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TOCJIIXXEHHS BIVIMBY AKTUBAIIMHUX ®VYHKIIIN HA TOYHICTh
CETMEHTAIIIl BOOHMX OB'EKTIB HA CYITYTHUKOBHX 30BPAKEHHSIX
Kynpenko I1.P.!, 'HaTymeHko Bik.B.2
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2YkpaiHcokuti depxcagHuli yHisepcumem HayKu i mexHonoeiti, 0.m.H. npog., Ykpaina

AHoTranis. IIposedeHo nopisHANbHUL aHaniz akmueayitinux @yHkyiii (ReLU, Leaky
ReLU, ELU, PReLU, Swish, RReLU) y cknadi Helipomepexci U-Net npu eukoHauHi 3adaui
OiHapHoi ceemeHmayii 800HUX 00'€ekmMi8 3a cynymHukosumu 3Himkamu Sentinel-2. JIns
MpeHy8aHHs1 modeieli 8UKOPUCMAHO (PIKCOBAHY KilbKicmb enox ma cmabiivHuli Habip
300pasxceHs, ujo 003801UJ10 NPosecmu 00'eKMuUBHe NOPiBHAHHS pe3yabmamis. Ompumati
pe3yaibmamu cgiduams, wo 6ubip akmueauiliHoi (yHKUii Cymmeso 6nIueae Ha
ecpexmusHicme Helipomepexrceso2o cezmenmyeanHs. Hatisuwuti nokasHux mempuku F1
ompumano 3 ¢yHkuielo Leaky ReLU, ska makox npodemoHcmpysana Hatikpauji
pesynomamu 3a mounicmiw (Precision) ma nokasHukom IoU. ®@yukyia ELU mana
Hatieuwuti nokasHuk HanoeHeHocmi (Recall), npome 3HAUHO HUMCUY MOUHICMb, WO
8KA3Y€E Ha il meHOeHUit0 00 NOMUJIK08020 8usieeHHs 00'ekmis. [Iposedere 00CiOHeHHS
pekomeHdye sukopucmosysamu ¢yHkyiro Leaky ReLU six onmumanwsHuii 6ubip 05 3adau
cezmeHmauyii 800HUX 00'€kMi8 3a CynyMHUKOBUMU 3HIMKAMU.

KinwouoBi cioBa: HelipoHHa Mepexca, cezmeHmauis, akmusayiiina ¢yHvkyis, U-Net,
CynymHukosi 306paxcerHs, Sentinel-2

3aBIaHHSI MOHITOPMHTY BOJHMX O0'€KTiB € aKTyaJIbHMM B KOHTEKCTi 3MiHU
KJIiMaTy Ta ekosioriyHoi 6e3rneku. CyuacHi HelipomepeskeBi MeToau 3abe3meuyioTh
BMCOKY TOUHICTh CerMeHTallii, TpoTe BMOiIp aKTUBALIiiiHOI (YHKIIii CYTTEBO BIUIMBAE
Ha SIKiCTh OTPMMaHUX pe3yIbTaTiB.

[t mocmimkeHHsT 6y/I0 BUKOPUCTAHO apXiTeKTypy Heitpomepexki U-Net, sika €
MOIIMPEHOI0 I 3aBHaHb CerMeHTallil y AMCTaHIiiiHOMY 30HAyBaHHi. Mopeini 3
pisuuMu aktuBaniiHumu ¢yHkuisimu (ReLU, Leaky ReLU, ELU, PReLU, Swish,
RReLU) HaBuaimcs Ha OAHAKOBUX (parMeHTax CyMyTHMKOBUX 300paskeHb Sentinel-
2, OTpMMAaHMX IUIIXOM HOpMasi3aliii Ta IMoAiJly Ha maTtdi po3mipom 512x512
mikcesiB. 3arajiom OyJ0 BMKOPMUCTAHO CTabiibHMIT Habip i3 16 maTuiB, HaBUAHHS
npoBoamiocs y 50 erox. OmiHIOBaHHS MTPOBOAMIOCS 3a JOIOMOIOI0 TaKUX METPUK:

F1-score, Precision, Recall Ta IoU (Intersection over Union).
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Tabmuig 1
[TopiBHSIHHS pe3yabTaTiB Mojesei 3 pisHUMM QYHKIIIMM aKTUBALlii
DyHKITisS F1 Precision Recall IoU

ReLU 0.6881 0.6705 0.7067 0.5246
Leaky ReLLU 0.7386 0.8395 0.6594 0.5856
ELU 0.6132 0.5293 0.7286 0.4421
PReLU 0.7253 0.7712 0.6845 0.5690
Swish 0.6792 0.6571 0.7028 0.5142
RReLU 0.7131 0.8261 0.6273 0.5541

HaiiBuminit mokasHuk metpuku F1 orpumano 3 dyHkiiieto Leaky ReLU (0.7386),
Hali6inbury TouHicTh (Precision) rmokasana Leaky ReLU (0.8395), Toni Ik HaiiBUIIMIA
nokasHuK HaroBHeHOCTi (Recall) — ELU (0.7286). 3a 3HaueHHsIM MeTpuku IoU
HalKpanmii pesyabTat 3abesneunsa Leaky ReLU (0.5856).

BucHoBkmu. Haiikpamii pesyabTaTu 3a OiIbIIICTIO MeTpPMK IIOKasaja
akTuBaliiHa @yskiis Leaky ReLU, mo po6uTs ii onTuMaabHUM BMOOPOM IJ1s1 3a1a4
cermeHTallii BogHuxX 00'ekTiB. ®yHKiiss ELU 1okasasa BMCOKY HAIlOBHEHICTb, aje
HU3bKY TOYHICTb, HI0 CBiAYMUTbH IPO CXWUJIbHICTb OO HAAJIMIIKOBOTO BUSBJIEHHS

00'eKTiB.

NITEPATYPA

1.Viktoriia Hnatushenko, Oleksandr Honcharov. Land cover mapping with Sentinel-2
imagery using deep learning semantic segmentation models.// Proceedings of the X
International Scientific Conference "Information Technology and Implementation" (IT&I
2024). - Kyiv, Ukraine, - November 20-21, 2024. - p.1-18 CEUR-WS.org/Vol-3909 -
Information Technology and Implementation (IT &I 2024)

2.Ronneberger O., Fischer P., Brox T. U-Net: Convolutional Networks for Biomedical Image
Segmentation. Medical Image Computing and Computer-Assisted Intervention. 2015. Vol.
9351. P. 234-241.

3.Zhou Z., Siddiquee M.M.R., Tajbakhsh N., Liang ]J. UNet++: A Nested U-Net Architecture
for Medical Image Segmentation. Deep Learning in Medical Image Analysis and Multimodal
Learning for Clinical Decision Support. 2018. P. 3-11.

4.Zhang Z., Liu Q., Wang Y. Road Extraction by Deep Residual U-Net. IEEE Geoscience and
Remote Sensing Letters. 2018. Vol. 15, Issue 5. P. 749-753.

5.Shanmugamani R. Deep Learning for Computer Vision: Expert techniques to train
advanced neural networks using TensorFlow and Keras. Packt Publishing, 2018. 472 p.
6.Chollet F. Deep Learning with Python. Manning Publications Co., 2018. 384 p.

ISSN 1991-7848 571




International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2025

RESEARCH ON THE EFFECT OF ACTIVATION FUNCTIONS ON THE ACCURACY
OF WATER BODY SEGMENTATION FROM SATELLITE IMAGES
Pavlo Kundenko, Viktoria Hnatushenko

Abstract. A comparative analysis of various activation functions (ReLU, Leaky ReLU,
ELU, PReLU, Swish, RReLU) was conducted within a U-Net neural network architecture
for the purpose of binary segmentation of water bodies in Sentinel-2 satellite imagery.
The experimental design employed a fixed number of training epochs and a consistent set
of images, thereby enabling an objective assessment of the results. The findings
demonstrate that the selection of the activation function substantially influences the
effectiveness of neural network-based segmentation. Among the evaluated functions,
Leaky ReLU produced the highest F1 score, as well as superior Precision and IoU values.
In contrast, while the ELU function exhibited the highest Recall, its markedly lower
Precision indicates a tendency toward over-segmentation. Based on these observations,
Leaky ReLU is recommended as the optimal choice for water-body segmentation in
satellite images.

Keywords: neural network, segmentation, activation function, U-Net, satellite images,
Sentinel-2
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