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Pedepar/anoTamis:

1. TTommpenns mnatgopm apxitekrypu ARM64 y BOyIOBaHUX CHCTeMax, MOOLIbHUX pUCTposix Ta BIIJIA 3ymoBiioe
noTpeby y BUCOKIl BUAKOAII 06po6KY 1IM(PPOBUX 300pa’keHb B YMOBaX 0OMEKEHUX OOUMCIIIOBAJIBHUX PECYPCIB i
BMMOT peasibHOro yacy. Onepatis 3rOpTKU € OCHOBOIO Oi/IbIIOCTi aIrOPUTMIB 06POOKM 300pakeHb i BOJHOYAC
HaNOi/IbII PECYPCOMICTKOIO IX CKJIaI0BOIO, TOMY HiBUIIEHHS il IIBUAKOIII € aKTyaJIbHUM HayKOBO-TEXHIYHUM
3aBJaHHSIM. MeTOo0 PoOOTH € POo3p0bIIeHHs iHPOopMalLiitHOI TexXHOJI0Tii 06po6KU IbPOBUX 300pasKeHb Ta Bifleo 3
BAKOPUCTAaHHSM WIBUIKOLI040i Onepallii 3ropTKu AJ1s1 LEHTPAJIBHUX IIPOLECOPiB apxiTekTypu ARM64, sKa 1o3BoJisge
B PEXKMMI peasIbHOro 4acy MPOBOAUTHU (PiIbTPaALLilo Ta MAaCIITaAOyBaHHS ITIOTOKOBOTO BileO Ha OJHOIJIATHUX
KoMmIT'orepax. O6'eKTOM [OCIIKEHHS € TIpoliecu 06pooku nudposrux RGB-306pakeHs oneparieio 3ropTKy Ha
matgopmax ARM64; npegMeToM — MeTOU, aITOPUTMU Ta iHpopMallifiHa TEXHOJIOTisS BEKTOPMU30BAaHOI orepartii
3TOPTKU 3 BUKOpUCTaHHAM SIMD-iHcTpykuin ARM64 NEON. HaykoBa HOBU3Ha Oep>KaHMX PE3YJIbTATIB [1OJIATa€ y
TaKOMY: yIepIIEe pO3pO6IEHO Ta TEOPETUYHO OOIPYHTOBAHO METOZ, IBUIKO/iI0401 Onepallii 3rOpTKU AJ11 06POOKU

8-6iTHIX RGB-300pakeHb 3 BUKOPUCTAaHHIM 16-0iTHUX LIiJI0UKCeIbHUX OIlepaliiii, o 3abe3nevye IiiBULEeHHS



wBKAKOIil Ha npouecopax ARM64 nopiBHsAHO 3 PyHKUieto cv:filter2D 6i6nioTexu OpenCV; ynepie 3ariporioHOBAaHO
¢dhopmasnizoBaHy HOTALIO [IJIs1 OIIMCY BeKTOpu30BaHux obuncyiensb SIMD NEONG64, sika 103B0JIsie IPeICTaBIsATU
BEKTOPHM30BaHy YaCTVHY KOJY V BUIJIAi CTPYKTYPOBAaHUX MaT€MaTUYHUX BUPA3iB; Y, OCKOHAJIEHO TEXHOJIOTIIO
00po6KY IUPPOBUX 300pakeHb LUIJISIXOM 3alIPONIOHOBAHOI iHDOpMaliliHOI TEXHOJIOTIi 3 BUKOPUCTaHHSIM
IIBUAKOiI04U0] onepatii 3ropTku s apxiTeKTypu ARM64; HaGyiu 1oJanbuoro po3BUTKY JliHilHI onepatopu Ha
OCHOBI JIiHITHUX KOMOiHa1i# B-criylaiiHiB — OTpUMaHO orepaTopu 16-6iTHUX 1[iI0YKCEeIbHUX OTepallil, sIKi
rapaHTyIOTh BiICYyTHICTb [T€pPENIOBHEHHS IIPX OOUNCIJIEHHI BEKTOPU30BAHOTO CKAJISIPHOTO JOOYTKY.
ExcriepuMeHTasnbHi JOCIiIKEHHS] Ha OAHOIJIATHUX KOMII'IoTepax Raspberry Pi 4 Ta Orange Pi 5 Pro g 112
KoMbiHalii1 mapameTpis (14 po3MipiB sizep 3ropTKU x 8 po3ziNbHOCTEN 306paskeHb) [10Ka3aau NpuckopeHHs 1o 11,1
pasa Ha Orange Pi 5 Pro Ta 1o 10,2 pa3a Ha Raspberry Pi 4 nopiBusiHo 3 cv:filter2D, 3a MakcumanbHOi a6COIIOTHO]
IIOXMOKU He Oisblie 1 oquHULI Ha KoJlipHUM KaHai 8-6iTHoro RGB-300pakeHHs. JIOCSITHYTO CTabisbHOI IIBUIKOAI]
26-29 KkazpiB/ceKyHAy I1py 00po6Li BileONIOTOKY B peKMMi peasibHOro yacy. [[pakTuyHe 3Hau€HHS MOJIArae y
CTBOPEHHI IporpamMHoro iHcTpyMeHTapito (6ibsioreka libconv_lib.so Ha C/C++ 3 Python-iHTepdeiicom) n1s cucrem
6opToBoi 06pobku ganux BITJIA, BineocnocrepexkeHHs Ta edge-computing. Pe3ynbTaTi BIIPOBAIKEHO Y HAYKOBO-
OOCJiIHUX poO0TaxX NOJBIMHOrO NIPU3HAYEHHS, Y HAaBYaJIbLHOMY ITPOLIEC, @ TAKOX Y BUPOOHMUIN AisnbHOCTi TOB
«EJIICAT» i TOB «IHCIIIPITO TIM». Kmtouyosi cioBa: SIMD, ARM64, NEONG64, onepatist 3roptky, 16-6iTHi
obyucyieHHs, 06pobka nudpPoBUX 306paxkeHb, BEKTOPU3allisl, MIBUAKOMiS, iHPpopMalliliHa TEXHOJIOTis], peaJbHUH Yac,

OJHOIUIaTHI KoMII'totepu, BITJIA.

2. The proliferation of ARM64 platforms in embedded systems, mobile devices and unmanned aerial vehicles
creates a demand for high-performance digital image processing under limited computational resources and real-
time constraints. The convolution operation underlies most image processing algorithms and is simultaneously
their most resource-intensive component, which makes improving its performance a relevant scientific and
technical task. The purpose of the work is to develop an information technology for processing digital images and
video using a high-performance convolution operation for ARM64 central processing units, enabling real-time
filtering and scaling of streaming video on single-board computers. The object of research is the processes of
digital RGB image processing by the convolution operation on ARM64 platforms; the subject is methods,
algorithms and information technology of the vectorized convolution operation using ARM64 NEON SIMD
instructions. The scientific novelty of the obtained results is as follows: for the first time, a method of high-
performance convolution for processing 8-bit RGB images using 16-bit integer operations has been developed and
theoretically substantiated, providing a performance increase on ARM64 processors compared with the cv:filter2D
function of the OpenCV library; for the first time, a formalized notation for describing vectorized SIMD NEON64
computations has been proposed, allowing the vectorized part of the code to be represented as structured
mathematical expressions; the technology of digital image processing has been improved by means of the
proposed information technology employing the high-performance convolution operation for the ARM64
architecture; linear operators based on linear combinations of B-splines have received further development —
operators of 16-bit integer operations have been obtained that guarantee the absence of overflow when computing
the vectorized dot product. Experimental studies on Raspberry Pi 4 and Orange Pi 5 Pro single-board computers
for 112 parameter combinations (14 convolution kernel sizes x 8 image resolutions) demonstrated acceleration of up
to 11.1 times on Orange Pi 5 Pro and up to 10.2 times on Raspberry Pi 4 compared with cv:filter2D, with a maximum
absolute error not exceeding 1 unit per color channel of an 8-bit RGB image. Stable performance of 26-29 frames
per second was achieved in real-time video stream processing. The practical significance lies in the creation of a
software toolkit (the libconv_lib.so library in C/C++ with a Python interface) for UAV onboard data processing
systems, video surveillance and edge computing. The results have been implemented in dual-purpose research
projects, in the educational process, and in the operational activities of ELISAT LLC and INSPIRITO TIM LLC.
Keywords: SIMD, ARM64, NEON64, convolution operation, 16-bit computing, digital image processing,
vectorization, high performance, information technology, real-time, single-board computers, UAV.
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