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ABTOMaTu30BaHi cuctemMu BuXpocTpymoBoro koutpomo (BCK) e BaxmmBum
THCTpYMEHTOM JJIs1 €()EKTUBHOTO BUSIBJIICHHS JC(PEKTIB Ta BUMIPIOBAHHSA TapaMeTpiB
JOCTKyBaHUX 00’€kTiB. BoHM 3a0e3MeuyroTh BUCOKY SIKICTh KOHTPOJIIO O€3 BIUIUBY
JOJCBKOTO (hakTOpa. ABTOMATH30BaHI CHUCTEMH MOXYTh 30epiraT Ta aHali3yBaTu
BEJIMKI MacUBHM JaHUX B HEMEPEPBHOMY pEXHMMIi, BUKOHYBaTH CKaHYyBaHHS OO’ €KTIB
koHTpomo (OK) Ta 6yayBartu pizHi ckanu OK.

Onnak, B myOmiKalisfX MpPO TaKi CHUCTEMH HEIOCTATHHO PO3KPHUBAETHCA 3MICT,
METO/Y Ta aJrOPUTMHU OTPUMAHHS Ta OIMpaloBaHHs 1HGOpMaLIHHUX curHaAMB. OIiHKa
€(EeKTUBHOCTI CHCTEMH MOXJIMBA JIMIIE HAONMKEHO 3a JOMOMOro roaorpadis
curHamiB [1]. Yacto B Takux cucTeMax BiJICYTHI MOXKJIMBOCTI BUBEICHHS Ta aHANI3Y
1H(POPMAILIIITHUX CUTHAJIIB, & CaM aJITOPUTM OTIPALIIOBAHHS 1ICHYE SIK «UOPHHM SIIHAK».

CydacHi MOXJIMBOCTI 1H(QOPMAIIHHO-BUMIPIOBAJIbHUX TEXHOJIOTM Ta 3aco0iB
€JIEKTPOHIKMA Ta OOYMCIIOBATBHOI TEXHIKU CTBOPIOIOTH MEPEIYMOBU ISl pO3POOICHHS
HoBUX 3aco0iB BCK, ski maaayTh 3MOry 33aCTOCOBYBAaTHM HOBI METOJU Ta aIrOPUTMHU
OTpAIfOBaHHS BUMIPIOBAJILHOI 1H(OpMAIlli 3 MOMXJIMBICTIO iX aJanTHBHOI 3MIHU Ta
MoaudikyBaHHs. OgHUM 3 TIEPCIEKTHMBHUX BapiaHTIB moOymoBu 3acob0iB BCK €
BukopuctanHs mnargopmu RedPitaya. Lls mata Mmoxe OyTH OCHOBOIO ISl TOOYOBH
nabopatopHoro crenny BCK, skuil 3MoXe BUKOHYBAaTH BUMIPIOBaHHS Ta MPOBOIUTU
HAYKOBI €KCIIEPUMEHTH IS TIOKPAIeHHs Ta BaockoHaeHHs cucteM BCK.

[Tnatpopma RedPitaya — 1e HeBenMka KOMI'IOTEpPHA CHCTEMAa 3 BHCOKOIO
IIBUJKOJIEIO JJIST 3aCTOCYBaHb B €JIEKTPOHILl Ta aBroMaTtu3auii (puc. 1). OCHOBOIO
wiatpopMu € mporpamoBaHuil cucteMHud 4in Xilinx Zyng, mo MicTUTh B c00i
nporiecop Ta FPGA-matpuito. [Tnardpopma RedPitaya mae ALIIT ta LTAIT po3psaHicTiO
14 6it 3 yacrotoro nuckpermzamii no 125 MIn, mo mae 3mory o0poOIsATH
IIMPOKOCMYTOBI CUTHAJIM 3 BUCOKOIO TOUYHICTIO.

st onparroBanns curHainiBe BCK mnargopma RedPitaya mae BOymoBaHi 3acobu —
DSP-650k, 3aci6 omudpyBaHHs, CUTHAIBHUA TE€HEpaTop Ta MOXJIMBICTH peajizallli
PI3HUX arOpUTMIB 00poOsieHHs curHaiiiB Ha FPGA. 3arajiom TeXHIYHI XapaKTEPUCTUKH
mwiargopmu RedPitaya 103BOMSIFOTE BUKOPUCTOBYBATH 11 /711 BUMIPIOBAHHS, aHATI3y Ta
KOHTPOJTIO PI3HOMAaHITHUX CUTHAJIIB, BKJIFOUalouu curHanu HepyrinisHoro BCK.

Croroani RedPitaya BijjoMa sik anmapaTtHa ruiatdopma Jijist po3poOIeHHS IPOTOTHUITIB
3ac00iB BUMIPIOBAHHS, KOHTPOJIIO JIarHOCTYBaHHS Ta AaBTOMAaTH3allii, OCBITH Ta
peanizaiii pi3HUX HAYKOBHX MPOEKTIB. Bimpi3Hsiounch BiA albTepHATUBHHUX ILIAT,
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RedPitaya npornoHye mupoKuii CEKTP MOB MPOTPaMyBaHHS BUCOKOTO PIBHS Ta MPOCTY
IpOLEYPY 3aBaHTAXKEHHS POrPaMHOr0 3a0€3MeUeHHS.

Puc. 1. 3aranpauit Bug miargopmu RedPitaya

B nomoBiil po3riisiHyTO CTPYKTYPY po3po0JieHOro 1abopaTtopHoro cTeHay (puc. 2),
ska 3abe3neuye BUOIP ONTUMAIBHUX MapaMEeTpiB PEKUMIB T€HEPYBaHHA Ta 300py
1H(pOopMaLlii, Ta€ 3MOTY IOPIBHIOBATH €(DEKTUBHICTD PI3HUX PEKUMIB 300py Ta METOIB 1
AJITOPUTMIB OMpaIOBaHHs BUMIproBasibHUX curHanis BCK.

OnpaiifoBaHHsI CUTHAJIIB Ta BU3HAYEHHS X aMIUTITYAHOT Ta (pa30BOI XapaKTEPUCTHK
BUKOHAHO HAa OCHOBI IUCKPETHOTO TepeTBopeHHs [ ipoepra [2].

VY minomy, aBromaruzoBaHi cucremMu BCK € BaJMBUM 1HCTPYMEHTOM TTiABUIIIEHHS
e(eKTUBHOCTI KOHTPOIIO /e()EeKTIB Ta OLIHIOBAHHS MapaMeTpiB MaTepiaiiB Ta BUPOOIB.
HaykoBi nocmipkeHHST B IIbOMY aKTyaJdbHOMY HampsMi JAlOTh 3MOTY MOKpAllyBaTH
cucremu BCK Ta migBumuT €peKTUBHICTD I[HOTO BHY KOHTPOJIIO.
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Puc. 2. JJaGopaTtopHuii CTEHJ CHCTEMH aBTOMATH30BAHOTO KOHTPOJIIO 13 3aCTOCYBaHHSIM
wiar¢popmu RedPitaya.

Knrouosi cnosa: BUXpOCTPYMOBHMI HEPYWHIBHHM KOHTPOJb, aBTOMATH30BaHI
cuctemu, argopma RedPitaya.
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Medical diagnosis and treatment are impossible without images that help doctors
make diagnoses more efficiently. One of the most important stages of medical image
processing is their segmentation, i.e. division into component parts or objects. To
detect the boundaries of objects in images, pixels are evaluated according to some
homogeneous criteria, such as color, intensity or texture [1].

The use of machine learning for image segmentation in medicine is a reliable tool
for analysing medical images. The solution to segmentation tasks is to choose the
most efficient neural network architecture that will allow separating objects with
maximum accuracy and recall, thereby helping to detect diseases. In the field of
image processing and pattern recognition, there are a large number of different neural
network architectures, each of which has its advantages and disadvantages [2].

In [3], models of convolutional neural networks are considered: FCN, Tiramisu
and U-Net. According to the results of segmentation by the respective neural
networks, the U-Net model showed the best result, achieving a correct answer rate of
84.6% on the test data. However, this network has a significant drawback, namely, it
is used for training on small datasets or when the training speed is critical. It is
proposed to consider and analyse the Modified U-Net, Double U-Net, and U-Net++
models, which were created by modifying the basic U-Net model.

Modified U-Net is a modification of the original U-Net model, which was
developed to improve the accuracy and robustness of the model for segmentation
tasks. The main idea of the modification is to use subsampling instead of the usual
pooling operation, which allows to store more information about the original images.

The authors of [4] developed an algorithm for liver and tumour segmentation for
the LITS and 3Dircadb datasets. The Modified U-Net model used achieved high
accuracy in the tumour segmentation task with an accuracy rate of 89.38 % for the
256 x 256 LITS dataset, respectively. In addition, a high accuracy rate of 91.94 % for
liver segmentation and 69.80 % for tumour segmentation was obtained for the 128 x
128 3Dircadb dataset.
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