LaXe Npu UX NepexpbITUN.

KnioyeBble cnoBa: ynbTpa3ByKoBaA AUArHOCTUKA; AUarHoCTUKa ANYHUKOB; AMArHo0CTUKa (bOJ'U'IVIKynOB; MallnHHOe 06y‘-|€-
Hue; FJ'IY6VIHHOE 06yquV|e; CerMeHTauma; peTeKuns.
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ABSTRACT

BACKGROUND: Ovarian reserve reflects a woman's ability to successfully realize reproductive function. The assessment of
ovarian reserve is an urgent task for clinical practice [1] and is important in scientific research. The use of computerized
diagnostic image processing methods can accelerate and facilitate the performance of routine tasks in clinical practice. Their
use in retrospective data analysis for scientific purposes allows to increase the objectivity of the study and supplement it with
auxiliary information [2].

The issue of ovarian localization and follicle segmentation on ultrasound images has been previously investigated in other
works. For instance, Z. Chen et al. [3] employed the U-net model to identify follicles on ultrasound images. Similarly, V.K. Singh
et al. [4] addressed a related problem using a variant of U-net, namely UNet++ [5], which has gained considerable traction in
the field of medical image analysis [6].

AIM: The study aimed to develop machine learning models for analyzing ovarian images obtained from an ultrasound machine.
MATERIALS AND METHODS: An open dataset with a labeled ovary region was used for pre-training ovarian segmentation and
follicle detection models. Subsequently, the dataset, which contains marked-up ovarian and follicle regions, was employed for
training and testing. It encompasses a total of approximately 800 examples from 50 unique patients.

The localization of follicles in an ultrasound image is a challenging task. To address this, the designed detector system was
divided into two parts: ovary segmentation and follicle detection within the selected region. This approach allows the model to
focus on a region where there are no other organs and various ultrasound artifacts that can be falsely perceived as the object
under investigation. For the purpose of ovarian segmentation, the UNet++ architecture [5] was employed in conjunction with the
ResNeSt encoder [8], which incorporates the SE-Net [9] and SK-Net [10] attention mechanisms.
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The object detection model is employed to identify the location of follicles within the ovary, as it enables precise enumeration of
the number of follicles, even in the presence of overlapping structures, a capability that the segmentation model lacks. In our
study, we used the YOLOv8 model [11].

Furthermore, data preprocessing has been employed to enhance the quality of model predictions. This has involved the
identification and removal of regions with auxiliary information, the reduction of noise, and the augmentation of data.
RESULTS: Two ovarian localization models are presented based on the results of this study. The first model is a segmentation
model with an loU quality of at least 50%. The second model is a detection model with a mAP quality of at least 65%. A third
model is a model for follicle detection with subsequent follicle counting. This model has an MAPE error not exceeding 35%.
CONCLUSIONS: The study resulted in the proposal of a method for applying machine learning techniques to the task of analyzing
ultrasound images. The developed segmentation and detection models reduce the time and errors in analyzing ovaries and
follicles in the images. The use of an attention mechanism and data preprocessing improves the quality of the models. The
neural network for follicle detection provides follicle counting, even when follicles overlap.

Keywords: ultrasound diagnostics; ovary diagnostics; follicle diagnostics; machine learning; deep learning; segmentation;

object detection.
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