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MeTo10 nicepTaiifiHOTO JOCIHIKEHHS € PO3POOUTH HOBY apXIiTEKTypy
riOpHUIHOT 3TOPTKOBUX MEPEXKi 1 MOACHb KiacuiKalii s MiIBUIICHHS SKOCTI

pO3Mi3HaBaHHS PaKy MOJIOYHOI 3aJ7103H1 1 3HMKEHHS Yacy Ha ii HaB4aHHS.

HociipxeHHs: 00yMOBIIEHa TOTPE0O0I0 B po3p0o0I1Il HOBUX 1 BIIOCKOHAJIEHH]1
ICHYIOYMX MOjIeJIed 1 METOIB JIJIst 00pOOKH 300pa’keHb 1 METMYHOT IIarHOCTUKH.
[OpugHa  3ropTkOoBa  Mepeka  IOBMHHA  3a0e3leyyBaTH  BUIUICHHS
1H()OPMATUBHUX O3HAK, IO JAO03BOJISE MIJBUILIUTH KPUTEPIM SIKOCTI MOJENI AJis

3a/1a4 JIIarHOCTYBaHHS PaK MOJOYHOI 3aJI03H.

Ha croroani mporpec B HampsIMKY MIJABUIICHHS SIKOCTI Ta PO3LIUPEHHS
MOKJIMBOCTEH CYyJaCHUX MOJIENICH, ONTUMAILHOTO OIIHIOBAHHS CTaHIB, a TAKOX
J1arHOCTYBaHHsSI paKy MOJIOYHOI 3aJI03M Ha OCHOBI MamorpadidHMX CKaHIB
HEMOJXKJIUBO 0€3 3aCTOCYBaHHSI Cy4yaCHUX METOJIIB 1 MOJEJICH ISl MONepPEeaHbOI

00poOKH 1 BUALIECHHS 1HPOPMATUBHUX O3HAK.

Po3pobnena riOpujgHa 3ropTkoBa MeEpeka Ha OCHOBI €HKojepa, sKa
JI03BOJISIE TIABUIIUTH SIKICTh KJIacH(iKaiii paKy MOJOYHOI 3aJI03U 1 30KpemMa
JOCSITTH MIHIMaJIBHOT'O B1JICOTKAa MOMUJIKOBO HEraTUBHOI momMuiku (aHri. False
negative, FN), 110 1 € OJHIM 3 KJIFOYOBHX 3aBJIaHb MTOTOYHOTO €TAIy PO3BUTKY

MeromiB. Jlms  HaBUaHHA  MOJENI  3TOPTKOBOTO  €HKOAEpa  MOXKHA



BUKOPHCTOBYBATH 300pa)KCHHSI, IK1 HE MAalOTh MITKH, 1110 3MEHIITY€E PO3MIPHICTh
300pakeHHS 1 BUAANSAE IIyMH, B PE3YyJbTaTi 4YOTO 3aJHMIIAIOTHCA BaXKIUBI
iHpopMaTHBHI O3HAKHW B MEHIIIH po3MipHOCTI. Takoxk, 3rOpTKOBa Mepexka 3
MEHIIOI KUIbKICTIO HaBYAJIbHHUX MapaMeTpiB, BIAMOBIAHO MEHII CXWJIbHA JI0
SBUIIA TIEPEHABYAHHSA. 3 IUX MPUYMH Yy 3alpoIOHOBaHI Mojeni Oyio
BUKOPHCTAHO 3TOPTKOBUH aBTOCHKOJEP IS TMiABUIICHHS KPHUTEPiil SKOCTI

MOJIeJIi TIPY MEHIIIOMY Yaci HaBUYaHHS.

V 3anponoHoBaHii riOpUHIN 3rOPTKOBIM MOJEN, 3rOPTKOBHI aBTOKOIEP
OyJ1I0 BUKOPUCTAHO JJIsl MOUIYKY 1H(GOPMAaTUBHUX O3HAK, a 3TOPTKOBA HEUPOHHA
mepexka DenseNet — mna knacudikarii. /I HaB4aHHS 3ampoONOHOBAHOTO

MoJeJIl, He0OX1THO BUKOHATH:

— Ilonepenno o0OpoOKy BximHMX nanux. s momepenHboi 0O0poOKU
MEIUYHUX 300pakeHb OyJI0 3aCTOCOBAHO: HOpMaIi3aliio, CKOPOYEHHS PO3MIpPIB
300pakeHHI 1 ayrMEHTaIlll0 TaHuX. B ayrMeHTarlii JaHux 3aCTOCOBYBAJIUCH TaKi
napameTpH, K o0epTaHHs, po3Mip 300paKeHHsI Ta TOPU3OHTAIILHUMN 3CYB.

— OnTuMizanito 3ropTKOBOI MEPEXi aBTOKOJepa IUIAXOM MiHIMIZalll
¢dyHKIIIi BTpaT.

— BIJIPETYJIIOBATH TiNepHapaMeTpy 3a JOIMOMOTO0 eKCIIEPUMEHTAEHOTO
aHaJ3y JJIs MJABUIICHHS TPOTYKTUBHOCTI MOJIETII.

— IlInsxom TpaHchepHOro HaBYaHHS, HABUUTH 3TOPTKOBI MEpEexi
DenseNet.

— IligkorounTH BUXiJ €HKOJEpa 10 HABYSHOI 3TOPTKOBOI Mepexki
DenseNet m1s 3aBaaHHs Kinacugikariii.

— Ha ocranabomy eTani HE0OXi1JHO ONTUMI3YBaTH TOPUIHY 3rOPTKOBY

MEpPEXy 3a JOMOMOI010 MiHIMI3alii kputepis [lepexpecHa eHTporis:



Hy = =< ¥, yi.log (P(y)) + (1 — y).-log(1 = P(y),

Ac,
N - KIJIBKICTh CIIOCTEPEKEHb;

y - Oinapauit iHgukarop (0 abo 1) Toro, ym € MiTKa KJIacy MpaBHIBHOI

Kiacudikali 1y CIoCTepeKEHHS,
P - IpOrHO30BaHa HMOBIPHICTH MOJIETII.

Bukonano ekcriepuMeHTa bHI JOCHIKEHHS PO3po0ieHoi  Mojeni
pO3Mi3HABaHHSA PAaKy MOJIOYHOI 3all03d, OTPUMAHI IOKA3HUKHU: YYTJIUBICTH,
TouHicTh (precision), F1-Score i Tounicte (accuracy) Mojeni MpU IBOMY
ctaHoBUTh 93,5%, 93,2%, 93,3% 1 93%, BiAMOBIAHO, IO 3HAYHO OUIBIIE HIXK Y

BIJIOMUX 3TOPTKOBUX MEPEXK, SKI OyJIM 3aCTOCOBAHI JUJIA Ii€1 3ajaui.
HaykoBa HOBM3HA nucepTalliiiHoi poOOTH MOJISTAE:

— 3ampornoHOBaHO MOJIEJb, SIKa Ha BIAMIHY BiJ ICHYIOUHX MOJEIICH, JT03BOJISIE
J1arHOCTYBaHHSA pPaKy MOJIOYHOI 3aJ103M 3a MIHIMAQJIbHHUIA 4Yac B MOPIBHSHHI 3
BIIOMHUMH METOIAMH.

— Po3pobiiena ribpuaHa 3ropTKoBa Mepeka Ha OCHOBI €HKOJepa, sKa J03BOJISE
NIJBULIUTH SIKICTh Kiacuikaiii paky MOJIOYHOI 3aJl03U 1 30KpeMa JOCATTH
MIHIMQJIBHOTO B1JICOTKA MTOMUJIKOBO HeTaTUBHOI oMmiiku (aHri. False negative,
FN) B nopiBHsIHHI 3 BIIOMUMHU poOOTaMU B 3aj1a4ax Kiacudikaiii paky MOJI0YHOI
3ano3u. JlaHwii MOKa3HUK € OJIHUM 3 OCHOBHMX KpPUTEPIiB JUIsl JIarHOCTHKHU

PaKOBUX 3aXBOPIOBAHb.



— IlpoBenena wmonudikaiis apxiTektypu Mozaeni Inception V3  moisixom

PO3MIUPCHHA YHCJIa TIOBHO3B’ I3aHUX HIapiB.

3anponoHoOBaHl B JUCEpTalliiHIA poOOTI Mojenu 3abe3nevyroTh
pO3Mi3HaBaHHSA paKy MOJIOYHOI 3aJ03W 3 HaWKpamow eQeKTHBHICTIO B
MOPIBHSHHI 3 BIIOMUMH METOJIaMU. 3arajbHUMN Yac HaBYaHHS MOJIeJIl CTAHOBUTh
nmpu6mM3HO 13 TOMWH, 1110 € HaWMEHIITUM YacOM HaBUYaHHS MTOPIBHSHO 3 THIITMMHU

3ropTKOBUMH MCPCIKaAMU.

Knrwouosi cnosa: TiOpuaH1 3ropTKOBI Mepexki, Kiacuikailis pakoBHX
3aXBOPIOBaHb MOJIOYHOI 3aJI03M, 3TOPTKOBUN aBTOKOJEp, Kiacudikailis

300paxeHb, , AITOPUTMHU TTTUOOKOTO HaBYAHHSI.
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The aim of the dissertation research is to develop a new architecture of a
hybrid convolutional network and a classification model to improve the quality

of breast cancer recognition and reduce the time for its training.

The study is driven by the need to develop new and improve existing
models and methods for image processing and medical diagnostics. The hybrid
convolutional network provides the selection of informative features, which
allows to increase the productivity of the model for the tasks of diagnosing breast

cancer.

Nowadays, progress towards improving the quality and capabilities of
modern models, optimal assessment of conditions, as well as the diagnosis of
breast cancer based on mammography scans is impossible without the use of
modern methods and models for pre-processing input data and selection of

informative features.

Development of a hybrid convolutional network based on an encoder,
which allows to improve the quality of classification of breast cancer and to
achieve a minimum percentage of false negative error (FN), which is one of the
key steps of the current stage of development. For training the model of the
convolutional encoder, images that have no label can be used. It reduces the

dimensionality of the image and removes noise, which leaves important



informative attributes in a smaller dimensionality. Also, concolutioanl
autoencoder has less learning parameters, respectively, less sensitive to be
overtraining. For these reasons convolutional autoencoder were used in the

proposed model to increase performance model with less training time.

In the proposed hybrid convolutional model, the convolutional autocoder
was used as informative features extraction, and the convolutional neural network

was used as a classifier. To learn the proposed model

— First is needed to pre-process the input data. As pre-processing medical
images, normalization, image reduction and data augmentation were used. In the
date of augmentation, parameters like rotation, image resizing, and horizontal
shift were applied.

— Optimize the convolutional network of the autoencoder by minimizing
the loss function.

— Adjust the hyperparameters by experimental analysis to increase the
performance of the model.

— Fine tune the DenseNet convolutional networks through transfer
training.

— Connect the output of the encoder to the trained convolutional network
DenseNet for the classification task. The last step is necessary to optimize the

hybrid convolutional network by minimizing cross entropy:

1 N
Hy = =37 ). ¥i-log (P(y)) + (L= ). log(1 = P()



Where,
N - number of observations.

Y - is a binary indicator (0 or 1) of whether there is a class label of the

correct classification for observation.
P - is the predicted probability of the model.

Experimental studies of the developed model of breast cancer recognition
were performed, the following indicators were obtained: sensitivity, precision,
F1-Score and accuracy of the model are 93.5%, 93.2%, 93.3% and 93%,

respectively.
The scientific novelty of the dissertation is:

— Proposed a model that, unlike existing models, allows diagnosing
breast cancer in the shortest time compared to known methods.

— Developed a hybrid convolutional network based on an encoder, which
improves the quality of breast cancer classification and in particular to achieve a
minimum percentage of false negative error (False negative, FN) compared to
known works in the classification of breast cancer. This indicator is one of the
main criteria for the diagnosis of cancer.

— Modified the architecture of the Inception V3 model by expanding the

number of fully connected layers.

The models proposed in the dissertation provide recognition of breast
cancer with the best efficiency in comparison with known methods. The total
training time of the model is approximately 13 hours, which is the shortest

training time compared to other convolutional networks.
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