AHOTAIIA

I'epman  FO.B. Cunre3 By3JaiB 1nu@poBoi 00po0KM CHTHAJIB 3acod0amMu
BHCOKOPiBHEBOI0 NPOEKTYBaHHS Ha ©0a3i cucrem Ha kpucrajai tumy SoC
FPGA KgsanidikariiiHa HayKkoBa Ipalls Ha MpaBax pyKOIHUCY.

Hucepramis Ha 3100yTTS HAyKOBOTO CTyINeHs JokTtopa ¢dinocodii 3a
cnemianpHicTIO 172 — «TenexomyHnikamii Ta pamiorexnika» (17 — Enexrponika
Ta TeJeKOMYyHiKalii). — YepHiBeUbKUN HaI[lOHANbHUN yHIBepcuTeT iMeHi HOpis
®enproBuya, Yepniniii, 2026.

HuceprariitHa po60oTa MPUCBAYCHA BUPIMICHHIO BaXKIUBOI HAyKOBO-TIPHUKIIAIHOT
3a/la4i MiJBUIIEHHS €(EeKTUBHOCTI Ta JETEPMIHOBAHOCTI BY3JiB IU(PPOBOi 00pOOKH
CUTHAJIIB Yy TEJIEKOMYHIKAIIHUX cucteMax kopaoHHoro piBHA (Edge). OchHoBHa
yBara 30cepe/keHa Ha po3poOili Ta OOrpyHTYBaHHI METOAMKHU iX CHHTE3y 3aco0aMu
BHCOKOPIBHEBOTO MpOEKTyBaHHS Ha 0asi rereporenHux miatgopm SoC FPGA.
3anpornoHOBaHUM TMIJX1J TOEIHYE THYYKICTh BOYIOBAaHMX ONEpPAIlIHHUX CHUCTEM 13
IPOAYKTUBHICTIO TPOTrpaMOBaHO] JIOTIKH, IO JI03BOJISE 3a0€3MECUUTH 00POOKY TTOTOKIB
TAHUX Y peabHOMY Yaci 31 CTa0lIbHUMH YaCOBUMH XapaKTePHUCTUKAMHU.

Y Berymi  OOIpyHTOBAaHO — aKTyalbHICTH TEMH JUCEpTaliiiHOi  poOoTH,
chopMyTbOBaHO METy Ta 3aBIAaHHS MPOBEACHHUX JOCIIHKCHb, BU3HAUYECHO HAYKOBY
HOBU3HY Ta TMpaKTUYHE 3HAUYEHHS OJIEP>KAHUX PE3yJbTarTiB, MPEACTaBICHI METOAIM,
00’€KT 1 MpeaMET TOCTIIKEHb, 3a3HaYeHO 0COOUCTUI BHECOK 3/100yBaya.

Y nepumomy po3aijii mpoaHasai30BaHO Cy4acH1 METOU OOYI0BH By311B IU(PPpOBOi
00poOku curHainiB. OOIpyHTOBAHO AOIIIBHICTH 3aCTOCYBaHHS TOPUIHOTO MAapPIIPYTY
npoektyBaHHs Ha 0a31 SoC FPGA, mo noegnye BucokopiBHeBuil cuHTe3 (HLS) Ta
anapatrHe po3BaHTaxeHHs (Hardware Offloading) xpuTuyHuX omnepariii st CUCTEM
KOPJIOHHUX OOYHCIICHb.

Jlpyruii po3iji npucBsiY€HO METO0JI0T1i MOOYI0BU YHI1()IKOBAHOTO KEPYIOUOTro
cepenoBuiia. JloBeneHo MOXJIMBICTH 3a0e3medeHHs] yacoBoi aetepmiHoBaHocTi OC
Linux 3aragpHOT0 mpu3HAYEHHS MUIIXOM IPOCTOPOBOTO PO3HECEHHS O0UNCITIOBATILHUX
pecypciB Ta BopoBajpkeHHs «llacmopra koHdirypamii», MmO JJ03BOJHIO 3BECTH
CHUCTEMaTHYHY MMOXUOKY BUMIPIOBaHb 3aTPUMOK JI0 HYJISL.

HaykoBa HOBU3HA pe3yJbTaTiB, OTPUMAHHUX Y JPYroMy Po3aijii, MoJsirac y
TOMY, 110:

1. Bnepue 3anmponmoHoBaHo MeToi KoHpirypaiiii By3iiB IudpoBoi 0O0poOKu



CUTHANIIB Ha 0a3l TeTepOTeHHUX CHUCTEM Ha KPUCTall, SIKUW BIAPI3HAETHCS
BiJl BIIOMHUX Y3TO/KEHHSM KoH(irypamii cepemoBuina BOymoBanoi OC i3
YaCOBUMH XapaKTEPUCTUKAMU PAJIOTEXHIYHOTO TPAKTy 13 3aCTOCYBaHHAM
MaTeMaTHYHOI MOJIENi IPOCTOPY CTaHiB BEKTOPa Spassport = 1H, M, R}, ne
dopMani3yroThCsl amaparHi 1HBapiaHTH, MapaMeTpu Mam’sTi Ta MOJITUKH
BUKOHAHHS, IO JaJI0 3MOTY TEPEeTBOPUTH HEKOHTPOJIOBAHE IMPOTpaMHE
CepeloBHUINE Ha JACTCPMIHOBAHWUK O00’€KT, HAOMMKAIOUW CHCTEMATHYHY
MOXHOKY BHMIpIOBaHb 4YacoBHX 3arpuMoK a0 HyIA (f(Shidden) — 0)
1 TUM CcaMHM TapaHTyBaTU B KOHTEKCTI TEJIECKOMYHIKAI[IMHUX CHCTEM
dikcaliro MPUXOBAaHMX CTaHIB apOITpaxy CHUCTEMHHX IIWH, YCYHYTH
amapatHoO-TporpaMHuil  ga3zoBuil Imym mig yac Tpanzakuii DMA Ta
3a0€3MeYUTH JIETEPMIHOBaHY OOpOOKy Oe3mepepBHUX MIMPOKOCMYTOBUX
notokiB I/Q-gaHux Oe3 BTpaTH CHUTHAJILHUX KaapiB Ha TpaHndHuxX (Edge)
By3JIax.
Tpertiii po3ain NpPUCBAYEHO TPAKTUYHIA peanizalli TeTepOreHHHX BY3JIIB
1 poBoi 00poOkU curHamiB. ExcriepiMeHTaIbHO BCTAHOBJICHO «TOYKY HACHYCHHS
nmporpaMHoi  00poOkm Ha mpormecopi (20 MSPS) Ta noBemeHO e(EKTHBHICTH
apXITEKTypHOTO PO3IAUICHHS IUIOMMHM naHux (Data Plane) 1 mioUMHU KepyBaHHS
(Control Plane) nins 3a6e3redeHHs1 CTa0lIbHOCTI By3Jia B aBTOHOMHOMY PEXHUMI.
HaykoBa HOBM3HA BUCHOBKIB, OTPMMAHMX Y TPETHLOMY PO3/1ii, MOJIATa€ y TOMY,
o:

1. Brnepuie 3anpomoHOBaHO METO] MPOCTOPOBOTO BUSIBJICHHS Ta IeJEHrarii
JoKepen panioBunpoMinioBaHHs 3 00pTy BITJIA Ha ocHOBI OararokaHaJIbHOTO
aHTEHO-(1/IepHOTO TPAKTY 3 OMHOCIPIMOBAHUMH aHTEHAMU P13HUX YaCTOTHHUX
Jiana3oHiB, SIKUM BIAPI3HAETHCS B1J BIJOMHUX 3aCTOCYBaHHSIM JBOXETAITHOI
NPOLEAYPH TOIIYKY — OIIS0BOTO KPYTOBOTO CKaHYBAaHHS 3 TOAAJIBIIUM
aJaNTUBHUM JIOKAJIbHUM YTOYHEHHSM HAMNpsSMKY, IO JO3BOJISIE CKOPOTUTHU
yac momyky Tfng Y 2 pa3u MOPIBHSHO 3 MOBHUM PAcTPOBHM CKaHYBaHHSAM
3a KoopauHaTamMu (¢, f) 3a YMOBH OJIHAKOBHUX KPOKIB JMCKpETH3AIlii Ta 4acy
1HTerpanii t,.

2. YI0CKOHAJIEHO METOJI CHUHTE3y TE€TepOTeHHHX BY3JiB LU(PPOBOi 00pOoOKHU
curnaniB tuny «HPS-Centric» y cucremax Ha KpucTali MUIIXOM aIallTUBHOTO
BUKOPUCTAHHA  PECypCiB  MpOrpaMHO-amapaTtHoi  miaarQopmu,  SIKUH

BIJIPI3HSETHCA BIJ ICHYIOYHX 3aCTOCYBAaHHSIM IPOTPaMOBAHOI JIOTIKH SK



Yy

BHCOKOIIBUIKICHOTO iHTEep(ercHO-0ydhepHOro Moayias TpakTy IpUMaHHS Ta
NEPBUHHOTO NIEPETBOPEHHS TAaHUX, TOJ1 SIK a/laliTUBHE KEPyBaHHS NOTOKaMH,
KOH(Irypallis pekuMiB (yHKIIOHYBAaHHSI Ta MPUUHSTTS PIIIEHb PEai3yl0ThCs
Ha PiBHI MPOLIECOPHOI MiJICUCTEMH, IO YMOXKIIUBIIOE TUHAMIYHUN PO3IOILT
(GYHKIIN MK anmapaTHUM 1 MPOTPaMHUM PIBHSAMHU IiJ 4Yac MPOEKTYBAHHS
npuctpoiB Ha 6a31 SoC FPGA.

YyeTBEPTOMY PO3AIi  BUpPIIIEHO TMpodreMy OOMeXeHOi MpPOIyCKHOT

3patHocTi TpakTiB LIOC. Hlnsxom cuntesy IP-sapa morokoBoro kpuntorpadigHoro

nepetBopeHHs (JICTY 8845:2019) na piBHi pericrpoBux nepenad (RTL) moseneno,

IO amapaTtHe poO3BaHTaXEeHHA apudmMeTukn mnodiB [amya 3abe3meuye JiHiliHE

MacitabyBaHHs TpoAyKTUBHOCTI 10 83,2 ['6it/c. Po3pobneno agantepHuit map s

JTUHAMIYHOI peKOH(ITypallii mapaMeTpiB O€3MEeKU B peasbHOMY Yacl, 0 € KPUTUYHUM

JUTSL CUCTEM 13 TICEBIOBUIIAKOBHM TepenamTyBaHHsIM pobodoi yactotu ([TITPY).

HaykoBa HOBH3HA pe3yJIbTaTiB, OTPUMAHHUX Y YeTBEPTOMY PO3iJi, MOJATa€ y

TOMY, 110:

. Ha0yB mogajbmioro PoO3BUTKY KPUTePill «TOUYKHM HACUUYEHHSI» IS

BOYIOBaHMX YHIBEpPCAJIbHUX TMPOIECOPIB Yy TpakTax IupoBoi 00poOKu
CUTHAJIIB, SIKMW, Ha BIAMIHY B ICHYIOUMX HIAXOAIB, (opmainizye Mexi
edexTuBHOI 0OPOOKHM JaHMUX 3aJIe)KHO BiJl ITUPUHUA CMYTH BXITHOTO CHUTHAITY
Ta OOYHCITIOBAIBPHUX PECYPCIB MPOIECOPHOI MiACUCTEMH, IO JA€ 3MOTY
BU3HAYUTH YMOBHU JOLIJIBHOCTI 3aCTOCYBaHHS amapaTHOrO PO3BAHTAXKEHHS
3 METOI0 3a0e3MeueHHs] NETePMiHOBAHOCTI YaCOBUX XapaKTEPUCTUK TPAKTY
00pOoOKH.

Bnepme 3anponmoHOBaHO  apXiTeKTypy  KpunrorpadiyHoro  By3Ja
TEJIEKOMYHIKAIlIMHUX cucTeM Juis peanizauii anroputMmy «CTpyMOK», siKa
IPYHTY€TbCA Ha MO€AHAHHI onTuMizoBaHoro RTL-omucy oGuuciroBaibHOTO
s/ipa 3 BUCOKOPIBHEBUM OIMUCOM I1HTep(eiciB KepyBaHHS Ta BIJIPI3HAETHCA
BiJl ICHYIOUHX alapaTHOIO 130JSILIE€I0 TPAKTY JAHUX 1 ONTUMI3AIEI ITUHHUX
TpaH3aKIiil IS TATPUMKH PEXUMY IIBHAKOT 3MIHM KpunTorpadidyHOTOo
KOHTEKCTY, IO YMOXJIMBWJIO BHUKOPHUCTaHHS MEHII HDK 6% JOTIYHHX
pecypciB IIIIC Cyclone V, pocsrHeHHs mpomyckHoi 3patHocti 6,4 ['0it/c
Ha OJIHC OOYHMCITIOBAIBHE SAApO 3a TakToBOI wactotu 100 MI'1 Ta mBuaKOCTI
pexondirypamii moHag 7000 OHOBIEHBL KIIIOYIB 32 CEKYHIY, TAIOYU 3MOTY

peanizyBaTd aJanTHBHI MPOTOKOJIM 3aXUCTy B YMOBaX JAMHAMIYHOI 3MIHU



paziodyacToTHOI OOCTAaHOBKH.
Ilpy BUKOHAHHI aHMcepTaNiiiHOI PO0OTH OTPHUMAHO HACTYNHI NPAKTHYHI
pe3yJbTaTH:

1. Po3pobiieno Ta BHPOBaJXXkKeHO YHI(QIKOBAaHY anapaTHO-NPOrpaMHy
miargopmy Ha 6a3i cuctemu Ha kpuctam SoC FPGA Cyclone V nmns
noOyJI0OBU TE€TEPOTeHHHUX BY3JiB 1M(pPpoBoi 00poOku cur”amiB. Ilmardopma
3a0e3meuye cTabulbHY O0OpOOKYy Ta MaplipyTH3alilo KBaJpaTypHHX
[/Q-notokiB 13 wyactororo auckperuzamii go 20 MSPS y peansHOMY
Yaci, 1m0 J03BOJISIE BUKOPHCTOBYBATHU ii sIK 0a30BHH MOIYib AJS CHUCTEM
MIMPOKOCMYTOBOTO PaJIOMOHITOPUHTY Ta MPOTPaAMHO-BH3HAUECHOTO pajlio
(SDR).

2. CuHTe30BaHO (YHKUIOHAJIBHMH BY30J MOTOKOBOI0 KPHITOrpagivyHoro
3aXHCTy KaHaTB 3B’s3Ky, II0 peaiizye HamioHanpHUN cragmapt JCTY
8845:2019 «Crpymok» Ha piBHI perictpoBux mnepeaad (RTL). PospoOka
XapaKTEepPU3Y€EThCSI BUCOKOIO PECYPCHOIO €(EKTUBHICTIO (BUKOpUCTaHHS < 6%
JIOTIYHOI €MHOCTI KpHCTaja) Ta 3ade3ledye TUHAMIYHY 3MiHY MapaMeTpiB
umdpyBanus (Key Agility) 31 mBuzakictio mnonan 7000 oHoBjaeHb 3a
CEeKYHAY, 10 € KPUTUYHHUM JUISl 3aXUILEHUX CHCTEM 13 TICEBJOBUIIAIKOBUM
nepenamTyBaHHsaM poooyoi yactotu (I1TTPY).

3. Po3po0iieHO0 MeTOOMKY Ta NPOrpaMHUil IHCTpyMeHTapiii MpPocTOpPOBOI
i3oasimii  o0umMcaOBaIBLHUX pecypciB (Spatial Isolation), mo n03BoJsE
IHTEerpyBaTH ONepaliiiHy CUCTeMY 3arajJlbHOTO NMpU3HauYeHHs Linux y KOHTypu
KEepPYBaHHS TEJIEKOMYHIKAIIMHUM oOnagHaHHAM. Lle yMOXIUBUIIO 3HMKEHHS
¢dazoBOro TpeMmTiHHA (IKUTEpa) yci€i cUCTeMU A0 PIBHS, CYMICHOTO 3
Bumoramu crtanaaptie IEC 61850 ta 5G URLLC (3arpumka nepenadi
KoMaHTu < 1 Mc), 6e3 3acTocyBanHs crienianizoBanux RTOS.

4. PeajizoBaHO aBTOHOMHHMH BY30J1 MOHITOPHHIY PaaioYacTOTHOIO
CIEeKTpa, 3J1aTHUW (QYHKIIOHYBaTM B YMOBaX HECTAaOUIBHOTO KaHAIY
3B’SI3Ky. 3aBISKH BIPOBA/DKCHHIO MEXaHI3My aJIaliTUBHOTO KepyBaHHs
notokoM (Implicit Backpressure) Ta nokanbHOi Oydepusarii TeiaemeTpii y
TpaH3aKUIMHOMY peXuMi, 3a0€3MeYeHO IITICHICTh HAKOTIUYEHHS JaHUX TMpU
po3puBax 3’€HAHHS], 110 JI03BOJIIE BUKOPUCTOBYBATH PO3POOKY Y CKIaii
HEOOCITYyrOByBaHUX MOCTIB PAJAIOKOHTPOIIO Ta MOOUTBHUX TIaT(HOPM.

Kuro4oBi ciioBa: cuctema Ha KpucTai 3 nporpamoBaHoro Jorikorw (SoC FPGA),



BOy/IOBaHI cucTeMH, Iu(ppoBe 0OpOOIECHHS CUTHAJIB, TEICKOMYHIKAIIHHI CUCTEMHU Ta
Mepexi, MporpaMmHo-Bu3HaueHe pagio (SDR), aponu (6e3ni10THUH JTiTaNbHUHI anapar),
armapatHe MPHUCKOPEHHS, KOHTPOJb 3aTPUMKH Ta JDKUTTEPY, KOPAOHHI OOYMCIECHHS,
iaTeprer peueit (IoT), cuctemu Ta MpOTOKONMM KEepyBaHHS, CEHCOpH, 1H(OpMaIliifHa

cUCTeMa, oTieparliifia cucTeMa, ONTUMI3aIlis BHIKO/II.

ABSTRACT

Herman Y.V. Synthesis of digital signal processing nodes using high-level
design tools based on SoC FPGAs Qualifying scientific work on the rights of a
manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty
172 — ”Telecommunications and Radioengineering” (17 — Electronics and
Telecommunications). — Yuriy Fedkovych Chernivtsi National University, Chernivtsi,
2026.

The dissertation is devoted to solving an important scientific and applied problem
of increasing the efficiency and determinism of digital signal processing nodes in
edge-level telecommunication systems (Edge). The main focus is on the development
and substantiation of a methodology for their synthesis using high-level design tools
based on heterogenecous SoC FPGA platforms. The proposed approach combines the
flexibility of embedded operating systems with the performance of programmable
logic, which allows ensuring real-time data stream processing with stable temporal
characteristics.

The introduction substantiates the relevance of the dissertation topic, formulates
the purpose and objectives of the research, defines the scientific novelty and practical
significance of the obtained results, presents the methods, object, and subject of the
research, and outlines the personal contribution of the applicant.

The first chapter analyzes modern methods for constructing digital signal
processing nodes. It substantiates the feasibility of using a hybrid design flow based
on SoC FPGA, which combines High-Level Synthesis (HLS) and Hardware Offloading
of critical operations for edge computing systems.

The second chapter is devoted to the methodology of building a unified control
environment. It proves the possibility of ensuring the temporal determinism of a

general-purpose Linux OS through the spatial separation of computing resources and the
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implementation of a ”Configuration Passport,”which allowed reducing the systematic
error of latency measurements to zero.

The scientific novelty of the results obtained in the second chapter is that:

1. For the first time, a method for configuring digital signal processing nodes
based on heterogeneous Systems-on-Chip is proposed. It differs from existing
methods by aligning the configuration of the embedded OS environment control
system with the temporal characteristics of the radio frequency path. This is
achieved using a mathematical model of the state space vector Spassport =
{H,M, R}, which formalizes hardware invariants (coherency registers),
memory parameters, and OS execution policies. This allowed transforming an
uncontrolled software environment into a deterministic system object, reducing
the systematic error of temporal latency measurements to zero (f (Shidgen) — 0).
In the context of telecommunication systems, this guarantees the fixation of
hidden states of system bus arbitration, eliminates hardware-software phase
noise during DMA transactions, and ensures deterministic processing of
continuous broadband I/Q data streams without the loss of signal frames at the
edge nodes of the network.

The third chapter is devoted to the practical implementation of heterogeneous
digital signal processing nodes. The “’saturation point”of software processing on the
processor (20 MSPS) has been experimentally established, and the effectiveness of the
architectural separation of the Data Plane (Data Plane) and the Control Plane (Control
Plane) to ensure node stability in autonomous mode has been proven.

The scientific novelty of the conclusions obtained in the third chapter is that:

1. For the first time, a method has been proposed for spatial detection and
direction finding of radio emission sources from an unmanned aerial vehicle
(UAV), based on a multichannel antenna—feeder network using directional
antennas for different frequency bands. The method performs an initial
panoramic 360° scan followed by adaptive local refinement of the source
direction, and provides at least a twofold reduction of the search time T¥,q
compared to full raster scanning over (¢, ) under the same discretization steps
and integration time %,.

2. The method of synthesizing heterogeneous digital signal processing nodes
of the ”HPS-Centric” type in Systems-on-Chip has been improved through

the adaptive use of hardware-software platform resources. The proposed



approach involves using the FPGA programmable logic as a high-speed
interface-buffer module for the receiving path and primary digital signal
processing, while adaptive data flow control, configuration of operating modes,
and decision-making are implemented at the processor subsystem level. This
enables the dynamic allocation of functions between the hardware and software
levels when designing digital signal processing systems based on SoC FPGAs.
The fourth chapter solves the problem of limited bandwidth in DSP paths. By
synthesizing an IP core for stream cryptographic transformation (DSTU 8845:2019
standard) at the Register Transfer Level (RTL), it has been proven that the hardware
offloading of Galois field arithmetic ensures linear performance scaling up to 83.2 Gbps.
An adapter layer has been developed for the dynamic reconfiguration of security
parameters in real-time, which is critical for Frequency Hopping Spread Spectrum
(FHSS) systems.
The scientific novelty of the results obtained in the fourth chapter is that:

1. The criterion of a Saturation Point for embedded general-purpose processors
in digital signal processing paths has been further developed. Unlike existing
approaches, it formalizes the limits of efficient processing depending on the
input signal bandwidth and the processor’s computational resources. This
allowed defining the conditions for the feasibility of transitioning to Hardware
Offloading to ensure the determinism of the channel’s temporal characteristics.

2. For the first time, the architecture of a cryptographic node in
telecommunication systems for implementing the “Strumok”algorithm is
proposed. It is based on combining an optimized RTL description of the
computational core with a high-level (HLS/C) description of the control
interfaces, and is distinguished by the hardware isolation of the data path
and the optimization of bus transactions to support the rapid cryptographic
context change mode (Key Agility). This ensured the use of less than 6% of
the Cyclone V die’s logic resources, achieved a throughput of 6.4 Gbps per
computational core at a clock frequency of 100 MHz, and a reconfiguration
speed of over 7000 key updates per second, which allows the implementation
of adaptive security protocols under conditions of a dynamically changing
radio frequency environment.

During the execution of the dissertation work, the following practical results
were obtained:



1. A unified hardware-software platform based on the SoC FPGA Cyclone V
has been developed and implemented for building heterogeneous digital
signal processing nodes. The platform ensures stable processing and routing
of quadrature I/Q streams with a sampling rate of up to 20 MSPS in real-time,
allowing its use as a base module for broadband radio monitoring systems and
Software-Defined Radio (SDR).

2. A functional node for stream cryptographic protection of communication
channels has been synthesized, implementing the national standard DSTU
8845:2019 ”Strumok™at the Register Transfer Level (RTL). The development
is characterized by high resource efficiency (using < 6% of the die’s logic
capacity) and provides dynamic modification of encryption parameters (Key
Agility) at a rate of over 7000 updates per second, which is critical for secure
FHSS systems.

3. A methodology and software toolset for the spatial isolation of computational
resources (Spatial Isolation) have been developed, enabling the integration
of a general-purpose Linux operating system into the control loops of
telecommunication equipment. This made it possible to reduce the phase jitter
of the entire system to a level compliant with the requirements of the IEC 61850
and 5G URLLC standards (command transmission latency < 1 ms) without the
use of specialized RTOS.

4. An autonomous radio frequency spectrum monitoring node capable of
functioning under unstable communication channel conditions has been
implemented. Thanks to the introduction of an adaptive flow control
mechanism (/mplicit Backpressure) and local telemetry buffering in a
transactional mode, the integrity of data accumulation during connection drops
is ensured. This allows the development to be used as part of unattended radio
monitoring posts and mobile platforms.

Keywords: system-on-chip FPGA (SoC FPGA), embedded systems, digital signal
processing, telecommunication systems and networks, software-defined radio (SDR),
drones (unmanned aerial vehicle), hardware acceleration, jitter and latency control,
edge computing, Internet of Things (IoT), control systems and protocols, sensors,

information system, operating system, performance optimization.



CIIMCOK MYBJIKAIIIA 3A TEMOIO JIUCEPTAIIIL

Haykosi npaii, B skux ony0/iKoBaHi 0CHOBHI HayKOBi pe3y/ibTaTH AUCepPTAaLii:

Hayxkoei npayi y misichapoOnux nepioOuyHux HaykKo8Ux 6UOAHHAX, NPOIHOEKCOBAHUX
Haykomempuunux 6azax oanux Web of Science Core Collection ma/abo Scopus:

1. O. Krulikovskyi, Y. Herman, and O. Verenko, “Hardware/software
communication architecture for a SoC-FPGA-based time-to-digital converter,”
Proceedings of SPIE — The International Society for Optical Engineering, vol.
13813, pp. 214-217, 2025. (Scopus). doi: https://doi.org/10.1117/12.3092023.
(Buecox aemopis: Kpynikoscokuii (.. nocmano8ka 3adavi, po3podKa
anapamuoi  apximekmypu 6UCOKOWBUOKICHO2O mpaxkmy nepeoaui OaHux
na FPGA; Tepman FO.: po3pobka npoepamHo-anapamuo20 w3y
(Linux-opatisep) ma xougicypayis mexanizmie oocmyny 0o nam smi (DMA)
yepes macicmpanv AXI4;, Bepenxo O.: nideomogka excnepumenmanbHO20
cmeHOy ma NPo8edeHHs BUMIPIOBAHD).

Hayxoei npayi y udannsx, 6xioueHux 00 nepeiKy Haykosux (paxosux suoanv Yxpainu:

2. Y. Herman, H. Lastivka, and A. Samila, “Embedded operating systems in
[oT edge computing,” Security of Infocommunication Systems and Internet
of Things, vol. 2, no. 2, Art. no. 02001, 2024, doi: https://doi.org/10.
31861/s1s10t2024.2.02001. (Brecok asmopis.: I'epman FO.: konyenmyanizayis,
Ppo3pobka memooonoezii 3acmocysanius 6oyoosanux OC, npoepamua peanizayis
ma npo8edeH s eKCnepuUMeHmanbHux 00caioxcens, Jlacmiexa I.: niocomoexa
0a306020 HAOOPY OaHUX, 8anNiOAYis pe3ylbmamis ma 0ONOMo2da 6 OhOPMIEHHI
memooonoeii; Camina A.: nocmanoska 3a0aui, 3a2aibHe HAyKo8e KepieHUYmMaeo,
peyeH3y8anHs ma pedazy8anHs mexKcmy).

3. T'epman FO. ta Camina A., «MoaynsHa EDGE-cuctema 360py Ta anamizy
nanux Ha 0a3i Raspberry Pi ta SoC FPGA», BicHuk XMeabHHUIIBKOTO
HalioHaibHOrO yHiBepcuretry. Cepis: Texniuni Hayku, T. 357, Ne 5.2, 2025,
C. 86-92, doi: https://doi.org/10.31891/307-5732-2025-357-69.

(Brecok aemopig: I'epman FO.: po3pobka cmpyKmypHoi cxemu asmoHOMHO20
meneMempuuHo20 8y31d, peanizayis aieopummis azpezayii 0aHux (cmpameeis

Offline-First) ma npoepamuux inmepgheticie ezacmodii; Camina A.: 3azanvhe
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HAYKOBe KepIBHUYMBO, BU3HAYEHHsI Kpumepiie oyiHku eghekmuenocmi
PpO3pobrenoi cucmemu, HAyKoge peoazy8anHsi).

4. Tepman H1O. ta Bepura A., «Odnaiin cuctema oOpoOKM Ta Bizyasizalii
pamiocurHandy», BmuwmiproBaibHa ~Ta  OOYMCIIOBalbHAa  TEXHIKA B
TEXHOJOTIUHMX Tmporecax, 1. 84, Ne 4, 2025, C. 246-252, doi:
https://doi.org/10.31891/2219-9365-2025-84-27. (Buecok asmopia:
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