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[TocranoBka mpobnemu. CrnaOOKOHTPONILOBAHE HABYAaHHS CEMaHTHUYHOI
cermenTairii (Weakly Supervised Semantic Segmentation, WSSS) no3Bossie cyTTeBO
3MEHIIUTH BUTPATU HA MIKCEJIbHY PO3MITKY 300pa’ke€Hb, IPOTE AKICTh NCEBIOMITOK,
0 TEHEePYIOTbCS JIMIIE 3 MITOK KJACiB, 3aJIUINAETHCS KIOYOBHUM OOMEXKYIOUHUM
daxkTopoM. Knacuuni migxoau Ha ocHOBI KapT aktuBailii kiaciB (CAM, GradCAM)
3a0e3medyoTh Julie TpyOy Jokami3amiro O00'€KTIB 1 JalOTh YCEpeaHEHY MIpY
nepekputts (mloU) nHa piBHi 30-35% na Hatopi Oxford-IIIT Pet. IlosiBa moxnemni
cerMeHTali MoBUIbHUX 00'ekTiB Segment Anything Model (SAM) Bigkpuiia HOBI
MOXJIMBOCTI, OJIHAK BHMAara€e TOYHHMX HPOCTOPOBUX MIAKA30K Yy BHIJISII
0OMEKyBaJIbHUX PAMOK, 11O B MOCTAaHOBLI 31 CIA0KUM KOHTPOJIEM HEIOCTYINHI. Y
nornepeaHid  pod6oti aBTopiB [1] Oymo mocsarayro 78.13% mloU 3a paxyHOK
BUKOPUCTAHHS €TAJJOHHUX PaMoK, MpoTe y cTporiil mocraHoBui WSSS Taki paMku
HEOOXiTHO OTPUMYBATH aBTOMATHUYHO, 110 3HAYHO YCKIIATHIOE 3a7a9y.

Metoto poOoTH € po3poOKka Ta EKCHEPUMEHTAIbHE JOCHIIKEHHS METOIy
MPOCTOPOBO-ananTUBHOrO 37uTTs TnceBaoMiTok SAUFusion (Spatially-Adaptive
Uncertainty-weighted Fusion), sxuit y ctporiit mocrtanoBii WSSS 00'eqnye Kinbka
HE3aJICKHUX JKEPEN MCEBJAOMITOK 13 MOMIKCEIIbHUMH OI[IHKaMU HEBU3HAYEHOCTI JJIst
KOXXHOTO 3 HUX.

Buxnan ocHoBHOro marepiany. 3anponoHoBanuit Mmeron SAUFusion ckinanaeTbcs
3 I'ATA B3a€EMOIIOB'SI3aHUX KOMIIOHEHTIB: aBTOMAaTHYHOI TEHepallii MpPOCTOPOBUX
migka3ok it SAM 3 kaptm GradCAM; moOyJoBH TPhOX HE3ICKHUX JIKEPEI
MICEBJIOMITOK; OOYMCIICHHS TOMIKCEIbHUX KapT HEBU3HAYEHOCTI JIJIs1 KOYKHOTO JKepena;
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IIPOCTOPOBO-3AANITUBHOIO 3BAYKEHOTO 3JIUTTS 3 ramMma-lapaMeTpu3ali€lo; 3aXUCHOrO
onenyBanHs 3 SAM-Mackoro Ta ITepaTUBHOTO CAaMOHABYaHHS MOJICITI-CTYICHTA.

Metoa BUKOPUCTOBYE TpHU He3anexkH1 jkepena ncepaomitok: (1) M CAM —
M'sky Macky GradCAM, moOymoBaHy Ha OCHOBI TMOIEpPEIHHO HABUYEHOI MEpPEXKi
ResNet-50; (2) M_SAM — GiHapHy Macky, otpumany Bix moneni SAM (ViT-H) y
pPEeXKMI reHeparlii KUTbKOX Macok 3 aBToMaThuHO 3reHepoBaHoi 3 CAM pawmku; (3)
M stud — mnporuno3 moxemi-cryaenta DeepLabV3-ResNet50 3 mapom Dropout2d
(p = 0.15) nna ouiHroBaHHS HeBU3HAUYEeHOCTI MeTo10M MC-Dropout.

JIIsi KOXKHOTO JDKepesia OOYMCIIOEThCS TOIIKCeIbHA KapTa HEBU3HAYEHOCTI
U k(x,y) € [0,1]: nigs CAM — sk HOpMOBaHa OiHapHa €HTpOIIlsS aKTUBALll; s
SAM — sik HOpMOBaHa MOIIKCEIbHA TUCTIEPCIs MK TPbOMa MacCKaMi MHO>KUHHOTO
BUXOJY; JUIsl MOJENI-CTyJieHTa — SIK KOMOIHalis emicTeMiyHoi (qucnepceist 3a N = 5
npoxogamu MC-Dropout) Ta anearopHoi (€HTpOIisS YCEpETHEHOro Mepen0adeHHs)
KOMITOHEHT HEBU3HAYEHOCTI.

KitouoBa i1es MeTOly — MOMIKCEIbHE 3JIUTTS TPhOX JHKepen 3 BaraMu w_K(X,y)
= (1 — U k(x,y))"y, ne vy > 0 — mapametp 3aroctpeHs. OcraToyHa MCEBIOMITKa
o0uuCIIOEThCA SIK HOpMoBaHe 3BaxkeHe cepenHe M fused = X k[w k- M k] / X k
w_k. [TapameTtp vy miniitHo 3poctae Bix 2.0 10 4.0 3a n'sTh iTepalliii caMOHaBYaHHS, 1110
pealtizye IpUHIMI HAaBYaHHS 32 3pOCTaHHSIM CKIJIaTHOCTI.

Jlnst 3amoOiranHst gerpanaiii Hkde Oa3oBoro piBHS SAM 3ampoBaKEHO
MEXaHI3M 3aXHCHOTO OJEHAYBaHHS: Yy MIKCENsIX, I 3aJMIIKOBA HEBU3HAYEHICTb
3TUTTS IEPEBUIIY€ 75-i1 KBaHTUJIb, PE3YNIbTAT JIHINHO MPUTIATyeThes 10 SAM-Macku
3 koedimientroM o = 0.3. JlogaTkoBo 3acTOCOBYeThCs eHTpormiiHa dinsTparis (10%
MICEBJAOMITOK 3 HaBUIIOK0 HEBU3HAYEHICTIO 3aMIHIOIOTHCS HA MOMEPEIHIO 1Tepallio)
Ta UTBTP SKOCTI HA CTYJICHTI.

ExcnepumenTanbHi pe3ynabTaT. EKciepuMeHTH IpoBeIeHO Ha MOBHOMY Habopi
Oxford-1IIT Pet (3680 300paxkens). Jlume CAM mae 31.08% mloU, SAM 0e3
noHaBuanHs 3 pamkamMu 3 CAM — 46.01%, naiBHe 3mutts SAM+CAM 06e3
3Ba)XyBaHHsSI HeBU3HaueHICTIO — 37.09% (moripuieHHs Ha 8.92%). 3anponoHOBaHMA
Metos, SAUFusion miasumrye mloU mo 48.03% Ha TpeTii iteparii caMOHaBYaHHS
(+2.02% nan SAM) ta crabutizyerbesa Ha piBHI 47.12% Ha n'stiit itepauii (+1.11%).
KirouoBuii mpupict BiiOyBa€eThCsl caMe Ha TPETii iTeparlii, KOJU y 3JIUTTS BIIEPIIe
BKJIFOUAETHCS MOJIENb-CTYEHT, 1110 IEMOHCTPYE CUHEPTII0 TPHOX JIXKEPE.

Weakly Supervised Segmentation: Adaptive Fuslon vs Baselines
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Puc. 1. Kpusa mloU 3a iTepamisimu camonaByanusi SAUFusion mpotu 6a30BUX piBHIB
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Puc. 2. fIkicHi pe3ynbraTth: 300paxkeHHs / etanonHa Mmacka / GradCAM / 3nuTa niceBIomiTka

BucHoBku.  3ampomoHOBaHO  METOJ  MPOCTOPOBO-aJANTHUBHOTO  3JIUTTS
ncenomMiTok SAUFusion s ¢c1aOOKOHTPOJILOBAHOTO HaBYaHHS CEMaHTUYHOT
CerMeHTallll y CTPOrii MOCTaHOBLI 3 MITKaMU KJIAaciB Ha piBHI 300pakeHHs. HoBu3Ha
MoJIsira€ 'y TEepexXoii BiJl OJHO/KEPEITBHOTO EHTPOMIWHOTO (UIBTPYBaHHS [0
0araTo/KepeabHOr0 MPOCTOPOBO-aAANTUBHOIO 3IUTTS 3 TOMIKCETbHUMHU KapTamu
HEBU3HAYEHOCTI, 110 JI03BOJISIE JIOKaJIbHO-a/IalITUBHO MO€THYBATH
B3a€MOJIOTIOBHIOBAIbHI kepena: SAM gae uyitki mexi, CAM — cemMaHTUUYHY
MPUB'A3KY /10 KJIAcCy, a MOJIENb-CTYIEHT — CUTHAJI TPO MPOTSIKHI CTPYKTYpPHU 00'€KTIB.
ExcniepuMeHTanbHO MiATBEPKEHO CTa0lIbHE TIEpeBUIICHHS 0a30Boro piBHS SAM Ha
+1-2% mloU 0e3 BuxkopuctaHHs OyAb-SKUX MPOCTOPOBUX aHoTauid. Hampsmu
MOJANIBIUX JOCTIIKEHb BKIIIOYAIOTH TIepeBipKky Metoay Ha Habopax PASCAL VOC,
COCO, Cityscapes, MoOIIyK ONTUMAJIbHOI TPAEKTOPIi MapaMeTpa Yy Ta PO3MIMPEHHS
HaOOpYy JpKepen 3a paxyHOK MOBHO-Bi3yanbHuX Mojenei (CLIP, GroundingDINO).
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In the contemporary context of digital transformation within the healthcare sector,
effective patient relationship management has emerged as a key determinant of service
quality, institutional competitiveness, and the optimisation of internal operational
processes. The exponential growth of data volumes, the imperative for timely access
to information, and the necessity of integrating heterogeneous functional subsystems
are driving the widespread adoption of advanced IT solutions across the medical
domain.

A Health Information System (HIS) constitutes the foundational management tool
for healthcare facility resources, supporting clinical-diagnostic, administrative,
financial, and service-related workflows. It represents a pivotal element of
digitalisation, ensuring comprehensive data processing, accumulation, and analysis.
The rapid proliferation of heterogeneous information and the growing complexity of
clinical processes underscore the urgent demand for systems capable of delivering
swift access to reliable data in support of evidence-based decision-making.

One of the principal functions of a HIS is the formation of a unified information
environment in which patient data are available in real time. Contemporary platforms
handle both structured and unstructured data — including medical imaging — thereby
producing a more comprehensive clinical picture and enhancing diagnostic accuracy.
A critical role in this regard is played by analytical modules, specifically decision-
support systems built upon large-scale data arrays. With the maturation of artificial
intelligence technologies, such systems are acquiring the capacity to forecast risks,
determine disease probabilities, and predict complications — capabilities of particular
significance in the context of personalised medicine.

A further essential dimension of HIS operation is the integration of data flows —
consolidating diverse data sources into a unified environment through internationally
recognised standards for medical information exchange. The classification of HIS is
conducted according to scale, implementation level, degree of integration, and
functional designation (Table 1).
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