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n robotic systems
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3.3 ICT in networks and administration
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nd development of software applications
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The collection contains materials accepted by the organizing committee for
participation of the International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and Data-Driven
Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND
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The materials of the conference cover the main directions of development in the field of
artificial intelligence, development and analysis of big data, blockchain and crypto
technologies, control systems in robotic systems, data security and cryptography, ICT in the
network and administration, information systems and technologies in Data Mining, intelligent
technologies management, mathematical modeling, methodology and didactics of teaching
and using ICT, application development, project management. system analysis, software
development. The conference materials were reproduced from the author's originals. The
organizing committee of the conference expresses gratitude to all the participants of the
conference and hopes for further fruitful cooperation.
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SECTION 1. INTELLIGENT SYSTEMS AND DATA-DRIVEN
TECHNOLOGIES

UDC 004.89

DETECTION AND CLASSIFICATION OF MILITARY-PURPOSE
OBJECTS IN AEROSPACE IMAGERY USING YOLO NEURAL
NETWORK ARCHITECTURES
PhD, V. Kashtan 1[0000-0002-0395-5895]‘ DI’.SCi., V. HnatUShEnkO 2[0000-0003-3140-3788]
Dnipro University of Technology, Ukraine
EMAIL: vitalionkaa@gmail.com;? vwgnat@ukr.net

PO3MI3HABAHHS TA KIIACUDIKAIIA OB’EKTIB
BINCBKOBOI'O TIPU3HAYEHHSI HA AEPOKOCMIUHUX
30BPA’KEHHSAX 3 BUKOPUCTAHHSM APXITEKTYP
HEWPOMEPEX YOLO
Ph.D., B. Kamrran, Dr.Sci., B. THaTymienko
Hayionanvnuii mexuniunuii ynisepcumem «/JHinposecvka nonimexnikay, Yxkpaina

Anomayia. Y pobomi Oocniodxceno mouHicmv PO3NI3HAGAHHS  00'€kmig
BIICLKOBO2O NPUBHAYEHHS. HA AEPOKOCMINHUX 300pAdCeHHsIX 13 3ACMOCYBAHHAM
yomupvox apximexmyp Heuponnux mepedic. YOLOvS, YOLOvS, YOLOvY9 ma
YOLOvll, nasuenux na enacHomy Habopi Oanux obcseom 2422 306pasicenns,
PO3N0OINeHUX Ha Yomupu Kiacu mexuiku. Bemanoeneno, wo apximexmypa YOLOvS
3abe3neyye sUWY MOYHICMb OAHUX, MOOI AK Oid OKpeMUXx KIAaci@ MexHiKu, 30Kpema
MAHKIB I 6AHMANCIBOK, MOYHICMb PO3NIZHABAHHA 3ATUUAEMBCS CYMMEBO HUNCUOIO 6
YCIX 00CHIOAHCEHUX apXimeKmypax.

Knwuoei cnosa: posnisnasanns, aepoxocmiumi 3wimxu, YOLO, mpancnopmui
3acobu, 6ilcbKO6L 00 ckmu, 2AubuUHHe HAGYAHHS

Abstract. This paper investigates the recognition accuracy for military-purpose
objects in aerospace imagery using four neural network architectures: YOLOVS5,
YOLOv8, YOLOV9, and YOLOv11, trained on a custom dataset of 2422 images
spanning four vehicle classes. It was established that the YOLOv8 architecture
achieves higher recognition accuracy, whereas for individual vehicle classes,
particularly tanks and trucks, recognition accuracy remains substantially lower
across all investigated architectures.

Keywords: recognition, aerospace imagery, YOLO, military object, deep learning
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Automated detection and classification of military vehicles in aerospace
imagery are a critical component of modern intelligence, surveillance, and
reconnaissance (ISR) systems. In practical applications, it is not sufficient to
assign a generic “military vehicle” label; tactical decision-making requires
identifying the specific vehicle type, such as a tank, truck, or jeep. YOLO-
based deep learning models perform object localization and class prediction
in a single forward pass, but their type-level classification performance under
realistic, domain-specific, and class-imbalanced conditions remains
insufficiently studied. This task is further complicated by small object size,
arbitrary orientation, vegetation occlusion, camouflage, and complex
backgrounds.

This study presents a controlled comparison of four YOLO architectures
(YOLOvV5, YOLOVS8, YOLOV9, and YOLOV11) using a custom aerospace
military vehicle dataset. The dataset includes 2422 images collected from
open sources and annotated in CVAT with oriented bounding boxes (OBBs)
to represent vehicles with arbitrary orientation. After removing non-vehicle
labels and merging duplicate class names, four relevant classes were retained:
military-vehicle, tank, truck, and jeep. The dataset was divided into training,
validation, and test subsets comprising 1700, 480, and 242 images,
respectively.

Figure 1 illustrates a fragment of a detection scenario on a coastal scene
containing three ground-truth military trucks and a group of dismounted
personnel. Figure 2 quantifies the outcome per architecture (TP/FP/FN, F1-
score). YOLOV9 and YOLOv11 achieved a perfect result (TP=3, FP=0,
FN=0, F1=1.00); YOLOV8_s detected all three trucks but produced two false
positives (F1=0.75); YOLOV5 detected none (F1=0.00). No architecture
produced false positives on the dismounted-personnel group, confirming
reliable discrimination between vehicle and non-vehicle objects even when
type-level recall was incomplete.

In Table 1, YOLOV9 and YOLOV11 achieved a perfect result on this
representative scene, correctly detecting all three trucks with zero false
positives and zero missed detections (F1 = 1.00). YOLOvV8_s also detected
all three trucks (zero false negatives) but additionally produced two false-
positive detections elsewhere in the scene, reducing its F1-score to 0.75.
YOLOV5 failed to detect any of the three trucks, resulting in three false
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negatives and an F1-score of 0.00. Notably, no architecture produced false
positives on the dismounted-personnel group present in the same scene,
confirming reliable discrimination between vehicle and non-vehicle objects
even where truck-detection recall was incomplete.

COMPARATIVE DETECTION RESULTS:

I voLov11: TRUCK: 3 (Total: 3) YOLOvB_s: TRUCK: 5 (Total: §)

Bl voLov9: TRUCK: 3 (Total: 3) [l YOLOVS: No detections

Figure 1. Fragment of comparative detection results on a coastal scene with multiple
military trucks

Table 1. Scene-level detection outcome (coastal scene, 3 ground-truth trucks)

Model TP FP FN F1-score
YOLOv11 3 0 0 1.00
YOLOV9 3 0 0 1.00
YOLOVS8 s 3 2 0 0.75
YOLOvV5 0 0 3 0.00

This study compared four YOLO architectures (YOLOvV5, YOLOVS,
YOLOV9, YOLOv11) for military vehicle detection in aerospace imagery
using a custom dataset. YOLOV9 and YOLOvV11 achieved perfect detection
(F1 = 1.00), YOLOV8_s achieved full recall with two false positives (F1 =
0.75), and YOLOV5 detected none (F1 = 0.00), showing that architectural
choice meaningfully affects the trade-off between missed detections and false
positives.
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DIAGNOSIS OF LUNG PATHOLOGY USING A HYBRID
NEURONETWORK MODEL
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JIIATHOCTHUKA ITATOJIOI'Ti JIEFTEHb 3 BAKOPUCTAHHSIM
I'IBPUHOI HEHPOMEPEKEBOI MOJIEJII
Dr.Sci., M. Kopababos, O. Tkauyk, A. JleBuyk
Xaprxiecvkuil HayioHaibHUull yHigepcumem padioerekmponixy, Yrpaina

Anomauin. s niosuwenns egexmuenocmi OIlA2HOCMUKU NAMOJO2I] JleeeHb
3anPOnOHOBAHO 2IOPUOHY MOOelb, KA BUKOPUCMOBYE: OCHOPUMHY WIMYUHY IMYHHY
Mepedicy O ceemewmayii  6cix  KIUMUHHUX — 0€p, WO  MiCmMAMbCs 8
eicmonamono2iunomy 306pagicenni, ma Gopmysanns epaga 63aemo38 A3Ki@ KIIMuH;
2pagosy  320pmKO8Y HEUPOHHY Mepexcy Ofsi BUIYYEHHS O3HAK NpOCmopogoi
cmpykmypu  KImuH 2pady; 3a20pmKosy HeUpoHHY Mepexcy OAf  GUIYUEHHs
CEeMAHMUYHUX O3HAK 13 300padicenns. [IposedeHi excnepumenmanvhi OOCTIOHCEHHS
NIOMBEPOHCYIOMb eheKMUBHICIMb 3aNPONOHOBAHOT MOOENI.

Kniouosi cnosa: obpobra 300padicenv, namonocis JezeHv, a0eHOKAPYUHOMA,
diaznocmuKa, MawunHe HaGYaHHs

Abstract. To increase the efficiency of lung pathology diagnosis, a hybrid model is
proposed that uses: a dendritic artificial immune network for segmentation of all cell
nuclei contained in the histopathological image and formation of a graph of cell
relationships; graph convolutional neural network for extracting features of the
spatial structure of graph cells; convolutional neural networks for extracting
semantic features from an image. The experimental studies conducted confirm the
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effectiveness of the proposed model.
Keywords: image processing, lung pathology, adenocarcinoma, diagnostics,
machine learning

Pak jereHp BXOAWTH A0 YUCIA MPOBITHIX OHKOJOTIYHUX 3aXBOPIOBAHb i
CTaHOBUTHh CEPHO3HY 3arpo3y [UIi 3I0pOB’S Ta JKUTTA JroawHu [1].
HaiimommpeHimuM  TiCTONATONOTIYHAM  THIIOM  PaKy  JIET€Hb €
aJIeHOKapIIMHOMA, Ha SIKy INpHIaJae HaWOUIbIa KiIbKICTh BUIAIKIB paky
nereHb. TOYHE BU3HAYEHHS THIIIB POCTY Ta MPONOPLIN aIeHOKapLUHOMHU 32
JIOIIOMOT0I0 MOBHOCaloBoro 3o00paxkennss (WSI) [2] mae BupimanbHe
3HAUEHHsl JUISl JIarHOCTHMKH, JIIKyBaHHS Ta mporHozy. OnHak TpaaMuiiiHi
METOJHU JI03BOJISIFOTh JIMIIE OLIHUTH, ajleé HE BU3HAYUTU KIUIBKICHO CTYMiHB
3aXBOPIOBaHHs JiereHb. BukopucranHs TexHousorii WSI Ta xomn toTepHOl
IiarHOCTUKU 3a0e3medye OUTbIN  ePEeKTHBHY CTpPATETil0 IIarHOCTHUKU
a/ICHOKapIIMHOMH JIETEHb, JOMOMAaral4y I1aToJOraM IIBHIKO IOCTABUTH
J1arHO3 1 CTBOPIOIOYH OCHOBY AJISI MOJAJIBIIOTO JIIKYBaHHS.

VY nmiarHoCcTHII MATOJNOTI] JE€TeHb, 30KpeMa aJeHOKapIIMHOMH, BaXKIIBOIO
€ KUTbKiCHA OITiHKa 3aKOHOMIPHOCTEH pOCTy TKaHWH 32 TiCTOMATOJOTIYHHMHU
300paxenHsMu. Jlns miel MeTHM MOXKHa BHMKOPHCTOBYBATH 3TOPTKOBI
HEeWpOHHI Mepexi, ajie BOHH HE BPaxOBYIOTh MPOCTOPOBI Ta 4acOBi 3B’SI3KK
MDK O3HaKaMH Ha 300pakeHHI, 110 3HIKYE TOYHICTh IPOTHO3YBaHHS. 3TiHO
3 UM JIOUITBHO PO3pOOUTH HEHpOMEpEKeBY MOJETb Ui JAiarHOCTUKH
naroJyiorii JereHb, ska O OJHOYAaCHO BpaxoByBaJa SK MPOCTOPOBI
(cTpyKTypHi), TaK 1 CEMaHTH4YHI O3HAKU 3aXBOPIOBAHHS JIET€Hb.

Y poOoTi mpOMOHYETBCs TiOpUIHA MOJENTh TITUOOKOTO HAaBYAHHS JUIS
JIarHOCTUKHM aJ€HOKapIUHOMHM JiereHb (pHuc. 1), sika TNO€AHYye IepeBaru
rpadoBux 3roprkoBux Mepexk (GCN) Ta 3ropTKOBHX HEHPOHHHUX MEpeK
(CNN) y ricTonaToJ0TigyHOMY aHali3i.

Becs mpouec posmizHaBaHHS CKJIQIAETHCS 3 TPHOX YaCTHH.

1. Moxyns GCN. [Iyis cermMeHTaii BCiX KIIITHHHHX SAEP, IO MICTITHCS B
TiCTONATOJIOTIYHIHM JIISHIl, BUKOPUCTOBYETHCS MOJIENb ITYYHOI TEHAPUTHOL
imynnoi mepexi (DaiNet) [3]. 3a nomomororo DaiNet BUTATYIOTBCS SepHI
0o3HaKM Ta (hopMyeThCs Tpad 3B’S3KiB, AKUH BUKOPHUCTOBYETHCS SIK BXIiIHI
nmari s GCN, m0 3aCTOCOBYETHCA U BHIYYECHHS O3HAK IPOCTOPOBOI
CTPYKTYPH KIIITHH.
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Pucynok 1. ApxiTekTypa 3anponoHOBaHOi TiOpHIHOT HEHPOHHOT Mepexi s
pO3Mi3HaBaHHS MATOJIOTI{ JereHb

2. Moayne CNN. CeMaHTHYHI O3HAKH BUTATYIOTHCSA 3a JomtoMororo CNN,
30Kkpema, HelipoHHOT Mepexki EfficientNetB3 [4].

3. O0’ennanHs 03HaK. [IpocTopoBi cTpykTypHi 03Haku 3 Moxyins GCN ta
cemaHTH4HI 03Haku 3 Moaysisi CNN 00’enHyIOTbCS Ui BU3HAYCHHS THILY
3aXBOPIOBAHHS JIETSHb.

IMicns  arperamii  MyJbTUMOAAIBHUX  O3HAK  BHUKOPHUCTOBYETHCS
MOBHO3B SI3HUH IIap HAcTymHOi omepaiii 3 o3Hakamu. Kpim Toro, st
0OMeKeHHS YaCTKH 00’eTHaHHSA pi3HHX MOJTAJIBHUX O3HaK
BHUKOPHCTOBYETHCSI MEXaHI3M YBard Ha OCHOBI CTPOOYBaHHSI.

l'onoBHUM 3aBHaHHAM CerMeHTalii sApa € BUALICHHS PIi3HUX szep, L0
MICTATbCS y (parMeHTi BXIJHOTO 300pa’kKeHHs, SKMH BKJIIOYa€ HOPMalbHI
KITHHY, TYyXJWHHI KIITHHA Ta KIITHHM CIIOJNYYHOI TKAaHUHH, MIO
MiATPUMYIOTh (YHKIIOHYBaHHS IHIIMX KIITHH. SlApa KIITHH, OTpHMaHi B
pe3ynbTari CerMeHTamii sapa, MoTiM OyayroTbes y BuUMsiAi rpada Ta
nogaroThest 10 Moyt GCN 11t OTpMaHHS IPOCTOPOBHX O3HAK.

Metoto CNN € KOayBaHHS CEMAaHTHYHUX O3HAK yChOro (parMeHTa
300pa)KeHHs, SIKI MOXXHa BHKOPHCTOBYBATH JUISl OTPUMAaHHs 3arajibHol
iHdopMallii, Mo MICTUTHCS B 300pakeHHi, a TAKOXK JOJATKOBOI iHpopMaIrii
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PO TIPOCTOPOBY CTPYKTYPY KOMIPOK. Y pOOOTI SIK €KCTPAKTOp O3HAaK OyJio
Bukopuctano CNN EfficientNetB3 [4], mo ckiamaeTbcs 31 3rOpTKOBHX
mapis, ReLU, MmakcumanbHOro 00’€IHaHHS Ta MOBHICTIO 3B 53aHOTO LIApY.

VY wmopeni rimku GCN ta CNN BHABISAIOTH Pi3HI THIIM O3HAK: O3HAKH
CTPYKTYPH KJIITHH BHUTATYIOTBCS SIK BY3JIM Ta peOpa 3a momomoroto GCN, a
03HAKH CEMaHTHUYHOTO 300pakKeHHs BUTATYIOTBCS SK Halip KapT O3HaK 3a
nomomororo  CNN. g  iHTerpamii 1HuX MyJIbTUMOJAIBHUX  O3HAK
BUKOPHUCTaHO 100yTOK KpoHekepa sik MeTol 00’ e THAHHS O3HAK JISL.

bynau mpoBeieHi €KCIEPUMEHTANIBHI JOCIIJDKEHHS 3 BUKOPUCTaHHIM
Ha0Opy TiCTOMATOJOTIYHUX 300pakeHb, SKUH MICTHTH HaHi, OTPHMaHI BiX
NAli€HTIB 3 aJCHOKApLMHOMOIO JIereHb. Yci 3pa3Kh IPEeACTABISIOTH
micisionepaniiHy MaToJorifo, BKIIIOYAIOYH MpernapaTH IMyXJIWHHOI TKaHWHH,
npenapatd HOpMalbHOI TKaHWHHM Ta TNpenapaTH, M0 MICTSATh MEXY MK
HOPMaJIBHOIO Ta MyXJIMHHOK TKaHMHAMH. Pe3ynbTaTé TOKa3yloTh, LIO
3alpONOHOBaHA MOJENb 3JaTHa Kpalle IiJeHTH(]IKYBaTH O3HAKH, SKi
JI03BOJISIFOTH HaM OL[IHUTH 3aKOHOMIPHOCTI POCTY a8€HOKapIIMHOMH.
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METHOD FOR DETECTING PRESENTATION ATTACKS ON
AUTHENTICATION SYSTEMS BASED ON KEYSTROKE
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METOJ BUSBJEHHS HPE3EHTA].[IﬁHI/IX ATAK Y CUCTEMAX
ABTEHTI/I(I)IKAI_IIi 3A JUHAMIKOIO KJIABIATYPHOI'O
ITIOYEPKY 13 3ACTOCYBAHHSIM ABTOEHKOJ/IEPA
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Jepoicasnuil uwguii Haguanvruil 3ak1ad "JJoHeybKull HAYIOHATLHUL MEXHIYHULL
yuigepcumem", Yxpaina

Anomauia. Y pobomi 3anponoHo6aHo  KACKAOHUL  MemoO  GUAGTICHHS.
Npe3eHMAayiiHUX amak y CUCMeMax agmeHmuikayii 3a OUHAMIKOW KIaiamypHo2o
nouepxy. Memoo noeouye ananiz ¢hizionociunoi eapiamusHocmi HAMUCKAHb K1AGiul,
nepegipky  OiomempuuHoi  YHIKAIbHOCMI ~ ma  A8MOeHKOOep  O0OHOKIACO80i
Kiacugikayii,  Hagyewuu — auwle HA  OQHUX  JESIMUMHUX — KOPUCIYBAUIS.
Excnepumenmanvui  pesynomamu  niOmeepodiCyioms — GUCOKY — eeKmugHicmy
3anponoHOBAH020 NIOX00y Oid  BUAGNIEHHA ABMOMAMU306AHUX, NOBMOPHUX MA
CMAmMUCMU4HO CUHME306aHUX AMAK.

Knwuogi cnosa: noseodinkosa biomempis, OuHAMIKa K1a8iamypHo20 HOYepKY,
npesenmayitini  amaxu, A6MOeHKoOep, O0OHOKIACO8A  KIACUDIKAYis, BUABNEHHS
aHomanii.

Abstract. This paper presents a hybrid cascade framework for presentation attack
detection in keystroke dynamics authentication systems. The proposed method
combines physiological variability analysis, biometric identity verification, and a one-
class autoencoder trained exclusively on genuine user data. Experimental evaluation
demonstrates effective detection of automated, replay, and statistical attacks while
maintaining high detection accuracy and real-time computational efficiency.

Keywords: behavioral biometrics, keystroke dynamics, presentation attack
detection, one-class autoencoder, anomaly detection, behavioral authentication.
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Keystroke dynamics enables continuous behavioral authentication
without additional hardware. However, recent advances in artificial
intelligence have increased the risk of presentation attacks capable of
mimicking legitimate typing behavior. Existing presentation attack detection
(PAD) methods rely on deterministic rules or supervised learning methods
and remain vulnerable to previously unseen attacks [1, 2].

This work proposes a hybrid cascade PAD framework that combines
physiological variability analysis, biometric identity verification, and one-
class deep learning to improve robustness while preserving real-time
performance.

The proposed framework consists of three sequential stages. First,
physiological variability analysis rejects automated scripts characterized by
deterministic timing intervals. Second, replay attacks are detected by
comparing the current authentication vector with stored user templates using
the Euclidean distance. Finally, a one-class autoencoder trained only on
genuine samples reconstructs 31-dimensional feature vectors through an 8-
dimensional latent representation. Synthetic attacks generate higher
reconstruction errors because they violate intrinsic relationships between
timing features [3]. The autoencoder uses a symmetric 31-24-16-8-16-24—
31 architecture.

The framework was evaluated using 20,800 genuine keystroke vectors
collected from 52 user profiles. Three presentation attack scenarios were
considered: automated, replay, and statistical attacks. Automated attacks were
rejected during physiological variability analysis, replay attacks during
biometric comparison, and statistical attacks by the autoencoder. The
proposed method achieved an AUC of 0.995, an EER of 2.7%, and an
average authentication latency of 0.2131 ms [4].

The proposed hybrid PAD framework effectively detects automated,
replay, and statistical presentation attacks without requiring attack samples
during training. Experimental results demonstrate its suitability for real-time
keystroke dynamics authentication.

References
1. International Organization for Standardization. (2023). ISO/IEC 30107-3:2023
Information technology—Biometric presentation attack detection—Part 3: Testing
and reporting. International Organization for Standardization.
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CYBERSECURITY ASSESSMENT OF 5G SEGMENTS BASED ON
ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING
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OIIIHKA KIBEPBE3IIEKN CETMEHTIB 5G HA OCHOBI
IITYYHOI'O IHTEJEKTY TA MAIHLIMHHOI'O HABUYUAHHS
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Anomauia.  Bnposadoicenns — mexwonocii - ceememmyeamus — mepesxci Y
cneyugpixayiax 5G 0o3zeonae cmeoprosamu i301606aHi GipMyanvHi niomepexnci 3
pisHumMu napamempamu axocmi oociyeosyeanns. Ilpome apximexmypua eHyuxicmo
ceeMeHmie CMBOPIOE HOGI GeKmMopu Kibepamak, GKIUANYU MIdcCeeMeHmHe
nponuxnenns, DOS-amaku ma eumix Kongioenyiiinux oanux yepes cninvohy Qizuumny
ingppacmpykmypy. Memoio yvoeo Oocniodcennsi € po3pobka  Memoooaozii
mecmyeants —NPOHUKHeHHs —6azamowapogoi  iH@pacmpykmypu — CmilbHUKOSUX
Mepeodic.  3anpononoeana Memooono2is  GUKOPUCTIOBYE  AN20PUMMU  UIYYHO2O
IHMeNeKmy ma MawuHHO20 HABYAHHS, d MAKOJC Nepedosull 00C8i0 Mmecmysants Ha
NPOHUKHEHHST K OCHOBY 0Ji1 NPAGUIbHO20 YNPABTIHHA NPOYECoM MeCmy8aHHs ma
00CACHEHHs, ONMUMATBHUX Pe3VIbImamis.
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Kniouosi cnosa: xibepbesnexa, mepeoici 5G, ceemenmysants mepeici, wimyyHu
iHmenexm, MawuHHe HABYAHHA, 3a2PO3U, ONMUMI3AYIS.

Abstract. The introduction of network segmentation technology in 5G
specifications allows for the creation of isolated virtual subnetworks with different
quality of service parameters. However, the architectural flexibility of segments
creates new cyberattack vectors, including inter-segment intrusion, DoS attacks, and
leakage of confidential data through a shared physical infrastructure. The purpose of
this study is to develop a methodology for penetration testing of the multilayer
infrastructure. The proposed methodology uses artificial intelligence and machine
learning algorithms, as well as penetration testing best practices as a basis for proper
management of the testing process and achieving optimal results.

Keywords: cybersecurity, 5G networks, network segmentation, artificial
intelligence, machine learning, threats, optimization.

Posropranns Mmepex m'storo mokominHs (5G) cyTrTreBo TpaHCOpmye
napajurmy TeJeKOMYHIKalill 3aBAsKN KOHLEMIIT CErMEHTYBaHHS MEpex, LI0
JIO3BOJISIE OTepaTopaM THYYKO BHIUIATH MiAMEPeKi Ui CcrerudiaHmux
noTped, BiA HAaTHAMIMHOTO 3B'SI3KY 3 HU3BKOIO 3aTPUMKOIO JO MACHUBHHUX
B3aeMoJiii B iHAycTpianpHOMY IHTepHeTi peueit [1]. Ilpore nmHAmiuHe
KepyBaHHS Ta CIUIbHE BUKOPUCTAHHS (QI3HIHHUX pecypciB (0OUHCITIOBATHLHIX
MOTY)KHOCTEH, KaHaNIB 3B'SI3Ky) pI3HAMH CETMEHTAMH ITiJBEPraroThCs
pi3HOro Tumy 3arpo3aM. HaHOinpml KpUTHYHUMH € aTakd THUIY
«MDKCETMEHTHOTO BHUTOKY» TIpH SIKii BiIOYBa€ThCsA HECAHKIIOHOBAHUH
JOCTYI 0 130JIbOBAHMX JaHUX CYMIDKHOI'O BHCOKO3aXHIIIEHOTO CErMEHTA.
Came TOMy, BUHUKA€E HEOOXIIHICTh PO3POOKH CydyacCHUX METOJIIB YIpaBIiHHS
0e3IeKol0, sIKi TPYHTYIOTBCSI HAa 3aCTOCYBAaHHS TEXHOJOTIH ILITy4yHOTO
IHTEJIEKTY Ta MAallIMHHOTO HaBYaHHSI.

Jnst  nocsirHeHHsT  HeoOXifHOro piBHA — KibepOe3neku  HEOOXigHO
NPOBOJMTH TECTYBaHHsS BPa3JIMBOCTEH Yy BCIi Mepexi, TeCcTyBaHHs
KOMITOHEHTIB Ta TECTyBaHHsi Ha npoHMKHeHHA [2]. TectyBaHHsS Ha
NIPOHUKHEHHS JIOLIJBHO IPOBOJMTH 3a JIOIOMOTOI0 aBTOMAaTH30BAaHHUX
TEXHOJIOTIH JUIsl CHCTEMAaTHYHOI OLIHKH CTIHKOCTI MEpEXXEBUX €JIEMEHTIB.

B KOHTEKCTI IIbOTO, MPONOHYETHCS BUKOPHCTOBYBATH AITOPUTMH, SIKi
CTBOPIOIOTh MOJICJIIOBAHHS aTaKU 32 JOIIOMOTOI0 JiepeBa aTak, 0a3ylounuch Ha
cucreMaTnyHoMy 30o0pi nanmx. Crouatrky iHpOpMAaIiss TPoO MepexkeBi
mpucTpoi 36upaeTres 3a qomomoroio API ta iHcTpymeHTiB, Takux sk Shodan,

28



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

IO Mi/IKPECIIIOE HEOOXIMHICTh IPYHTOBHOTO PO3YMIHHSI TOHOJIOTIT MEpexi Ta
MOTCHIIHUX Bpa3nuBocTed. [IOTIM TIeHETHYHUH anroput™M 0o0poOIIsIe
ySBJICHHS TPO aTaKy Julsid OI[HKM Ta ONTHMi3alii pi3HUX THIIB aTaku Ha
OCcHOBI (yHKIIi npuaaTHOCTi, ska Oa3yeTbcss Ha CTPYKTYPOBaHHUX
merononorisx PTES ta ISSAF [3]. [Ipouec aBToMaTn30BaHOTO TECTYBaHHS B
Mepexax CTUILHHKOBOTO 3B'SI3KY 5G CKJIQIa€ThCs 3 TPhOX OCHOBHHX ETalliB:
30ip [aHWMX, MOJEIIOBAHHS 3a JIOTIOMOTOI0 INTYYHOTO IHTEJNEKTY Ta
MAaIIMHHOTO HaBYaHHS, a TAKOXK IHTErpamis 3 iIHCTpyMEHTaMH TECTYBaHHS Ha
IIPOHMKHEHHS, 1110 HAaBEJICHO Ha pHC. 1.

3ampornoHoBaHa MeETOMOJOTi 0a3yeThbcsi Ha YHMHHHX CTaHAApTax Ta
3a0e3medye aJanTHBHICTH IO MIBUAKO3MIHHOTO THITY 3arpo3 KibepoOesmeri, a
TaKOX JI03BOJIAE BUSBIISITH BPa3JIMBOCTI, ONTHMI3yBaTH T'€HEPALilo CTpaTerii
aTaky Ta MiJBUILYBaTH PIBEHb YCIIIIHOCTI TECTYBaHHS Ha NPOHHKHEHHS B

CKJIaTHUX MEPECIKECBUX CCPEAOBUIIIAX.
5G/6G network
- mulVAL B . :
slice topology Simplified Matrix

U
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Create initial population
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Send commands
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PucyHnok 1. Y3araipHeHa METOI0JIOTisI TECTyBaHHS Ha MPOHUKHEHHS JUIsl CETMEHTIB
Mepexi 5G Ta mi3HiLuMX Bepciit
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Anomauia. Ilpeocmasneno npoexmysanuss noneculeHoi  Helpomepesiceoi
cucmemu MOHIMOpUHeY Yy6acu 600is, AKA GUABNAE O3HAKU HEY8ANICHOCMI 34
300padicennam 30 36uUYAUHOI  6ebkamepu ma Npayioe 6 pearbHOMYy Yaci Ha
6100%1cemnomy Hoymoyyi 6e3 epagiunozo npuckopiosaua. 3anponoHo8ano MooOYibHUil
KoHeeep i3 08ox enacnux mepedxc: GazeZoneNet Knacu@ikye nanpsm noziady 3a
wicmoma 30Hamu kabinu 6e3 kaniopyeanns, a HeadPoseNet oyinioe kymu naxuny
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eonosu. Awnanimuyna mooenb 00800UmMb, WO Mepexci BUKoHyiomv Oausbko 28
Mminviionie onepayii Ha xadp i Oocsearomv 10-15 Kkadpie 3a cekyHOy Ha
YeHmPanbHOMY NPOYecopi.

Knrouosi cnosa: monimopune 600is, OYIHIOBAHHA 30HU NO2NAOY, OYIHIOBAHHA
NONOJICEHHsL 20J108U, 320PMKO06A HelpoHHa mepedica, iHpepenc Ha CPU ¢ peanvromy
yaci, 8i080IKAHHSA 600

Abstract. The design of a lightweight neural network system for driver attention
monitoring is presented. The system detects signs of inattention from images captured
by a standard webcam and operates in real time on a budget laptop without a
graphics accelerator. A modular pipeline comprising two custom networks is
proposed: GazeZoneNet classifies the gaze direction into six cabin zones without
calibration, while HeadPoseNet estimates head orientation angles. An analytical
model demonstrates that the networks perform approximately 28 million operations
per frame and achieve 10-15 frames per second on a central processing unit (CPU).

Keywords: driver monitoring, gaze zone estimation, head pose estimation,
convolutional neural network, real-time CPU inference, driver distraction.

Road traffic crashes remain one of the leading causes of death worldwide.
The World Health Organization reports about 1.19 million road traffic
fatalities every year, and human error is the dominant contributing factor [1].
Among human factors, driver inattention and distraction play a central role,
because a driver who looks away from the road loses awareness of the traffic
situation. Road safety regulators have responded by mandating in-vehicle
driver monitoring: under the European Union General Safety Regulation,
driver drowsiness and attention warning systems are required for new
vehicles, and driver fatigue is estimated to be a factor in 10 to 25 percent of
all road crashes in the Union. This regulatory pressure increases the demand
for camera-based monitoring that runs on modest hardware.

The most accurate appearance-based gaze and head-pose methods rely on
large networks, on per-user calibration, or on graphics accelerators, which
complicates deployment on low-cost hardware. This work targets a clear
niche: a system that uses only a commodity webcam, runs entirely on a
central processing unit without a graphics accelerator, avoids per-user
calibration, and still operates in real time. It follows a simplified modular
pipeline that combines an efficient face detector [2] with two custom
networks and a temporal decision rule.
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Gaze direction is estimated by a network named GazeZoneNet, which
adopts the multi-input idea of the iTracker model [3] but replaces coordinate
regression with classification over six driving-relevant zones, namely the
road, the left side, the right side, the instrument panel, the center console, and
the downward direction. The final layer applies the Softmax transformation
(1), which converts the network outputs into class probabilities that sum to
one, and the zone with the highest probability is selected.

exp(z;) .

p! Zj‘r:lexp(zj)'l l,...,Nl (1)
where pj is the predicted probability that the gaze belongs to zone i, z; is the
network output before the Softmax layer, and N equals six for the six gaze
zones. Head orientation is estimated by HeadPoseNet, which follows the
keypoint-free regression idea of HopeNet [4] and produces the three angles
yaw, pitch, and roll. Both cues are combined in a duration-based decision
rule that turns per-frame predictions into stable attention states.

The networks are made lightweight by converting the crops to grayscale,
reducing the input sizes, and using a small channel sequence. Table 1 reports
the resulting model complexity. The proposed GazeZoneNet contains about
23 thousand convolutional parameters against about 3.12 million for the
iTracker baseline, a reduction of roughly 134 times, while HeadPoseNet is
even smaller. The compact models fit easily in the limited memory of a low-
end laptop and require no quantization or pruning before deployment.

Table 1. Model complexity of the convolutional backbone

Network Role Conv. parameters Model size
iTracker baseline 3,118,720 12.5 MB
GazeZoneNet proposed 23,344 93 KB
HeadPoseNet proposed 11,672 47 KB
YuNet [2] detector 75,856 303 KB
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Because GazeZoneNet and HeadPoseNet reuse the task formulations of
established baselines, the accuracy reported by those baselines serves as a
reference target. Table 2 summarises these reference values together with the
complexity of the proposed networks. The gaze-zone classification follows
the formulation of Vora and colleagues, whose best convolutional model
reaches about 95 percent macro-average accuracy [5], while the head-pose
regression follows HopeNet and the related 6DRepNet. The proposed
networks reach comparable reference quality with orders of magnitude fewer
parameters.

Table 2. Accuracy of the baseline methods and complexity of the proposed networks

Task Method Accuracy/MAE | Params (M)

Gaz_e_—zor)e Voraetal. [3], 95.18 % 12
classification SqueezeNet

Gaz_e_—zor_le GazeZoneNet 95 % 0.023
classification (proposed)

Head-pose

regression HopeNet [4] 6.16° MAE 23.9
(AFLW2000)

Head-pose

regression 6DRepNet 3.97° MAE —
(AFLW2000)

Head—p_ose HeadPoseNet ~ 6° MAE 0.012

regression (proposed)

The computational cost of the two networks together is only about 28
million multiply-add operations per frame. A throughput estimate shows that
this workload reaches the target band of 10 to 15 frames per second even on a
weak processor, so the camera rate and the other pipeline stages, rather than
the networks, set the final frame rate. These results confirm that real-time
driver gaze and head-pose monitoring can be brought to inexpensive
commodity hardware without a dedicated accelerator. Future work will
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collect and label the custom six-zone dataset, train both networks, and add
the eye-closure analysis needed for a driver-fatigue state.
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Anomauia.Memoio Oocniodxcennss € 3abesneueHHs epeKmueHoCcmi Cmanoeo
mpekiney — 6esninomunozo  nimaaivHoco  anapama  (BII/IA),  eussnenoco @
ingpauepsonomy cnexkmpi. Lle Oyno 0ocazHymo wiiaxom 6UKOPUCMAHHA MeNnio8oi
kapmu bBIIJIA (iioco Osueyna) y noeonanHi 3 MPAOUYItIHUMU  MemOoOaMU
BIOCMEIICEHHSA, 3 YPAXYBAHHAM OOMEMNCeHb K HABYANLHUX HAOOPIE OaHux, max i
00UUCTIIOBATILHUX  MOJICIUGOCMEU  nepuepitinux npucmpois. Y xo00i peanizayii
npoekmy OYn0 pO32NAHYMO KilbKa NOWUPEHUX ANeOPUMMIE 8i0CmedtCcenH s, 30Kpemd
¢inomp Kammana, SORT (Simple Online and Realtime Tracking) ma osa eapianmu
aneopummy DeepSORT, ski 6iopisusanucs cnocobom Gopmy8aHHs Kapmu 03HAK: 00UH
BUKOPUCIOBYBAE 2ICMOZPAMY PO3NOOLTY MeMnepamypu, d iHwul — NOnepeoHbo
HABYEHY HEeUPOHHY MepPeNCy.

Knrouosi cnosa: C-UAV, UAV, SOD, TIR, MRF, DeepSORT, ¢iremp Kalman

Abstract.This study aims to effectively track an unmanned aerial vehicle (UAV)
detected in the infrared spectrum. This was achieved by utilizing its heat map in
conjunction with traditional tracking methods, while also considering the limitations
of both the training datasets and the computational capabilities of edge devices. As
the project progresses, several common tracking algorithms were considered,
including the Kalman filter, SORT, and two variants of the DeepSORT algorithm that
differ in feature map formation: one uses a temperature distribution histogram, while
the other employs a pre-trained neural network.

Keywords: C-UAV, UAV, UAV, C-UAV, SOD, TIR, MRF, DeepSORT, Kalman
filter

The war in Ukraine, as the main theater of UAV deployment, has gone
beyond its borders. The Middle East is becoming an active player, where the
production [1] and combat use of UAVs [2] is growing very rapidly. At the
same time, Ukraine remains the region with the highest intensity of combat
use of UAVs in the world - each side of the conflict has delivered more than
1 million drones to the front, mostly tactical FPV drones. It is obvious that
the growth of the scope of production and use of strike UAVs leads to the
search for ways to effectively combat them, that is, detection, identification
and tracking in the tasks of interception and destruction. A large number of
works are devoted to the study of UAV detection issues, which indicates the
relevance of the issue. Analysis of the dynamics of the development and use
of UAVSs, as well as measures to combat them, allows to talk about the need
for the integrated use of various methods and approaches, such as acoustic
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reconnaissance [3], the use of optoelectronic sensors [4] and sensors in the IR
range for nighttime detection, etc.

Based on the information provided on the dynamics of UAV production
and application, the above-mentioned detection, identification and tracking
tasks are quite relevant in the framework of building counter-UAV (C-UAV)
systems. As noted in the abstract, several algorithms were used in the study.
For all algorithms, the input data was derived from the previous detection
stage, which involved applying bounding boxes using the Markov Random
Fields (MRF) algorithm optimized with Graph Cut (GC). A further
development of the SORT algorithm in terms of improving the cost function
was the DeepSORT algorithm, which added deep Re-ID features and made
the detection-track association stage itself much smarter. Its key idea involves
combining  information  about the UAV's  movement (via
Kalman/Mahalanobis) with appearance features (via CNN-embedding) in a
single cost function.

For the case of hot engine detection as features for IR images, the neural
network can be replaced by simple brightness (or temperature) features
(because there is no texture). The study considered two options: brightness
features and a simple neural network. For the IR image (heat map) without
Re-ID network, thermal features were used — a histogram of temperatures
inside the bbox.

The proposed Re-ID IR network is a lightweight convolutional neural
network designed specifically for thermal IR re-identification of a single
engine object. The architecture follows an encoder-head paradigm and
contains approximately 15,000 trainable parameters, making it suitable for
embedded or resource-constrained deployment. A training dataset consisting
of up to 2,000 heat maps was created, enabling the training of the neural
network on real data rather than synthetic data. This approach facilitated the
testing of different architectures to achieve the highest tracking accuracy.

The algorithms studied demonstrated high accuracy and reliability in tracking
UAVs in the infrared (IR) range using raw temperature data obtained from
heat maps generated by IR sensors. It is clear that enhancing tracking models
by integrating the heat map context control component into the cost matrix of
the DeepSORT algorithm - alongside the spatial component from the SORT
algorithm—significantly improved both the Intersection over Union (loU)
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and Multiple Object Tracking Accuracy (MOTA) metrics. After comparing
the effectiveness of various methods and considering potential limitations
regarding data availability and necessary computing power, it was concluded
that implementing the DeepSORT algorithm in practice is appropriate. This
approach utilizes feature maps based on temperature distribution histograms
from the heat map. The performance metrics from this method are only 1-2%
lower than those of approaches that rely on neural networks for tracking. It
should also be noted that the efficiency of the algorithms is much better when
using raw temperature data from heat maps than processed data in PAL and
MP formats.

References

1. A Comprehensive Approach to Countering Unmanned Aircraft Systems. Joint
Air Power Competence Centr // 2024. - 644 p.

2. MarketsandMarkets, “Middle East UAV (Drone) Market worth $3.31 billion by
2030,” Marketsandmarkets.com, 2025. https://www.marketsandmarkets.com/
PressReleases/middle-east-uav-drone.asp (accessed Apr. 21, 2026).

3. 0. V. Zaritskyi and O. V. Ponomarenko, “Intelligent Analysis of Sound Patterns
of Unmanned Aerial Vehicle Engines in the Tasks of C-UAS Systems
Development,” International Journal of Computing, pp. 387-396, Jul. 2025, doi:
https://doi.org/10.47839/ijc.24.2.4023.

4. 0. Zaritskyi, “Object Detection Models in Counter-Unmanned Aircraft Systems
Based on Devices with Limited Computing Capabilities,” presented at the 13th
International Scientific and Practical Conference “Information Control Systems
and Technologies”, ICST 2025, CEUR-WS, 2025.

UDC 004.8:37

PREPARING STUDENTS FOR ICT JOBS: TEACHING MAJOR-
SPECIFIC SUBJECTS WITH Al DEVSECOPS FRAMEWORK
DI".SCi., D. ZUb0V1[0000'0002'5601'7827], Dr.Sci., A. Kupin2[0000-0001—7569-1721]]
Ph.D., S. Goundar3°°°°'°°°1'6465'1°97], Ph.D., M. Faya24[0000-0002—7554—290X]
L34University of Central Asia, Kyrgyz Republic,
2Kryvyi Rih National University, Ukraine
EMAIL: dzubov@ieee.org, 2kupin@knu.edu.ua, 3sam.goundar@ucentralasia.org,
“muhammad.fayaz@ucentralasia.org

37


https://doi.org/10.47839/ijc.24.2.4023

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

HNIATOTOBKA CTYAEHTIB 10 POBOTHU B I'AJIY3I IKT:
BUKJVIAJAHHS CIIEHIAJII3BOBAHUX ITPEJIMETIB 3A
JIOIOMOI' 010 ®PEMMBOPKY AI DEVSECOPS
Dr.Sci., A. 3y6os?, Dr. Sci. A. Kynin?, Ph.D., C. F'ynnap?, Ph.D., M. ®as3*
L34 Vuisepcumem Llenmpanvhoi Asii, Kupeusvka Pecnybnixa,
2Kpueopizvxuii nayionansnuii ynisepcumem, Yxpaina

Anomauia. YV yvomy OocniodxcenHi npeocmasneHo pesyavmamu iHmezpayii
¢peiimsopry Al DevSecOps y xypcu IKT ¢ Yuigepcumemi Llenmpanvuoi Asii.
TopisHanbHull ananiz 0ceiMHL020 3MICMY, NPEOCMABNIEH020 KINbKICIIO MEPMIHIE 3
HEHYIb0BOIO  KINbKICMIO — NOBMOPEHb Y MeKCMOBOMY  KOpnyci, — npeomema
«Komn'tomepni mepediciy 3 akyenmom na npoepamme/anapamue 3a6esneuenns Cisco
3 ocinnix cemecmpie 2022/2023 ma 2025/2026 HasuanbHux pokKie, HOKA3VE
30inbuwents 6 1,78 pasa npu ukopucmanHi npedCcmasieno2o ppetimMeopKy.

Knwuoei cnoea: IKT, punox npayi, wmyunuii inmenexkm, DevSecOps,
YyHigepcumem, Kibepbesnexa.

Abstract. This study presents the results of integrating the Al DevSecOps
framework into ICT courses at the University of Central Asia. The comparative
analysis of the educational content, represented by the number of terms with non-zero
occurrences in the text corpus, of the “Computer Networks” subject with an emphasis
on Cisco soft-/hardware from the fall semesters of the 2022/2023 and 2025/2026
academic years shows a 1.78-fold increase using the presented framework.

Keywords: ICT, job market, Al, DevSecOps, university, cybersecurity.

Information and Communications Technology (ICT) impacts almost
every aspect of human life nowadays. Over the past five years, the rapid
advancement of software-defined networking, cloud-based applications, and
Al-driven automation has transformed modern smart infrastructures and
reshaped patterns of social interaction. Students entering the workforce
should be equipped with both theoretical knowledge and job-ready skills.
Academic curriculum development is now transforming towards Avrtificial
Intelligence (Al) and DevSecOps technologies worldwide. The additional
time required for educators to manually design, review, and update teaching
materials often results in low-quality teaching, and hence they cannot keep
pace with new trends and industry requirements.
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The challenge of teaching ICT-related subjects is illustrated with the
major-specific course “Computer Networks” in this study. Teaching modern
networking requires both complex theoretical concepts and rigorous practical
application, and heavily relies on industry-standard technologies, e.g., those
provided by Cisco. Teaching staff should follow continuous ICT changes to
keep presentations up-to-date, design diverse practical labs in Cisco Packet
Tracer, and generate quiz questions that accurately test both theory and
practice. Furthermore, with cybersecurity becoming a foundational element
of all ICT infrastructure, security principles must be integrated directly into
every ICT class.

This study presents the results of the Al DevSecOps framework adoption
in the “Computer Networks” course at the University of Central Asia (UCA),
Naryn campus. This study shows that teaching staff can significantly expand
the educational content while ensuring students learn the course materials and
engage with up-to-date practical industry standards. Using the "Computer
Networks" subject with Cisco technologies as an example, this paper
demonstrates the application of this framework to the development of lecture
presentations, practical assignments, and quizzes that prepare students to be
ready for modern ICT jobs.

The study follows a structured process in multiple stages:

1. The data were collected from the Moodle learning management system
for the “Computer Networks” course from the fall semesters of 2022/2023
and 2025/2026 academic years at UCA. These academic years represent the
course development without and with the use of Al tools.

2. Comparative analysis of terms’ occurrences was applied to identify the
most representative text corpus using specialized vocabulary. This method
offers a quantifiable approach to track curriculum changes and industry
alignment but does not provide qualitative insights into pedagogical
effectiveness or student comprehension.

The comparative analysis of the course content (this study assumes it can
be represented by the number of terms with non-zero occurrences in the text
corpus) from the fall semesters of the 2022/2023 and 2025/2026 academic
years (grade point averages were approximately the same) shows a 1.78-fold
increase. Based on this indicator, the Al DevSecOps framework
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significantly improves students’ active participation in a modern Al-
augmented technical ecosystem and makes them ready for ICT jobs.

The use of Al DevSecOps framework in the educational process
enhances students' readiness for modern software engineering environments
by familiarizing them with contemporary practices such as agile secure
development and Al-assisted "vibe coding."
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BATATOKPUTEPIAJIBHA OIITUMIBALIISA METOIIB PCA TA
T-SNE JJisA BHU)KEHHSA POSMIPHOCTI
Dr.Sci., B. Pomanmwk, Dr.Sci., C. Mepinosa
Binnuyvxuii mopeosenvro-exonomiunuil incmumym J{epcagnozo mopeogenbho-
EeKOHOMIYHO020 YHigepcumemy, Yxpaina

Anomauia. [ocniodxceno enaus ycix 3a0eKiapo8aHux napamempis Mmemooie
ananizy eonosuux xomnowenwm (Principal Component Analysis, PCA) ma
cmoxacmuuno2o  eKuadenns cycioig iz t-posnodinom (t-distributed Stochastic
Neighbor Embedding, t-SNE) na sixicme 3nusicenns posmipnocmi danux. Pozpobneno
YHIGIKOGaHUL nioxi0 do 6azamoxkpumepianvroi onmumizayii napamempie PCA ma
t-SNE, 'y saKkomy  3HUdICEHHSI  PO3MIDHOCMI — pO32750a€mvCsi K 3a0ayd
bacamokpumepianvroi  onmumizayii 3 0OHOYACHOIO — ONMUMI3AYIEI0  KITLKOX
nokasnuxie sxocmi. Pesynemamom ¢ cuninemon Ilapemo-ymounenns, wo
npeocmasnie eeKmueHUll KOMAPOMIC MIdC AKICMIO  6KIAOCHHS, MOYHICMIO
Kaacugpixayii, cmiikicmio ma 004UCII08AIbHOI eeKMUGHICMIO.

Kniouosi cnosa: nusvkosumipne exnadenns, perplexity, exaggeration, weuokicme
Haguanms, napamemp anpoxcumayii bapnca - Xama, ouckpemna onmumizayis,
Iapemo-epexmugna muodcuna, cuninemon Ilapemo-ymounennsi.

Abstract. We investigate the impact of all declared parameters of Principal
Component Analysis (PCA) and t-distributed Stochastic Neighbor Embedding (t-SNE)
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techniques on the dimensionality reduction (DR) quality. We develop a unified
framework for the multi-objective optimization of PCA and t-SNE parameters by
considering DR as a multi-criteria optimization problem, where several quality
measures are optimized simultaneously. The result is a Pareto refinement singleton
representing efficient trade-offs between embedding quality, classification
performance, robustness, and computational efficiency.

Keywords: low-dimensional embedding, perplexity, exaggeration, learning rate,
Barnes — Hut approximation parameter, discrete optimization, Pareto-efficient set,
Pareto refinement singleton.

Among the numerous dimensionality reduction (DR) techniques,
Principal Component Analysis (PCA) and t-distributed Stochastic Neighbor
Embedding (t-SNE) remain two of the most widely used approaches [1].
Although both methods pursue DR, they solve substantially different
problems. PCA provides a linear projection maximizing the explained
variance of the transformed data [2], whereas t-SNE constructs a nonlinear
embedding aimed at preserving local neighborhood relationships [3]. Each
method possesses a number of algorithmic parameters whose selection
considerably affects the quality of the resulting representation. Therefore, we
develop a unified framework for the multi-objective optimization of PCA and
t-SNE parameters by considering DR as a multi-criteria optimization
problem, where several quality measures are optimized simultaneously.

The PCA parameters are: the number of retained principal components,
the required proportion of explained variance, the singular value
decomposition (SVD) solver, randomized or exact decomposition methods,
the number of power iterations, oversampling parameters used in randomized
SVD, whitening, tolerance values for iterative solvers, random initialization
settings, and other numerical parameters affecting convergence and
computational efficiency [2]. Although PCA has considerably fewer
hyperparameters than nonlinear DR methods, their influence on clustering
quality, class separability, information preservation, and execution time has
not been systematically investigated from a multi-objective optimization
perspective.

The optimization of t-SNE is substantially more challenging because of
the considerably larger number of interacting hyperparameters: perplexity,
early exaggeration coefficient, late exaggeration coefficient (where
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supported), learning rate, automatic learning-rate strategy, maximum number
of optimization iterations, number of iterations during the early exaggeration
stage, momentum coefficients, initialization method (PCA or random),
embedding dimensionality, Barnes - Hut approximation angle, FFT
interpolation  parameters, interpolation grid resolution, number of
interpolation  points, negative gradient approximation parameters,
nearest-neighbor search method, approximate nearest-neighbor parameters,
random seed, optimization tolerance, gradient clipping options, minimum
gradient norm for early stopping, multithreading settings, number of
processing threads, exact or approximate affinity computation, affinity kernel
parameters, and other implementation-specific controls affecting both
embedding quality and computational performance [1, 3].

Into the multi-objective optimization we include native t-SNE
minimization of Kullback - Leibler divergence, Davies — Bouldin index,
computational runtime, and maximization of Trustworthiness, Continuity,
Silhouette coefficient, Calinski - Harabasz index, classification accuracy
obtained on the reduced representation.

Additional objectives may also be incorporated when appropriate,
including  neighborhood  preservation  measures, local continuity
meta-criterion, normalized stress, explained variance (for PCA),
reconstruction error, distance preservation metrics, cluster compactness,
inter-cluster separation, and stability of embeddings across repeated
executions with different random initializations.

The search for Pareto-efficient parameter configurations is performed as
follows. Every candidate solution represents one complete configuration of
PCA or t-SNE hyperparameters. For every configuration, DR is performed,
all objective functions are evaluated, and the obtained solution is either added
to the Pareto set or excluded.

Thereupon the obtained Pareto set is iteratively refined to a singleton
whose element is the final solution representing efficient trade-offs between
embedding  quality, classification  performance, robustness, and
computational efficiency.

To ensure statistically reliable conclusions, we carry out the optimization
on datasets of sizes varying between a few thousand and a few million
observations, having between a few ten and a few thousand features, with up
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to several hundred classes. For accomplishing this, we consider both
synthetic datasets with controllable statistical properties and publicly
available benchmark datasets. We investigate the influence of the number of
observations, the number of original features, intrinsic dimensionality, class
imbalance, class overlap, and noise level on the obtained Pareto set and its
refinement. For t-SNE, Barnes - Hut and FFT-based algorithms are compared
with further determining under which conditions each implementation
becomes preferable.

The expected outcome of the research is a comprehensive methodology
for multi-objective optimization of PCA and t-SNE that combines
quantitative embedding quality assessment, computational efficiency, and
classification performance into a unified optimization framework. The
research is expected to reveal the relative importance of individual
hyperparameters, identify interactions among them, determine their
sensitivity to dataset characteristics, and establish practical guidelines for
selecting DR parameters across different implementations and application
domains.

The proposed framework is intended to serve as a general
decision-support tool for practitioners seeking balanced DR solutions rather
than relying on default parameter values or empirical trial-and-error tuning.
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PO AYTMEHTANIIO JAHUX JJIS1 BA3OBUX MOI[EJIEFI y
PAI[IO‘IACTOTHIﬁ OBJIACTI
. Ilupman, Dr.Sci., B. Ilecuanenko
Xepconcokuil [leporcasnuil Yuieepcumem, Yxpaina

Anomauia. Ayemenmayis Oanux € 3pinolo CKIa0060I0 HABYAHHS NPEOCMABICHb )
Komn'tomepHomy 30pi ma 00podyi npupooHoi Moseu, npome 8 padiouaACmMOMmHIl
obnacmi  6ona  samuwacmecs  @ysvkow. Hasimb  newooaeni  pobomu 3
CAMOKOHMPONILOBAHO2O HABYAHHSA MA 0A306UX MOOenell HA CUpuUX padioyacmomHux
OaHUX CRUpAIOMbCsl HA Heelukull Habip npocmux nepemeopens. Y pobomi
AHANIZYIOMbCSL NPUYUHY MAKOL cumyayii, Ha80OSIMbCsl NPUKIAOU (QI3UYHO 3HAYYUUX
ayemenmayiil, sKi 3a36udail i2HOPYIOMbCS, MA OOIPYHMOBYEMbCS, WO pemelbHe
NPOEKMYBAHHA NOATMUK ayeMeHmayii € HeoOXIOHOI0 nepedyMo80lo 04 noOy00su
CcnpasdicHix 6a308ux mooeell.

Knrouoei cnoea. Paoiouacmomni cucHal, ayemenmayis OaHux,
CAMOKOHMPONbOBAHE HAGUANHS, OA308A MOOENb, KOHMPACMUBHE HAGUAHHSL.

Abstract. Data augmentation is a mature and central component of representation
learning in computer vision and natural language processing, yet it remains
comparatively narrow in radio frequency research. Even recent self supervised and
foundation model efforts on raw in phase and quadrature data rely on a small set of
trivial transforms. This work examines the underlying causes, lists physically
meaningful augmentations that are routinely omitted, and argues that careful
augmentation policy design is a prerequisite for genuine wireless foundation models.

Keywords. Radio frequency signals, data augmentation, self supervised learning,
foundation model, contrastive learning.

Recent self supervised studies on raw in phase and quadrature data
typically apply augmentation budgets of no more than five operations, often
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only additive white Gaussian noise with at most a phase rotation or a small
time shift [1, 2]. Many physically meaningful augmentations are rarely used
in pretraining pipelines. Receiver hardware impairments such as DC offset,
IQ imbalance, and power amplifier distortion are almost absent. Channel
effects are reduced to additive noise, with time and frequency selective
fading, Doppler effect, and adjacent channel interference all uncommon.
Frequency shift, circular time shift, and multi signal mixing with controlled
interference are similarly under utilised, even though each captures a
fundamental aspect of how real radio frequency scenes vary.

Tooling for many of these transforms exists. The TorchSig library [3]
catalogues more than thirty physics motivated transformations, and the
CSRD2025 framework [4] supports large scale synthetic generation. Both are
weakly adopted in practice, in part because neither is built for batched GPU
runtime augmentation that fits modern PyTorch pipelines.

Our ongoing research on 1Q signal representations addresses some of
these gaps with a GPU friendly library that fits modern PyTorch workflows
and includes the operations above with awareness of signal band masks and
signal to noise ratios. A detailed presentation is the subject of a forthcoming
paper. Adopting a richer augmentation set raises a question that is rarely
discussed. In contrastive frameworks such as SimCLR [5], the chosen
augmentations define the invariances the encoder learns, since the model
maps differently augmented views to nearby points in representation space.
Augmenting away DC offset and 1Q imbalance is desirable for modulation
classification but harmful for device fingerprinting, where the same
impairments form the discriminative signature of the transmitter.

A foundation model worthy of the name should generalise to a broad set
of downstream tasks, yet a contrastive encoder pretrained with a blanket
physics based augmentation policy risks being useful for some tasks and
degraded for others. One promising mitigation is to combine a rich
augmentation set with a masked learning objective rather than a contrastive
one. Masked learning imposes weaker invariance constraints on the encoder
than contrastive learning, which plausibly helps preserve discriminative
features that a contrastive objective would otherwise discard.

Augmentation policy should therefore be treated as a design parameter of
the pretraining objective rather than a fixed preprocessing step. Progress on
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roader tooling and principled policy design is needed for radio frequency

representation learning to converge with self supervised learning in other
modalities.

1
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Anomauin. 3anpononosano nocmgaxmymuui nioxio 0o ayoumy MAacHImMHO-
DE30HAHCHUX  300padsceHb  cepys, wo 8i0obpaxcae O0emepmiHO8aHi  O3HAKU
306pasicenb i Macok y 28 KAHIUHO 3pO3YMINUX NOKA3HUKAX, a 0Nl — Y NPOOYKYIIIHI
npasuna 3 ypaxysanuam kougaikmie. Ha mecmosiii yacmuni ACDC SD-nopmoeanuii
RMSE cmanosus 0,767 + 0,246, a mounicms cemaHmuuno2o Kiacugikamopa —
0,860. Ha M&Ms noxubka 3pocia y 2,25 pasza, wo 00MenHCYe 3aCMOCYEAHHSA
BUOIPKOBO20 AyOoumy.

Knrouoei cnosa: noscuiosanuti wimyuHuil IHmMenekm, MacHimHO-Pe30HAHCHA
momozpagis  cepys, mampuys nepexooy, CEeMAHMUYHA PEKOHCMPYKYIs, 2pyoi
MHOJCUHU, NPOOYKYIIHI NPAsULa, YMPUMAHHS 8i0 DileHHs

Abstract. We present a post-hoc audit framework for cardiac magnetic
resonance imaging that maps deterministic image-mask descriptors to 28 clinician-
facing measurements and then to conflict-aware production rules. On held-out
ACDC cases, SD-normalized RMSE was 0.767 + 0.246, while the semantic classifier
achieved 0.860 accuracy. External M&Ms error increased 2.25-fold, supporting
selective auditing rather than autonomous diagnosis.

Keywords: explainable artificial intelligence, cardiac magnetic resonance,
transition matrix, semantic reconstruction, rough sets, production rules, abstention

Cardiac magnetic resonance (CMR) provides quantitative ventricular
measurements, but automated results remain difficult to audit when image-
derived representations are disconnected from clinically recognizable
evidence. ACDC supplies a benchmark for cardiac segmentation and
diagnosis [1], whereas M&Ms exposes center- and vendor-related domain
variation [2]. Domain-centered cardiovascular explainability further
motivates semantic evidence rather than visual attribution alone [3]. We
therefore condense the full study into a traceable audit chain from cine
images and masks to CMR measurements and conservative symbolic rules.

The evaluated formal representation is a deterministic baseline rather
than a trained deep encoder. Phase-specific image intensity, chamber
occupancy, and mask descriptors are projected to a fixed 128-dimensional
matrix A.

Matrix B contains 28 clinician-facing variables, including ventricular
volumes, ejection fractions, myocardial mass, wall-thickness descriptors,
shape indices, and quality-control variables. This isolates the transition and
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rule layers while preserving an interface that can later accept frozen deep
features.

All fitted preprocessing is learned only from the 85 ACDC training
patients in the fixed 85/15/50 split; the 100 M&Ms cases remain external.
The regularized transition follows the transition-matrix principle [4]. With
standardized formal features A, centered semantic targets B, and ridge

penalty 4, the fitted map is defined by Equation (1).

T, =argmin |A,T-B,| +A|T|:. "

Held-out semantics are reconstructed by Equation (2). The current
release uses frozen training tertiles rather than the full WEDD optimizer
shown in the conceptual architecture. The resulting symbolic states form a
rough-set-style decision table [5]. Consistent granules yield readable
production rules, formalized in Equation (3); quality-control failures,
missing prerequisites, unmatched cases, or contradictory consequents
produce explicit abstention.

b(a)=a,T, +pg. o

rifs, =v,1nls, :V]-Z]/\"'/\[S]-p :vjp]:d =y, o

On 50 held-out ACDC cases, the mean training-SD-normalized RMSE
across 28 semantics was 0.767 + 0.246. Correlations were 0.928 for global
ED wall thickness, 0.863 for LVEF, 0.815 for RVEF, and 0.710 for
LVEDV.

The measured-semantics classifier achieved 0.860 accuracy, 0.861
macro-F1, and 0.973 macro-AUROC. The 200-rule layer covered 0.640
cases, abstained on 0.360, and reached 0.644 balanced accuracy on non-
abstained cases, with covered-case conflict of 0.313. Table 1 collects the
core quantitative findings.
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Table 1. Core quantitative audit findings from the full manuscript

Metric ACDC test External / audit
meaning
M&Ms: 1.726 +
SD-NRMSE 0.767 £ 0.246 1.177 (2.25%)
Hioh-impact Pearson ED wall 0.928; LVEF 0.863; Target-dependent
gh-1mp RVEF 0.815; LVEDV 0.710 semantic fidelity
Measured-semantics | Accuracy 0.860; macro-F1 0.861; Transparent
classifier AUROC 0.973 comparator
. . . Selective audit; BA
200-rule audit layer Coverage 0'6_40’ ab_stam 0.360; BA excludes abstained
0.644; conflict 0.313 cases

External SD-normalized RMSE rose to 1.726 + 1.177 on M&Ms, 2.25

times the ACDC test value. Scale-sensitive volume and mass targets
therefore require external recalibration or exclusion before use. A 2° rotation

P
9

0

roduced relative formal change 0.053114 and mixed-unit semantic change
.821420 while mask-count change remained 0.000470, indicating
rientation sensitivity. The present framework is consequently a selective

audit artifact, not a standalone diagnostic classifier. Future work should test
frozen CMR encoders, full WEDD, orientation normalization, vendor-aware
recalibration, and prospective clinician use.

1

2.
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BUJIYUEHHS JE®EKTIB HA 306PA’KEHHSAX IPYKOBAHUX
IUIAT 3A 1OIIOMOI'OI0 YU CEJI, KOJIBOPIB TA MAIIMHHOT' O
HABYAHHA
P. Meabnuk, Dr.Sci., O. IBanok
Hayionanenuii ynieepcumem "Jlvgiecoka nonimexuixa", Yxpaina

Anomauis. Aneopummu  cmoHuienHs, 3aN0BHEHHS ma Hymepayii
BUKOPUCTOBYIOMbCSL OISl BUABIEHHS 0eheKmie KOpOmMKO20 3aMUKAHHS Ma 06pUeis Ha
300padicennsax Opykosanux niaam. Jlanyroeu 3 Haonuwkom abo Hecmauer) Memany
BU3HAUAIOMbCS  WIISIXOM — NOPIGHAHHS  KibKOCMI  NiKcenie 6 emaloOHHOMY ma
docnidocysaromy aanyrocax. O3Haxu eracmugocmeil, OMpumMari nicisa Hymepayii, ma
BIOXUNIEHHs KITbKOCMI NIKCenis, OmpuMaHi nicis 3ano8HeHHs, Oepymvcsa K 6XIOHi
OaHi 01 HAGUAHHA MA MeCMYB8AHHA MOOeell MAUWUHHO2O HABYAHHSL.

Knwuoei cnosa: Opyxosana nnama, Oegexm, Kiacupixayis, 3ano6HeHHs,
CMOHUWIEeHHS], HEeUPOHHA Mepedcd, MAUUNHe HABYANHSL.

Abstract. Thinning, filling, and numbering algorithms are used to detect short and
open defects in PCB images. The chains with an excess or a lack of metal are
determined by comparing the pixel amounts in the reference and sample chains.
Features of properties received after numbering and pixel amount deviations received
after filling are taken as input data for machine learning training and testing.

Keywords: printed circuit board, defect, classification, filling, thinning, neural
network, machine learning.
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Introduction. While modern PCB defect detection often relies on
complex convolutional neural networks requiring massive datasets [1, 2, 3],
this work proposes a streamlined approach combining flood-filling,
skeletonization, and lightweight JavaScript-based artificial neural networks
(ANN). By extracting numerical and color-based features from circuit traces,
the method efficiently identifies short circuits, breaks, and abnormal metal
filling without specialized datasets.

Methodology: Flood-Filling and Numbering. To separate and identify

individual chains, the PCB image is overlaid with an 72 X M grid, forming a
point set P.. Grid nodes intersecting conductive traces form a subset P, c Pr,
which is partitioned into L subsets corresponding to individual chains:
P (D16 D2ty - D) = B Pyt oty . i) A flood-filling algorithm is applied
iteratively. Starting from an arbitrary node in P it fills a continuous trace,
assigns a unique chain identifier (NC), and blocks filled nodes for

subsequent iterations. Filling correctness is validated when |P:| = Xy | P,
This process generates an ordered cortege of chain identifiers for the
reference image: NCU,) = (1,23,..., L),

When processing a sample image ("‘r d), structural defects alter the chain
count. Defective and newly formed chains are isolated via bitwise
operations:NCtUrd) = [NCUr)] XOR [NCUd)], NCUrs] = [NCUr)] AND [NCUrd]]
for missing reference chains, and NC(se) = [NCU)] AND[NC(L,o)] for newly
formed chains. Comparing the number of missing chains (%) to newly
formed chains (") determines defect types: ™ = 2k indicates open defects,
m=k/2 identifies short circuits, and X/2<m<2k sjgnals the
simultaneous presence of both defects.

For micro-filling defects, the algorithm measures pixel counts () per
chain. Trace area deviation coefficients are computed as

Ci' = preferencegpsample’ forming a vector C= (C]_-CE' ey CL) evaluated
against strict tolerance thresholds to detect insufficient or excessive metal on
pads and tracks.
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Machine Learning Classification and Results. Feature vectors
generated by numbering (14-element) and fill-area deviations (16-element)
feed lightweight ANNs ([14/16] = [24] ~[16]~ [2]) trained on synthetic
datasets (3,000 samples). To synthetically model open defects, missing chain
identifiers were injected into the first nine vector positions, while short
circuits added newly formed identifiers to the final five positions. Correct
samples were represented as zero-filled vectors, whereas filling defects

introduced deviations ranging from £2% to +5%, For connection defects,
the network converged in 222 iterations, achieving 99.7% validation
accuracy. For micro-filling defects, applying a feature scaling transformation
(Features qiea = |Ceurrens —1.01 X20)  prevented gradient stagnation,
yielding 92.7% validation accuracy. Both models demonstrate highly
accurate defect classification without deep convolutional overhead.
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OCOBJIMBOCTI CETMEHTAIII HANIBTOHOBUX 30BPAKEHD
Y BATATOBUMIPHOMY ITPOCTOPI lH(DOPMAHlfIHMX O3HAK
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Anomauia. Ilpedocmaeneno anzopumm ceemeHmayii HANIBMOHOBUX 300padiCEHb,
AKULL 8KTIOYAE emanu PO3WUPEHHS NPOCMOpPY O3HAK, KOMNJIEKCHOI opmozonanizayii
ma pexypcugnoi xknacmepusayii muny-1 ma muny-2. Iloxazamo, wo NOEOHAHHA
nomenyiany pO3KIAOAHHA 30 CUHYTAPDHUMU 3HAYEHHAMU, Nepedas KOMNIEKCHUX
npeocmasnenv 05l GUOLNEHHS HU3bKOKOHMPACMHUX MEJNC Ma anapamy Hewimkor
Kkracmepuszayii 3abesneuye epexmusHy ceemenmayito. J{ocniodceHo enue gopmu
Heuimkoi  (yHKyil Hanexchocmi muny-2 Ha uymaugicme ma OOMOSIPHICMb
pesynomamy. Hagedeno  excnepumenmanvhi  pesyiomamu  ONd  MEOUYHO20
300pasceHHs.

Kniouosi cnosa. Ceemenmayis 300padicens, Heuimka Kiacmepuzayis mumny-2,
bacamogumipHuil npocmip iHGoOpMamueHUX O3HAK.

Abstract. An algorithm for grayscale image segmentation is presented. It includes
stages of feature space expansion, complex orthogonalization, and type-1 and type-2
recursive clustering. It is shown that combining the potential of singular value
decomposition, the advantages of complex representations for highlighting low-
contrast boundaries and fuzzy clustering apparatus ensures effective segmentation.
The type-2 fuzzy membership function form influence on the sensitivity and reliability
of the result is researched. Experimental results are provided for medical image.

Keywords. Image Segmentation, Type-2 Fuzzy Clustering, Multidimensional
Space of Information Features.

Images generated by various information, tracking, and diagnostic
systems are often of insufficient quality for reliable analysis. Automatic
image segmentation is one of the fundamental and most complex tasks in
computer vision. The effectiveness of subsequent recognition and high-level
interpretation of scenes directly depends on the accuracy of object and detail
boundary localization during the segmentation stage.

This work describes the image segmentation algorithm that implements a
multi-stage process (including the stages of descriptor expansion, complex
orthogonalization, recursive clustering of type-1 and type-2), and to study the
influence of the type-2 fuzzy membership function (FMT2) used for
increasing the reliability and sensitivity of clustering.
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The proposed algorithm includes the following steps:
1. Scaling the original grayscale image | to the range [0,1], resulting

in the image I*, which is interpreted as type-1 fuzzy membership function
(FMT1), and calculation FMT2 based on it. FMT?2 is interpreted as an image

and scaled to the range [0,1] resulting in the image 12
2. Image 1% or I*

2
I

brightness values window transformation
(depending on the statistical characteristics, window size 3x3) and

forming a 9-dimensional ensemble interpreted as image 13 including the
neighbouring pixels brightness (the 1st stage of input data space expanding).
3. Performing expanded original data orthogonal transformation (SVD)

followed by automatic selection of the most significant components ( | S"d)
[1], modifying Lst component of 1°* and scaling 1°* to the range [0, 1].
4. Forming matrix |° using each pair of 1*® components and

complex values, interpreting | as FMT1, calculating FMT2 based on it, and
scaling all its components to the range [0, 1], followed by SVD and selecting

the most significant components, resulting in the matrix 1.

| svd

5. Merging matrices and the most significant components of 15

into IS"d—“, interpreting all columns of IS"d—“, except 1st as FMT1 and

obtaining FMT2 based on it, resulting in matrix 1.°*°~°, which is clustered by

T2FCM method [2] with dynamic compression of the fuzzy membership
function.

6.  Obtaining matrix 17> based on 1:*'~° and MFT2 of the last step.

7. Applying SVD to 172 selecting the most significant components,
as described in step 2 and obtaining output images 1°* and 1°"'-¢ based on
grayscale image |° (formed as selected significant components weighted
sum). 1°" is based on 1°, 1°-° is based on 1° and the 1;*-° 1st
component with following adaptive histogram equalization to both of them.
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This work discusses various physical nature images segmentation by
proposed algorithm. Figures 1b, 1c show the CT scan of the human brain
(Figure 1 a) segmentation results, where location of the hematoma and its
affected region is clearly identified.

Figure 1. Brain CT scan processing: (a) original image; (b) 1°"; ¢) 1°"'-¢
(w/o step 6).
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KOHTEKCTHO-3AJIEZXKHA AJJAITITUBHA OBPOBKA JTAHUX B
IHTEJEKTYAJIbHUX IH(DOPMAHIﬁHI/IX CUCTEMAX
M. Hicousbkmnii, Ph.D., O. Boukapsos, Dr.Sci., B. Tiyxos
Hayionanonu ynieepcumem «JIvsiscorka nonimexuixay, Ykpaina

Anomauia. Y pobomi 3anponoHo8ano KOHMEKCMHO-3ANeHCHULl NioxXio 0ns
aoanmueHoi 0OpoOKU OaHux 8 IHMeNeKMyanbHux IHGOpMayiliHux cucmemax Ois
3a6e3neuents UCOKOI NPOOYKMUSHOCMI IX poOOmMU 6 YyMOBAX OUHAMIYHUX 3MiH
omoyennsa ma cmawy camux cucmem. IIposedeno excnepumenmansvre O0CHIONCEHHS.
3anponoHO8arH020 NiOX00Y, pe3yibmami AK020 0eMOHCMPYIOMb NiOBUWEHHS AKOCHI
Kaacugikayii npu  NOMIpHOMY 30UIbUWEHHI 3ampuMKu  00pOOKU — OaHux, w0
niOmMeepPoNCye OOYLIbHICMb 3aNPONOHOBAHO20 NIOX00Y 6 YMOBAX OUHAMINHOI 3MIHU
KOHMeKcmy.

Knrouosi  cnoea:  KOHMEKCMHO-3GAEHCHI  OOUUCTIEHHS,  IHMENeKMYalbHI
iHghopmayitini cucmemu, adanmusHa oOpodKa OaHUX, Opelidh KOHMeKCny, a0anmueHi
KOHBeEpU 00poOKU OaHUX.

Abstract. The paper proposes a context-aware approach for adaptive data
processing in intelligent information systems to ensure high performance in
conditions of dynamic changes in the environment and the state of the systems
themselves. An experimental study of the proposed approach has been conducted, the
results of which demonstrate an increase in the quality of classification with a
moderate increase in data processing delay, which confirms the feasibility of the
proposed approach in conditions of dynamic context change.

Keywords: context-aware computing, intelligent information systems, adaptive
data processing, context drift, adaptive data processing pipelines.

Intelligent information systems increasingly operate under continuously
changing conditions caused by evolving data characteristics, computational
resources, user behaviour and external environments [1, 2]. Conventional
static data processing workflows gradually lose efficiency because they
cannot adequately adapt to contextual changes, reducing prediction quality
and resource utilization [3]. To address this challenge, a context-aware
adaptive data processing approach is proposed.
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Figure 1. Classification performance under dynamic contextual conditions

The operational context is represented as a multidimensional feature
vector describing workload characteristics, temporal information,
computational resources, communication conditions and data quality.
Pipeline modification is initiated only when contextual changes exceed
predefined thresholds, alternative processing configurations are evaluated
according to prediction quality, processing latency and computational
resource consumption after detecting context drift.

The proposed approach was evaluated using a synthetic benchmark
containing 50,000 contextual events with abrupt and gradual context drift,
Gaussian noise, missing values and label perturbations. Experimental results
(Fig. 1) demonstrated an improvement in Accuracy from 0.879 to 0.924, F1-
score from 0.851 to 0.912, and ROC-AUC from 0.901 to 0.952, while
increasing average processing latency by only 0.27 ms per event.
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KPAMOBE NOM’SIKINEHHS YHIBEPCAJIBHOT'O MAIIIMHHO-
HABYEHOI'O ITIOTEHUIAJIY: EHEPI' Ii YTBOPEHHSI
TOYKOBUX JE®EKTIB ¥ T'PA®EHOBI KBAHTOBIM TOYLI
KOPOHEHY
A. Tyxuxon?, Dr.Sci., B. Coaosiios!?, Dr.Sci., A. Kis'?, A.Beaincpknii®*
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Abstract. This study evaluates systematic underestimation of point-defect
formation energies by the universal SevenNet machine-learning interatomic potential
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in the coronene graphene quantum dot C2sHi2. SevenNet is benchmarked against
spin-polarized PBE/GPAW calculations for monovacancies, divacancies, and Stone—
Wales defects. The error increases with edge under-coordination, whereas
reconstruction ordering and symmetry-equivalent configurations are largely
preserved, supporting MLIP screening with DFT validation of absolute vacancy
energies.

Keywords: machine-learning interatomic potential, graphene quantum dot,
coronene, point defects, formation energy, density functional theory, softening bias.

Anomauia. Memoio pobomu € OYiHIOBAHHA CUCMEMAMUYHO20 3AHUNCEHHS
eHepeill  YmEOpeHHs MOUKO8UX Oegekmis YHIBepcanbHUM MAUUHHO-HAGYEHUM
Midcamomuum nomenyianom SevenNet y epaghenosiiui K8aHmosiu mouyi KOPoHeHy
C2Hiz2. Pesynomamu SevenNet nopisusano 3i cnin-nonapusoganumu PBE/GPAW-
PO3PAXYHKAMU OISl  MOHOBAKAHCIU, ousaxauciii [ Oepexmie Cmoyna—Beiinza.
Bcmanosneno 3pocmanns noxubku 3 Kpauogoio HeOOKOOPOUHOBAHICMIO, MOOI 5K
BIOHOCHE PAHICYBAHHS PEKOHCMPYKYIU | CUMEMPUYHO eKEI8ANIeHMHUX KoHpicypayill
nepesadcHo 36epicacmucsi.

Knwuoei cnosa: mawunHoO-HagueHUll MidcamomMHutl nomenyian, epagenosa
K6AHMOBA MOUKA, KOPOHEH, MOYKo8i OegheKmu, eHepeis YMBOpeHH:, Mmeopis
@ynryionana cycmunu, cucmemamuine Nom SKUEHHSL.

Universal machine-learning interatomic potentials (MLIPs) can
substantially accelerate atomistic screening; however, systematic “softening”
of the potential-energy surface has been identified for high-energy and far-
from-equilibrium configurations [1]. In graphene, defect formation energies
depend on reconstruction and the computational scheme [2], while edge
chemistry becomes particularly important in small graphene fragments [3].

In coronene CasHi2, monovacancies, divacancies, and Stone—Wales
defects were investigated. Geometries were optimized using BFGS in ASE.
SevenNet 7net-omni-il2, an E(3)-equivariant graph interatomic potential
used without system-specific fine-tuning, served as the surrogate [4].
Reference energies were calculated with spin-polarized PBE/GPAW using a
400 eV cutoff and T'-point sampling. For 28 vacancy and divacancy
configurations, both models evaluated the same relaxed geometry with
method-consistent chemical potentials; this control is necessary because
highly disrupted defect states remain method-sensitive even at the DFT level

[5].
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For the Stone—Wales defect, the mean formation energies are 1.891 eV
with DFT and 1.878 eV with SevenNet, a difference of only —0.013 eV. In
contrast, SevenNet yields lower values for all 28 vacancy configurations. For
monovacancies, the mean deficit increases from 0.30 to 0.74 eV when one
edge C—H bond is broken; for divacancies, it increases from 0.65 to 0.86 and
1.11 eV for zero, one, and two broken bonds, respectively. Thus, the error is
not a constant offset but depends on defect type and local under-coordination.

At the same time, SevenNet preserves the ordering of three hydrogen-
dependent edge-divacancy reconstructions: DFT gives 5.80, 2.56, and 0.77
eV, while the MLIP gives 4.69, 1.89, and 0.15 eV. The model also
reproduces Den-equivalent sites with a spread of only a few meV, making
symmetry spread a practical indicator of transitions between reconstruction
basins. SevenNet is therefore suitable for rapid screening and ranking,
whereas absolute energies of edge and radical-like vacancies should be
validated by DFT.
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OIITUMI3ZAILIA HEMPOHHOI MEPEXI JJIS1 KTACU®IKA LI

OB’EKTIB Y CUCTEMAX CEHCOPHOI'O COPTYBAHHSI PY ][

J. Kongpamos, Ph.D., I. My3uxka, Ph.D., O. Mapkosa, Ph.D., 10. Kymuenxo
Kpusopizvkuii nayionanvhuii ynisepcumem, Ykpaina

Anomauia. [lpeocmaeneno Opyeuti eman OOCHIONCEHHS —ABMOMAMUYHOT
Kaacugixkayii npocmoposux cmamie 0b'ekmis y CUCmMeMax CeHCOPHO20 COPMYEAHHS.
PYOHOI CUPOBUHU HA OCHOSI Kapm eucom i 320pmko6oi Heuponnoi mepeci (CNN).
Bukonano cucmemamuyHull nowyKk ONMUMATbHUX 2INEPpRAPAMEmpIi8 HAGUAHHS
(KinbKicmob enox, posmipuicme Kapmu, weuoKicms Hasuanis) memooom grid search
ma U3HAYEHO PEeKOMeHO08aHy Kongizypayito: 25 enox, posmipricme kapmu 64 x64,
weuokicmv nasuanns 0,001. Teopemuuno ma npakmuuno 0OIPYHMOBAHO, WO KIAC
Overlapped ¢ natieadicuum ons. pospizHenHs i 600HOYAC NPUHYUNOBO HEKEPOBAHUM
0L nHeBMamuyHux 6iobpaxosysauie. Ilepexio 00 080KIACO80I NOCMAHOBKU 3A0aHi
(Single/United) 3 euxnmiouennam kaacy Overlapped nidsuwye sxicmv xkaacugixayii
NPAKMUYHO 3HAYYUWUX KIACIE.

Knrouogi cnosa: cencopne copmysanus pyo, Kapma 6Ucom, 320pmMK08d HEeUPOHHA
Mepeoica, einepnapamempu, kiac Overlapped, deoknacosa kracugixayis.

Abstract. This study presents the second stage of research on automatic
classification of the spatial states of objects in sensor-based ore sorting systems using
height maps and a convolutional neural network (CNN). A systematic grid search for
optimal training hyperparameters (number of epochs, batch size, learning rate) was
carried out, and the recommended configuration was determined: 25 epochs, batch
size 64x64, learning rate 0.001. It is theoretically and practically justified that the
Overlapped class is the hardest to distinguish and, at the same time, inherently
uncontrollable for pneumatic ejectors. Reformulating the task as a two-class problem
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(Single/United) by excluding the Overlapped class improves the classification quality
of the practically relevant classes.

Keywords: ore sorting, height map, convolutional neural network,
hyperparameters, Overlapped class, two-class classification.

Sensor-based ore sorting increasingly relies on machine vision and deep
learning to assess raw material moving along the conveyor. In previous work,
the authors classified three spatial states of ore pieces (Single, United, and
Overlapped) from two-dimensional height maps derived from 3D laser-
scanning point clouds, using a deep CNN that reached about 92% validation
accuracy at a 64x64 map resolution. However, the training hyperparameters
were selected heuristically, and analysis of the confusion matrix showed that
the vast majority of misclassifications involved the Overlapped class.

This study pursues two goals: a systematic search for the optimal training
hyperparameters of the CNN, and justification for excluding the Overlapped
class from the classification task, together with analysis of how this exclusion
affects the discrimination of the remaining classes.

For hyperparameter tuning, a grid search with a fixed 70/30 stratified split
was applied to the number of epochs, the mini-batch size, and the Adam
learning rate, using validation accuracy as the optimization metric and the
gap between training and validation accuracy as a stability criterion. The
experiments show that accuracy grows up to 25 epochs and then plateaus; a
batch size of 64 provides the best trade-off between accuracy and training
time; and a learning rate of 0.001 is optimal. The recommended configuration
(64x64 map, 25 epochs, batch size 64, learning rate 0.001), combined with a
ReduceLROnNPlateau scheduler, improves training stability and reduces the
train—validation accuracy gap compared with the baseline used previously.

The Overlapped state, in which one ore piece partially lies over another,
is not only the hardest to distinguish algorithmically but also physically
unmanageable. Industrial sorters reject material with pneumatic valves;
selective rejection of one object without affecting a neighbouring one
requires their horizontal footprints to be disjoint. Since overlapping pieces
share a common horizontal projection, a single air pulse inevitably affects
both of them, so selective rejection is impossible by construction.
Accordingly, in the three-class setting this class yields the lowest metrics
(F1-score = 0.31) and is systematically confused with United.
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Excluding Overlapped and reformulating the task as a two-class problem
(Single vs United) removes the borderline samples that competed with United
during training and added extra variability to the feature space. Because both
settings are evaluated on the same Single/United subsample, McNemar’s
paired test is used to confirm that the observed improvement is statistically
significant rather than a result of random sampling variation. The two-class
model demonstrates higher classification quality for the practically relevant
classes.

Thus, the systematic hyperparameter search yields a configuration that
balances accuracy and robustness, while the Overlapped class is confirmed to
be both the main source of errors and inherently uncontrollable for standard
pneumatic ejectors. The recommended strategy is therefore a two-class
classifier (Single/United) supplemented by a separate anomaly detector that
flags overlapped pieces without including them in the main classification
task. Future work includes validating such an anomaly detector, combining
height-map geometry with spectral data to better separate United and
Overlapped, and testing the approach on a broader range of real ore data.
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TILEFUSION: EFFICIENT TILING FOR SMALL OBJECT
DETECTION IN HIGH RESOLUTION AERIAL IMAGES
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TILEFUSION: EOGEKTUBHUM METO/ HAPI3KH KAJIPY JJIA
BUSABJEHHS MAJINX OB’€EKTIB B AEPO30OBPAKEHHSAX
BUCOKOI PO31JIbHOI 3IATHOCTI
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Hayionanenuii mexuiunuii ynieepcumem Yxpainu «Kuigcokutl nonimexiynui
incmumym imeni leops Cikopcvkoeo», Yxpaina

Anomauyin. 3anpononosano TileFusion — memoo ingepency na ocnosi Hapizku
Kaopy 0715 UABTIEHHS MAIUX 00 €KMI8 Y 300PANCEHHAX 8UCOKOI pO30LNbHOI 30amHocmi
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3a obmedsrcenoi nam’ami. Memoo pozbusac kadp Ha HenepemunHi obaacmi 3 opeoiom
PeYenmueHo20 noJisi ma Npasuiom 3axKpinienns 3a yenmpom. Lle ycysae dybnikamu
6e3  HeoOXIOHOCMI — 3aCMOCY6AHHA — QI2OPUMMY — NPUSHIYEHHS  HEMAKCUMYMIE.
Excnepumenmu  niomeepooicyroms  36epesicenna  mouHocmi  3a  3,7-KpamHoeo
3MEHUEeHHs NIKOBO20 CHONCUBAHHS NAM "AM.

Knwwuosi cnosa: esuseienns manux 06’€kmig, GUCOKOPO3OLIbHI 300padiceHHs,
Hapizka kaopy, peyenmuene noie, YOLOVS, nepughepiiini ob6uucienns.

Abstract. TileFusion is proposed as a memory-bounded frame-slicing inference
method for small object detection in high-resolution aerial imagery. The frame is
partitioned into disjoint valid regions expanded by a receptive field halo with center-
based ownership. This eliminates cross-tile Non Maximum Suppression and duplicate
detections. Benchmarks confirm full-resolution accuracy parity with up to 3.7 times
lower peak memory.

Keywords: small object detection, high-resolution imagery, frame-slicing
inference, receptive field, YOLOVS, edge computing.

High-resolution aerial and satellite images contain small targets of 15-40
pixels destroyed by downscaling. Full-resolution native passes preserve
targets but cause activation memory to scale with frame area, exceeding edge
RAM (e.g., NVIDIA Jetson Orin). Slicing methods like SAHI [1] reduce
memory using overlapping tiles, incurring redundant compute and requiring
global Non-Maximum Suppression (NMS) to eliminate duplicate seam
detections.

TileFusion eliminates cross-tile NMS and guarantees bounded memory
using effective receptive field halos [2] and streaming concepts [3]. The

frame domain £ s partitioned into disjoint wvalid regions Vi)
(U =QVinV; =2y Each region is extended by a halo ! =7, where 7" is the
detector’s effective receptive field radius [2]. Crops Ck = (Ve © Br) N Q2 gre
processed sequentially by a stock YOLOV8 detector [4]. A detection @ is

retained only if its center c(d) € Vi since valid regions strictly partition the
frame, every detection has exactly one owner, enabling concatenation without
global NMS. Sequential execution bounds peak memory to

M = Mg + a(s + 2h)? independent of frame resolution (F1, W),
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We evaluated TileFusion on xView satellite scenes [5] with 15-40 px
sized vehicles, up to 16 MP and NTUT 4K drone video with people using
YOLOvV8s with a 256 px halo.

Table 1. Performance and Peak Memory Comparison

xView NTUT 4K
Method MAPS50 mg MAPS50 E\':‘g")
Downscaled (1280 px) 0.314 246 0.223 465
Full resolution 0.804 2793 0.189 1820
SAHI [1] 0.798 657 0.177 650
TileFusion (Ours) 0.806 759 0.189 760

On xView, downscaling to 1280 px vyields only 0.314 mAP50, while full
resolution reaches 0.804. TileFusion matches full resolution at 0.806 mAP50

while reducing peak memory from 2793 MB to 759 MB (3.7 X). On NTUT

4K, TileFusion maintains accuracy parity (0.189 mAP50) at 2-4 X lower
memory (760 MB vs 1820 MB). The 256 px halo provides exact feature
representation, while center ownership eliminates duplicate seam detections.
TileFusion thus provides an exact, memory-bounded drop-in wrapper for
edge deployment.
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BUKOPUCTAHHSI HEHPOHHUX MEPEXK JJIsI HEPETBOPEHHSA
KOJIIPHOI IH®OPMAILLIT
Dr.Sci., b. KoBaascekuii, Ph.D., H. 3anbko, A. 3anbko, Ph.D., B. Bepuanek
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Anomauin. Y Oocniodicenni npeocmaeieHo NOWYK HOBUX NiOX00i8 00
MOOENIOBAHHS NEPEMBOPEHHS KOMIPHOL THHOpMayii Midc KOMPHUMU BPOCMOPAMU.
3anpononosano euxopucmanns mooenei enubokoeo Hageuanns DNN ma MDN ons
nepemeopenv mizic CIELAB i CMYK. Mooeni nasueno na xapakmepucmuihux OaHux
FOGRAS51, a egexmusnicmo ix 3acmocysanwnsi oyiHeHO 3a pe3yibmamamu
meopemuyHoi Ul eKcnepuMenmanbHoi nepesipku. Bcmanosneno ucoxky mounicmo
npamoeo  nepemeopernsi CMYK—CIELAB, npome mounicmbs  360pOmMHO2O
nepemeopents € HedOCmamubol0 018 NpaKmuyHo2o 3acmocysanus. Ilokazaro
nepcnekmugHicms  suxopucmania MDN ona  eubopy onmumanvuoi cmpameeii
KOJbOPONooiny.

Kniouosi cnosa: xonvoponooin, wuetiponni mepeci, xonipuuii npocmip, [CC-
npo@hine, KoMpHa pisHuys, yMogu OPYKY, XAPAKMepUCMUYHi OaHi, nepemeopenHs
KONIpHOT inghopmayii.

Abstract. The study investigates new approaches to modeling color information
conversion between color spaces. The use of Deep Neural Network (DNN) and
Mixture Density Network (MDN) models for color information conversion between
CIELAB and CMYK is proposed. The models were trained using FOGRA51
characterization data, and the effectiveness of their application was evaluated
through theoretical and experimental verification. High accuracy was achieved for

66


https://doi.org/10.48550/arxiv.1802.07856
mailto:bohdan.m.kovalskyi@lpnu.ua
mailto:nataliia.v.zanko@lpnu.ua
mailto:andrii.s.zanko@lpnu.ua

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

the forward CMYK—CIELAB conversion, whereas the accuracy of the inverse
CIELAB—CMYK conversion remains insufficient for practical application. The
results demonstrate the potential of the MDN model for selecting an optimal color
separation strategy.

Keywords: color separation, neural networks, color space, ICC profile, color
difference, printing conditions, characterization data, color transformation

Reliable prediction of the perceived color appearance of visual stimuli is
an important practical task in various fields dealing with color images,
including photography, printing, video, television, and web technologies. The
primary objective is to standardize the reproduction process in order to ensure
predictable color conversion results. One of the promising approaches to
addressing this problem is the application of artificial intelligence
technologies. Recent studies have explored various machine learning
methods for performing and optimizing color information conversion. In
particular, Artificial Neural Networks (ANN) [1], Deep Neural Networks
(DNN) [2], Radial Basis Function (RBF) networks [3], and other approaches
have been employed. However, most existing studies have focused on
relatively simple transformations, such as RGB — CIEXYZ and RGB —
CIELAB.

To model the conversion between the CIELAB and CMYK color spaces,
two deep learning models, Deep Neural Network (DNN) and Mixture
Density Network (MDN), were employed. Their selection was motivated by
the fact that they implement two different approaches to approximating the
relationship between input and output data. DNN is a deterministic model
that produces a single predicted solution for each input value, whereas MDN
is a probabilistic model capable of representing multiple possible outputs for
a single input. Instead of producing a single fixed output, MDN estimates the
parameters of a mixture of probability distributions describing possible
solutions. Each mixture component is associated with a mixing coefficient
that represents the probability of the corresponding solution. Consequently,
for a single input value, the model can generate several potential CMYK
combinations, each characterized by its own probability and representing an
alternative color separation solution.

The models were trained using the FOGRAS1 characterization data [4],
which contain experimentally determined color coordinates in the CIELAB
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color space and the corresponding CMYK process ink values for standard
offset printing conditions in accordance with 1SO 12647-2 [5]. The study was
carried out for two transformation directions: CMYK — CIELAB and
CIELAB — CMYK.

The accuracy of the models was evaluated in two stages. At the first
stage, a theoretical evaluation was performed by comparing the
transformation results with the FOGRAS51 reference data. Color differences
calculated using the CIE1976 and CIEDE2000 formulas were used as
accuracy metrics. At the second stage, an experimental verification was
carried out after printing a test image on a Xerox 700i digital press, followed
by spectrophotometric measurements of the color coordinates of the printed
samples. The theoretical evaluation demonstrated that both models provide
high accuracy for the forward CMYK — CIELAB transformation. For more
than 95% of the test samples, the AE values did not exceed 2.5,
corresponding to virtually imperceptible color differences. For the inverse
CIELAB — CMYK transformation, the color difference values increased
substantially. The mean AE values were 4.527 for the DNN model and 4.017
for the MDN model. No significant advantage of the MDN model over DNN
was observed, which is attributed to the optimization criterion aimed at
minimizing the total ink coverage. The practical verification after printing
confirmed a decrease in the accuracy of both models compared with the
theoretical evaluation. For more than 20% of the printed samples, the AE
values exceeded 5, indicating that the proposed approach cannot yet be
considered ready for practical use. At the same time, the MDN model
demonstrates promising potential for color separation tasks owing to its
ability to generate several admissible CMYK combinations for a single
CIELAB value, followed by the selection of the optimal solution according to
predefined criteria.
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Anomauin. Posensinymo npoyec cmeopenusi 2i6puonoi neuponnoi mepeici s
NPOSHO3VBAHHA CMAHY CUSHATI8 CEHCOPI8 Npomuciosux mexawnizmis. Ocobaugicmio
3anponoHoBanoi mepesici € eghekmusHe 6paxy8amHHs HeNiHIlIMUX npoyecié 3a80Ku
BUKOPUCAHHIO NPUHYUNY CUHXPOHI3aYii, w0 peanizoeanuti HA OCHO8I A0pa Xi-
keadpam.  Ompumani  pesynemamu  niOMEEPOAICYIOMb  GUCOKY — MOYHICHIb
MoOentoganns. [locniodcenns mae npakmuyHy yinnicme 0aa IT-komnamitl, aKi
pO3po6IsIIOMb GIACHI WIMYYHI [HMELeKMYanbHi cucmemu, Mooeni abo Haguaroms
Mepedxci Ha CheyupivHux nPOMUCIOBUX OAMAcemax.
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Knwuoei cnoea: 2cibpuona meliponHa mepedica, NPOSHO3Y8AHHA CUSHATIG
CeHcopie, NpuHYUN CUHXPOHIZayii, A0po Xi-Kkeaopam, yu@dposi OGIlIHUKY, WMYYHULL
iHmenexm.

Abstract. This study outlines the creation of a hybrid neural network for
forecasting sensor signals in industrial machinery. The distinctive feature of the
proposed network is its accounting for nonlinear processes using a synchronization
principle implemented via a chi-square kernel. The obtained results confirm high
modeling accuracy. This research provides practical value for IT companies
developing proprietary artificial intelligence models, systems, or training neural
networks on custom industrial datasets.

Keywords: hybrid neural network, sensor signal forecasting, synchronization
principle, chi-square kernel, digital twins, artificial intelligence.

BupoOHuku TexHosorii B YKpaiHi Opi€HTOBaHI Ha LIBHIKY BHBEICHHS
NPOJXYKTIB Ha PHHOK, IHTETPYIOYM TOTOBI pIllIEHHS Y BJAacHI pPoO3poOKu.
[MapanensHO TpaHchOpMYIOTECA NU(MPOBI MPOTYKTH, 30KpeMa iHCTPYMEHTH
mrrygroro inTenexty (LI) [1]. Jns crBoperns Bnacuux pimens [T-kommnanii
9acTo aJaNTyIOTh BiJOMI KOHIICIIIii Ta MPHUKIAIHI HAMPALIOBaHHS B Tamysi
IHTENIeKTyalbHUX cHucTeM [2], OUIbINCTP 3 SKUX MAalTh TiIOpUAHY
apxiTekTypy. Lle IOSICHIOETBCS MPOCTOTOK iX CTBOPEHHS, OCKUIBKH HE
HNOTpeOy€eThC TOMIMONCHUX 3HAaHb MaTeMaTHKH. He BHKIIOYEHHAM € i
3aMpoINoOHOBaHA TiOpHUHA MOIENIb HEHPOHHOI MeEpexi, sKa Mpalioe 3a
CUHXPOHHHM IPHHIUIIOM:

Kl,j(xin)— ZeXp [ _1j|n(A2)— Aq —(%In(2)+|nf(%jj ,

log_ numerator log_ denomirator
2 _ -8
Ad ( in,d CI jd ) +10 . . . d .
e — KBaJpaT BIACTAaH1 10 LCHTPY, — 1IHJICKC
k= |05 , ,
PO3MIPHOCTI; ) | i — CKOpUI'OBaH1 CTYIICH1 CBO60I[I/I; I— I'amma-
(G yHKIIIS.

Jaii 31iiCHIOETECS OHOBIICHHSI BXOY:

Xi(r:+1) :Wproj . [x [lavg ( K, (Xi(r:))):l + bproj ,
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X, L . avg(K))
ac n — 11e 3aBXXIU «YUCTHUU» BX1J MOJECII, CEpEAHE 3HAYCHHSA

W, ... - -
Afep MOTOYHOrO OIOKy;  P'% — mpoekmilima maTtpums; P — mapameTp
3CyBY.

Ha mouaTkoBHX eramax [IOCHDKEHHS OyJo TIPOBEJCHO aHai3
PI3HOMaHITHUX apXiTeKTypHUX pilleHb. 30KpeMa, MEXaHi3M CHHXPOHI3aii
MIOYaTKOBO peaii3oByBaBcs LITSIXOM 00UUCICHHS CepeHbOTO
apupMETHYHOr0 3Ha4YeHb JBOX HE3aIeKHUX Mojeied. Ha nomanpmimx
eTamax ampoOoBaHO Bapiarii (YHKIH akTWBallii Ta EKCICPUMEHTAIHHO
BU3HAYCHO ONTUMAJbHY KIJIBKICTh siiep Xi-KBajapar. J[letanbHy KapTy
MIPOBEJCHUX JOCIIKEHb Ta IX eTany BUCBITIEHO y mpaui [3]. [TopiBHsnbHMI
aHami3 e(eKTUBHOCTI 3ampONOHOBAaHOI MOMENi 3IifiCHIOBaBCS Ha OCHOBI
TECTOBOTO JaraceTy [4]. PesynpraTd eKCHEpHMEHTIB MiATBEPIVIM BHILY
TOYHICTh PO3POOJICHOTO TIIXOAY TOPIBHAHO 3 KIACHYHUMHU JIiHIHHAMHA
MoJeIsAMH (BKITFOUAIOYH JIiHIHHY perpecito Ta ii Moaungikarmii). IlepcnexktuBu
MOJATBIIAX JOCHDKCHb TIOJTal0Th y MOJEpPHIi3amii Mepexi NUIIXoM
iHTerpanii IPUHIMIIB TPAJi€HTHOTO OYCTHHTY, SKi MOTCHIIHHO JO3BOJATH
MIBUIIMTH TOYHICTh NPOrHO3yBaHHs. [lonpu 1e, moroyHa Bepcis MoJeli
JEMOHCTPYE BUCOKY aJalTHUBHICTh 1 PEKOMEHIYETHCS O 3aCTOCYBaHHS B
3ajja4ax IPOTHO3YBaHHS 4YacOBUX pSIiB, 30KpeMa JUIs MOHITOPHUHTY Ta
JIIarHOCTUKH CTaHIB CEHCOPIB POOOTOTEXHIYHUX CHCTEM.
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Anomauia. Y yiii pobomi 3anponoHo6ano HO8Ull Memoo ceemeHmayii 6yp aAHie 8
CITbCLKO20CNO0APCLKUX Y2I00AX 018 NOOANbUL020 iX GUOANIEHHST POOOMU308AHUMU
npucmposimu, AKull 00380/I8€ HAGUUMU YITbOBY HEUPOHHY MepedCy 0OUH pas, a nicis
Yb02o 3MIHIOGAMU KINbKICMb 1T napamempis 6 3anedCHOCMI 8I0 00UUCTIO8ANbHOT
NOMYNHCHOCMI  KOPOOHHO20 HRPUCMPOIO. 3anponoHo8ano nioxio Oas 30L1buleHHs.
dianazony sminu 0buuciosanvrux pecypcié 0o 32.34%, wo 3nauHo suuye nonepeonix
pobim, npu yvomy 3abesneuyiodu 6ucoxy sxicme ceamenmayii — Dice score
Haubinbuoi kongieypayii: 0.5112.

Knwuoei cnosa: suoanenuss 6yp'aHie, moune 3emiepoOCMEo, ceemenmayis Ha
npucmpoi, KOpOOHHT 0OUUCTIeHHS, OUHAMIYHA HEUPOHHA Mepedrca, MOHIMOPUHe CIAHY
nocigis.

Abstract. This paper proposes a new method for segmenting weeds in agricultural
fields for their subsequent removal by robotic devices, which allows the target neural
network to be trained once and then have the number of its parameters adjusted
depending on the computational power of the edge device. We propose an approach
to increase the range of computing resources by up to 32.34%, which is significantly
higher than that of previous works, while ensuring high segmentation quality. The
Dice score for the largest configuration is 0.5112.

Keywords: weed removal, precision agriculture, on-device segmentation, edge
computing, dynamic neural network, crop field health monitoring.
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Ensuring sustainable and high agricultural outputs requires continuous
intervention in plant growth, from targeted fertilization to pest and weed
control. While automated systems can adjust fertilization and pesticide
application based on real-time perception, weed removal remains the most
demanding task because it must differentiate between crops and unwanted
vegetation without harming the former. Consequently, accurate and timely
weed segmentation is essential. Furthermore, field conditions often preclude
reliable Internet connectivity, necessitating fully on-device processing. In this
context, a model that can dynamically adjust its computational intensity
according to hardware capabilities is highly desirable.

Recent research has demonstrated that Post-Train Adaptive (PTA) [1]
networks can modify their compute budget after training without additional
parameter updates. In this work we embed a PTA encoder within the PAN [2]
segmentation architecture and equip it with width multipliers that scale the
channel dimensions of each block. This combination yields a single trained
model capable of toggling among multiple configurations while preserving
the same learned parameters [3]. This simple scaling yields a family of
models that retain the same learned weights but differ in FLOP counts.
Training employs the Dice loss, which has proven effective for highly
imbalanced segmentation tasks, and incorporates PTA sampling to ensure
that all configurations receive gradient contributions during learning. The
model is trained on the WE3DS dataset using stochastic gradient descent.

To assess the efficacy of PAN+PTA, we benchmark four width
multipliers (0.75, 1.00, 1.50, and 2.00) against a PAN baseline that uses
MobileNetV2 as its encoder. The configuration space includes light, both,
and heavy configurations, each corresponding to a distinct compute budget.
Based on experimental results, the PAN+PTA architecture expands the
operational complexity span from a narrow 3.66 % (U-Net+PTA with
multiplier = 1.0) to a wide 31.15 % (with multiplier = 1.0) and up to 32.34 %
(with multiplier=1.5). The heavy configuration (multiplier=1.5) achieves
the highest Dice score of 0.5112, outperforming both the baseline and the
previously reported U-Net+PTA model (best Dice = 0.4348).

Conclusions. We have introduced PAN+PTA, a dynamic segmentation
architecture that combines a Post-Train Adaptive encoder with a Pyramid
Attention Network backbone and width-scaling multipliers. The resulting
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model expands the usable computational range to more than 32 % between its
lightest and heaviest modes and enables on-device reconfiguration without
retraining. By providing a single set of parameters that can be tuned to match
the processing capabilities of heterogeneous edge hardware, PAN+PTA
enables autonomous weed-removal systems that operate reliably in real-time.
Future work will extend to additional crop and weed species, integrate
disease and pest detection pipelines.
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Anomauia. Y pobomi 3anponoHo8aHo KOHYENMYANbHY MYIbIMUNPOSAOepH)y
apximexmypy Retrieval-Augmented Generation (RAG) ona oceimuix uam-bomis, axa
3abe3neyye  inmezpayilo  NOKANbHUX | XMADHUX —BEIUKUX MOBHUX MOOenell.
Apximexmypa nepedbauac €OuHuli Mexanizm 63aemoolii i3 nposaiidepamu mooenel,
NIOMPUMYE HATAWMYSAHHA NAPAMEMPIE NOWLYKY MA MOdCe A0anmysamucs 00 8UMo2
3aKk1adig ocgimu. 3anponoHo8anull NiOXio CNPAMOBGAHUL HA NIOBUWEHHS 2HYUKOCHIL,
eeKkmueHoOCmi UKOPUCIAHHSA OOYUCTIOBANLHUX PECYPCI8 | PIGHA 3aXUCHY OAHUX Y
cucmemax niOMpUMKU HAGYANbHO20 NPOYEC).

Knwuoei cnoea: cmpamezii ¢ppacmenmayii, eaubuna nowyxy, 6ubip mooeri,
STEM-ocgima, LLM-@petimeopxu.

Abstract. This work presents a conceptual multi-provider Retrieval-Augmented
Generation (RAG) architecture for educational chatbots integrating both local and
cloud-based large language models. The proposed architecture provides a unified
interface for model providers, supports configurable retrieval parameters, and can be
adapted to the requirements of educational institutions. The approach is intended to
improve system flexibility, resource efficiency, and data protection in Al-assisted
learning environments.

Keywords: chunking strategies, retrieval depth, model selection, STEM education,
LLM frameworks.

Educational institutions are increasingly adopting Large Language
Models (LLMs) for intelligent learning support; however, reliance on a single
commercial provider raises concerns related to cost, data privacy, regulatory
compliance, and system availability. To address these challenges, this paper
proposes a conceptual multi-provider Retrieval-Augmented Generation
(RAG) architecture that enables flexible integration of local and cloud-based
LLMs through a unified abstraction layer. By combining LLMs with external
knowledge sources, the RAG approach improves response accuracy, reduces
hallucinations, and grounds answers in course materials and institutional
resources [1]. The provider-agnostic design enables seamless switching
between local and cloud-based LLMs while supporting flexible retrieval
strategies, including text chunking, retrieval depth, and history-aware query
reformulation. These capabilities allow the system to adapt to diverse
educational scenarios, improving scalability, data protection, and deployment
flexibility [2].
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The developed framework provides unified management of LLM
providers, models, and embedding services, allowing educational institutions
to select deployment configurations that best match their technical
capabilities and organizational requirements. To ensure efficient operation, it
incorporates caching mechanisms for documents, embeddings, and vector
indexes with automatic invalidation when data or configuration settings
change. Built on modern LLM frameworks, the solution integrates provider
abstraction, retrieval pipelines, and user interfaces into a modular and
extensible RAG ecosystem suitable for a wide range of educational
applications [3].

The presented architecture supports educational scenarios including
lecture material exploration, programming documentation assistance, and
research paper analysis by grounding responses in institutional knowledge
sources. Conversation export and import enable reflection, reproducibility,
and continuity of learning, transforming chatbot interactions into
documented learning artifacts. The system supports local, cloud-based, and
hybrid deployment models, allowing educational institutions to balance cost,
privacy, computational resources, and performance according to their
requirements. A comparative cost analysis indicates that the optimal
deployment strategy depends on institution size, query volume, and privacy
requirements, with hybrid architectures providing the best balance between
operational cost and performance. A prototype based on Python, LangChain,
Streamlit, FAISS, and multiple LLM providers validated runtime provider
switching, configurable retrieval, history-aware query reformulation, and
grounded responses with source citations. Experimental evaluation on a
single CPU using Mistral 7B via Ollama achieved a document indexing rate
of approximately 500 pages per minute, query latency of 1.5-3 s for local
inference (2-8 s for cloud providers), and memory consumption of 4-6 GB,
demonstrating the practical feasibility of the proposed architecture.
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PO3II3HABAHHS ObJINY 3A JOITIOMOTI'OIO KPYT'OBHUX
POSIMMOAIVIEHUX I'ICTOI'PAM TA MAILIMHHOI'O HABYAHHSI
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Anomauia: JlocniosceHo memoo poO3Ni3HABAHHA 00IUY HA OCHOBI KPY208UX
posnodinenux kymyasmugnux cicmoepam (CDCH). Memoo sukopucmosye padianrvhe
CKaHy8aHHA ONA OMPUMAHHA HE3ANEHCHUX 6I0 POIMIPY CMAMUCMUYHUX O3HAK.
Ompumani 03HaKU KIACUDIKYIOMbCA 30 OONOMO2010 MemOOdy ONOPHUX BEeKMOPi8
(SVM). Ekcnepumenmu na 6aszi FE|I Face Database niomeepooicyioms 6ucoky
mounicmo (83.8%) ma obuucniosanvHy egexmuenicmev anreopummy, wo podoumo
tiozo npuoamnum o5 cucmem Edge 10T.

Knrouosi cnosa: posniznasants 001Uy, MAuiuHHe HABYAHHS, 6UOOOYBAHHS O3HAK,
padianvHe ckanysants, memoo onopnux eekmopis, Edge 10T.

Abstract: The paper investigates a face recognition method based on Circular
Distributed Cumulative Histograms (CDCH). The method utilizes radial scanning to
extract size-independent statistical features. These features are classified using a
Support Vector Machine (SVM). Experiments on the FEI Face Database confirm high
accuracy (83.8%) and computational efficiency, making the algorithm highly suitable
for resource-constrained Edge 10T systems.

Keywords: face recognition, machine learning, feature extraction, radial
scanning, support vector machine, Edge loT.
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Recent advancements in facial recognition rely on deep convolutional

neural networks (CNNs) [1]. However, deploying them in resource-
constrained Edge loT systems is challenging due to high memory and
hardware demands [2, 3]. This research proposes a deterministic, hardware-
friendly alternative combining Circular Distributed Cumulative Histograms
(CDCH), previously effective in other computer vision domains like defect
detection [4], with a Support Vector Machine (SVM).
For size independence, CDCH maps intensity distributions along 360 radial
vectors originating from an intensity-based facial centroid. Classification
uses difference matrices from subtracted paired CDCH representations. The
spatial percentage of threshold-exceeding mismatches forms a low-
dimensional feature vector (Fig. 1), enabling real-time SVM inference on
CPUs with O (W x H) time complexity.

Figure 1. Differences of CDCH images: Same person smiling (tol=2) and Different
person (tol=3)

The proposed algorithm was evaluated using a subset of the FEI Face
Database (700 images, 50 individuals). A total of 12,250 unique image pairs
were programmatically generated and assigned to Match or Mismatch
classes. An RBF-kernel SVM (70/30 split) achieved an 83.8% Accuracy on
the testing subset. Additional performance metrics included an 85.1%
Precision, 81.4% Recall, and an 83.2% F1-Score.

The CDCH-SVM framework successfully translates complex facial
geometry into stable radial projections. Operating without the heavy
computational overhead of deep learning networks, the proposed method is
highly suitable for real-time edge-computing biometric applications on
standard hardware.
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Anomauia. Y cmammi 00cnioxHcytomsvcs Memoou Komn 1omepHo20 30py Ha OCHO8L
HEUpOHHUX Mepexc Ofid GUABIEHHA MA PO3NIZHABAHHA MOPCLKUX 00 €Kmie Ha
ABMOHOMHUX | 36UHAUHUX CYOHAX. Y O0CHiOdceHHi aHanizylomvcs apXimexmypu
YOLO ma ResNet o0Ona 00pobku MOpcoKux 300pasxcenb i  6i0eonomoxis.
Excnepumenmanvui  pesynomamu  nokazyromo, wo YOLO 3abe3neuye ucoky
weuoKicmos  @usgieHHs, moodi sk ResNet niosuwye mounicmv Kiacugikayii.
Tibpuonutl nioxio, wo noeonye 06U MoOel, NOKPAUYE HAOIUHICMb PO3NIZHABAHHS
ma cnpuse egpekmugHili pobomi cucmem KepyBanHs CyOHAMU.

Knwuoei cnosa:  metipouni mepesci, xomn tomepuutl 3ip, YOLO, ResNet,
ABMOHOMHI CYOHA, PO3NI3ZHABAHHS MOPCLKUX 00 €KMig

Abstract. This paper investigates neural network-based computer vision methods
for maritime object detection and recognition in autonomous and conventional
vessels. The study analyzes YOLO and ResNet architectures for processing marine
images and video streams. Experimental results show that YOLO provides high-speed
detection, while ResNet improves classification accuracy. A hybrid approach
combining both models enhances recognition reliability and supports effective vessel
control systems.

Keywords: neural networks, computer vision, YOLO, ResNet, autonomous
vessels, marine object recognition

Cy4acHuii  pPO3BHTOK MOPCBKOTO  TPAHCHOPTY  CYHPOBOJKYETHCS
BIPOBAJDKCHHSIM TEXHOJIOTIH LITYYHOTO IHTEJIEKTY Ta KOMII FOTEPHOIO 30Dy,
IO € OCHOBOK (DYHKLIOHYBaHHS aBTOHOMHHUX CyIeH. BHKOpHCTaHHS Takux
CHCTEM JO03BOJISIE MiABUINUTH PIBEHb OE3MEKM CYIHOIUIABCTBA, 3MEHIIUTH
BIUIMB JIIOJCHKOTO (haKTOpy Ta ONTUMI3yBaTH IPOLECH NPUHHATTS
pimens [1]. MeToro gocimi/pkeHHs € aHajii3 e(eKTHBHOCTI 3aCTOCYBaHHS
HeiipomepexeBux apxitektyp YOLO (You Only Look Once) ta ResNet
(Residual Network) msst BusBIEeHHs i po3mi3HaBaHHs 00’€KTIB MOPCHKOTO
CepeloBHUIIIa Y 300paxKeHHSIX 1 BiICOTIOTOKAX, a TAKOXK OIIHKA MOMJIUBOCTI 1X
BUKOPHCTAHHS y CHUCTEMax YIIPaBJIiHHS aBTOHOMHUMHU Ta TPaJAUIIHHUMU
cynnamu [2, 3].

VY poboti Bukopuctano cydacHi 0i0miorexkn OpenCV Tta ImageAl mist
morepeIHp0i 00poOKH 300pakeHsb [4, 5], a Takoxk HelpoHHI Mepexxi YOLO
ta ResNet-50 [2, 3]. AnropuTMmiyHa peani3aiis MICTUTh €Tald OTPHMAHHS
BiZIeOJIaHMX, iX TomnepeaHboi 0O0poOkH, (opMyBaHHS HaBYalbHOI BHOIpKH,
HaBYaHHS MOJeJed 1 MOJAJbIIOro po3mi3HaBaHHS 00 €kTiB. CHcTeMa MOXe
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IHTErpyBaTHCSl 3 JOAATKOBUMH [DKEpENaMH JaHHMX, TaKUMHU SIK pajapHi
cucremu, GPS ta AIS, mo nixBuinye i HaiiHICTD.

VY Xoli eKCIepUMEHTAILHOTO aHalli3y BCTaHOBJIECHO, 110 Mozaens YOLO
XapaKTepU3y€eThCsl BUCOKOI IMIBUAKICTIO OOpOOKHM Ta TpHAaTHA JUIst
BUKOPHCTaHHS B pexuMi peansHoro dacy [2]. ¥ cBor uepry, ResNet-50
3abe3nedye BUILYy TOYHICTh KiacH(ikalii, IpoTe MOCTYMAEThCs 3a
mBuakomiero [3]. OtpumaHi pe3yipTaTH CBiAYaTh MPO  HASBHICTH
KOMIPOMIiCY MiX MIBHIKICTIO Ta TOYHICTIO poOOTH Mojeneii. Bukopuctanas
JIMIIE OJHOTO MiJXOAy HE 3a0e3ledye ONTHMalIbHUX XapaKTEPHCTHK, TOMY
JIOUUTBHUM € KOMOIHYBaHHS PI3HHX MOJENeH s TiABHINCHHS 3arajibHOl
e(EKTUBHOCTI CHCTEMH. 3aCTOCYBaHHS METOIIB IJIMOOKOrO HaBYaHHA Yy
CUCTEMaxX KOMII'FOTEPHOTO 30pY € MEpPCIEeKTHBHUM HANpsIMOM PO3BUTKY
ABTOHOMHOTO cyzaHoIuaBcTBa. Moaenb YOLO € eeKTUBHOIO JUIsl IIBUIKOTO
BUSBICHHS 00’€kTiB, Tomi sk ResNet-50 — s ix TouHoi kimacudikarrii.
Haii0inpm gomigbHUM € 1X KOMOIHOBaHE BHKOPHCTAHHS, IO J03BOJISE
MIABUIUTH HAIHHICTh Ta Oe3MeKy HaBiramiiiaux cuctem [2,3,4].
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HNPOI'PAMHE 3ABE3INEYEHHS JJIA OJHOETAIIHOI'O
BUSABJIEHHS TA OINIHIOBAHHSA I'NIMBUHHU
NPUNIOBEPXHEBUX JE®EKTIB 3A TOIIOMOTI O1O
MOJU®IKOBAHOI YOLOV12
P. T'aBayascekuii, Dr.Sci., JI. KypaBuak
Hayionanenuii ynieepcumem “Jlvgiscoka nonimextixka”, Yxpaina

Anomauia. 3anpononosano moougixayiro YOLOVI2n oz  oodnoemannozo
BUAGNEHHS, KIacUuikayii ma OYiHIO8aHHs 2TUOUHU NIONOBEPXHEBUX OeqheKkmis 3a
cmayionapuumu mepmozpamamu. Jlemexyiina 2on06a moougixoeana 000a8aHHAM
oKkpemol 2inku pezpecii Hopmanizosanoi koopounamu enubunu degpexmy. Hasuanms
BUKOHAHO HA CUHMEMUYHOMY HAOOpi mepMocpam, Cc@POpMOBAHOMY 3AB0AKU
BUKOPUCTNAHHIO Henpsamo20 memoody npueparuynux eremenmie (HMIIIE). Mooenv
docsena MAP@50 na pieni 95.99%, MAE — 0.07013 ma RMSE — 0.09613, 36epicuu
mouHicmy demexyii ma Kiacugixayii.

Knwuoei cnoea: YOLOV12, xomn’'rtomepnuil 3ip, HepylHIGHULl KOHMPOIb,
OYIHIOBAHHS 2NIUOUHU.

Abstract. A modification of YOLOv12n is proposed for single-stage detection,
classification, and depth estimation of subsurface defects from steady-state
thermograms. The detection head is modified by adding a separate regression branch
for the normalized depth coordinate of the defect. Training was performed on a
synthetic thermograms dataset generated using the indirect near-boundary element
method (INBEM). The model achieves mAP@50 of 95.99%, MAE of 0.07013, and
RMSE of 0.09613, while maintaining detection and classification accuracy.

Keywords: YOLOv12, computer vision, non-destructive testing, depth estimation.

Infrared thermography enables the detection of internal inhomogeneities
without damaging the inspected object. Subsurface voids and inclusions
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disrupt heat flow and produce temperature anomalies at the surface. Machine-
learning methods have been successfully applied to the automated detection
and classification of such anomalies [1]. However, quantitative defect-depth
estimation is typically treated as a separate task and is studied mainly in the
context of pulsed thermography [2]. The aim of this study is to modify
YOLOv12n to simultaneously localize, classify, and estimate the depth
coordinate of multiple defects from a single steady-state thermographic
image.

To generate the data, direct steady-state heat-conduction problems were
solved for a three-dimensional object measuring 8x4x2, containing voids and
inclusions with different thermal conductivities. The temperature fields were
obtained using the indirect near-boundary element method [3]. The
temperature distribution on the top surface was calculated on a 120x60 grid,
interpolated to 800x400 pixels, baseline-corrected, normalized, smoothed,
and saved as an RGB image. Additive Gaussian noise was applied to improve
model robustness.

The training dataset contained approximately 52,000 thermograms with
two to five defects, The test dataset contained 8,000 thermograms with four
defects each. The YOLO annotation format was extended as follows:
class_id, cx, cy, width, height, z, where z denotes the normalized depth
coordinate of the defect center.

The baseline YOLOv12n architecture [4] was extended with a depth-
regression branch. The branch consists of two convolutional blocks, followed
by a 1x1 convolution. It produces a single depth value for each prediction
location. As of features, it uses P3, P4, and P5. The target-assignment
mechanism remained unchanged. \As for training, the depth loss was
calculated only for the final predictions assigned to ground-truth objects. The
Smooth L1 loss function was used to train the regression branch. As a model
output, after confidence filtering and non-maximum suppression, each
prediction included bounding-box coordinates, a confidence score, a class
identifier, and an estimated depth. Thus, unlike the previously proposed two-
stage approach [4], the method does not require additional cropping of the
defect region or a separate regression model.

The model was trained for 35 epochs. The best results were obtained
using the model initialized with the standard YOLOv12n weights. Adding the
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regression branch had almost no adverse effect on detection performance:
MAP@50 reached 95.99%, compared with 95.60% for the baseline model.
The mAP@50:95 value was 81.19%, compared with 82.10% for the standard
YOLOv12n [4]. For objects matched at an loU threshold of at least 0.5, the
mean absolute depth-estimation error was 0.07013, and the root mean square
error was 0.09613. The class-wise analysis showed a slightly lower mean
absolute error for inclusions, namely 0.06715, compared with 0.07563 for
voids. The lowest error was obtained for defects located closer to the
inspected surface because they produced more distinctive thermal contrast.
At the same time, overlapping thermal halos generated by multiple defects
made their depth estimation more difficult.

The results confirm that the proposed YOLOv12 modification is capable
of depth estimation while preserving a single-stage architecture and keeping
detection metrics on the same level. Future research should include inference-
time and computational-cost evaluation. Also, comparison with two-stage
and state-of-the-art multi-task models, and validation using experimental and
publicly available thermographic datasets should be considered.
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Anomauia. 3anpononosano apximexmypy iHmezpoganoi  iHghopmayitinoi
cucmemu  agmomamusayii  3MIUAHO20  hEepMEPChKo20  20Ccnodapcmed 3
suxopucmannam loT ma mexnonoeii wmyynozco inmenexmy. Poszenanymo
3aCMOCYBAHHST ABMOMAMU30BAHO20 300pY OAHUX, HEUPOHHUX Mepedc i Yughposozo
06itiHUKA 0I5l MOHIMOPUH2Y, NPOCHO3YEAHHS MA NIOMPUMKU YAPAGTIHCOKUX PIUUEeHD.

Knwuoei cnosa: asmomamusayis, wmyunuii iumenexm, Iumepunem peuell,
HeltpoHHI Mepedici, yugposuil OBIIHUK.

Abstract. An architecture of an integrated information system for the automation
of mixed farming using IoT and artificial intelligence technologies is proposed. The
application of automated data collection, neural networks, and a digital twin for
monitoring, forecasting, and decision support is considered.

Keywords: automation, artificial intelligence, Internet of Things, neural
networks, digital twin.

CrpiMKMH PO3BHUTOK iHGOPMAIIMHUX TEXHOJIOTIH, aBTOMarm3amii Ta
LITYYHOT'O IHTEJEKTY 3MIHIOE MIJXOAW IO YIPABIIHHS arpornpoOMHCIOBHM
BupoOHMLTBOM.  Bomnouac  cepemHi  ¢depmepchki  rocmopapcTsa
BIIPOBA/DKYIOTh KOMIUIEKCHY aBTOMATH3allil0 MOBUIBHINIE Yepe3 BHCOKY
BapTICTh pIlIeHb, HEJOCTATHIO IHTETPAIlil0 TPOTPaMHUX MPOIYKTIB i
BIJICYTHICTh YHIBEepCaIbHUX IUTATGOPM, aaNTOBAHUX O MOTped Mayioro Ta
cepenHboro arpapHoro 0OizHecy. OCOOJHMBO aKTyaJIbHOIO € aBTOMAaTH3allis
3MimaHuXx (HEepMEepPChKUX TOCIONAPCTB, SKI MOEIHYIOTh POCIHHHHIITBO,
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TBapUHHUITBO a00 NTaxiBHUITBO, INepepoOKy, MaKyBaHHs, 30epiraHHs,
JIOTICTHKY Ta peaiizaliio MpoayKuii. 3HauHa KUIBKICTh B3a€MOIIOB’SI3aHUX
NIPOLIECIB YCKIIAIHIOE eEeKTUBHE YIPaBIiHHI O3 BUKOPHCTaHHS Cy4acHUX
uudpoBux TexHomorii [1].

Meroto pobOTH € PO3POOJICHHS NPAKTHYHOI MOJENi IHTETPOBaHOI
iHpOopMaliiHOI CHCTEeMH aBTOMATH3allii 3MilIaHOTO  (hepMepCchKOro
TOCIIOIapCTBa 13 3aCTOCYBAaHHAM MPOTPaMHUX IUIAT(GOPM, amapaTHUX
3aco0iB, [HTepHEeTy pedell Ta INTYYHOTO IHTENEKTY IS MOHITOPHHTY
BHPOOHWYHX MPOLECIB 1 MIATPUMKH YIIPaBITiHCHKUX PIllICHb.

3ampornoHoBaHa cHCTeMa Mae OaraTopiBHEBY apXiTekrypy. Ilepmmii
piBeHB 3a0e3medye aBTOMAaTH30BaHUN 30ip JaHWX 3a JOMOMOTOI0 JAaTYHKIB
TEMIIEpaTypu, BOJIOIOCTi, OCBITJICHOCTi, pIBHS BOJH, BaroBUX CHCTEM,
RFID-miTok, QR-izeHTH(iKaTOPIB, BiJEOCIIOCTEPEIKEHHSI Ta KOHTPOJIEPIB
oOnanHanHs. Jlpyruii piBeHb Qopmye iH(pOpPMALiHO-KOMYHIKAIIIHY
indpactpykrypy 3 Bukopuctanusm Wi-Fi, Ethernet, LORaWAN, NB-IoT ta
MOOITBHUX Mepex, a mpotokond MQTT i AMQP 3a6es3neuyrorh
nepelaBaHHs TeJIEeMETPUUHHUX JaHUX y PEXUMI peaibHoro uyacy [2]. Tperiid
piBEHb TPENCTAaBICHWHA CEPBEPHOIO IUIATPOPMOIO aus  30epiraHusd,
00poONIeHHs Ta iHTerpamii JaHUX 13 MOXKIHUBICTIO BHKOPHCTAaHHS
MIKpPOCEpBICHOI apXiTeKTypH, KOHTeHHepu3alii, pelsamiifHnX 0a3 HaHuWx i
CXOBUIIl YacOBUX psaiB. UeTBepTuil piBeHbp BKJIIOYAE BeO- Ta MOOLIBHI
3aCTOCYHKH JUISl aIMiHICTPyBaHHS T'OCIIOIapCTBA, MOHITOPHHTY TTIOKa3HHKIB,
(hopMyBaHHS 3BITHOCTI Ta ONEPAaTHBHOTO BHECEHHS BUPOOHMYMUX JaHMX [3,
4]. Bax/MBUM KOMIIOHEHTOM CHUCTEMH € TEXHOJIOTI] IITYYHOTO IHTEJIEKTY.
Komm’rotepHuii 3ip MOKe BHKOPHUCTOBYBATHCSl MJIsl KOHTPOJIO CTaHy
POCIIMH, BUSBIICHHS 3aXBOpIOBaHb 1 Oyp’sHIB, OIIHIOBaHHS CTHIJIOCTI
NpOAYyKLii Ta MOHITOPUHTY CTaHy TBapuH 1 nTuii. HeiiponHi Mepexi
MOXYTh IPOTHO3YBAaTH BPOXKAWHICTh, CIOXKHBAHHA KOPMiB, 00cATH
BUPOOHMIITBA, 3amacd Ta TMONUT 3 YPaxyBaHHSIM ICTOPHYHMX JAHHX,
CE30HHOCTI ¥ TOrOJHMX YMOB. AHalI3 TEJEMETPUYHUX IapaMeTpiB
oOnajHaHHA TakKoX Ja€ 3MOTY peali3yBaTh IIPOTHO3HE TEXHIYHE
00CITyrOByBaHHS Ta 3aBUACHO BUSIBJISITH aHOMATI.

[MpaktiyHa  MoOJenb  BNPOB/DKEHHS — repeabavae  IMMOCHTIJOBHY
nudpoBizalito TocrnoaapcTBa: CTBOPEHHS €IMHOI  €NEKTPOHHOI  0asn
BHPOOHMYHX pecypciB, aBTOMaTH30BaHMH 30ip naHmx, iHTerpamito ERP i3

86



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

OyXraaTepchbKuM 00JTIIKOM, CRM, JIOTiCTHKOIO, €JIEKTPOHHUM
JOKyMEHTOO0IrOM Ta €JEKTPOHHOI0 KOMEPII€0, a TaKOX MiJAKIIOUCHHS
MOJYJIB aHANITHKH ¥ INTY4HOro iHTeNeKkTy. Pesynbrarom iHTerpauii €
¢dopmyBanHs 1mdpoBOro mABiiHWKA (HEpMEPCHKOrO TOCHOIApPCTBA, SKUN
BiZloOpaXkae MOTOYHWI CTaH BUPOOHMYMX MPOLECiB, 3a0e3nedye KOHTPOJIb
KJIFOYOBHX OKA3HUKIB, ()OPMYBaHH IMOIEPEKEHb PO KPUTHUYHI TOAIT Ta
MO/JICTIFOBAHHS CIICHAPIiB PO3BUTKY MiANPHEMCTBA. 3alpOIIOHOBaHA MOJEIb
Moxke OyTH ajanToBaHa O TOCHOIAPCTB pIi3HOI cremiamizamii  Ta
IATIPUEMCTB ITOBHOT'O BUPOOHUYOTO IIHKITY.

HayxkoBa HOBH3HA pOOOTH Mmoisirae y OpMyBaHHI iIHTETPOBAaHOI MOZAETI
aBTOMAaTH3allil 3MIMIaHOTO (HEPMEPCHKOTO TOCIOIApCTBa, SKa 00 €IHYE
BupoOHMYI nporuiecy, loT-npuctpoi, nporpaMHi miaThopMu, KOMIT FOTEPHUH
3ip, TPOrHO3HY aHANITHKy Ta HEWPOHHI Mepexi B  €IUHOMY
iHpopmaniiiHoMy cepenoBuni. OCOOMMBICTIO MIAXOAY € LEHTpasli30BaHE
HAKOMMYEHHS PI3HOPIIHUX JaHUX y PEeXHUMI peaJbHOro dacy Ta IX
BUKOPHCTaHHS Uil CTBOPEHHs IHU(POBOro JBifiHWKA 1 MIATPUMKH
YINPaBIIHCHKUX pilleHb. [IpakTMYHa IIHHICTH MOJATa€ y MOMIIMBOCTI
CTBOpPEHHS MacmTaboBaHOi iHpoOpMamidHOI TUTATGOPMH AN CepenHiX
depMepCHKHX TOCTIONAPCTB He3aleskHO Bij cremiamisamii. [i Bukopucranus
Jla€ 3MOTY CKOPOTHUTH BHUTPAaTH PECypCiB, 3HU3UTH BIUIMB JIIOJCHKOTO
(akTopa, MiABUIUTHA TOYHICTH TUTAHYBAHHS, 3a0€3IIEYUTH MPOCTEKYBaHICTh
MPOAYKIIT Ta HOKPAIIUTH EKOHOMIYHY e()eKTUBHICT MiAIPHEMCTBA.

3amporoHoBaHa ~ Mojenb  3a0e3ledye  IHTErpamilo  IpOrpamMHOTO
3abe3neueHHs, loT-mpuctpoiB, aBTOMaTH30BaHOrO 300py JaHWX 1
TEXHOJIOTi} IITYYHOTO iHTENEeKTY B €auHy iHdopmamiiiHy cucremy. [i
BIIPOBA/KCHHS CIIPHSIE aBTOMATU3aIlil BUPOOHUYMX IMPOIECIB, ONTHMI3aIlii
pecypciB, 3HIKCHHIO PHU3UKIB Ta  MIIBUINCHHIO OOIPYHTOBaHOCTI
YOpPaBIIHCBKUX  pimeHb. MacmTaboBaHICTh  apXiTEKTypH  JI03BOJIIE
3aCTOCOBYBATH ii SIK y CepeaHix (epMepChKHX TOCHOAAapCTBax, TakK i Ha
arpoInpoOMHCIOBHX ITIANPUEMCTBAX ITOBHOTO IIMKITY.
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ITEHTUPIKALISI XBOPOB POCJINH 3A 30BPA’KEHHSIMU 3A
JOIMOMOTI'OIO AJITOPUTMIB MAIIIMHHOTI'O HABYAHHSA
Dr.Sci., C. Auromyk, Ph.D., T. Kynyn, O. KpaBueHko
Ooecvkuil nonimexHiYHUL HAYIOHAbHUL YHIsepcumem, YKpaina

Anomauin. ¥ yiti cmammi npedcmaeneno po3pooKy asmomamu3z08aHo20 npoyecy
ioenmucixayii x6opob pociun 3a ix 306HIWHIM 6uena0om. I 0n08HOI Memoio yiel
pobomu € po3pobka iHMeNeKmyanrbHo20 NpoSpamMHozo 3abesnedueHtHs, 30amHO20
WBUOKO MAa MOYHO AHANIZYEAMU CMAH 300P08'S POCIUH HA OCHOGI ix homozcpadiil.
bBynu eusnaueni ma 6npogaddiceni 8ci acnekmu po3podxu cucmemu ioemmuixayii
X60pob pocnun 3a 306padcennsmu. Bynu pozensmymi eionosioni apximexmypu
HEUPOHHUX Mepedc ma Habopu OaHUX NPO X6OPoOU POCIUH O/ KEPIBHUYMEA 8UOOPOM
Moleni ma  excnepumenmanvhum — naanom. QOcobruea  ysaca  npuOiNAEMbCA
320pMKO6UM  HEUPOHHUM —Mepedcam, iX KOMNOHeHmam, NpUHyunam oobpooKu
300padicent ma BUIYYEHHA O3HAK, A MAKOXNC DISHUM apXIMeKmypam 320pmKOGUX
netiponnux mepeosic. Yomupu apximexmypu CNN 6yau nasueni na PlantVillage ma
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PlantWild ma oyineni na PlantDoc. ConvNeXt-Tiny docae naiikpawjozo pesynomaniy
PlantDoc ma 6ys inmesposanuii y Mo6inbHULl 000amox.

Knwuoei cnosa: Knacugixayis 300padicens, idenmugixayis xeopob pociuH,
320pmKO8i HellponHi mepedxci, enuboke nasuanna, PlantVillage, PlantWild, PlantDoc,
WMYYHUL IHMeneKm.

Abstract: This article presents the development of an automated process for
identifying plant diseases by their appearance. Scientists and agronomists are
continuously investigating effective strategies to control the spread of plant diseases
and minimize their adverse effects. The main objective of this work is to develop
intelligent software capable of quickly and accurately analyzing plant health based on
its photograph. All aspects of developing a system for identifying plant diseases from
images were identified and implemented. Relevant neural-network architectures and
plant-disease datasets were reviewed to guide model selection and the experimental
design. Particular attention is given to convolutional neural networks, their
components, principles of image processing and feature extraction, and various
convolutional neural network architectures. Four CNN architectures were trained on
PlantVillage and PlantWild and evaluated on PlantDoc. ConvNeXt-Tiny achieved the
best PlantDoc result and was integrated into the mobile application. The proposed
plant disease identification system was implemented as a mobile application.

Keywords: Image classification, plant disease identification, convolutional neural
networks, deep learning, PlantVillage, PlantWild, PlantDoc, artificial intelligence.

Agriculture is one of the most important sectors of human activity.
Approximately one billion people are employed in the agricultural sector,
accounting for about 28% of the global workforce [1]. The primary goal of
farmers has always been to achieve the highest possible crop yield. However,
accomplishing this objective is a challenging task, as plant health is affected
by numerous adverse factors, such as:

climate problems, such as drought and excessive heat, floods, frosts, and
hail;

soil fertility problems, including excessive use of chemical fertilizers and
pesticides, erosion, and salinization;

dependence on innovative technologies, the use of which requires
additional knowledge and skills and carries risks to their reliability;

plant diseases and damage caused by bacteria, fungi, viruses, pests, and
parasitic plants.
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The actual training of the models occurs in the pretrain and finetune
functions. After this, the models are tested for accuracy on the PlantDoc
dataset using the evaluate_on_plantdoc function. Before this step, it is
important to consider two nuances: first, the name of the same class looks
slightly different in different datasets. For example, in PlantVillage it is
Apple___ Apple_scab, in PlantWild it is Apple_scab, and in PlantDoc it is
Apple Scab. To overcome this problem, the _norm function was written,
which reduces all three variants to the form "apple scab.” Second, each
dataset has a different number of classes. After pretraining on PlantVillage
and completing training on PlantWild, the models can classify 89 classes,
while PlantDoc contains 27 plant—disease categories, including 17 disease
and 10 healthy categories. The build_plantdoc_mapping() function builds a
dictionary that establishes a mapping between the PlantWild and PlantDoc
classes. Classes from the PlantWild dataset that are not present in PlantDoc
are included in the "unmatched" list and are not included in the accuracy test.
The models were exported to ONNX and LiteRT (.tflite) formats.

After analyzing the training results, we can conclude that all models
demonstrated the ability to quickly learn to accurately distinguish plant
diseases on the PlantVillage dataset, all photographs of which were taken
under identical conditions with a simple background.

Registration v
Authorization ‘ Enter
Password

Using Camera Get Plant
. Save Plant,
Diagnosis, &
Recommendations,
Get Treatment &
Using Gallery A Prevention
for Plant Photo Recommendation:
Editing
Profile Data
Deleting
Profile

Figure 1. Use-case diagram

Enter Email
Address
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Performance decreased substantially on PlantWild, reflecting the domain
shift and the greater visual complexity of in-the-wild images. The use case
diagram for the mobile application for identifying plant diseases is shown in
Fig. 1. It sequentially displays all the actions the program provides the user.

The application can be used in guest mode; registration is required only to
save results and access recognition history. The mobile application for
identifying agricultural diseases identifies the plant's condition after a visual
inspection. To successfully perform this task, the system requires only one
photo of the affected leaves or fruit, which the user can provide in two ways:
using the mobile phone camera or its gallery.

After receiving an image, the system analyzes it and provides a status
report, including the plant species, diagnosis, and brief treatment
recommendations. The user can save the results in a database. The program
also includes the ability to edit profile data, including changing the email
address, password, and username. The user can also delete their profile along
with all data if they no longer wish to use the program. The results screen
displays a list of the five most likely diagnoses and treatment methods for
each. This screen allows the user to save diagnostic results in a database.
Saving the results enables the recognition history feature.

Analyzing the completed work, we can conclude that the application
successfully fulfills its intended purpose, and its graphical interface is user-
friendly and intuitive. To further analyze the mobile application's
functionality, manual testing was conducted. This approach involved the
tester manually executing interaction scenarios with the application, without
the use of automation tools.

The model that demonstrated the highest level of accuracy (ConvNeXt-
Tiny) was integrated into the mobile app. The mobile application was
developed in Kotlin using Android Studio, Jetpack Compose for the user
interface, LiteRT (formerly TensorFlow Lite) for on-device inference, and
Room for local data storage. These technologies helped develop an app
characterized by low computational costs, ease of use, and high performance.
In the future, the system can be developed by searching for and applying
measures to improve the accuracy of models that can be used in the system,
and training on datasets with a large number of classes so that the application
helps users work with a large number of crops and diseases.
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CHUHTE3 AJAIITUBHOI ABTOMATHU30BAHOI CUCTEMH
KEPYBAHHS EHEPTOE®EKTUBHICTIO HA OCHOBI
IJIMBOKOI'O HABYAHHS
M. Honoaincekuii, Dr.Sci., B. Buuyxkanin
Hayionanvnuii ynigepcumem «Odecvka noaimexnikay, Yxpaina

Anomauia. Y  pobomi  eupiuieHo  3a60aHHs  CUHmMeE3Y  AOANMUBHOT
agmomMamu308amoi cucmemu Kepy8amHs eHepeoeqheKmusHicmio CKIAOHUX MeXHIUHUX
06'exkmis. 3anpononosano 0eoxonmypry cmpykmypy ACY 3 guxopucmanusim mooeneti
2IUO0K020 HABUAHHA OISl NPEOUKMUBHO20 hOPMYBaNHs Kepylouux enausie. [JoseoeHo,
WO  3aCMOCYBAMHA — DEKYDEHMHUX — HeUpOMEepedcesux — apXimekmyp  00360JA€
adanmyeamu  cucmemy 00 HECMAYIOHAPHUX —PeXCUMIE  (QYHKYIOHYBaHHA —ma
MIHIMIZy8amu numomi eumpamiu emepzopecypcie 0e3 nompebdu y NOCMIUHOMY
PYUHOMY NepeHanawmy8anti napamempie pecyismopa.

Knrouosi cnoea: adanmusne KepyeamHs, 2nuboke HA8UANHS,
enepzoepexmugnicmo, cunmes ACY, npeduxmusne pecynioganusi.

Abstract. The paper solves the problem of synthesizing an adaptive automated
energy efficiency control system for complex technical objects. A two-circuit ACS
structure using Deep Learning models for predictive control generation is proposed.
It is proved that the application of recurrent neural network architectures allows
adapting the system to non-stationary operating modes and minimizing specific
energy costs without the need for constant manual re-tuning of controller parameters.

Keywords: adaptive control, deep learning, energy efficiency, ACS synthesis,
predictive regulation.
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Beryn Ta moctaHoBKa mpo6Jiemu. IlinBUIICHHS pPiBHIB TUHAMIYHOCTI
Cy4YacHHX BUPOOHHYUX IPOILECIB BUMArae BIIPOBAKEHHs HOBUX MiJIXOJIB /10
aBTOMATH3allil, 3[aTHUX 3a0€3MEUYNTH BUCOKY eHEproe()eKTHBHICTH B yMOBax
3HauHOi HeBW3HaueHocTi. Kimacuuni ACY Ha ocHoBi [II/I-perynsropiB He
3a0e3rneuyroTh  ONTHUMAJBbHOTO  KEpPyBaHHSA  O0'€KTaMHM 3  BHCOKOIO
iHepuiliHiCTIO Ta 3MiHHMMHU napameTrpamu. CHHTE3 aJanTHBHUX CHUCTEM
KEepyBaHHSI 3 BHKOPUCTAaHHSIM Mojenell riambokoro HasyaHHS (Deep
Learning) [1] no3Bonse peanizyBaTH NPEeJUKTUBHE PETYITIOBAHHS 32 PAXyHOK
CaMOHABYaHHS Ha YaCOBHX PSAAax TelxeMeTpii [2].

OcHOBHUI1 3MiCT JocCaiIzKeHHsI. 3alIpOIIOHOBAaHA CTPYKTypa alalTUBHOI
ACY 0a3yeThcs Ha IBOKOHTYpHIN MPUHIUTIOBINA cxeMi. BHyTpimHii KOHTYp
3abe3nedye MBUAKY CTaOLII3ali0 TEXHOJOTTYHUX MapaMeTpiB, a 30BHILIHIN
(amanTuBHUIT) - QopMye KOperyrodi BIUIMBH HAa OCHOBI HEHPOMEpPEKEBOIO
MIPOTHO3Y €HEProOCHOKUBAHHSI.

Jnst cuHTe3y NMpeMKTHUBHOI MOJIET 3aCTOCOBAHO PEKYPEHTHY HEWPOHHY
MEpEeXKy 3 JIOBrow KopoTkocTpokoBoto mam'attio (LSTM) [3]. Ha Bxin
cucteMu mojaeTbest Bexktop craniB St = {Py, Ty, Xi}, ne Pt - morouna akTiBHA
MOTYXXHICTh, Tt - MapaMeTpH TEXHOJOTIYHOTO cepefoBHUINa, X¢ - BEKTOP
30BHINIHIX 30ypeHb.

LinpoBa QyHKIIISA ONTHMI3alii CHHTE30BaHOT CHCTEMH Ma€ BUTIIS:

J=2 [ A1+ (Y - Feei)? + Az« (AUgi)? ]

A¢ Yi+k Ta [+k) - CIOPOTHO30BAHC Ta 3aJaHC 3HAYCHHSA IIOKa3HUKA
€Heproe(eKTUBHOCTI; AU(+k) - BEIMUMHA 3MIHM KEPYIOUOro BIUIUBY; A1, Az -
BaroBi KOe(illieHTH.

BripoBapkeHHsT J1aHOi CTPYKTYpH JI03BOJISIE MIiHIMI3yBaTH aMILTITYyay
MePeXiTHUX MPOIECIB Ta YCYHYTH €(heKTH TepeperyIioBaHHs B IHHAMIYHUX
LUKJIaX HABAHTAKEHHS.

BucnoBkn. Po3poOnennit  Meroxn  cuHTe3y —anmantuBHoi  ACY
€Heproe()eKTUBHICTIO Ha OCHOBI MoJieNiel IIIMOOKOro HaB4aHHs 3abe3redye
IIBUIIEHHS ~ TOYHOCTI  PEryJIOBaHHA B  yMOBax  HapaMeTpHUYHOl
HEBM3HAYEHOCTi.  Pe3ynbTaT  €KCIIEpUMEHTAJIBHOIO  MOJICNIOBAHHS
MATBEPKYIOTh 3MEHIIEHHS IMUTOMOIO SHEProCIoXUBaHHS 00'ekta Ha 11—
14% mnopiBHAHO 3 0A30BMMH aITOPUTMAMH KEPYBaHHS.
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NOISE DETECTION IN HISTOPATHOLOGY IMAGES FOR
THYROID TUMOR DIAGNOSIS
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BUSBJEHHS ITYMIB HA T'ICTOITATOJIOTI'TYHUX
30BPAKEHHAX IJISI JIATHOCTUKU ITYXJIUH
IIII/ITOHOI[IEHOi 3AJI03U1
Dr.Sci., O. Yymauenko, P. [{lumoaniok
Hayionanvnuii mexuiunuii ynisepcumem Yrpainu «Kuiscokuti nonimexuiunuii
incmumym imeni leopsi Cikopcbkoco», Yrpaina

Anomauin. Memoio docniodcenns € asmomamuine GUAGIEHHs apmepakmie y
2ICIMONAMONIO2TYHUX NOBHOCAANIO0BUX 300PANCEHHAX MA OYIHIOBAHHA HAOIHOCMI
npoenosie.  3anpononosano ancambne U-Net, YOLOv8n i DeeplLabv3+si
CIMOXACMUYHUMU  NPOXO0aMu mda 6URAOKOBUMYU NOBOpOMAamMu 01a OYIHIO8AHHS
nesusnauernocmi. Iicas nooiny WS na ¢ppaemenmu i nopmanizayii Macenko moodeni
odocsiznu F1 0,942-0,980 ma Dice 0,955-0,967. Jns kooicnozo 306padicenns
obupaecmvbcsi NPocHO3 13 HAUMEHWOI0 HEeGU3HAYEHICMIO, d CYMHI6HI OLNAHKU
nepeoaiomucs excnepmy.

Knrouosi cnosa: zicmonamonozciuni 300padicents, apmeghaxmu, ceemenmayisi,
ancamodnb mooenell, OYiHIOBAHHSA HEGUIHAYEHOCMI, WIMYYHUL THMeNeKm, MauuHHe
HABYAHMHS

Abstract. The study aims to automatically detect artifacts in histopathological
whole-slide images and assess prediction reliability. An ensemble of U-Net,
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YOLOv8n, and DeeplLabv3+ using stochastic passes and random rotations is
proposed for uncertainty estimation. After WSI tiling and Macenko stain
normalization, the models achieved F1 scores of 0.942-0.980 and Dice scores of
0.955-0.967. For each image, the lowest-uncertainty prediction is selected, while
uncertain regions are referred for expert review.

Keywords: histopathological images, artifacts, segmentation, model ensemble,
uncertainty estimation, artificial intelligence, machine learning

Relevance. The definitive diagnosis of a thyroid tumor is based on
histopathological examination, while digital whole-slide images (WSI)
make it possible to automate part of the diagnostic process. At the same
time, blurring, blood, air bubbles, folds, and mechanical tissue damage
distort morphological features and cause hidden model errors [1]. Therefore,
automatic artifact detection is an essential stage of WSI quality control.

Purpose of the study. To develop an artifact detection method that
provides defect localization and evaluates prediction robustness. To this end,
an ensemble of three detectors is proposed, with a model selected separately
for each image based on minimum uncertainty.

Materials and preprocessing. The open HistoArtifacts dataset [2] was
used. To reduce class imbalance, 3575 patches were selected from each class.
From patches found to be similar in color by k-means, 3416 synthetic WSlIs
were generated for training and 855 for validation in a binary classification
setting. An additional dataset included approximately 18 WSIs from Kyiv
City Hospital No. 18, with 4-5 images per case. The images were divided
into 224 x 224-pixel patches, and stain variability was reduced using
Macenko normalization [3].

Proposed method. The ensemble combines U-Net, YOLOv8n, and
DeepLabv3+. U-Net performs accurate segmentation, the lightweight
YOLOV8n rapidly detects local defects, and DeepLabv3+ captures artifacts at
different scales. For each detector, 1000 stochastic passes were performed
with random rotations of the WSI. Mean confidence, variance, standard
deviation, and entropy were calculated. The output of the detector with the
lowest uncertainty was selected as the final result, while regions with high
uncertainty were recommended for expert review.
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Table 1. Comparative metrics of artifact detectors
Model Prec. | Rec.| F1 Spec. | AUROC loU Dice

U-Net 0,903 | 0,986| 0,942 0,993 1,000 0,959 0,967

DeepLabv3+| 0,996 | 0,956 0,976 1,000 0,985 0,954 0,955

YOLOvV8n 0,969 | 0,991| 0,980 0,998 1,000 0,937 0,959
Note. Prec. - precision; Rec. - recall; Spec. - specificity.

Results. All models showed high performance metrics (Table 1):
YOLOvV8n had the highest F1 score (0,980), U-Net the highest Dice score
(0,967), and DeepLabv3+ the highest precision (0,996).

During 1000 passes on the first test WSI, DeepLabv3+ predictions
showed substantial variability, whereas YOLOv8n and U-Net were stable; U-
Net was selected based on minimum uncertainty. In another image, the
standard deviation of DeeplLabv3+ confidence was approximately 0,2,
whereas YOLOv8n and U-Net showed nearly identical confidence; the U-Net
result was selected.

Conclusions. An approach for assessing confidence in noise detection in
histological images is proposed. The required stages of histological image
preprocessing are described. The selection of models for detecting noise in
histological images is presented and justified.
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CYBOPA MOJAYJBHA APXITEKTYPA JJIs1 HII-PO3POBKHA
3ACTOCYHKIB
Ph.D., O. Hotienko, Ph.D., C. Kocenko
Hayionanvnuii ynieepcumem “‘Odecvra nonimexuixa”

Anomauin. B pobomi docnioxcyemuvcs nioxio, wo noasiede y HaKuaoOaHHi cygopux
apxXimexkmypHux UMo2 Ha CUCMEMY 2eHepayii K00y HA OCHOBL WMYYHO20 IHMELeKm).
Mu posenadaemo Kpocniamepopmeny MoOyIbHY apXimeKmypy, Had OCHO8I PPelumMeopKy
RIBs, ax cmpykmypHuil ¢pyHOameHm 01 A8MOHOMHUX aceHmis. [lenmpanvha ioes
nojseac 6 mMOMY, WO 3ACMOCYHOK Npeocmasiaemvcsa y 6uenaoi oepesa
83aeMON08'a3aHux 8y3nie. Kooicen Y301 onucyemvcsa KOMROHEHMOM (MOOyaem), AKUlL
MA€ YimKy GHYMPIWHIO CMPYKMYPY, S6HO ONUCAHI 3anexcHocmi ma nyOoniunuil
inmepgpeiic. Ile cymmeso minimizye i obmedicye obracme cenepayii I, 3nauno
suudcytouu eumpamu na APl ma oecpadayilo konmexcmnozo 6ikHa, mooi sK a2eHmu
MOJCYMb  HE3ANENHCHO PO3POOIAMU, NPOBOOUmMU pepaxmopune abo mecmysamu
MO0y 8 nosuil izonayii. Mu nepedbauaemo, wo obmedicenns cenepamuenozo LI
0emepMiHOBAHUMU  APXIMEKMYPHUMU PAMKAMU Nepemeopioc HeoemepMiHo8anuil
pe3yIbmam Ha HaOTliHULL KOHBEEP PO3POOKU NPOSPAMHO20 3A0e3NEYEHHS.

Kniouogi cnoga: senuxi MogHi MoOeni, apxXimexmypa npoepamnozo 3abe3neuenus,
WMYYHUL iHmenexKm.

Abstract. In this work, we explore an approach of enforcing a strict architectural
framework on Al code generation system. We consider a cross-platform modular
architecture inspired by RIBs framework as a structural basis for autonomous agents.
The core idea is that the application is represented as a tree of interacting nodes.
Each node is decscribed by the component (module), which has strict internal
structure, explicit dependencies and public interface. This significantly minimizes and
restricts the Al's generation scope, massively reducing API costs, and context-window
degradation, while agents can independently develop, refactor, or test a modules in
complete isolation. We predict that constraining generative Al with deterministic
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architectural rails transforms non-deterministic output into a reliable software
development pipeline.
Keywords: large language models, software architecture, artificial intelligence.

Modern Large Language Models (LLMs) demonstrate great capabilies of
generating programming code. Consequently, numerous systems and agents
have been developed that leverage LLMs to generate complete software
applications based on a user’s prompt. However, as the codebases grow, the
models tend to lose ever expanding context. Without strict architectural
enforcement, Al systems naturally tend to quick fixes like «God Objects»,
Singletons, shared mutable states, or mixes user interface logic with business
logic etc [1, 2]. Without explicit guidelines it will rarely use the same pattern
for error handling, routing, or state updates for two generated modules. In
large applications, this blures the boundaries even more, bloating the scope
for future iterations, thus creating unpredictable side effects, where a change
in one feature breaks another. Consequently, Al may alter the public or
internal behavior of interdependent components, causing cascade failures
across the app.

In this work we consider how a modular architectural framework insiped
by RIBs architecture [3] improves capabilities of Al systems for large-scale
applications development. According to this architecture, the state of the
application is modeled as a tree of nodes. Each node is a separate component,
it has internal structure: controller (interactor) —represents the business logic
of the application, view — represents a part of the user interface, router —
responsible for the navigation and lifecycle of the children nodes of the
component. Finally, each component (node) explicitly declares its
dependencies and public interface. Enforcing this architectural rails,
significantly restricts the Al's generation scope strictly to that explicitly
defined contract, which massively reduce prompt length, APl cost, and
context-window degradation, while agents can independently develop,
refactor, or test a module in complete isolation. Moreover, the strict internal
structure of the components make it possible to assign specialized and
focused agents to develop the interactor (pure state and logic), view (layout
and rendering) and router (children tree management) separately. The
described frameworks explicitly specify object lifecycles, because a module's
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scope exists only as long as its node is attached to the tree. This provides
automated memory management rules, so that Al doesn't have to guess when
to allocate or release memory manually.

Following this architectural approach ensures that each feature has
identical structural blueprint, so the code layout becomes highly predictable
across the whole app. Since every module shares the same foundational
shape, the Al agents can be provided with standard canonical examples and
use these deterministic boilerplate templates to reliably stamp out new
features without architectural deviation. Moreover, the described architectural
framework comes with a lot of tools that allows quick and token-free non-Al
code generation, handle structural boilerplate and static logic of components.
This means zero token cost for generating standard structural boilerplate,
eliminate architectural variation and errors.
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E®EKTUBHE OB’€JHAHHS RGB- 1 TEILIOBI3IMHUX JAHUX
JJIs1 BUSIBJIEHHSA CKYITYEHDb JIIOJlEfl 3A JOIIOMOTI' OO0
BILJIA
Ph.D., H. Binoyc!, C. Kaayriu', B. IBaniues’, Dr.Sci., I. Kopo0iiiuyk?

! Xapxkiscokuil HayioHanbHuil yHigepcumem padioeleKmpoHiku, Yxpaina,

2 Bapwaecokuii mexnonoeiunuil ynisepcumem, Ionva

Anomauisn. /locrioxceno egpexmugne 06 conanns RGB- i mennosiziiinux oanux
0 8usnenHs: cKynueHns niooell i3 BIIJIA 3a ymos nuzvkoi oceimnenocmi. Ha LLVIP
nopienano yomupu xougicypayii YOLOV13n: RGB, mennosy, pannio T-G-T ma niznio
WBF. T-G-T odocsiena 92,74 % mAPS0 npu 6auzexo 155 kaopaxic i 8,1 GFLOPS.
Ilisne 06’conanna 6yn0 Odewyo mMouHiWUM, ane Mauxce Nnoooino 0OYUCTIOBATbHE
nasanmaoicenus. T-G-T € npakmuunum eapianmom 015 nOOAILWOL nepesipku Ha
BIJIA.

Knwuoei cnoea: bBII/IA, eusgnenns ckynuenv nawooeu, RGB-mennosisiiine
00 ’eonanna, YOLOvI3n, panne 06 ’€OHaHHA, HiUHEe CHOCMEPEIHCEHHS.

Abstract. This study examines efficient RGB—thermal fusion for UAV-based crowd
detection under low-light conditions. Four YOLOv13n configurations were compared
on LLVIP: RGB, thermal-only, early T-G-T fusion, and late Weighted Box Fusion. T-
G-T achieved 92.74% mAP50 at about 155 FPS with 8.1 GFLOPs. Late fusion was
slightly more accurate but nearly doubled the computational load. T-G-T is therefore
a practical candidate for onboard UAV validation.

Keywords: UAV, crowd detection, RGB—thermal fusion, YOLOv13n, early fusion,
low-light monitoring.

Crowd monitoring from unmanned aerial vehicles supports public-safety
operations, disaster response, and search-and-rescue missions [1]. At night,
however, people occupy few pixels in aerial frames, occlusions are frequent,
and visible-spectrum contrast may be too weak for reliable detection. A
thermal camera preserves human heat signatures, but thermal frames provide
limited texture and structural detail. We treat crowd detection here as person
localisation.

We compared four configurations of the YOLOv13n detector [2]. Two
are single-modality baselines: RGB with the usual [R,G,B] input, and thermal
with the channel simply repeated as [T,T,T]. The third is our early-fusion
input [T,Gray, T], assembled from a synchronised RGB—IR pair. The fourth is
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late fusion: separate RGB and thermal detectors whose boxes are merged
with Weighted Box Fusion. Every model was trained under identical settings
on LLVIP, a set of 15,488 aligned visible—infrared pairs (12,025 for training,
3,463 for testing). LLVIP was shot with fixed cameras, so we lean on it as a
controlled benchmark rather than a stand-in for real aerial footage.

Table 1. Comparison of YOLOv13n configurations on the LLVIP test set
Method Input / fusion | mAP50, %| Recall, % FPS GFLOPs
RGB [R, G, B] 85.78 76.03 =161 8.1
Thermal [T, T, T] 91.30 83.04 =160 8.1
Early fusion [T, Gray, T] 92.74 85.61 =155 8.1
Late fusion | RGB + T, WBF ~93.78 85.69 ~80 =16.2

Moving from RGB to thermal alone already made a clear difference.
Replacing one of the duplicated thermal channels with grayscale pushed
things further still. T-G-T reached 92.74% mAP50 and 85.61% recall — 6.96
and 9.58 points above RGB — and it did so without adding a single GFLOP,
still running at 8.1 GFLOPs and around 155 FPS.

Late fusion did post the top score, roughly 93.78% mAP50, but its lead
over T-G-T came to only 1.04 points. Two full detectors instead of one, about
16.2 GFLOPs, twice the model size, and throughput down to some 80 FPS.
On the stricter mAP50-95 metric T-G-T actually came out ahead, 63.07%
against 61.02%. For an onboard drone, where energy, memory and latency all
press at once, early fusion is the better match.

None of this stands in for testing on real aerial video. From a UAV the
viewing angle shifts, people are smaller, the ground sample distance drifts
with altitude, and RGB and thermal sensors are harder to keep in register [3].
The LLVIP results show that T-G-T retains most of the accuracy benefit of
multimodal detection while using the computational resources of a single
detector.

This makes it a practical candidate for real-time UAV crowd detection
under low-light and resource-constrained conditions.
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KOHIEIITYAJIBHA CTPYKTYPA IHTEJIEKTYAJIBHOI'O
OLIHIOBAHHSI TIPOMUCJIOBO-EKOHOMIYHOI CTIMKOCTI
HA OCHOBI HII
Ph.D., JI. BacuineBa
Kuiscokuii nayionanvruii exonomiunutl ynigepcumem im. B.I'emvmana, Ykpaina

Anomauia. 3anponoHosano KoHYenmyanoHy CmMpyKmypy IHMeneKmyanbHo20
OYIHIOBAHHA  BNIAUBY  GNPOBAONCEHHS WIMYYHO20 I[HMENeKmy HA NPOMUCIO80-
exoHomiuHy cmitikicms. 11ioxio noe’sasye gaxmopu énposadscennsa LI, adanmueni
Mexauizmu ma pe3yibmamu  eKOHOMIYHOI cmiikocmi. Cmpykmypa peanizyemuvcs
uepe3 ulecmupieHegy apximexmypy, wjo iHmeepye 30ip 0aHux, ceManmuyne nooOamHs
3HAHb, AHAMIMUKY HA OCHOBI OAHUX, I[HMENeKMYAibHe OYIHIOBAHHS, NIOMPUMK)
NpUiHAMMS piuiensb ma NOACHEHHs, OpIEHMOosane Ha AI0OUHY. 3anponoHo8aHuti nioxio
CIMBOPIOE  OCHOBY O  NOOANbUI020 PO3pPOONeHHs ma emnipuynoi  eanioayii
IHMeNeKmyanbHux cucmem OYiHIOGAHHS NPOMUCTIOB0-EKOHOMIYHOI CIITIKOCHII.

Knwuosi cnoea: wmyuynuil inmenexkm, HPOMUCIOB0-EKOHOMIYHA CMIUKICMb,
iHmeneKmyanoHe  OYIHIOBAHHA, — IHMENEKMYAlbHd — ApXimeKmypd,  CeManmuina
iHmezpayis, aHAAiMuKa OaHux, NIOMPUMKA NPULHATNMSA PIlUEHb.
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Abstract. A conceptual framework for the intelligent assessment of the impact of
artificial intelligence implementation on industrial economic resilience is proposed.
The approach links Al adoption factors, adaptive mechanisms, and economic
resilience outcomes. The framework is implemented through a six-layer architecture
integrating data acquisition, semantic knowledge representation, data-driven
analytics, intelligent assessment, decision support, and human-centered explanation.
The proposed approach provides a foundation for the further development and
empirical validation of intelligent systems for assessing industrial economic
resilience.

Keywords: artificial intelligence, industrial economic resilience, intelligent
assessment, intelligent architecture, semantic integration, data-driven analytics,
decision support.

BrpoBamkennss texnousoriii I TpanchopMye NpOMHUCIOBI CcHCTEMH,
MIOKPAIIYI04X POTHO3YBAaHHS, ONTHMI3AIlI0 MPOIECiB, BUSBICHHS PU3HKIB,
pO3MOAINT  pecypciB 1 MATPUMKY pilleHb. BogHOYac MpPOMHCIOBI
MANPUEMCTBA  TPAIIOIOTh B YMOBAaxX 3pOCTaf0d0i  HEBH3HAYCHOCTI,
CHPUYMHEHOI BOJATHIIBHICTIO PUHKY, NMEpeO0sIMHA B JIAHIIOKKAX ITOCTaBOK,
SHEePreTHYHNUMHU TPOoOJIeMaMH, TEXHOJIOTIYHUMHU 3MiHAMH, T€OINOJIITHYHOIO
HectaOutpHICTIO. LI (akTOopw MiABHIIYIOTP BaKIHMBICTH IPOMHUCIOBO-
€KOHOMIYHOI CTIMKOCTI SIK 3[aTHOCTI IPOMMCIIOBHX CHUCTEM IiJTPUMYBaTH
OesrnepepBHICTE POOOTH, aJaNTyBaTUCS O 3MIHHUX YMOB, BiJIHOBIIIOBATHCS
micnst 3001B, 30epiraTi KOHKYPEHTOCHPOMOXKHICTh 1 MIATPUMYBATH CTalUMN
PO3BHUTOK.

IcHyroui iHTENeKTya bHI IPOMHCIIOBI CUCTEMH 1 apXiTEKTYypH BCe YacTile
IHTETPYIOTh aHANITHKY Ha OCHOBI JaHUX, IU(QPOBHUX NBIHHUKIB, CEMaHTUIHI
TEXHOJIOTi1, OHTOJIOT11, Tpadu 3HAHE 1 MeXaHI3MH MIATPUMKH pimreHb. OmxHAK
iXHS OCHOBHA yBara 3a3BHuail 30cepe/pkeHa Ha OolepauiiiHii eQeKTUBHOCTI,
onTuUMi3amii BUPOOHWIITBA, TEXHIYHOMY OOCIyTrOBYBaHHi, CYMICHOCTI Ta
IulaHyBaHHI. [IpomuciIoBa €KOHOMIUHA CTIMKICTh pillle pO3MISAAETHCS SIK
YiTKa MeTa OLliHIOBaHH:. ToMy icHye morpeba B iHTETPOBaHOMY IIJIXOJI.

3anponoHoBaHuit miaxia po3rasaae BuB Il Ha ekoHOMIUHY CTIHKICTB
MPOMHUCIIOBOCTI ~ 4Yepe3 TaKuid  KOHIENTyalbHUH  3B'SI30K:  (akTopH
BrpoBapkeHHs [l — aganTuBHI MexaHI3MH — pPe3ylbTaTH EKOHOMIYHOI
CTilfiKOCTI.
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Ha ocHOBI 1bOro  KOHIENTYaJbHOTO  3B'I3KY  IIPONOHYETHCS
IHTEJeKTyalbHa CTPYKTypa oliHIoBaHHA. CTpyKTypa peali3yeTbes 3a
JIOIIOMOT'0I0 IIIECTHPIBHEBOI apXiTEKTYpH, KepoBaHOl naHMMU. PiBeHb 300py
naHux (1) iHTErpye MOKa3sHMKM MPOMHMCIOBOI €(EKTUBHOCTI, €KOHOMIYHI
TIOKa3HUKH PiBHS MIiANPUEMCTBA, MOKa3HUKH BrpoBamkeHHs LI, moka3Hnku
uudposizanii, excrnepTHi OUIHKH, (aKTOpU 30BHIIIHBOTO CEPEIOBHINA.
PiBenp cemanTuuHOi iHTerpamii (2) mnepeTBOprOE pi3HOpiAHI JAaHi Ha
CTPYKTYpOBaHI 3HaHHS 32 JONOMOTOI0 CEMAaHTHYHHUX MOJEICH, OHTOJOTIH,
CTPYKTYp MeTafaHux, rpadis 3HaHb. PiBeHp aHanmiThku Ha OCHOBI qanux (3)
3aCTOCOBYE CTAaTHCTUYHMK  aHali3, METOAM MAIIMHHOTO HaBYaHHS,
BUSIBJICHHSI 3aKOHOMIPHOCTEH, BUABICHHS aHOMaJIill Ta MPOTHO3HY aHAIITHKY
JUIL  BU3HAueHHA 3B'3KiB Mk (dakropamu BrpoBamkenns I i
XapaKTePUCTHKAMHU MPOMHUCIOBOI CHCTEMH. PiBeHb IHTEIEKTYaIbHOI OMIHKU
(4) noenHye aHAIITUYHI pe3yJbTaTH 3 CKCICPTHUMH 3HAHHAMHU Ta
NpaBWJiaMd ~ OLIHKK A (GopMyBaHHS  OaraTOBHMIPHOTO  MpOQiso
€KOHOMIYHOI CTIHKOCTI.

PiBeHp mMpuUAHATTS pitieHb (5) MepeTBOPIOE pe3ysIbTaTH OLIHIOBAHHS Ha
iHpOopMamito, MO MATPAMYE MOHITOPUHT CTiHKOCTI, aHali3 CIeHapiiB,
iIeHTU]IKaIif0 Bpa3IMBOCTEH, OMLIHKY crTpareriii BmpoBamxkenHs LI Ta
NPUHHATTS ~ CTpaTeTiYHMX  pimeHb. HapemrTi, piBeHb  MOSCHEHHS,
opieHTOBaHM{ Ha mmroauHy (6), Hamae iHpOpMamilHI TaHeNi, Bi3yalbHY
AHANITHKY, 3BITH 3 MOSCHEHHSIMH, NPOQiNi CTIHKOCTI Ta IHCTPYMEHTH
MOPIBHSAHHS CIEHAPiiB, IMOKPANIYIOYH MPO3OPICTh Ta IHTEPIPETOBAHICTH
Pe3yJIbTATIB OLIHIOBAHHS.

TakuM 4MHOM, 3aIPONOHOBaHA CTPYKTYpa MOEAHYE MEXaHI3MH, KEPOBaHi
JaHUMH Ta 3HAHHSMH, PO3IJSIAI0YHM TPOMHCIIOBO-EKOHOMIUHY CTIHKICTB SIK
OCHOBHHI 00'€KT OLIHIOBAaHHS 1 MIATPUMKH pimeHb. Ha motouHomy erami
JOCITI/DKeHb 3alPONIOHOBaHa CTPYKTypa € KOHIENTYaJbHOI Ta MOTpedye
MOJATBIIOT  eMIipuYHOi TepeBipku. MaiOyTHI JocHikeHHS OyayTh
30Cepe/KeHi  Ha  Qopmaiizaii TOKa3HWKIB  EKOHOMIYHOI  CTIHKOCTI
MIPOMUCIIOBOCTI, PO3po0Ii TpoIeayp KiIbKICHOT OIiHKH, BHOOpI 1 Bajimarii
MEXaHi3MiB 3Ba)KyBaHH:, a TAKOXK TECTYBaHHI apXiTEKTypH 3 BUKOPHUCTAHHSIM
peasbHUX TPOMUCIOBHX JIaHHX.
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AN INTEGRATED PIPELINE FOR LABORATORY ANIMAL
DETECTION, TRACKING, AND END-TO-END IDENTIFICATION
PhD, N. Vo|koval[0000-0003-3175-2179]’ M. Shvandt2[0000-0002-4580-3961]

Odesa National Polytechnic University, Ukraine
EMAIL: volkova.n.p@op.edu.ua, >maxim.shvandt@gmail.com

IHTEI'POBAHUI KOHBEEP /151 BUSIBJIEHHS, BIACTEXKEHHS
TA HACKPI3HOI IIEHTH®IKAIII TABOPATOPHUX
TBAPUH
Ph.D., H. Boaxosa, M. IlIBanar
Harmionansauit yHiBepcutet «Omechka MoiTeXHiKay, YKpaiHa

Anomauia. Y pobomi npedcmasneno IHmMecpOBaAHUll KOHEEEP OemeKmy8aHHs,
mpeKiHey ma HACKpizHoi i0enmugpikayii rabopamopuux meapun y eioeodanux. Bin
noeonye yoockonanery mepedicy Mask R-CNN, donomiocny ceamenmayiiiny 2inky ons
KOpU2y8auHsa HecmabinibHux 0emeKyitl, MoOyib apoimpasxcy oemexyiil, hopmysanHs
mpexnemie ma ix acoyiayiio 3a donomozoro Mask-TAUDL 6esz pyunozo npuceoenns
ioenmugikamopis. Ha mpbox mecmogux 8i0eonociioo8HOCmax ompuMaHo 3HA4eHHs
PSWrate 0-0,0/ i median(tloU) 0,81-0,85, wo niomeepodcye modiciugicmo
hopmysanns  y32000iceHux 'y uaci mpaexkmopit 3i 30epedceHHAM I0eHMUYHOCmi
meapuH.

Kniouosi cnoea: xomn’romepnuii 3ip, 06pobra 6ideo, n1abopamopHi meapumu,
demekmy6anHs 06 '€kmis, mpeKine 00’ €Kmig, cecMeHmayis eK3eMniapie, HACKPI3HA
ioenmugpixayis.

Abstract. An integrated pipeline for detection, tracking, and end-to-end
identification of laboratory animals in video data is presented. It combines an
auxiliary segmentation branch, an improved Mask R-CNN network, detection
arbitration, tracklet construction, and Mask-TAUDL-based association without
manual identifier (ID) assignment. Tests on three video sequences yielded PSWrate
values of 0-0.01 and median(tloU) values of 0.81-0.85, confirming the formation of
temporally consistent trajectories with preserved identities.

Keywords: computer vision, video processing, laboratory animals, object
detection, object tracking, instance segmentation, end-to-end identification.

105



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and
Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 XIV INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

Automated video monitoring of laboratory animals requires not only their
detection in each frame but also the formation of continuous trajectories with
persistent identifiers. A non-stationary background, specular reflections,
occlusions, and missed detections cause trajectory fragmentation and identity

switches (ID switches), reducing the reliability of subsequent computation of
behavioral indicators [1].

. _C‘._or}tro!led | Video sequence of the controlled scene |
initialization of
e
objects prior to +
video pr i

o
| Frame preprocessing |

Classical detector brans:h: Neural network detector branch:
1) background subtraction > 1) modified Mask R-CNN
2 supe_rplxel sedgrsr:jl(-l:tatlot: u;lng the 2) dual-backbone feature extraction
improve metho .
3) detection and segmentation candidates 3) gated SE-based feature fusion (B—A)

l |
v

Detection arbitration:
1) fusion and selection of the outputs from the two branches
: 2) replacement of low-confidence or incorrect detections with candidates from the
classical branch
3) filtering based on the geometric constraints of the controlled scene

2

Instance detections and masks (bounding box + mask + confidence score)

2

Tracking and tracklet construction:
1) frame-to-frame association based on geometric information and, where
necessary, appearance features
2) generation of stable trajectory fragments (tracklets)

2

Mask-TAUDL -based re-identification without manual labels:
1) generation of embeddings from mask-weighted ROI features
2) association and stitching of tracklets to preserve the global identity

2

Buxig: TpaexkTopii o6’ekTie 3 ID

(yarogxeHi y yaci pamkun Ta macku + ctabinbHi mapkepu igeHTUYHoOCTI)

Figure 1. Structural diagram of the integrated pipeline for detection, tracking, and
end-to-end identification of laboratory animals
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In previous works, the authors developed tools for individual stages of
video data processing: an image preprocessing algorithm [2], a multichannel
neural network architecture [3], and a tracklet association model without
manually assigned ID labels [4]. The aim of this study is to integrate the
developed tools into a unified pipeline and evaluate its ability to form
temporally consistent trajectories while preserving the IDs of laboratory
animals. The pipeline structure is shown in Fig. 1.

After frame preprocessing, candidates are generated in two parallel
branches. The auxiliary branch uses background subtraction and the
improved SLIC superpixel segmentation method [5], whereas the neural
network branch uses the improved Mask R-CNN network with a dual
ResNet18-based feature extraction backbone and controlled SE-based feature
fusion [3].

Frame-by-frame association based on spatial and mask consistency forms
tracklets, which Mask-TAUDL [4] merges when they are separated by
occlusions or short visibility gaps.

In the absence of complete frame-level annotations with ground-truth 1D
labels, evaluation was performed using proxy metrics based on multiple
object tracking criteria [6, 7]: PSWrate characterizes proxy ID switches;
median(tloU) and P(tloU < 6) characterize temporal mask consistency;
avg(gaps) characterizes trajectory fragmentation; and median(T) and S(T)
characterize sufficient observation duration. The evaluation was conducted
on three video sequences: a synthetic controlled video sequence of 900
frames, a mouse video of 3,200 frames, and a goby video of 4,320 frames.
Computations were performed locally on commercially available hardware.
The main results are presented in Table 1.

Across all video sequences, PSWrate did not exceed 0.01, while
median(tloU) ranged from 0.81 to 0.85, indicating rare proxy ID switches
and predominantly temporally consistent masks. At the same time, avg(gaps)
ranged from O for the mouse video to 61 for the goby video; therefore,
identity preservation and trajectory continuity should be evaluated separately.
Analysis using time windows of 2-20 s showed nearly unchanged PSWrate
and median(tloU) values; however, trajectory gaps accumulated as the
observation duration increased.
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Table 1. Tracking stability and identity preservation metrics

Metric Video 1 Video 2 Video 3
Scene type synthetic mice gobies
Number of frames 900 3200 4320
PSWrate 0.002 0 0.01
median(tloU) 0.83 0.81 0.85
P(tloU < 6) 0.01 0.07 0.05
avg(gaps) 8 0 61

Complete occlusions, abrupt mask changes, and consecutive missed
detections remain the most challenging cases. Therefore, evaluation of long-
term monitoring results should simultaneously consider identity preservation,
temporal localization consistency, and fragmentation. Examples of pipeline
operation are shown in Fig. 2.

d) )

Figure 2. Examples of identity preservation across frames: a, b, ¢ - mouse tracking; d,
e, f - goby tracking
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Thus, the integrated pipeline combines preprocessing, two detection
sources, instance segmentation, detection arbitration, mask-based tracking,
and tracklet re-identification, enabling the formation of temporally consistent
trajectories while preserving laboratory animal IDs.

The obtained results confirm the possibility of forming temporally
consistent trajectories with persistent IDs in synthetic and real laboratory
scenes. The proposed pipeline can serve as a basis for long-term video
monitoring and subsequent computation of quantitative behavioral indicators
of laboratory animals.
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3ACTOCYBAHHS TEXHOJIOT'TH IITYYHOI'O IHTEJEKTY I
MMPOTHO3YBAHHSA COJIEBIAKJIAAEHHSA Y CBEPAJIOBUHAX
TA HJIEM®AX HA IF'A30CXOBHMIIAX
Ph.D., B. Bostoennbknuii', Dr.Sci., IT. Paiitep?, O. Illup6a®
Dr.Sci., ¥O. Pomannmmun®
*Dinis «Hayxoeo-0ocnionuii incmumym mpancnopmy 2azy» AT «YVipmpancaasy,
Vkpaina,
24Jgano-Dpanxiecvruil HayionarbHuLl mexuiuHuil ynisepcumem
Hagpmu i 2asy, Ykpaiua,
3inin «Haykoeo-0ocnionuii incmumym npupoonux 2aziey AT
«Ykpeassuoobysannsy, Yrpaina

Anomauin. Posensnymo ycknaouenms, sKi MOJICHA cnocmepieamu nio uac
8i0OuUpanns  easy 3i CBePONOBUH 2A30CX06ULY, 30KpeMd GIOKNAOAHHA conell Y
ceeponosunax ma uiielghax. Pospobneno cucmemy npocHO3VE8aHHA BIOKIAOAHHS
conetl y ceeponosuni ma wineli, wo nepeddayac 3acmocy8ants NPoOSPAMHUX pilieHsb
ma MmexHon02Iu WMy4HO20 IHMeNeKmy .

Knwwuosi cnosa: casocxosuwa, ceeponoguna, uinelldh), 6iOKIadanus coell,
WmyuHUtl iHmenexm.

Abstract. Complications that may occur during gas withdrawal from gas storage
facilities, in particular salt deposits in wells and flowlines, are considered. A system
for predicting salt deposits in wells and flowlines has been developed using software
and artificial intelligence technologies.
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Keywords: underground gas storage, well, flowline, salt deposition, artificial
intelligence technologies.

[lig gac BizOupaHHs Ta3y 31 CBEPIIOBUH Tra30CXOBUII MOXYTh BUHUKATH
pi3HI yckimagHeHHSA. BOHM HETaTHBHO BIUIMBAIOTh Ha 3a0€3MEUYCHHS
TEXHOJIOTIYHOTO PEXUMY eKCIUTyaTyBaHHS CBEpIJIOBHH 1, BiATIOBiIHO,
NPU3BOIATE 10 3HIDKEHHS eKCIUTyaTallliHUX IIOKa3HHKIB Ta 00’eMy
BinOupanHs razy. Tomy moTpibeH KOMIUIEKCHMH MinXin, sikuil mependavae
JieTaJlbHe BHBYCHHS NPUYMH BUHUKHEHHS YCKJIAaJHEHb Ta PO3POOJICHHS
3aX0/iB JuId 1X 3amobiranug. OTke, BaXXIMBUM € 3a0e3ledeHHs cTablIbHOro
eKCILTyaTyBaHHsI CBEP/JIOBUH ra30CcXoBHII. [ JOCSTHEHHs! LIbOTO HOTPiOHO
CBO€YACHO BUWSBIITH YCKJIQJHCHHS Ta 3aCTOCOBYBAaTH Pi3HI METOAM JUIS
6opotebu 3 HuMH. OXHUM i3 3aXOmiB pO3B’A3aHHA IIi€i mpobiemMu €
pPO3pOONEHHST CHCTEMHM NPOTHO3YBAaHHSA, WIO IHependadae 3acTOCYBaHHSA
MIPOTPaAMHHUX PillleHb Ta TEXHOJOTIH MITYYHOTO iHTENEKTy. Y CEe30H Bimbopy
Ha ra30CXOBHINAX BiAOyBa€eThCs PyX rasy 3 IUIacTa 10 BUOOIO CBEPUIOBHH. Y
MOANTFIIIOMY Ta3 KOJOHOK NIiTOBHX TpyO Ta murteiipoM HATXOAWUTH IO
YCTaHOBKH CHCTEMH 30UpaHHs 1 MIATOTOBIICHHS ra3y Iyl HOTro OYHIIYBaHHS
y cermaparopax BiJ MEXaHIYHHMX JIOMIIIOK Ta piauHu. [IpoTe, mix yac pyxy
rasy y npuBuOiiiHid 30HI, iHTepBajax mnepdopanii, B eKCIIyaTalliiiHuX
KOJIOHaX, Ha BHYTPILIHIA IOBEPXHI KOJOHHW J(TOBUX TpyO Bix BHOOIO /10
rupia, y (GOHTaHHIM apmarypi CBEpAJIOBUHM, SIK Ha pI3HHX JUISTHKax
nuieli¢giB  (MpAMONIHIHHUX Ta NOHIKEHUX, TaKk 1 y MICIEBHUX Olopax
(BimBomax, mepexoaax, TpifHUKAX) MOKHA CIIOCTEPIraTH BiIKIaJaHHS COJICH.
Li BigkTaieHHS € TBEPIUMH, BOHH MOXKYTh YTBOPIOBAaTH HEIIPOXiTHI POOKH
Ta KIpKOIOMiOHI HAIIapyBaHHS i BIJKIAJaTHCS TEPEBAKHO HA BHYTPINIHIN
MTOBEPXHI TIPTOBUX TPYyO Ha Pi3HY JOBXKHUHY (10 IEKITBKOX JECATKIB METPIB)
Ta TOBIIMHY. BHacmimok BiAKIamaHHS colieil BigOyBaeThCs 3MCEHIICHHS
MIPOXIZIHOTO BHYTPIIIHBOTO JiaMeTpa JiToBHX TPYyO, IO NMPHU3BOAUTH 10
3MEHIIIEHHS! NPOIYKTUBHOCTI CBEPIUIOBHH Ta Ta30CXOBUIIAa B Itomy [1].
IToTpiOHO cKaszaTh, 0 B OKPEMHUX BUMAAKAX BIAKIAIEHHS COJIEH YacTO
OyBalOThb AyX€ MIIHUMH, OCKUTBKH BiZOyBa€ThCS YTBOPEHHS CYIITBHOI
myxoi mpoOku. Ile Tpu3BOIWUTH A0 HECTabUILHOTO eKCIUTyaTyBaHHS
CBEpJIOBMH, a B JESIKMX BHIaJKaXx — 1 J0 IX TOBHOI 3YNHHKH uepe3
NPUIMHEHHST pyXy rady. Taki yCKiIaJHEHHS HEraTHBHO BIUIMBAaIOTh Ha
MOXIIMBICTh  3a0€3ME4YeHHs eKCIUIyaTyBaHHS CBEpAJIOBMH 3TiIHO 3
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TEXHOJIOTIYHAM PEKUMOM Ta, B IJIOMY, Ha CTAOUThHY POOOTY ra30CXOBHIIIA.
3 omsay Ha Iie, BUHMKAae HEOOXIJHICTh Yy JeTalbHOMY ii BUBYCHHI Ta
po3po0OneHHl  eeKTHBHMX 3axOAiB ISl 3amo0iraHHs Takoro pomay
yCKJIaJHEeHb. ABTOPH PO3POOMIIN CHCTEMY NPOTHO3YBaHHS COJICBIIKIACHHS
y CBepAJIOBUHAX Ta luIeldax, ska nepeabdayae:

— Ha CBEPJUIOBMHAX, B SIKMX BiIOYBa€ThCs BIIKIAJaHHS COJIEH, MOTPiOHO
BimOMpaTH BOMYy IUIA TNPOBEICHHS aHaNi3y Ha (Pi3MKO-XiMiYHI TMOKa3HUKA
(xiMiuHHH ckiag, MiHepaiizamito) i QikcyBaTH pe3yiabTaTH B €ICKTPOHHOMY
KYpHaJIi Ta TmependaduTH TOHajbIle TIepenaBaHHA iHpopMamii s
30epiranHs y 0a3i JaHUX Ha KOMIT IOTepi KOPHCTyBaya,

— BCTaHOBJICHHS JaBadiB THCKY Ta TEMIIEPATypH SIK Ha TUPII CBEPUIOBHH
(TpyOHMIA 1 3aTpyOHUIT POCTIip), TaK 1 HA BXIJHUX Ta30MPOBOAX YCTAHOBKU
BiJ’€IHYBaJIbHUX MPUCTPOIB CUCTEMU 30UpaHHSA 1 MiIrOTOBJIECHHS Tra3y.
OxpiM 1pOTO, JOLIIBHO NependaunTH nepeaaBaHHs iHdopmauii i3 naBadiB
TUCKY 1 TeMIepaTypH A0 MPHUCTPOIB ii 30MpaHHs, YCTAHOBIEHUX 32 MICLEM,
Ta nojajblie mepenaBaHHs iHdopmanii s 30epiraHHs y 0a3i JaHuUX Ha
KoMIT'IoTepi  KopucTyBada. Lle Jjacte 3MOTy TpOBOIUTH  JieTajbHE
aHami3yBaHHA pPOOOYMX TMapaMeTpiB CBEPUIOBHH 3a BeCh Iepiom ix
eKCIIITyaTyBaHHS;

—Ha CBEpUIOBMHAX, B SKHX BiIOyBaeTbcs 3MiHAa MapaMeTpiB
eKCIITyaTyBaHHs (3HW)KEHHS BXIJIHOTO THCKY), HPOBOAWUTH KOHTPOJIbHE
BHMIpIOBaHHS N1e0iTy ra3y, pikCyBaTH pe3yibTaTH B IEKTPOHHOMY KypHAIi
Ta Tepen0adyuTH NMOoJabIlle IepeaBaHHs iHpopMarii A 30epiranas y 6asi
JIAHUX Ha KOMII'I0Tepl KOpUCTyBaya;

— YCTAQHOBJICHHST ~ Ha  TNEPCOHAIBHUH  KOMIT'IOTEp  HPOrPaMHOTO
3a0e3neueH s Uil aBTOMAaTH30BaHOTO BU3HAYEHHs 3HAa4YeHb KoeillieHTIB
(akTUYHOIO ¥ TEOPETUYHOIO TiJPABIIYHOIO ONOpYy JH(TOBUX KOJOH i
nuiediB Ta cmiBCTaBiIeHHA iX. Y pa3i 30UIbIIEHHS 3HaYeHHS KoedilieHTta
(haKTHYHOTO TiAPaBIIYHOTO OMOPY MOHAM 3ajJlaHe, MependaueHo BUBEACHHS
TIOBIZIOMJICHHS Ha MOHITOp KOMII'IOTEpa IEpPCOHAly II0JI0 MOXIJIMBOCTI
ycKiagHeHb [2]: «aBapiifHuii cran» abo «aBapisi». Pe3ynpTaT BHKOHAaHHMX
po3paxyHKiB mojaBatd y ¢opmi Tabmuip 1 rpadidHO BizyamizyBaTh Ha
MOHITOpI Ta (QiKcyBaTH pe3ylbTaTH B EIEKTPOHHOMY OKypHali Ta
nepen0aYUTH NoAaNblIe TepenaBaHHs iH(opmanii s 30epiraHHs y 6asi
JIAHUX HA KOMIT I0Tepi KOPHUCTYBaya;

112



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

—Ha OCHOBI (QakTuyHOi iHpopMamii i3 0asu JaHMX 32 BiJOMHMH
METOJIMKAMH aBTOMATH3YBaTH PO3PAaXyHKH HMOBIPHOCTI COJICBIIKIIAICHHS;

—3aCTOCYBaTH TEXHOJIOTII INTYYHOTO IHTENEKTY JUIS MPOTHO3yBaHHS
COJICBIIKJIQJICHHS 32 HASBHOCTI aKTyaJbHOI OHOBIICHOI iH(opMmarii i3 6asu
JAHUX Ta MOXIIUBICTIO yIOCKOHAJICHHS aJlTOPUTMY MPOTHO3YBAHHS MITYYHOT
HEHPOHHOT Mepexi.

VYKUBaHHS 3alpOMOHOBAHMX 3aXOHiB JacTb 3MOTY IIPOTHO3YBaTH
COJICBIAKIIAICHHS Y CBEpAJIOBHHAX Ta NUIeH(pax 3a JOIOMOTO0 3aCTOCYBaHHS
SIK TIPOTPaMHUX PIIIeHb, TaK 1 TEXHOJOTIH IITYYHOTO IHTENEKTy, a TaKOX
CBOE€YACHO BXXHMBATH BINMOBIMHUX 3aXOXiB 1 3a0e3meduyBaTé CcTaOiTbHHUN
BimOip rasy.
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METO/JU BUKOPUCTAHHSA YMOBHUX TEHEPATUBHO-
SMAT'AJIBHUX MEPEX /U151 BAJIAHCYBAHHS
HE3BAJIAHCOBAHUX BUBIPOK Y KOMIT'IOTEPHUX
CUCTEMAX PO3HI3HABAHHSA 30BPA’KEHD
K. Mixaues, Ph.D., A. Hikosenko, Ph.D., O. Ba6ijaynra
Hayionanvnuii ynigepcumem «Odecvka nonimexikay, Yxpaina

Anomauia.  Poszensmymo  npobnemy — Oucbarancy — Kkuacie y  cucmemax
xomn'tomeprozo 30py. 3anpononosano memoo Class-Aware Selective CGAN, wo
NOEOHYE YMOBHY 2eHEPayilo CUHMEMUYHUX 300padcetb, CeleKmusHy Qinmpayiio 3a
dgoma Kpumepismu ma aoanmuehe OalaHCy8anHs Ha 0cHO8l medianu. Ha damacemi
HAMI10000 (oucbananc 58.3:1) memoo 3abe3neuus 3pocmauHs 30a1aHCOBAHOT
mounocmi 3 0.35 0o 0.67 ma maxpo-F1 3 0.56 oo 0.65

Kniouogi cnosa: oucbanranc Kuacig, 2eHepamuHo-3Ma2aibHi mMepedici, 2eHepayis
300padicens, ceneKmueHa GLibmpayis, po3nizHAGAHHsL 300PAJICEHb.

Abstract. This paper addresses class imbalance in computer vision systems. The
proposed Class-Aware Selective cGAN method combines conditional synthetic image
generation, dual-criterion selective filtering, and median-based adaptive balancing.
On HAM10000 (imbalance ratio 58.3:1), the method improved balanced accuracy
from 0.35 to 0.67 and macro-F1 from 0.56 to 0.65.

Keywords: class imbalance, generative adversarial networks, image generation,
selective filtering, image recognition.

PeanbHi Habopu 300paskeHb YacTO He30aJaHCOBAHI: OKpeMi Kiacu
MPEACTABICHI TUCSYAMH MPUKIAAIB, TOAI SK IHII — JIMIIE ISCITKAMH, IO
3YMOBIIIOE 3MIILIEHHS! MOJieiel y OiK JIOMiHYIOUHX KJIAciB 1 3HIDKEHHS SIKOCTI
po3mi3HaBaHHsA piAKicHUX Karteropiil. IcHyrowi migxoau (oversampling,
ayrmenranis, GAN 0e3 KOHTPOJIIO SKOCTi) pO3B'A3YIOTh L0 NMPOOIEMy JIHIIE
YaCTKOBO.

Meroau HanBHOIpKHM Ta HEJIOBHUOIPKH 3MIHIOIOTH CTPYKTYPY BHOIpKH
MEXaHIYHO, HE BPaxOBYIOUHM 3aKOHOMIpHOCTEH posmoniny nanux. Kmacnuna
ayrMeHTallis He CTBOPIOE MPUHIIMIOBO HOBUX O3HAaK. I eHepaTHBHO-
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3MaranpHi Mepexi [1] J03BONISIOTH CHHTE3yBaTH HOBI 300pa)KCHHS 3
ypaxyBaHHSM KJacy; IO€THAaHHS KIACHYHUX METOJIB HaaBHOIpKH 3
nofanbiinM GAN-yTOYHEHHSM CHHTETHYHUX MPUKIAIIB TAKOXK JEMOHCTPYE
nokpaiieHi pesynsrati [2]. 3ampomonoBano merox Class-Aware Selective
cGAN, 10 TNOEIHYE TPU KOMIIOHEHTH: YMOBHY T'€HEpaTHBHO-3MarajibHy
MEpPEXY Ui CHHTE3y 300pa)KCHb 3aJlaHOT0 KIJIACYy; MEXaHi3M CEJICKTHBHOT
¢utbTpanii — TOJOBHMH HAayKOBHUH BHECOK pOOOTH, Y3TOMKECHUH i3
HEIIOJABHIMH  JOCHiKCHHSIMHA  ©(EKTUBHOCTI  BIEBHEHICTh-3BaXKEHOL
¢inpTpanii 3reHepoBaHMX MaHWUX [3], 3a AKOTO TONEPEAHBO HABYCHUI
knacudikatop TpuitMae 3reHepoBaHE 300paKCHHS JIMIIE 3a BHCOKOI
BIIEBHCHOCTI Ta 30iry mepembadeHOro Kiacy i3 IUJIBOBHM, BiACIFOIOUN
300pakeHHS 3 apredakTaMH, Ta aJalTHBHE OallaHCYBaHHA Ha OCHOBI
MEIiaHHOTO 3HAYCHHS KiJTBKOCTI MPHUKIIATIB 3aMiCTh TOBHOTO BHUPiBHIOBAHHS
no Haibinpmoro xmacy. [locmimkenHs mpoBepeHo mHa HAM10000 [4] —
MOHAJ JAECSATh THUCAY JIEPMATOCKOIIYHUX 300paKeHb CEMH KIaciB i3
aucbanancom 58.3 no 1, maraceri, SKMH HIMPOKO BHKOPHUCTOBYETBHCS IS
OILIIHKM METOJIB OanaHCyBaHHS y JEPMAaTOJIOTIYHIN JiarHOCTHI, 30KpeMa
pa3oM i3 TeHEPATUBHUMH IiIXOJAaMU Ha OCHOBI Mudy3iHHUX MOzeneH st
CHHTE3Y 300paKeHb NIKIpHUX 3axBopioBaHb [S]. Kiacudikatop-diastp gocsr
tounocti 81.3% i1 mpuiimMaB y cepenHboMy 57.6% 3reHepOBaHUX 300paKeHb.

Hnst  axktuHiyHOro Keparody F1 3pic i3 46% mo 52%. s
0a3ampHOKIITHHHOI KapmuHOMH — 3 45% mo 61%. Jns moOposikicHOTO
keparosy — 3 51% g0 56%. J[lns nepmatodiOpomu, HaWMEHII
MIPECTaBICHOTO Kiacy, 0a30Ba MOJIEINb MOBHICTIO HE PO3ITi3HABAIA KOTHOTO
BHIIQJIKY, TONI SK 3amporioHoBaHWiA Merox gocsr F1 Ha piBHi 67%. s
MEJTaHOMH 3alPOTIOHOBAaHWI MeToN 3a0e3ledyrB 3HAYHO 30allaHCOBaHIIIE
CIIBBITHOIICHHS TOYHOCTI W MOBHOTH. [ cynmHHUX ypakeHb F1 3pic i3
43% no 85%. Jlnst nmoMiHyrodoro kiacy MenaHoUuTapHuX HeByciB F1
3aJIMIINBCS MPAaKTHYHO He3MiHHUM — 92% mnporu 85%. Y cepenHbomy
MIOBHOTA PO3Mi3HABAHHS 110 LIECTH MIHOPUTApHUX Kiacax 3pocina i3 42% no
66%, npupict maiixe Ha 50%.

Pesymbratn  WiATBEPIKYIOTH  €()EKTUBHICTH MO€AHAHHS  YMOBHO{
reHepaiiii i3 CENEKTUBHOIO (IIbTpAIli€l0 IS PO3B'I3aHHA MPOOIEMHU
3MiIeHHs Mojeneil y Oik JOMiHYIOYHX KJIaciB.
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HENPOMEPEKEBE ®OPMYBAHHS TA ATPET'AIIA
JUCKPUMIHATUBHUX O3HAK 1JIs1 JIPIBHO3EPHI/ICTOi
KJIACI/RDIKAIII? 306PAKEHb
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Anomauia. Y pobomi Oocniddiceno neekoeazosuil nioxio 0o 6azamopisnesoi
azpezayii o3max y 3aoauax Opibnozepuucmoi xkiacugixayii 300pasicens. O3naxu 3

116


https://doi.org/10.1186/s40537-021-00414-0
https://doi.org/10.1109/ACCESS.2022.3158977
https://doi.org/10.3390/s22197530
https://doi.org/10.1007/978-3-031-53767-7_10

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

npoMicHux i 2nubokux ONOKI6 KOMNAKMHOI 320pMKO60i HeUpOHHOI Mepedici
00°cOHylomvcss 34 00NOMO2010  2100ANbHO20  YCEPEeOHIOBANbHO20 — NYIIHZY,
Konkamenayii ma ninitinoi npoexyii. Excnepumenmu na CUB-200-2011 ma Oxford
Flowers 102 nokasanu cmabirbhe niosuweHHs MOYHOCMI NOPIGHAHO 3 OA306010
MOOEILII0 30 HE3HAYHO2O0 30LIbUEHHS KLIbKOCMI napamempie.

Knrwwuoesi cnosa: opionoseprucma xkiacugixayis, 320pmrosa HelUpoHHa mepedicd,
bazamopisnesa azpezayisi 03HAK, OUCKPUMIHAMUBHE NPeOCMAGNIeHHs, 2n00aANbHUL
YcepeOHIo8aNbHUL NYIHe, PO3NI3HABAHHS 300PANCEHD.

Abstract. This work investigates a lightweight approach to multi-level feature
aggregation for fine-grained image classification. Features from intermediate and
deep blocks of a compact convolutional neural network are combined using global
average pooling, concatenation, and linear projection. Experiments on CUB-200-
2011 and Oxford Flowers 102 demonstrate consistent accuracy improvements over
the baseline model while introducing only a limited increase in the number of
trainable parameters.

Keywords: fine-grained classification, convolutional neural network, multi-level
feature aggregation, discriminative representation, global average pooling, image
recognition.

JpibHo3epHNCTa KIacudikaliss 300paxeHp Iepeadadae pos3IizHABaHHS
Bi3yaJIbHO MOMIOHMX IMiAKATEeropii, MIKKIACOBI BIAMIHHOCTI SKHUX YacTO
30Cepe/PKeHI B HE3HAYHHMX JETAIIX (OPMH, TEKCTypH abo 3abapBIICHHS.
MeTtoro poOOTH € MiABHINEHHS TOYHOCTI Takoi Kiacudikamii OUITXOM
00’eTHaHHA 03HaK, CPOPMOBAHMX Ha PI3HUX PIBHAX KOMIIAKTHOI 3rOPTKOBOT
HEHpOHHOT Mepexi.

3arnpornoHoBaHa MOJIeNIb MICTUTh I’ATh MOCJIIOBHUX 3rOPTKOBUX OJIOKIB
i3 96, 256, 384, 384 Ta 256 imeTpamu. J[las OGaraTopiBHEBOTO
NPE/ICTABICHHS! BUKOPHCTOBYIOTBCSI BUXOJM TPETHOI'O, YETBEPTOrO Ta
m’sitoro O70kiB. JIo HMX 3aCTOCOBYETHCS TIIOOANBHUH yCepeaHIOBATbHHMA
ITyJIHT, MiCs YOT0 OTPHMaHi BEKTOPH KOHKAaTeHYIOThesA B 1024-pumMipHHA
JECKPHUIITOP 1 IPOEKTYIOTHCS TIOBHO3B’S3HUM IHapoM y 512-BumipHui
npoctip o3Hak. HaBuaHHS BUKOHY€eThCS 32 (PYyHKILIEIO NMEPEXpecHOi eHTpoITil
3 BUKOPUCTAHHSAM dropout-perysspuzanii nepen (iHaTBHUM
KIacudikaniiHuM mapom.

ExcnepumenranbHe oliHIOBaHHS mpoBeaeHo Ha CUB-200-2011, mo
Mmictuth 11 788 300pakens 200 Buais nraxis [1], Ta Oxford Flowers 102, o
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Mictuth 8 189 300paxkens 102 kareropidd kBiTiB [2]. 3rOpTKOBY OCHOBY
iHirianizoBano Baramu ImageNet i nonaBueno mpotsrom 200 emox. s
OLIIHIOBaHHS BHECKy arperamnii BUKOpPHCTaHO 0a30By KoH(irypamiro 3
AQHAJIOTIYHUM IIPOTOKOJIOM HaBYaHHS, Yy SIKii Kiacudikauis BHKOHYETbCS
JIMIIIE 32 O3HAKAaMHU I1°SITOTO 3TOPTKOBOTO OJI0KA.

Ta6auns 1. TounicTs knacudikaiii 0a30Boi Ta 3aPONOHOBAHOI MojieeH, %o

Mopeib CUB-200-2011 Oxford Flowers 102
bazosa CNN 73,2 86,8
3anpornoHoOBaHa MOJIEIb i3 76,1+0,3 89,5+0,2
0araTopiBHEBOIO arperariern

3anponoHOBaHUN MiAXi[ MiABUIOUB TOYHICTE Ha 2,9 BiICOTKOBOTO
nyukty qis CUB-200-2011 Ta na 2,7 BiacotkoBoro nyHkry s Oxford
Flowers 102. Pe3ynpraTi 3anpornoHOBaHOT MOJIEINI € CEPeAHIMH 3HAYCHHIMHU
TPHOX HE3aJEeKHHUX 3aIyCKiB; CTAHNAPTHI BIIXWJICHHS CTAHOBHIIH BiIIOBiTHO
0,3 ta 0,2 BiCOTKOBOTrO MYyHKTY. AOSMiHE TOCTIIKCHHS TaKOX MOKA3aJI0
MOCTIIOBHE TMOKPAIICHHS MMiJ] 4aC IOJaBaHHsS MPOMDKHUX IPEICTABIICHb:
Bukopuctanus Conv4 + ConvS 3a6esneumno 74,6 % i 88,0 %, tomi sk
arperaiiist Conv3 + Conv4 + Conv5 miasuiuia TouHicTh 10 76,1 % 1 89,5 %.

I'mobanpHuil yCepenHIOBATBHUAN IYJMIHT 1 KOHKATCHAIil HE MICTSTh
mapaMeTpiB, [0 HaBYAIOTHCA. [IOpIBHSIHO 3 0a30BO0 MOJEILTIO PO3MIPHICTH
BXOJy MPOEKIIIHOTO TIapy 30iibmryeThest 3 256 no 1024, mo nomae 393 216
Bar, TOAi SK 3TOPTKOBAa OCHOBAa 3aJHWIIAEThCA He3MiHHOW. OTKe,
3aMpoINOHOBaHa 0araTopiBHEBa arperaiis Ja€ 3MOTY TTOKPAIIUTH Pe3yIbTaTh
IpiOHO3EepHUCTOI KiIacudikarii 3a 0OMEXKEHOro 30iMBIICHHS CKIAJIHOCTI
MOJEII.
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BUKOPUCTAHHSA IITYYHOT' O IHTEJEKTY JJISA HIATPUMKHU
IHKJIIO3UBHOI'O HABUYAHHS
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Anomauin. Y pobomi po3ensaHymo MOMCIUBOCHE GUKOPUCAHHSA MEXHON02il
WmyuHo2o inmenekmy O NIOMPUMKU THKIIO3UBHO20 HABYAHHA ) 3aKIA0AX GUUJOT
oceimu. Ilpoananizoeano ocHo8Hi npodiemu OOCMYNHOCII 0C8IMHbO2O npoyecy O0is
cmyoeHmie i3 QQI3uMHUMU MA KOSHIMUSHUMU OCOOIUBOCHAMYU, A MAKONC POb
yupposux niameopm y 3abesneuenti inkaro3usHocmi. Ocobausy yeazy npuoiieHo
3ACMOCYBAHHIO THMENEKMYAIbHUX CUCmeM Ol NepCOHANI3ayil HagyauHs, aoanmayii
0CBIMHBLO20 KOHMENMY, ABMOMAMUYHO20 DOPMYBAHHS PEKOMEHOAYill ma niOMpUMKY
cmyoenmig y oucmanyitinomy cepedosuuji. Busnaveno nepcnekmusu 6nposaoicenHs
wWmyuHo20 iHmenekmy Oasi NiOSUWEHHs OOCMYNHOCMI ma AKOCmi 6uwjoi oceimu 6
VYrpaini.

Kniouogi cnoea: wmyunuii inmenexkm, iHKIIO3UBHE HAGYAHMA, UWjd O0CGIMA,
yupposi mexnonoeii, nepconanizayis HAGYAHHs, A0ANMUBHe OCEIMHE cepedosulye.

Abstract. The paper examines the possibilities of using artificial intelligence
technologies to support inclusive learning in higher education institutions. The main
challenges of ensuring accessibility of the educational process for students with
physical and cognitive disabilities are analyzed, along with the role of digital learning
platforms in promoting inclusiveness. Particular attention is paid to intelligent
systems for personalized learning, adaptation of educational content, automated
recommendations, and student support in distance learning environments. The study
identifies the prospects for implementing artificial intelligence technologies to
improve the accessibility and quality of higher education in Ukraine.

Keywords: artificial intelligence, inclusive learning, higher education, digital
technologies, personalized learning, adaptive educational environment.
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VY cywyacHux ymoBax uudpoBoi Tpanchopmanii ocBiTh B YKpaiHi
ocoOnmBOi  akTyaspHOCTI  HaOyBae  3a0e3Me4YeHHS  1HKIFO3MBHOCTI
HaBYAJIILHOTO TMPOILIECY Yy 3aKiajax BHINOI OCBITH. I|HKIIO3MBHAa oOCBiTa
nepen0ayae CTBOPEHHS pIBHUX MOJMJIMBOCTEH JJIsi BCiX 3/100yBauiB,
HE3aJIeXKHO BiJ 1X (PI3UYHUX YU KOTHITHBHHUX ocoOnmBocTel. BomHouac, Ha
BIIMIHY BiJl 3araJbHOOCBITHIX 3aKJajiB, JI¢ IHKIIO3MBHI MiAXOAX YaCTKOBO
peaizyroThcs 4epe3 aganToBaHi HaBYANBHI MPOTPAMH, y CHCTEMi BHIIOL
OCBITH TaKi MEXaHI3MH 3aJHMIIAlOThCS HENOCTATHHO PO3BHHCHUMH. Y
OUTBIIOCT]I YHIBEPCHUTETIB CTYACHTH HABYAIOTHCA 32 E€IWHIMH OCBITHIMHU
mporpaMaMy, IO HE BPaxOBYIOTh IHAWBIMyadbHI mOTpeOM ocid i3
MOPYIICHHAMH 30Dy, CJIyXy, MOTOPHKH, a TaKOX CTYACHTIB i3 pi3HHMH
KOTHITUBHHMH OCOOJIMBOCTSIMHM, TaKUMH SIK DI3HHH TeMI 3aCBOEHHS
iHpopmanii, TpyAHOIII 3 KOHIEHTpalield abo OoOpOOKOI CKJIaJHOTO
Matepianry. Lle cTBOproe Oap’epu y JOCTymi J0 OCBITH Ta 3HIKYE
eexTuBHiCTh HaBuaHHs. OcOONMBOI aKTyaJbHOCTI JaHa mpodiema HaOyBae
y KOHTEKCTi MICJIIBOEHHOTO BiJIHOBJICHHS YKpaiHW. 3pOCTaHHS KiIbKOCTI
oci0b, 30KpemMa BIHCHKOBOCIY)KOOBIIIB, SIKI IOBEPTAIOTHCS 10 I[MBLILHOTO
KHUTTS Ta MTOTPEOYIOTH 3M00YTTS a00 MPOIOBKEHHS BHUIOi OcBiTH. YacTrHa 3
HUX MOXe Martd (i3uuHi OOMexeHHs (MOPYHICHHS MOOUIBHOCTI, 30Dy,
CIIyXy), a TaKoX TICHXOJOTiYHI YM KOTHITHBHI TPYIHOINI, IO BHHUKAIOTH
BHACIIIOK HEPEKUTOro A0CBiAy. BomHOYac ByKe CHOTOIHI CHOCTEPIraeThes
HEIOCTaTHIH piBeHb ajanTamnii iHGpacTPyKTypH Ta COLiaJbHOTO CepeIOBHUINA
70 1oTped TakuxX OcCi0, IO MPOSIBISEThCA Y CKIIaJHOCTI BUKOHAHHS HAaBiTh
0a30BHX TOBCAKICHHUX i 0e3 cropoHHBOI nomomord. Lle cBiguuTh Mpo
HEOOXITHICTh CHCTEMHOT'O PO3BUTKY 1HKJIFO3UBHOCTI, 30KpeMa y cdepi BUIIOT
OCBITH, 1€ LU(POBI TEXHOJOTii MOXYTb BiJirpaBaTH KJIIOUYOBY pOJb Y
3a0e3neyueHHi JI0CTYTHOCTI HABYaHHS.

CyuacHi yHIBEPCHUTETH MOCTYIOBO BIPOBAKYIOTh IU(PPOBI MIaThOpMH
HaBYaHHS, SIKI YaCTKOBO CIPHSIOTH IiBUIIEHHIO JOCTYITHOCTI OCBITHBOTO
cepenoBrmma. 3okpeMa, y XapKiBCbKOMY HAI[lOHAJIbBHOMY €KOHOMIYHOMY
yHiBepcureTi imeHi Cemena Ky3Hens BHKOPHCTOBYEThCS —InIaTGopma
nepcoHabHUX HaBuanbHUX cucteM ([THC), mo Mictuth iHCTpyMEeHTH
6a3zoBoi goctynHocTi. OJHUM i3 TakWX IHCTPYMEHTIB € MEHIO JOCTYITHOCTI
(Accessibility menu), sike 103BOJIsiE 3MiHIOBATH MapamMeTPH BiZOOpaKeHHS
KOHTEHTY (po3Mmip mpu¢Ty, KOHTPACTHICT, YNTA0ENbHICTE). Taki QyHKIIT €
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KOPUCHUMH HE JIMIIE ISl OCi0 i3 MOpYIICHHSIMH 30py, a W YacTKOBO JJIS
CTY/ICHTIB 13 KOTHITUBHUMH TPy JHOIAMH a00 IiIBUIICHUM HaBaHTa)KCHHSIM.

3a3HaveHi IHCTPYMEHTH MarOTh CTaTHYHUI XapakTep i He 3a0e3neuyloTh
IHTEJIEeKTyalbHOI ajanTalii HaBYaJLHOTO Mpouecy. BoHM He BpaxoBYIOTh
IHWBIAYadbHI OCOOJMBOCTI CTyZAEHTa, HOTo piBE€Hb MiJArOTOBKH, TEMII
HaBYaHHS Ta crerudiky cnpuidHATTA iHpopMmanii. Y 3B’S3Ky 3 IIMM MOCTAE
HEOOXITHICTh TepexoAy A0 OUTBII THYYKHX Ta aNalTHBHUX IiIXOIIB,
30KpeMa i3 3aCTOCYBaHHSM TEXHOJOTIH INTYYHOTO IHTEIEKTy. MeToio €
aHali3 MOXKJIMBOCTEH BHKOPHCTaHHS INTYYHOTO IHTEIEKTY U IiATPUMKH
IHKJIFO3UBHOTO HABYaHHS Yy 3aKiafgax BHUMOi ocBiTH. lllTydnumii iHTemexT
BiIKpHMBAa€ HOBI MOXKJIMBOCTI JUIs OpraHi3alii HaB4ajabHOTO Iporecy. OgHuM
i3 HaAMOUIBII NEpPCIEeKTHMBHUX HANpPSAMIB € IHTErpauis IHTEIEeKTyalbHUX
CHUCTEM Yy OCBITHI IUIaTGOpMH, IO 3a0e3rmedyye IUHAMIYHY B3aEMOIII0
CTy/IeHTa 3 HaBYaJIbHUM KOHTEHTOM.

CyyacHi minxoau mnependavyaloTh BUKOPHUCTAHHS INTYYHOTO IHTEJIEKTY
JUIA aHaji3y HaBUaJbHAX MAaTepialliB, TaKUX SK BiJCO3aMUCH JICKIIii,
MPe3eHTAllil, TCKCTOBI JJOKYMECHTH Ta MPaKTHYHI 3aBaaHHs. Ha 0CHOBI Takoro
aHamizy (opMyeThCs €IWHA IHTENeKTyalbHa 0a3a 3HAaHb 3 KOHKPETHOI
mucturutiny. e no3Bosse pearnizyBaTy iHTEPAKTUBHY B3a€MOJIIIO CTY/ICHTA 3
MaTepialioM dYepe3 BOYNOBaHHN YaT-aCUCTCHT. Y Takili MOJENi CTYICHT
OTPUMYE MOJIMBICTE y TIpOLIECI HaBUaHHSA CTAaBUTH 3alHUTaHHS MO0
MaTepially JIeKIii, YTOYHIOBATH HE3PO3YMiJi MOMEHTH, OTPHUMYBaTH
TIOSICHEHHSI CKJIaHUX TeM a0o anbTepHaTHBHI (opMyitoBaHHs. Hanpukiarn,
CTY/ICHT MO 3BEpHYTHCS J0 CHUCTEMH 3 NPOXAaHHSIM MOSCHUTH NEBHUH
TEePMiH MPOCTIIINMHU CIOBaMH, HaBECTU MPUKIax abo KOPOTKO y3arajJbHUTH
smict Jekmii. Ile 0coOaMBO BaXIMBO i1 0CI0 i3 KOTHITHBHHUMHM
TPYZIHOIIaMH, SKHM HEOOXiJHe TIOBTOpHE abo CIpOLIeHEe TOSCHEHHS
HaBYAJILHOTO MaTepiany. Taki CHCTEMH MOXYTh aBTOMATHYHO aJalTyBaTH
¢dopmar noganHs iHpopmarii. Hampukian, Teket Moke OyTH epeTBOpEeHUit
Ha ayaio Uil CTYAEHTIB i3 TOpYIIEHHSAMH 30py, a Bijeomarepianm —
JIOIIOBHEHI cyOTHTpamMu a00 CTPYKTypOBaHMMH KOHcIekTamH. Lle 3abe3neuye
MYJbTH(QOPMATHICTh ~ HAaBYAJBHOI'O  KOHTEHTY Ta  HiJBUIIyE HOro
JOCTYIHICTh. BasknnBoio (yHKII€I0 MITyYHOTO IHTEIEKTY € MepcoHai3awis
HaBYaHHS. [HTENEKTyaJbHI CHUCTEMH MOXYTb aHAN3yBaTH IIOBEIIHKY
CTYyZIEHTA, HOT0 YCHINTHICTh, YACTOTY 3BEPHEHHS 0 MaTepiasliB Ta HA OCHOBI
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LILOTO IIPOIIOHYBATH IHAMBIAyalbHI pekoMeHnnauii. Ile no3Bonsie popmyBarn
aJanTUBHI OCBITHI TpaekTOpii, SKi BPaxOBYIOTh OCOOJIMBOCTI KOXKHOTO
3n00yBaya ocBitu. llTy4HHii IHTENEKT MOXKE BHKOPHUCTOBYBATHCS IS
PaHHBOTO BUSBIICHHS TPYAHOLIIB y HaBYaHHI. AHaJII3yIOUYd aKTHBHICTBH
CTy/IeHTa, CHUCTEMa 3JaTHa BHM3HAYaTH TEMH, SIKi BUKJIMKAIOTh HaWOLIbII
CKJIaJHOII, Ta MPONOHYBATH JOAATKOBI Marepianu abo mosicHeHHs. Lle
JIO3BOJISIE CBOEYACHO pearyBaTH Ha MPOOJIEMH Ta 3amo0iraTé axaJeMidHil
HeycmimHocTi. [IITygdHUA iHTENeKT He 3aMiHIOE BHKJIAgada, a BHUCTYIIAE SIK
JOTOMIKHHH ~iHCTpyMeHT. LOro BHKODHCTAaHHSA J03BONAE 3MEHIIMTH
HAaBaHTO)XCHHS HA BHUKJIAJadya, aBTOMATHU3yBaTH YaCTUHY IIOSACHEHb Ta
3a0e3NeYNTH MOCTIHHY MiATPUMKY CTYICHTIB 11032 MEXaMH ayIHuTOpil.

B ymoBax VYkpaiHu, nge OCBITHIIl mpouec 4YacTo 3IiHCHIOETBCS Yy
JMCTaHIIHOMY a0o 3MimaHoMy (opmari, a TaKOXX B yMOBax IiIBUIIEHOTO
NICUXOJIOTIYHOTO ~ HABaHTAKEHHS,  BIPOBA/DKCHHS  IHTEJIEKTYaJbHHX
TEXHOJIOTIH y cdepy IHKIIO3MBHOI OCBITH € 0Cco0iMBO akTyaiubHuM. lle
J03BOJISIE  3a0€3MEYUTH THYYKICTh, JIOCTYIHICTH Ta Oe3nepepBHICTh
HaBuaHHs. OT)Ke, BUKOPUCTaHHS IITYYHOTO IHTEJEKTy Y 3aKjiajax BHIIOT
ocBiTH cmpusie (HOPMYBaHHIO CYYacCHOTO IHKITFO3UBHOTO OCBITHBOTO
CepeloBHUIa, sSIKe BPAaXOBY€E PI3HOMAaHITHICTH MOTped CTyneHTiB. [HTerparis
IHTETIEKTYaIbHUX CHUCTEM y HaBYaJbHI IIaTGOPMHU BIAKPHUBAE MOXKIHUBOCTI
JUIL TIepCOHANI3aIlil HaBYAHHS, IIIBUIICHHS JOCTYIMHOCTI OCBITHBOTO
KOHTEHTY Ta IOKpAICHHs SKOCTi OCBiTH 3arajoM. [lomampimi JociimKeHHs
MOXYTh OyTH CIIPSIMOBaHI Ha PO3POOJICHHS Ta BIPOBAKSHHS KOMILUICKCHUX
IHTEJIEKTYaJIbHUX CHCTeM MiJTPUMKH HaBYaHHS, aJalTOBaHUX 10 YMOB
YKpaTHChKOI OCBITHBOT CHCTEMH.

Jlitepatypa

1. UNESCO. Two-thirds of higher education institutions have or are developing
guidance on Al wuse. [EnekrponHmii pecypc]. — Pexum mocrymy:
https://www.unesco.org/en/articles/unesco-survey-two-thirds-higher-education-
institutions-have-or-are-developing-guidance-ai-use({ata3sepuens:22.03.2026).

2. Imittwyk JI. Ityynwii iHTENEKT 1 SKICTh OCBITH: MOXJIMBOCTI, BHKIUKA Ta
nepcnektuBy. [EnextpoHnuit pecypc]. — Pexum noctymy: https://dnpb.gov.ua/
ojs/npstudies/article/view/144 ([lara 3Beprenns: 22.03.2026).

122



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

3. Tiotron A. B. lITyuynnii iHTeNeKT sk 3aci® MiIBUIIEHHS SKOCTi OCBITH JIOJCH 3

ocobiuBuMH  moTpebamu. [Enextponnumii  pecypc]. — Pexum  jmocrymy:
https://ir.stu.cn.ua/items/974ac306-4364-4316-a628-f05a57feche8 (Hara
3epHennst: 23.03.2026).

4. Fitas R. Inclusive education with Al: supporting special needs and tackling
language  barriers.  [Enextponnmit  pecypc]. —  Pexmm  moctymy:
https://link.springer.com/article/10.1007/s43681-025-00824-3 (/lata 3BepHEHHS:
23.03.2026).

5. Hlepuyk O.B. BmmB nudppoBux TEXHONOTIH HAa IHKIIO3UBHY OCBITY.
[Enexrponnuii pecypc]. — Pesxum nocryiy: https://journals.kpdi.in.ua/ index.php/
inclusion-society/article/view/133 ([lara 3Bepuenns: 23.03.2026).

VK 004.93

EFFECTIVENESS ASSESSMENT OF A CLASSICAL IMAGE
PROCESSING PIPELINE AND YOLOV5s FOR AERIAL OBJECT
DETECTION
Ph.D., K. Merkulovall 0000-0001-6347-5191]l Ph.D., Y. ZhabskaZ[ 0000»0002-9917-372311
D. Kalytovskyi3[ 0009-0009-5178-6107]

Taras Shevchenko National University of Kyiv, Ukraine
EMAIL:kate.don11@gmail.com, y.zhabska@gmail.com, 3dkalytovskyi@knu.ua
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OBPOBKMU 30BPAKEHDB TA YOLOvVSs 1J1sA BUSBJIEHHSA
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Anomauia. Y pobomi npogedeno nopigHsanbHe OOCHIONCEHHA eeKmueHocmi

KAAcu4Ho20 KoHgeepa obpobku 300padicens i oemexmopa YOLOvVSs 0as eusagnenns

00°ckmie Ha aepo3HIMKAX 13 6UKOPUCMAHHAM NIOMHOdMCUHU HAOopy Oanux DOTA.
Axicmob 060x nioxodie oyineno 3a nokasnuxamu Precision, Recall, F1-score ma loU.
Pesynemamu  excnepumenmis 3aceiouunu nepeeazy YOLOvSs 3a mounicmio
BUAGIEHHA MA JOKAN3ayil 06 €kmig, Mool K KIACUYHUL NIOXI0 NPOOEMOHCMPY8A8
suwuti Recall, ane 3nauny 3anesxcuicms 6i0 napamempie nonepeonvoi 0opooKu.

Knruoei cnosa: susgienna 06 ’ekmis, memoou obpobxu 306pasicers, YOLOVS,
Komn ‘tomepHuil 3ip, iHpopmayitini mexHonozii.
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Abstract. This paper presents a comparative evaluation of a classical image
processing pipeline and the YOLOV5s detector for object detection in aerial imagery
using a subset of the DOTA dataset. Both approaches were evaluated using
Precision, Recall, F1-score, and loU metrics. The experimental results demonstrate
the superiority of YOLOvV5s in terms of detection accuracy and localization
performance, while the classical approach achieved higher Recall but exhibited
strong sensitivity to preprocessing parameters.

Keywords: object detection, image processing methods, YOLOV5, computer
vision, information technology.

Introduction. Object detection in aerial imagery is difficult due to scale
variation, dense object placement, and complex backgrounds [1]. Deep
learning detectors, particularly the YOLO family, dominate the field, yet a
direct comparison with a hand-crafted classical pipeline on the same data is
useful for understanding trade-offs between interpretability, computational
cost, and robustness [2]. The purpose of this work is to compare a classical
image processing pipeline with YOLOV5s for multi-class object detection in
aerial imagery and to analyze the sensitivity of the classical approach to
preprocessing parameters.

Methods. Experiments were performed on a DOTA subset of about 600
images and 40,000+ annotated objects of four classes (plane, ship, large-
vehicle, small-vehicle), split 80/20 for training/validation. The classical
baseline applies grayscale conversion, normalization, CLAHE, Gaussian
smoothing, and Otsu or adaptive thresholding, followed by contour-based
bounding-box extraction [3]; seven configurations were tested. YOLOV5s
was trained for 60 epochs on 768x768 images, batch size 16. Both
approaches were evaluated on the same validation subset using Precision,
Recall, F1-score, and Intersection over Union (see Figure 1).

Results and discussion. YOLOV5s [5] performed best on the visually
distinct plane and ship classes and weakest on small-vehicle, due to its scale
and dense placement. The classical pipeline was highly sensitive to CLAHE
and Gaussian smoothing settings: stronger contrast enhancement raised
recall but amplified background structures into false contours, while
stronger blur suppressed small objects (see Figure 2). The best classical
configuration (Gaussian blur ¢ = 1.2, normalization, Otsu thresholding,
contours) is compared with YOLOv5s in Table 1. The classical pipeline
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reaches higher recall but much lower precision, reflecting false positives
from roads, roof edges, and shadows misread as objects. YOLOV5s gives
cleaner, more consistent detections and a better precision—recall balance,
confirming the advantage of learned features in cluttered aerial scenes.

Classical Pipeline

Grayscale

Normalization / CLAHE / Gaussian Blur

Thresholding / Sobel

Contours

. Metric Evaluation
Bounding Boxes
Precision
Dota Subset — Recall
F1-score
YOLOvS5s

loU

Training T

Inference

Predicted Boxes

Figure 1. Experimental Comparison Framework

Table 1. Comparison of the best classical configuration and YOLOv5s

Method Precision Recall F1-score loU
Classical pipeline 0.321 0.815 0.461 0.505
YOLOv5s 0.711 0.586 0.643 0.68

Conclusion. YOLOV5s provides more balanced and robust multi-class
object detection in aerial imagery than the classical pipeline, which remains
useful mainly as an interpretable, lightweight baseline or preprocessing step.
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Future work will target small-object detection and hybrid classical-neural
approaches.
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Anomauia. Y npayi npoananizoeano cy4acHi nioxoou 00 MEOPEHHA KHUlU,
akmyanvbhicms — SKUX — 3YMOGIEHA  MPAHCHOpMAyiclo  dumaybKux  NPaKmux.
Oxapaxmepu3z08ano 0CHOBHI IHMEPMEOIANbHI RIOX00U 8 OU3AUHT KHUMNCKOBUX GUOAHD
ma 6U3HAYEHO IXHE 3HaueHHs 05l popmysanHs yumaybko2o 0oceidy. Ha npuknadi
KOHYenyii CMEOPEHHsI CYYACHO20 KHUIICKOBO20 GUOAHHs 6BUSIGIEHO napaneni 6
KOMyHiKayii Mmediakonmenmy U GUOKPEMIEHO NPUHYUNU  iHMepMedialbHO20
Mediaduzaiiny.

Knwuosi cnosa: inmepmedianvni nioxoou, ousaiin, MeoiaKoOHMeHm, NPUHYUn,
NPOEKMYBANHS, MUCIEMYMBO, RPOMOMUN.

Abstract. The paper analyzes modern approaches to book creation, the relevance

of which is driven by the transformation of reading practices. It characterizes the
main intermedial approaches in book design and determines their significance for
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shaping the reading experience. Drawing on the concept of creating a modern book
publication, the study identifies parallels in media content communication and
outlines the principles of intermedial media design.

Keywords: intermedia approaches, design, media content, principles, planning,
art, prototype.

Modern book design goes beyond the purely graphic design of the text. A
book increasingly appears as a complex material, visual, and digital object, in
which the content is formed by the interaction of text, image, typography,
paper, construction, tactile properties, and digital technologies. This approach
is associated with intermediality — the interaction of different media in one
work or publishing project.

The concept of intermediality in book design. Intermediality in book
design can be defined as the interaction of different media, materials, and
modes of perception, as a result of which the form of the publication becomes
part of its content. In contrast to the traditional understanding of the book as a
neutral carrier of the message, the materialist approach considers the physical
properties of the book artifact as a factor in the creation of meaning. The
format, structure, and way of using the book affect the reader’s attention [1].
Intermediality is not limited to the combination of and digital formats. The
material-tactile approach is based on the fact that paper, binding, texture,
embossing, die-cutting, sewing, and other production techniques are not only
technical characteristics, but also means of artistic communication. Projects
in which book design interacts with textile art acquire particular importance.
Embroidered illustrations, for example, add a tactile dimension to visual
perception and expand the concept of book illustration. An important role is
played by paratexts — the cover, flyleaf, title page, spine, dust jacket,
marginalia, and other elements surrounding the main text. The cover can
function as a threshold between the materiality of the book object and its
content, forming the reader’s expectations even before reading [2].

Typography in intermedia publishing performs not only a verbal, but also
an imaginative and spatial function. The size, style, line direction, type
density, color, and placement of text can convey pace, voice, movement,
fragmentation, or emotional state. The interaction of text and image creates a
multimodal message in which meaning arises not from individual
components but from their interconnection. Multimodal design also involves
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changing the reader’s route. A page can be organized as a sequential
narrative, a montage of fragments, a map, an archive, or an interface. In this
case, the reader not only perceives information, but also constructs the order
in which it is read. A prime example is Jonathan Safran Foer’s novel Tree of
Codes, in which cut-out page fragments form a special material-textual
structure. The reader simultaneously interacts with the literary text and the
physical construction of the book, and the reading process itself acquires a
tactile and interactive character [3]. The Abra project combines a hand-made
art book with an iPad app and allows the reader to interact with the form and
content in a dynamic way [4]. In this case, the digital component does not
simply duplicate the printed text, but extends it, creating a system of
transitions between the material and electronic environments. Research on
expanded books emphasizes the need for a special design process in which
the printed form, multimedia links, and user behavior are considered as a
single system [5].

In an intermedia publication, the reader becomes an active participant in
communication. He can touch the surface, change the viewing order, reveal
hidden elements, use a digital device, or correlate different media layers.
Therefore, the designer must design not only the page, but also the interaction
scenario. The main principles of intermedia book design include: 1. Semantic
relevance — each media and material component must be related to the
content; 2. Media coherence — text, images, typography, material, and digital
elements must work as a holistic system; 3. Attention management — the
composition should determine the sequence and nature of perception; 4. Clear
interaction — the reader must understand how to use non-standard elements of
the publication; 5. Technological validity — the selected materials and
technologies must correspond to the budget, circulation, durability and
accessibility; 6. Balance of analog and digital — the digital environment
should expand the capabilities of the book, not level its material specificity.

In digital art book projects, it is important to combine the semiotic
analysis of visible, readable, and manipulated forms with the study of
reception and prototyping practices. Intermedia approaches significantly
expand the possibilities of book design and media content. A book can
function simultaneously as a text, a graphic composition, a material object
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and a digital interface. In such a system, material, form, and technology are
not separated from the content, but participate in its creation.

The most productive is not the mechanical combination of different
media, but their functional interaction. Tactility can enhance the emotional
effect, typography - simulate voice or movement, construction — change the
logic of reading, and digital elements — open up additional levels of
interaction. Thus, intermedia design transforms content from a passive
information carrier into a comprehensive and practical reading product.
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POJIBOBI ITPUHIUIIN MTPOEKTYBAHHS KEPOBAHOI'O
BUUTEJEM MYJIbTUATEHTHOI'O ITPOLECY CTBOPEHHS
ﬂMQEPEHHIﬂOBAHMX HABYAJIbBHUX MATEPIAJIIB
B. lykoBa
Texuiunuti ynisepcumem Bapnu, boneapis

Anomauia. Y mesax 3anponoHO8AHO pONbLOGI NPUHYUNU NPOEKINYGAHHS
Kepo8aHozo guumenem MyJIbMUA2eHmMHO20 Npoyecy CMeopeHHs OughepeHyiliosanux
HasyanrbHux mamepianig. I1ioxio posnodinac auanis yineil, MoOeno8auHa npoinie
VUHIG, NPOEKMYBAHHS OILIbHOCMI, Ougepenyiayito ma nepesipKy Midxc OKpeMuMu
poasmu. Haeonoweno mna minimizayii Oanux, npocmescysanocmi piuiensb i
0006 ’513K080MY NEOA202IUHOMY CXBANIEHHI KIHYe8020 MAMEPIATy.

Knrouosi cnoea: mynemuacenmui cucmemu, ougpepenyiliosane HABYAHHS,
NPOEKMYBAHHS HABYAHHA, GENUKI MOGHI MOOENi, KOHMPOIb YYumens, OCSIMHIU
WMYYHUL iHmMeneKm.

Abstract. This thesis proposes role-oriented design principles for a teacher-
controlled multi-agent workflow that creates differentiated learning materials. The
approach distributes objective analysis, learner profiling, activity design,
differentiation, and review across distinct roles. It emphasizes data minimization,
traceable decisions, and mandatory pedagogical approval of the final material.

Keywords: multi-agent systems, differentiated instruction, instructional design,
large language models, teacher-in-the-loop, educational artificial intelligence.

Introduction

The educational use of large language models is moving from one-step
text generation toward workflows in which several role-defined agents
contribute to planning, adaptation, and review. Research identifies
applications in instructional design and teacher support, together with
unresolved issues of reliability, privacy, and fairness [1]. The central design
problem is how responsibilities, information access, and human authority
are distributed.

Proposed role-oriented workflow

A teacher-controlled workflow can separate six pedagogical functions:
(1) clarification of the learning objective and expected outcomes; (2)
construction of non-clinical learner profiles based on prior knowledge and
support needs; (3) design of the core learning activity; (4) creation of
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differentiated variants; (5) pedagogical critique of clarity, coherence,
feasibility, and alignment; and (6) factual and ethical review. The roles may
be implemented as separate software agents or as a simulated sequence of
prompts with the same model. The contribution lies in the explicit
workflow, not in assuming that multiple calls automatically improve quality.

Recent systems support this decomposition. Wang et al. distribute design
among agents that apply learning-science knowledge and critique activities
[2]. EduPlanner combines evaluator, optimizer, and analyzer roles to revise
personalized plans and anticipate difficulties [3]. Pedagogical value thus
comes from staged analysis and revision, not fluent generation alone.

Design principles

Four principles guide implementation. First, each role needs a narrow
mandate, explicit inputs, and an observable output so unsuitable decisions
can be traced. Second, context must be transferred selectively: a
differentiation role needs pedagogical information, not automatically
personally identifying records. Third, critique must be separated from
generation and apply stated criteria. Fourth, the teacher must approve the
objective, learner assumptions, and final material.

Teacher control is essential for differentiation. FACET coordinates
learner simulation, diagnosis, material generation, and evaluation while
preserving professional judgment [4]. Simulated profiles can reveal a dense
or insufficiently scaffolded task, but must not be treated as clinical
diagnoses or definitive representations of learners.

Discussion and conclusion

Role-oriented orchestration is a practical middle position between a
single chatbot and full autonomy. It makes instructional design visible and
creates checkpoints for revision. Limitations remain: agents may share the
same model and knowledge gaps, errors may propagate, and the workflow
may require more teacher time.

Multi-agent generation should therefore be selective. Routine drafting
may not justify it, whereas differentiated and inclusive activities can benefit
from specialized roles. Future studies should compare configurations across
subjects, record teacher revisions, and examine classroom outcomes. The
proposed principles provide a transparent foundation while preserving the
teacher’s authority.
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JOCJIKEHHS BIUIUBY KOH®IT'YPALIL RAG-CUCTEM HA
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Anomauin. [Jocniodxcerno nioxoou 0o nofyoosu cucmem cenepayii 3 00n08HeHUM
nowykom (RAG) ma 3anpononoano memoouxy oOyinO8aHHA 6NAUEY NAPAMempis
NOULYKOBO20 KOHBEEPA HA SKICMb GION0GIOEl 8ENUKUX MOGHUX MOOCIElL.

Knrouogi cnosa: éenuxi mosni mooeni, RAG, exkmophuii nowyx, ingopmayiinuii
NOWLYK, 2eHepayisi MeKcmy.
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Abstract. The paper investigates approaches to building RAG systems and
proposes a methodology for evaluating the influence of retrieval pipeline parameters
on the quality of large language model responses.

Keywords: large language models, RAG, vector search, information retrieval,
text generation.

Beryn. Benuki moBai Mozeni (LLM) 1eMOHCTPYIOTh BUCOKI pe3yabTaTi
B 3amadax OOpOOKH MPUPOIHOI MOBHU, OJHAK BUKOPUCTAHHS JIMIIC 3HAHb,
3aKJIQJICHUX Y TMapaMeTpax MoJeli, OOMEXye MOXIHUBICTH pPoOOOTH 3
aKTyaJbHAMHM Ta Cleliani3oBaHuMu JaHuMu. OxHMM i3 migxoniB 1o
BupinieHHs wiel npobnemu € Retrieval-Augmented Generation (RAG), uio
MIO€THYE TEHEPATUBHY MOJIEINb i3 30BHINIHBOIO 023010 3HAHb TA MEXaHI3MOM
iHpopmanitiHoro momyky [1]. Skicte RAG-cucTemMu 3aie:KuTh HE JIHIIE Bil
BHKOPHCTaHOT MOBHOI MOJENi, a W BiJ CIOCOOY MiATOTOBKH JTOKYMEHTIB,
po3Mipy TEKCTOBHX (DparMeHTIB, MOJETI BEKTOPHUX IIPEACTABIICHb,
AITOPUTMY TOIIYKY, KUTBKOCTI BiiOpaHUX (parMeHTIB Ta iX MOBTOPHOTO
pamxyBaHHA [2].

MeToro pobOTH € JOCHTIPKEHHS BIUTMBY mapameTpiB RAG-koHBeepa Ha
SIKICTh IOLTYKY pesieBaHTHOI iHdopMmalii Ta popmyBanHs Bianosigen LLM.

Jdnst  mpoBeieHHS — JOCHIDKEHHS ~ THPOINOHYEThCS  CTBOPEHHS
€KCIIEPUMEHTAJILHOTO MPOrPaMHOT0 CTEHIY 3 MOJYJBHOI apXiTeKTYpOIO.
TekcToBi JOKyMEHTH TOAIISAIOTECS HAa (PAarMEeHTH, [UIS SIKMX 3a JOTIOMOTOI0
embedding-mozneni  dopMmyroThCsi  BeKTOpHI mpeactaBineHHs. OTpumani
BEKTOPH pa3oM i3 TEKCTOM JOKYMCHTIB 30epiratoTbCsi y BEKTOPHOMY
cxoBuii. [lig gac oOpoOKH 3amHUTy CHCTEMa BHKOHYE IOIIYK HAHOIIhII
CEMaHTHYHO ONM3BKHX (parMeHTiB Ta mepemae ix LLM sk momatkoBwid
KOHTEKCT. BUKOpHCTaHHS IIITBHUX BEKTOPHHUX IPEICTaBJICHb J03BOJISIE
3HAXOAWTH PEJIEeBAHTHY iH(OpPMAIiI0 HABITh 32 BiACYTHOCTI MPSIMOTO 30iry
KIo4oBUX ciiB [2]. ExciepuMmeHTaNbHUN CTEHN Tependadae He3aJekHy
3MiHy OCHOBHHUX mapaMmeTpiB RAG-cuctemMu: po3Mipy TEKCTOBOTO
(¢parmMeHTa, BEeITHYUHH MEPEKPUTTA MK (parmenTtamu, embedding-moxeni,
KITBKOCTI BifiOpaHuX JOKYMEHTIB 1Op-K Ta BHKOPHCTAaHHS MOBTOPHOTO
pamxyBanHs. OILIHIOBaHHS MPOMOHYETHCS BHUKOHYBATH OKPEMO IS
TIOUIYKOBOI Ta TeHepaTUBHOI YacTWH cucteMu. Jlis retrieval-koMmoHeHTa
MOXYTh BHUKOpPHCTOBYBaTHCs MeTpuku Precision@k, Recall@k ta Mean
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Reciprocal Rank. SlkicTs reHepallii OIiHIOETHCS 32 BiAMOBIIHICTIO BIAMOBII
MIOCTAaBJICHOMY 3allMTAHHIO Ta CTYNEHEM ii MiJATBEP/PKEHHS OTPUMaHUM
KOHTeKcTOM.  Jlnst  aBroMaTH3amii  Takoro  OIHIOBaHHS  MOXe
BuKopucToByBaTHcs miaxin RAGAS [3].

TakuM 4MHOM, NMPOBEJNECHHS Cepil eKCIEPUMEHTIB i3 KOHTPOJIbOBAHOIO
3MIHOIO MapaMeTPiB MO3BOJSE BU3HAYUTH iX BIUIMB Ha KIHIIEBY SKICTh
pobotn RAG-crucTemMn Ta BCTaHOBHTH KOH(]Iirypamii, HaiiOinbpm epeKTHBHI
JUTL KOHKPETHOTO TUITYy JOKYMCHTIB 1 3aIIHTIB.

BucnoBku. EpextuBHicTe RAG-cricTeM 3HAYHOIO MipOI0 BH3HAYAETHCS
mapaMeTpamMH IiATOTOBKH JOKYMEHTIB Ta iH(pOPMAmiHHOTO TOMIYKY.
3anpornoHOBaHUH EKCIIEPUMEHTANBHNI CTEHA JO03BOJSIE CHCTEMAaTHIHO
JIOCITI/KYBATH BIUIMB LIUX MapaMeTpiB Ta MOPIBHIOBATH Pi3HI KOHQIrypamii
3a €IMHOIO METOAUKOIO OLIHIOBAHHS.
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AHAJII3 METOAIB CUHTE3Y AﬂAHTI/IBHOi APXITEKTYPHU
IHTEJEKTYAJIbBHUX ATEHTIB JJIsI ABTOMATHU30BAHOTI'O
KEPYBAHHSI ITPOINECAMMU PO3IIIBHABAHHSA
A.3aeHcbkmii
Hayionanenuii ynieepcumem «Odecoka nonimexuikay, Yxpaina

Anomauia. Ilpoananizogano memoou cunmesy ao0anmMueHoi apximexmypu
IHMeNeKMyanvHuxX —aceHmie Old  A8MOMAMU308AHO20  KEPYBAHHA Npoyecamu
PO3NI3HABAHHA 8 YMOBAX OUHAMIYHO20 cepedosuwya. Posenanymo moodynvrul nioxio
00 nobyoosu azewma, wo HNOEOHYE CHPUUHAMMS, NPUUHAMMS pilleHb ma
camoadanmayilo  CMpYKmypu HA — OCHOBL  Helpoesomoyii Ul  HAGUAHHA 3
niokpinnenuam. Ilokazano, wo KOMOIHOGAHUL CuHmMe3 apXimeKmypu niosuuye
MOYHICMb [ WEUOKICMb adanmayii azeHma NOPI6HAHO 3I CIMAMUYHUMU DIUUEHHIMU.

Knrouosi cnosa: inmenekmyanvbHi — acemmu, —aO0AnmMueHda  apXimexmypa,
PO3Ni3HABaHHA 00pasie, CuUHMe3 AapXimexKmypu, Heupoegonioyia, HAGYAHHA 3
NIOKPINIeHHAM

Abstract. Methods for synthesizing an adaptive architecture of intelligent agents
for automated control of recognition processes in a dynamic environment are
analyzed. A modular agent design combining perception, decision-making, and
structural self-adaptation based on neuroevolution and reinforcement learning is
considered. The combined architecture synthesis is shown to improve the agent's
recognition accuracy and adaptation speed compared to static solutions.

Keywords: intelligent agents, adaptive architecture, pattern recognition,
architecture synthesis, neuroevolution, reinforcement learning

VY cydacHMX CHCTEMax aBTOMAaTH30BAHOTO KEpyBaHHS IpolEecaMu
posnisHaBaHHs (00pa3iB, MOBJICHHS, CCHCOPHUX JaHHX) 3pPOCTAE CKIAIHICTh
1 MIHJMBICT BXiITHUX TOTOKIB iH(opMaIlii, mo oO0yMOBIIOE HEOOXiTHICTH
3aCTOCYBaHHS IHTENEKTyaJlbHUX areHTiB, 3JaTHUX CaMOCTIHHO a/JalTyBaTH
BJIaCHY apXiTeKTypy A0 yMoB ekcryarauii [1]. Tpamuuifini areHTtHi
CHCTEMH 31 CTAaTUYHOIO CTPYKTYPOIO JEMOHCTPYIOTh HEJOCTATHIO THYYKICTh
IIpH 3MiHI PEXHUMIB pOOOTH, MOSIBI HOBUX KJaciB 00'€KTiB PO3ITi3HABAHHA
a00 3MiHI XapaKTePUCTHK cepefoBHINA. Y 3B'SI3KYy 3 IIMM aKTyaJlbHUM €
aHaji3 Ta CHCTEMAaTH3allii METOMiB CHHTE3Yy aJalTHBHOI apXiTeKTypH
IHTETIeKTyalbHUX areHTiB, OPIEHTOBAaHMX Ha 3aJadi aBTOMAaTH30BAaHOTO
KEpYBaHHS [TPOIIeCaMy PO3Ii3HABAHHSI.
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4 3alpONOHOBaHIH KOHLETIIT aJlaniTUBHA apXiTeKTypa
IHTEJIeKTyalbHOrO areHta OyIyeThCsl 3a MOJYJIBHHM HPUHLIUIOM, IO
J03BOJISIE  HE3aJeKHO CUHTE3yBaTH Ta  pPEKOH(DIrypyBatd  okpemi
(GyHKIIOHATIBbHI OJIOKM: MOAYJIb CIPUHUHATTS, IO 3a0e3neyye NEepBHHHY
00poOKy Ta kiacu(ikaiifo BXIJHAX JaHUX pPO3IMi3HABAHHS Ha OCHOBI
3TOPTKOBHX 1 PEKyPEHTHHX HEHPOMEPEKEBUX CTPYKTYP; MOAYIIb MPUAHSATTS
pillicHb, peasli30BaHUI HA NPUHIUIIAX HABYAHHS 3 MigKpiruieHHsM [2], mio
(dopMmye cTparteriro KepyBaHHS IPOIECOM pO3IMi3HABaHHSA BiAMOBITHO IO
MIOTOYHOTO CTaHy CEpEJOBHINA; MOAYIb CaMOAJaNTallil, SKUH 3IiHCHIOE
AaBTOMATHYHUI MOIIYK Ta KOPHUI'YBaHHS apXiTEeKTypu areHTa (MeTonu
HeiipoeBomolii Ta momyky apxitektyp - Neural Architecture Search)
3aJIeKHO BiJl MOKA3HUKIB SKOCTI po3misHaBaHHs [3]; MOIyNs KOOpAHHAILL,
mo 3a0e3nedye Y3roJKeHy B3aEMOJII0 TIPYMU areHTiB y PpO3MOIUICHHX
cUCTeMax KepyBaHHsS PO3MMi3HaBaHHAIM. Y MeXKax JIOCITIKCHHS MPOBEICHO
NMOPIBHSUIBHUM ~ aHalli3 METONIB CHHTE3Y aJalTUBHOI apXiTeKTypu -
€BOJIIOLIITHUX aJrOPUTMIB, TPAIIEHTHOTO TMOLIYKY apXiTeKTyp Ta MiAXO/iB
Ha OCHOBI HaBYaHHS 3 MAKPIIUICHHSM - Ha TpHUKIami 3anad
aBTOMATH30BaHOTO pO3Ii3HaBaHHS 300pakeHb 1 cHUrHamiB. PesynpraTn
MOKa3aJd, 10 3aCTOCYBaHHs KOMOIHOBaHOTO mifxoay (HeipoeBosromis y
MOEJHAHHI 3 HABYAaHHAM 3 MiAKPITUIGHHSAM JUI1 aganTallii ImapaMeTpiB
MOAYJsl TNPHUAHATTSA pilleHb) JO3BOJISIE CKOPOTUTH 4Yac  aJanTamil
apxiTeKTypu areHTa A0 HOBUX yMOB Ha 15-20% Ta migBUIIHATH TOYHICTH
po3mizHaBaHHA Ha 6-11% TmOpiBHAHO 31 CTATHYHHUMH AarcHTHUMHU
apxitektypamu. IIpoBemeHHI aHami3 METOMIB CHHTE3y aJalTHBHOI
ApXITEKTYpH IHTEJIEKTyalbHUX areHTIB MiJATBEP/UKYE 1X e(EeKTUBHICThH IS
3ajJja4 aBTOMaTH30BaHOTO KEPYBaHHS IPOLECaMK PO3ITi3HABAHHS B YMOBax
JUHAMIYHOTO cepeaoBuiia. [1oaanbiii JOCTiKEHHS JOIIIBHO CIPSIMYBaTU
Ha pO3poOJieHHsT VHI(pIKOBAaHWX KPHUTEPIiB OIIHIOBAHHS aJalTUBHOCTI
areHTHUX AapXiTeKTyp Ta iX IHTerpamifo B pPO3MOAUIEHI CHUCTEMHU
PpO3ITi3HaBaHHs PEUILHOTO Yacy.

JlitepaTtypa
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KOHIENIA OHTI/IMBAIIIi HPOLECY NOBYAOBH
I'BPUIHUX MOI[EJIEﬁ TJIMBUHHOI'O HABYAHHA JJI51
®IHAHCOBHUX ITPO'HOCTUYHUX 3ABJIAHb
Ph.D., M. Pyaniuenxo, JI. llIsexos, Ph.D., T. OTpaacbka
Hayionanvnuii ynigepcumem «Odecvka noaimexwikay, Yxpaina

Annomauia. 3anpononogano KoHyenyitlo onmumizayii npoyecy no6yoosu
2ibpuoHoi Mooeni 2MUOUHHO20 HABYAHHA 018 (DIHAHCOBUX NPOSHOCMUYHUX 3A6800Hb,
wo inmezpye pouosy onmumizayiio, HeuimKutl iHmeaexm, 2eHemuyHi aiecopummu ma
mooeni BiLSTM i Transformer.

Knrouosi cnosa: 2ibpuone naguamnms, QiHancoge npoecHo3y6aHHs.

Abstract. An concept for optimizing of hybrid deep learning models for financial
forecasting is proposed by particle swarm optimization, fuzzy intelligence, genetic
algorithms, and BiLSTM and Transformer models.

Keywords: hybrid learning, financial forecasting

Beryn.  Crpimke 3poctaHHS o00CsTiB  (PiHAHCOBMX HAaHHX, BHCOKA
BOJIATWJIBHICT PUHKIB Ta HENIHIHHMH XapakTep B3a€MO3B'S3KIB MiX
€KOHOMIYHMMH IOKa3HUKaMU CYTTE€BO YCKIAIHIOIOTH IOOYIOBY Mopeiei
nporHozyBaHHs [1]. BuxopucTaHHS OKpeMHUX MoJened TIJIMOMHHOTO
napyanus ([H) He 3abesmedye JocTaTHbOI CTIHKOCTI 10 IIyMiB,
CTPYKTYPHHX 3MiH 4YacoBUX PSAIiB Ta HAIJIMIIKOBOCTI o3HaK [2].
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[lepcrieKTHBHUM HAINpsIMOM € CTBOPEHHS TOpPHUAHUX apXiTEKTyp, Y SKUX
MOEHYIOTBCS METOIM OOYHUCIIOBAJIBHOIO IHTEJIEKTY, 3[aTHI B3a€EMHO
KOMICHCYBATH HeNONiKd oauH oxHoro [3]. OcobnuBoi akTyambHOCTI
HaOyBa€e aBTOMAaTH30BaHa OITHMI3allisi BCHOIO LUKJIY NOOYZOBH MOAeNi,
MIOYMHAIOYM BiJl BigOOpy O3HaK 1 3aBepiuytoun (GopmMyBaHHSAM (iHAIBHOTO
NPOTHO3y LUISIXOM aHcamOnroBaHHs Mojeneir ['H. Metoro pobotu €
PpO3pOoOIeHHS KOHIEMIii ONTHMI3alii mporecy moOyaoBH TiOpUAHOT MOAEMi
TTHOMHHOTO HaBYaHHSA AJIs (PiHAHCOBMX NPOTHOCTHYHHX 3aB/JaHb HA OCHOBI
iHTerpamii  MAXOAiB  OOYHCIIOBAIFHOTO  IHTENEKTy Ta  CTEKIiHTY
HEWpOMEPEKEBUX MOJIETIeH. 3anporoHOBaHA KOHLEMIS CKJIAJA€ThCS 3
ST B3a€MOIIOB'S3aHUX eTamiB. Ha mepmoMy erami 3miHCHIOETBCS
KOMIUIEKCHA MiJrOTOBKAa (DiIHAHCOBHUX YAaCOBHUX PsJIiB 13 CHHXPOHI3aIi€l0
PI3HOPIOHUX JKEped AaHUX, YCYHEHHSM IMpOITYCKiB, HOpMajli3ali€lo Ta
(GhopMyBaHHSIM KOB3HHX 4YacOBUX BIKOH. JI0JJaTKOBO OOYHCITIOIOTHCS
TEXHIYHI  IHIMKATOpH, TOKa3HMKA  BOJATWIBHOCTI,  JorapudmiuHi
JIOXOJTHOCTI Ta CTATUCTHYHI XapaKTEPUCTUKH JIOKAIbHUX TPEHIIB.

Jpyruii eram peanizye iHTEJIEKTyalbHHI BifOIp O3HAK 3a JOIMOMOTOI)
AITOPUTMY pPOIO YACTUHOK, SIKMH ONTHMI3ye WiIMHOXHHY BXIJIHUX
mapaMeTpiB 32  KpurepieM  MiHiMi3amii  ¢QyHKmii BTpaT Momemi
nporHo3yBaHHs. KoXHa 4acTHHKa KOZye MOXIIMBY KOMOiIHAIiI0 O3HaK, a ii
TIOJIOKEHHSI OHOBJIIOETHCSI BIJIIOBIAHO 10 TJIOOANBHOTO Ta JIOKAIHHOTO
ONTHMYMIB, IO JO3BOJIIE CKOPOTUTH PO3MIPHICTE HPOCTOPY O3HaK 0e3
BTpAaTH 1H(POPMATHBHOCTI.

Ha TperhoMy erami BHKOPHUCTOBYEThCSI HEWiTKa Heiipo-(a33i cucrema
tunty ANFIS nans agantuBHOi OIHKM PUHKOBUX pexuMiB. Ha ocHOBI
HEUITKHX IMPaBUJ BH3HAYAIOTHCS DPIBHI PU3UKY, IHTEHCHUBHICTH TPEHAY Ta
CTYIiHb HEBHM3HAUEHOCTi, Micis 4YOro (OPMYETHCS JHOJATKOBHH Habip
JIATEHTHUX O3HAK, SIKMU MEPeAacThcsl 0 MoJieliel TIMOMHHOrO HaBYaHHS.
Takuit mexaHi3M 3abe3redye ceMaHTHYHE Yy3arajJbHEHHS (iHAHCOBUX
3aKOHOMIPHOCTEH 1 MiJIBUIYE CTIHKICTH 0 JIOKAIBHUX aHOMAJIiH.

UYerBeptuil etan nependavae mapaieinbHe HaBUaHHs TBOX Mozenei ['H.
[epma mogens BiLSTM BHKOHY€e MOJIEIIOBaHHS JOBIOCTPOKOBUX YaCOBUX
3ajexHocTed 'y (¢iHaHcoBuX psnmax. Jpyra wmozgens Transformer i3
MEXaHi3MOM  0araToroyioBoi yBarum aHaji3ye TIJI00ajbHI  HENiHiHHI
B3a€MO3B'SI3KM MIX YaCOBHMH IHTEpBAIAMH Ta BHABISE NPUXOBAHI
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3aKOHOMIpHOCTI. [yl KOXHOI MOJIeNi TeHEepYIOThCsl HE3aJEXHI MPOTHO3M,
SIKI JOTIOBHIOFOTHCSI OLIIHKAMH JIOBIpH.

Ha 3aBepmianbHOMY eTami peali3yeTbCs CTEKIHI MpOrHO3iB. Sk
METaMoOJIeJlb BHKOPUCTOBYETHCS TPAJI€HTHUH OYCTHHI, SIKUH OTpHUMY€
nporHo3Hi 3HadeHHs BiLSTM, Transformer, HediTKi OLIHKM PH3HMKY Ta
JOAATKOBI CTATHCTHYHI XapaKTEPUCTUKU IOXHOOK 0a30BHX MOJIEINEH.
[Tapamerpn MeTamozeni ONTHMI3YIOTHCSI TEHETHYHHM ajlrOPHTMOM, SKUH
BHKOHYE TIIOOAJNPHUH TOIIYK Haikpamoi KOoH]Iirypamii rimepmapamerpis,
MiHiMi3yroun 3HadeHHA QyHKOii RMSE Ta 3amofiratoun mepeHaBYaHHIO.
TakuM YHHOM TOEMHYIOTBCA TPH Pi3HI TAXOOH OOYHCIIOBAIBEHOTO
IHTETIeKTY, a caMe pOoioBa ONTUMI3aIlisl, HEUITKAH IHTEIEKT Ta CBOJIOIIiHA
ontuMizalis, i3 ABoma MozessiMu ['H B enuHil 6araTopiBHEBIH apXiTEKTypi.
KoHuenuiss BiJmoBiae Cy4acCHUM TEHACHISIM PO3BUTKY TiOpHIHUX
MoJjieneld iHaHCOBOT'O MTPOTHO3YBAHHSL.

ExcniepuMmeHTanbHa nepeBipka KOHIEIT BUKOHYBaIAcs Ha (hiHAHCOBHUX
YacoOBHX psjax 13 BHUKOPHCTaHHSM MOKPOKOBOI 4YacoBoi Basijaii.
IopiBasiHO 3 okpemumu  wmoxensmu  BiLSTM  ta  Transformer
3alpONOHOBaHA apXiTekTypa 3ade3meumna 3MeHmeHHs RMSE mpubmmsHo
Ha 11-15 %, MAE Ha 9-12 %, migBumieHHs koedimieHTa nerepminaiii R?
no 0,95 ta ckOpoYeHHS KiTBKOCTI HECTIHKMX MPOTHO3IB IMiJ Yac pPi3KuX
PHHKOBHX KOJIUBAHb.

BucHoBku. OtpumaHi pe3yibTaTH MiITBEPIKYIOTH  JOULIBHICTH
BHKOPUCTAHHSA KOMIUIEKCHOI ONTHMI3allii Mmpolecy MmoOymoBH TiOpUIHUX
Mmojeneid I'H nnst ¢iHaHCOBMX NPOTHOCTHYHMX 3aBJaHb. 3alpONOHOBaHA
KOHIIEMist 3a0e3reyuye MiIBUIIEHHSI TOYHOCTI IPOrHO3YBaHHsS, MOXe OyTH
BUKOPDHCTaHa $IK OCHOBAa JUIS CTBOPEHHS IHTENIEKTYaJIbHUX CHCTEM
MiATPUMKH (DIHAHCOBUX PillICHb.
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maxoam FIEPI/II[I/I3AHIi HPOLECIB IIOBYJ1OBH MOI[EJIEﬁ
TJIMBUHHOI'O HABYAHHA JJIS1 OIHOK ®IHAHCOBHUX
PU3UKIB
. llIBenos
Hayionanvnuii ynigepcumem «Odecvka noaimexwnikay, Yxpaina

Annomayin. Jlocniosceno moocnusocmi inmeepayii QisuuHo noiHgopmosanux
ma UMOGIPHICHUX NiOX00i8 npu no6y00si 2iOpUOHUX MoOenell 2MUOUHHO20 HAGUAHHSL
07151 OYIHKU (DIHAHCOBUX PUBUKIG.

Knrwuoei cnosa: oyinka pusuxis, tiMOGIpHICHE MOOETIOBAHHS

Abstract. The paper investigates the integration of physics-informed and
probabilistic approaches into hybrid deep learning models for financial risk
assessment.

Keywords: risk assessment, probabilistic modeling

Beryn.  3pocTaHHS  CKIIQAHOCTI  Cy4acHHMX  (DiHAHCOBHUX  CHCTEM
CYIPOBOJKYETHCS  MIJBUIICHHSIM  PIBHI  HEBHU3HAYEHOCTI,  TIOSBOIO
HENTIHIHHUX 3aJIe)KHOCTEH Ta YaCTMMHU CTPYKTYPHHMH 3MiHaMH PHHKOBOTO
cepeloBUIIa. 3a TaKWMX YMOB TPAIUIiAHI MOJENi TIMOMHHOTO HaBYaHHS
(I'H) neMOHCTPYIOTh BUCOKY YYTJIMBICTH 10 SKOCTI HAaBYaIbHOI BHOIpKH Ta
HEJIOCTaTHbO BPAXOBYIOTh aNpiopHi 3aKOHOMIPHOCTI (DYyHKIIOHYBaHHS

140


mailto:nickolay.rud@gmail.com

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

¢inancoBux mporeciB [1]. OZHUM i3 HEPCIEKTHBHUX HAIPSAMIB PO3BUTKY
IHTEJIEKTyaJIbHUX CUCTEM OLIHIOBAHHS PH3UKIB € TOE€JHAHHS (Hi3UUHO
MOiH(OPMOBAHUX MOJIEJIEH, 10 TO3BOJISIIOTH IHTEIPYBaTH (yHIaMEHTaJIbHI
€KOHOMI4HI OOMEXEHHs y TpOolleC HaBUaHHS, i3 HIMOBIPHICHUMH METO/aMH,
3MaTHUMU (popMaltizyBaTH HEBH3HAUEHICTh MIPOTHO3IB [2].

Meroro po0OoTH € aHai3 MiaXoAiB moOynoBH riopuanux moxeneit 'H
JUI1 OLiHIOBaHHS ()iHAHCOBMX PH3WKIB HA OCHOBI iHTerpamii ¢izmaHO
moiHGOpMOBaHNX 1 WMOBIPHICHHX MiAXOIIB Ta BH3HAYCHHS ONTHUMAIBHOL
apXITEKTYpH X CHUIBHOTO BUKOPHCTAHHS.

3amporoHOBaHa KOHIEMIS 0Oa3yeTscss Ha 0OaraTtopiBHEBIH cxeMmi
riOpuau3anii nporecy HapuaHHs. [logaTkoBuil eTan mependadae miATOTOBKY
(iHAaHCOBUX YacCOBUX psJIiB, YCYHEHHs IPOITYCKiB, HOpMaJi3allilo JaHUX,
(hopMyBaHHS KOB3HHMX YaCOBUX BIKOH Ta OOYHCIICHHS 1HAUKATOPIB PUHKOBOT
AKTUBHOCTI, BOJATWJIBHOCTI, JHKBIZHOCTI ¥ HOXiZHOCTI akTHBIB. Ilicms
nporo GopMyeTbes cuctema (i3UYHO MOIH(GOPMOBAHUX OOMEKEHbB, SKa
BiZoOpaxxae GpyHIameHTan bHi GpiHaHCOBI 3akoHOMipHOCTI. Jlo QpyHKLii BTpar
MOJEN BBOAAThCA mTpadHi CKIAIO0Bi, MO0 KOHTPOJIOIOTH BHUKOHAHHS
€KOHOMIYHO OOIPYHTOBaHHMX CITiBBiTHOIICHb, 30KpeMa HEBiJ€MHOCTI
PHU3HKOBHX IOKa3HHKIB, y3TOJPKEHOCTI 4acOBOI IMHAMIKH BOJIATHIBHOCTI,
0OMeKeHHS pI3KHX CTPHUOKIB TpPOrHO3HOI (yHKIII Ta 30epexeHHs
JIOBTOCTPOKOBHX TEHICHIIIH PO3BUTKY (piHaHCOBOTO TIporecy [3].

Hacrynauit piBeHB peaiizye HMOBipHICHE MO/ICITFOBaHHS
HEeBM3HA4eHOCTi. sl IIbOr0 BHKOPHCTOBYEThCS OaifeciBCcbka HEHpOHHA
Mepexa, y siKiii BaroBi Koe(illieHTH OIHUCYIOThCS aPiOPHUMH PO3IIOIIIAMU
1 YTOYHIOIOTBCS T11J] YaC HABUAHHS METOJIOM BapiauiiiHoro HabnmxeHHs [2].
Ha Buxozni mozpeni gopMyeTbesi oLiHKa (hiHAHCOBOTO PHU3UKY Ta JOBIpYHIA
IHTEpBaJ IPOTHO3Yy, LIO JO3BOJISIE OI[IHUTH PIBEHb HEBM3HAUEHOCTI IS
KO>KHOTO pimieHHs. IS MiABUIIEHHS CTIHKOCTI MPOTHO3YBaHHS Pe3ylbTaTh
OaiieciBCbKOi MoJIesi KOMOIHYIOTBCS 31 CTEKIHTOBOIO apXiTEKTypoOIo, y SAKiH
6azoBuMH MozessMu BHcTymatoTh Temporal Convolutional Network Tta
Transformer. Ilepmia Moznens aHani3ye JIOKaNbHI 4acoBi 3aKOHOMIPHOCTI
(iHAHCOBUX PSNiB, TOHI SIK ApPYyra IOCIIDKYE TIOOAlbHI JOBrOCTPOKOBI
3aJIeKHOCTI 3a JIONOMOTOI0 MexaHi3My OaratorosioBoi ysaru. iHaiibHe
IHTErpyBaHHSI INPOTHO3IB BHKOHYETHCSI METaMOJEIIIO, sIKa BpPaXOBYE SIK
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YHUCIIOBI OIIHKM pPH3HMKY, TaK 1 IXHIO arocTepiopHy HEBU3HAYCHICTD,
3a0e3neuyroun alanTBHE BU3HAYCHHS Bar KOXKHOI 0a30B0T MoJedi.

BucnoBku. [IpoBenennii aHaii3 miaTBepIXKy€e TOUUIBHICTE KOMITIEKCHOT
iHTerpauii i3uyHO MOiH(GOPMOBaHMX 1 WMOBIPHICHHMX MIiAXOMIB y Tpolec
noOyznosu mMozeneit ['H nns oniHioBaHHS (iHaHCOBMX pH3HKiB. [loeaHaHHs
C€KOHOMIYHO OOIPYHTOBaHMX OOMEXKEHb 13 0all€CiBCBKMM  OIHCOM
HEBU3HAUCHOCTI 3a0e3ledye MiIBUINEHHS OCTOBIPHOCTI TIPOTHO3IB,
MTOKpAIIy€e iIHTEPIPETOBAHICTh PE3yIIbTATIB.
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Anomauia. Posenanymo npobnemy y3e00xcenns Oanux Kamepu ma conapa ons
MYTLIMUMOOATLHO20 PO3NI3HABAHHA NI0BOOHUX 00 '€kmig. [Ipoananizoeano 0CHOGHI
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Di6HI  Y32000/ceHHA,  OOIPYHMOBAHO  HEOOXIOHICMb  CHIIbHO20 — 3ACHOCYBAHHA
cuHXponizayii, 306HiWHbLOI Kanibposku, Hopmanizayii macwmady ma YHigixayii
03HAK06020 npedcmagnents. 3anponoHoeano KOMOIHO8aHy cxemy, wjo 3abesneuye
niosuleH s CMIuKicmi po3nisHa8anHa ni080OHUX 06 €Kmis.

Knrwuoei cnosa: posniznasanus niosoOHUx 0o ‘ckmie, kamepa, COHap

Abstract. The problem of aligning camera and sonar data for multimodal
underwater object recognition is considered. The main levels of alignment are
analyzed, and the need for the joint application of synchronization, extrinsic
calibration, scale normalization, and feature representation unification is
substantiated. A combined scheme is proposed that improves the robustness of
underwater object recognition.

Keywords: underwater object recognition, camera, sonar, data alignment

PosmizHaBaHHA MmiABOAHUX OO’€KTIB € BaXJIMBUM 3aBIAHHAM IS
ABTOHOMHUX ITIJBOJHUX anapariB, pOOOTOTEXHIYHUX CHUCTEM, MOHITOPHHIY
MOPCBHKOTO CEpEeOBHINA, OOCTEXKEHHS IHA Ta KOHTPOJIIO ITiABOIHOI
iHppacTpyKkTypHu. Y MIBOJHMX yMOBAaX OIWUH CEHCOP PIAKO 3abe3medye
JIOCTaTHIO TOBHOTY iH(popmaiii. ToMy NEpCreKTHBHUM HAIpsSIMOM €
CIUIbHE BUKOPUCTAHHS ONTHYHUX 1 TAPOAKYCTHIHNX JAHUX.

CyyacHi JOCTIDKEHHS TIOKa3ylOTh, IO OO0 €IHAHHS ONTHYHHX i
COHapHHAX 300pakeHb MOXKE IIIBUIIATH iHGOPMATHBHICT ITiJBOTHOTO
CIIOCTEPEXKEHHA. J[Is LbOr0 BUKOPUCTOBYIOTBCS METOJU IEOMETPUYHOI
KaJTiOpOBKH, TIEPETBOPEHHS 300paXKeHb, MOKPAIECHHS SKOCTI ONTUYHOTO Ta
TiIpOaKyCTUYHOTO KaHalliB, a TaKoX MOAAJBLIOr0 HakiaJaHHsi abo
00’€eIHAHHS JaHUX Y CHIJIBbHIN cucTeMmi koopauHar [1]. OmHUM 13 KITIOYOBUX
3aBJlaHb € 30BHINIHA KajiOpoBka Kamepu Ta coHapa. J[lus kamepu
XapakTepHa TepCleKTHBHA NPOEKIis, a Juldi COHapa - aKyCTHU4YHe
BAMIpIOBaHHsA JampHOCTI Ta Kyra [2]. HaBuanHsa Ta mepeBipka
MYJIbTUMOJIBHUX MOJIENIE BUKOHYETHCS 3a JJONOMOTOIO Mapu 300pakeHb
KamepH Ta coHapa. Yepes npocropoBe HecniBnaainHs RGB-300pakenHs Ta
COHApHHUXOT'0 300pa’KE€HHS 3aCTOCOBYIOTBCS MEXaHI3MHU cross-attention, ski
JIal0Th 3MOTY BPaxOBYBaTH 3B’S3KM MDK BI3yaIbHUMH H aKyCTHYHUMH
O3HaKaMHM HaBiTh 32 HEMOBHOT'O 30iry 00 €KTiB y IBOX MOAANbHOCTAX [3].
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Mera poboTu mojsirae y oOIpyHTYBaHHI KOMOIHOBaHOTO MiAXOZY IO
y3rO/DKEHHS [JaHWX KaMepu Ta COHapa Juisl MiABUINEHHS CTIMKOCTI
PO3Mi3HABAHHS IMiIBOIHUX 00’ €KTIB.

V3romkeHHs JaHWX KaMepu Ta COHapa MAaE€ BHUKOHYBAaTHCS SIK
OararoeramHuii npouec. Ilepmmii piBeHb - YacoBe Y3ro/pkeHHs. BoHo
nependavae, 10 KaJap KaMepu Ta KaJp COHapa MaloTh HaJeXaTH J0 OJHOTO
MOMEHTY CIOCTEpEXEHHS abo 10 I0CTaTHhO OIM3BKHX MOMEHTIB dacy.
Hpyruii piBeHb - KOOPAMHATHE Y3TO/PKCHHS a00 B3a€MHE ITOJIO0)KECHHS
KaMepH Ta coHapa Ha mardopmi. TakuM giHoM mo6 Touka abo 06IacTk, IKy
CHIOCTEpirae OfMH CEHCOpP, MOXKE OYyTH NepeHeceHa B CHCTEMY KOOpPIHMHAT
iHmoro ceHcopa. TpeTiii piBeHb - y3romKeHHS MacmTady. 300pakeHHS
KaMepH Ta COHapHE 300paKeHHS MOXYTh MaTH PI3HHH po3Mip, PO3ALIBHY
3maTHicTh. ToMy maHi HEOOXIAHO MPUBOIUTH 10 3iCTaBHOTO MacmiTady . Ile
MOXXE BHUKOHYBATHCS YEpe3 HOpMali3aililo po3Mipy o0macTi iHTepecy.
YerBepTHil piBeHb - y3TrOJDKEHHS (GopMaTy O3HaK. Y LbOMY BHIAIKy JJIs
KaMepl Ta COHapa MOXYThb BHUKOPHCTOBYBATHCS OKpeMi TiIKH OOpOOKH.
KamepHna rinka Buaijise Bi3yallbHi O3HAKH, HANPHKIAL KOHTYpPH, TEKCTYpY
Ta ceMaHTH4Hi oOmacti. CoHapHa TilKa BHIUILE aKyCTHYHI O3HAKH:
JABHICTh, IHTEHCUBHICTE BIIOUTTS, POPMY aKyCTHUYHOI IUIIMH Ta TiHb.

BucHoBkH. SIK OCHOBHE pIlIEHHS NPOIOHYETHCS BHKOPHUCTOBYBATH
KOMOIHOBaHMU TMiIXiJ, IO BKJIIOYAE YacOBY CHHXPOHI3AIII0, 30BHIIIHIO
KaJTiOpOBKY, TIEPETBOPEHHS KOOpPAWHAT, HOpMAJi3alifo Macmrady Ta
00’eTHAHHS O3HAK Ha PiBHI 03HAKOBHX KapT abo pimeHs. Takuil miaxix €
CTIMKILIKMM, HDK IpsIME HaKJIalaHHS 300paKeHb.
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INTEGRAL ASSESSMENT OF INFORMATION SYSTEMS DATA

QUALITY BASED ON THE ANALYTIC HIERARCHY PROCESS
D. Bilousoy[ 0009-0004-9627-2947]

Odessa Polytechnic National University, Ukraine
EMAIL: beloysov.denis.05@gmail.com
IHTEI'PAJIBHE OLHIHIOBAHHA SAKOCTI JAHUX
IHd)OPMAHIﬁHHX CUCTEM HA OCHOBI METOAY AHAJII3Y
IEPAPXIN
. Biioycos
Hayionanvnuii ynigepcumem «Odecvka noaimexnikay, Yxpaina

Anomauia. 3anpononoeano Memoouxy IHmMezpaibHO2O0 OYIHIOBAHHS SKOCHI
Oanux THpopMayitinoi cucmemu, KA NOEOHYE NOKAZHUKU NOGHOMU, VHIKATbHOCMI
ma y3200%4CeHOCmi 3anucie i3 MemoooM aHANi3y IEPapxXiti Olsl GU3HAYEHHS IXHbOT
BIOHOCHOI 8a2u; MemMoOUKy nepesipeHo Ha PeairbHOMY HAbOpi PI3HOPIOHUX OAHUX.

Knrwuoei cnosa: sxicmv 0anux, memoo ananizy i€papxii.

Abstract. An integral method for assessing information system data quality is
proposed, combining completeness, uniqueness and consistency indicators of
records with the analytic hierarchy process for determining their relative weight; the
method is validated on a real heterogeneous dataset.

Keywords: data quality, analytic hierarchy process.

EdexruBHe BUKOpHCTaHHS iHGOPMAIIMHUX CHCTEM, IO IHTETPYIOTh
JaHi 3 KUTBKOX HE3aJeKHHX JDKEpPEN, 3aJeKHUTh BiJl SKOCTI IUX JaHUX.
Skicte manumx OaratoBumipua: P. Baur i J[. CTpoHr BimHOCATH 10 il
CKJIaJIOBUX TIOBHOTY, TOYHICTH 1 Y3TOKEHICTh mofaHHs [l], a B 3amadax
iHTerpamii JaHWX KPUTHUYHOTO 3HAa4YeHHsS HaOyBa€ TaKoX YHIKaJbHICTB,
TOOTO BIICYTHICTh nyOiikatiB ogHoro o0’ekra [2]. Lli ckiamoBi Hepigko
cymepeuyaTrb OJHA OJAHIM, TOMy IX 3BEJEHHS N0 €IMHOI OLIHKM BHUMarae
METO/y BHU3HA4YECHHS BIJHOCHOI BaXJIMBOCTI KOXHOI. Meron aHamizy
iepapxiii T. Caari po3B’s3ye Ile 3aBJaHHS uepe3 IONApHi IMOPIBHIHHSA
kputepiiB [3]. s iHTerpanbHOI OLIHKHU SIKOCTI TaHUX 00paHO TpU KpUTepii:
MOBHOTY 1 y3TOJDKEHICTh 3amo3uueHo 3 kinacudikanii Banra i Ctponra [1], a
VHIKQJBHICTD JTOJAHO 3a MiIXOI0M, MOIIUPEHNM Y JiTeparypi 3 iHTerpamii
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naHux [2]. MarepianoM it epeBipKd METOJMKH CIIyTryBaB Halip JaHUX
Fodors-Zagats: 533 3amwucu 3 noBiguauka Fodor’s ta 331 3amnuc i3 g0BigHHKA
Zagat’s 3 aTpuOyTamu Ha3BH, a/pecH, Micrta, TenedoHy Ta TUIY KyxHi [4].
Ile ycrameHumii y JOCHIDKEHHSX 31 3B’SI3yBaHHS 3aluciB  OEHUYMAapK,
katanorizoBauuii B ICPSR pa3om i3 mepeBipeHUM BiANOBITHHKOM, IO
oxortroe 112 map 3amuciB mpo Toil camuii pectopas [S].

Amnamiz 00’emgHaHOi Tabmmmi 3 864 3ammciB mokasaB MOBHOTY 99,88
BIICOTKA: THII KyXHI Opakye B oOgHOMYy-egmHOMY 3ammci («katiasy),
BiJINIOBITHHUKA SIKOTO B JIPYTOMY IDKEpeli Hemae. Y3TOIKCHICTh Tele(oHIB
BUSIBIJIACS 3HAYHO HIDKYOIO: (opMary «Aoa-AAA-JUT»  TIPUPOIHO
BiINIOBINArOTh TiJBKY 3amucu Zagat’s, yci 533 3ammcu Fodor’s monani gepe3
MOXWJIY PUCKY «ULI/IAN-IIIN», a 17 3HaueHb MICTATh MOMMJIKH Habopy,
ToMy enuHoro ¢opmary poTpuMaHo Jyume B 38,31 BijcoTka 3amuciB.
Hopwmanizariis migHiMae medl mokasHuk mo 99,88 BifcoTka; HEmompaBHUM
3aIMIIAETBCS  HOMep 3awiaay «divel», oOpizaHuii 1ie B JDKEpei.
HeysrojxkeHumMy BUSBHIMCH 1 Ha3BM MicT: i3 112 map-myOumikatiB 52
Ha3MBalOTh Te caMmMe Micto mo-pisHoMy («los angeles» mpoTH «w.
hollywood», «new york» mpotu «new york city»), Toxx OJOKyBaHHS 3a
TOYHUM 30iroM MicTa BiIKHHYIIO O Maiike IOJOBHUHY BiIIIOBITHUKIB.

Hus roro 0,7 mnst wasem i 0,4 st appecw; yei 533 wHa 331, ToOTO 176
423 mapu, 6e3 OmokyBaHHs. 3a mopory 0,87 mocsrayro Townocti 1,000 i
noBHoTH 0,929, F1 cknaB 0,963 mono 112 eranonnux map: 104 BusiBIEHO
MIPaBUJIbHO, XUOHUX 00’€IHAHP HE CTAJNOCSA, 8 MPOMYIICHO Yepe3 iCTOTHI
PO30DXHOCTI Ha3BH M ajpecy. BuiydeHHs BUSBIEHUX MyOJIKaTiB IiIHIMaEe
yHikanpHicTh 3 87,04 BincoTka mpu 112 HammMmkoBux 3amnucax 3i 864 no
99,07 BiACOTKA, KOJIY HAIMIIKOBUMH JIMIIAIOTHCS TIIBKH 8.

BigHocHYy BaXJIMBICTh KpPHUTEpiiB BHM3HAUY€HO 3a pe3yJbTaTaMu
excrepuMenTy. Heysromxkenicte (opMaTy HOpMamizamis yCyHyNa Maibke
MOBHICTIO, BUNpaBuBIIH 99,88 BimcoTka 3HaYeHb, TOMY Il CKJIATOBii
BiJZIBEJICHO HaliMeHIy Bary. JlyOiiOBaHHS 3aITiCiB HE yCYBA€ThCSl OBHICTIO
HaBiTh HajmamroBaHuM kiacudikatopom, F1 skoro 3ynunuscs Ha 0,963, a
KOKCH MPOMYIICHUH TyOJIiKaT IMOJBOIOE OOJNIK TOrO caMoro o0’e€KTa B
CTaTUCTHUILI - PH3MK, ONHMCAaHMH Yy [2], TOMy YHIKaJbHICTH OTpUMaia
HaiiBuiy Bary. IToBHOTa mocila MpoMi>KHE CTAHOBHIIE: OJHI MPOIYCKH
BIIA€THCS BITHOBHUTH Yepe3 ApyTe JHKepero, iHII - Hi.
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BekTop mpiopuTeTiB, 00YHCICHUN METOIOM CEPETHHOIO T€OMETPHYHOTO
psAnkiB, crtaHOBUThH: ToBHOTa 0,258, yHikameHicTh 0,637, Y3ro/DKEHICTBH
0,105; 3Bigcu Amax = 3,039, CI = 0,019, CR = 0,033. Ockineku CR He
nepesurnye 0,1, Cy[UKeHHS NOCTATHBO Y3rOJDKEHI, a Baru MPHAATHI JUIs
BUKOPHCTaHHS. [HTerpanmbHMi iHIEKC sKocTi 3poctae 3 85,25 mo 99,37
BiJICOTKa, ToOTO Ha 14,11 BiACOTKOBOTrO MYHKTY, IO MPHOIM3HO Ha 16,6
BiICOTKa OiNBIIE MMOYATKOBOTO 3HaueHHA. HalOinpmumii BHECOK y 1ie
3pOCTaHHA A€ CKJIAJ0Ba YHIKAIBHOCTI 3aBIAKW ii HaWBumii Bazi 0,637:
camMe [IyONfOBaHHS 3alHCiB A Yac OO0 €OHAHHA JDKEpel CTAaHOBUTH
OCHOBHHI PU3UK U aHATITHYHOTO BUKOPUCTAHHS JaHUX, TOII SK TIOBHOTA
JoKepera Oyiia BUCOKORO BXKE JI0 KOHCOIIaIii 1 Maike He 3MIHHMIIACS.

Pe3ynbpraTi miATBEpIKYIOTh 3aCTOCOBHICTH METOAY aHalli3y iepapxii
JUTsL TOOYTOBH 1HTETPAIbHOT OLIHKK SKOCTI JaHUX, KOJH i CKJIa0Bi MarOTh
Pi3HY BaXKJIUBICTB ISl IPeIMETHOI obnacti. MeTox Mae 0OMEKEeHHS: Baru
3ajJexarb Bil CyO’€KTMBHHMX, XO4a il IepeBIpeHHX Ha Y3TOKCHICTb,
EKCIEPTHUX CYMKCHb, TOMY JJIs IHIIOrO JOMEHY MATPHUII0 BapTo
MEPerisiaTd OKPEeMO; PO3IITHYTO TPU CKIIAJOBiI SIKOCTI JaHUX, TOMI 5K
mmpIIi Kiaacugikamii HaliayoTh 3HAYHO OiJIbIIe.
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MOPIBHSIJIBHUM AHAJII3 MOJIEJIEﬁ 30PY TA MOBH 1JIAA
KJACU®DIKALIT NOWKO)XEHb IHOPACTPYKTYPH:
JOCJIP)KEHHSI HA IPUKJIAII YKPATHA
K. Beasies, B. Ouiiinuk, A. bapanosa
128 Hayionanonuii ynieepcumem «Odecbka nonimexuixay, Ykpaina

Anomauia. YV ybomy 00cniodiceHni npoge0eHo NOPIGHSIbHULL AHANI3 CYYACHUX
Mmodeneu 30py ma mosu (VLMs) ma 2i6bpuonozo nioxody xomn'tomeprozo 30py 07
6a2amopaxkypcHo2o  OYiHIOBAHHS  CMYNEHs  NOWKOOJICeHHsl  IHpacmpyKmypu,
3pyUHOBaHOi 6Hacniook Ootiosux Oiu 6 VYkpaini. Posenanymo nepcnexmugu
inmezpayii  KOHMEKCMHO20 WMY4HO20 iHmenekmy 6  Cheyianiz08aHy
2eoiHghopmayitiny cucmemy 01a NIOMPUMKU THEeHmMapusayii OyoieerbHUX 8i0X00i8

Knrouosi cnosa: rxnacugixayis nowkooddcenv  ingpacmpykmypu, Vision-
Language Models, mynomupakypcnuii ananis, cemanmuuna ceemenmayis, 6yoieenvHi
8I0X00U, WMYHHULL IHMELeKM.

Abstract. This study presents a comparative evaluation of state-of-the-art Vision-
Language Models (VLMs) and a hybrid computer vision approach for multi-view
infrastructure damage classification caused by war in Ukraine. It explores the
potential of integrating context-aware Al into a specialized geoinformation system to
support construction waste inventory and recycling optimization.

Keywords: Infrastructure damage assessment, Vision-Language Models, multi-
view image analysis, semantic segmentation, construction and demolition waste,
artificial intelligence.
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Beryn. MacmiraGHi pyiiHyBaHHS LIMBUIBHOT 1HQPAaCcTpYKTypH B YKpaiHi
CHPUYMHWIN KPUTHYHY TOTpeOy Yy po3poOlli aBTOMAaTH30BaHMX, HAIIHHUX
Ta MacIITabOBaHMX METOJIB OIIHIOBaHHA CTPYKTYPHHX IOIIKOJKEHb. Lle
Ma€ BUpIIIaJbHE 3HAYCHHS MJIs IIBUIKOI iIHBEHTapu3allii OymiBeIbHHX Ta
naeMoHTaxHHUX BinxoniB (B/IB) 1 3MeHIIeHHS BUTpAT NEPBHHHHUX PECYpCiB
LULIXOM BIPOBQ/DKEHHsST MPUHIMIIB LUPKYJSPHOI EKOHOMIKM I dYac
BimOymoBu. Bukopucranas wmoxenedr 3opy Ta MoBu (Vision-Language
Models, VLMs) no3Bonse TpOBOOWTH KOMIDICKCHHH aHali3 00’€KTiB 3a
KiJJbKOMa pakypcamy, L0 ICTOTHO 3HMXKYE HEBHU3HAUYCHICTh, CHPUYUHEHY
KyTaMH OISy 200 JIOKAITbHIMH TIEPEIIKOIaMH.

OcHOBHA YacTHHA. ABTOMAaTH30BaHUIl METOJ OLIIHIOBAHHS
MIOLIIKOJKECHb iHpPACTPYKTYPHUX 00'eKTiB 3a JIOTIOMOT 010
MYJIBTUMO/IJIEHOTO IITYYHOTO IHTEJIEKTY CKJIAJAETHCS 3 HACTYITHUX €TalliB:

eran 1 (Input) — orpumMaHHs Ta GOpMyBaHHS IaKeTa MYJIbTUPAKYPCHUX
300paxens oxHOTO 00°eKTa (Bix 2 1o 8 dororpadiii, «mo» Ta «micis»);

erar 2 (Context-aware Al Processing) — cymicuuit aHami3 ycix pakypcis
00'ekTa MYJIBTUMOJAILHOI MOJIEJUII0 3 BUKOPHCTAHHSM CIIEIiali30BaHOTO
mpomnry abo ribpugHoio Mepexero U-Net;

eran 3 (Decision Synthesis) — arperamis Bi3yanbHUX AaHUX JUIS
BU3HAYECHHS €JJMHOTO PiBHS ITOIIKOKEHHS 00'€KTa 3a 5-0albHOIO IIKAJIO0
(Bix «Kmac 0» — Hemomkomkero 1o «Kiac 4» — 3pyifHOBaHO);

eran 4 (Validation) — Bamijaiiss OTpUMaHUX pPE3YJHTATIB MUISIXOM
TIOPIBHSHHSA 3 €TAJIOHHUMHU PO3MITKaMH.

3arajpHa KOHIENITyalbHAa CXeMa po0OodYoro mpolecy IMITYYHOTO
IHTEJICKTY JJIsI OI[IHFOBAHHS MOIIKO/PKEHB Oy 1iBesb HaBeaeHa Ha puc. 1 [1].

Context-aware Decision s
o Al Processing "| Synthesis T

Pucynok 1. KonuenryanbHa cxema po6040ro npoiecy OLiHIOBaHHS TOIIKOIKESHb
Ha ocHosi LI
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Jst oniHKM epeKTHBHOCTI MiaX01y OyJI0 IPOBEAECHO EKCIIEpUMEHTAIbHE
nopiBHAHHS baseline-mozeni cemantuunoi cermentanii U-Net (ResNet-34)
ta nepeaoBux VLMs (Claude Sonnet 5, Gemini 3.1 Pro, Grok 4, GPT-5.5)
Ha gataceti 3 108 o0'ekTiB iHppacTpykTypn YKpaiHu. 3BeleHa TaOJIUIA
pe3ynbTaTiB NpejacTaBieHa Ha Tabu. 1.

Ta6auns 1. Pe3ynbTaTu MOpiBHUILHOIT OIIHKH ¢(heKTUBHOCTI MO eI

Model |Accuracy | Precision | Recall |[F1-Macro| Overesti- | Underesti-
mation Ratio| mation Ratio
Claude 0.639 0.674 0.639 0.639 0.176 0.185
Gemini 0.639 0.691 0.639 0.570 0.231 0.130
Grok 0.546 0.563 0.546 0.527 0.343 0.111
ChatGPT | 0.537 0.550 0.537 0.515 0.315 0.148
Unet 0.407 0.424 0.407 0.348 0.398 0.194

VYci 3BefieHi pe3yabpTaTi HaBeACHi 3a MOCHIaHHAM [2].

BucnoBku. JlocnmipkeHHsS BHSBWIO, IO Xoua KomepiiiHi VLMs
3a0e3neuy0Th BHIYy TOYHICTh, iX 3aCTOCYBaHHS OOMEKEHE BHCOKOIO
BapTICTIO, 3aJIEXKHICTIO BiJl IHTEPHETY Ta PH3MKaMHU Oe3neku JaHux. Tomy
bokyc pobOTH MPOMOHYEThCS Ha JIOKanbHi anroputmu cermentartii (U-Net),
SIKI TapaHTYIOTh aBTOHOMHICTh, KOH(IIEHIIHICTh Ta IHTEPIPETOBAHICTH
pe3ynbpTaTiB. 3ampOTOHOBAHWHA WiAXiA Mae 3HAYHWN MMOTEHIUAN It
iaTerpanii B I'IC amns omiHIOBaHHS MMOIITKOKECH Ta iHBEHTapHU3aIlil BiIXOIiB
BiOY/IOBH.
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DEEPFAKE IDENTIFICATION THROUGH FEATURE SPACE
CONSTRUCTION FOR BASE AND ENSEMBLE CLASSIFIERS
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EMAIL: alex.andronati@gmail.com

ITEHTUDIKALISA JUNIOEAKIB HIJISIXOM TOBY 10OBH
MHPOCTOPY O3HAK IJIs1 BA3OBUX TA AHCAMBJIEBUX
KIIACU®IKATOPIB
O. Auaponarti
Hamionansauii yriBepcutet “Onecbka [lomitexHika”, Ykpaina

Anomauia. Boockonaneno nioxio 0o noby0osu npocmopy O03HAK Hpu
Kknacugixayii aydio-oungbeikis. Bukopucmano mpupienesy Mooelb npedcmasieHHs.
ayo0io-0anux ma npoyeoypy 360POMHO20 GUKNIOYEHHS O3HAK ONid  GUSHAYEHHS
npocmopy 03HAK KOJICHO20 06a306020 Kiacugikamopa. Ancambnb moodeneti 6a306ux
xkaacugpixamopie KNN, CNN ma XGBoost i3 azpezysannsm SOft voting doszsonue
Odocsemu  mounocmi  98% wma wuabopi Oanmux Fake-or-Real. Pezynomamu
NIOMBEPONCYIOMY  eheKMUBHICIb NOEOHAHHA 2emepO2eHHUX Kiacugikamopia 3
1n06y008aHUM NPOCMOPOM O3HAK.

Knrwuoei cnoea: susenenns ayoio-oungeiixia, ancamoiese HABYAHHSA, CMEKIH,
onmumizayis npocmopy 03HaK, 360POMHe GUKIIOUEHHS. O3HAK.

Abstract. An improved approach to feature space construction for audio
deepfake classification is proposed. A three-level audio data representation model
and a backward feature elimination procedure are used to determine the feature
space for each base classifier. An ensemble of KNN, CNN, and XGBoost base
classifiers with soft voting aggregation achieved 98% accuracy on the Fake-or-Real
dataset. The results confirm the effectiveness of combining heterogeneous classifiers
with the constructed feature space.
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Keywords: audio deepfake detection, ensemble learning, stacking, feature space
optimization, backward feature elimination.

Beryn. CrpimMkuii po3BUTOK TEXHOJIOTiH ITMOOKOTO HaBYAaHHS IPHU3BIB
JIO TIOSIBM PEANTiCTUYHOTO CHHTE30BAHOTO MOBJICHHS, BiJOMOTO SIK aymio-
nurdelku. 3riqHO Cy9acHUM TOCTIDKCHHSAM JIFOH 3IaTHI iMeHTH(IKyBaTH
migpoOieHe aymio JHme 3 TOYHICTI0O Onm3bko 73%, MO MiOKpeciroe
aKTYaJIbHICTh CTBOPEHHS HaJlIHHUX CUCTEM BHUSIBICHHS aymio-nindeikis [1].
TpagumiliHi MeTOAM MAIIMHHOTO Ta TJIMOOKOTO HAaBYaHHS IOKAa3ylOTh
HEJIOCTAaTHIO SIKICTh ineHTUdikanii ayaio-aundenkiB. 3 METOW YCYHEHHs
HeNoJiKiB 0a30BHX Kiacu(ikaTopiB, 0arato IOCHIIPKEHb IPOIOHYIOTh
BUKOPHUCTAHHS aHcaMOJieBHUX MeToiB. OHAK B iICHYIOUUX PIIICHHAX 4acTO
BUKOPHCTOBYETHCSl €MHUI HaOIp O3HAK AJIsI BCiX 0a30BHX Kilacu(ikaTopiB
IIpH X MMOJANBIIOMY aHCAaMOIIOBaHHI, IO 0OMEKye TXHIO e()eKTHUBHICTH [2-
3]. dana poboTa mpomoHye MOKpameHHs iqeHTudikamnii Aumndeikip MUIssxoM
iHTerparii 6araTopiBHEBOTO MPEICTABICHHS TaHUX 3 MOOYIOBOIO IPOCTOPY
O3HaK M1 KOXXHOTro 0a30BOro kiacudikatopa, a TakoX 3 IOJAJIBLIOKO
arperai€ro KoXKHOTro Kiacudikaropa B aHcaMmOTi.

Metoau Ta Marepiaau gocjaigxeHHs. 11 HaBYaHHS Ta TECTYBaHHS
BUKopucTaHo Habip gamux Fake-or-Real (FOR) [4]. 3ampomonosano
TPUPIBHEBY MOJIENb MPEJCTABICHHS ayJio-IaHWX, B paMKax sKOi
aymiocurnain X(t) nmpeacTaBaseThCs SK:

R(x) = Reap (%), Rimg (), Rseq (x) (1)

ne Reav(®) — ragmuumi CHEKTpaJbHI XapaKTePUCTHKH, Rimg(x)

CIIEKTpOTpaMa SIK 300paKCHHS, Rseq (X) — CUTHAJ SIK YaCOBUH ps.

Hns ananizy Habopy nanmx FOR Oyno po3po6ieHo miicth 6a30BuX
KiIacuQikaTopiB U IEpPIIOrO0 piBHS NPEACTABICHHS JaHUX: METOX
onopHuX BekTopiB (SVM), K-nai6mmwkunx cycinis (KNN), ekctpemanbHuiA
rpagienTani Oycrinr (XGB), Bunagkoswuii mic (RF), morictiuana perpecis
(LR) Tta Garatomraposuii mepuentpor (MLP). [ns mpyroro Ta TpeThoro
piBHIB TpejacTaBieHHS MaHUX OyJI0 pPO3pOOJICHO 3rOpPTKOBY HEHpPOHHY
Mepexy (CNN) ta goBrocrpokoBy nmam'sts (LSTM) BinmosigHo.
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Jdns  mepmioro piBHS TPEACTAaBICHHS aydio-AaHUX 3IHCHIOETHCS
mpoIieIypa 3B0pOTHOTO BUKIIOUeHHs o3HaK (Backward Feature Elimination,
BFE). Ilporec mounHaeTscst 3 MOBHOrO HabOpy O3HAK, Aami Ha KOXHIN
iTepanii TeHepyIOTbCS MOTEHLIHI MIAMHOXXHWHHM LUIIXOM MOCIiJOBHOTO
BUJIQJICHHS 110 OJHIN o3Hami. sl KO)KHOT MiZIMHOKUHH MOJIENb TECTY€EThCS
Ha BiAKJIaJieHOMY HaOopi 3 BHKOpPHCTaHHSAM MeTpuku Fl-score i
BU3HAYA€ThCA Ta O3HAKa, BHAAICHHA sKkoi 3abesredye HaiOinbIIe
noJinmmeHHs MeTpuku. Ilpomexypa TpuBae MOKH TMOJanbIIe 3MEHIICHHS
po3Mipy mpocTopy O3HaK mojimmye 3HadeHHs F1-score. Lle mo3Bossie
aJanTyBaTH TMPOCTIp O3HaK TiJ KOHKpeTHWH ©Oa30oBmil Kiacudikarop.
OnTuMizoBaHi TAaKUM YHHOM Kiacu]ikaTopu 00’ €THYIOTBCA 3a JTOTIOMOTOI0
ancamb0JeBoi apxitektypu Stacking.

PesyabraTn pociimkenHs. Ha mnepumiomy erami  OIiHEHO BIUIMB
npouenypu BFE Ha 6a30Bi kinacugikatopu. [loyarkoBa KijgbKicTh 03HAK JUIs
TabnauyHoro mpejacraieHHs nanux 32. Ilicns 3acrocyBanus BFE mpoctip
03HaK OyJO 3MEHIIEHO JO HACTYIHOI KUIBKOCTI O3HAK Ui KOXKHOTO
kiracucdikaropa: SVM (22), MLP (28), XGBoost (28), RF(31), KNN (30),
LR (26). Pe3ynbraTu cBig4aTh, 10 ONTHMI3alis 03HaK Mokpamrye F1-Score:
SVM (+3.6%), MLP (+3.4%), XGB (+5%), RF(+2.3%), KNN (+5%),
LR(+3.1%). Ha npyromy erami mopoBeieHO HODIBHAHHA aHCaMOIEBUX
Mogeneit. Halikpammii pe3ynsTat moao ineHTugikamii TundeikiB oTpruMan
ancamOib, mo ckiagacrbess 3 KNN, CNN ta XGB. Bin nocsr F1-score =
98%, mo Ha 3,8% BHIme 3a TOKAa3HWKH HaWKpamoro 0a30BOTO
kinacudikaropa B HOTO CKJIAII.

BucHoBkH. 3anporoHOBaHMN WiAXix, IO TMOETHYE OaratopiBHEBE
MPEJICTABICHHS JaHWX, ONTHUMI3AI[l0 IPOCTOPY O3HAK Ta aHcaMmOyeBe
HaBYaHHS, INPOJEMOHCTPYBAaB BHUCOKY €(EKTHBHICTh y BUSBICHHI ayaio-
nurdelkiB Ta € IEPCIEKTHBHUM HAMIPSIMKOM JTOCIiIKEHb.

Jlitepatypa
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What Has Been Achieved and What Lies Ahead. Sensors, 25(7), 1989.
https://doi.org/10.3390/s25071989

153


https://doi.org/10.3390/s25071989

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

2. Maldonado, S. & Weber, R. “A wrapper method for feature selection using
Support Vector Machines”. Information Sciences. 2009; 179 (13): 2208 2217.
https://doi.org/10.1016/j.ins.2009.02.014

3. Khanjani Z., Watson G., Janeja V.P. (2023). Audio Deepfakes: A Survey.
Frontiers in Big Data, 6, 1001063. https://doi.org/10.3389/fdata.2022.1001063

4. Abdeldayem, M. (2023). The Fake-or-Real (FoR) dataset [Dataset]. Kaggle.
https://www.kaggle.com/datasets/mohammedabdeldayem/the-fake-or-real-
dataset

VK 621.039.51

SIMULATION OF NEUTRON MODERATION SPECTRA IN A
HETEROGENEOUS CHANNEL-TYPE THORIUM-CARBON
FISSILE MEDIUM
V. Lavrukhin[0009-0001-4926-1063]

Odesa Polytechnic National University, Ukraine
EMAIL: lavrslava@gmail.com

MOJIEJTIOBAHHSI CIIEKTPIB YIIOBLJIbHEHHSI HEUTPOHIB Y
TETEPOTEHHOMY TOPII-BYTJIEHIEBOMY NOALJIbHOMY
CEPEJJOBHUIII KAHAJIBHOT'O TUITY

B. JlaBpyxin
Hayionanenuii ynieepcumem «Odecvka nonimextikay, Yxpaina

Anomauin. Memooom Monme-Kapno (koou OpenMC ma Geant4) oocniosiceno
eHep2emuyHi CneKmpu CnoGiIbHIO8anux Helimponie y comoeennux (UC2, UO2) ma
2emepoeHHUX  YPaHo-Gyeneyesux I  Mmopil-eyeneyesux KaHanbHux NOOiNbHUX
cepedoguwax. Iloxkazano nom'saKuienHs weuodkozo chekmpa 6 ouxkapo6ioi ypawuy
(maxcumym 20-50 keB) i eusHaueno napamempu pewiimku NAIUSHUX KAHATIE, WO
Gopmytomv  Haomennoguli ma Meniosull cnekmpu Helumpowie. Pesyremamu
nepegipeno nopisHanuam 3i cnekmpom peakmopa PBEMK i euxopucmano 054
00IPYHMYSAHHA aKMUBHOI 30HU peakmopis 0ixcy4oi Xeuni HeumpoHHO-A0epHUX
nooinis.

Knwuosi cnosa: OpenMC, Geantd, memoo Moume-Kapno, cnexmp
VROGIbHEHHs HeUMPOHis, OuKapoio ypany, mopii-gyeneyese cepe0oguuje, peaKmop
bidicynol X6Ui.
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Abstract. Using the Monte Carlo codes OpenMC and Geant4, the energy spectra
of moderated neutrons were studied in homogeneous (UC2, UO2) and
heterogeneous channel-type uranium-carbon and thorium-carbon fissile media.
Spectrum softening in uranium dicarbide (maximum at 20-50 keV) is shown, and
lattice parameters producing epithermal and thermal neutron spectra are
determined. The results were verified against the RBMK reactor spectrum and used
to justify the core structure of traveling-wave nuclear fission reactors.

Keywords: OpenMC, Geant4, Monte Carlo method, neutron moderation
spectrum, uranium dicarbide, thorium-carbon medium, traveling wave reactor.

Beryn.  Pos3poOka  siiepHHX — peakTOpiB-TpaHCMYTaTOpiB, 30KpeMa
peaxTopiB, MO MPAMIOITh Y PEXUMi ODKY40l XBHWIII HEHTPOHHO-SICPHIX
MOMUTIB HAa MIBHAKHUX, MPOMDKHHUX 1 TEIJIOBUX HEHUTpOHAX, MmoTpedye
JICTAIbHOTO BHM3HAUEHHSI CTPYKTYPH Ta CKJIaAy IMOJUIBHOTO CEpeAoBHIIA
aKTUBHOI 30HU. Y POOOTI 3a MOMOMOTror0 mporpamuux koaiB Geant4 [1] ta
OpenMC [2], mo peanisyiotb wmeton Monte-Kapio, mocmimkeHo
€HEPreTUYHI CIEKTPHU CIOBIJIBHIOBAaHUX HEWUTPOHIB y TOMOTEHHHX Ta
TeTePOreHHUX YPAHOBUX 1 TOPIEBMX NOAUIBHUX CTPYKTypax 3 pi3HUM
CKJIaZIOM 1 IapaMeTpaMM KaHaJbHUX pemiTok. IlocraHoBKa 3amadi. Metoro
po0OTH € BU3HAYEHHS CKJIaqy Ta T€OMETPUYHUX IapaMeTpiB TOMOT€HHOTO
Ta TE€TEPOTeHHOTO YpPaH-BYIJICIIEBOTO 1 TOPIH-BYIJIENEBOrO IIOIUIEHOTO
CepeloBHIIa, Yy SKOMY (OPMYETBCS CIEKTp HEHTPOHIB (IIBHIKHMH,
HA/TSIUTOBHIA YW TEILTOBHI), HEOOXIMHUH AN peamizamii pexxumy OiKydoi
XBUJII HEUTPOHHO-SIIEPHUX MONLTIB [3, 4].

Meronuka po3paxyHky. Po3paxyHku BUKOHYyBamucsi MeronoM MoHre-
Kapno Juisi UMIIHIPUYHUX TOMOTEHHHMX CEpEelOBHIN 3 JHUKapOigy Ta
JIBOOKHCY ypaHy (30aradensns 15 % 3a ypanom-235), a Takox s
reTepPOreHHOI KaHAJIBHOI PEIIITKY MaJuBHUX KaHamiB (kpok 30 cm, miameTp
KaHaIy 4 cM), aHAJIOTIYHOI aKTHBHIN 30HI peakropa PEMK [5], 3 mamuBom
Ha ocHOBI ypaH-238 (5 % ypany-235) ta Topiii-232 (10 % ypany-233),
YIOBUIHHIOBAYEM-TIIPOBYTJIElEM 1  TEIUIOHOCiEM-BOIOI0.  [lomaTkoBo
po3TIIsiAaBCst BIUIMB BUropatounx nornuHadis (Cd, In) Ha ¢popmy cnekrpa.

Pesynpratn. Inst roMOreHHOro JuKapOiqy ypaHy MakCHMyM CIEKTpa
CHOBUIBHEHHS posramoBaHui B obnacti 20-50 xeB, Toxi sik y nBOOKHCY
ypaHy Takoro NOMIKIIEHHS CIIEKTpa He CIocTepiraeTbes. TecToBmit
pO3paxyHOK TETepOTeHHOI ypaH-BYIJICIIEBOI PEIIITKH 3 IapaMeTpaMu,
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6mm3pkumu 10 PBMK, migTBepIvB KOPEKTHICTH PO3PaxyHKOBOI CXEMH:
OTPUMaHO TEIUIOBHH CIIEKTp HEHTpOHIB. 3MEHIIEHHS KPOKY pPELITKA
NaguBHUX KaHamiB (3 30 10 6 c¢M) NPU3BOJMTH JI0 MOCTYIIOBOTO MEPEXOay
CHEKTpa BiJ TEIUIOBOTO 10 WIBUAKOIO, IPOTE HE J03BOJISIE OTPUMATH
HaJTEIUIOBUH CIIEKTp 0e3 BBEAEHHS BUTOPAIOYMX IOTJIMHAYIB, NOAABAHHS
¢onprn Cd Ta In y nanuBHUII KaHan 3Milye MakCUMyM CIIEKTpa B
HaareruioBy obnacte (1-20 eB). s reTeporeHHOro TOPii-BYTJIEEBOTO
CepeloBHIA 3 THM CaMHM THUIIOM PEIITKH OTPHUMAHO TEIUIOBUIl CIIEKTp
CIOBUTHPHIOBAaHUX HEWTPOHIB, IO CBIAYUTH NMPO MOXKJIMBICTH peami3alii B
HBOMY PEXUMY O1Ky40i XBIJII IIOALIIB HA TETIOBUX HEHTPOHAX.

BucHoBkn. BusHaueHo ckiiax i mapamMeTpu PEmITKH TeTepOreHHOTO
ypaH-BYIJICIEBOTO Ta  TOPIH-BYIJIENEBOTO  KAaHAIBHOTO  IMOJIUIHLHOTO
cepeoBHIa, M0 3a0e3neyyoTh (GopMyBaHHSI HAJTEIUIOBOTO Ta TEIJIOBOTO
CIICKTPIB CIOBUIbHIOBAHUX HEUTPOHIB BiMMOBiqHO. OTpHMaHi pe3yIbTaTH €
OCHOBOIO ISl HOAATBIIOT0 MATEMAaTUYHOT'O MOZEIIOBaHHS PEKUMY OKY4YOT
XBHJII HETPOHHO-SAEPHUX MOJLIIB 1 BU3HAUYEHHS CTPYKTYPH aKTHBHOI 30HH
PEaKTOPiB-TPAHCMYTATOPiB HOBOT'O MTOKOJIIHHS.
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SYNTHESIS OF A CONVOLUTIONAL NEURAL NETWORK WITH
AI-ASSISTANT FOR AUTOMATED IMAGE MONITORING
PhD, R. Kharchenk0[0000-0003_3051-7513], 0. SoloviOV[0009-0005-0422-2465]
National University "Odesa Maritime Academy", Ukraine
EMAIL: romannn30@gmail.com
CHUHTE3 3rOPTKOBOI HEHPOHHOI MEPEXKI 3 1lII-
ACHUCTEHTOM JJI1 ABTOMATHU30BAHOI'O MOHITOPUHI'Y
30BPAKEHHS
Ph.D., P. Xapuenko, O. Co.ioBiioB
Hayionanvnuii ynisepcumem «Odecvka MopcovKa akademisay, Yrpaina
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Anomauia. Ilpeocmasneno memooono2iio CcuHmesy ma MAmMemMamuiHo2o
MOOEN08aHHs 2IOPUOHOT cucmemu MOHIMOPUHEY HA OCHOBI 320PMKOB0I HeUpOHHOT
mepedici (CNN) 3 moodynem LlI-acucmenma. 3anpononogany cucmemy po3poodieHo
K NPOSPAMHO-ANAPAMHULL KOMIAEKC, WO (QYHKYIOHYE AGMOHOMHO - GUKIIOYHO HA
ocHosi 6i0eo ananizy. Ilposedeno nopisHanvHUll aunaniz 3anpononoganoi CNN-
apximexmypu 3 6azoeumu mooenimu. Mooentoganns ceiouumy, wo 3anponoHO8AHA
apximexmypa nomeHyiliHo 30amua oocsemu mounocmi Kiacugixayii 94-96%,
nepesuwyoul AHan02TuHi nioxoou Ha 3—8 eidcomkis.

Knwuosi cnosa: 3eopmxosa neliponna mepedica, MOHIMOPUHE, KOMR'IomepHu
3ip, CUHME3 HeUPOMEPEIICT, MameMamuyHe MOOeIIO8aAHHSL.

Abstract. The methodology for synthesis and mathematical modeling of a hybrid
monitoring system based on a convolutional neural network (CNN) with an Al
assistant module is presented. The proposed system is developed as a software and
hardware complex that functions autonomously - exclusively based on video
analysis. A comparative analysis of the proposed CNN architecture with basic
models is conducted. The modeling shows that the proposed architecture is
potentially capable of achieving a classification accuracy of 94-96%, exceeding
similar approaches by 3-8 percent.

Keywords: convolutional neural network, monitoring, computer vision, neural
network synthesis, mathematical modeling.

CrpiMKH pO3BUTOK METOAIB IIMOOKOTO HaBYAaHHS, 30KpeMa 3TOPTKOBUX
HeripoHnHux wMepexx (CNN), BigkpuBae SKICHO HOBI MOMJIMBOCTI ISt
BHpIMICHHSA 3a/la4i B PEXHMI PeabHOTO Yacy KJIACH(IKyBaTH BiIEOMOTIK
0e3 miAKIOYeHHS 30BHIMHIX cucteM. CXOXi MiAXOAW  YCIHINTHO
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3aCTOCOBYIOTbCS [UISi MOHITOPHHTY BOJIiB, AETEeKIii BTOMHU aBialliitHHUX
OIepaTopiB a TAKOXK y IPOMHUCIIOBIit 6e3meri [1-5].

3aranpHa apXiTEKTypa 3alpOIOHOBAHOI CHCTEMH CKJIAJaeThes 3 TPhOX
¢yHkiioHanpHUX  MoxyidiB: (1) migcucTema  BiZeo3axoOIUIGHHS — Ta
nepenoopodky; (2) CNN-kiacugikaTtop noseninkoBux narepsis; (3) IHI-
ACHCTEHT Ha OCHOBI TpaHC(HOPMEPHOI apXITEKTYpH /IS NPUHHATTS PillleHb
(puc. 1). Cucrema (hyHKIIOHYE IMOBHICTIO aBTOHOMHO 0€3 IMiJKITFOUYSHHS 10
Oynb-sSKHUX 30BHIIIHIX CHCTEM.

TPAHCHOPMEPHOI APXITEKTYPU

1. MIACUCTEMA BIAEO3AXONNEHHA ‘ 2. CNN-KNACU®IKATOP
[NA NPUAHATTA PILUEHD

TA NEPEAOBPOBKN NOBEAIHKOBUX NATEPHIB

— L

3. WI-ACUCTEHT HA OCHOBI \‘

¥

Tpanchopmepna Mogens
(LLM / Vision Transformer)

u 3aronnenn
L sigeonoToxy 9
\ r @
—_

enne
T pecaity
A =) 7 + InTepnperauia nocalaoswocr nogji
BT K R + Ouuwa piswa puamey
. + Mpormon poaswTxy cwryaui > )))
e CNN (anpuknap, 30 ResNet / EfficientNet) \ )
.J s S Inyeonnit
=0= Hopmanisauja . L — onrman
0 1a dinvrpauin NpwAnATTA plwenna
Fo— 2 EXCTPaKyin NPOCTOOBO-4ACOBMX 03K
\ + Bexneswo 2
1 I L.
Pe Knacndixauja noseninkoomx natepwia * Nonepegmessn
+ Tpusora #
S i « ) o
Ly pes— * I
vagpis (kainw) foneibecel aetepen ,' \
+ Hopmanwua axtvemicns  + Kypivenn Cnosiiuenna Ta onosiuiens
| J ’
+ Browa / Apiuera + Bz anmorono <+ Bisyanwwe (expaw, inguatopk) Ly
:—- + paran Nl aprmnse L R
+ Buopucrauses Tenedony ¢ Hesianauena nosena * Wypan nogi Noxanswe
\ J sbepiranmn

Pucynok. 1. 3aranpHa ¢pyHkuionansHa cxema riopuaaoi CNN-cuctemu

[ligcucTema Bime03axOIJICHHS BKIOYae OaHy abo nBi iH(pauepBoHi
kxamepu (1920x1080 mxc, 30 '), BcTaHOBIIEH]I HA XOTOBOMY MIiCTKY. Bubip
IY-xamep 3abesmedye HafiifHy poOOTy B yMOBax HIYHOTO OCBITJICHHS.
Bineomnotik HagxomauTe Ha O6opToBmiA obuncmoBamsHUA Momynb (NVIDIA
Jetson Orin abo exBiBaJe€HT) i MPOXOAUTH TaKe MOMEPEAHE OMPAIFOBAHHSA:
3MEHIIEHHSI PO3IUTBHOCTI N0 224%224 mikcelniB, HOpMali3allis 3Ha4eHb
mikceniB A0 pianasony [0, 1]; dopmyBaHHs yacoBux BikoH (temporal clips)
tpuBanictTio T = 30 cek i3 KpokoM At = 5 cek; ayrMeHTalis: TOpU30HTAIbHE
BiZIOOpaXXeHHS, TayCiBCBKMH IIyM, BHHaJIkoBa sckpaBicTb +15%. CNN-
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kimacuikaTop CIHPOCKTOBAaHMU SK JBOCTAllHA MEpeka: MPOCTOPOBHIMA

EKCTPAKTOp 00pOOJIsiE OKpeMi KaJpH, YaCOBHI MOJAYJb arperye O3HaKH 10

BCBOMY BIKHY.

VY naHiii poOOTI BHPIMIEHO HAYKOBO-NPAKTHYHY 3aJady pO3pOOKH
KOHLENIii Ta TEOPETUYHOr0 OOIPYHTYBAaHHS apXIiTEKTYpH TiOpuaHOI
CHUCTEMH IHTEJIEKTYaJIbHOI'O MOHITOPHHTY 300payKCHHS.
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A HYBRID MODEL OF DYNAMIC USER SEGMENTATION AND
MULTI-BEHAVIOR RANKING FOR MARKETING
RECOMMENDATIONS
Y. Nesterenkol[0009-0007-0263-1323]l Ph.D., 1. Kyrychenk02[0000»0002-7686-6439]
Kharkiv National University of Radio Electronics, Ukraine
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T'IBPUHA MOJEJIb JMHAMIYHOI CETMEHTAIIQ
KOPUCTYBAYIB TA BATATOITIOBEJAIHKOBOTI'O
PAHXKYBAHHS 1)1 MAPKETUHIOBUX PEKOMEHJAIIIA
€. Hecrepenxo, |, Ph.D., I. Kupuuenxo
XapxkiscbKuil HAyioHANbHUL YHIBepcumem paodioeleKmponikuYxkpaina

Anomauin. Mapkemunzogi pekoMeHOQYiliHI cucmeMu Marms 6paxosyeamu
KibKa 6udié HesiBHO20 360POMHO20 38'A3KY 3 PI3HOI0 O0KA306010 CUNOI0 WOOO
namipie kynigui. IIpononyemuvcsi 2ibpuona mooenb, WO NOEOHYE OUHAMIYHY
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ceamenmayilo Kopucmysauie iz 6a2amono8eoinKosUM PAHICYBAHHAM, AKE OKPEeMO
38a0/CyE cueHanu nepeanadis, Kuikie, KOWUKA, CRUCKY 0asxicanb ma NOKYNoK nepeo
06'eonannsim y niocymxosy oyinky. Ha REES46 (58209 xopucmysauie, 494797
nooiut) modens niosuugye Recall@10 na 10,7% 3azanom i nionimae xono0nuil cmapm
30,028 0o 0,234 nopiguano 3i cmamuyHUM K1ACMePU3aYiuHUM ni0X000M.

Knwuosi cnoea: pexomenoayitini cucmemu, ce2MeHmMayis KOPUCHY8ayis,
6a2amono6edinkose PaHICY8anHs, KonabopamueHa Gitempayis, X0100HUN cmapm,
nepcouanizayis.

Abstract. Marketing recommender systems must reconcile several implicit
feedback types that carry unequal evidence of purchase intent. We propose a hybrid
model combining dynamically updated user segmentation with multi-behavior ranking
that separately weights view, click, cart, wishlist, and purchase signals before fusing
them into one score. Evaluated on REES46 (58,209 users, 494,797 events), the model
raises Recall@10 by 10.7% and improves cold-start Recall@10 from 0.028 to 0.234
versus a static-clustering baseline.

Keywords: recommender systems, user segmentation, multi-behavior ranking,
collaborative filtering, cold-start, personalization.

[ocTtanoBka mnpodaemn. PexoMeHmamiiiHi cHCTEMH B e-KOMepIil
CIIOCTEPIratoTh JCKUIbKA THITIIB HESBHOI MOBEMIHKA — MEPErIAAH, KITIKH,
KOILIMK, CHHCOK OakaHb, MOKYIKH, — 3 PI3HOIO JOKAa30BOK CHJIOIO IL[OJ0
HaMmipy KymiBmi. Y monepeaHiit po6oti aBTopi [1] MOpPIBHIHO amropuT™MH
KJacTepu3alii Uil CTaTU4HOI CEerMeHTalil KOPUCTYBa4iB 1 BHM3HAUEHO
k-means sik edexTuBHy 6a30By MOJIEIb, MMPOTE MEKi CETMEHTIB 3ATHIIIATHCS
(ikcOBaHMMU B Yaci, a THITH MMOBEIIHKA HE Po3pizHsumcsA. OTISAN CydacHUX
PEKOMEHAAIHIX CHCTEM BiA3HAYAIOTh 3pOCTAaHHS POJIi 0araTOCHUTHAIBHUX 1
0araTomoBeAIHKOBUX MiAXOIIB 10 pamkyBaHHS [2], [3], Toxmi sk mpoOiema
XOJIOMHOTO CTapTy HOBUX KOPHCTYBAdiB 3alUIIAETbCs Bimkputoro [4]. Lle
00MeXye SKICTb peKOMEHAalil, OcOONMBO M HOBUX (XOJIOJHHUX)
KOPHCTYBadiB.

Mertoa. Ilpomonyethcs TiOpuaHa apxiTekTypa, M0, TO-TIEpIe,
JUHAMIYHO OHOBJIIOE CETMEHTH KOPHCTYBadiB Ha OCHOBI TEMIIOPAJIbHO
3aKOZ0BAaHOTO MpeacTaBIeHHS MTOBETIHKH UISTXOM KOB3HOTO
nepekiacTepyBanns K-means i, mo-apyre, pamKye KaHIWIATHI TOBapH
MoOIyJieM 0araTOIOBEIIHKOBOTO 3JHTTS, M0 OKPEMO 3BaXye€ CHUTHAIN
MeperyisiaiB, KIiKiB, KOIINKA, CIICKY Oa)XaHb Ta IMOKYIIOK Mepes 00'e THAHHAM
y LiJbOBY OLIHKY. Ba30Bi KOMIIOHEHTH — MOBEAIHKOBO-3BaXKeHa item-item
konaboparuBHa QineTpawis Ta MatpuyHa dakropusauis (TruncatedSVD) —

160



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

koMmGinyroThest 3 Baramu (W_seg=0,2; w_cf=0,4; w_mf=0,2; w_rec=0,2),
miiOpaHUMK CITKOBHM IOIIYKOM. Mojenb OLiHEeHO Ha BHOIpHi 3 Jory
REES46 [5] (58209 xopuctyBauiB, 17286 ToBapis, 494797 nopniii) Ha 959
KopucTyBavax: 382 Temmux i 577 XOJ0AHUX.

PesynbraTn. IlopiBHSAHHA 3 0a30BUMH MOJCISIMH 32 METPHUKOIO
Recall@10 waBeneno B Tabmuii 1. 3ampomoHoBaHa TriOpHIHA MOENTb
nepeBepiye Hakikpanry 6a3oBy mozens Ha 10,7% 3aramom (0,216 mpotum
0,195) i ma 22,0% mna temmmx kopucryBauiB (0,189 mporm 0,155),
3aMIIAIOYNCh CTIHKOI0 s XomoxHoro crapty (0,234), Tomi sk craTHYHA
KIacTtepm3aniiHa 0a3oBa Mojens [1] Ha XOJOOHHX KOPHCTYBadax pi3Ko
nerpanye (0,028). AOmamiiiHe HOCHiIKEHHS IOKa3aio, IO MixiOpaHi Baru
3JIMTTS Ta AWHAMIYHE MEpEeKIacTepyBaHHs JIal0Th BUMIPHUN BHECOK, TOAI SIK
cTabIIBHICTh CErMEHTIB y uaci cranoButh ARI=0,635.

Ta6muust 1. Topisusaus mozeneii 3a Recall@10

Mopean 3arajaom Tenai XoJs10aHui
KOpHCTYBavi craprt
MostPopular (6a3oBa) 0,195 0,155 0,222
Cratuuna KMeans+CF [1] 0,066 0,123 0,028
3anpornoHoBaHa ribpuaHa 0,216 0,189 0,234
MOJIETb

BucnoBkm. [IyHamiuHa cerMeHTalliss KOPHUCTYBauiB y IIOE€JHAHHI 3
0araTonoBeiHKOBUM  PaH)XyBaHHSM IIOKpallye SKICTb PEKOMEHAAIH
MOPIBHSHO 31 CTATHYHOIO KJIACTEPH3ALIEI0 Ta OJHOCUTHAILHUMH 0a30BHUMHU
MOJENSAMHU, 1 0COONMBO e(eKTHUBHA JUIsl XoJomHoro crapty. l[loganbina
pobota mepeabadae mepeBipKY MOJENi Ha JOBIIMX YaCOBUX TOPH30HTAX 1
JIOAAaTKOBUX Ha0Opax AaHUX.
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ALTERNATIVE METHODS OF MOTION DETECTION IN
WILDLIFE OBSERVATION SCENARIOS
I. LysikoyI0009-0008-2310-7288] pjy D O. Rudenkol0000-0003-0859-2015]
Kharkiv National University of Radio Electronics, Ukraine
EMAIL: info@nure.ua
AJIbTEPHATHUBHI METOAU BUABJIEHHS PYXY B CHEHAPISAX
CIHHOCTEPEXEHHA 3A TUKOIO ITPUPOJ0IO
I. Lysikov, Ph.D., O. Rudenko

Xapxiecvruil HayioHantbHULl YHieepcumem padioenekmpoixu, Yxpaina

Anomauin. 3anpononosano 6a2amocucHAIbHUL NIOXI0 00 GUSBTIEHHS DPYXY
meapun y Hiunux gideozanucax pomonacmox. Konseep noeonye ananiz npupoonux
KONbOpIB, ONMUYHO20 NOMOKY, 3MIHU 2IUOUHU, OAUCKY ouell, Y3200H4CeHOCmi
pocaunHocmi, Oemekyii 00 ’exkmie [ Kopexyii 3miwjenus xamepu. Ha mecmosiil
8ubipyi 3 wecmu Kaopi¢ NOKA3AHO NOMEHYIAn Memooy Mma 6USHAYEHO OCHOBHI
ooicepena NOMUTKOBUX CNPAYI08AHDb | HANPAMU NOOATbLULOL 8ai0ayil.

Knrouogi crnosa: gpomonacmka, monimopune Ouxoi npupoou, GUsENEHHs PYXY,
KOMN TOmepHUil 3ip, ONMUYHUL ROMIK, 3MIHA 2IUOUHY, OemeKyis 06 €kxmie.

Abstract. A multi-signal approach is proposed for detecting animal movement in
nighttime camera-trap video. The pipeline combines natural-color gating, optical
flow, depth-change estimation, eye-shine detection, foliage-coherence analysis,
object detection, and long-baseline camera-shift correction. A six-frame test sample
demonstrates the approach’s potential and identifies major false-positive sources
and the validation steps required for larger-scale evaluation.

Keywords: camera traps, wildlife monitoring, motion detection, computer vision,
optical flow, depth change, object detection.
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Introduction. Camera traps generate large volumes of empty footage
because wind-driven vegetation can trigger motion sensors, while PIR
systems can miss slow-moving, partially occluded, small, or ectothermic
animals [1]. The proposed approach therefore treats detection as signal
fusion rather than single-threshold triggering. It combines appearance,
motion, scene geometry, biological reflectance, object detection, and
camera-shift evidence so that independent channels can corroborate genuine
animal presence.

Related work. PIR remains common in wildlife camera traps, but its
triggering behavior produces both missed detections and false triggers [1].
Riechmann et al. demonstrated a low-power video-camera-trap pipeline
combining motion vectors with deep neural networks [2]. MegaDetector is
used here as an independent corroborating detector [3], while recent field
work supports the use of computer vision for improving detections of small
fauna [4]. The present design extends this by fusing heterogeneous signals.

Method. The frame-level pipeline includes non-natural-color gating;
CLAHE, unsharp masking and Canny preprocessing; dense Farneback
optical flow; monocular depth-change estimation; eye-shine detection;
foliage-coherence analysis; and long-baseline sparse Lucas—Kanade
tracking. MegaDetector provides an additional full-frame signal. Depth-
change contours supply geometry-based evidence, flow coherence helps
separate foliage from animal motion, and long-baseline tracking
characterizes slow camera-platform drift. Each stage is independently
configurable and returns structured results for downstream fusion.

Results. Six sampled frames from five deployments and multiple species
were reviewed. MegaDetector detected the primary subject in every frame
(0.61-0.93 confidence), including two low-contrast hedgehogs in the
background (0.54-0.72). Eye-shine detection worked in low-clutter scenes
but produced many unconfirmed candidates; in two frames, none of ten raw
candidates was confirmed. Depth activity ranged from zero contours in
static scenes to 25 in a close-range, high-clutter scene.

limitations and future work. Eye-shine detection requires
corroboration, and foliage coherence can classify animal silhouette edges as
vegetation. Depth activity is strongly scene-dependent. Two detections
initially suspected as background artifacts were confirmed as genuine

163



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

hedgehogs during ground-truth review. For battery-powered deployment,
expensive depth and detection stages should be gated by cheaper color and
flow checks.

Conclusion. The pilot results indicate that combining appearance-based
motion, scene-geometry change, biological reflectance cues, object
detection, and camera-shift correction can help distinguish animal activity
from wind-driven vegetation and platform drift. The evidence remains
qualitative, so further evaluation and ablation experiments are required.
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MATEMATHUYHA MOJEJIb ITUHAMIKHA MEPEXI ZIKUKEBUYA
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Anomauia. Moodenwv Hetipona Iicuxesuua noeonye 0i010214HY pearicmuyHicmy i3
00UUCTIIBATLHOW ehekmusHicmio, Wo pobums il YiHHOK 018 ETUKOMACUMAOHO20
MoOenioganHs Mo3Ky. YV yii pobomi po3pobneno cmpozuii nioxio 0o ananizy maxux
Mepedtc AK 6a2amosUMIpHUX KYCKO80-2NA0KUX OUHAMIYHUX cucmeM. 3a 00noMO2010
memooie Jlanynoea ma Oighyprayiiinoco ananizy Ompumano ymogu cmiiukocmi ma
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BU3HAYUEHO NOpO2U Nepexodié 8i0 CMAMI@ CNOKOIO 00 CUHXDOHHO20 30YOHCEeHHA U
CKIAOHUX KOAUBAHL. TaK0dHC O0O0CNIONCEHO CMOXACMUYHI GNAUSU MA 6CMAHOEACHO
pe3yivmamu  wooo CmayioHapHoi CMamucmuky aKmueHOCMi U CHPUYUHEHO20
WYMOM CNATIKIHZY.

Knrwwuosi cnoea: modenv Dicuxesuua, Kyck060-21a0Ki OUHAMIUHI cucmeMmu,
2Ibpuoni cucmemu, 6iyprayiiHuil ananis.

Abstract. The Izhikevich neuron model combines biological realism with
computational efficiency, making it valuable for large-scale brain simulations. This
paper develops a rigorous framework for analyzing such networks as high-
dimensional, piecewise-smooth dynamical systems. Using Lyapunov and bifurcation
methods, we derive stability conditions and identify thresholds for transitions from
resting states to synchronous firing and complex oscillations. We also analyze
stochastic inputs, establishing results on stationary activity statistics and noise-
driven spiking.

Keywords: Izhikevich model, piecewise-smooth dynamical systems, hybrid
systems, bifurcation analysis

The analysis of a single Izhikevich neuron, as described in [1], reveals it
is fundamentally a hybrid dynamical system. To provide a rigorous
foundation for theorems, we must first formally define this system. We
formulate the network as a hybrid automaton, which is a tuple = (S,C,F.G.R)
defining the system’s state space, flow domain, continuous dynamics, guard
(event-detection) set, and discrete reset map. This formulation is necessary
to explicitly capture the network interactions [2]. The object of following
theorems is the hybrid dynamical system =(S,C,F,G,R). This formulation
transforms the problem of network dynamics into the analysis of trajectories
in 3N that flow according to F in the domain C and are discontinuously

mapped by R upon striking the guard G [3, 4]. The quiescent state,
X € C , is the global equilibrium of the network, corresponding to a state of
silence where no neuron fires. Its existence and stability are prerequisites for
any analysis of excitability.

Theorem 1. Let the network consist of N identical neurons (parameters
a,b ) with homogeneous external input | =1 .

Existence: The network admits a unique global fixed point
x=(v,u,l )ES givenby I_ . =0, U, =bv,, v, =V, where Vv is the

syn synji
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lower (stable) real root  of  the quadratic equation
0.04(vy’ +(5-b)v+(140+1)=0.

Quiescence Condition: This fixed point X represents a stable quiescent
state (i.e., xe C and is locally stable) if and only if v < Vpeak (the fixed

point is sub-threshold) and a(b —(0.08v +5)) > 0 (stability condition).

Theorem 2. Let the network consist of N identical neurons (parameters
a,b,c,d,z,) and homogeneous input | . Let the connectivity matrix W

have a constant row sum, ZV\/ij =k forall i.

1.  Existence: The synchronization manifold

M={XES|v,=...=v U =...=uy, | == 1, | i an  invariant

manifold of the hybrid system. A synchronous periodic orbit y(t)C M exists

if the reduced 3-dimensional hybrid system on M admits a stable periodic
orbit.

2. Stability: The synchronous orbit y(z) is locally asymptotically
stable if and only if all 3N-3 transverse eigenvalues s of the
monodromy matrix (Poincaré map Jacobian) associated with y(?) satisfy

|z <1
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SECTION 2. CONTROL, ROBOTICS, AND DISTRIBUTED
SYSTEMS

VJIK 004.27:004.891

OPTICAL COMPUTING ARCHITECTURE FOR DECISION
SUPPORT IN TRANSPORT CONTROL PROCESSES
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Dr.SCi., Yu. Kondratenk03[0000-0001-7736-883X]’ O |egor0v4[0009-0009-6206-2956]
L4Admiral Makarov National University of Shipbuilding, Ukraine,
2University of Texas at El Paso, USA,
3Petro Mohyla Black Sea National University, Ukraine
EMAIL: vl.timchenko58@gmail.com, 2vladik@utep.edu,
3y_kondrat2002@yahoo.com, “alex.yegorov@gmail.com

APXITEKTYPA OIITUYHUX OBYUCJIEHDb JISA NIATPUMKHN
NPUMAHATTS PILIEHD Y CUCTEMAX KEPYBAHHS
TPAHCIIOPTHUMMHA MPOUECAMUA
Dr.Sci., B. Tumuenko?, Dr.Sci., B. Kpeiinopuu?,

Dr.Sci., FO. Konaparenko®, O. Eropos*

Y Hayionanvnuii ynisepcumem xopabnebyoysanns im. aom. Maxapoea, Ykpaina,
2 Texacokuil yHisepcumem 6 Env-Ilaco, CLLIA,
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Anomauia. Y pobomi npedcmasneno meopemuuny 043y i€papXiyHoi cucmemu
niompumxu nputinamms piwens (CITIP) Ha 0cHOGI KONIPHUX ONMUYHUX 0OYUCTEHD.
Apximexmypa cucmemu 3abesneuye napanenvHe ONPAYIOBAHHS 6EIUKO20 00 €My
0aHux uepe3 NOOAHHs HEeIMKUX JIHSGICIMUYHUX OYIHOK 5K KBAHMIE KONIPHOT
inghopmayii,. Ilpoyec 06poOKU NPOOEMOHCMPOBAHO HA NPUKAAOL CYEHAPIIO 3/1bONMY
aimaka AIRBUS, i3 epaxysannam 45 ¢paxmopie pusuxy. Ilepesacamu apximexmypu €
8UCOKA NPOOYKMUBHICMb MA HAOYHA 6I3yanizayis pe3yromamie Ol Onepamopa
cucmemu.

Knwuoei cnosa: apximexmypa onmuyHux o0OYUCIEHb, KEAHMU KOJIPHOL
inpopmayii, cucmema niOMPUMKYU RPUUHAMMSL DilUeHb, KePY8aHHA MPAHCROPIMHUMU
npoyecami.

Abstract. The paper presents the theoretical framework of a hierarchical
decision support system (DSS) based on color optical computing. The system
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architecture provides parallel processing of large volumes of data by encoding fuzzy
linguistic estimates as quanta of color information. The processing procedure is
demonstrated for the takeoff scenario of an AIRBUS aircraft, taking 45 risk factors
into account. The advantages of the architecture are high performance and clear
visualization of results for the system operator.

Keywords: optical color computing architecture, color information quanta,
decision support system, transport control

[ligBumeHHs OC3MEKH MACHITA0OHUX TPAHCIOPTHUX MPOIECIB, TAaKUX SK
aBiallifiHi Ta MOpPCHKI MEPEeBE3CHHS, CTAHOBUTH OararoakTOpHY Ta
OaraToliyiboBy Mpo0sIeMy NPUHHATTA pilieHs. JlronuHa-oneparop BHpilIye
0 TpobjieMy B yMOBax T'PaHUYHOI IHTEHCHBHOCTI Tpagiky Ta BEITHKHX
00CsIriB BUIKO3MIHHKUX BXITHUX NaHuX. Jlo npukiany, B mopty Porrepaama
mopivHO BUKOHYeThCsl moHanm 30 000 3axomiB CyldeH, a y BEJIHKHX
aeporioprax, HANpPUKIAN B ATIAHTI, KIIBKICTh 3JBOTIB 1 IMOCAIOK CSTaE
Maibke MiJbifoHa Ha piK (32 BiAKpUTHMH JpKepenamu). OOcAr DaHWUX A
KOXKHOI JTUCIIETYEPCHKOI MO3MIII MOXKE CTAaHOBUTH COTHI 3HAYCHB, IO
TIEPEBHIIYE MOXIIMBOCTI ONEpaTopa 3 IX ONpAIfOBAHHS Ta NMPHU3BOJIUTH 10
MMOMIJIKOBHX pimeHb [l]. YV KpUTHYHUX CHTyallisiX, TaKuX SK BiJMOBa
JBUI'YHa TijJ 4ac 31boTy Jjitaka AIRBUS, xoMmanmup ekinaxy mae juine
OJIHYy CEKYHJy Ha yXBajieHHsI Oe3meuHoro pimeHHs [2]. s 3HMmKEHHS X
PHU3MKIB  TIPOMOHYETHCS ONTHYHA apXiTEKTypa CHUCTEMH  IiJITPHUMKHU
npuitastrs pimens (CIITIP) Ha ocHoBi HewiTkux [3] BXigHux nanux. Hewitki
BXIJIHI JJaHi MOAaHI y BUTJISII KBAHTIB KOJIpHOT iH(OpMAIIil, BIOPAAKOBAHUX
BIJTHOCHO TMO3WTHBHOIO DIilIEHHS — Hanpukiaja, dyepBoHuil {R} s «Hiy,
senennit {G} s «HdMOBIpHO Tak» Ta cuHid {B} mis «tax» [4, 5]. Jloriuni
omeparii U3’ FOHKINI Ta KOH FOHKIIIi peali3oBaHo SK aAUTHBHE 3MIITyBaHHS
Ta CyOTpakTHBHE (PLIFTPYBAHHS ONITUYHUX MOTOKIB.

bazoBa cTpykTypa JIOTiYHOTO BHBEAEHHS pimieHHs (puc. 1) MicTUTH Tpu
CeKIii: MiJICyMOBYBaHHS IIOYaTKOBHX OI[IHOK; MapalelbHUX TIOK
(GUIBTpYBaHHS aNbTEPHATUBHHUX OI[IHOK; IOCIIJIOBHOCTI BIANOBIJAILHUX
eKCIIePTHUX (ITBTPIB, KOKEH 3 SIKUX MOXe 3a0JIOKYBaTH BUXIIHE PillICHHS.
VY 11p0My BHIIAJIKY CBITIIOBHH HOTIK TacUTHCH, IO BiAmoBinae dopHOMy {Blc}
CTaHy «pilIeHHS BiACYTHE», 1 TMIpOIEC OI[IHIOBAHHSA ITIOBTOPIOETHCS 3
OHOBJICHUMH BXiJJHUMH JJAHUMH.
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Acquisition Feature transformation E i Analytical calculation

[ Preprocessing i Feature formation
i

Parameters
Parameter 1
Parameter 2

Parameter n

Pucynok 1. bazoBa noriuyHa cxema IpUHHATTS pillIeHb (HAAPSIKOBI iHAEKCH A , V
MO3HAYAOTh OIepanii KOH IOHKIII Ta AW3 I0HKI{, BiAIOBITHO).

3anponoHOBaHUI uibivehit MIPOJEMOHCTPOBAHO Ha  TIpUKIAmi
¢yrakmionyBanas CIIIIP mpu 371p0Ti mMOBITpsSHOTO CcymHa [2], s SIKOTO
cthopmMoBaHO 0a3y HEHITKHUX MaHUX i3 45 dakTopi Oe3neku: 9 oCHOBHHX, 24
KOOpAWHYBaJNbHUX Ta 12 BigmoBimanbHuUX. [lapalenpHICTh ONpaIfoBaHHS
3aKJaJicHa B CTPYKTYpY ONITHYHOI apXiTeKTypH: Bci pakropu 00poOIsoThes
OJIHOYACHO, 13 MPOJYKTHBHICTIO, BU3HAUCHOIO MIBUJAKICTIO CBiTia. BuxinHi
JaHI MOMAIOThCS OC3MOCePEHRO Y BHUIVIIAI KOJBOPY, IO 3abesmneuye
MUTTEBY BI3yaJlbHYy IHTEpIpETaIlil0 Ta Jla€ OINepaTopy 3MOTY CBOEYACHO
YXBAJIUTH Oe3IIeYHE PillIeHHS.
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MINIMUM STATE SPACE COVERAGE AS AN ANOMALY
LOCALIZATION PROBLEM IN STOCHASTIC SYSTEMS
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MIHIMAJIBHE IOKPUTTS ITPOCTOPY CTAHIB AK 3AJAYA
JIOKAJIBAIIT AHOMAJIIA Y CTOXACTUYHUX CACTEMAX
Ph.D., A. Cumonos, Dr.Sci., O. ITanarin,
€. Cumonos, B. 3aika
Incmumym xibepnemuxu im. B.M. I'nywxoea HAH Ykpainu, Yxpaina

Anomauia. Y pobomi 3anponoHo6aHO eHmMpPORIHO-2eOMEMPUYHUL NIOXI0 00
JOKaNi3ayii aHOMAill y CMOXACMUYHUX CUCIMEMAX Yepe3 MpaKmyeanHs 0eqh)ekmis K
JIOKANbHUX — NOpyweHb  iHeapianmuocmi  mempuynoi  ewmponii. Ha ocHogi
MIHIMATLHUX  E-ROKPUMMIE NPOCMOPY CMAHIE 66€0€HO JIOKANbHUL (QYHKYIOHAT
eHmponii  nokpumms ma nobyo008aHO YEHMPOBAHULl [HOEKC AHOMATbHOCMI,
008€0€eHO 11020 THBAPIAHMHICMb 8IOHOCHO 30MempUdHUX nepemeopers. Ilokazaro,
WO BUHUKHEHHA [301b08AHUX CMPYKMYP HPU3800UMb 00 HENIHIIHO20 3POCMAHHA
enmponii ma 3MiHu il acUMNMOMU4HOI po3mipHocmi. Pe3ynomamu KoHYenmyansHo
108’ A3YI0Mmb Meopilo MIHIMALILHUX NOKPUMMIE | MEMPUYHY eHMPONI0 3 AHANIZ30M
CKIAOHUX OUHAMIYHUX CUCTHEM.

Knwuosi cnosa: cmoxacmuuna cucmema, enmponis Koamozcoposa-Tuxomuposa,
BUSAIBTICHHSI AHOMALIU, 2e0MEeMPist NPOCMOpPY CMAHI6

Abstract. The paper proposes an entropy-geometric approach to the localization
of anomalies in stochastic systems by treating defects as local violations of the
invariance of metric entropy. Based on minimal e-covers of the state space, a local
functional of the entropy of the covering is introduced and a centered anomaly index
is constructed, and its invariance with respect to isometric transformations is proven.
It is shown that the emergence of isolated structures leads to a nonlinear increase in
entropy and a change in its asymptotic dimension. The results conceptually connect
the theory of minimal covers and metric entropy with the analysis of complex
dynamical systems.
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Keywords: stochastic system, Kolmogorov-Tikhomirov entropy, anomaly
detection, state space geometry.

AHali3 CKIAIHUX CTOXAaCTHYHUX CHCTEM TpaaWIiiiHO 0a3yeTbcs Ha
JNOCITIDKEHHI TpaeKkTopii OKpeMHx 3MIiHHHX abo IXHIX IMOBIpHICHHX
xapakTepucTuk. OIHAK y BUCOKOPO3MIPHHX CHCTEeMaXxX MOAIOHWHA MiIXil He
BiZIOOpa)kae TeOMETPUYHOI CTPYKTYPH MPOCTOPY CTaHiB, SIKMUA (OPMYETHCS
KOJIEKTMBHOIO JUHAMIKOK areHTiB. Hexai Xp={xp%,.., 5,0 M €
MHOXXHHA CIIOCTEPE)KyBaHUX CTaHIiB, a (M,p) — METPUYHUI TPOCTIp,
iHnykoBanuii auHamikoro cucremu [1]. Tomi mis omucy reoMeTpuyHOT
ckmagsocti £n PO3TISIAETHCS 3a/1aua MiHIMAIBHOTO € -TIOKPUTTS:

Ny(e) = min{k € N:3cy, .., c, EX, X C
Uk, B.(c)}, @)
B.x)={ye Xip(x,y)}< e >0 )

Bennunna Vx(€) IHTEpIPETYEThCA K MiHIMalIbHA KUTBKICTB JIOKATBHUX
TEOMETPUYHHX EJIEMEHTIB, HECOOXiJHUX I OIMUCY CTPYKTYPH €MITipHu4HOl
MHOXKUHHM CTaHIB 13 TOYHICTIO £.

OCKINIBKM ~ YHCJIO TOKPUTTSA € JHMCKPETHOK  MAacIITab03aJeKHOI0
XapaKTepUCTUKOI,  JOLUIBHO HepedTH 10  #oro  jorapudmivHoi
iHpopmaniitHoi dopmu. Merpuuna enrtpomis Komnmoroposa-Tuxomuposa

3aJ1a€THCS SIK

Hy () = log N (¢), (3)
i XapakTepm3ye €(QEeKTHBHY TCOMETPHYHY  CKIQJHICTh MHOXUHHU
CIIOCTEPEKYBAHMX CTaHiB Ha MacmTabi £,

TNomanpinuii aHai3 TOTPeOye mepexoay Bif I7100aIbHOI XapaKTePUCTHKH
MHOXHHE X 710 1i JTOKambHOI CTpYKTypu. s 1bOro sl KOXKHOI TOYKH
X € X pyspauaeres nokanbHe T-0TOUCHHS:

U.() ={v€ X:plxy) <1}, (4)
e = 0 3a7ae MacmTad Jokamizaimii. JIns  JA0BiNBHOI  CKiHUEHHOI
nigmuoxusn ¥ S X nosnaunmo yepes Ne(Y) vinimamsne uncio E-kyn,

HEOOXITHHUX I TOKPHUTTS Y Toni nokansua EHTPOIIIs TOKPHUTTSA B TOUIL *©

BU3HAYAETHCA SIK
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H, (s,71) =log NE(UT(JC]) ,0<e=r. (5)
Omxe, xoxuiii touni ¥ € X crapures Yy BIATIOBiAHICTH CKaNsipHA

XapAKTEPUCTHKA JIOKATLHOI F€OMETPUYHOT CKIAIHOCTI ii T -0KoITy.
Jnst ycyHEHHsS BIUIMBY CEPEAHBOTO pIBHSA JIOKAJbHOI CKIJIAJHOCTI
BBOJIUTHCS CEPEJIHS JIOKAIbHA EHTPOMis

— ¥ ex He (5,7,

H(gr) = o ©)

BpaxoBYIOUH (6) BH3HAYAETHCS JIOKATFHE SHTPOIIHE BiIXMIICHHS

AH,,(x) =H,(e,r) —H(e, 7). @)
AH

CKIaaHOCTI ¥ -0KONly TOUKH X Bij CEpPeNHbOro PiBHA JOKAIBHOI CKIAIHOCTI

Benmuuna er () (7) xapakTepm3ye BIOXWICHHS EHTPOMIHHOI

Ha MHOXKHHI -X. JlogaTHi 3HAYEHHS AH_ . (x) BiJINIOBiJAIOTHh JIOKAJIEHOMY
YCKIIQJIHCHHIO TE€OMETPUYHOI CTPYKTYPH, TOJi SIK BiJ’€MHI 3HAYCHHS
BKa3ylOTh Ha 1i JIOKalbHE CHpPOINEHHS a00 yI(iIbHeHHS. MHOXHHA
JIOKAJIi30BaHNX aHOMAJILHUX CTaHiB BU3HAYAETHCS SK:

A, ={x € X:|AH, .(x) > r|}’ 8)

ne T > 0 — noporosuit napamerp.

Omxke, TOTEHLiiHA aHOMANBHICTH TOYKM IHTEPIPETYETHCS HE SK
CTaTHCTUYHE BIIXWICHHS OKPEeMUX KOODAWHAT, a SK JIOKaJbHA CTPYKTypHA
3MiHa FeOMETpii eMIipUYHOT MHOXHHH CTaHiB [2].
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NEUROCONTROLLERS IN AUTONOMOUS ROBOTICS:
TRAINING METHODS AND CONTROL SCHEMES
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HEMPOKOHTPOJIEPU B ABTOHOMHI POBOTOTEXHIIII:
METOAN HABYUAHHS TA CXEMU YIIPABJIIHHA
Dr.Sci., A. Kaprin®, Ph.D., T. lerpenxo?, Ph.D., O. II'atukon?,
Ph.D., O. Iponina*

L2Vxpaincoruii deporcagnuil yHieepcumem 3a1i3HUMHO20 MPAHCROPALY,
34T Ipazoecvruil Oepaicasnuti mexuiunuil ynieepcumem

Anomauia. Posensnymo aemonomui podomu (AP), niompumyeani 2i6puoHum
LImyunum Inmenexmom (LLI). V cucmemi xepyseanns AP euxopucmogyiomvcs pizHi
Mmunu KOHMPOAEPI6 NpsamMo20 ma 380pomHo20 38'a3Ky. Memoro yici cmammi ¢
OeMOHCMPAYIst  MONCIUBOCIE  BUKOPUCMAHHA Helponnux Kkowmpoaepie (HK) y
xoumypi xepyeanns AP, skwo eonu inmeeposani 3i LI, wo Biouysaec (LIB).
Obeosoproomvcst cxemu ynpaegninus ma nasuanns HK sk xomnonenma LB, wo
cmeopioemuves Ak 2iopuonuil LI ona manux AR-3acmocyHkié Ha 0cHo8i nodiego-
Keposanoi apximexmypu. [lokazano, wo nio xepysanusm FAI npoyedypa Haguanws
36uUUaliHOT HellpoHHOT Mepedici Modce Oymu nodibHO 00 npoyedypu HAGYAHHS
CRAIKOBUX HEUPOHHUX MePedC.

Knrouosi cnosa: wmyunuil inmenekm wo 6i0uyeac, agmoHOMHA poOOMU306AHA
cucmema, Wmy4Ha HetupoHHA Mepedica, Cxema OHAAH-HA8UAHHS, HePOKOHMPOTep.

Abstract. Autonomous Robots (ARs) supported by hybrid Al are considered.
Different types of feedforward and feedback controllers are used in the AR control
system. The purpose of this paper is to demonstrate the possibility of using Neural
Controllers (NCs) in the AR control loop if they are integrated with Feeling Artificial
Intelligence (FAI). The operational and learning schemes of the NC, as a component
of FAI, which has developed as a hybrid Al for small AR applications based on an
event-driven architecture, are discussed. It is shown that, under FAI supervision, the

173


mailto:kargin@kart.edu.ua
mailto:petrenko_tg@kart.edu.ua
mailto:piatykop_o_ye@pstu.edu
mailto:pronina_o_i@pstu.edu

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

training procedure for conventional NC may be similar to that of Spiking Neural
Network (SNN).

Keywords: feeling artificial intelligence, autonomous robotic systems, artificial
neural network, online learning scheme, neurocontroller.

Creating autonomous robots supported by Al that operate not in a virtual
but in the real, physical world is a pressing task today. One current trend in
Generative Al is the RT-X project, which proposes creating a General
Robotic Brain with GenAl support [1]. Such a hybrid Al, equipped with a
symbolic decision-making mechanism and a pre-trained set of robot skills to
perform its functions in the physical world, is designed for large-scale robotic
applications. Another hybrid Al model, known as FAI, based on cognitive
models borrowed from living beings, is proposed [2] for small AR
applications that utilize conventional computer hardware and software. The
ARs handle many tasks related to movement control and tracking the
movement of external objects using video and other sensors. These tasks
belong to the lower levels of the hybrid Al structure and are implemented as
feedback or feedforward controllers that receive commands from higher-level
FAI [2]. Each of these controllers is responsible for a single motion, and all
of them shape complex robot actions. The hybrid Al upper level orchestrates
these actions to be concerted. At the same time, in operational mode,
retraining NC is required to overcome the lack of information about the
environment, but this is impossible; the AR is carrying out a mission, running
on limited computer resources. Only the recently mentioned problem, due to
the advent of SNN, has gained a perspective to be overcome [3]. The SNN
neurons emit asynchronous binary events in time. Computation is event-
driven and temporal, enabling real-time learning and processing in the SNN
when running on neuromorphic hardware [4]. However, adoption of
neuromorphic hardware is currently limited. Another challenge to applying
SNN in the NC is the complexity of training SNNs. Researchers are actively
exploring alternative training methods to overcome this limitation.

The premise of our paper is as follows: the FAI has an event-driven
architecture [2] and can support multiple computing processes in this mode.
So, FAI can support such a mode for the NC learning and running in real
time on conventional computer facilities. The purpose of this work is to
explore different schemes for online learning of feedback and feedforward
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neurocontrollers for use in ARs that are supported by a hybrid FAI. Carry out
the experiments to confirm the premise that specific NC learning schemes
can be executed in real time and in a mixed online and operational control
mode.
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Anomauia.  Ilpeocmasneno — cucmemy — aoanmueHo20  HeUPOMEpPeHCe8020

Kepysanns  mobiibnolo  naamgopmoro  TurtleBot3 Waffle, wo euxopucmosye
306padicennss enubunu 5K ocHosHull 6xi0. Komanou pyxy @opmye o0eozinkosa
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320pMKOBA HEUPOHHA MepPeHCa, HABYEHA KIOHY8AHHAM NOBEOIHKU HA OEMOHCMPAYIAX
eKCNepmHO20 KOHMPOiepa HA OCHO8I MOOUDIKO8AHO20 MemOdy NOMEHYIIHUX NONI6.
Cucmemy peanizosano sk nakem ROS 2 ma docnioxceno y Gazebo na nabopi 3 157
839 3spasxie. Modenv npayroe 3 yacmomoio 6ausvko 14 Iy, excnepumenmu KilbKicHO
OYIHIOIOMb 0OMEICEHHsL KIOHYBAHHS NOBEOIHKU, CHPUYUHEHE 3CY80M PO3NOOLTY.

Knwuosi cnosa: aemonomuna uasicayis, mMobinbHuii pobom, Helipomepedicese
Kepy8aHHs, KIOHYBAHHS NOBEOIHKU, 320pPMKO6A HEeUpOHHA Mepedica, Kamepa eiubunu,
NOMEHYIHI NOJIA.

Abstract. An adaptive neural network control system for the TurtleBot3 Waffle
platform is presented, using depth images as its primary input. A two-branch
convolutional network, trained via behavioral cloning on a modified-potential-fields
expert, produces motion commands. Implemented as a ROS 2 package and evaluated
in Gazebo on 157,839 samples, the model runs at about 14 Hz and quantifies the
distribution-shift limitation of behavioral cloning.

Keywords: autonomous navigation, mobile robot, neural network control,
behavioral cloning, convolutional neural network, depth camera, potential fields.

Autonomous mobile robotics is moving into practical scenarios such as
warehouse logistics, indoor inspection, and service platforms, where CNN-
based and imitation-learning methods are actively investigated alongside
classical planning [1]. Navigation from depth images is particularly relevant,
as a depth camera presents the scene as a distance map that is natural to
convolutional neural networks [2]. Behavioral cloning trains a model to
repeat expert commands, but the resulting model may behave poorly in states
absent from the training set.

The goal of this work is to develop an intelligent system of adaptive
neural network control for the TurtleBot3 Waffle platform that uses depth
images to provide safe autonomous motion in a partially unknown
environment. The work addresses the following tasks: justifying the ROS 2 /
Gazebo / PyTorch stack and a CNN that regresses control commands from a
depth image; developing an expert controller based on a modified potential
fields method with sector analysis, corner-trap detection, and a lock
mechanism; implementing automatic dataset collection with periodic robot
teleportation; training the CNN with augmentation, oversampling of rare
classes, and a weighted loss; adding ROS 2 inference nodes with several
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levels of safety; and comparing the CNN controller with the expert, including
generalization to a modified environment.

The system is a set of ROS 2 nodes forming perception, decision, and
execution branches. The expert controller performs an adaptive five-sector
analysis of the depth image, moves toward the freest space, and uses a finite-
state machine (FREE, SLOW, ESCAPE) to detect and escape corner traps.
The DepthWanderingCNN controller fuses the normalized depth tensor
(1x64x96) with an eight-element feature vector (five sector distances plus a
three-element one-hot state), and regresses bounded linear and angular
velocities; it has 822,114 parameters and is trained with the Smooth L1 loss
and Adam. The dataset of 157,839 samples was collected in a 20x20 m maze
with over 160 obstacles using random restart; oversampling of rare states and
a class-weighted loss were then applied during training. The best model
achieved a validation loss of 0.0220 and reproduced expert behavior with
controlled quality degradation (0.8 vs 0.3 collisions per ten minutes), while
running at about 14 Hz in real-time. In a modified environment, the mean
number of collisions grew from 0.8 to 4.1 (by a factor of about 5.1),
confirming the distribution-shift limitation. The system provides a
reproducible ROS 2 baseline for imitation-learning research on mobile robots
without relying on LiDAR; future work targets DAgger, a global A* planner,
a multimodal loss, and transfer to the real platform [3].
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Anomauin. OKxpecniolomvbcsi NEPCREKMUSU PO3GUMKY 6eKMOPHUX THGOPMAYIHUX
MEeXHON02I HA OCHOBI MiHIMI3ayii 06a3060i cmpykmypu 0a2amosumipHux cucmem
00poOKU THOPMAYIUHUX NOMOKIE MA POZWUPEHHS DYHKYIOHATBHOCME BEKIMOPHUX
xkomn'tomepuux cucmem. Cymb 06poOKU eKMOPHUX OAHUX 6 IHMENeKMYanibHill
cucmemi GiONIKY KOOPOUHAM NONAAE 8 MEHUWOMY HAOOpi 6a308uUxX NOCUIAHb, HINC
3a2anvbHa KiTbKiCMb MOYKOBUX KOOPOUHAM, SKI 2eHepyiomb iX wiisaxom 000a8aHHs
ocmanHix. I{a mexwonozia 0038014€ CcKOpomumu  3a2anbHUll  Yac 0OpOOKU
iHGhopmayitinux nomoxie, KoOyrouu HAOOpU OAHUX y CHUCKAX 080X abo Oinvuie
Kamezopitl ampubymie 00HOYACHO.

Knrouosi cnosa: xombinamopna onmumizayis, eexkmopna IKB, inmenexmyanoha
cucmema 6ioniKy, 06pooxa danux, kamezopii ampudoymis.

Abstract.The prospects for the development of vector information technologies
are opened based on the minimization of the basic structure of multidimensional
information flow processing systems and the functionality of vector computer systems
is expanded. The essence of the vector data processing under manifold coordinate
system is a smaller set of basic references than the total number of coordinates, which
generates them by adding the latter.
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Keywords: combinatorial optimization, vector IRB, intelligent reference system,
data processing, attribute categories.

Introduction.

Big vector data information technology, is known, be able to defined as a
software-utility that is designed to analysis process and extract data from
extremely complex and large data sets which the traditional data processing
software could never deal with [1]. Ongoing advances improve the link
between computational and physical elements, increasing the reliability and
functionality of computer systems, using combinatorial theory [2]. The book
[3], this concise new edition of the pioneering book on multidimensional
signal processing, a polynomial or a rational function (matrix), characterizing
a single-input single-output (multi-input multi-output) system is submitted.
The number of such free parameters defines the dimension of the space and a
system with fixed parameters may be represented by a point in parameter
space. If at least one coefficient varies about its nominal value, a region in
parameter space is generated. This region characterizes a family of systems
instead of one fixed system. When the coefficients vary independently of
each other within specified compact intervals, aninterval system is
generated. The problem to be of very important for configuring intelligent
vector information technologies and systems of data security with improved
quality indices of the system concerning performance reliability, data
protection, and speed transformation content. This project involves
techniques using novel algebraic constructions based on vector combinatorial
configurations, namely the concept of vector Ideal Ring Bundles (IRBs) [4]
for development of the scientific basis for technologically optimum vector
computer technologies as an alternative for quantum one.

Vector Ideal Ring Bundles

Let us regard the combinatorial properties of vector IRBs. Mathematical
description of IRBs can be represented as sequences of n sets with t number
sequences of the sequence. All vector terms in each modular vector sum to be
elements of the cyclic sequence forming agrid of reference system of
dimension t with a common reference point. In the case of 2D vector IRB,
modulo m; and modulo sums m; are taken for appropriate integer of
the sequence.
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Example: Cyclic sequence {(1,2), (2,4), (1,3), (2,1)} containing four (n =
4) 2D (t = 2) vectors ki=(1,2), ko= (2,4), ka=(1,3), ks=(2,1) generates
ring sum of the vectors. Summation is modulo m; = 3 and modulo m; = 5 for
each component of vector sum correspondently provides vector data
processing three (m; = 3) categories of five (m, =5) attributes under spatial
reference system with reference grid my x my = 3 x 5 based on the 2D Ideal
Ring Bundle {(1,2), (2,4), (1,3), (2,1)} (Table 1).
Table 1. Vector data processing three (m1 = 3) categories of five (mz =5) attributes
under spatial reference system with reference grid mi x mz= 3 x 5 based on the 2D
Ideal Ring Bundle {(1,2), (2,4), (1,3), (2,1)}

No Category Digit weights
index Attribute
index 1,2) 2,4 (1,3) (2,1)

1 0 0 1 1 1 1
2 0 1 1 1 0 0
3 0 2 0 1 1 0
4 0 3 1 0 0 1
5 0 4 0 0 1 1
6 1 0 0 1 0 1

7 1 1 1 0 1 1

8 1 2 1 0 0 0

9 1 3 0 0 1 0
10 1 4 1 1 1 0
11 2 0 1 0 1 0
12 2 1 0 0 0 1
13 2 2 1 1 0 1
14 2 3 0 1 1 1

At the same manner provides encoding big datasets of arbitrary content at
any level of indexing by a priory infinitely large number of attribute
categories. In general case the reference system formed by a vector IRB is
reference grid of fixed sizes mixm, x...xmy, which covers surface of a spatial
manifold. A set of all node point’s grid of the system created by summing
minimized the set taking complex modulo my, mz, ... ,m; to complete the
reference system. The intelligent vector combinatorial systems theory
discovers direct application of the underlying scientific approach for systems
engineering design for development perspective researches in contemporary
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information  technologies, = computing, electronics, robotics and
telecommunication as an alternative to quantum ones.
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Anomauia. Pospobneno cucmemy 3D-xomn'tomepnoeo 30py 015t A8MOHOMHO2O
3aXONAeHHs Ma cOpMy8anHs 8i0xo0ie Mobinbuumu pobomamu 8 cepedoguuyi ROS 2.
3anpononosano anecopummivnuii nioxio, Axuil inmezpye Helipomepedicegy Oemexyiio
YOLO i3 cencopom IntelRealSense D435. 3acmocysanuss memody obepmogux
kaninepie ons 3D-mouxosux xmap 0oseonse eusnauamu 6-DoF noszy cxeama
maninyasmopa. Pesynomamu  excnepumenmie niomeepounu mouHicmo  Oemexyii
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mAP@0.5 = 95,6%, cepeoniti uac obpobku 13,7 mc ma NOKA3HUK YCRiUWHO20
saxonnenns 89,1%.

Kniouosi cnosa: 3D-xomn'tomepruii 3ip, maninynsyiine 3axonnenns, YOLO,
Memoo obepmosux kaninepis, 6-DoF nosa.

Abstract. A 3D computer vision system was developed for autonomous waste
picking by mobile robots operating in ROS 2. The proposed method integrates YOLO
neural network detection with spatial data from an Intel RealSense D435 camera.
Applying the rotating calipers algorithm to 3D point clouds enables accurate 6-DoF
grasp pose estimation. Experimental evaluations confirmed a detection accuracy of
mAP@0.5 = 95.6%, an inference speed of 13.7 ms, and an 89.1% grasp success rate.

Keywords: 3D computer vision, robotic grasping, YOLO, rotating calipers
algorithm, 6-DoF pose.

Global waste generation approaching 2.4 billion tons highlights the
critical need for autonomous mobile manipulators to replace hazardous
manual sorting. To estimate 6-DoF grasp poses for deformed objects in real
time, a multimodal vision system in ROS 2 combines single-stage YOLO
neural architectures (>50 FPS) with 3D point cloud processing and the
rotating calipers algorithm [1]. By modeling volumetric waste piles as
stacked cuboids and predicting grasp parameters directly from Intel
RealSense D435 RGB-D data, the system achieves an 88-95% Grasp
Success Rate. Onboard processing is optimized on microcontrollers using
lightweight backbones like MobileNet and CBAM, while Vision-Language-
Action models enable semantic reasoning for complex geometries.
Furthermore, occlusion-aware 3D point cloud algorithms ensure precise
segmentation of individual overlapping items in dense piles, backed by
models trained on an augmented TACO dataset encompassing over 1,500
images across 60 categories [2].

At the initial stage, the RGB frame | e R*"3 is processed by the YOLO
neural network [3], which minimizes the localization loss function _,_, to

calculate the 2D bounding box B = (x_, Y., w, h) (1):

2 gt
Loy =1l0U +%+av, @)
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where loU is the intersection over union of the bounding boxes, o(-) is the

Euclidean distance between the centers of boxes b and b®, C is the
diagonal length of the smallest enclosing box covering both boxes, and v
measures aspect ratio consistency.

Using the obtained 2D coordinates [1], a depth matrix DeR"™Y is
cropped. Each pixel (u,v) with depth z=D(u,v) is converted into a 3D
point cloud P ={(x,y,,z )}, Via the intrinsic parameters of the Intel
RealSense camera

(fx' fy’CX'Cy):
u—=c. )z V; =C, ) Z;
Xi:(l X) I,yi:( fy) . (2)

X y

After noise removal and voxel filtering, the point cloud P is discretized
into K height layers along the Z -axis [1]. For each layer, a 2D convex hull
C, =ConvexHull(R,) is constructed using Graham's scan algorithm with
O(nlog n) time complexity.

Next, the rotating calipers method with O(n) complexity is applied to
find the minimum oriented bounding box OBB, . By extruding OBB, to the

layer thickness Az, a 3D cuboid is formed. To select the optimal picking
point, the cuboids are analyzed top-down until the geometric condition for
gripper finger opening is satisfied (3):

Wcuboid <Wmax_ gripper* (3)
The final 6D grasp pose is described by a homogeneous isometric
transformation matrix T ese (4) [3]:

T= Fi t _ L B, By Y - @
0 1 Ty fp Z
0O 0 0 1



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

where R € SO is an orthogonal rotation matrix formed by the eigenvectors
of the OBB, orientation, and t:[xg, yg,zg]T is the spatial coordinate

vector of the picking point.

Testing of the developed method was conducted in the ROS 2 (Humble)
environment on Ubuntu 22.04 LTS. Neural network inference was optimized
using NVIDIA TensorRT. The computing node was equipped with an Intel
Core i5-11400 CPU, 48 GB RAM, and an NVIDIA GeForce GTX 1650
SUPER GPU. Physical evaluation was carried out using a two-finger binary
gripper with a servo drive. The criterion for a successful pick was lifting and

holding the object in the air for a duration of t >5 s.
The Grasp Success Rate (GSR) was calculated as (5):

GSR = MxlOO%. (5)

total
A total of 100 test picks were performed for various waste categories in
complex spatial orientations (See Table 1).
Table 1. Experimental metrics for detection accuracy, processing speed, and waste
grasp success rate

Waste Category Detection Accuracy Avera_ge Inference| Grasp Success
MmAP@0.5 (%) Time (ms) Rate GSR (%)
Plastic bottles
and rigid 96.8 124 94.0
containers
Cardboard
packaging and 95.2 13.1 90.0
crumpled paper
Soft deformed 94.8 15.6 83.3
films and bags
System Average 95.6 13.7 89.1

Experimental data confirm the high real-time efficiency of the proposed
method: average detection accuracy reaches mAP@0.5 = 95.6%, with a
frame processing time of 13.7 ms (exceeding 70 FPS). The highest grasp
success rates (94.0%) were recorded for rigid objects with well-defined
contours — plastic, bottles, containers. For soft and deformed materials, the
GSR expectedly decreases to 83.3% due to unstable geometry and surface
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compliance; however, the final average result of 89.1% fully meets the
requirements for deployment in autonomous cleaning robots.
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Anomauia. [JocniodceHo KaHATbHY NIOMPUMKY K NOYAMKOBUI  PiGeHb
KOHMEKCMHO20 OYIHIO8AHHS 6 2IOPUOHOMY KepYBAHHI pOOOMU30BAHON) CUCIEMOTO.
basose cgiduenHs noe€oHye oOyiHKy CmMaHy, OOCMYRHICMb OAHUX 1| CMAHOAPMHY
nesusHawenicmo. Ilicnsi npus’a3yeanns 00 nomounol kepysanvhoi Oii penesanmui
CKIAOHUKU hopmyroms cumyayitiny oyinky ma ii dosipui mexci. Cepisi MooensHux
cyenapiie niomeepouna GiOmMEOPIOBAHY YYMAUGICMb KAHATLHUX Npoginie 00
OOMIHAHMHUX THHOPMAYIUHUX 0OMEMNCEHD.
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Abstract. The study examines channel support as the initial layer of contextual
assessment in hybrid robotic control. Base evidence combines state suitability, data
availability, and standard uncertainty. Once bound to the current control action,
relevant components form a situational estimate and its confidence bounds. A series
of simulation scenarios confirmed reproducible sensitivity of channel profiles to
dominant information constraints.

Keywords: hybrid control, robotic system, channel support, data availability,
uncertainty, scenario-based simulation.

In hybrid control, the informational significance of each channel is
determined by the current control action. Navigation data are critical for
spatial maneuvering, whereas remote operator involvement depends
primarily on communication quality, update timeliness, and the operator’s
condition. A single integral indicator obscures both the source of the
limitation and its contextual importance [1]. When correlations are unknown,
conservative fusion is required [2]; operator workload [3] and missing or
stale modalities [4] must also be considered separately.

The base evidence for channel C at discrete step K is defined as

z=(s".anu;’) ey
where Z denotes the channel evidence; S is the filtered conditional
probability of satisfying the base requirement; a is data availability and
freshness, accounting for delivery reliability and data age; and U is the
standard uncertainty of the available support. The superscript O denotes an
estimate that has not yet been associated with a specific control action.
Available support y =S-a is used to compare the channels. It is an
auxiliary quantity representing the proportion of base support available from
data that are both present and timely. Once a candidate action | has been
selected, the uncertainty U is propagated to the uncertainties of the relevant
semantic components. Spatial-visual, operator, communication, system-
computing, and energy support form the contextual vector X (), from
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which the probability of successful action execution is estimated according to
).

Zk(j)_o-[ao,g(j)+zal,g(j)Xk.l(j)}, @)

where X is the situational support for action j; o is the logistic function;
L is the set of components required for this action; X,(]) is the value of

component | ; and a are calibrated non-negative coefficients. Along with X,

the model calculates the standard uncertainty U , accounting for parameter
covariance and input uncertainties, as well as the diagnostic conflict measure,
the minimum support of a critical component, and a separate binary condition
of physical feasibility. The parameters of the probabilistic channel models,
situational fusion, data freshness, and timing costs are identified in advance
using an independent synthetic calibration sample and fixed before the
scenario experiment. The lower and upper confidence bounds derived from
2 and U are compared against the reliability requirement.

A computational experiment comprising ten synthetic scenarios with ten
independent runs each was conducted. The SO-S7 series covered nominal
conditions, dominant communication degradation, operator overload,
computing-resource scarcity, visual occlusion, an energy constraint, initiative
conflict, and combined degradation. V1 and V2 simulated hazardous
proximity and actuator failure under channel parameters close to nominal.
Scenarios S1-S6 were not strictly single-factor because, together with the
dominant disturbance, the background coefficients of other channels also
varied. At each step, six y values, the active control action, the situational

estimate X, its uncertainty U, and the conflict measure were recorded.
Figure 1 illustrates the sensitivity of available support to scenario-specific
disturbances.

Communication degradation had the strongest effect on communication
support and was accompanied by a change in the operator channel, whose
update availability depends on communication. Operator overload produced
the characteristic response of the operator component, computing-resource
scarcity affected the system-computing component, and visual occlusion
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affected the visual component. Combined degradation simultaneously
weakened several of these components. Over the selected time interval, the
energy scenario did not produce a distinct minimum in the corresponding
support and therefore did not provide its targeted verification. The V1 and V2
profiles remained close to nominal, consistent with their purpose of verifying
the physical safety response.

Cross-scenario channel quality matrix

1.0
50_nominal 034 084
S1_comm_degradation 084 083
0.8 .
52_operator_overload 4 084 084 '_*i
3
53_compute_overload 4 095 084 7:
06 ¢
S4 visual occlusion{ 0% (8 ;Ei
b
S5_energy_constraint 1 034 083 N
04 ¢
S6_mixed_initiative_conflict 4 0% 084 'g
_ i
S7_compound_degradation - 082 08 g
0.2
V1_proximity_hazard 1 094 a8
V2_actuator fault 1 034 08 086 083
. - T 0.0
q_nav qvis q_comm 0_0p q.5y5 q.en

Figure 1. Matrix of mean available channel support across scenarios

The matrix characterises the input information state. Its subsequent
interpretation depends on action | : a weak channel not included among the
relevant components does not constrain the action’s situational estimate,
whereas a deficit in a critical component affects X, U, the confidence
bound, and the diagnostic minimum. The experiment directly confirmed the
reproducible formation of scenario-sensitive y profiles and their suitability
for subsequent contextual assessment. Separate verification of S, a, and U

requires extended logging and an experimental design in which channel state,
data age, and uncertainty are varied independently.
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Anomauia. Y cmammi npedcmagieno 6e63aCMOCYHOK, KU aBMOMAMU3YE
nepemeopenis paoKie CKiaody emukemox KOCMemuyHo20 aHAnizy y CMpyKmypoeai
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36imu npo Oesnexy, BUKOPUCTNOBYIOYU MPUPIEHESY KIIEHM-CEPEEPHY apXimeKmypy 3
REST API. Cucmema inmeepye cknaonuu mooynrs OCR, wo suxopucmogye ancamodno
i3 mpvox apximexmyp HetiponHux mepedxc, 30kpema EasyOCR, Tesseract ma TrOCR.
Mooyne amanizy NLP euxopucmosye 6ibniomexy RapidFuzz o0na Heuimkoeo
3icmagnentss psoKi6 ma CeMAaHmMuyHutl Qitbmp MAWUHHO20 HAGYAHHS HA OCHOSI
mooeni ModernBERT.

Knwuosi  cnosa: obesnexa kocmemuku, gebzacmocynok, OCR, NLP,
nomenxnamypa INCL

Abstract. The paper presents an web application that automates the
transformation of cosmetic analysis label composition strings into structured safety
reports using a three-tier client-server architecture with REST API. The system
integrates a sophisticated OCR module employing an ensemble of three neural
network architectures, specifically EasyOCR, Tesseract, and TrOCR. NLP analysis
module leverages the RapidFuzz library for fuzzy string matching and a semantic ML
filter based on the ModernBERT-base model.

Keywords: cosmetic safety, web application, OCR, NLP, INCI nomenclature.

In recent decades, the global cosmetics market has experienced rapid
growth, with thousands of new products being launched each year. From a
technical point of view, the composition of a cosmetic product on a label is a
continuous text string, in which the names of the ingredients are separated by
commas. Today, the market offers both mobile applications focused on
scanning barcodes and web platforms that work with text input.

Existing solutions divide into mobile scanners (Think Dirty [1], Yuka [2])
depending on barcodes and databases, and universal web analyzers (CosDNA
[3], INCI Decoder [4]) requiring manual text input. A common drawback is
the lack of automatic label text recognition, despite high user demand.

The aim of this work is to develop an intelligent system that reads the
composition of products from images, identifies components by INCI
nomenclature and provides an analytical report on potential health risks.

To solve the problem, a three-tier web application called Skipley was
developed, supporting multi-variant data entry via camera, upload, manual
text, or files, with automatic OCR.

At the data level, PostgreSQL stores users, ingredients, aliases, and scan
results. SQLAIchemy handles connections, SQLite caches external queries
for 7 days, and the app supports dev, prod, and test modes.
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At the business logic level, the Flask-based server implements a REST
API, an Al-powered OCR module, and an NLP analysis engine utilizing
RapidFuzz and ModernBERT-base for ingredient identification. The system
supports PDF report generation and automatic ingredient database updates.
Authentication is handled by Flask-Login with Werkzeug hashing, while
auxiliary scripts manage database initialization and synchronization.

At the presentation level, the client part of the web application is created
using HTML5, CSS3 and JavaScript. The client side interacts via REST API
and features modules for camera/gallery input, manual text/file upload, user
authorization, and a scan history with pagination and bulk operations.

The OCR ensemble combines EasyOCR (CRNN), Tesseract (LSTM), and
TrOCR (Transformer), using early stopping to reduce processing time from
45 to 10-15 seconds without quality loss. An NLP analysis module has been
implemented that performs multi-level cascade search for ingredients using
the RapidFuzz library for fuzzy string comparison, integration with external
APIs, and a semantic ML filter based on the pre-trained ModernBERT-base
model.

In summary, the Skipley web application was developed for recognizing
and analysing the composition of cosmetic products based on optical
character recognition and natural language processing technologies.
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BEPI/I(I)IKAHIﬁHO—KEPOBAHE MPOPIT’)KYBAHHS LSTM-
MEPEXK, KPUTUYHUX 10 BE3IIEKU
0. Mocroguiit, Ph.D., T. Bino6opogosa®
Ynemumym xibepnemuxu imeni B. M. I'nywixosa HAH Ypainu, Yxpaina,
2[ucmumym npobnem modenosanus é emepeemuyi im. I. €. Ilyxoea HAH Ypainu
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Anomauia. 3anpononosarno MexaHizm sepughikayilino-Kkepo8ano2o
npopioxcysanuss  LSTM-mepeoic.  3amicms  npopiodicysanns 3 nOOAAbUIOIO
sepugirayicio Memoo inmezpye NpopioNHCy8anHs ma eepupikayilo 6 Yukii muny
CEGAR. Kooicen Hellpon-kanoudam 6Uiyyaemvcs 3a 0ONoMo2or 0y1eoi Macku, a
@opmanvruil  eepupixamop 6U3HAUAE, UU 3A0060NLHAE OMPUMAHA MACKOBANA
Mepedica 3a0any eracmugicmo 6e3neku HA0 0OMENCEeHO 001ACmIO 8XIOHUX OQHUX.
Axkwo Kompnpuxaao eiocymuill, KpOK NpOPIOANCYSAHHA NPUIMAEMbCA,  IHAKULE
Helipon 6ionoenoemuvcs. IliocymMKo6a MAacka 6UHAYAE CMUCHYMY niomepedcy ma
3aceioueny gepu@ixamopom Kiacugikayiro HeupoHia, HeoOXIOHUX 018 30epedceHHs
enacmusocmi 6e3nexii.

Knrwuoei cnosa: npopioscysanns nelponnux mepec, sepugbixayia LSTM, SMT,
SAPLE, enacmugocmi nogeoinkoeoi besnexu.

Abstract. This paper proposes a verification-driven pruning mechanism for LSTM
networks. Instead of pruning first and verifying afterwards, the method integrates
pruning and verification in a CEGAR-style loop. Each candidate neuron is tentatively
removed by a Boolean mask, and a formal verifier is invoked to determine whether the
resulting masked network still satisfies the specified safety property over a bounded
input region. If no counterexample exists, the pruning step is accepted; otherwise, the
neuron is restored.
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Keywords: neural network pruning, LSTM verification, SMT, SAPLE, behavioural
safety properties.

Introduction

Standard pruning techniques, including magnitude-based pruning, lottery-
ticket-based pruning, and structural compression, primarily address the
preservation of predictive accuracy under pruning. Magnitude-based pruning
removes weights whose magnitudes fall below a specified threshold and
typically retrains or fine-tunes the resulting network [1]. Lottery-ticket
pruning identifies sparse subnetworks that can recover the original model’s
test accuracy when trained from their initial weights [2]. This paper addresses
these limitations through a unified methodology by recasting pruning as a
verifier-driven search procedure.

Methodology

Let N be a trained quantised LSTM controller with hidden width H, input
dimension D, and bounded verification horizon T. Let P denote the
behavioural safety property to be preserved, and let R denote the admissible
input region. The objective is to construct a pruned sub-network N,
represented by a binary mask m* € {0, 1}, such that Vxo.r € R, Nm+(Xo:1) E
P. The pruning procedure starts from the fully active mask m=(1, ..., 1). For
a candidate neuron n, the algorithm temporarily sets m, = 0 and invokes the
verifier on the masked network Np. Figure 1 summarises the pruning
procedure.

The core of the method is the safety oracle. For each candidate neuron n,
the oracle constructs a satisfiability query that combines four components (1):

® = @cell N\ Pregion A Pmask(N) A =P, (D)
Here, ¢cen encodes the bounded-horizon LSTM forward pass, ¢region

encodes the admissible input region R, ¢mask(n) encodes the tentative pruning
decision m, = 0, and =P encodes the negation of the safety property.
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" Iterative verificatio Hi:i}'i'\}'é'r'{ pruning loop T

( Select candidate neuron n |
in magnitude order

‘ Tentative ablation: set mna=0 |
UNSAT _— Does N

__satisfy P over R?.

‘-- Accept pruning N ) | Reject pruning ‘
keep mn=0 restore mn=1
' - '
" More

_ candidates? _~

Outpu-l Ny, m*, cer‘trflcate
that N, satisfies Pover R |

Flgure 1. Verification-driven prunlng loop
Results and discussion
The results are obtained on evaluation of encoding economy are presented
in Table 1.

Table 1. LSTM cell encoding variants and SAPLE validation results

Variant Encoding style Transitions | Patterns | Parse| Analyse
Istm_cell.sbl atomch, dpaig state 28 0 pass pass
Istm_cell_loops.shl | per-phase for-loops 15 0 pass pass
Istm_cell_bits.sbl peré)iilg(sr?)lg;ppiz;vith 15 0 pass pass
Istm_cell_pruned.sbl pe;—;:gsgyl?rc‘)ps 15 2 pass pass
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The pruning-gated LSTM cell preserves a 15-transition structure across
hidden widths and introduces pruning through a Boolean mask rather than
through transition duplication. The resulting sub-network achieves 50%
neuron-level compression in this toy setting while preserving the specified
safety property under the final mask.

Conclusions

This paper presented a verification-driven, CEGAR-style pruning loop for
safety-critical LSTM networks encoded in SPL. The resulting mask m* has a
dual role: it defines a compressed sub-network and provides a verifier-
witnessed indication of which neurons are required to preserve the specified
safety property.
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Anomauia. Memoto pobomu € cucmemMHull awaniz Npoyecié KepyeaHHs
6acamoazeHmHuMU  KOMIIEGKCAMU 6 YMOBAX CMOXACMUYHOI HEGUIHAYEHOCHI.
3anpononosano  mamemamuyne npeoCmMasieHHs ~ KOMUAEKCY K — CYKVRHOCMI
83AEMOOIIOUUX  a2eHmi8 31 3MIHHUMU CIMAHAMU, KEpYIOUUMU  6NAUSAMU  Md
sunaoxkogumu 30yperusamu. [ 00CHiONCeHHsT 3anpONOHOBAHO BUKOPUCTOBYE8AMU
iMimayitine MOOeNO8anHsT ma Kpumepii eqoekmusHOCmi, Wo 6paxo8yomy pecypCHi
obmedicenHs, THpopMayiliny 63aEMO0il0 Ui 6UNaoKosl 3miHu cepedosuwya. I1ioxio
CMBOPIOE OCHOBY 0151 NOOANLUUOL PO3POOKU ANCOPUMMIE PO3NOOLIEHO20 KEePYBAHHSL.

Knrwuoei cnosa: 6azamoazenmuuit KOMnieke, CUCMEMHUL AHANL3, MOOEAO8AHHS,
CMOXACMUYHA HeGU3HAYEHICIb, PO3NOOLIEHe KEPYSAHH, AGMOHOMHULL A2EHM.

Abstract. The study aims to provide a system analysis of control processes in
multi-agent complexes under stochastic uncertainty. The complex is represented
mathematically as a set of interacting agents with variable states, control actions, and
random disturbances. Simulation modeling and performance criteria are proposed to
account for resource constraints, information exchange, and random environmental
changes. The approach provides a basis for further development of distributed control
algorithms.

Keywords: multi-agent complex, system analysis, modeling, stochastic
uncertainty, distributed control, autonomous agent.

CyyacHi aBTOMaTH30BaHi Ta pPOOOTOTEXHIYHI CHCTEMHM BCE 4YacTille
OynytoThCs 32 6araToareHTHUM NMPUHINNOM. Takui KOMIUIEKC CKIIaJaeThes 3
aBTOHOMHHUX a00 YacTKOBO AaBTOHOMHHMX AareHTIB, sSIKI BHKOHYIOTH CITUIbHE
3aBIaHHA Ta OOMIHIOIOTBECA iH(OpMariero. baraTtoareHTHWIA  ImiIXin
3aCTOCOBYEThCA Y MOOUTBHIN poOOTOTEXHiMi, OE3MUIOTHUX CHCTEMaX,
TPAHCHIOPTHHX i BUPOOHHYMX KOMILIEKcaX. Moro mepeBaramMm € po3HOJin
(GYHKIIIH, THYYKICTh 1 MOXJIMBICTb NPOAOBXKEHHS POOOTH NPH 3MiHI CTaHy
oKpeMux enemMeHTiB [1].

PeanbHi yMOBHM (YHKIIOHYBaHHA TaKHX CHCTEM XapaKTepU3YIOTHCS
HeBU3HaueHicTI0. Ha mpomec kepyBaHHS BIUIMBAIOTH MOXHUOKH BHMIipIOBaHb,
BUIAJKOBI ~ 3MIHM  CEpelOBHINA, 3aTPUMKU  [epe/iaBaHHs  JaHUX,
HECTaOUTBPHICTh KaHAJIB 3B'A3Ky Ta OOMEXeHi pecypcu areHriB. Tomy s
aHaizy 0araToareHTHOTro0 KOMILIEKCY HEOOXi/IHO BpaxoByBaTH He JIMIIE HOTo
CTPYKTYPY, @ i BUIAJAKOBUI XapaKTep 30BHIIIHIX Ta BHYTPILIHIX (aKTOPIB.

3 mo3umii CHCTEMHOro aHalizy OaraToareHTHHH KOMIUIEKC MOXKHA
MOJIATH K CYKYIMHICTh B3aeMomnoB's3anux arentis A = {Al, A2,...,AN}, ne N -
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KIJIBKICTh areHTiB. 3arajbHUi CTaH KOMIUIEKCY BHU3HAYAETHCS CTaHaMH HOTO
enementiB: X(t) = {x1(t), x2(t),...xN(t)}. B3aemopio areHTiB AOUITEHO
ONHUCYBaTH TaKOX 3acobamu Teopii rpadiB, A€ BEpIIMHM BiAINOBIIAIOTH
areHraMm, a pebpa - IOCTyNmHUM iHGOpPMaIiiHUM abo (QyHKIIOHAILHUM
3B's13KaM [2].

Juuamiky i-ro areHta B JHCKPETHOMY dYaci MOXHA MPEACTABHTH Y
Bursiai Xi(t+1) = fi(xi(t), ui(t), Xi(t), &(t)), me ui(t) - kepyrouwnii Bus; Xi(t) -
JoctynHa iHpopMmariis npo inmn arenty; &i(t) - Bumaakosi 30ypenns. Take
NPENCTaBICHHS JO3BOJISIE JOCHI/UKYBaTH SIK IHIMBILyaJbHY ITOBEAIHKY
areHTa, TaK i pe3yJbTaT CIUIEHOT pOOOTH KOMILICKCY.

3amaya KepyBaHHsA TonArae y BHOOpI TakWx [iii areHTiB, sKi
3a0e3neuyroTh JTOCSTHEHHS CIUIBHOT METH 3 ypaxyBaHHSIM HEBU3HAYCHOCTI
Ta oOMexeHb. [l OLIHIOBaHHS SKOCTI KEpYBaHHS MOXE 3aCTOCOBYBATHCS
OUiKyBaHHMI IHTETPAIbHUN KPUTEPii BUTpAT, SIKUH BPaXOBYE CTAaHU CHCTEMH,
Kepyroui BIUIMBM, 4Yac BUKOHAHHs 3aBJaHHS Ta BUKOPHCTAHHS pECYpCIB.
INoniOHMi TMiAXix BiANOBiZa€ 3arajbHUM [PUHIIUIIAM CTOXACTHYHOTO Ta
JUHAMIYHOTO ONTUMAILHOTO KepyBaHHs [3].

OTxe, CHCTEMHHH aHaJi3 1 MOJENIOBAHHS JO3BOJLIIOTH (hOpMalli3yBaTH
NpoLecH KepyBaHHsA OaraTOareHTHUMH KOMIUIEKCAMH Ta BpPaxOBYBAaTH
CTOXAaCTUYHY HEBHU3HAUYCHICTh, pECypCcHI OOMeXeHHs # iHpopMmaliiHy
B3aeMoito. [logameira poboTa nependadae moOyAOBY iMITAI[IfHOT MOJIEI Ta
NPOBEJICHHSI SKCIICPUMEHTIB Ul BU3HAYCHHS YMOB, 32 SKHX PO3MOJiNCHI
AITOPUTMH 3a0e3MeUyroTh CTilke W e(eKTHBHE BHKOHAHHS CITIJIBHOTO
3aBJIaHHS.
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AHAJII3 KOH®JIKTHOI'O CEPEJOBHUIIIA TA PECYPCHUX
OBMEXEHbD Y 3AJJAYAX CTOXACTUYHOI'O KEPYBAHHS
. Koouasinebkuii, Dr.Sci., B. Buuyxkanin
Hayionanenuii ynieepcumem «Odecoka noaimexuikay, Yxpaina

Anomauia. Y pobomi poszensimymo OCHOGHI 0COOIUBOCMI KOHDAIKMHO2O
cepedosuwa ma 0OMedCeHux pecypcie y 3a0avax cmoxacmuunoz2o Kepysauus. Ha
OCHO8I aHANi3y HAYKOBUX Npayb 6UOLIEHO OCHOBHI 6UOU HeBUSHAYUEeHOCI Mmda
obmediceny, wo enausaroms Ha eubip kepyiouux piwens. Ilokaszano, wo nio uac
PO3podOKU  ancopummie HeoOXIOHO OOHOUACHO BpPAX0BYBAMU 3MIHU 308HIUHLO2O0
cepedosuwya, MOACIUBY NPOMuUOilo, KiNbKicmb OOCMYNHUX pecypcie ma ix eumpamu.

Knouosi cnosa: cmoxacmuune Kepysamus, KOHQAKmMHe cepedosuuje, 00MmednceHi
pecypcu, HeGUIHAUEHICMb, CMOXACMUYHA 2Pa, NPULIHAMM PildeHb, ONMUMI3aYis.

Abstract.The paper considers the main features of conflict environments and
limited resources in stochastic control problems. Based on an analysis of scientific
studies, the main types of uncertainty and constraints affecting control decisions are
identified. It is shown that control algorithms should simultaneously consider changes
in the external environment, possible opposition, available resources, and their
consumption during task execution.

Keywords: stochastic control, conflict environment, limited resources,
uncertainty, stochastic game, decision making, optimization.

CyuacHi aBTOMATH30BaHI Ta ABTOHOMHI CHCTEMH YacTO MpPAIIOIOTH B
yMOBaX, SKi HEMOXXJIMBO TIOBHICTIO mepemdaunTd 3asganerinb. [lig yac
BHUKOHAHHS 3aBJIaHHSI MOXKE 3MIHIOBATHCS 30BHIILIIHE CEPEIOBUIIE, HAJXOJUTH
HemoBHa abo HeTouyHa iH(pOpMaIlisi, BHHUKATH TEPENIKOIN Ta OOMEKEHHS.
Kpim Toro, Ha pe3ymbraT poOOTH CHCTEMH MOXXYTh BIUIMBATH Jii 1HIINX
ydacHUKiB. ToMmy mig d9ac po3poOKM CHCTEMH KepyBaHHS HEOOXiTHO
BpaxoBYBaTH He JinIIe il MOTOYHMIT CTaH, a i MOXJIMBI 3MiHH YMOB pOOOTH.
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OcoOnuBuil iHTEpEeC CTaHOBHUTH pPOOOTAa CHUCTEMH B KOH(IIKTHOMY
cepenoBuii. [lin TakuMm cepeloBHINEM MOXKHA PO3YMITH YMOBH, Y SIKHX
JOCSITHEHHIO MOCTABJIEHOI METH MOXKYTh MEPEIIKOKATH Aii 1HIIOT CTOPOHH.
ITpn npomy moBediHKa iHIIOI CTOPOHM 3a3/alieTib IOBHICTIO HeBigoMa i
MOXKE 3MIHIOBATHCS 3ale)XHO BiA i camoi cucremu. OTxe, pe3yibTaT
KEpYBaHHS 3aJI€KHUTh OJTHOYACHO BiJl BUNAZAKOBUX (AaKTOPIB 1 Jiil y4acHHKIB
KOH(ITIKTY.

Hdnst  ommcy momiOHMX — cuTyamid — BHKOPHCTOBYIOTHCS — METOIHU
CTOXaCTWYHHUX irop. BoHM maloTh 3MOTY pO3ITSIATH B3aEMOJII0 KUIBKOX
YYacHHUKIB, Mii KX BIUIMBAIOTh HA CTaH CHUCTEMH Ta KiHLIEBUH pE3yibTaT.
JocmimkeHHsS TOKa3ylOTh, IO 3a HAsBHOCTI HEMOBHOI iHQopwmamii Ta
00MEXEHUX pecypciB BHOIp cTparerii OJHOIO YYacHHUKA 3alIe)KUTh BiJ
MOBEAIHKM iHmoro ydacuuka [1]. Jlns po3poOKH anropuTMiB KepyBaHHS
Ba)XJIMBO BU3HAYUTH OCHOBHI (DaKTOpH, IO XapaKTepU3YIOTh KOHQIIKTHE
cepenoBuiiie. Y pe3ynabTaTi MPOBEJACHOTO aHANI3y MOXHA BHIUIUTU
BUIIaJJKOBY 3MiHY CTaHy 30BHIIIHBOTO CEPEIOBHIIA, HETIOBHY a00 HETOUHY
iH}opMarito, HasBHICTh aKTUBHOT MPOTHIT Ta 3MiHY YMOB pOOOTH CHCTEMHU B
qaci.

JonatkoBoro mpobieMoro € 00MexeHIcTh pecypciB. [IpakTuarHo Oyb-sKa
pearbHa cucTeMa Mae€ NEBHUH 3amac eHeprii, oOMeXeHHH dYac poOOTH,
00YHCITIOBAIEHI MOXKIIMBOCTI Ta 0OMEXKEHHS KaHaiB 3B's3Ky. ToMy cuctema
HE MOXE IIOCTIHHO BHOHMpATH [ii JHIIe 3a KPHUTEPiEM MaKCHMAaJIbHOT
epexTuBHOCTI. HeOOXiTHO TaK0XK BPaxOBYBaTH BaPTICTh IMX MiH 3 HOTISAY
BHUKOPHCTAHHS HAasIBHUX PECYPCIB.

OpuuM 31 Croco0iB OMHMCYy TakWX 3aJad € MapKOBCHKI IMPOIECH
OpUHHATTS pimens 3 obOmexennsmu - Constrained Markov Decision
Processes (CMDP). V Ttakux Momensx cucTeMa BHOWMpae Kepywoodi mii 3
ypaxyBaHHSIM iMOBIpHOCTI 3MiHH cBoro craHy. KpiM oOCHOBHOi MeTH,
BBOAATHCS JOJATKOBI OOMEXEHHS, HANpPUKIAX Ha JOIMyCTHMi BHUTPATH
eHeprii, yacy abo iHmuMX pecypciB [2]. MoxHa BUAUINTH KUIbKa OCHOBHHX
TPyl pecypciB: €HEpreTHuHi, 4acoBi, iH(pOpMaIilHi, 0OYMCIIIOBAIBHI Ta
KoMyHikamiitai. Cy4yacHi 10CIJDKEHHS [TOKa3yIOTh, 110 PECYpCHI 0OMEKEHHS
MOXYTh OyTH BKJIIOYEHI Oe3rocepesHb0 OO0 MaTeMaTHYHOI MoJeni
npuitHATTA pimens [3]. IIpu 1boMy po3poOIISIOTECS aNrOPUTMH, SIKi AAIOTh
3MOTY 3HAXOJHUTHU PIlICHHS, IO 3a0e3nedye JAOCSITHEHHS OCHOBHOI MeTH 0e3
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NepeBUIICHHsT  3anaHux  oOMmexeHb [4]. BaxmmBum  pesynpTaToM
MIPOBEJICHOTO aHaJi3y € BHCHOBOK IIPO T€, IO KOH(JIIKTHE CepeloBHIIE Ta
oOMeXKeHI pecypcu He CIiJ posrisaaTH okpemo. Butpatm pecypcy Ha
MIOTOYHOMY €Talli BIUIMBAIOTh Ha MOJAJIBIII MOXIIMBOCTI CUCTeMH. B ymoBax
KOH(MJIIKTY HPOTHiI0Ya CTOPOHA MOXKE CBOIMHM JISIMU 3MYILIYBaTH CHUCTEMY
BUTpPAYaTH JTOJATKOBI PeCypCH.

JonaTtkoBa CKJIQIHICTh BHHHUKAE 4Yepe3 HEBH3HAYCHICTh MaiOyTHHOTO
crany cucrtemu. PobactHi CMDP narote 3Mory BpaxoBYBaTH MOXIIUBI
TIOMIJIKH B OIUCI MEpPEeXO/iB MiXK CTaHAMH Ta BHOWpPATH PIMICHHA, CTIMKIIIi
JI0 3MiHU YMOB poboTH [5].

[lpoBeneHwii aHawmi3 ImOKa3ye, IO I PO3POOKH  aITOPUTMY
ONTHMAJIBHOTO CTOXaCTUYHOI'O KEPYBaHHS HEOOXIIHO BPaxOBYBAaTH YOTHUPH
OCHOBHI CKJIAaJIOBi: IMOTOYHHHA CTaH CHCTEMH, HEBH3HAYEHICTh 30BHIIIHHOTO
CepeIoBUIla, MOXKIIMBI Jii MPOTUIII0YO0] CTOPOHH Ta KUIBKICTh PECYpCIB, 10
samumunucs. [lomaneine oCmipKeHHS Oyne ChOpsiMOBaHE Ha PO3POOKY
MOJIeNl i aJropuTMY CTOXacTUYHOTO KEpyBaHHs, SIKUH 3MOXe 3MIHIOBATH
Kepyroui pillieHHs 3aJIeKHO BiJ IMX (aKTOpiB.

JlitepaTtypa

1. Xing, W., Zhao, X., Basar, T., & Xia, W. (2022). Security investment in cyber-
physical systems: Stochastic games with asymmetric information and resource-
constrained players. IEEE Transactions on Automatic Control, 67(10), 5384—
5391. https://doi.org/10.1109/TAC.2021.3116093

2. Feinberg, E. A., Jaskiewicz, A., & Nowak, A. S. (2020). Constrained discounted
Markov decision processes with Borel state spaces. Automatica, 111, 108582.
https://doi.org/10.1016/j.automatica.2019.108582

3. Jasso-Fuentes, H., & Prieto-Rumeau, T. (2024). Constrained Markov decision
processes with non-constant discount factor. Journal of Optimization Theory and
Applications, 202, 897-931. https://doi.org/10.1007/s10957-024-02453-y

4. Li, T, Guan, Z., Zou, S., Xu, T., Liang, Y., & Lan, G. (2024). Faster algorithm and
sharper analysis for constrained Markov decision process. Operations Research
Letters, 54, 107107. https://doi.org/10.1016/j.0rl.2024.107107

5. Varagapriya, V., Singh, V. V., & Lisser, A. (2024). Rank-1 transition uncertainties
in constrained Markov decision processes. European Journal of Operational
Research, 318(1), 167-178. https://doi.org/10.1016/j.ejor.2024.04.023

200


https://doi.org/10.1016/j.automatica.2019.108582
https://doi.org/10.1007/s10957-024-02453-y
https://doi.org/10.1016/j.orl.2024.107107
https://doi.org/10.1016/j.ejor.2024.04.023

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

YK 004.89:004.912

CONTACTLESS CONTROL INTERFACES IN COMPUTER-
INTEGRATED ENVIRONMENTS BASED ON WI-FI SIGNAL
ANALYSIS
O. Karatanas
Odesa Polytechnic National University, Ukraine
EMAIL: alekskaratanas@gmail.com

BE3KOHTAKTHI IHTEP®EICH KEPYBAHHS B
KOMIT'IOTEPHO-IHTEI'POBAHUX CEPEJJOBHUIIIAX HA OCHOBI
AHAJII3Y WI-FI CUT'HAJIIB
O. Kapartanac
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Anomauia. Poboma npucesuena po3pobyi memoody excmpemanvbHoi pedykyii
posmipnocmi  CSl-Oanux 0ns cucmem 6e3KOHMAKMHO20 JHCECMOB020 KEPYBAHHL.
3anpononosano navinnaiin, wjo 06'conye ginempayiro nepuwux pisHuyb, OUCHepCitiHuLL
6i00ip nidnecyuux ma cmamucmuyHy azgpezayito. Excnepumenmu Ha 6a3i
mixpoxkonmponepa ESP32 Oogenu cmucnenns danux na ~99,77 % ma Oocscnenus
mounocmi ~90,75 % 3a uacy ingepency 0,023 mc, wo € onmumanvhum ora Edge-
cucmen.

Kniouosi  cnosa: Wi-Fi  3ondyeanns, ingopmayis npo cmau Kauauy,
PO3NI3HABAHHSL JCECmis, iIHmepHem peyell, peOyKyis pO3MIPHOCMI.

Abstract. The paper is devoted to developing an extreme dimensionality reduction
method for CSI data in contactless gesture control systems. A pipeline combining
first-order difference filtering, variance-based subcarrier selection, and statistical
aggregation is proposed. Experiments using the ESP32 microcontroller demonstrated
99.77% data compression and 90.75% accuracy with a 0.023 ms inference time,
optimal for Edge systems.

Keywords: Wi-Fi sensing, channel state information, gesture recognition, Internet
of Things, dimensionality reduction.

P03BHUTOK KOMITFOTEpHO-IHTETPOBAHUX TEXHOJIOTIH Ta CHCTEM PO3yMHOTO
OyIWHKY BUMAara€e BIIPOBa/HKCHHS HOBUX JIIOJUHO-MAallMHHUX iHTEpQeiciB.
TpagumiliHi KOHBEHHIHHI CEHCOpH, Taki $K BiJeOKaMepH UM HATUIbHI
MIPUCTPOI, MAIOTh CYTTEBI OOMEXEHHS: BOHHM MOPYIIYIOTh NPHUBATHICTH
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KOpUCTYBaviB, 3ajeXaThb BiJl YMOB OCBITJIEHHS Ta BHMararoTh HpsMOl
BUAUMOCTI. [IepCreKTHBHOIO ajbTEPHATHBOIO € TEXHOJIOTISI OE3KOHTAKTHOTO
panioyacToTHOTO 30HIyBaHHS, AKa BUKOPHCTOBYE iCHyrOuy
TEJICKOMYHIKAIIHY 1HQPaCTPyKTypy Ul BUSIBICHHS pYyXiB JIIOAMHH Ha
OCHOBI aHai3y iH(popManii npo craH KaHaiy [1].

[Ipote BnpoBa/KEHHS IHTEJIEKTYalbHUX CUCTEM KEpYBaHHS )KECTaMH Ha
kianeBux Edge-mpucTposx, Takux sSK MomyisipHI MikpokoHTponepu ESP32,
CTHKAa€ThCS 3 (YHAAMEHTAIBHOI TMpoOiIeMoo pecypcomictkocti. Cupa
Matpuirst CSI amst ogHOTO KecTy Moxke MicTuTH moHa 26000 o3Hak.

INogawa Takoro MmacuBy B KIacH(]iKaliiHy MOJAENb CHPHYUHSE
0o0YNCITIOBAIbHUN ~KOJAIlC d4epe3 HecTady OIepaTHBHOI mam'ati  Ta
NPU3BOJNUTE 1O NMEPEHAaBYaHHS MOJENI Ha CTaTHYHOMY ()OHI MPUMILICHHS
Domain Shift [2].

MeToro naHoi poOOTH € po3podKka KOMOIHOBAHOTO METOY €KCTPEMaIbHOT
penykuii posmipuocti CSl-curHamiB myms 3a0€3MEUYCHHS IIBHIKOTO Ta
TOYHOTO PO3Mi3HABAHHS J)KECTIB HA MaJIONOTYKHUX IIPHCTPOSIX.

Jdnst  BupimieHHS  NpoOJEeMH  PECYpCOMICTKOCTI  3alpONOHOBAHO
TPHETATHUN ANTOPUTMIYHAN MaWIUIaifH morepenasoi 00pooku manux (FOD
+ VBS + SFE). Ha nepmomy erami 3acTOCOBYEThCS METOJ TIEPIIUX Pi3HHUIb
FOD B3n0Bx yacoBoi oci makeTiB. Lle m03BoNsIE€ YCYHYTH BIUTHB BiZOUTTS
PamioXBWIb Bill HEPYXOMHUX 00'€KTiB (CTiH, MEONIB) Ta BHIUIATH BHUKIFOYHO
JUHAMIYHY CKIIQJIOBY PyXy 00'€KTa.

Ockinbku He Bei migHecydi vactotd OFDM-kaHamy oTHAKOBO UyTIHUBI 10
MIKpOpPYXiB JIIOIMHM, Ha JPyroMy eTaml 3acTOCOBYEThCS aJalTHBHUIN
nucnepciinuii Bindoip VBS.

JIJist KOXKHOT i IHECY40T 00UHCITIOETRCS 11 AUCIIEPCisl y 4aCOBOMY BIiKHI 3a

dopmyoro (1):
T

1 2
2 _
0f === ) (Deic— )" #(D)
t=2
me T — KIIBKICTh YacOBHX  BIIIKIB; De aMInTiTYAa
mudepenuiiopanoro curnany Ha K-it migmecywiit; Mk — wmaremaTtuune

CIOJIBAaHHS aMILTITYIH. AJIITOPUTM aBTOMATUYHO BigOupae 15 migHecydyux 3
MaKCHUMAaJIbHOIO BapiaTUBHICTIO, BIAKUIAIOYH 1HIII SK ITyMOBHUH OalacT.
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Ha tperbomy erani SFE mns ycyHeHHs 4acoBoi HaJMIpHOCTI KOXKHa 3
BiZIOpaHUX MiTHECYYHX ONHUCYETHCS BEKTOPOM 13 YOTHUPHOX CTATUCTUYHHX
MOMEHTIB: MaTeMaTHU4HE CIIOJiBaHHS, CEpPEeIHbOKBAJIpaTHYHE BiIXWIICHHS,
MaKCHMyM Ta MiHIMYM. Y pe3yJbTaTi MOYaTKOBA MaTPHUIL MEPETBOPIOETHCS
Ha OJHOBHMIPDHUI BEKTOp, PO3MIPHICTh SKOTO CTaHOBUTH Jmme 60
CIIEMEHTIB.

Jns oumiHKA e(QeKTHBHOCTI PO3pOOIEHOr0 MeTomy Oylio IpOBEACHO
eKCTIEPUMEHTAJIbHE MO/ICIIOBAHHS 3 BUKOPUCTAHHSIM BIAKPUTOTO allapaTHOTO
nabopy manux CSI-DATASET-ESP32 [4]. B sixocti knacudikaropa s
cucteM KepyBaHHS oOpaHo aHcamOieBuit amroputM Random Forest (100
nepeB). Pesyneratn mopiBHSHHS 6a30BOro migxony (momada CHpOi MaTpHIIi)
Ta pO3pOOJICHOTO aNropuTMy HaBe[eHo B Taomumi 1.

Ta6auns 1. TlopiBHsUIbHUI aHANTI3 6a30BOr0O Ta 3alPOIIOHOBAHOTO METOIIB 0OPOOKH

Csl
Kpurepiit Bazosuit meton (Raw| 3ampomoHoBaHMIA MeTOA
OIIIHIOBAaHHS Matrix) (FDO+ VBS + SFE)
KinbkicTh 03HaK (Ha 1 26 000 60
JKECT)
CTUCHEHHS aM'sTi 004 ~99.77 %

TounicTh 79.45 % ~90.75 %
pO3Mi3HaBaHHS
Yac iHdpepeHcy 0.0902 mc ~0.0230 mc

AHaii3 oTpUMaHuX pe3yJbTaTiB JOBOIMTH, IO I10/a4a IIOBHOTO CIIEKTpa
MiJHECYYUX € HAJINIITKOBOIO 1 CTBOPIOE OOYMCIIOBANBbHE “BY3bKe MicIe”.
3acTocyBaHHsl 3alpOIOHOBAHOTO KOMOIHOBAaHOTO MaMIIaliHy O3BOJIMJIO
cTucHYTH 00'eM ganux Ha ~99,77 %. BigkunanHs anapaTtHoro HIymy
BUKOHAJIO POJb TPHUPOJAHOI peryisipusaliii, MO0 MiJABUIIMIO 3arajibHy
TOYHICTh Kiacudikaii kepyrouux xecTiB 3 79,45 % no 90,75 % [6]. [Ipu
IbOMY Yac JIOTIYHOTO BUCHOBKY ckopoTuBcs 110 0,0230 mc.

[lincymoByroun, 3amporOHOBAaHMK  TiOpUAHMH  MeTox  O0OpoOKH
HekoHBeHIiHnX CSl-ganux Bupimye mnpobiemMy MacmTaboBaHOCTI Ta
PECYpPCOMICTKOCTI B CHCTEMax paaioyacTOTHOrO 30HAyBaHHs. HamBucoka
HIBHJKICTH iH(EpEeHCy Ta eKcTpeMallbHe CTUCHEHHS IIPOCTOPY O3HAK POOIATh
el ajropuT™ ineassHUM Oaszucom Juisi ctBopeHHst Edge Al cencopiB y
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CHCTEMAX PO3YMHHUX 6y,[[iBeJ'II), HpOMI/ICHOBOI aBTOMaTI/I?,aHi.l. Ta
KOMH'}OTepHO-iHTerOBaHI/IX TEXHOJIOTIAX 3arajaoM.
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Annomauin. 'V pobomi euxonano nopigusieHull ananiz oyinku mooeneti GNN-
DRL, ¢pedepamusne DRL ma GCN-Transformer-RL dns adanmusnozo, egpexkmuenozo
I MAcumabo8an020 asMomMamu308aHo2o Kepyeantsa pecypcamu 10T-uepeorc.

Knrouosi cnosa: ynpasninna pecypcamu, cunmes iHmeneKmyaibHux mooenell

Abstract. Comparative analysis evaluates GNN-DRL, Federated DRL and GCN-
Transformer-RL for adaptive, efficient and scalable automated resource management
in 10T networks.

Keywords: 10T resource management, synthesis intelligent models

The efficiency of modern l1oT networks depends on the ability to allocate
computing, communication and energy resources under rapidly changing
workloads and network conditions [1]. Recent research increasingly applies
graph neural networks [2], transformer architectures and federated
reinforcement learning [1] to overcome the limitations of static and centrally
trained resource management methods..

The aim of this paper is to determine the most suitable intelligent models
for automated 10T resource management through comparative evaluation of
their adaptability, computational efficiency and scalability.

The analysis focuses on three model classes that provide different
mechanisms for processing spatial, temporal and distributed information.
GNN-based reinforcement learning represents loT devices and
communication links as a graph and uses graph embeddings to support
adaptive allocation decisions. This approach is effective when resource
requirements depend strongly on network topology and interactions between
neighbouring nodes. Recent research demonstrates that combining
GraphSAGE with deep reinforcement learning improves resource allocation
decisions while maintaining the possibility of distributed deployment.

Federated reinforcement learning distributes model training between edge
participants and aggregates locally obtained model updates. This architecture
is suitable for 10T environments with heterogeneous devices and privacy
constraints because raw operational data remain at local nodes. A recent
implementation combines federated learning with D4PG and hybrid
BiLSTM-GRU-attention forecasting for dynamic resource allocation and task
scheduling, demonstrating improved resource utilization, energy stability and
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model performance compared with conventional reinforcement learning
approaches.

The third class combines graph convolution, Transformer-based temporal
modelling and reinforcement learning. Graph convolution extracts structural
dependencies between loT nodes, Transformer mechanisms identify temporal
dependencies in resource demand, and reinforcement learning converts the
resulting representation into adaptive allocation decisions. A recent DRANet-
GCN+ architecture additionally incorporates adaptive metaheuristic
optimization and graph partitioning to reduce computational overhead in
resource-constrained environments.

The comparison (table 1) shows that GNN-DRL provides the most
balanced architecture for topology-dependent resource allocation, while
Federated DRL is preferable for geographically distributed systems with
heterogeneous data sources. GCN-Transformer-RL offers the most
comprehensive modelling of spatial and temporal dependencies but requires
additional computational resources because of its multi-component
architecture.

Table 1. Models comparation

Intelligent model Adaptability Co?fﬁg:::l?ynal Scalability
GNN-DRL High High High
Federated DRL Very high Medium Very high

GCN-Transformer- . . .
RL Very high Medium High

As a conclusion we can declaim, that the selection of a specific architecture
should be determined by the required balance between network awareness, distributed
learning, computational cost and scalability.
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SECTION 3. DIGITAL PLATFORMS, SECURITY, AND ICT
INFRASTRUCTURE
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OLIHKA IHCTPYMEHTIB IJIsI TECTYBAHHSA
HABAHTAKEHHS CRUD 3A CTAHJIAPTAMM API HA OCHOBI
MOKA3HHUKIB NIPOAYKTUBHOCTI
M. Menaenesa, Ph.D., C. Xnamos, Ph.D., O. Bok, T. TpyHoBsa,

C. JINTBUHEHKO
Xapriecvruil HayioHanbHUll yHieepcumem padioerekmponiku, Ykpaina

Anomauia. Y pobomi nopiguioemuvcs npooykmusHicmo k6, JMeter ma Postman
ona HasanmaoicysanvrHozo mecmysanuss REST API 3a 4 pisnux npoginie po6ouozo
Haganmaoicentsi. [ oyinku 610 GUKOPUCTNAHO  JIOKAJIbHO — PO320PHYMULL
sacmocynok Node.js, a uac gioeyky, cnoocusannss CPU ma RAM  6yno
npoananizoeano 3a oonomozoio ANOVA. Pesyremamu O0emMOHCMpPYiomb 3HAYHULL
6NAUE THCMPYMeHmY ma po604020 HABAHMAIICEHHS HA PEe3VIbMamu nep@hopmanc
mecmysanns. JMeter zabesneuue naiikpawuii yac 6io2yky ezazaiom, K6 nokazae
binvuty eghexmuenicmev suxkopucmawnis pecypcie, a Postman moorce 0obpe niditimu
0718 WBUOKO20 MA 1e2K020 mecmy8anHs npodykmuenocmi API.

Knrouosi cnosa: mecmyeanns npoOyKmueHOCHI, Mecmyeants. HAGAHMAIICEHH],
k6, Postman, JMeter, uac 6i0nogioi, poboye Ha8aHMAaiCeHHsL.

Abstract. This study compares k6, Apache JMeter, and Postman for REST API
load testing under 4 different workload profiles. A locally deployed Node.js
application was used, and response time, CPU, and RAM consumption were
analyzed using two-way ANOVA. The findings demonstrate significant effects of tool
and workload on performance test results. JMeter provided the best response time,
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k6 showed greater resource efficiency, and Postman can be suitable for lightweight
API performance testing.

Keywords: performance testing, load testing, k6, Postman, JMeter, response
time, workload.

API performance is essential for reliable and scalable distributed systems
[1], but evaluation results may vary depending on the testing tool and its
execution mechanisms [2]. This is especially important for on-premise
systems handling sensitive data, where realistic and efficient testing,
together with adequate documentation and tool integration, is required,
especially in conditions of remote and hybrid teamwork. This study
compares k6, Apache JMeter, and Postman for REST API focusing on the
effects of tool selection and workload profiles on overall and endpoint-level
performance. k6 provides efficient JavaScript-based execution, JMeter
supports diverse protocols and workloads with higher resource
requirements, while Postman provides reusable API collections and
predefined load profiles with more limited workload configuration.

A unified REST APl workload was evaluated using k6, JMeter, and
Postman under four load profiles (Ramp, Spike, Peak, and Fixed), with 10
independent runs per Tool x Load combination. Response time, CPU RAM
consumption, workload, and error metrics were collected.

Two-way ANOVA assessed the effects of tool, load profile, and their
interaction on performance metrics. Experiments on a locally deployed
Node.js application with an embedded Better-SQLite3 database showed that
both Tool and Load significantly affected average and p95 response time (p
< 0.001, partial 1> > 0.6). JMeter achieved the best response-time
performance across most workloads, whereas k6 and Postman showed
higher latency under high-load conditions (see Figure 1).

Endpoint-level analysis showed that performance varies by request type
and workload, with JMeter showing the most stable performance for both
read and write operations. The findings demonstrate that load testing tool
selection significantly affects both performance and resource consumption.
While JMeter provided the best response-time results and k6 showed better
CPU efficiency but generally exhibited significantly higher response times
for GET requests, and Postman required more resources overall, no tool was
optimal across all workloads. Thus, load testing tool selection should
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account for response time, resource consumption, and workload
characteristics.

susrage Rasgorua Tma by Last Prfls

& oo i
" M 0.

a b)
Figure 1. Mean response time: a) Average; b) p95 response time.

Figure 2 and resource consumption analysis showed that k6 showed
advantages in CPU efficiency with higher memory consumption. Postman
tool exhibited higher resource consumption across workload profiles.

19 CPU by Leed Profia Arerage RAM by Load Prafle

a) b)
Figure 2. Average resources consumption by Load profile: a) CPU; b) RAM.
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AJITOPUTM HIN®PYBAHHS BIIEOIIOTOKIB,
SIKAW HE PO3IMOBCIO/IKY€ MMOMUJIKY
Dr.Sci., JI. Koanbuyk, Dr.Sci., C. Tinerypr, Ph.D., I'. Heaaca
ITncmumym npobnem mooenrosanns 6 enepeemuyi im. I.€. Ilyxoea HAH Yxpainu,
Yrpaina

Anomauia. I[lpeocmasneno  cnpowjenull — aneopumm — WUQPYBAHHA — O
MUMHAC08020 (8I0 200uH 00 OHig), 3axucmy gideonomoky bBIIJIA (6e3ninomnux
AiManeHux anapamis) @ cepedosuuiax 3 oomedceHuMu pecypcamu. Buxopucmosyrouu
3a1edHCHI 8I0 KNI0OUA NepecmaHo8KuU NiKCeni8 Ha OCHO8I MOOYIbHOI apugmemuxu,
cxema 3abesneuye Hepo3snOBCIOONCEHHs. NOMUNOK. Bukopucmosylouu nonepeonbo
obuucieni mabauyi NOWYKY 3AMICMb CKOPOYeHb NO  MOOYMIO, 00CALAEMbCS
cknaonicmo O(mn), 06pobasiouu kaopu menws Hixe 3a 0,3 cekyHOu 3 MIHIMATBHOWO
OONOMIICHOIO nam'smmio
(<1000000 6im). B docnidoiceni oyinroemvca maxkoxc Kpunmoepapiuua cmitikicme
3anpPONOHOBAN020 ANCOPUMMY.

Knrwwuoei cnosa: wugpysanns 6ideonomokxy, Oe3nilomui AimanvHi anapamu,
manopecypcua  Kpunmoepagis, — HepO3NOBCIOOJCEHHs.  NOMUNOK,  MOOYIbHA
apugpmemuxa

Abstract. This paper presents a lightweight encryption algorithm for temporary
(hours to days) UAV (unmanned aerial vehicle) video stream protection in resource-
constrained environments. Using key-dependent pixel permutations based on
modular arithmetic, the scheme ensures error non-propagation. By utilizing
precomputed lookup tables instead of modulo reductions, it achieves O(mn)
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complexity, processing frames in under 0.3 seconds with minimal auxiliary memory
(<1000000 hits). The study also evaluates the cryptographic resistance of the
proposed algorithm.

Keywords: video stream encryption, unmanned aerial vehicles, lightweight
cryptography, error non-propagation, modular arithmetic

UAV video encryption is constrained by delay, RAM, energy
consumption, and channel errors. AES-based solutions demonstrate real-
time protection on selected platforms [1], but do not directly combine
temporary security with pixel-level error localization. Following the setting
of [2], the proposed design targets a total encryption/decryption time below
0.3 s per frame and auxiliary memory below 10° bits, excluding the image
buffer. It only permutes pixel values; therefore, under byte-preserving
transmission, corruption of one ciphertext byte can alter at most one
decrypted pixel. This property is separate from cryptographic security.

In this study, a lightweight (low-resource) algorithm with temporary
security (hours to days), designed for encrypting rectangular images, was
developed. It possesses the following properties.

1. No error propagation. If distortions occur in the communication
channel during ciphertext transmission and certain bytes are received
incorrectly, the number of corrupted bytes will not increase upon
decryption.

2. High processing speed. The encryption and decryption time does not
exceed 0.3 seconds.

3. Low memory footprint. The memory required to implement this
algorithm does not exceed 108 bits (excluding the memory needed to store
the image itself).

4. The algorithm provides temporary cryptographic resistance, ranging
from 2 hours to several days, depending on the operational tasks and the
adversary model.

The proposed permutation has O(mn) complexity, low auxiliary
memory, and localizes ciphertext-byte errors in the stated frame model. The
present assessment provides only preliminary brute-force bounds; statistical,
known-plaintext, chosen-plaintext, and structural attacks, as well as tests on
real UAV hardware, remain future work.
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Anomauia. /locnioscenus npucesauere ananizy yughposux incmpymenmis nio vac
OUCMAHYIIHO20 HABUAHHA MAUOYMHIX CYOHOMEXAHIKIE, 30Kpema nio Yac 6ueueHHs
Mopcvkoi aneniticokoi mosu. TTiokpecaioemobcs, wjo mexnono2ii yugposoi 83aemooii
¥y Mepedicesux OCSIMHIX cepedosuwax pobusime HaguanHs GLlbul IHMEPaAKMUGHUM,
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CHYUKUM mMa aoanmosanum 00 6UM02 MOpcukoi eanysi. Jlocniodcenns nokasano
NO3UMUBHULL 8NUE KOMYHIKAMUGBHUX 3AX00I8 HA OCHO8I CUMYAAYIl Ma CRINbHUX
3a80anb HA POPMYBAHHA KOMYHIKAMUGHOI KOMNEMEHMHOCMI MAatloymHix MOpsKig.
byno oosedeno, wo yugposa 63acmodia cnpuse mooepuizayii Mopcvkoi ocgimu ma
8I0N0OBIOAE CYUACHUM NPOYecam yu@dposizayii.

Knrwwuosi crosa: mopcvki axieyi, komyuikamusHa Komnemenmuicms, Zoom,
LMS Moodle, yugpposizayis, oucmanyitine HaguaHHs.

Abstract. The paper is devoted to the analysis of digital tools while remote
learning of future mariners. It is highlighted that digital collaboration technologies
in remote, network-based learning environments make education more interactive,
flexible and adapted to marine industry demands. The research has shown positive
impact of simulation-based communication activities on the formation of
communicative competence. It was proved that digital collaboration supports the
modernization of maritime education and corresponds to current processes of
digitalization.

Keywords: maritime professionals, communicative competence, Zoom, LMS
Moodle, digitalization, remote learning

The current state of maritime education is characterised by an active
process of digitalisation, modernisation of professional training and reform
in accordance with international requirements and standards. In the
conditions of modern development of the maritime industry, the training of
future seafarers requires the introduction of innovative technologies, digital
platforms, distance learning and modern simulation systems.

According to the results of the Annual Report and Statements of the
International Association of Maritime Universities, Liaison Committee for
the Fiscal Year 2025 digitalization and smart technologies should be used
for sustainability in maritime operations [1]. The purpose of the research is
to analyse ways to use digital tools to improve ship engineers’ skills during
distance learning. Moodle is one of the most widely used learning
management systems (LMS) in modern education and plays an important
role in organising remote and network-based learning environments in
maritime education. The platform provides opportunities for managing
educational materials, organising online courses, monitoring students’
progress, and supporting synchronous and asynchronous communication
between instructors and cadets [2, 3, 4].
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The use of digital collaboration technologies in remote, network-based
learning environments positively influences the development of
communicative skills of future marine engineers. The integration of
platforms such as Moodle, Zoom, and Google Docs contributes to
improving  professional interaction, teamwork, Maritime English
communication, and digital competence of cadets.

The conducted research demonstrates that collaborative online learning,
virtual teamwork, simulation-based communication activities, and
interactive digital tools create favorable conditions for the development of
communicative competence in modern maritime education. The use of
synchronous and asynchronous communication technologies enables cadets
to participate in professional discussions, solve collaborative tasks,
exchange ideas, and practice communication in situations close to real
maritime professional environments.

The study also confirms that digital collaboration supports the
modernization of maritime education and corresponds to current processes
of digitalization and educational reform. Online communication platforms
and Al-supported tools promote flexibility, accessibility, student-centered
learning, and professional adaptation of future marine engineers to
technologically advanced and multinational working environments.
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Anomauia. Memoio yb020 00CHiONHCeHHsI € B00CKOHANEHHs npoyecy eubopy
6110Ki8 300padiceHHA-KOHmelHepa ons niOBUUYeHHS. eghexmuernocmi
cmezanozpagiunoi cucmemu. Epexmusnicmv oyiHIOEMbC 30 00NOMO20I0 MEMPUKU
8I3YANbHOI AKOCMI CIMe2anon08I00OMIEHH — NIKOB020 CNIGEIOHOUIEHHS CUSHAL/WYM
(PSNR). Hatibinow 3uauywum pe3yismamom pobomu € po3pobneHHs iepapXiuHoi
CMpPYKmMypu 300paxiceHHsi HA OCHOBL 88€0€HO20 CMPO2020 NOPAOKY OIHAPHO20
BIOHOWIEHHS, BUSHAUEHO20 HA MHONCUHI OI0KI6 300padicenHs, ke 8i000paxcacmvcs y
cnpamosanuti  3eadicenuii  epag.  Bukopucmamnna  yvoco  epagha  niosuugye
epexmuenicmos cmeeanoepaghiunoi cucmemu Ha 2,7 %. 3anpononoeana iepapxiuna
CMPYKMypa KOHMeUHepa € YHI8epCatbHuUM IHCMpPYMeHmoM 01 peanizayii 008iibHOT
Memu 8UOOpY.

Knwuoei cnoea: nepyenmusna HaOiiHicb CmMe2aHONO0GIOOMIEHHS, YUppoge
300pascenns, I€papxiuHa CcmMpyKmypa, CHpAMOSAHULl 38adceHull epag, OiHapHe
BIOHOUIEHHSL.

Abstract. The objective of this study is to refine the cover image block selection
process to enhance the efficiency of the steganographic system. Efficiency is
evaluated using the visual quality metric of the stego-message — the peak signal-to-
noise ratio (PSNR). The most significant result of this work is the development of a
hierarchical image structure based on an introduced strict order binary relation
defined over the set of image blocks, which is mapped to a directed weighted graph.
Utilizing this graph increases the steganographic system's efficiency by 2.7%. The
proposed hierarchical cover structure serves as a versatile tool for achieving an
arbitrary selection objective.
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Keywords: perceptual reliability of the stego-message, digital image,
hierarchical structure, directed weighted graph, binary relation.

Under conditions of hybrid conflict, where information systems become
the primary target, ensuring their information security and cyber defense
relies not only on the reliability of data encryption, but also on concealing
the very fact of its existence. In the context of critical infrastructure,
steganography emerges as a vital and highly relevant defense tool [1]: when
an adversary cannot detect the communication channel, they can neither
attack nor block it. Enhancing the steganographic system to improve the
visual quality of the generated stego-message is a vital component for fault-
tolerant control systems capable of operating under conditions of direct
digital aggression — to which Ukraine is currently continuously subjected —
and represents an urgent task in information security. Hierarchy is one of the
most general classification methods utilized by humans, and hierarchical
structures are effectively employed to model real-world processes across
various domains of human activity. The objective of this study is to enhance
the efficiency of the steganographic system by refining the selection process
for digital cover image blocks most suitable for steganographic
transformation — independently of the steganographic method used for
embedding additional information (AdInf) — based on the development and
subsequent utilization of a hierarchical digital image (DI) structure.

The efficiency of the steganographic system in this study is evaluated
using a quantitative visual quality metric of the generated stego-message —
the peak signal-to-noise ratio (PSNR) [2].

The objective of the study was achieved by addressing the following
tasks: developing a hierarchical digital image structure taking into account
its domain of further application, and establishing the principles for
constructing a graph corresponding to this hierarchical DI structure.

As a result of this study: a hierarchical DI structure was developed based
on the strict order binary relation “consists of”” defined over the set of image
blocks, establishing its partial ordering. This hierarchical DI structure
enables an in-depth analysis of individual block properties to select priority
cover subregions for AdInf embedding by examining their internal
components; principles were established for constructing a directed
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weighted graph corresponding to the hierarchical DI structure. This graph
allows for block selection for steganographic transformation through both
top-down and bottom-up structural analysis. Consequently, relatively large
blocks — whose participation in steganographic transformation is undesirable
— can be excluded at early levels of the hierarchy, effectively reducing the
“search space” and lowering the computational cost of selection; the
proposed hierarchical DI cover structure and its corresponding graph —
which enable coarse selection followed by subsequent “refinement” — serve
as a versatile tool for achieving an arbitrary selection objective, as reflected
by the weight coefficients of the graph vertices; utilizing the hierarchical
structure graph to select DI cover blocks with the specific objective of
ensuring (relatively) high visual quality of the stego-message improved the
quantitative distortion metric (PSNR) of the cover resulting from
steganographic transformation by 2.7% compared to selection based on
fixed block partitioning, regardless of the specific transformation method
employed.
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Anomauia. Ilposedeno enacme cumynayiiine OOCHIONCEHHA BNAUBY CHYDiHEY
HagieayiliHux OAHUX HA AOANMUSBHY MAPWPYMU3AYil0 MOPCLKUX CYOeH ma
eexmugrHocmi KOHceHCYcHOi nepesipku Oxcepen. Ha pospobneniii  asmopamu
cunmemuunii moodeni (500 sunpodysany) cnygine niosuwus eapmicme mapupymy
Ha 16,9% i wacmomy 3axody 6 Hebezneuni 30Hu 00 47,4%. Ilepesipxa mpvoma
Ooicepenamu 3Husuna yi nokasuuku 00 4,0% i 18,6%, xomnencysaswu 76% eniugy
amaxu. Bnepuie ompumano KinbKiCHy OYIHKY eghekmy eepupikayii oanux 01s yiei
3a0aui.

Knwuoei cnoea: aoanmusna mapwpymusayis, cny@ine oanux, eepucixayis
Oanux, Kibepbesnexka, XmMapui OOUUCIEHHA, MOPCLKULU MPAHCHOPM, CUMYIAYILIHEe
MOOeN08aHHsL.

Abstract. We conducted our own simulation study quantifying how spoofed
navigational data affects adaptive maritime routing and how multi-source consensus
verification mitigates it. On our synthetic testbed (500 trials), spoofing raised route
cost by 16.9% and hazard-zone entries to 47.4%. Consensus verification across
three sources reduced these to 4.0% and 18.6%, recovering about 76% of the
spoofing-induced degradation — the first quantitative measurement of this effect for
adaptive maritime routing.

Keywords: adaptive route optimization, data spoofing, data verification,
cybersecurity, cloud computing, maritime transport, simulation study.

Introduction. Maritime transport carries over 80% of global trade, and
fuel costs can reach 60% of operating expenses [1]. Adaptive cloud-based
routing increasingly relies on live AlS, weather and current data, yet these
channels are exposed to spoofing and cannot be treated as trustworthy
without verification [2].

Goal of the work. To quantify, in our own controlled simulation, how
much spoofed navigational data degrades an adaptive maritime routing
agent, and how much of this degradation a multi-source consensus check
recovers — extending our previously validated PPO-based routing method
[3] and the NIST Zero Trust verification principle [4] with a first empirical
measurement of this specific effect.

Main part. We generated a synthetic 30x30 grid sea area with a smooth
weather/current cost field and hazard zones on 6% of cells (fixed random
seed for reproducibility). We implemented a lightweight rule-based routing
agent - a fast stand-in for our PPO agent, chosen here for rapid controlled
experimentation rather than full retraining - that replans locally at every
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step, moving to the neighbouring cell with the lowest reported cost that
reduces distance to the destination. We ran three conditions over 500
independent trials each: clean data; corrupted data, with 15% of readings
spoofed (a hazard hidden as clear, or a false hazard fabricated); and
consensus-verified data, where every reading is the median of three
independent reports.

With clean data, the agent reached the destination in 100% of trials, with
zero hazard entries and a mean true path cost of 57.2 units. Spoofing raised
the mean cost by 16.9% and produced hazard-zone entries in 47.4% of trials.
Consensus verification cut the cost increase to 4.0% and the hazard-entry
rate to 18.6%, recovering about 76% of the cost degradation caused by
spoofing. These figures give the first quantitative measurement, for this
routing setup, of how much a simple data-verification layer is worth.

Conclusions. Our simulation shows that unverified spoofed data
measurably degrades route quality and safety, while a simple multi-source
consensus check recovers most of that loss. This is our first empirical result
toward a secure adaptive routing system; next we plan to repeat the
experiment on the full PPO agent with real AIS and weather traces, and to
extend it to multi-agent fleet-level routing.
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Anomauia. [ns O0ocniodxcenHs 6naugy CMpYKMypoOSBaAHUX NOSACHEHb HA 008ipy
PO3POOHUKIE ma  HAlexCHe NOKIAOaHHs Ha pekomenOayii Il nio wuac
aABMOMAMU306AHO20  PEYEH3Y8AHHS KOOV  PO3POOAEHO MA  IHMeSpo8ano y
poswupennsi Git AutoReview nosicnioganvhuil wap immepgeticy. Pezynomamu
niloOMHO20 KOHmMpOJIb0B8AHO2O 6Hympiwnbocy6 "€EKmMHO20 eKcnepumermy nokasaniu,
WO NOACHEHHA He niosuwuIu 008ipy abo 3a2anbHUll NOKA3HUK HANEHCHO20
NOKAAOAHHS, ale SMEHWUIU HeOOCMAMHE Ma 30i1buuny HaOMIpHe NOKAAOAHHSL.

Knrwuoei cnosa: eenuxi MoHI MoOeni, agmomamusosare peyeH3y8anHs Kooy,
noscuroganvuui LI, oogipa oo LI, nanesxcue noknaoanus na LI

Abstract. To investigate the effect of structured explanations on developers’ trust
in and appropriate reliance on Al recommendations during automated code review,
an explanation layer for the human-Al interface was developed and integrated into
Git AutoReview. Results from a controlled within-subjects pilot experiment showed
that explanations did not increase trust or overall appropriate reliance; however,
they reduced under-reliance while increasing over-reliance.

Keywords: large language models, automated code review, explainable Al, trust
in Al, appropriate reliance on Al.

Code quality assurance is essential for all software, including software
for embedded control systems, where errors can threaten human safety.
Therefore, I1ISO 26262 and MISRA C:2025 establish code verification
requirements, yet manual verification cannot keep pace with growing
software complexity. LLM-based code review can address this challenge,
but its adoption is hampered by developer distrust: up to 70% of surveyed
C++ developers do not trust Al because of its “black-box” nature and risk of
“hallucinations” [1]. XAI may improve transparency, but the impact of
explanations on developers’ code review behavior remains insufficiently
studied. This study aims to enhance developers’ appropriate reliance on
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automated code review recommendations by developing and empirically
evaluating an explanation layer for the human-Al interface.

To achieve this goal, a pilot version of this layer was developed and
integrated into the Git AutoReview extension for Visual Studio Code. The
layer follows a two-level template [2]. The first level, visible by default,
includes the title, severity, fix suggestion, confidence score (0 — 100), and a
brief explanation. The on-demand second level adds references to rules and
guidelines, alternative fixes and their trade-offs, and project-context
citations. The explanations were generated by Claude 3.5 Sonnet using
chain-of-thought prompting and RAG. Review findings were pregenerated
to provide identical stimuli, eliminate LLM variability across participants,
and record the generation parameters for each finding. The interface also
omitted model and brand names to reduce participant bias.

Three hypotheses were formulated to empirically evaluate the
explanation layer: an increase in developers’ trust (H1), an improvement in
appropriate reliance (H2), and an effect on decision-making time (H3). A
controlled  within-subjects experiment involved eight professional
developers with at least six years of experience who regularly perform code
reviews. Each participant evaluated review findings under baseline and
explanation conditions. Deterministic SHA-256 hashes provided
reproducible counterbalancing of conditions and scenarios. H1 and H2 were
tested one-sided (B > A), whereas H3 was tested two-sided; effect sizes
were estimated using Cohen’s dz and rank-biserial r. None of the three
hypotheses was supported (Table 1). However, under-reliance decreased
from seven to three cases, while over-reliance increased from four to six. No
significant difference in decision-making time was found, although six of
eight participants made decisions faster with explanations.

Table 1. Hypothesis testing results

Hypothesis Median A | Median B Wilcoxon test Effect size
H1. Trust (1-7) 5.58 3.50 W=13.0; p=0.77 r=-0.25;
dz=-0.29
H2. 0.83 0.83 W=17.0;p=0.34 r=+0.14;
Appropriate dz =+0.15
reliance (rate)
H3. Decision- 149 141 W=8.0;p=0.20 r=-0.50;
making time, s dz=-0.51
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The findings are consistent with viewing XAl as a means of calibrating
rather than simply increasing trust. Explanation interfaces should account
for the risk of making incorrect recommendations more persuasive and
encourage developers to verify Al outputs. Given the pilot nature of the
study, these findings require validation with a larger sample.
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Anomauin. 3anpononoeano Mmexamizm ROCIO08HOI nepesipku  YinicHocmi
menemempii yu@pposux OGIUHUKIE HA OCHOGI KpUNMOSpAPIUHO20 36 A3Y8aAHHS
naxkemig. Mexanizm ghopmye 3anedxicnicmo Midc ROMOYHUM NAKEMOM | NONEPeOHiM
KpUnmozpagiuHum Cmanom, wo 0de 3Mo2y GUAGIAMU MOOUPIKaAYi0, 6CMABLEHH,
BUOAIEHHS, NOGMOPHY Nepeoayy ma 3MIiHy nopsaoky nakemis. Peanizayis na ocHo6i
ASCON-Hash256 zabesneuye nepesipky nomoky 3i 30epesiceHnsm auuLe 0CmanHb020
8ai0HO20 Kpunmoepagiunozo cmany. Excnepumenmanvua nepesipka niomeepouna
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pisenv  eusagiennsa mauinynayiti nowao 99 % 3a wue3naunoeo 30inbuieHHs
004UCTTIOBATILHUX sumpam.

Knwuoei cnosa: yugposuii 0gilinux, yiricnicmo menemempii, Kpunmozpagiune
38 ’A3Y8AHHA, NOJle2uleHe Xeuy8anHs, 60Y008aHi cucmemu.

Abstract. A sequential integrity verification mechanism for digital twin telemetry
based on cryptographic packet chaining is proposed. The mechanism establishes a
dependency between the current packet and the previous cryptographic state,
enabling the detection of packet modification, insertion, deletion, replay, and
reordering. The ASCON-Hash256-based implementation verifies the telemetry
stream while maintaining only the latest valid cryptographic state. Experimental
evaluation confirmed a manipulation detection rate above 99% with a modest
increase in computational overhead.

Keywords: digital twin, telemetry integrity, cryptographic chaining, lightweight
hashing, embedded systems.

Digital twin technologies synchronize physical objects with their virtual
representations through telemetry generated by sensors, embedded devices,
and edge nodes. Their reliability depends on data integrity, since
manipulated telemetry may distort the physical state and affect monitoring,
prediction, diagnostics, and control [1]. Therefore, integrity protection must
operate continuously with limited computational and memory overhead.

Conventional integrity verification relies on cryptographic hashes,
message authentication codes, digital signatures, and authenticated
encryption. However, these mechanisms generally process messages
independently and provide limited control over telemetry sequence
continuity. Packet insertion, deletion, replay, and reordering therefore
require additional verification, particularly in resource-constrained 10T
devices [2]. To address this limitation, a sequential integrity verification
mechanism based on cryptographic linking of consecutive packets is
considered. The cryptographic state of the preceding packet is incorporated
into the next message, extending verification from individual packets to the
entire telemetry stream. Each packet contains the payload, timestamp,
sequence number, previous integrity value, and current hash. The timestamp
and sequence number support detection of replay and sequence
manipulation, while the previous integrity value establishes a cryptographic
dependency between consecutive packets. Lightweight cryptographic
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primitives enable implementation on resource-constrained platforms with
low computational requirements [2, 3].

When a packet reaches the digital twin, its previous hash is compared
with the stored cryptographic state. If they match, the current hash is
recomputed and verified. Successful verification confirms packet integrity
and sequence continuity, and the verified hash becomes the state for the next
packet. The verification procedure is presented in Fig. 1.

PACKET HASH PREVIOUS HASH INTEGRITY SYNCHRONIZATION

ARRIVES CALCULATED CHECKED DECISION

RECEIVE PACKET CALCULATE HASH

ACCEPT PACKET &

Paylosd UPDATE STATE

NEXT
PACKET

RESYNCHRONIZATION
INTEGRITY FALURE »|  Request latest vabd
Reject Packet cryptographic state
from sender

Figure 1. Flowchart of the sequential integrity verification procedure for digital twin
telemetry

If an integrity mismatch is detected, the packet is rejected and
resynchronization is initiated. Instead of reconstructing the complete
telemetry history, the latest valid cryptographic state restores verification,
reducing processing and avoiding retransmission of previously verified data.
The mechanism requires one lightweight hash computation per packet and
maintains a constant-size cryptographic state regardless of stream length,
which is important for resource-constrained 10T and edge devices [4].

The experimental implementation used an STM32F407 microcontroller
as the telemetry source and an ESP32-S3 as the communication gateway.
The embedded software operated under FreeRTOS with ASCON-Hash256
as the lightweight cryptographic primitive, while the digital twin verification
module was implemented on a personal computer. Experiments involved
10,000 telemetry packets with payload sizes of 64, 128, and 256 bytes, with
modification, insertion, deletion, replay, and reordering introduced during
transmission. The results demonstrated low additional computational costs.
Average processing time increased from 142.8 ps for independent hashing
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to 151.6 ps for sequential verification, corresponding to 6.2% overhead.
RAM consumption increased from 416 to 448 bytes (7.7%), Flash memory
from 31.4 to 32.0 kB (1.9%), and CPU utilization from 17.8% to 18.9%
(6.2%). The number of hash computations remained one per packet, with

computational complexity of O(”).

Approximately 5% of packets were intentionally manipulated in each
experimental scenario. Precision, Recall, and F1-score exceeded 99%,
confirming reliable detection of telemetry manipulation. Unlike independent
hashing, the proposed mechanism verifies both packet integrity and stream
continuity, enabling detection of insertion, deletion, replay, and reordering
through cryptographic state violations.

The results demonstrate that sequential cryptographic linking extends
integrity verification from individual packets to the entire telemetry stream
without increasing hash operations or asymptotic computational complexity.
The approach is suitable for resource-constrained digital twin systems and
can be applied in industrial 10T, edge computing, medical monitoring, and
other cyber-physical environments.
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LORAWAN B ABIAIIII: KOMILJIEKCHHUI AHAJII3
KIBEP3AI'PO3 TA CTPATEIIN 3ABE3NEYEHHS CTIMKOCTI
5. Teprye, J. Koznosebka, b. Koruk
Hayionanonuii ynieepcumem “Kuigecokuii Agiayitinuu incmumym”, Ykpaina

Anomauia. YV  ceimosiii  iHppacmpykmypi  nogimpaHoz0  MpaHCNOpmy
BIPOBAONHCYEMBCA  KOHYenyisa «po3ymHo2o aeponopmyy». Kpim moeo, eenuxa
KIIbKICMb  YUBITLHUX MA  GILICbKOBUX CIYIHCO Yowce BUKOPUCMOBYE 6Oe3niiomHi
aimanvui anapamu (BIIJIA) 0ns 6UKOHAHHA DIZHOMAHIMHUX 3A60AHb. 3 Memorw
inmeepayii yux cayxcd y cucmemy yYnpaguinus nosimpsHum pyxom (ATM)
CmMEopIombCsi mak 36ami «uimaioyi mepexci ad-hocy (FANET). Ak nimaroui, mak i
CMAayioHapHi  eneMenmu  CUCMEeMU MOHIMOPUHZY NOGIMPAHO20 NPOCMOpPY 6
aeponopmax ymeoprioms po3noodileHy cucmemy, AKa nompeoye eHepeoepheKmusHux
6e30pomogux mepexnc O meremempii ma MOHIMOPUH2Y HA 8eUK] 8IOCMAHI.

Knrwuoei cnosa: LoRaWAN, kibepbesneka, cmitikicms 00 nepeukoo, wmyyHuil
iHmenexkm, 00poOKa OaHUX, MAUUHHE HABYAHHS.

Abstract. Air transport infrastructure of the world is implementing the Smart
Airport concept. In addition, a large number of civil and military services are
already utilizing Unmanned Aerial Vehicles (UAVS) in various types of missions. To
realize the integration of these services in Air Traffic Management (ATM) so-called
Flying Ad-hoc Networks (FANETS) are being established. The flying as well as the
static entities of the air space monitoring system at airports form a distributed
system which requires energy efficient wireless networks for telemetry and long
distance monitoring.

Keywords: LoRaWAN, Cyber Security, Interference Immunity, Artificial
Intelligence, Data Processing, Machine Learning.

The smartification of airports, vast-scale introduction of numerous 10T
devices, increased number of flights performed by drones and the
implementation of Flying Ad Hoc Networks (FANETS) require the
development and deployment of long-distance, low-power consumption
wireless systems to provide telemetry and other monitoring services. The
paper describes the security issues that arise in aviation when implementing
a wireless communication technology such as LoRaWAN that is energy
efficient and has large coverage area and which can function in different
complex radio environments. The aim of this paper is to research
LoRaWAN security threats in the aviation systems and to provide methods
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for improving the resilience of communication systems subject to various
kinds of interference and cyber-attacks [1, 3, 5].

The main objective of the research work is to assess the potential of
applying the LoRaWAN technology in aviation communication systems.
The purpose of the research work is to examine the possible threats to
LoRaWAN networks and to analyze possible ways to protect against them
as well as to justify an integrated approach to protect against possible threats
to LoRaWAN networks, based on adaptive radio resources management,
cryptographic methods, and intelligent detection of unusual activity. We
studied several scenarios for using LORaWAN communication in various
applications, such as those for the UAVs equipped with gateways, for the
Flying Ad Hoc Networks, for airport sensors and for the transmission of
telemetry information for the unmanned aircrafts. The research is based on
several publications on the subject that describe the architecture of the
LoRaWAN, physical and protocol layer threats to security, applications of
the technology in aviation and methods for improving the communication
resilience [1, 2, 4].
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(Aviation Sensors) (Ground Stations) (Air Traffic & Operations)
) Network
Aircraft Structural Server

Data De-Duplication

Health Monitoring
gzl &
2(|2|]|2
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Figure 1. LoRaWAN Protocol Architecture
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Simulation-based validation confirms the proposed cross-layer
LoRaWAN framework. Under reactive jamming, PDR rose from 57.45% to
94.54%, and Jamming Resilience Index from 0.7639 to 0.9783. The IDS
detected all jamming events (mean delay 76.8 s, 0.7% false positives);
recovery restored target PDR within 60 s. Combining gateway diversity,
adaptive radio parameters, attack detection, and channel switching improves
LoRaWAN 1.1 availability, supporting airport telemetry, UAV swarms, and
degraded-mode backup communication.
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SECTION 4 MODELING, SOFTWARE ENGINEERING, AND
APPLIED ICT
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TPAHCCKJIEPAJIBHIN LUKJIOPOTOKOALYJISILIIT
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Anomauia.  3anpononogaro  iHOOPMAYIUHO-0OUUCTIOBANbHUL  NIOXI0 00
OYIHIOBAHHA ehekmusHOoCmI ma Oe3neKu MpaHcCKAepaIbHOI YUKIOGomoroacyiayii
(TCK LH®K) npu Heo8acKyiApHili 21dyKOMi HA  OCHO8I  MOOeMo8aAHHSA
memnepamyproi 6ionoeioi yuniaproeo mina. TemnepamypHny OuHamiKy eusHauaiu 3a
pienannsam  6iomenaoneperocy Ilenneca 'y 0808UMIDHOMY — OCICUMEMPUUHOMY
HAOMUDICEHHT OISl CMPYKMYPU — «CKIepa—yuiiapHe miioy, a JazepHe Menjioge
Odoicepeno  — 3a  3axkonom bByeepa—Jlambepma—bepa. [locniosxceno  pescumu
Continuous Wave (CW) ma MicroPulse npu nomysicnocmi 1 i 2 Bm ons oOunuunux
ma cepitinux anuikayiu. [na OYIMIOBAHHS DPEHCUMIB BUSHAYATU MAKCUMANLHY
memnepamypy, uac Oocsienenuss 50  °C, mpusanicmv  nepebysamHs Yy
mepanesmuunomy oianazoni 50-60 °C ma euwe 60 °C, a maxodc inmezpanvHi
nokasuuxu Therapeutic Exposure Index (TEI), Destructive Exposure Index (DEI),
Thermal Selectivity Index (TSI) ma Safety Margin. Bcmanosneno, woo CW 1 Bm x 2
¢ docsieae Koazynayitno2o nopoza 6es nepesuwenns 60 °C (Tmax = 50,8 °C; t50 =
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1,44 ¢), mooi sx CW 2 Bm cnpuuunse nepeepie mxanunu. Ilpu cepiiinux annikayiax
CW 1 Bm 3abe3neuye mepanesmuune HAKONUYEHHA MeN10680i 003U 6e3
OdecmpykmusHozo nepezpigy (DEI = 0), modi ax CW 2 Bm xapaxmepu3yemuvca
mpuganum nepebysannam euwe 60 °C. [ua MicroPulse Tmax wue oOocsaeae
Koazynayitinoeo nopoza (<49 °C). Pesynomamu niomeepoicytomv MONCIUBICHID
BUKOPUCTANHS MO0l 05l KITbKICHO20 NOPIGHSIHHA MA NONepeOHboi onmumizayii
napamempie  naseprnozo  enaugy. Haiicnpuamaugiwum 3a  CchiggioHOWEHHAM
egpexmuernocmi ma 6esnexu € pexcum CW I Bm x 2 c¢. 3anpononoeanuti nioxio
00360715€  ABMOMAMU3YEAMU  NOPIGHAHHA — ANLMEPHAMUSHUX — DEXHCUMIE  ma
BUKOHY8AMU NONEPEOHIO ONMUMIZAYIIO NapamMempis 1a3epHoi npoyedypu.

Knwuoei cnosa: Hpopmayitino-obuucniosarvbia Mmodenv,  MamemamuyHe
MOOeN08aHHs, NIOMPUMKA NPULHAMMS pilleHb, MenionepeHoc, 1a3epHi MeOudHi
MexHoa02Ii.

Abstract. An information and computational approach to evaluating the efficacy
and safety of transscleral cyclophotocoagulation (TSCPC) in neovascular glaucoma
based on modeling the temperature response of the ciliary body is proposed. The
temperature dynamics were determined using the Pennes bioheat transfer equation
in a two-dimensional axisymmetric approximation for the “sclera—ciliary body”
structure, while the laser heat source was determined according to the Bouguer—
Lambert—Beer law. Continuous Wave (CW) and MicroPulse modes at powers of 1
and 2 W were studied for single and serial applications. To evaluate the modes, the
maximum temperature, time to reach 50 °C, duration of exposure within the
therapeutic range of 50-60 °C and above 60 °C, as well as the integral indicators
Therapeutic Exposure Index (TEI), Destructive Exposure Index (DEI), Thermal
Selectivity Index (TSI), and Safety Margin were determined. It was established that
CW 1 W x 2 s reaches the coagulation threshold without exceeding 60 °C (Tmax =
50.8 °C; t50 = 1.44 s), whereas CW 2 W causes tissue overheating. During serial
applications, CW 1 W provides therapeutic accumulation of the thermal dose without
destructive overheating (DEI = 0), whereas CW 2 W is characterized by prolonged
exposure above 60 °C. For MicroPulse, Tmax does not reach the coagulation
threshold (<49 °C). The results confirm the possibility of using the model for
quantitative comparison and preliminary optimization of laser exposure parameters.
The CW 1 W x 2 s mode is the most favorable in terms of the balance between
efficacy and safety. The proposed approach makes it possible to automate the
comparison of alternative modes and perform preliminary optimization of laser
procedure parameters.

Keywords: information and computational model, mathematical modeling,
decision support, heat transfer, laser medical technologies.

230



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

1. Introduction. Transscleral cyclophotocoagulation (TSCPC) is one
of the methods for treating refractory, in particular neovascular glaucoma,
aimed at reducing intraocular pressure by suppressing the secretory function
of the ciliary body [1, 2]. The efficacy and safety of the procedure largely
depend on the parameters of laser exposure: insufficient energy may provide
an insufficient therapeutic effect, whereas excessive thermal load increases
the risk of irreversible tissue damage [3]. For information technologies, such
a task can be presented as a problem of computer modeling and multicriteria
evaluation of technological process parameters. Instead of empirical
comparison of individual modes, a computational model is formed in which
laser exposure parameters are input data, the temperature field is an
intermediate  information  representation, and  temperature-time
characteristics and integral indices are output indicators for comparing
scenarios. Heating tissue to 50-60 °C causes protein denaturation and
coagulation changes, whereas exceeding 60 °C may lead to irreversible
structural damage [4, 5]. Therefore, the temperature-time dependence is the
main information parameter for quantitative evaluation of the result of laser
exposure.

The aim of the work is to construct and investigate an information and
computational model of the temperature response of the ciliary body,
organize a series of computational experiments, and quantitatively compare
TSCPC modes according to efficacy and safety criteria.

2. Information and computational model

The temperature dynamics of the ciliary body were described by the
Pennes bioheat transfer equation:

o _ EV2T +
Pear = Q

where T is the tissue temperature, %, 2and c are its thermophysical
parameters, and Q is the volumetric source of laser heating.

The computational model is represented by a two-dimensional
axisymmetric “sclera—ciliary body” structure. Convective heat transfer
((h=10) W/m?K) was taken into account on the outer surface of the sclera,
while a temperature of 37 °C was specified on the inner surface. The
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thermophysical and optical parameters of the tissues were taken from
literature data and considered homogeneous.

The distribution of the laser heat source was determined according to the
Bouguer—Lambert—Beer law:

Q(z) = pal.e*e®

where i is the absorption coefficient, I, is the radiation intensity, z is the
penetration depth.

The proposed model implements a sequential transformation of data:

laser parameters — temperature field — temperature-time
characteristics — integral indices — ranking of modes.

The temperature dynamics are determined by the Pennes bioheat transfer
equation for a two-layer axisymmetric “sclera—ciliary body” structure, while
the spatial distribution of laser heating is described by the Bouguer—
Lambert—Beer law.

For quantitative evaluation, four integral criteria were formed: TEI -
intensity of the therapeutic thermal effect; DEI - level of destructive
overheating; TSI - selectivity of the coagulation effect; Safety Margin -
safety margin relative to the critical temperature.

For the analysis, scenarios were formed according to two parameters:
exposure mode (CW and MicroPulse) and power (1 and 2 W). For each
scenario, a single application lasting 2 s and a series of 20 applications of 2 s
each were studied.

The model is intended to evaluate the integral temperature response and
does not take into account individual features of ischemia, microcirculation,
pigmentation, and morphological changes of the ciliary body.

3. Computational experiment and results

Eight scenarios were formed in the model, combining two radiation
modes (Continuous Wave and MicroPulse), two power levels (1 and 2 W),
and two types of applications (single 2 s and a series of 20 x 2 s).

For each scenario, the following were automatically determined:
maximum temperature; time to reach 50 °C; duration of exposure within the
range of 50-60 °C; time above 60 °C; integral indices TEI, DEI, TSI, and
Safety Margin.
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This approach provides a unified comparison of alternative modes
without conducting additional physical experiments.

The results of modeling the temperature dynamics during a single
application lasting 2 s are presented in Fig. 1.
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Figure 1. Temperature dynamics under different laser exposure modes. Temperature
dynamics during a single application lasting 2 s in CW and MicroPulse modes at a
power of 1 and 2 W. For the MicroPulse mode, an averaged temperature profile
calculated based on the equivalent average power is presented without reproducing
the microsecond pulse structure. The gray area corresponds to the coagulation range
of 50-60 °C.

As can be seen from Fig. 1, the nature of the temperature response
significantly depends on the mode and power of laser exposure. The CW
mode provides a faster increase in temperature compared to MicroPulse. At
a power of 2 W in the CW mode, the temperature exceeds the critical level
of 60 °C, whereas the other studied modes remain below this threshold.

4. Results

Computational modeling showed a significant dependence of the
temperature response on the laser mode and power. The CW 1 W x 2 s
mode reaches the coagulation threshold (Tmax = 50.8 °C; t50 = 1.44 s)
without exceeding the critical temperature of 60 °C. In contrast, CW 2 W
provides faster heating, but is accompanied by tissue overheating (Tmax =
61.8 °C) and high DEI values during serial applications.
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The MicroPulse modes under the studied conditions do not reach the
coagulation temperature range (Tmax < 49 °C), which indicates their lower
thermal efficacy while maintaining a high level of safety.

The obtained results demonstrate the possibility of automated ranking of
laser exposure modes based on a combination of efficacy and safety criteria.

5. Conclusions

An information and computational model for supporting the selection of
TSCPC parameters has been developed, integrating mathematical modeling,
a computational experiment, and multicriteria evaluation. The model
formalizes the process of comparing alternative modes and can be used as a
tool for preliminary optimization of laser treatment parameters. The CW 1
W x 2 s mode demonstrated the best balance of therapeutic efficacy and
safety among the studied scenarios.
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Anomauia. Memorw pobomu € 600CKOHANEHHA KOHMPOIIO HAO HPOYECOM
YUCENbHO20 PO36 SA3AHHA OUHAMIYHUX DIGHAHL 34 OONOMO20I0  ANOPUMMIYHOLO
KepysaHHA. 3anponoHoéano Kpumepii 6UAGIEHHA AN2OPUMMIYHUX NOMUTOK Md
PO3POOIEHO MEMOO NPUUHAMMS PilleHb Ol KEPYBAHHS 0OUUCTIOBATLHUM NPOYECOM.
YV pesynomami pobomu 3anpononosano memoo i3 niOSUWEHHAM O0OYUCTIOBATLHOL
MOYHOCMI Ol NOCHIO08HO20 GUSHAYEHHS (QYHKYIL Cmany 3 6UWOI0 MOYHICHIO
JOKAHUX NOXUOOK.

Knwuogi cnosa: ounamiuni cucmemu; 004UCTIO8ANGHA MOYHICMb, HUCENbHe
Dpiutenns; nepegipka MamemMamuiHux Mooenei.

Abstract. The aim of this work is to improve control over the process of
numerically solving dynamic equations using algorithmic control. Criteria for
detecting algorithmic errors and a decision-making method for controlling the
computational process are developed. As a result, a method is proposed for
improving computational accuracy in the sequential determination of state functions
with higher accuracy of local errors.

Keywords: dynamic systems; computational accuracy; numerical solution;
mathematical models verification.

Introduction. In real-world modeling or control systems, computational
processes are inevitably accompanied by various types of disturbances and
errors [1]. In this context, disturbances are defined [2] as distortions in the
processed and control information caused by self-correcting root causes

235



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

(incorrect operation of binary hardware elements, interference, power
supply voltage fluctuations, etc.). Moreover, most disturbances are random
in nature. Therefore, effective real-time monitoring is required to detect and
eliminate errors before they propagate through the control loop, making
responsiveness one of the key characteristics of error control systems [3, 4].

The purpose of this work is to improve control over the computation
process for any numerical solution methods of dynamic equations by
developing algorithmic control methods based on the application of a
control algorithm that is executed during the numerical solution of the main
task.

To achieve this purpose, the decision-making method that determines the
presence or absence of a failure is developed.

Method for verifying of computational implementations of models

An algorithm that implements the method with increasing computational
accuracy must meet the following requirements:

1. The calculation process at each integration step must begin with
determining the function f at the point tiy . In this case, the function

f(y,u,ti+1) is not computed; instead, the value of the function f obtained and
verified during the calculation of the most accurate solution to system at the
previous integration step is used.

2. The number of partitions k (i.e., the number of values yl(:l obtained
with increasing accuracy on the interval [ti, ti+1]) can be chosen by
minimizing subject to the constraint on the value of & = (yi('j) - y,“)l) or
conversely, by minimizing & subject to the constraint on M[T]. However, in
practice,t . >>1 and therefore, when designing an algorithm for the
method with increasing accuracy, it is advisable to choose the maximum
number of partitions k that is possible for the method of the selected
accuracy order r.

Conclusion

Algorithmic control methods are proposed that can be applied to control
the computation process for any method of numerically solving equations of

dynamics, namely: extrapolation and interpolation control methods. These
methods are based on the use of a control algorithm that is executed during

Ha0 OILK !
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the numerical solution of the given (main) problem, but which is simpler
than the main problem itself.
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Hayionanvnuii mexuiunuii ynisepcumem «XapriecoKuti NOATMEXHIYHULL iHCIUMYM»,
VYkpaina,
2FH JOANNEUM Vwisepcumem npuxnadnux nayk, Aecmpis

Anomauia. Y  pobomi  mpedcmagieno  npocpamuui  MOOyIL 04
agmomMamu308anol eenepayii OUOAKMUYHUX MAamepianié 3 0OUUCIeHHS NOMOKY
eexmopnoeo noas. Ilaunaaiin inmeepye aunanimuuni mooicausocmi SYymPy ma
npoyedypnuti pendepune ManimCE y PyQt6-inmepgeiic. Cucmema asmomamusye
nakemuy 2eHepayilo  6apiaHmie 3a80aHb, CMEOPIYU  CUHXpOHI3o8aHi 3D-
sizyanizayii (MP4) ma mabnuyi danux (CSV). Oyinka niomeepodcye obuucuiosaivhy
eghexmuericmos MOOYsL OJisl IHMEHCUBHUX AKAOEMIYHUX NPOYeCis.

Knwuoei cnosa: npockmysanus npospamHux Mooynie, CUMBOIbHO-GI3YANbHUL
KOHBEEP OAHUX, aBMomMamu3oeani aemopcoki incmpymenmu, Python, ManimCE,
npoyeoypHull penoepune, 064UCIeHHs NOMOKY Yepe3 NOBEPXHIO, GEKMOPHUL AHATI3.

Abstract. The paper presents a software module for the automated generation of
didactic materials on calculating surface flux in vector fields. The pipeline integrates
SymPy's analytical capabilities and ManimCE's procedural rendering within a
PyQt6 interface. It automates batch processing, producing synchronized 3D
visualizations (MP4) and data tables (CSV). Evaluation confirms the module's
computational efficiency for intensive academic workflows.

Keywords: software module design, symbolic-to-visual data pipeline, automated
authoring tools, Python, ManimCE, procedural rendering, surface flux computation,
Vector Calculus.

Studying vector calculus at technical universities involves a high level of
abstraction, which creates significant perceptual barriers for engineering
students [1]. One of the most challenging topics is calculating the flux of a
vector field through a spatial surface. Traditional teaching methods are often
limited to static two-dimensional drawings, which fail to adequately convey
the three-dimensional dynamics of the field’s interaction with the surface
[2]. At the same time, the independent creation of dynamic video content by
mathematics faculty using specialized tools, such as the Manim animation
library, is severely hindered by a high entry barrier, the need for
programming skills, and a substantial time investment for writing and
debugging scripts [3, 4]. The objective of this work is to develop and
evaluate the effectiveness of a specialized software module, the Symbolic-
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to-Visual Pipeline, focused on the large-scale production of individual tasks

alongside the rendering of corresponding spatial scenes.

The developed architectural solution is based on the integration of the
PyQt6 graphical user interface, the SymPy symbolic core, and the
ManimCE animation engine via dynamic JSON configurations. The
implemented system for synchronized tracking of background processes and
absolute path resolution effectively prevents rendering conflicts, thereby
eliminating GUI locking. Pipeline performance verification was conducted
using automated batch modeling of vector field flux through a plane.
Performance evaluation confirmed the high computational capacity of the
system, establishing the Medium Quality mode (720p, 30 fps) as a rational
standard for intensive academic workflows.

The module eliminates the need for low-level script coding, simplifying
routine task preparation for instructors and fostering the formation of
accurate spatial mental models. Ultimately, the system synchronously
manages interconnected datasets of task parameters (CSV) and
corresponding three-dimensional animations (MP4). A promising vector for
the ecosystem's evolution involves scaling this approach into interconnected
software pairs ("instructor-generator and student-training complex™)
utilizing step-by-step cognitive scaffolding to support second-order curved
surfaces and solve applied engineering problems in fluid dynamics and
electrodynamics.
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Anomauin. IIpononyemocs 1D moodenv 051 npocHO3Y8aHHS 00820CHPOKOBO20
nepeposnooiny 2pamnyloMempuiHo2o CKaady IPYHmy Ri0 4ac 3pOoweHHs, SKa
po3uwupioc pawniuie po3pobieny 0po608o-ougepenyiaiby 3a npocmopom Mooeidb
NOPOENACUYHOCIE WIAXOM 000AMKOB020 PO321A0Y NePeHeCeHHs YACMUHOK NICKY,
MYy ma 2AuUHU HA OCHO8I KIHeMUYHOI cucmemu muny «npueoHanusa-oepopmayisi-
8i0pusy. Mooenvosani KOHYeHmpayii YacmuHOK UKOPUCTIOBYIOMbCSL 0I5l OHOBIEHHS
2IOpo@hi3uunux napamempie IPYHMY, HPEOCMAGICHUX 32I0HO 3 MOOENLI0 6aH
I'enyxmena-Myanema ma wineHocmi 3a O0ONOMO2010 GI0OMO20 eMNIPUUHOZO0
CNi6BIOHOWEHHS.

Kniouoei cnosa: nopoenacmuunicmv, nepeHecemHs  UACMUHOK,  IPYHM,
3pouents, Opobo6o-oughepenyiaibHa Mooeb
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Abstract. We propose a coupled 1D model for simulating long-term soil texture
redistribution under irrigation that extends a previously developed space-fractional
poroelastic model by incorporating particle transport for sand, silt, and clay
particles according to the kinetic attachment-straining-detachment system. The
simulated particle concentrations are used to update the hydro-physical parameters
of the soil represented by the van Genuchten-Mualem model and the soil grain
density via a known empirical texture-density relation.

Keywords: poroelasticity, particle transport, soil, irrigation, fractional-
differential model

Predicting long-term changes in soil properties under the influence of
irrigation is an important problem in sustainable land management and
precision agriculture as repeated irrigation not only alters the moisture
regime, but also the mechanical composition of soil, the strain-stress state of
soil skeleton, and soil density.

To predict the co-influence of these processes, we extend the space-
fractional poroelastic model [1] by incorporating the transport of three
concurrent types of particles (sand, silt, and clay), whose redistribution
continuously modifies the hydro-physical parameters of the soil.

The base model consists of two coupled fractional-order partial
differential equations in one spatial dimension ze [0,L]. The fractional

Richards equation for the water head h(z,t)[m] is as follows:

(©(0)+0(0C,0,9) 5 + D[ 0() 2 )= D (k(WD*(n - 2))+ 5

where C(h)= 8(9/8h[1/m] is the specific moisture capacity, k(h)[m/s]
is the hydraulic conductivity, uz(z,t)[m] is the vertical displacement of the

solid skeleton, pw[kg/m3] is the density of water, g[m/sz] is the
acceleration of gravity, Cw[m2 / N] is the compressibility of water, S[l/S]

is the source and sink term, and D” f (Z) is the space-fractional derivative.
The fractional consolidation equation is as follows:

Prix thz = (2+24)D*(Du, ) - BprD“[e(nh) hj+ Prnind
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where 4, ,u[Pa] are the Lamé parameters of the soil skeleton, B[—] is the
Biot coefficient, n[—] is the porosity, and
pmiX:(l—n)ps+an[kg/m3] is the bulk density of the saturated

mixture with solid grain density p, . The functions G(h) and k(h) are
parametrised by the van Genuchten—Mualem model.
Further, we consider three types of soil particles - sand ( p =1), silt

(pP=2), and clay (p =3). For each type, three concentrations are
introduced: C(p)(z,t)[—] is the suspended concentration of particles per unit
volume of pore water; ng’)(z,t)[—] is the concentration of reversibly

attached particles per unit bulk volume; Sgp)(z,t)[—] is the concentration of
irreversibly strained particles per unit bulk volume.
The governing equations follow the Kkinetic attachment—straining—

detachment framework given in [2]:
a(gC(P)) ~ a(qC(P))_ asgp) ~ 8S§p)

ot oz ot ot

’

(p)
6Saat — /L_gp)c(p)q _k(ggt)se(lp)1
5Sa§t") 2Pl

where q(z,t)=—k(h)D*(h—z)m/s] is the Darcy flux, AP[L/m] is the
attachment coefficient, A{")[1/m] is the straining coefficient, and k")[1/s]

is the detachment coefficient.

Our key extension is that we consider hydro-physical properties of the
soil evolving in time as the simulated particle concentrations change. The
parameters of the van Genuchten-Mualem model at each grid node are
recomputed one each time step from the modelled normalised mass fractions
of sand, silt, and clay using version 3 of the Rosetta pedotransfer function.
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To form the feedback from particle redistribution to the mechanical
submodel, the soil grain density p. is updated as a function of the local silt

content [3]. To numerically solve initial-boundary value problems for the
proposed model a finite-difference method is used with the application of
Picard iteration technique to deal with non-linearities. The linear equation
systems are solved by the OpenMP-parallelised TFQMR algorithm. The
source code is available at https://github.com/sevaboh/fr_sss .

Three-year simulations of a heavy clay loam soil column under a
realistic irrigation schedule showed that the texture change in the top 30 cm
layer, dominated by the movement of clay fraction, accelerates non-linearly
with time, suggesting a positive feedback through the dynamic update of the
hydro-physical parameter functions.
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MATEMATHUYHE MOJEJIIOBAHHS TA CUMVYJIAIIA
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Anomauia. Y Oocnidocenni po3pobneHo HAOIIHY MamemMamuyHy Mooeib ma
npocpamuuil nioxXio O CumMyIayii HeCMmayioHapPHO2O eleKMPOHHO20 MPAHCROPMY 6
HanignposiOHUKOBUX —~ HAHOCMPYKMYpax. — 3acmoco8ano  abCOMOMHO — CMIUKY
ckinyenno-pisnuyesy cxemy Kpanxa-Hikoncona ons posg'sizamnmns cucmemu pisHsinb
Ulpeoinzepa-Ilyaccona. Pospobnene npoepammue 3abe3neuenns 3abe3neyye GUCOKY
epexmugnicmv  0OuUCAIeHL MaA  GI3YANI3AYII0  KEAHMOBUX AGUWY, WO CYMMEBO
ONMUMIZYE NPOEKMYBAHHA HOBIMHIX HAHOEIEKMPOHHUX NPUCMPOT8.

Knwuoei cnosa: mamemamuyna Mmooenv, CKiHUEHHO-pi3HUYeBd  cXeMd,
NnpocpamMua cucmemda, HAHOCMPYKMYpd, KEAHMOBe MYHETIOBAHH.

Abstract. This article explores ways to develop a robust mathematical model and
software approach for simulating non-stationary electron transport in
semiconductor nanostructures. An unconditionally stable Crank-Nicolson finite-
difference scheme is applied to solve the Schrédinger-Poisson equations. The
developed software ensures high computational efficiency and visualizes dynamic
quantum phenomena, significantly optimizing the design process of next-generation
nanoelectronic devices.

Keywords: mathematical model, finite-difference scheme, software system,
nanostructure, quantum tunneling.

CyuacHa HaHOEJEKTPOHIKa 6azyeTbcs Ha BHUKOPHCTaHHI
HU3BKOPO3MIPHUX CHCTEM, 30KpeMa HAHOCTPYKTYp, fAKi € KIIOYOBUMH
KOMIIOHEHTaMH KBaHTOBHX J1a3epiB Ta gerekTopiB. Ockimpkm iX
eKCIIEPUMEHTAIBHE CTBOPEHHS € PECYPCOMICTKHM 1 JOPOTHM, aKTyaJbHUM
3aBIaHHAM CTa€ poO3poOKa HAMIMHUX MaTeMaTHYHUX MOJENeH i
KOMI'IOTEPHOI ~ CHUMYJIIIii  €JIeKTPOHHOTO  TPAHCIOPTY, IO  3JaTHI
mpamoBatd Ha craHgapTHux I[IK. B ocHOBy 3ampomoHoBaHOi Monemi
MOKJIAZIGHO  ONMMC KBAHTOBHX CTaHIB  EJIEKTPOHIB y  BIAKPUTHX
OararomapoBux  HaHocuctemax.  Di3uyHWI  mpoumec  OMHCYeThCs
CaMOY3Tr0o/DKEHOI0 CHCTEMOI0 dacosaiexxHoro piBHsHHsA Ilpexninrepa Ta
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piBasHH: [lyaccona. Jlnst uncensHOro po3B's3anus piBHsHHA Llpeninrepa
3aCTOCOBaHO a0COJIIOTHO CTIHKY HESBHY CKIHYEHHO-PI3HHMLEBY CXEMY
Kpanka-Hikoncona, sika rapantye 30epexeHHs HOpMH XBHJIbOBOI (DyHKIII.
3arpornoHoBaHa AUCKPETHA MOJIENb JEMOHCTPYE APYIUil HOPSJOK TOYHOCTI
3a MPOCTOPOBOI0 Ta YacOBOKW KoopauHatamu. Ha 11 6a3i y cepemoBHIIi
Wolfram Language peanizoBaHO NpOrpaMHHUI KOMIUIEKC, OOYHCIIOBAJIbLHE
SIpO  SAKOTO BHKOPHCTOBYE QJANTOBAHUHA aJTOPUTM IPOTOHKH UL
PO3B'sI3aHHS CUCTEM anreOpaiyHUX PiBHSHB.

PesympTaTH TECTYBaHHA WIiNTBEPIKYIOTH BHCOKY OOYHCIIOBAIBHY
e(eKTHBHICTH: MOJICITIOBAHHS €BOIIOIIT KBAHTOBOI cHCTeMH Ha citmi 3 1000
By3:xaiB mpoTsirom 1000 itepartiit 3aiitMae OIM3bKO | CEKYyHIH MPOIIECOPHOTO
yacy. Po3poOneHe nporpaMHe 3a0e3NeueHHsl € JIEBUM IHCTPYMEHTOM, IO
JI03BOJISIE  IH)KEHEpaM CYTTEBO OINTHMI3yBaTH IpPOLEC IPOEKTYBAHHS
HAHOEJEKTPOHHUX KOMITOHEHTIB IIJISIXOM BHCOKOTOYHOI'O KOMII'FOTEPHOI'O
MOJICITIOBaHHS.
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TEUMI®PIKOBAHI CUMYJISILIAHI CHCTEMU JJIs1 BULLOT
OCBITH: IHTETPALISA ITYYHOT' O IHTEJEKTY, VR TA
PO3YMHUX IVIAT®OPM
Ph.D., B. Hazapenko, Ph.D., O. 3a3umko,

Dr.Sci., JI. Kaix, M. ®@anaep0ypk
Hayionanwnuii ynieepcumem 6iopecypcie i npupoodokopucmysants Yrkpainu,
Twisted Time Studios, Baukysep, Kanaoa

Anomauin. Mema docnioscents: - oyiHumu pe3yibmamueHicms 2eumMipikoeanoi
cumynsayitnoi naamgopmu 0Jist 1a60PAMOPHO20 HAGYAHHS Y 3AKAA0AX UWOT OCBIMU.
3acmocosano 3miwanuii Ousaiin: onumyeanHa 187 cmydewmis, inmeps’io 3 14
suknadauamu, npomomunysanns ¢ Unreal Engine 5 i ninomme mecmysannsi.
Bipmyanvni nabopamopii niosuwunu 3anyuenicmes 0o 87 %, po3yminnsa konyenyii 0o
90 %, a 3aepuwenns 3a80ans 0o 92 %. Ilham@popma niompumye cmitixe, adanmushe
1l be3neune npakmuyHe HaGUAHHSL.

Knrouosi cnosa: cetivihikayis, cumynsyiiine HAGYUAHHA, WIMYYHUL [HMENeKm,
eipmyanvHa peanvricmo, euwa océima, Unreal Engine 5, eipmyanoni rabopamopii.

Abstract. The study evaluates a gamified simulation platform for laboratory
learning in higher education. A mixed-method design combined a survey of 187
students, interviews with 14 instructors, Unreal Engine 5 prototyping, and pilot
testing. Virtual laboratories increased engagement to 87%, conceptual
understanding to 90%, and task completion to 92%. The results demonstrate the
platform’s value for resilient, adaptive, safe, and practice-oriented learning.

Keywords: gamification, simulation-based learning, artificial intelligence,
virtual reality, higher education, Unreal Engine 5, virtual laboratories.

The rapid digital transformation of higher education is reshaping
pedagogical strategies, demanding innovative solutions that respond to both
evolving technological landscapes and learners’ changing expectations.
Among the most promising trends are gamification and educational
simulations, redefining engagement, personalization, and practical skill
development in the digital classroom. Gamification- applying game design
principles in hon-game contexts-provides a robust framework for structuring
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academic content in interactive, motivating, and measurable ways.
Meanwhile, simulation technologies, often enhanced by artificial
intelligence (Al) and immersive platforms like virtual and augmented reality
(VR/AR), offer learners hands-on experiences that mimic real-world
scenarios in safe, scalable environments. Adams et al. (2008) show that
simulations can significantly improve learning outcomes by fostering deeper
engagement and conceptual understanding, particularly in STEM
disciplines.

This study adopts a mixed-methods research design that integrates
quantitative surveys, qualitative needs assessments, and pilot testing of a
prototype simulation platform. The methodological framework was
structured into three key phases: [1] Needs Assessment, [2] Platform
Development, and [3] Implementation and Evaluation. Each phase involved
engagement with students and faculty from diverse technical and
technological disciplines to ensure relevance, applicability, and impact.

The Interactive Coursework Platform explores the fundamental layers of
human-computer interaction (HCI) and user experience (UX) research that
underpin the virtual simulation platform. This focus stems from survey data
highlighting students’ demand for a platform that enhances interactivity,
accessibility, and usercentered learning experiences. Survey results,
presented in the table below, reveal that over 80% of students prioritize ease
of navigation, while 75% emphasize the importance of personalized
feedback systems. These findings underscore the need for a meticulously
designed platform that aligns technological innovation with pedagogical
effectiveness.

Through a mixed-methods approach involving surveys, platform
development, and pilot testing, the study established that gamification
mechanics (e.g., quests, challenges, points systems) and real-time feedback
loops modeled after game design significantly improved learning outcomes.
Moreover, the simulation framework proved effective in replicating
laboratory tasks that are typically constrained by cost, safety, or equipment
availability. It was particularly valuable in times of crisis, such as pandemics
or armed conflict, when physical access to labs is compromised. Students
responded positively to the flexibility and interactivity of the virtual
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environments, particularly the opportunity to experiment, fail safely, and

iterate toward mastery.
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FORECAST SCENARIOS FOR IMPLEMENTING THE
SUSTAINABLE DEVELOPMENT STRATEGY OF UKRAINE'S
CONSTRUCTION SECTOR BY 2030 BASED ON THE CLUSTER-
CIRCULAR MODEL
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IPOTHO3HI CIIEHAPII PEAJII3AIIIL CTPATEITE CTAJIOTO
PO3BUTKY BYAIBEJBHOI'O CEKTOPY YKPAIHU 10 2030
POKY HA OCHOBI K.JIACTEPHO-HI/IPKY.JIHPHOi MOJEJI
Dr.Sci., B. Boxkanosa, Dr.Sci., O. Kononosa
Vxpaincokuii depacasnuil ynisepcumem nayku i mexuonozii,
HHI “IIpudninposcvra depacasna akademis 6yodienuymsa ma apximexmypu”,
Vkpaina

Anomauyia: Y Oocniodcenni o00IpyHmosano npocHo3Hi cyenapii peanizayii
cmpameeii cmanoeo po3eumky 0OyoigenvHoeo cekmopy Yxpainu 0o 2030 poky Ha
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ocHosl asmopcekux inoukamopis lcdp ma lcdpt i cemubroxosoi xkiacmepno-
Yupxyiaproi  mooeni.  3anponoHo8aHo  NeCUMICMUYHUU, — peanicmuyHuill - ma
ONMUMICMUYHUIL CYeHapii, Wo Nos'a3yloms GIOHO0BNEHHA 2any3i 3 yugposisayicio,
YUPKYIAPHUM BUKOPUCTHAHHAM PecypCis, iHCmumyyitinoio KoopouHayieio, 1100CbKUM
NOMEHYIANOM, PeLiOHANLHOIO CHPOMOICHICIIO MA €8PONEUCLKOI0 MPAEKMOPIEIO
MOoOepHizayii.

Knwuoei cnosa: cmanuii po3sumox, 0OyoOieenvbHull CeKmop, KIACMepHO-
yupkyaapra mooeiw, indexc lcdp, cyenapnuiti ananiz, BIM, yupxynsapna exonomixa.

Abstract: The study substantiates forecast scenarios for implementing Ukraine's
construction sector sustainable development strategy by 2030 using the authors' Icdp
and Icdpt indicators and a seven-block cluster-circular model. Pessimistic, realistic
and optimistic scenarios are proposed, linking sector recovery with digitalization,
circular resource use, institutional coordination, human potential and the European
modernization trajectory.

Keywords: sustainable development, construction sector, cluster-circular model,
Icdp index, scenario analysis, BIM, circular economy.

1. Introduction. Ukraine's construction sector has become a strategic
platform for recovery, infrastructure modernization and European
integration. RDNAS estimates reconstruction and recovery needs at USD
587.7 billion over the next decade, while direct damage reached USD 195.1
billion by the end of 2025 [1]. Therefore, sectoral development should be
assessed through output, human, territorial, digital and circular capacity.

2. Methodology. The approach uses the authors' indicators [2]: lcdp =
Vcp/Pop and Icdpt = Vcp/Area, where Vcp is construction output, Pop is
population and Area is territorial resource. These indicators measure
development intensity rather than absolute scale, which is important under
population displacement, territorial losses and regional security asymmetry.
The cluster-circular model integrates seven blocks: construction core,
innovation, financing, institutional coordination, circular resources,
territorial logistics and human capital.

3. Results. Authors' calculations based on Ukrainian statistical data,
Eurostat and RDNA5 show that Ukraine remains below the construction
development intensity of selected EU countries [1-3]. In 2025, the estimated
Icdp value for Ukraine is 0.39, compared with 1.16 for Poland, 1.33 for
Germany and 1.48 for Denmark. Scenario projections depend on activation
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of model blocks, external financing, BIM/Digital Twin adoption and circular
reuse. Recent research confirms the importance of collaborative ecosystems,
resource-efficient  practices, interoperability, data integration and
stakeholder coordination [4, 5].

Table 1. Scenario framework for Ukraine's construction sector to 2030

Parameter Pessimistic Realistic Optimistic
Icdp / lcdpt by 2030 0.45/0.40 0.65/0.58 0.85/0.78
Facility / blocks <40%; 1-2 40-70%; 3-5 >70%; 6-7
Digital and circular BIM <15%; BIM 30-50%; BIM >60%;
practices C&D <10% C&D 20-35% C&D >50%
Result by 2030 Partial recovery Grad_ual_ System|c_
modernization transformation

Source: developed by the authors based on [1-5].

4. Conclusions. The scientific contribution lies in combining the authors'
Icdp and lcdpt indicators with the seven-block cluster-circular model and
translating this framework into measurable scenarios for 2030. The realistic
scenario is the minimum policy benchmark for modernization, whereas the
optimistic scenario defines the target trajectory for systemic transformation.
Its achievement requires synchronized investment, digitalization, circular
procurement, regional cluster coordination and professional training.
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MODEL-BASED SELECTION OF AN INVERTER SUBSYSTEM
CONFIGURATION FOR A BACKUP POWER SUPPLY SYSTEM
UNDER PARTIAL-LOAD OPERATION
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BUBIP KOH(DIFYPAHIi IHBEPTOPHOI NIACUCTEMU
PE3EPBHOI'O EJIEKTPOXUBJIEHHS HA OCHOBI
MOJAEJIOBAHHSA 3A HACTKOBOI'O HABAHTAXKEHHSA
Ph.D., O. 3ryposenus, Dr.Sci., O. lexyuma, Ph.D., I. MaTtyukiH,
Dr.Sci., A. 3anopo:xeun
ITnemumym 3acanvroi enepeemuxu Hayionanonoi axademii nayk Ykpainu, Yxpaina

Anomauia. Po3pobneno moodenv 015 NOpIGHAHHA KOH@i2ypayii iHeepmopHOi
niocucmemu pe3epero2o eiekmpoicusients 3 bamapecio LiFePO4 enepeoemuicmio
15 kBm-200. Hopisnano ooun ineepmop 10.2 kBm ma 060m00ynvHi KoHpicypayii 3
insepmopamu no 5.5 kBm. Heeusnaueni napamempu empam i 61aCHO20 CRONCUBAHHS
3a0ano dianazoHamu, a ixHit éniue oyineno memooom Moume-Kapno. Adanmuene
NIOKAIOUEHHS OpY2020 MOOYA 30LMbUUI0 MEeOIAHHUL YAC Pe3ep8y8aAHHS KPUMUYHUX
Hasanmasicenv Ha 3.30%.

Knwuoei cnosa: pesepsne enekmpodcueients, IiHEepmMoOpHaA niocucmema,
YACmKO8e HABAHMAMICEHHS, GIACHe Cnodcusanus, akymynamop LiFePO4, uac
pe3epeyeants, ananis HegUsHA4eHoCmi

Abstract. A model was developed to compare inverter subsystem configurations
for a backup power supply system with a 15 kWh LiFePO4 battery. One 10.2 kW
inverter and two-module configurations based on 5.5 kW inverters were compared.
Uncertain loss and self-consumption parameters were specified as ranges and
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evaluated by Monte Carlo simulation. Adaptive connection of the second module
increased median backup time for critical loads by 3.30%.

Keywords: backup power supply, inverter subsystem, partial-load operation,
self-consumption, LiFePO4 battery, backup time, uncertainty analysis

3a YacTKOBOTO HABaHTA)KEHHsI TPHBATICTH aBTOHOMHOI pPOOOTH CHCTEM
PE3EpPBHOTO EIEKTPOKUBICHHS 3alIe)KUTh HE JIMIIE BiJ 3amacy eHeprii
akymyisitopHoi Oatapei ta KKJ[ imBepTropa, a ¥ Big HOro BIacHOTO
CIOXKMBaHHS, BTPAT MEPETBOPEHHS 1 CIIOKMBAHHS CHCTEMH OXOJIOJKCHHS.
OckinbKy BUPOOHHKH IIEPEBa’KHO HABOJATD JIMIIE MaKCHMalbHE 3HAUYCHHS
KK/, mist mopiBHSHHS KOH(ITrypariii BAKOPHCTAaHO eMITipHYHI MOJIENTi BTpAT
[1, 2] Ta migxomm KO KepyBaHHS MOAYIFHUMHE pKepeldaMu OesrepediiiHoro
JKUBJIEHHS [3].

Hocmimkeno Tpu KoHbirypamii cuctemu 3 6Gartapeero LiFePO4
HOMIHAJIBHOIO eHeproemHicTio 15 kBt-rom: omumn imBeprop 10.2 kBt
(xoH¢irypamis A), nBa iHBepTOpHI Moaymi mo 5.5 kBt y Oe3mepepBHil
napainenbHii poborti (koHQirypauis B) ta onuH akTuBHHNA Moaynb 5.5 kBT
i3 MIKJTIOYSHHSM JPYroro MiCisl TEPEeBHINCHHs HaBaHTaxeHHs 4.4 kBt
(xoHiryparmis C).

Jnst ommcy BTpaT iHBEPTOPIB BHUKOPHCTAHO EMITIPHYHY MOJENb 3
ypaxyBaHHSIM BTPAT XOJIOCTOTO XOAY, 3aJIeKHUX BiJl HABAaHTaXXEHHS BTpAT i
CHOXKMBaHHS CHCTEMH OXOJIOJpKeHHs. /Iyl 1BOMOIYIbHMX KOHGIrypamin
BPAaxOBaHO TaKOX CHOXHMBAHHS APYrOro IHBEPTOPA B PESKUMI OUiKyBaHHS Ta
JIOZIaTKOBI BTPATH MapaenbHoi poOOTH i CHHXpOHi3aLil.

Ha ocHOBi Mozeini BTpaT po3po0JeHO pO3paxyHKOBY MOJIENb JUIs
BU3HAYCHHS Yacy pe3epByBaHHs 3a MPoQiieM HaBaHTAKEHHS Ta JOCTYITHOO
eHepriero Oarapei. UYepe3 BIACYTHICTh MMOBHHX EKCIIEPUMEHTAIBHUX
XapaKTEepUCTUK HEBIOMI MapaMeTpH 3alaBajucs jAiana3oHaMu. Meromom
Mounrte-Kapiio cdopmoBano 20 000 BumagkoBmx HaOOpiB TapameTpiB i
BUKOHAHO PO3PaxyHKH JUI TPhOX CLEHApiiB: KPUTHYHHUX HABaHTa)KCHb,
MepioMIHOT POOOTH TEIUIOBOIO HACOCA Ta BHUCOKOI MOTPEOM B TEILIOBIH
eHeprii (Tadum. 1).
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Taomauus 1. Po3paxyHKoBHil yac pe3epByBaHHs AJIs1 HOPIBHIOBAaHUX KOHQIryparttiii

Cuenapii A,rox | B,ron | C, rox

Kpurtuuni HaBaHTa)KSHHS 10.48 | 10.23 | 10,82

Ilepiognuna pobora TeruoBoro Hacoca | 5.20 | 5.14 | 525

Bucoxka notpeba B TeIIoOBii eHeprii 340 | 3.38 | 341

[Mocrilina mapanensHa poOoTa JIBOX IHBEPTOPIB 3MEHIIYE MEIiaHHY
TPUBANICTh PE3EPBHOIO JKUBJIECHHA B YCIX PO3MISHYTUX CLEHApIisX.
AnantuBHa KoHGIrypamis Jae HaOUIBIIMIT OPUPICT 332 KPUTHYHUX
HaBaHTAKEHb, MEHIIMH 3a IMEepioJMYHOI PoOOTH TEMIOBOrO HAcoca, a 3a
BHCOKOI TIOTpeOH B TEIUIOBiH eHepril BIIMIHHICTP MiX KOHQIrypamisMu €
HE3HAYHOIO.

OTpumMaHi pe3yIbTaTH MOKa3yIOTh, 10 BUOiIp KOHQITyparii iHBepTOpHOL
IIiICKHCTEMH 33 YaCTKOBOTO HABAaHTa)KCHHS BU3HAYAETHCA CITIBBIIHOIICHHIM
BJIACHOTO CIIOKMBAHHS 1HBEPTOPIB 1 XapakTepoM HaBaHTa)keHHs. locTiiiHa
napajeiabHa poO0oTa ABOX MOJYJIB MPU3BOIUTH J0 MOJATKOBHUX BTPAT, TOII
SK BIJKIIOYEHHsS JPYroro MOAYyJs 3a MaJlor0 HaBaHTAXKEHHS MOXKe
30UTBIINTA TPUBAIICTH PE3CPBHOTO JKUBJICHHS. 3alpOMOHOBAHHMN ITiIXi
NPUIATHAN Ui TIONIEPEAHBOr0 BHOOPY KOH(DIrypamii 3a HEMOBHUX JaHUX
BUPOOHMKA, TPOTE OCTATOYHHH BHOIp MOTpedye eKCIepPUMEHTaIbHOIO
BHU3HAYCHHS BTPAT iHBEPTOPIB.

JlitepaTtypa

1. King, D. L., Gonzalez, S., Galbraith, G. M., & Boyson, W. E. (2007).
Performance model for grid-connected photovoltaic inverters (SAND2007-
5036). Sandia National Laboratories. https://doi.org/10.2172/920449

2. Driesse, A., Jain, P., & Harrison, S. (2008). Beyond the curves: Modeling the
electrical efficiency of photovoltaic inverters. 33rd IEEE Photovoltaic Specialists
Conference, 1-6. https://doi.org/10.1109/PVSC.2008.4922827

3. Giuntini, L. (2011). Modeling UPS efficiency as a function of load. 2011
International Conference on Power Engineering, Energy and Electrical Drives.
https://doi.org/10.1109/PowerEng.2011.6036560

253


https://doi.org/10.2172/920449
https://doi.org/10.1109/PVSC.2008.4922827
https://doi.org/10.1109/PowerEng.2011.6036560

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

UDC 004.056.5

ROBUST STEGANOSYSTEM AS THE FOUNDATION OF
INFORMATION SECURITY FOR MASS CONTROL CHANNELS
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CTIMKA CTETAHOCUCTEMA SIK BABUC IHOOPMAIIMHOI
BE3ITEKH KAHAJIY YIIPABJIITHHA
MASS
Dr.Sci., A. Ko6o3esa, K. Tpudonosa,
Ph.D., O. JIe6enena, Ph.D., B. 3opiio
OoecvKuil HAYIOHATLHUL MOPCLKULL YHIGepcumem, YKpaina

Anomauia. Icmopuune HexmyeaHHs KibepbOe3nekorw 6 MOPCuKill eany3i
CRPUYUHUIO KACKAO PYUHIGHUX amaK Ha ¢hnom i nopmu. YV cyuacHomy agmoHoMHOMY
cyononnaecmei  (MASS) 3axucm ingopmayii € Oasucom dcugyvocmi cucmem.
Ocobnuse micye nocioae cmeeanocpaia 0N NPUX08YEAHHS KOMAHO YNPAGIIHHA &
YMOBaAX pealbHo20 uacy. Memoro pobomu € (hopMysanHs NOSHOT cucmemu Kpumepiis
cmiiikocmi  cmezanocucmem  onsi MASS.  Pesynemamom  cmano  Haykoge
OOIPYHMYBAHHSL  MemOoO0A02iuHO20 — 6a3ucy  noOyooeu  BUCOKOWBUOKICHUX
cmezanocucmem, — iHMeSPOBAHUX Y OemepMiHO8aHi  Kibepizuuni  KOHmypu
VNPABNIHHA A8MOHOMHUM CYOHOM.

Knrwuoei cnosa: xibepbesnexa, Mopcvke agmoHoMHe CYOHO, CMe2aHOCUcmema,
cmilikicms cmezanocucmemu, Kibep@isuuna cucmema

Abstract. Historical neglect of cybersecurity in the maritime sector has triggered
a cascade of devastating attacks on fleets and ports. In modern Maritime
Autonomous Surface Ships (MASS), information security serves as the baseline for
system survivability. Steganography occupies a special place for concealing control
commands under real-time conditions. The objective of this work is to establish a
comprehensive framework of robustness criteria for steganographic systems tailored
to MASS. The resulting contribution is the scientific substantiation of a
methodological basis for constructing high-speed steganographic systems integrated
into the deterministic cyber-physical control loops of autonomous vessels.
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Keywords: cybersecurity, maritime autonomous vessel, steganosystem,
steganosystem robustness, cyber-physical system

As the backbone of global logistics and world trade, the maritime
industry directly determines the geopolitical sovereignty, defense capability,
and national security of a state. This makes the fleet and transport
infrastructure critical strategic assets, upon whose uninterrupted operation
the stability of the entire country depends. Traditionally, the conservative
maritime industry relied exclusively on the navigational and physical safety
of vessels.

The rapid pace of shipping digitalization significantly outpaced the
implementation of cybersecurity measures, causing company management
to long view cybersecurity as merely an office-based IT issue detached from
actual maritime operational processes.

The objective of this work is to enable the design of a robust
steganographic system for use within the cyber-physical control system of
an autonomous vessel by establishing a framework of robustness criteria
that accounts for the specific detection vectors of a steganographic channel
in this application domain.

Let us consider the existing steganographic system robustness criteria in
greater detail [1]: resistance to detection of the fact of existence of hidden
information (Ky); resistance to extraction of the hidden information (K);
resistance to the imposition of false messages via the steganographic
channel (imitation resistance) (Ks); resistance to recovery of the
steganosystem's secret key (Ka); resistance to attacks against the embedded
message (Ks). Ensuring each of these criteria is critical for a steganographic
system within the MASS architecture. Detection robustness (K1) masks the
channel as legitimate traffic, preventing its targeted identification, blocking,
or tampering by an adversary.

Extraction robustness (K) prevents the disclosure of critical commands
and the operator's intentions. Imitation robustness (Ks) prevents the injection
of false commands, which a fully autonomous vessel would unconditionally
execute in favor of the adversary. Key robustness (Kas) prevents the
compromise of the steganographic key, which would lead to full adversary
control over the system. Finally, attack robustness (Ks) protects control
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commands from destruction or distortion, preventing a fatal loss of vessel
controllability.

The specifics of applying steganographic systems in MASS lie in
operating within a strictly deterministic time-domain environment. Unlike in
classical steganography, deviations from regulated data transmission
intervals in MASS are flagged by monitoring systems as an anomaly.
Despite the presence of natural network jitter [2], its boundaries are strictly
limited. To avoid channel detection via traffic timing characteristics (rather
than content analysis), the additional latency introduced by steganographic
processing must strictly remain below the natural network jitter.

Thus, for a steganographic system used in the MASS architecture, an
additional specific robustness criterion is necessary, hereinafter denoted as
Ks, the chronometric robustness criterion: the ability of the steganographic
system to perform steganographic processing of an available container
within the defined time regulation of the technological process, such that
additional time overhead does not exceed the limits of natural network delay
fluctuations and does not create timing anomalies for monitoring systems.

In classical steganography, the selected container is prioritized, as its
structure determines throughput capacity and robustness to steganalysis.
Optimal selection of the container or its regions enables absolute robustness,
however, it requires additional time expenditure, which is unacceptable for
MASS.

An alternative is the Al generation of a container tailored to the
steganographic key and hidden information. However, it introduces the risk
of semantic distortions that easily reveal the synthetic origin of the content
and indirectly point to steganographic embedding. Such an attack on
semantic plausibility represents a fundamentally new threat vector,
stemming from the emergence of Al generation and the absence of semantic
analysis in classical steganalysis.

All of the above leads to the necessity of introducing another
steganographic system robustness criterion for its application as part of the
MASS information security system, the criterion of semantic robustness
(K7), defined as robustness to contextual analysis: the impossibility of
detecting the existence of a steganographic channel through the analysis of
the container/steganomessage conformity to the routine operational
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processes of the system utilizing the steganographic system, as well as to
natural physical phenomena (for digital images and digital video).

Thus, K¢ and Ky transform the implicit wvulnerabilities of a
steganographic system in MASS into explicit requirements for its design,
which is a necessary condition for creating a genuinely robust security
system for autonomous vessel control channels.
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Anomauia. 3anpononosano  iHMeNeKMYanbHy —Ccucmemy —Kepy8awus O
onmumizayii - pe2yno6aHHs. NOMOKIE NOPOJICHIX 6A2OHIE HA  NPOMUCIOBOMY
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nionpuemcmsi. Cucmema nOEOHYE MAMeMamuyti Memoou 00CIIOHCeHHs onepayiu i3
CYHACHUMU  AN2OPUMMAMU  HEUPOHHUX Mepedc 0N NiOGUUeHHA epeKmugHocmi
nputinamms  piwienv. Bona minimisye excniyamayitini eumpamu, 6paxogyiouu
MpuUsanicms MexHiuHo20 00CNY208Y8aHH, YAC NPOCMOIO 8 Yep3i Ha 00CIY208Y8aANHA
ma nepemiwjeHHsi 8a20HI8 MidC NYHKMAMU HABAHMAIICEHHS U PO3GAHMANCEHHS, WO
3abe3neuye NiOSUWeHHs. eheKmugHoCcmi ma HAOIUHOCMI JI02ICMUYHUX Npoyecis
3QNIBHUYHUX Nepe6e3eHb.

Knrwuosi cnoea: sadaua npusHaueHnHs, MAmemMamuyii Memoou O0CTIONCeHHS
onepayiu, iHMereKmyaIbHa CUCemMd, HeUpOHHI Mepedici, aneopummu onmumizayii

Abstract. An intelligent control system for optimizing the regulation of empty
wagon flows at an industrial enterprise is proposed. The system integrates
mathematical operations research methods with advanced neural network
algorithms to improve decision-making. It minimizes operational costs by
considering maintenance duration, waiting time in maintenance queues, and
transportation between loading and unloading locations, thereby enhancing the
overall efficiency and reliability of railway logistics operations.

Keywords: assignment problem, mathematical methods of operations research,
intelligent system, neural networks, optimization algorithms.

One of the most important tasks of operational work of railway transport
at an industrial enterprise is the rational use of empty wagons. By its nature,
this task is multi-criteria. The need for a more detailed and narrowly focused
study of the issue of ensuring the development of the enterprise through
logistics optimization remains relevant. Despite significant achievements in
the study of this issue, it is necessary to consider in more detail the issue of
the impact of optimizing the logistics system on the possibility of enterprise
development.

The commercialization of transportation puts forward additional
requirements for the plan for regulating the flow of empty wagons. The
purpose of the research is to develop an intelligent neural network
mathematical model, methods and algorithms for solving the problem of
optimal distribution of control tasks to fulfill service requirements in a
technological production system.

To achieve the goal, the tasks of studying the computational complexity
of the task distribution problem in an intelligent system with various
optimization criteria, developing neural network discrete and continuous
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mathematical models of task distribution in an intelligent control system,
developing neural network algorithms for solving the distribution problem,
investigating the parameters of the algorithms and developing
recommendations for their definition, and developing a software package
that implements the developed algorithm for solving the task distribution
problem in an intelligent control system were considered.

The service system of a technological enterprise is considered, consisting
of m service workstations of various productivity, which must be distributed
among n (n>>m) tasks to be performed. The time ti; of performing the z-th

task on the i-th computer (i=1,m,z=1,n) is known. As a result of the
distribution of tasks for each location, a queue of tasks is formed, the

execution time of which at the i-th service locationis T, (i=1,m).

max {T 1,... T/} = min, ()
18 .
H;TZ = min )
1483 .
Ezllzl('l', —TJ.)2 = min ©)
1= =
iTi = min (4)

i=1

where Wz is the time elapsed from the moment the first task started
processing until the moment the z-th task finished processing

In this work, an analysis of criteria (1 - 4) was conducted from the point
of view of the computational complexity of the problem under
consideration, which can be reflected by the complexity classes of the task
of creating schedules with criteria (1 - 4), namely: criterion 1 - class of the
NP problem, criterion 2 - class of the P problem, criterion 3 - class of the NP
problem, criterion 4 - class of the P problem.
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Anomauia. Y cmammi npeocmagieno npaxmuuni numanHs npoekmyeants ma
BNPOBAOIHCEHHS 8e0-3ACTNOCYHKY Ol MOOETI08AHHA mMd aHANIZY J102ICMUYHUX
npoyecig 3 GUKOPUCMANHAM MameMamuynux 3acobie mepesc Ilempi. Pospooaenuii
3aCMOCYHOK 00380I51€ NOOONAMU PO3PUE MIdC QOPMATLHUM ananizom mepedic Tlempi
ma npaKmudHUM MOOETIOBAHHAM IOICMUYHUX NPOYeCis, Hadalouu 6eb-cepedosuiye,
Wo NoeoHye epagiune pedazy6anHs, MOOENIOBAHHS, AHANIMUYHI MONCIUBOCMI Ma
eeoepaiuny gizyanizayito Ha yuipogsiti mani. Po3pobreno xowxkpemmi keticu, wjo
0eMOHCMPYIOMb NPAKMUYHY YIHHICMb ma QYHKYIOHAN pO3POONEHO20 3ACHOCYHKY
07151 MOOENH0BAHH I02ICMUYHUX NPOYecie Ha ocHo8i mepedic [lempi.

Knrwuoei cnosa: mepesci [lempi, mooenroeanns n02icmuyHux npoyecis, geo-
000amok 07151 MOOeN08aHHs Ha 0CHO8I Mepedic [lempi, ananiz mepedc [lempi.

Abstract. The paper represents the practical issues of design and implementation

of a web application for logistics processes simulation and analysis using Petri nets
mathematical facilities. The developed application enables to bridge the gap
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between formal Petri net analysis and practical logistics modeling by providing a
web environment that combines graphical editing, simulation, analytical
capabilities, and geographic visualization. Specific case studies demonstrating the
practical value and functionality of the web application for Petri nets-based
modeling of logistic processes are elaborated and discussed.

Keywords: Petri nets, logistic processes modeling, web-application for Petri
nets-based simulation, Petri nets analysis.

In terms of the urgency of the research, based on the review of existing
Petri net software and related academic studies [1-5 and others], it was
proved the necessity to design the application aiming to bridge the gap
between mathematical Petri net analysis and logistics practical modeling by
providing a web environment that combines graphical editing, simulation,
analytical capabilities, and geographic visualization on the map. Therefore,
the purpose of the work is to highlight the practical issues of design and
implementation of a web-based application for logistics processes
simulation using Petri nets mathematical power.

The theoretical framework of the work is made the Petri nets theory
fundamentals, their properties analysis and their applicability to logistics
process modeling [4, 5 and others].

The stages and peculiarities of the authors’ application design and
development are highlighted. The functional and non-functional
requirements for the application are determined, which enabled to define its
architecture, interface, algorithmic and project solutions. It is designed
based on the typical three-layer architecture “client-server—database”. The
server side is built on the FastAPI framework in Python 3.x. HTTP request
processing is realized in synchronous mode using standard Python
functions. FastAPI provides automatic validation of input data based on
Pydantic schemes and auto-generation of interactive APl documentation
determined by the OpenAPI standard.

The client side is implemented in JavaScript based on the React.js library
with a component approach, supplemented by a specialized ReactFlow
library for building an interactive graphical Petri net editor. Data exchange
between the client and the server is carried out via REST API in JSON
format.
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Besides, there were elaborated and specific case studies underlining the
practical value and functionality of the said web application for Petri nets-
based simulation of logistic processes. It can be concluded that developed
application combines the formal analytical capabilities of Petri nets with
modern web technologies and interactive geographic visualization. The
application supports the complete lifecycle of logistics model development,
including graphical model creation, simulation, structural and behavioral
analysis, and visualization of logistics chains on digital maps. The practical
significance of the developed system arose from the possibility of its
implementation both in civilian applications (food logistics, pharmaceutical
supply chains, distribution networks etc.) and in the military domain
(modeling of supply of military units, routing of supply columns, risk
assessment in the supply chain). Therefore, the presented product is a self-
sufficient tool for exploring the properties of logistics networks without the
need to install specialized software. The held comparative evaluation of the
designed application with some existing systems, according to selected
features, important for real logistic tasks solving based on Petri nets
simulation and analysis, testifies that the core limitations of existing systems
are overcome.
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BOKCEJIBHE MOJEJIOBAHHSA BIIVIMBY HEPIBHOMIPHOTI'O
PO3IIOALTY BOJIOKOH HA ITPYKHI BJIACTUBOCTI
BOJOKHUCTHUX KOMIIO3UTIB
B. ’Kuxapes, Ph.D., M. Illanosasosa, Ph.D., C. Miciopa, Ph.D., O. Boaka
Hayionanvhuii mexuiunuil ynisepcumem « XapKiecoKuil NOLiMexHiuHUull IHCIMumympy,
Yxpaina

Anomauin. ¥ pobomi 00cnioxnceHo 8NIU8 HEPIBHOMIPHO20 PO3NOOITY 60JIOKOH HA
epexmuGHi  NPYICHI  61ACMUBOC  BOJOKHUCMUX KOMRO3UMig. 3anpononogano
nioxio, w0 NOCOHYE BOKCelbHe MOOeNO8AHHS, — CIMOXACMUYHY — 2eHepayiio
MIKDOCMPYKIMYPU Ma MemooO CKIHYEHHUX eleMeHmMI6 Ol YUCEeNbHOI 20MO2eHi3ayii.
Ilposedeno nopisnanus pezyisprux i cmoxacmuunux mooenei. Ompumani
pe3ynvmamu  niomeepoHICyromy, Wo HeOOHOPIOHICMb  PO3MAULYBAHHA  B0JOKOH
icmomHo 6nau6ae Ha eeKmueHi MexXaHiuHi Xapakmepucmuky KOMNOSUMHO2O
mamepiany.

Knrouogi cnosa: eonoxmucmi xomnosumu, 60KcenbHe MOOENIO8AHHS, Menoo
CKIHUEHHUX eNeMeHmi8, MIKpOCMPYKMYypa, NPYICHI 61aCMUBOCI, 20 MO2eHI3aYisl.

Abstract. This paper investigates the influence of non-uniform fiber distribution
on the effective elastic properties of fiber-reinforced composites. A computational
approach combining voxel-based modeling, stochastic microstructure generation,
and finite element homogenization is proposed. Regular and stochastic
representative volume elements are compared. The results demonstrate that
microstructural heterogeneity significantly affects the effective mechanical
properties and should be considered in the numerical design and analysis of
composite materials.
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Keywords: fiber-reinforced composites, voxel-based modeling, finite element
method, microstructure, elastic properties, homogenization.

CydacHi BOJIOKHHCTI KOMITO3UTH IIHPOKO 3aCTOCOBYIOTHCS B aBiaIiiHIH,
aBTOMOOINBHINA, OynmiBedpHIH Ta MamHUHOOYMIBHIA Tamy3sx 3aBISKd
BHUCOKMM TIIOKa3HHKaM IUTOMOI MIIHOCTi, »OPCTKOCTI Ta Majiol Macu.
OpHUM 13 KIIIOYOBHX 3aBJaHb INPH MNPOEKTYBaHHI TaKMX MaTepialiB €
BU3HAYCHHS 1X €(DEKTUBHUX NPYXKHUX BIACTHBOCTEH. BUIBIIICTh iCHYIOUMX
Mojeneld MiKpoMexaHiKM 0a3yloThCsi Ha NPHUIIYIIEHHI NpPO peryispHe
pO3TalllyBaHHs apMYyIOYMX BOJOKOH, TOJI SIK peajbHa MIKPOCTPYKTypa
KOMIIO3UTIB XapaKTePH3YEThCS BHIAJIKOBHM PO3MOALTIOM BOJOKOH Ta
JIOKaJbHOI HeoxHopimHicTio [1]. IrHOpyBaHHSA mHUX OCOOIHMBOCTEH MOXKe
MPU3BOANTU A0 MOXHMOOK TN Yac MPOTHO3YBAaHHS MEXaHIYHOI MOBENIHKU
MaTepiaiy.

VY poboTi MOCTIKEHO BIUTUB HEPIBHOMIPHOTO PO3MOIITYy BOJOKOH Ha
epeKTHBHI  TPYXHI  BIACTHBOCTI  BOJOKHHCTHX  KOMIIO3HTIB 13
BUKOPHCTAHHSIM BOKCEJIBHOTO MojenroBaHHs. [[ns aHamizy copmoBaHO
NpEeACTaBHUIIbKI  00'eMH Martepiany 3 perysipHUM KBaJpaTHUM Ta
CTOXaCTHYHUM PO3TALIYBaHHIM BOJIOKOH, MPEJCTaBlieHi Ha puc. 1.

Pucynoxk 1. PeryspHe Ta cTOXacTHYHE PO3TAIIyBaHHS BOJOKOH y
MPEeICTaBHULIBKOMY 00'eMi KOMIIO3HUIIIHHOTO MaTepiaiy.
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CroxacTH4Hi MOJEJ CTBOPIOBAIUCS LUIIXOM BHIIAJIKOBOTO 3MILICHHS
LEHTPIB BOJIOKOH 13 IOTPUMAaHHSM 33/1aHOT 00'€eMHOI YaCTKH apMyBaJbHOTO
Marepialy Ta BHUKIIOYEHHAM iX B3aeMHOro neperuHy. I[loOynoBawi
MIKpPOCTPYKTYpH OyJIM TepeTBOPEHI Yy BOKCENIbHI CKiHUCHHO-EIEMEHTHI
MOJIeNI, IO JJ03BOJIMJIO BUKOHATH YHMCENbHY TOMOTCHI3aIiI0 Ta BHU3HAYUTH
e(eKTUBHI PYKHI XapaKTEPUCTUKH KOMIIO3HTY.

JJis KiTBKICHOT OIIHKM HEOTHOPITHOCTI MIKPOCTPYKTYPHU BHKOPHCTAHO
MeToau mudpoBoi 0OpoOKM 300pa’keHb, 32 JONOMOTOI0 SKHX BHU3HAUCHO
KOOpAWHATH UEHTPIB BOJOKOH 1 pO3paxoBaHO Bi[ACTaHI J0 HaWOIMKIUX
cycigiB. CTaTHCTHYHWHA aHaNi3 OTPUMAHHUX JaHUX IMIATBEPAUB CYTTEBY
HEOJHOPITHICTD CTOXaCTHYHHX MOJENCH TMOpIBHAHO 3 PETYJISPHOIO
cTpyktyporo. IlpoBeneHe uyuceslbHE MOZENIOBaHHS  MOKAa3ajo, IO
BUIAJJKOBUI XapaKkTep pO3TallyBaHHS BOJIOKOH BIUIMBAa€ Ha e(eKTHBHI
Moy TMpy)HOCTI Ta koedimientu [lyaccoHa, a TakoX NPHU3BOIUTH 0
30UIBIICHHST CTATHCTHYHOTO PO3KUAY MEXaHIYHHMX XapakTepuctuk. [lpu
[OMY CEpE/HI 3HAUCHHS MPYKHUX MapaMEeTPiB 3aJIUIIAIOTHECSA ONU3bKHUMU
JI0 Ppe3yJabTaTiB JJIsl PEryJsIpHOI MOJENi, OJHAK CTOXAaCTHYHHUM Miaxin
3HaYHO TOYHINIE BimoOpakae peaJbHy CTPYKTYpy KOMITO3HIIHHOTO
MaTtepiaiy [2].

OTpumaHi pe3yabTaTH CBig4aTh NP0 JAOIIBHICTE BUKOPHCTAHHS
BOKCEIIFHOTO MOJICITIOBaHHS Ta CTOXAaCTHYHHUX IPEACTABHUIBKHX 00'€MiB
i 9ac JOCHKCHHS BOJOKHHUCTHX KOMIIO3HTIB. 3alpOIIOHOBAHHMNA ITiJIXiJT
3a0e3neuye OUIBII JOCTOBIpHE NPOTHO3YBaHHS C(PEKTHBHUX MPYKHUX
BJIACTHBOCTEH 1 MoXke OyTH BHMKOPHCTaHHMH I ONTUMI3alil CTPYKTYpH
KOMIIO3UIIIHHAX MaTepialiB Ta MiABUINECHHS TOYHOCTI iX YHCEIHLHOIO
aHawi3zy.
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LAYOUT AND FRAME STRUCTURES OF THE HTTP PROTOCOL
IN ASYNCHRONOUS AJAX EXECUTIONS ACROSS VARIOUS
WEB FRAMEWORKS

N. Rudnikovall0009-0008-7057-4241] Dy Sci.. O. Barabash?2[0000-0003-1715-0761]
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”’, Ukraine
EMAIL: frudnikova.n.s.-tvz51f@edu.kpi.ua, 2barabash-oleg@IIl.kpi.ua

CTPYKTYPHU MATEPIAJTY TA ®PEMMIB IIPOTOKOJIY HTTP B
ACHUHXPOHHHUX BUKOHAHHSX AJAX HA PI3BHUX BEB-
®PEMMBOPKAX
H. Pyauikosa, Dr.Sci., O. Bapa6am
Hayionanonuii mexniunuii ynisepcumem Yxpainu «Kuigcokuu nonrimexniynuti
incmumym imeni leops Cikopcbkoco», VKpaiua,

Anomauisn. Y 00cniosncenni 00CioNHcyiomvcs CmpyKmypu Qpetimie npomoxoy
HTTP ma acunxpouni wabnonu euxonanna AJAX y cyuachux eeO-@pelimeopxax.
HlInsixom cucmemamuyno2o ananizy 36opomnux euxnuxie Dash y peanizayisx Django
ma EXpress.js, docnioocenns poszensoae mexanizmu POST-zanumis,  scummesi
yuknmu  Hebnoxywuoeo XHR  ma  cmpameeii  iniyianizayii  komnonenmis.
Memooonocis  euKopucmogye HNOPIGHANbHUL  AHANI3 YUKTIE 3anum-ionosiov,
cepianizayito KOPUCHO20 HAGAHMAICEHHT MA aPXiMeKmypu, Kepo8aHi NOOIIMU.
Pesynomamu NOKAa3yioms, wo posyminua  ¢petimie  HTTP  na  pisni
iH(hpacmpyxkmypu 00360715€ 3MeHuumuy cnpuiHamy sampumxy Ha 40-60% 3asosku
ONMUMI308AHOMY BUKOHAHHIO 360POMHUX BUKIUKIE MA YAPAGIIHHIO HCUMMESUM
yuknom. Pesyremamu cmeopwioms OCHO8Y 0Nl NPOEKMYBAHHA ACUHXPOHHUX
6€0-3ACMOCYHKI8 31 30A1AHCO8AHOI0  NPOOYKMUBHICMIO ™A  KOPUCIYBAYLKUM
docgioom.

Kniouosi  cnosa: AIJAX-sanumu, ¢peimseopxk Dash, Django, HTTP-
npomoxon, Node.js, acunxponnuu JavaScript, ee6-apximexmypa

Abstract. The study investigates HTTP protocol frame structures and
asynchronous AJAX execution patterns across modern web frameworks. Through
systematic analysis of Dash callbacks in Django and Express.js implementations, the
research examines POST request mechanisms, non-blocking XHR lifecycles, and
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component initialization strategies. The methodology employs comparative
benchmarking of request-response cycles, payload serialization, and event-driven
architectures. Results demonstrate that infrastructure-level understanding of
HTTP frames enables 40-60% reduction in perceived latency through optimized
callback execution and lifecycle management. The findings establish a framework
for designing asynchronous web applications with balanced performance and user
experience.

Keywords: AJAX requests, Dash framework,Django, HTTP protocol, Node js,
asynchronous JavaScript, web architecture

YK 519.876:655.3:676.274

MATHEMATICAL MODELING OF THE FORMATION PROCESS
OF BRAILLE ELEMENTS ON PACKAGING BOARD
PhD‘ V. Mayik1[0000-0002-6650-2703]‘ PhD, L. Mayik2[0000-0001-8552-0942]’
PhD' B. Havrysh3[0000-0003-3213-9747]
Lviv Polytechnic National University, Ukraine
EMAIL: tvol.mayik.2015@gmail.com, 2ludmyla.maik@gmail.com,
3dana.havrysh@gmail.com

MATEMATHUYHE MOJIEJIOBAHHS ITPOILIECY
®OPMYBAHHS EJIEMEHTIB LIPU®TY BPAMJISA
HA MAKYBAJIBHUX KAPTOHAX
Ph.D., B. Maik, Ph.D., JI. Maik, Ph.D., B. F'aBpuux
Hayionanvnuii ynieepcumem «JIvsiscoka nonimexuixay, Yrpaina

Anomauia. Memor 0ocniodceHHs € mamemamuyHe MOOeTOSAHHS npoyecy
Gopmyeanns enemenma wpugmy bpaiina na naxysansnomy xapmoni. Ha ocnogi
EeKCNepUMEHMANbHUX — 00CHi0NHCeHb NO0OYO08AHO KEAOPAMUYHI  ANPOKCUMAYIUIHT
sanexchocmi muny p = p(h) 0ns kapmowuie pizHoi noeepxHesoi macu i3
BUKOPUCIAHHAM MeMOOY HAUMEHWUX K8AOpamie i 6CManoeneno, wo Koegiyicnm
Odemepminayii R? nepebysac 6 meocax 0,92-0,998. Ha ocnosi ompumanux
pe3ynbmamis noby00sano yzazaivreny mamemamuiny mooens npoyecy p = f(h,ms).

Kniouosi cnoga: mamemamuuna MmoOenb, Memoo HAUMEHWUX Keaopamis,
JHIUHA IHmepnonayis, noxubku, wpugm bpaiins, nakyeanvhuil Kapmon.

Abstract. The study aims to develop a mathematical model of the Braille dot
formation process on packaging paperboard. Based on experimental data, quadratic
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approximation functions of the form p = p(h) were obtained for paperboards with
different grammages using the least squares method. The coefficient of
determination (R?) ranged from 0.92 to 0.998. A generalized mathematical model, p
= f(h, m,), was developed.

Keywords: mathematical model, least squares method, linear interpolation,
errors, Braille script, packaging board.

Y  KOHTEKCTI BHUMOI MDKHApOJHUX HOPMATUBHHUX JOKYMEHTIB
(cranmaptu ISO), €sponeiicekoro Corosy (ITocranosa €C 2004/27/EC) Ta
HaliOHAIBHUX CTAHIApPTIB OKPEMHUX KpaiH, 30KpeMa i B YKpaiHi, MTaKOBaHHA
OaraTboX KaTeropiii ToBapiB (HampuKian, (apManeBTHIHOI MPOIYKIIii)
MOBUHHO MICTHTH OOOBSI3KOBE MapKyBaHHA ImpudToMm bpaitns s
KOpHCTYBadiB 3 mopymeHHAMHA 30py [1, 2]. OcobmuBy yBary y LbOMY
KOHTEKCTI TPHUIUIIETBCA AKOCTI (OPMYBaHHA peNbeEQHUX EICMCHTIB
wpudry Bpaiing Ha kapTOHHOMY MaKOBaHHI, TaK K NpaBHJIbHE Ta HaliiiHe
34MTyBaHHA iHpOpMalii Oe3mocepeIHO BIUIMBAE Ha OE3NeKy CI0XKUBaYiB, a
OJHMM 13 KJIIOYOBHX MapaMeTpiB, IO BH3HAYAE HAJIHHICTh TaKTUILHOTO
3YNTYyBaHHs iH(pOpMaIlii, € BUcoTa pesibeHOro enementa mpudTy bpaiins.
IMpoBeneno mociimkeHHs mnpouecy (OpPMyBaHHS eleMeHTIB mpudry
Bpaiins Ha MakylnaTypHOMY HekpeiiioBaHOMY KapToHi Ty MM cepeaHboi
ITyXKOCTi. Y TIpoIieci THCHEHHS! OCHOBHMMH TIapaMeTpaMy, SKi BIIMBAIOThH
Ha BEJIMYHMHY TEXHOJIOTIYHOTO THCKY, € BHCOTa PEJIBEPHOTO eJIeMEHTa
mpudry bpaiins h, MM, moBepxHeBa Maca KapTOHY Mms, KI/M?; TOBIIMHA
KapTOHy z, MM; O0’€MHa TyCTHHAa KapTOHY p, I/CM’, TOMYy BHXiJHHM
rapaMeTpoM MaTeMaTHYHOI MOJIeNli € TEXHOJOTIYHMH THUCK (OpMyBaHHS
penbedHOTO enementa: p = f (h, ms, z, p). OCKUTBKH MiXX TapaMeTpamMu ms, Z
Ta p CIOCTEPIraeTbcss BUCOKUH pPIBEHb Kopeisiuii, To Oynu mnoOyJoBaHi
KBaJIpaTU4HI armpokcuMaliiiHi 3anexxHocti Tumy p = p(h) a1 kapToHIiB
pi3HO{ MOBEpXHEBOI MacCH i3 BUKOPUCTAHHIM METOly HAalfMEHIIINX KBaJpaTiB
1 BCTaHOBJIEHO, 10 Koe(iieHT netepMinaiii R? mepedyBae B mexax 0,92 —
0,998.

Ha ocHOBiI pe3ynbTaTiB eKCIEepUMEHTAIBHHUX JOCTIKEHb po3poliieHa
y3arajbHeHa MaTeMaTHYHa MOJEb, sKa MOXXe OYTH BHKOPHUCTaHa SK
IHCTPYMEHT ITPOTHO3YBAaHHs TEXHOJOTIYHOTO THCKY IIiJ 4ac (GpopMyBaHHS
eneMeHTiB WpndTy bpaiing Ha makyBaJbHUX KapTOHAX Pi3HOI MOBEPXHEBOT
MacH Ta JUIsd ONITHMIi3alii mapamMeTpiB MpoIecy THCHEHHS.
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VK 004

A CONCEPT OF USING GRAPH FORMAT OF INFORMATION
ORGANIZATION FOR CONDUCTING DISCOURSES
A. Sidielnikova?, Ph.D., N.Rudnichenk?2[0000-0002-7343-8076]
Odesa Polytechnic National University, Ukraine
EMAIL: 19482162 @stud.op.edu.ua, nickolay.rud@gmail.com

KOHUIEINIISA BUKOPUCTAHHS I'PA®OBOI'O ®OPMATY
OPI'AHIBAIII THOOPMAIIIQ JJISI MPOBEJAEHHSA JTUCKYPCIB
A. CigenbHikoBa, Ph.D., M. PyaniueHko
Hayionanvnuii ynisepcumem « Odecoka nonimexuixay, Yxpaina,

Anomauyin. Busnaueno munogi euxopucmauHs piznux ¢popmamie opeawizayii
inghopmayii (@OI). 10enmupixosano YUHHUKY, WO GNIUBAIOMb HA NPOOYKMUGHICTb
ouckycii. Ilpoananizosano é3aemodiio 2anona I'iwia ma ad hominem 3 piznumu @OL

Knrwwuoei cnosa: ouckypc, opeanizayia inghopmayii, epaghixu

Abstract. Common usages for various formats of information organization are
defined. Factors with impact on a discussion’s productivity are identified.
Interactions of Gish gallop and ad hominem with various FIO are analyzed.

Keywords: discourse, information organization, graphs

Tpagumiianvu POl B KOHTEKCTI OUCKYCiil € JaHIor (pOo3MOBH, YaTH)
Ta aepeBo (komeHrtapi, Gopymu). Bei HaBeaeHI MPUKIAIU MAOTh €IEeMEHTH
rpagosoro ®OI (mocrinanHs), ane iX 3aHaATO AKTHBHE BUKOPUCTAHHS YacTO
MIPU3BOINTH J0 MOCKJIATHEHHS HaBirallii po3MOBOIO.

Uwucri ta HamiBrpagoBi POl BHKOPHCTOBYIOTBCA SK 0a3u 3HaHB
(;okanbHi wiki npoexTis [1], Obsidian [2]), ane ix mpsime BUKOpHCTaHHS
JUISL KOMYHIKalil He € MoIupeHuM. Jlo NMpUYMH MOXHa HAaBECTH BHCOKY
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ckiaaHicTh opranizamii Biamosigmoro Ul y 90-x Ta 00-X, Komu
CTaHAAPTU3YBAINCS PILICHHS A THIIOBUX KOMYHIKaliMHUX [03-KEHCiB;
NoTpedy BCTAHOBJICHHS JIOKAJIBHUX IPAaBWI CTPYKTypyBaHHs rpada Juis
3a0e3nedeH sl No/anbIIoi HaBiraumii; copMoBaHy CTallicTh BUKOPUCTAHHS
rpadoux POl y pekOMEHIAIIHUX cCUCTeMaX Ta 0a3ax 3HaHb, JI¢ JaHWU
(opmat GyII0 ONTUMI30BaHO ISl YUTAHHS Horo Mamuaamu [3]; Tomo. Brim,
rpagoBi POl ™MawTe TOTEHHIAT BHPIMICHHS pAAy NEPEIKOA 10
MIPOAYKTUBHUX ITUCKYPCIB, 3 SKIMHU CTUKAIOTHCS TPanuIiitHi popmaTi.

MeToro poOOTH € IOCTIKCHHS AacHeKTiB KOHIEMHIli BHUKOPUCTAHHSI
rpadoBoro Gopmary opraHizarmii iHpopmarii s MpoBeACHHS TUCKYPCIB.

Jleski YMHHUKY, [0 BIUIMBAIOTh HA MPOXYKTUBHICTH IHCKYCIi:
PUTOpPHYHI HaBMYKH YYaCHHUKIB; iHQOPMOBaHICTh YYAaCHHKIB; JNOCTYITHUH
IHCTpyMEHTapili BAKOPUCTOBAHOT'O MEIyMY.

PuTopuuHi TEXHIKM 4aCTO BUKOPHUCTOBYIOTHCS HEYCBiOMICHO (ped), Ta
€ HamnpaBJICHUMH Ha «BHUTpAID» y JHMCKYCIii 3aMiCTh MOLIYKY icTHHHU. Bapro
3a3HAYUTH, NI0 LIOHAWMEHII B JESIKHX BHUIIAJKaX MOJXKHA CIIOCTepiraTu
OUEBH/IHY ONTHMI3aLito mij JaHirorosuit @OI.

Tak, ranon I'imma KopuCTyeThCSI 00’€MHICTIO JETAIFHOTO PO3IIISIAHHS
OKPEeMHX TEM, IEeperpyXylouH CITBOECIIHNKA IIBHIKOI 3TaAKOI0 Py
MOJKJIMBO HETOYHHX TMPHKIAAIB UM apryMeHTiB. Y naHiroroBomy @Ol mina
B3aeMOJIii 3 peIulikaMd pocTe 3 iX JaBHICTIO. B3aeMomis 3 KOXHHM
€IIEMEHTOM CHHCKY apryMEHTIB MiJBHINY€ IiHY B3aeMOJil 3 iHIIMMH. Y
rpadosomy @OI 1151 TexHiKa HE € ePEKTHBHOIO, TOMY IO I[iHA B3a€MOIIi 3
PEIuTikor0 pocte 3 ii AMCTAHIE Bi po3TallyBaHHS Ha rpadi OKpemoro
yYacHUKAa TOJiIory, a He 1 ¢akruunoi mgaBaocti. Ad hominem
HaNpaBJeHUIl Ha AMCKPEAMTALIIO PEIUIiK CHIBPO3MOBHUKA. Y BHIAIKY
nanioxxHoro @OI, skuro et Meto Mae ycrix, KOKHUN CIiBOECITHUK Mae
NEepeIMBUTUCS CBOE BIJIHOLIGHHS JO HOro pemik, oo € JIyxe
€HEeproMiCTKOIO 3aaaueto. SIKIo BiH HE Ma€ yCHiX, MiISTHKA JAHIIOTa 3 Horo
y4JacTio cra€ MycopHoro iHdopmamiero. Y rpadoBomMy QopmaTi KOKHa
OKpeMa peIlTika MOXKEe OTPHUMAaTH MOBHOIIIHHY OI[IHKY HE3aJeXHO Bij
aBTOPCTBA; KPiM TOTO, PEIUIIKM MOXYTh OYTH PECTPYKTYpOBaHI 3a BUIBHO
BU3HAYEHUMH TMPHUHIMIIAMH — CIPOIIEHI apryMeHTH MOXYTb OyTH
BiJJOKpEMIICHI BiJl MiATBEP/UKCHUX, CYMOYpHUI BHKIAJ MO MOxe OyTH
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BUKJIQJIGHUH ITOCIIIIOBHO, KOMIUIEKCHE BiJJHOLICHHS OJUHUIL 3HAHHS MOXKE
OyTu BiIOOpakeHO, CYTTEBO, MAIIOKO.

[HdopMoOBaHicTh yU4aCHUKIB CTa€ MEHILIOI MPoOIEeMOI0, Koiu 10 Oy1b-
SIKOi JIUITHKK  JTUCKYCii MOXKe Tix’emHaTucs Oyab-XTo Oyab-komu. 3
tpaguuiiianmu - @Ol mpobnema Bcrae 3 «OyOb-KOJNM» B CHILY
BUILE3a3HAYCHOT JMHAMIKH POCTY LIIHM IHTEPAKLii 3 AaBHIIIUMHU PEILTiKaMH.
Takox BapTO BpaxoBYBaTH 3alHATICT INPOCTOPY PO3MOBH IOTOYHOIO
TEMOIO; BEJICHHS J[BOX IIJA-TEM 3a pa3 MOMIIMBE Yy JEpeBONOIIOHUX
(dopmartax, ajne y JaHIIorax MpU3BOJHUTH JIHIIE O 3HWKEHHA e(DeKTHBHOCTI
oOMiny iH(opMarmiero 3a oboma Temamu. TakoX, y BHIIAQAKY BHCOKOI
aKTHUBHOCTI 4YaTy HE BCi YYaCHHUKH MOXYTh O3HAHOMIIFOBATHCS 31 BciMa
pemtikamu. Kpim Toro, nesiki Temu (1070 i€0JI0TiH, €eKOHOMIKH, TOIO) €
3aHaITO 00’€MHHMMH Ta KOMIUIEKCHHMH ISl TIOBHOLIIHHOTO OOCY/KEHHS Y
Tpamuiliitaux ¢opmarax. He-excriepTu 3a TeMOI HE 3HAIOTh BCi€l KAPTHUHH,
110 TPU3BOAUTH JIO MOJICTTIICHOTO PO3MOBCIO/DKEHHS Me3iHdopmartii. SIkio
SKach Jy)XKe TNPOAYKTHBHA JMCKYyCis Ha IpOCTOpax IHTEpHETY IiHCHO
BinOyacs, ii myxe CkiIagHO 3HalTH 0e3 HAsBHOTO NMPSMOTO TOCHJIAHHS JI0
Hel. Jesindopmaniss Ta iHII BHIIEBKa3aHIi MOMEHTH CTBOPIOIOTH
CaMOBIIEBHEHUX HE-EKCIIEPTIB, SKi MPOJOBXKYIOTh IINKJI XHOHNX apTyMEHTIB.
B Toif ke wac, komm i XWOHI apryMeHTH CIIPOCTOBYIOTHCS,
HEiHQOPMOBAHICTh  OCTAaTKy CIUIBHOTH IIOAO IIhOTO  KOHKPETHOTO
CIPOCTYBaHHS IpPHU3BOMATH OO TOrO, IO Ti JK caMi apryMeHTH,
CHPOCTYBaHHS Ta MMTAHHS BUCIIOBIIOIOTHCS 3HOBY 1 3HOBY.

Buxonsun 3 nux mpo0ieM, MOXKHa HaBECTH HACTYMHI (YHKIIOHATIbHI
moTpeOr KOMYHIKAI[ifHOT CHCTEMH, ONTHUMI30BaHOI TiJ TNPOBEIACHHS
JMCKYpCIB: MeTonu IH(QOpPMyBaHHs Yy4YacHHKIB (CTBOpeHa perurika Ta
ajZipecoBaHa peIuIika; HaBiramis JUCKypcoM (TOLIYK, BiJOKPEMJICHHS Ta
IHTEpaKIis 3 TeMaMu/TiATeMaMH/apryMeHTaMH); CTaliCTh Ta JIETKICTh
MONIYKy  BXKe  3amucaHoi  iHQopwarii; CcOpTyBaHHS  peIUTK  3a
(YHKIIOHATPHAMH THUIIAMH Ta iX Bi3yalnbHa imeHTH(DIKALIA;, MiHIMI3amis
Gap'epiB Ui iHTepakuUiil 3 cucremoro. Ha naHmit MOMeHT He icHye Menia-
miaropmy, sika 6 mokpusana Bei i MomeHTu. Icaye Obsidian, icHyroTsb
6a3u 3HaHb, ajle BOJIM ONTHMI30BaHI IiJl CTaTUYHE 30€peKEeHHs NaHHX, a He
auckycii. IcHyroTh comianbHi Mepexi 3 BUIBHUMH IIOCHIAHHSIMH MiX
MOCTaMH, ajieé TaM € aKTyaJbHHMH B)X€ BKa3aHi CKIAIHICTh MOUIYKY
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KOHKPETHUX TIOCTiB, IMKJI XHOHMX apryMeHTIiB Ta HaBiramiiiHa
HETOB'sI3aHICTh OKPEMUX JUCKYCIH.

B pe3ysbpraTi MOXKHa 3a3HaYMTH, 0 BUKOpUcTaHHs rpadoBux POI ms
MDKJTIOJICBKHX KOMYHIKaIif € TEMOI0, BAPTOI0 MOAAIBIIOTO JOCIIIKEHHS.

Jlitepatypa
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ASSESSING THE ATTAINABLE HEAD-ROOM OF EVENT-
TRIGGERED ROUTE RE-PLANNING IN DYNAMIC TRANSPORT
FLOWS
D. TolKunoy/[0009-0000-4670-1134]

Odesa Polytechnic National University, Ukraine
EMAIL: 5693362@as.op.edu.ua

OLIHIOBAHHSA JOCAXKHOI'O PESEPBY ITOAIEBO-
KEPOBAHOI'O IEPEIIJIAHYBAHHSA MAPILIPYTIB ¥V
JAAHAMIYHUX TPAHCIHHOPTHHUX ITOTOKAX
. TonkyHos
Hayionanenuii ynisepcumem «Odecvka nonimexuixay, Yxpaina

Anomauia. Memoio pobomu € oyin08anHA 6NAUEY MOMEHNY NEPEeNIaAHY8aAHHS
Mapuipymy Ha AKicmb Kepylouux piuteHnsb. 3anponoHo8ano 0iacHOCMUYHY 6epXHIO
MedACY, WO BUBHAYAE HAUKPAWUTI OOCSAICHULL pe3yibmam 3a ikcoeanozo 6100xiceny
nepepaxyukie. Ha peanvnux oanux PeMS ma ERAS5 i3 napuumu Oogipuumu
iHmepeanamu 8CMaHoOBIEHO 3HAUYIWULL pe3eps: i0eanbHull GUOIp MOMEHMIE HUICYE
empamu mapwipymuzayii Ha 36—42 eiocomxu ma ckopouye yac noivomy uma 21-31
X6UNUHY, MOOI K NPOCMI Mpucepy UKOPUCTNOBYIONb JUlLe MATY 1020 YACTHKY.
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Kniouosi cnosa: xepyroui piwienns, nepeniany8anns Mapupymy, mpaHcnopmHi
NOMOKU, 00UUCTIOBAIbHUL O100XCem, 8epXHA Medca, 008ipyi inmepeanu, Oe3ninommi
anapamu.

Abstract. The work assesses how the timing of route re-optimization affects
control decisions. A diagnostic upper bound defines the best result attainable at a
fixed re-planning budget. On real PeMS and ERAS5 data with paired confidence
intervals a significant head-room is established, since ideal timing lowers routing
regret by 36 to 42 percent and shortens flight time by 21 to 31 minutes, while simple
triggers capture only a small share.

Keywords: control decisions, route re-planning, transport flows, computational
budget, upper bound, confidence intervals, unmanned aerial vehicles.

Automated routing of dynamic transport flows relies on a chain of
control decisions that covers estimating the state of the environment,
computing a route and choosing when to revise it. The first two links are
studied in detail, whereas the third is usually fixed by convention and its
effect on routing quality is rarely measured. The question is practically
significant because every recomputation consumes computing resource,
communication bandwidth and energy.

To quantify this effect a diagnostic upper bound is proposed that, at a
fixed budget of recomputations, greedily selects the re-planning moments
minimising the realised routing cost. Because the bound consults the already
realised state of the environment, it is not a deployable strategy but an
estimate of the best attainable result. The head-room of a policy is defined
as the excess of its cost over this bound according to expression (1).

H(B) = Cpoh'cy(B) - Corac!e(B:] (]_)
The study uses three open datasets. For ground flows the hourly PeMS
data and the five-minute PeMSD7 data with a real road-network adjacency
matrix are applied [1], [2]. For long-range flight the ERAS wind fields at the
250 hPa level are used [3], and the minimum-time route is built following
the Zermelo formulation [4]. The partitions are chronological, all parameters
are selected on the training part only, and significance is assessed by a
paired bootstrap.
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Table 1. Head-room of ideal re-planning moment selection at a matched budget

Domain Budget Periodic Upper Head-room [95% ClI]
strategy bound

Ground flow | 0.7 % 12.75% 741 % +5.34 [+4.22, +6.59] pp
Ground flow | 2.7 % 6.69 % 4.07 % +2.62 [+2.17, +3.08] pp
UAV flight | 2replans | 14.30h 13.77h +31.4 [+20.8, +44.6] min
UAV flight | 5 replans 14.06 h 13.71h +21.1[+11.9, +32.6] min

The results in Table 1 show that the head-room is significant in both
domains, since no confidence interval contains zero. For ground flows the
ideal choice of moments lowers routing regret by 36 to 42 percent relative to
the periodic strategy, and for long-range flight it shortens the time in the air
by 21 to 31 minutes. A substantial part of the loss is therefore caused not by
the quality of the forecast or of the optimizer but by the moment of
recomputation.

The distribution of this head-room across budgets is presented in Figure
1. The left panel shows that the curve of the upper bound lies markedly
below the periodic strategy over the whole range, while the gap narrows
slowly and is largest at the smallest budget. The right panel compares the
attainable head-room with the share actually captured by the trigger based
on the change of the environment field, and this share amounts to roughly
one sixth.

5\ ~i - periodic b —=- captured by trigger
12 =28 =@ near-oracle = 401 B attainable head-room
2 & E
+ 10 \ g
@ B &
8 7}
£ £
3 a
€ g £
[
s . 0-
1.0 15 2.0 2.5 2 3 5
Re-planning budget, % of steps Re-planning budget, replans / flight

Figure 1. Head-room of re-planning moment selection for ground flow (a) and for
UAV flight (b)
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A natural explanation for the difference between the domains appears to
be the periodicity of the environment, yet a controlled model did not
confirm this hypothesis. The advantage of the trigger did not vanish for a
purely periodic signal, since the trigger concentrates the limited
recomputations at moments of rapid change that a periodic signal also
contains. The limiting factor is the informativeness of the trigger signal, that
is its agreement with the cost of holding a stale plan [5].

The moment of re-planning is therefore an independent and measurable
source of control-decision quality, and the proposed upper bound provides a
reference for assessing practical strategies. Further research is directed at
building triggers that estimate the cost of a stale plan directly, and at
validating the results against genuine wind forecasts.
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OHIHKA TOYHOCTI MOAEJOBAHHSA ITUHAMIUHUX
CUCTEM HA OCHOBI PAHXYBAHHS TIOXUBOK
O. Tarapun, A. Umenescbkuii, JI. ®inin, 0. Cepoin
Hayionanvhuil ynisepcumem «Odecvka noaimexnikay, Yxpaina

Anomauia. B pobomi eupiwiyemovcs 3a0aya OYiHKU MOYHOCMI MOOENI08AHHS
OUHAMIYHUX CUCMEM HA OCHOBI PAHXCYBAHHA NOoXubok. Ompumani peszynomamu
NIOMBEPOHCYIOMY, WO 3aNPONOHOBAHUL MEMOO 3MEHULYE 0OUUCTIOBATILHI BUMPAMU,
3abesneuyiouu npu ybOMy HAOIIHY OYIHKY MOYHOCMI, MA O00360J4€ eQeKmUHO
npozHosysamu  noXubKu peanizayii Ons  3a0ay MOOENOBAHHA Ma  KepySaHH:
OUHAMIYHUMU CUCTHEMAMU.

Knrwwuosi croea. ioenmugpixayis; HeniHitiHa OUHAMIKA, NONEPEOHE HAGUAHHSL,
WBUOKICIb HABYAHHS HEUPOHHUX MEPEXC.

Abstract. This paper addresses the problem of evaluating the accuracy of
dynamic system modeling based on error ranking. The results confirm that the
proposed method reduces computational costs while providing a reliable accuracy
assessment, and enables effective prediction of implementation errors for dynamic
system modeling and control problems.

Keywords: identification; nonlinear dynamics; pre-training; neural networks,
training speed:

Introduction

Performing calculations to ensure high-quality optimization of dynamic
system parameters according to various criteria and to organize effective
production and operational control is possible only by developing effective
methods for analyzing the operational processes and accuracy of complex
dynamic system structures that are being designed and developed [1, 2, 3].
The development of these methods gives rise to a complex set of scientific
problems, the solution of which requires a series of scientific studies [4].

The aim of this study is to develop a method for predicting the accuracy
of computational implementations of dynamic system models represented
by classes of differential and integral equations.

The error-based ranking method

The method can be presented as follows:

1. The class criterion is defined a priori. In other words, at the first
stage of the solution, it is necessary to a priori (conditionally) partition the
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initial set of matrices Z into m classes Q;, / = L,m_However, m should not
be chosen too small, since it is clear that the more classes are a priori
defined by the selected criterion, the higher the likelihood of obtaining
classes of “good” quality. Solving practical problems it is advisable to set m
= 10.

2. FTU(F), and the quality measure Co for each class Q; are defined as
j =1, m for the selected norms i (I = 1,1). Regarding the computation of

F‘_"U(r), and C;, the following should be noted. It is advisable to use
numerical methods of analysis in the calculations, which necessitates
replacing the set of matrices Q;, J = Lm | with a finite subset Qin,
consisting of N representative matrices of the set Q;.

3.  Define the classes Q; ,/ = L™ for which Cij <Cio , where Co is the
minimum class quality estimate. We will assume that there are m; such
classes. Next, by appropriately modifying the class criterion, we partition

_17—S =1m
the set Y.Q. into ™Ms subsetsQ. S1= LMs, 71T TS guen
that"s, = 1 holds.

4. Using cluster analysis methods, m classes are grouped based on a
specified distance function between classes and a class merging criterion.
The classes resulting from this grouping form subclasses. Solving test
problems shows that performing such a classification of the matrices Q;,
J =1, m gjlows for a more efficient estimates of the distribution function

llAxll; by determining the class Q; to which a specific matrix A belongs and

constructing the distribution function of the values T!‘f"A 1"55"80"1.

Conclusion

A method is proposed for ranking errors in the implementation of
mathematical models of dynamic systems in modeling problems. Unlike the
application of the well-known sensitivity theory, the use of the proposed
analytical estimates in the form of inequalities should be considered
economical and sufficient for further analysis and decision-making
regarding the assessment of the accuracy of the obtained solution.
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JABOBUMIPHI 306PA’KEHHS KBAJIPATUUYHUX MO)IE.J'[EI71
BOJIbTEPPH OKOPYXOBOi CUCTEMU B JIATHOCTHYHUX
JOCJIIKEHHAX
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Anomauin. Memowo 0ocniodcennsi € GUBYEHHS BGIACMUBOCMEU O0BOBUMIDHUX
300padicenv Keaopamuunoi mooeni Borvmeppu oKyIoMomopHol cucmemu JIH0OUHU.
byno npoarnanizogano 300pacicenus, wo MICMAmMb YieHU Nepuiozo ma Opy202o
nopaoky nonioma Boavmeppu. [na  nobydosu npocmopy  03HAK,  AKUL
BUKOPUCTNOBYEMBCS 01 OIAZHOCMUKY 8MOMU THOOUHU, OYI0 3ACMOCOBAHO Gelisen-
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nepemeopennst. Y yiii po6omi nopieHIOI0MbCsi MEMPUKU MOYHOCI KAACUpikamopie
SVM ons npocmopie 03HaK, Wo CKIA0AOMbCA 3 MOMEeHmie eelignem-Koeiyicumis
Ha Opy2omy piHi 0eKOMNO3UYii.

Knwuoei cnosa: ncuxogizionoziunuii  cmaH, OKYIOMOMOPHA — cucmema,
MOoOenosanHs, noniHomu Bonvmeppu, atimpexine, MAuiuHHe HAGYAHHMS, GeUBIeNm-
nepemeopeHHsl.

Abstract. The purpose of this work is to investigate the properties of two-
dimensional images of the quadratic Volterra model of the human oculomotor
system. Images containing first- and second-order terms of the Volterra polynomial
were analyzed. Wavelet decomposition was used to construct a feature space, which
is used to diagnose person’s fatigue. This paper compares the performance metrics
of SVM classifiers for feature spaces consisting of wavelet coefficient moments at
second decomposition level.

Keywords: psychophysiological state, oculomotor system, modeling, Volterra
polynomials, eye tracking, machine learning, wavelet transform.

Today, eye tracking is successfully used in diagnostic applications, such
as assessing fatigue levels or disorders [1, 2, 3]. Eye-tracking-based
diagnostic tasks require the proper selection of features that are informative
for the task at issue. One way to derive a set of features for further machine
learning-based diagnosis is to model the human oculomotor system as a
nonlinear dynamic system. This study used a model of the oculomotor
system represented by a second-order Volterra polynomial. It accounts for
both the linear response of the system and its memory. Data from “input-
output” experiments using the Tobii Pro TX300 eye tracker were used to
construct it. A system identification method based on step test signals with
two different amplitudes was used. The signal consisted of a stimulus
(colored dot) on a white screen, which shifted to the right by a distance
corresponding to the amplitude. The experimental results made it possible to
construct a Volterra polynomial model using the least-squares method.

The transient response and the diagonal section of the quadratic transient
response were obtained for a set of 16 experiments: 8 in the morning,
corresponding to a low level of fatigue, and 8 in the evening, corresponding
to a high level. Images containing the system responses mentioned above
were analyzed. Square images were used to ensure sufficient accuracy. A
size of 1024 was chosen, a power of two, because in wavelet decomposition
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the side length of the square is halved at each level. The eye tracker used has
a sampling rate of 300 Hz, but to ensure compatibility with other devices,
spline interpolation using second-order B-splines was employed.

The images were subjected to second-level wavelet decomposition using
the Daubechies 8 wavelet [4], which is implemented as an orthogonal bank
of filters (low-pass and high-pass). At each level of decomposition, images
are obtained by applying filters in different combinations — namely, LL, LH,
HL, and HH — which correspond to different features.

To reduce dimensionality the moments of the distributions of wavelet
coefficients were used, namely mean, variance, skewness, kurtosis, and the

fifth central moment. The results are given in Table 1 and 2.
Table 1. Results for original dataset classification

Feature pair Accuracy F1-Score
L2_LH_mean & L1_LH_skew 0.8750 0.866667
L2_LH_skew & L1_LH_skew 0.8750 0.866667

L1 LH_skew & L1_LH_kurtosis 0.8125 0.808333
L1_LH_skew & L1_HH_mean 0.8125 0.808333
L2 LL_skew & L1_LH_skew 0.8125 0.8
Table 2. Results for augmented dataset classification
Feature pair Accuracy F1-Score
L2 HH_mom5 & L1 LH_skew 0.9375 0.936881
L1 LH_skew & L1 LH_kurtosis 0.921875 0.921195
L2 HH_skew & L1_LH_skew 0.921875 0.920044
L2 LL_skew & L1 LH_skew 0.90625 0.905509
L1 LH mean & L1 LH_mom5 0.90625 0.905258

The classifier metrics for feature pairs from the original datasets and the
augmented dataset, where 1%, 3%, and 5% white noise was added to the
features were compared. The results show that the first-order moments and
their skewness are the most significant. The maximum accuracy achieved
for the RBF-kernel SVM was approximately 0.875 for the original dataset
and 0.938 for the augmented dataset.
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Anomauia. Posznanymo 3adauy npocHo3y8anHs NOKASHUKA MASHIMHOI AKOCMI
KT10valueMax ons oxpemux gppacmenmis pyou na KOH8eEPHill NIl copmyeanhs 3a
ciMoma  O3HaKamu  MAcHIMOIHOYKYIUHO20 ~ma JjasepHozo  cencopie. I1’simb
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peepeciunux modeneti nopieuaHo 3a cxemoio GroupKFold (k = 20) 3
Hanawmyeannam  einepnapamempie  Optuna,  Kpumepiem  @Ppiomana  ma
anocmepioprumu mecmamu Hemeni 1 Binkokcona 3 nonpasxor [oama. XGBoost
docaz Hausuwoeo cepeonvbozo R? = 0,790 i cmamucmuuno 3Hauyuje nepesaicus
epebenesy pespecito, momy peKOMEHO08AHUL 00 BNPOBAONCEHHS.

Knrwwuosi cnosa: cencopre copmyeanHs pyou, MAcHIMOIHOYKYIUHUL CEHCOp,
peepecia 3 yaumenem, XGBoost, kpoc-sanioayis GroupKFold, kpumepiti @piomana.

Abstract. Five supervised regression models are compared for predicting the
magnetic quality indicator KT10valueMax of ore fragments on a conveyor-line
sorting system from seven features of two sensors. Generalisation was estimated by
GroupKFold (k = 20) with per-fold Optuna tuning; the score vectors were compared
by the Friedman test with Nemenyi and Wilcoxon—-Holm post-hoc tests. XGBoost
attained the highest mean R2 (0.790), statistically outperformed Ridge regression
and is recommended for deployment.

Keywords: sensor-based ore sorting, magnetic induction sensor, supervised
regression, XGBoost, GroupKFold cross-validation, Friedman test.

Average ore grades keep falling, so the removal of waste rock before
comminution remains one of the few measures that reduce cost and
environmental load at once [1]. Sensor-based ore sorting performs this task
on single-piece conveyor lines, and multi-sensor fusion with machine
learning is regarded as the most promising route for complex ores [2]. The
choice of algorithm, however, is rarely justified statistically: performance
gaps on industrial sensor data are often smaller than sampling noise, and
selection by mean score alone is a recognised source of false conclusions
[3,4]. The aim of the study is therefore to compare five supervised
regression models — HistGradientBoosting (HGB), Random Forest (RF),
Extreme Gradient Boosting (XGBoost), Support Vector Regression (SVR)
and Ridge regression — under group-aware cross-validation and non-
parametric significance testing.

The data come from an industrial conveyor-line sorter with a magnetic
induction sensor and a laser scanner and comprise 4,161 measurements from
90 single-sided scans of 45 ore pieces of 14 batches. Seven predictors are
used: Volume, Area, MaxHeight, CenterDeviation, UsedCoilArea,
SensorTemp and SensorValueRAW. Volume and Area are approximations
obtained from a single top-down scan rather than direct measurements.
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Generalisation was estimated with GroupKFold at k = 20, with the scan
identifier as grouping variable, so no scan appeared on both sides of a split.
Imputation and standardisation were fitted on training partitions only, and
each model was tuned per fold by Optuna (100 trials). The per-fold R?
vectors were compared by the Friedman test (1):

12k m 5 m+1
XF = D f=1(Rf T ) (1)
where k is the number of folds; m is the number of models; R; is the
mean rank of model j [4]. Rejection was followed by the Nemenyi test and
by pairwise Wilcoxon signed-rank tests with Holm correction (Table 1).

Table 1. Aggregate performance over 20 GroupKFold folds
Model Mean Std R? Min R? Mean Mean
R? RMSE rank
XGBoost 0.7900 0.2138 0.1595 9.32 2.00
RF 0.7768 0.2273 0.1030 10.37 2.70
SVR 0.7141 0.2371 0.1099 22.04 3.10
Ridge 0.6371 0.3336 | —0.3515 15.25 4.20
HGB 0.4288 1.4306 | —5.7159 11.77 3.05

XGBoost attained the highest mean R2 and the lowest mean RMSE, with
RF close behind; Ridge remained competitive (0.6371), indicating a
substantial linear component in the mapping. Two folds failed and are
reported rather than removed: HGB reached Rz = -5.716 in Fold 3 and SVR
RMSE = 224.49 in Fold 17, where held-out fragments lay outside the
training support.

The Friedman test rejected equal ranks, ¥*(4) = 20.32, p = 0.000432.
Nemenyi separated XGBoost from Ridge (p = 0.0001) and RF from Ridge
(p = 0.0227); after Holm correction only XGBoost—Ridge survived (p =
0.0027, p_Holm = 0.0271). At k = 10 Wilcoxon—Holm rejects no pair, since
the attainable p-values are too coarse [3,4].

Ensemble tree methods capture the non-additive interaction between
fragment geometry and electromagnetic response through recursive splits,
which explains their advantage over the linear baseline. XGBoost is
recommended for deployment, with RF as a robust alternative; superiority
was established statistically only against Ridge, and non-significant
differences must not be read as equivalence. The principal limitations are
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the approximate single-sided geometry and scan-level rather than piece-

level grouping.
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Y. Shcherbyna1[°0°9'0002'°150'3°911, Ph.D., 1. Shpinarevaz[0000»0001-9208-4923]
Odesa I.1. Mechnikov National University, Ukraine
EMAIL: scherbinag2001@gmail.com, 2ishpinareva@gmail.com

METOAOJIOI'IA MOBYAOBU IU®POBOI'O I[BIﬁHHKA 10T
CUCTEMHA
€. tlepouna, Ph.D., I. lninapesa
Ooecviuti HayionanvHutl yHieepcumem im. 1.1. Meunuxosa, Ykpaina

Anomauia. Y pobomi npoananizosamo cyuacHi Memooonocii no6yodosu
yugposux ogitinuxie 10T-cucmem, suseneno npooremui micys ma c@opmynbLo8aHo
K408l eumoeu.  Memolo  Odocniddcenns €  po3pobka  YHIGepcanbHO20
MemoOoN02iuHo20 NiOX00y 00 noGy0osu Yu@pogozo OeitiHuka iHpopmayitinoi
cucmemu. Y  pesynomami  3anponoHo6ano  IHHOBAYIUHY — ANbMEPHAMUEHY
Memooonozito no6yodosu yugposozo osiunuxa loT-cucmemu, sixa 6azyemocs Ha
n'amuwaposomy npeocmaegienni O0auux ma Oyra YCHiuWHO Npomecmosana Ha
peanbHux NPUCMpOosIx.

Knwwuoei cnoea: 10T, 0T, yugposi oOsitinuxu, ingopmayiina cucmema,
PO3n0dinena cucmema, CUHXpOHI3AYisk CMAHIB, AHANI3 OAHUX.
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Abstract. This paper analyzes current methodologies for building digital twins of
10T systems, identifies problem areas and formulates key requirements. The aim of
the study is to develop a universal methodological approach to building a digital
twin of an information system. As a result, an innovative alternative methodology for
building a digital twin of an loT system is proposed, which is based on a five-layer
data representation and has been successfully tested on real devices.

Keywords: loT, IloT, digital twins, information system, distributed system, state
synchronization, data analysis

Po3BUTOK TEXHONOTIH Ta YCKIagHEHHS NPOLECIB Ha IiANPHEMCTBAX
CHOHYKaroTh Oi3Hec 30iUIbIyBaTH BIPOBa/KEHHs Hudposizamii Ta
aBromaru3auii. KilloHoBMMHU TEXHOJIOTISIMU B JaHUX 3ajavax craioTb [oT Ta
uudposi aBiiiHMKK [1].BrpoBajykeHHs! MUX TEXHOJIOTIH pa3oM i3 IHIIUMHU
IHCTpYMEHTaMH JI03BOJIJIM BUPOOHMYMM KOMIIAHISIM CKOPOTHTH BUTPAaTH
Ha 5-30% Ta miaABHIIKUT OPOAYKTUBHICT Ha 5-40% [2].

Onnak, interpauist loT Ta nodynoBa nudpoBUX ABIHHHKIB € CKIIaJHOIO
3a71a4ero, OCKIIBKH MOTpedye CTBOPEHHS CHCTEMH, IO 3/aTHAa: 00pobisTH
TeTepOreHHI JJaHi, OTPUMaHi 3 NPHUCTPOiB; AUCTAHIIHHO KepyBaTH CTaHAMHU
MPUCTPOIB; 3a0e3meuyBaTH MIBHIKAN Ta Oe3MeYHHi OOMIH JaHUMH MiX
CHUCTEeMOIO H pealbHUMH TpHCTPOSIMH. CyTTeBHH PpO3BHTOK METOJIB
MAaIIMHHOTO HAaBYaHHS ¥ aHali3y JaHWX HaKJIAJA€ JIOJAaTKOBI BIACTHUBOCTI,
Taki siK: 00poOKa BEJIMKOro 00’€My JaHUX, B TOMY YHCII iCTOPHYHHX;
30araueHHsl JlaHMX KOHTEKCTOM BHKOHAaHHS B paMKax IpoueciB yciel
CHCTEMHU; BUAJICHHS 3alIyMJICHHUX il HEKOPEKTHHX JaHuX [3, 4].

KoHuenryanbHO iCHYIOUI METOJI0JIOTIi CTBOpeHHS HM(PPOBUX JIBIIHUKIB
Ta iH(OpMaLiiHOT CUCTEMH MOJYKHa PO3JIUIMTH HA JIBI OCHOBHI KaTeropii:
apXiTeKTypu HU(POBUX JBIMHUKIB Ta MPOLEIYPH MPOEKTYyBaHHS LH(DPOBUX
nBifiHWKIB. B pesymbraTi aHamizy BHSABICHO HACTYIHI IPOTAJIMHH:
BIZICYTHICTh YHI()iIKOBaHMX YacTHH, 3 SIKMX Ma€ CKJIajaTucs iHdopmaniiina
cucreMa Ta UUQPPOBI IBIHHUKK, OOMEKEHAa BIIOBIIHICTH 3a3HAYCHUM
XapakTepucTuKaM; (POKyCyBaHHS Ha BHpILIEHHS KOHKpPETHOI Oi3Hec-3a1adi,
110 pOOUTH MMi/IXi/l HEMACIITabOBaHUM Ha iHII ramy3i [5].

VY po6oTi 3arpOIIOHOBAHO HOBY METO/IOJIOTII0 CHCTEMH, IO ONPalbOBYE
mudpoBi IBIMHUKK 1 CKIaJaeTbcd 3 HACTYIHHX IIapiB: Imap JaHUX
CepeNoBHUINa, map AaHUX IU(PPOBHUX ABIHHMKIB, MIap 3B’SI3Ky MK MIapOM
JIAHUX CEepeOBHIINA Ta IMAPOM JIAHUX IMUPPOBUX JABIHHUKIB, AP KOHTPOIIO
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JaHUX ¥ Imap 3B°SA3Ky MDK LIapoM LU(QPOBUX JBIHHHMKIB Ta IIapoOM
KOHTpOJIIO JaHuX. [l KOXKHOTO IIapy ONHCaHa 30HA BIANOBIJaJbHOCTI Ta
KJIFOYOBI BJIACTHBOCTI, IO POOHMTH METOJOJIOTIIO YHIBEpCaJbHOIO JUIs
BUKOPHCTaHHS Yy PI3HOMaHITHUX 3ajadax 13 BUKOPHCTaHHSIM pi3HOL
KoMOiHarii TexHomoridi. Jlns ompoOarmii miAXOAy CTBOPEHO CTEHA i3
BUKOPHUCTAHHAM KOHTposiepa Raspberry Pi 5, momyns pene Waveshare
Modbus RTU Relay (D) Ta okansHOTO KOMI IOTEPY, Ha SKOMY pO3TOpHYTa
inpopmaniiina cucrema. Ilig gac TecTyBaHHS 310paHO HACTYITHI METPHKH:
00pobneHnx mofniii Ha XBHWIMHY — 623.3 i3 cepeiHBOIO OOPOOKOIO Bil
KiHEBOTO MPHUCTPOIO Mo iHTep(etica KopucTtyBada y 98.2 MiliCeKyHIH, IO
JIOKa3ye pOOOTOCIIPOMOXKHICTh 3aIIPOIIOHOBAHOI METOIOJIOT].

BriM icHye moTpeba y craHaapTH3amii MiAXOMIB 10 IMIUIEMEHTAIi1
MeTon0JI0Tii, (hopMyBaHHI YHi(IKOBAHOTO TEXHOJOTIYHOTO CTEKY Ta CTEKY
crnenudikamid, a TaKOX OUIBII IIMPOKE TECTYBAaHHS 13 PO3IIUPEHOIO
KUJIBKICTIO METPUK JUIsl 11eHTU(iKaii cTabKuX MiClpb.
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A METHOD FOR CONSTRUCTING A STRATIFIED TEST SET OF
REAL-WORLD UML DIAGRAMS
V. P0|ishchuk[0009-0000-2161-4560]’ PhD, V. Skidan[0000-0002-8358-9759]
Kyiv National University of Technologies and Design, Ukraine
EMAIL: knutd@knutd.edu.ua

METOA ITOBYAOBU CTPATUDPIKOBAHOI'O TECTOBOI'O
HABOPY PEAJIBHUX UML-AIATPAM
B. Moaiuyk, Ph.D., B.Ckinan
Kuiscokuii HayionanvHutl yHieepcumem mexHonozii ma ousauxy, Yepaina

Anomauin. Oyinr06anHs MyIbMUMOOAIbHUX GEIUKUX MOGHUX Modenel y 3a0aui
sionoenennss kody PlantUML 3a 3o6pasicennsim nompebye mecmogoz2o nabopy
peanvrux diazpam. 3anponoHogano memoo no6y0osu maxkozo Habopy 3 Kopnycy
BIOKPUMUX PEno3umopiis. GIOCIIO8AHHI SUPOONCEHUX 300padicerb, 0edyniiKayis 3a
HOPMANI308AHUM KOOOM, nepesipka muny oiazpamu napcepom, cmpamugikayis 3a
CKIAOHICMIO 3 GI3YANbHOK  6ANI0AYIEl0 MAa O00MedNCeHHs HA  Peno3suUmopii.
Pesynvmamom € siomeoproganuil ioxkpumuii mecmosutl Haoip i3 1000 Oiacpam
KAAci6 i nocni008HOCMI.

Knrouosi cnosa: UML, PlantUML, emanonnuii na6ip, mecmosuii nabip,
MYTLMUMOOANbHI  GeNUKi  MOGHI  MOOel, cmpamugikoeana  6ubipka,
8I0MBOPIOBAHICIb.

Abstract. Evaluating multimodal large language models on image-to-PlantUML
reconstruction requires a benchmark of real diagrams. The paper presents a method
for constructing one from a mined corpus: filtering degenerate renders, normalized
deduplication, parser-based validation of type labels, visually validated complexity
stratification, and repository-disjoint sampling. The result is a reproducible, open
test set of 1,000 class and sequence diagrams.

Keywords: UML, PlantUML, benchmark, test set, multimodal large language
models, stratified sampling, reproducibility.

Multimodal large language models can generate PlantUML code from an
image of a UML diagram, but measuring how well they do it requires a
benchmark of real diagrams at a realistic scale. Published evaluations rest on
a few manually inspected examples [1], so the difficulty found in real
software projects is not represented. This work presents a method for
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constructing such a benchmark from a mined corpus. The case study is a test
set of 1,000 class and sequence diagrams, built from an open dataset of
143,427 PlantUML diagrams mined from open-source repositories [2].

In the corpus a multi-block source file splits into several diagrams that
share one blob identifier, so diagrams are keyed by source filename. A
diagram is eligible when the metadata marks it as a pure class or sequence
diagram, its structure was extracted without error, its source is not truncated,
it holds at most 50 elements, and its repository is known. These criteria yield
106,348 candidates. Three filters then remove diagrams whose rendered
image cannot serve as a faithful single-image input: sources that render to
more than one page (309), images clipped by the renderer (595), and images
with an aspect ratio above 8:1 (326). Near-duplicates differing only in
comments or whitespace are removed by hashing a normalized copy of each
source (2,018 class and 1,452 sequence diagrams). Finally, a type-agreement
filter keeps a diagram only when its corpus type label matches the type
determined by the PlantUML parser. It removes 128 class and 309 sequence
diagrams. The resulting pool of 68,331 class and 32,880 sequence diagrams
is therefore guaranteed to parse to the scored type.

The central design choice is the stratification variable for complexity.
The element count was rejected: for sequence diagrams the parser counts
only participants, and its quartiles of 3, 4 and 6 produce degenerate tiers. A
composite index over several size metrics was also rejected, because within
each type the candidate metrics are strongly collinear (Spearman p from
0.58 to 0.90), and the connection count is the least reliable corpus
annotation. The number of non-blank, non-comment source lines was
selected instead. It gives well-spread quartile tiers for both types. Because
the task input is an image, the tiers were additionally validated as monotonic
in visual complexity: the median rendered image area grows across the tiers
of both types (Table 1).

Table 1. Median rendered image area by complexity tier, megapixels

Tier Class Sequence
Q1 0.65 1.36
Q2 1.46 2.89
Q3 3.17 5.38
Q4 10.86 14.75
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The test set is a stratified random sample of 125 diagrams per tier and
type, drawn under a fixed seed, with at most five diagrams from any one
repository, so that no single project dominates a stratum. The benchmark is
published as the filename-key list together with the seed and the quartile
thresholds, so the exact set is reproducible from the corpus [3].

The method yields a reproducible, repository-disjoint benchmark
stratified by a validated complexity variable. None of its steps is specific to
UML.: the same pipeline applies to any corpus of rendered text-based
notation.
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Anomauia. Y 36imi po3enioaemvcs 6nposaodHcenHa adanmueHo2o KepyeanHs 8
agmoMamu306anili.  yCmaHosyi  0aa  30UpaHHA  3AMKI8 13 BUKOPUCHAHHAM
npocpamosanux — aoeiunux — kowmponaepie  (Delta ~ma  Siemens).  3asoaxu
BUKOPUCTAHHIO OQHUX ) DPearvHOMY 4daci aoanmueHuili MoO0yav 3abesneyye
OUHAMIYHe KOPUZYBAHHS HACO8UX napamempie eupobnuyoeo yukiy. Hasedeno
npuknaou niompumku ¢ cepedosuwgax WPLSoft i TIA Portal, a maxooc onucano
apximexmypy peanizayii 3 GUKOPUCMAHHAM O000AMK08020 IHMENEKMYAIbHO20
MOOY/Ist KepYBaAHHSL.

Knwuoei cnosa: ey3on 3amxa Oeepeil, MexHONO2IUHUL Npoyec, aA0AnmMueHe
KepyBamHs, MoOYlb KepyeaHHs

Abstract. The report examines the implementation of adaptive control in an
automated lock assembly machine using programmable logic controllers (Delta and
Siemens). By utilizing real-time data, the adaptive module enables the dynamic
adjustment of timing parameters within the production cycle. Examples of WPLSoft
platform and TIA Portal support are presented, along with an implementation
architecture utilizing an additional intelligent control module.

Keywords: door lock assembly, technological process, adaptive control, control
module

Subject of the current study is an industrial unit for door locks
assembling, utilizing automated control via an industrial controller. The
primary goal to develop a technically efficient system adaptable to specific
conditions is achieved by examining the design principles of this type of
machinery, analyzing functionality based on the application, and evaluating
the capabilities of industrial controllers and network architecture.

The complex assembly process, including multiple operations, requires
technical means for parameters assessment and regulator pre-setting. The
implementation utilizes a Delta PLC (WPLSoft) and a Siemens S7-1200
(TIA Portal) within a door lock assembly machine. It comprises the
following major steps:

a start pulse triggers the extension of a pneumatic cylinder;

the time interval between sensors is measured and recorded,;

compensation is applied, and the result determines the timing for the
next cycle;

the logic is implemented using MOV, ADD, and TON functional
blocks.
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Figure 2. Schematic of the control architecture of the assembly machine
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A production cycle with adaptive control relies on real-time sensor data
(position estimate sensors such as potentiometric, encoders, inductive or
optical) to dynamically adjust assembly parameters. The use of Raspberry Pi
controller as a primary sensor interface is provisioned to extend data
communication possibilities of the industrial PLC. The integration of
expansion modules for PLCs empowers system adjustment in accordance
with specific requirements without the need for full replacement of
components. As major software means the Delta WPLSoft environment and
Siemens TIA Portal may be used to experiment with different programing
strategies.
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IHTEJIEKTYAJIbHUM AHAJII3 TETEPOTEHHUX JAHUX Y
CUCTEMAX ITPOAKTHUBHOI'O YIIPABJIITHHSA
EHEPTOCHHOXUBAHHSM CMAPT-OB'EKTIB

Dr.Sci., O. Apcipiiit, Dr.Sci., B. Apcipiii?,
A. 3acinbko!, I. KpanToBchkuiit
Hayionanvnuii ynisepcumem «Odecoka nonimexunixay», Yxpaina,
200ecvra depocasna axademis 6yoienuymea ma apximexmypu, Ykpaina

Anomauia. Jlocnioscenns posensadae kracugikayilo eHepeemuyHux Ccmawuie
cmapm 00 ’ekmie  AK  IHMENeKMyanibHy CKIA008Y HPOAKMUBHO20 YNPAGIIHHA
eHepeocnocusanisim. B sxocmi ananizoeanozo damacemy euxopucmano BDG2,
saxutl cknadaemocst i3 60 000 00606ux 3anucié wo mMicmsames NOKA3U AIYUTLHUKIE Md
xapakmepucmuku 6y0igenb, a MAKOJNC NO200HI ma KaleHOapHi Oawi. 3a
pesynomamamu knacmepizayii 3a K-Means cgopmosano mpu 6ioHOCHI cmaru
cnoocusants. Jlocniosceno modxcaugocmi mpvox 0azoeux Kiacugikamopie ma ix
ancamonroeanta Ha ocHogi Stacking wooo idenmupixayii cmanie cmapm 06 exkmis.
Haiikpawum pesynomamonm € 3navenus Accuracy 64,58 %, Fl-mipa 66,21 %, AUC
83,43 %. Ompumani pezynomamu cgiouams npo NOMIpHy HRPUOAMHICIbL NIOX00Y O
ioenmucpixayii cmamuie cmapm o0 ’'exmis.

Kniouosi cnosa: inmenexmyanvHuii  ananiz — OaHux, 2emepoceHHi  OaHi,
NpoaxkmueHe YNpasniHHs eHepPeOCNONCUBAHHAM, CcMapm-o0'ekm, Kiacugikayis,
ancambnesi mooeri.

Abstract. The study examines the classification of smart-object energy states as
an intelligent component of proactive energy consumption management. The BDG2
dataset comprised 60,000 daily records combining meter readings, building
characteristics, weather, and calendar data. K-Means produced three relative
consumption states. Three baseline classifiers and a Stacking ensemble were
evaluated. Stacking performed best, with 64.58% accuracy, a 66.21% F1-score, and
83.43% AUC, indicating moderate suitability for state identification.

Keywords: data mining, heterogeneous data, proactive energy consumption
management, smart object, classification, ensemble models.

KracuuHi cuctemu KepyBaHHS OIIMTOM PearyroTh Ha TapU(pHUI CUTHAI
abo xomanny oneparopa [1]. [IpoakTuBHa cxema motpedye OLIHUTH CTaH
OyxiBmi no BuOOpy Aii. st mbOTO AaHHI MOKAa3iB JIYMIBHUKIB aHATI3yIOTh
pasoM i3 TIOrOJ0I0, KaJCHAApeM 1 XapaKTepUCTHUKaMH 00'€kTa, 110
BiJINIOBiJJa€ MPAKTHUII MOJCTIOBAaHHSA €HEPTOCIIOKUBAHHS 32 TaHUMU [2].
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Mera pochijpkeHHs Toisrae y po3poOri miaxoay 1o imeHTUdixamii
SHEePreTUYHUX CTaHIB CMapT-00'€KTa, IO € OCHOBYIO Ul IIOJAJIBIIOTO
MIPOAKTUBHOTO YNPABISIHHSAM €HEProCIOXHMBaHHAM. ExcriepuMeHT oliHIoe
KnacuQikaniiHUi KOMIIOHEHT, ajleé He 3HWKEHHS BHUTpaT, KoMmdopT um
JOTPUMaHHS OOMEXKEHb MOTYKHOCTI MEPEexi.

Building Data Genome 2 micTuTh noroaunHi nasi 3a 2016 ta 2017 poku
urs ipubimzHo 1600 OymiBens i BocbMu THIIB TiuniabHUKIB [3]. [TokasaHHs
arperoBaHo A0 JOOOBHX CyM, MO€IHAHO 3 IIOTOJOI0 Ta METaIaHHUMHU
OyniBenmb 1 BimiOpano 60 000 3ammciB. IIpormycku 3aMiHEHO MemiaHaAMH,
YHCIIOBI O3HAKM MacmTaboBaHO, HOMIHAJBHI 3MiHHI 3aKOJJOBAaHO METOIOM
one-hot encoding.

Y 100oBOoMy BiKHI OOYHMCIEHO CepelHE 3HA4YCHHsS, CTaHIapTHE
BiZXWJIeHHS, Koe(ilieHT Bapiauii, TpeHa, MiHIMyM i MakcumyMm. Yepe3
BIZICYTHICTB minTBepkeHux MiTok K-Means [4] okpeMo AJ1st KOXKHOTO THITY
nmiuniapHuKa copmyBaB kimacu Low, Medium i High. I{i mceBmomitku
OINUCYIOTH TOJIOXKEHHS 3aITUCy B PO3IIOALNTI EHEProHOCIs, a He KepyBalbHY
niro. [ToroyHe mokazaHHs JIYWIBHUKA BHJIYYEHO 3 O3HAK, II00 3MEHIIUTH
TPSIMAHN BUTIK HITBOBOT iH(pOpMAIIii.

[opiBHsHO JNOTiCTHYHY perpecito, niHiltHy SVM, Gaussian Naive Bayes,
Soft Voting ta Stacking. Y Stacking norictuuHa perpecis 3BaKyBaia
mporHo3W 0azoBux Moxenei [5]. JucOamaHc KOpHTYBaBCS METOIOM
SMOTE, a sixicTs omiHeHO 3BaxkeHHUMHU Accuracy, F1-miporo Ta AUC.

Ta6auns 1. Pesynpraru knacudikamii copMoBaHNX eHEPTeTUIHUX CTaHIB

Mopnean Accuracy, % Fl-mipa, % | AUC, %
Jlorictuuna perpecist 63,57 65,03 82,42
SVM 63,43 64,82 81,94
Naive Bayes 53,08 49,98 71,12
Soft Voting 59,37 58,37 80,23
Stacking 64,58 66,21 83,43
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Haiikpanyi nokasHuku oTpumaHo Juisi Stacking, ane mepeBara Hax
JMIHIAHAMU MOJEISIMH HeBelnKka. HaiiOimblle TOMHIIOK TpHUIagae Ha
Medium, mexi sikoro mepekpuBaroThess 3 Low 1 High. Omxe, mopeni
JEMOHCTPYIOTh IOMIpHY, a HE BHCOKY 3JaTHICTh BiJTBOPIOBATH
nicesgomitku K-Means.

[Tixxin onucye eHEPreTUYHUIl CTaH 3a ICTOPIEI0 CIIOKMBAHHS, ITOTOJI0I0
Ta BIACTUBOCTAMH OyniBmi. BiH mnpumaTHHA 10  ZOCHiIKEHHS
ki1acu(ikamifHOi CKIagoBOI NPOAKTUBHOTO EHEPrOMEHEIKMEHTY, alie
e(pCeKTHBHICTE KEpyBaHHS CIiI TEPEeBIPATH OKpEeMO [UIS 3aJaHOTO
MIPOTHO3HOTO TOPU30HTY, TApUPiB, il Ta OOMEKECHB.
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IHQOPMAHIﬁHA CHUCTEMA JJISI ONTUMIBAIIIMHOI'O
MNMPOEKTYBAHHSA TA OHIHIOBAHHSA BATATOBUMIPHHUX
CUT'HAJIBHUX CY3IP’iB
Dr.Sci., A. Yyraii'?, Dr.Sci., I'. Slcbko!?, K. Bepereabnux?,

M. Illepouna’

Yncmumym enepeemuunux mawiun i cucmem im. A. Iliocopnoco HAHY, Ykpaiua,
2Xapxiecoruii nayionanbuuii exonomivnuil ynisepcumem  im. C. Kysneys, Ypaina,
$Xapriscoruii nayionansuuil ynisepcumem padioenekmponixu, Ykpaina

Anomauia. Cyuacui cucmemu 36 83Ky nOmMpedyons 3a8a00CMIUKUX CUSHATTbHUX
cy3ip’ie ma eghekmuerno2o GUKOPUCMAHHS Oa2amosumipHo2o npocmopy. Y pobomi
npeocmasneno iHGopmayiuny cucmemy OAs ONMUMI3AYIUHO2O NPOEKMYBAHHA MA
OYiHIOBAHHA  OaA2amoSUMIpHUX —cueHanvHux cy3ip’ie. Cucmema 3abesneuye ix
eenepayilo, ceomempuynull ananiz, mooemosanusi AWGN-kanany, dexodysanus ma
oyinioganus SER. Excnepumenmu 0158 4OMUPUSUMIDHUX | WeCMUBUMIDHUX CY3Ip I8
niomeepounu it nNpaKmMuyHy npuOAmMHicms.

Kniouosi cnosa: bazamosumipne cucnanvhe cy3ip’s, iHgopmayiiina cucmema,
2eomempuyne Hopmyeanna, NaKyeanns einepcghep, Cunmes CUSHAIbHO20 CY3ip s

Abstract. Modern communication systems require noise-resistant signal
constellations and efficient use of multidimensional signal spaces. This paper
presents an information system for optimization-based design and evaluation of
multidimensional signal constellations. The system supports constellation
generation, geometric analysis, AWGN channel simulation, decoding, and SER
evaluation. Experiments with four- and six-dimensional constellations confirm its
practical applicability.

Keywords: multidimensional signal constellation, information system, geometric
shaping, hypersphere packing, signal constellation synthesis

CyuacHi cHCTeMH 3B 3Ky XapaKTepHU3YIOThCS NOCTIHHUM IIiIBUIIEHHSIM
BHMOT JIO HagiHHOCTI mepenaBaHHA iH(poOpMaIii, CcHeKkTpambHOI Ta
eHepreTHYHO1 eeKTUBHOCTI. PO3BUTOK OaraTokaHAJIBHUX 1 OaraToHeCydux
cucreM, a Takok TexHojdorii S5G/6G  cTUMyIOE  BHKOPHCTaHHS
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0araToBUMIpHHX CHTHAIBHHX HpocTopiB [1-2]. I'eomerpu4Ha CTpPYKTypa
CUTHAJIBHOTO Cy3ip’s Oe3mocepeqHbO BIUIMBAE HAa HMOBIPHICTH HMOMMIIKH,
€(eKTUBHICTh BHKOPUCTAHHS JOCTYITHOI'O MPOCTOPY Ta XapaKTEPUCTUKU
nepenaBanHs iHpopmanii. Tpaguuiitai MeToan Moxmyssii, 30kpema QAM i
PSK, BHKOpHCTOBYIOTH Hamepel BHM3HAuUeHI CTPYKTYPHU CHUTHAJIBHHX
cy3ip’iB, sIKi He 3aBXIM € ONTHUMAaIBHIMH 1JIsl 0araTOBUMIPHHUX IPOCTOPIB i
KaHaJIB i3 JOAATKOBUMH aMIUITyIHIMHU Ta €HEPTETHIHUMH OOMEKCHHAMH.
OmHMM 13 TEpCIeKTHBHUX HANpsIMiB € TeoMeTpudyHe (opMyBaHHA
CHUTHAIBHUX Cy3ip’iB, 3a SKOro KOOpAWHATH CHTHAJIBHUX TOYOK
BHU3HAYAIOTHCS I[UIIXOM ONTHUMi3amii. Y IbOMY BHUMAJKy IiJABUINCHHS
MiHIMaBHOI EeBKIIIOBOi BiICTaHI MiX TOYKAMH Ja€ 3MOTy 3OiIBIIUTH
TrEeOMETPUYHMKA  3amac A0 IIOMWIKH JeKoayBaHHs. ['eomeTpuyHa
IHTepIpeTalis 3aaadi JO3BOJISIE BCTAHOBHTH OC3MOCEPEIHIN 3B’SI30K MiXk
CHUHTE30M CHUTHAJIBHHX Cy3ip’iB 1 3aauero nakyBaHHs rinepcdep. CUrHanbHi
TOYKHM PO3IJISIAIOTHCS K LIEHTPH OIHAKOBHX HENEPETHHHHX Timepcdep y
3ajaHiii OaraToBMMIpHiH oOnacti. Pamiyc Takmx rimepcdep BU3HAYaeTHCS
MIHIMAJILHOO TOMYCTUMOIO BIJICTAHHIO MK CHTHAJIbHUMHU TOYKaMu. Takum
YHHOM, ONTUMI3AIHNN CHHTE3 cy3ip’ss MoXke OyTH CHOpMYIbOBaHHHA SK
3aada po3MIlICHHS HEMEepeTHHHUX Timepcdep i3 MaKCHMi3aliero IXHBOTO
pazniyca 3a 3alaHnX OOMEXEeHb Ha PO3MIp CUTHAJILHOTO IPOCTOPY, CHEPTilo
Ta aMIDITYY.

Jns peamizamii Takoro miaxomy po3poOieHo iH(opMaliiiHy cuctemy
ConsteOpt, sika 00’€Hye B OAHOMY IIPOIPaMHOMY CEPEIOBHIII OCHOBHi
eTany JOCIIJUKeHHsT 0araTOBUMIPHHMX CUTHAJbHUX Cy3ip’iB. ApXiTeKkTypa
CHUCTEMH Ma€ MOJAYJbHY CTPYKTYPY Ta BKJIIOYAE MiJCHCTEMU CHHTE3Y
cy3ip’iB, I'€OMETPUYHOrO aHaji3y, MOJCJIOBaHHS KaHally, JNEeKOJyBaHH:,
OIIHIOBAHHS XaPAKTEPUCTUK TMEpeJaBaHHs, Bisyamizaimii Ta 30epeKeHHs
pesynbratiB. Taka oprasizaiisi 3abe3medye TOCTIIOBHUN Mepexiny Bif
3aJaHHA TTapaMeTpiB 3aadi 10 OTPUMAaHHSI ONTHMi30BaHOI KOH(QIryparii Ta
eKCIIEPUMEHTAIILHOT IepeBipKH i1 XapaKTepUCTHK.

OCHOBHUM OOYHCIIIOBAIBHMM KOMIIOHEHTOM € MOJYJb CHHTE3Y
cUrHajgbHUX cy3ip’iB. KopucryBau 3amae  po3MipHICTH CHUTHAJIBHOTO
IIPOCTOPY, KUIBKICTh CHMBOJIIB, aMIUIITYZHI Ta €HEpreTHYHi OOMEeXEHHS,
cTparerito onTtuMizamii Ta Kpurepil 30iDxkHOCTI. Ekcnepumenranbhe
JOCTIUKEHHS TPOBENEHO Ui YOTHPUBUMIPHUX 1 IIECTUBUMIPHHUX
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CUTHaJbHUX Cy3ip’iB, c(pOpPMOBaHMX 3a JONOMOIOI ’KamiOHOro Ta
IHKPEMEHTAJIbHOTO ~ aNTOPUTMIB makyBaHHsA rinepcdep. Jns  koxHOi
KoH(irypamii aBTOMaTW4HO OOYMCIIIOBAIMCA MiHIManbHa EBKJIIOBA
BiZICTaHb, paliaJIbHUN PO3IIOALN, CIEKTP MOMApPHUX BiACTaHEH, CTPYKTypa
KOHTaKTIB Ta €HEepreTHYHi xapakrepuctuku. [lepenaBanns MozaenoBanocs B
AWGN-kaHa 3 BUKOPHCTaHHIM METONy HaiOmmk4uoro cyciga ta Monte
Carlo-monenroBanust 3a pizuux 3naueHb SNR. Pospobnena indopmaniiina
cucrema  ConsteOpt  3a0e3medye  MOBHMH  IUKJI  JIOCTIKEHHS
0araTOBUMIpHIX CHTHAIBHUX Cy3ip’iB - BiX iX ONTHUMI3aliifHOTO CHHTE3Y Ta
TE€OMETPUYHOTO aHalli3y I0 MOJENIOBAHHS IEpelaBaHHs, JAEKOJYBaHHS Ta
omintoBaHHsA SER. MoayneHa cTpyKTypa CHCTEMH TO3BOJISIE PO3MIHPIOBATH
1l HOBMH QJITOPUTMaMHK OITUMI3allii, MOJCISIMUA KaHaIiB Ta iH(popMaIliiiHO-
TEOPETHYHUMHU  KpuTepismu. OTpuMaHi pe3ydbTaTH MiATBEPAKYIOTH
JIOLJIbHICTh BUKOPHCTAaHHS 3allpOIIOHOBAHOI'O IIPOIPAMHOTO CEPEAOBHIIA
JUISL  JIOCHIJDKEHHST Ta TPOEKTYBaHHA OaraTOBUMIPHHMX CUTHAJIbHUX
KOH(Irypalii y CydacHUX CHCTEMaXx 3B’sI3KY.
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