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Pedepar:

1. Incepranifina po60Ta IpUCBIYEHA JOCIIKEHHIO Ta IPAaKTUYHOMY OIMCY MO>KJIMBOCTI 3aCTOCYBaHHS CUCTEMU
pO3Ii3HaBaHHS O0'€KTIB y PE>KMMi PeasIbHOTO Yacy 3 NOAJIbIINM FOJIOCOBMM CIIOBIlIEHHSIM [1J14 JIIOJeN 3 BaJaMu
30py. JJucepralifine NOCaiIKeHHs IPEICTaBIeHE B YOTUPbOX PO3[izaX, B SKUX OOIPYHTOBAHi Ta NpeCTaBJIeHi
OCHOBHI pe3yJIbTaTi pOOOTU. Y BCTYIHIi 4aCTHHI OOIPYHTOBAHO aKTyaslbHICTb PO6OTH, CPOPMYJILOBAHO METY Ta
3a/1aui OCTIiI>)KEeHHS1, HaBeIEeHO METOY NOCJiIKEHHS, IpeicTaBjeHa iHpopmallist Ipo HayKOBY HOBU3HY, a TaKOX
[IPaKTUYHE 3HAYEHHS Pe3YJIbTaTiB. Y NepHUIOMy PO31ijli BUKOHAHO OIJISIZ, €TalliB IIPOLIECY PO3Ii3HABAHHS
300pasKeHHS, PO3IJISIHYTO SIK KJIACHYHI, TaK i CydyacHi METOAU Ta aJITOPUTMH, sIKi 3aCTOCOBYIOTHCS TiJ] Yac

[IorepenHbOi 00POOKY 300pakeHb, BUIIJIEHHS O3HAK, CETMEHTAllil 00'eKTiB Ta rmocTt 06poob1ii. Po3risgaHyTo
I, , BU, ) 1 11, Yy



apxiTeKTypy Cy4aCHUX HEMPOHHUX MEPEXK, a TAKOX NOCTYIIHI Ha PUHKY NIPUCTPOI AKi IpU3HaYeHi 11 JIIonen 3
BaJlaMM 30py. Y IpyromMy po3[iijii NpefCTaBleHO PE3yabTaTH aHai3y NOCTYIIHUX CKJIAJOBUX CUCTEMU
PO3I1i3HaBaHHs 00'€KTIB 3 IOJAJIbIIUM OJIOCOBUM BUBOAOM iH(OpMalLlii [ Jtofel 3 BagamMu 30py. BctaHoB eHO,
110 ONTHMAJIbBHUMU HEMPOHHUMHU MEPEXKaMU [1JIs1 PO3rOPTaHHS Ha IPUCTPOSIX 3 OOMEXEHUMU PECYPCaMU € KJlac
mepexx MobileNet. OcHOBHMMY IepeBaraMy € MOKJIMBICTb CTUCHEHHSI po3MipiB Mozesii 1o Heo6XimHOro, 3aBIsKU
Ko(illieHTam MUPUHU Mepexi i 3MiHi po3mipy BXiJHOTO 300pakeHHs, 6€3 3HaUHUX BTPaT Y WIBUAKOCTI i TOYHOCTI
pO3Ili3HaBaHHS. Y SIKOCTi I1aTGOPMHU [1J11 HaBYaHHS Ta €KCIIOPTYBAHHS HEPOHHUX MEPEX Mif, o0paHi
MiKDOKOHTPOJIEPU, BPaXOBYI04M (PYHKLIOHAJ Ta IOCTIMHUI pO3BUTOK 06paHo mardgopmy Edge Impulse. ¥V sikocri
CHHTE3aTopa MOBU ONTUMAaJIbHUM pilteHHSIM € eSpeak NG. BcTaHOBJIEHO, 110 MIKPOKOHTPOJIEpY Ta OTHOILJIATHI
KOMITIOTEPH € ONTUMAJIbHUM PillleHHSIM [1J151 CTBOPEHHS HEOOXiTHUX cCTeM. BOHM MaloTh HeBEIMKUil (popm
(dakTop Ta Bary, a TakoX MaloThb IOCTAaTHbO MOTY>KHOCTI 717151 BUKOHAHHS 337ja4 3 PO3Ii3HaBaHHS 00'€KTiB B pEXXUMI
peasibHOro yacy. g onucy Bapianiii cucteM po3mizHaBaHHS 00’€KTiB 3 IOAABLUIMM I'OJIOCOBUM BUBOJIOM J1JISI
JiIofeil 3 BafaMu 30py obpaHo Taki matu sk: ESP32-S3-EYE, Raspberry Pi 5 Ta NVIDIA Jetson Nano. [1natyu MatoTh
Pi3Hi TEXHIYHI XapaKTePUCTUKHU i MOXXYTb 3a0€3[1€YMTH Pi3HUI piBeHb MIBUAKOCTI PO3Mi3HaBaHHS 00’€KTiB, i
3arajibHy IPOAYKTUBHICTb CUCTEMU. Y TPETbOMY PO37iJli BUKOHAHO OLiHKY 4acy HEOOXiZJHOrO Ha OJIMH LUK
Ipolecy po3Ii3zHaBaHHSI-0roJIomeHHs iHdopMalii BpaxoByioui MBUAKICTb peakLii JIOIUHY Ha TOJIOCOBY
iHopmaliito, Ta IWBUIKICTh IIPOXOIKEHHS Pi3HUX €TalliB caMoro npotiecy. BctaHoBI€HO Yac, HeOOXigHMM Ha
OTOJIOLIEHHS CJIiB Ta iX KOMOiHaLi} pi3HOI NOBXMHU 3 BpaXyBaHHSIM OCOOJIMBOCTEN YKPAiHChKOI MOBU Ta MOBJIEHHSI.
BcraHoBJI€HO, 0 MiHIMaIBHMI Yac HEOOXiIHMI Ha OTOJIOMIEHHS! OJIHOT'O CJI0Ba CTAHOBUTH 129 Mc, y TOU 4ac, K
KoMOiHallist Ha3Ba 3 TPbOX JOBTUX CJIiB MOJKe 3aliMaTH [1Bi CEKyH/IU Ha OTOJIOLIEHHS 3 YpaxyBaHHSIM May3u MixX
cyi0BaMU. BUKOHaHO po3paxyHOK i Nifi6ip KOMIIOHEHTIB 7151 BapiaHTiB cucTeMu Ha ruiartax ESP32-S3-EYE ,
Raspberry Pi 5 Ta NVIDIA Jetson Nano. Po3paxoBaHO CBIiT/IOBUII MOTIK SIKUAi1 Mae 3a06€3M€4YNUTHU AKEPETIO CBITIa, IJ1s
HOPMaJIbHOTO (PYHKLIOHYBaHHS CUCTEMU IIPY IIOTaHOMY OCBITJIeHH], Ta 06paHo cBiTinozion Cree XP-G3. [l
orosioleHHs iHpopmaliii oopano auHamiku LD-SP-UM20 /8A, 1110 MaloTb KOMIIAaKTHI po3MipH, CyMicHi 3 0OpaHuMU
nj1aTaMu, 3a6e3nedyoTb HeOOXiIHUI piBeHb rydyHOCTI. TakoX, 6ys10 00paHo 3ByKOBUH Hifcuioady PAM8403 nis
IiAKII0OYEeHHS IUHAMIKIB 10 cucTeMu. A TaKOX MOZYJIi Kamep [Jis I1J1aT, B SIKUX BOHA BiCyTHS y 6a30Biit
KOMILJIEKTalii. Po3paxoBaHo 3arajibHy CIIOKMBAaHY NOTYXHICTb CUCTEM Y Pi3HMX KOMIUIEKTALiSX 3 YPaxyBaHHIM
po60TH HEMPOHHUX MEPEX, IPKepesia CBiTa i mocTitHoi po6oTu ArHaMikiB. Ha ocHOBI OTpuMaHOi Cr1oKruBaHO]
IOTYXHOCTI 6yJI0 pO3pax0BaHO EMHICTb IpKepeJsia JKUBJIEHHS Ta 0OPAHO ONTUMAJbHi BapiaHTH 7151 3a0€3I1e4eHHs
aBTOHOMHOI pOOOTH CUCTEMU BIIPOLOBXK 3X FOAMH. Y 4eTBEpPTOMY PO37ijli IPOBELEHO OCIiI>KeHHS! TOYHOCTI Ta
IIBUJIKOCTI pO3Mi3HaBaHHS 5 00paHUX KaTeropiit 06'exTiB, a came "windows", "doors”, "trees", "traffic light",
"crosswalk", HelipoHHUMU Mepexkamu MobileNetV1 96x96 0.2, MobileNetV2 96x96 0.35, MobileNetV2 160x160 0.5
ta MobileNetV2 160x160 1.0 g5 mikpokoHnTposiepiB ESP32-S3-EYE, NVIDIA Jetson Nano ta Raspberry Pi 5 6ysn0

IIPOBEJIEHO JleKilbKa eKCIIepUMEHTIB 3 HEOOPOOJIEHNMU Ta 3MillaHUMU TPEHYBaJIbHUMU 300pKEHHSIMU.

2. The dissertation work is devoted to the study and practical description of the possibility of using a real-time
object recognition system with subsequent voice notification for people with visual impairments. The dissertation
research is presented in four sections, which substantiate and present the main results of the work. The
introductory part substantiates the relevance of the work, formulates the goal and objectives of the research,
provides research methods, presents information about the scientific novelty, as well as the practical significance
of the results. The first section reviews the stages of the image recognition process, considers both classical and
modern methods and algorithms used during image preprocessing, feature extraction, object segmentation and
post-processing. The architectures of modern neural networks are considered, as well as devices available on the
market that are intended for people with visual impairments. The second section presents the results of the
analysis of the available components of the object recognition system with subsequent voice output of information
for people with visual impairments. It was found that the optimal neural networks for deployment on devices with
limited resources are the MobileNet class of networks. The main advantages are the ability to compress the model
size to the required size, thanks to the network width coefficients and changing the size of the input image,
without significant losses in the speed and accuracy of recognition. The Edge Impulse platform was chosen as a



platform for training and exporting neural networks to selected microcontrollers, taking into account the
functionality and continuous development. The optimal solution as a speech synthesizer is eSpeak NG. It was
found that microcontrollers and single-board computers are the optimal solution for creating the necessary
systems. They have a small form factor and weight, and also have enough power to perform real-time object
recognition tasks. To describe variations of object recognition systems with subsequent voice output for people
with visual impairments, the following boards were chosen: ESP32-S3-EYE, Raspberry Pi 5 and NVIDIA Jetson
Nano. The boards have different technical characteristics and can provide different levels of object recognition
speed and overall system performance. In the third section, the time required for one cycle of the information
recognition-announcement process is estimated, taking into account the speed of a person's reaction to voice
information and the speed of passing through various stages of the process itself. The time required for
announcing words and their combinations of different lengths is established, taking into account the peculiarities
of the Ukrainian language and speech. It is established that the minimum time required for announcing one word
is 129 ms, while a combination of a name from three long words can take two seconds to announce, taking into
account the pause between words. The calculation and selection of components for system variants on the ESP32-
S3-EYE, Raspberry Pi 5 and NVIDIA Jetson Nano boards is performed. The luminous flux that the light source
should provide for normal system operation in poor lighting conditions is calculated, and the Cree XP-G3 LED is
selected. For the announcement of information, LD-SP-UM20 /8A speakers were selected, which have compact
dimensions, are compatible with the selected boards, and provide the required volume level. Also, a PAM8403
sound amplifier was selected to connect the speakers to the system. As well as camera modules for boards in
which it is not included in the basic configuration. The total power consumption of the systems in different
configurations was calculated, taking into account the operation of neural networks, the light source, and the
constant operation of the speakers. Based on the obtained power consumption, the capacity of the power supply
was calculated and the optimal options were selected to ensure the autonomous operation of the system for 3
hours. In the fourth section, a study of the accuracy and speed of recognition of 5 selected object categories,
namely "windows", "doors", "trees", "traffic light", "crosswalk", by neural networks MobileNetV1 96x96 0.2,
MobileNetV2 96x96 0.35, MobileNetV2 160x160 0.5 and MobileNetV2 160x160 1.0 for ESP32-S3-EYE, NVIDIA Jetson
Nano and Raspberry Pi 5 microcontrollers was conducted. Several experiments were conducted with raw and

mixed training images.
Jep>kaBHHHM peecTpaniiiHuii Homep iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: OyHaMeHTa bHI HAyKOBI HOCIIIPKEHHS 3 HANGLIbII
Ba)KJIMBYX MPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOTI0, COLiaJIbHO-€KOHOMIYHOTr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOACBKOTO TMOTEHLiaNy AJ1s1 3a6e3le4yeHHs KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAaJIoro pO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy

CrpareriyHuil NpiOpUTETHUH HAaNIPSIM iIHHOBALLiMHOI Ais1JIBHOCTI: PO3BUTOK Cy4acHUX

iH(popMaLiTHNX, KOMYHIKALITHUX TEXHOJIOTi, pPOOOTOTEXHIKA
ITizcyMKH BOCIiI>KeHHS: HoBe BUpIlEHHS aKTyaJbHOTO HAYKOBOTO 3aBIaHHS

Iyo6sikaii:

e Jlenicos P.B. OnukieHko }0.0. Oco6a1BOCTi po3mni3HaBaHHS 300pakeHb HEMPOHHUMY MEPEXKaMU Ha MPUKIIALi
MobileNetV1 ta MobileNetV2 B cuctemax Ha MikpoKOHTpoJiepax. «TexHosorii Ta imkupunr», 2023. Bum. 2(13),
C.15-27.

e Jlenicos P.B., [Tonosuu II. B., Oco6sMBOCTi nonepesHboi 00poOKU Ta IPyIlyBaHHS TPEHYBAJIbHUX JAHUX
HEePOHHOI MepeXi 1711 HiBUIeHHs TOYHOCTI po3Mi3HaBaHHS 06’eKTiB Ha ocHOBi MobileNetV2. «TexHosorii Ta
imxupuHry, 2023. Bun. 5(16), C. 9-21.

e Jlenicos P.B., [Tonnosuu II. B., OCO6/IMBOCTI 3aCTOCYBaHHSI CUCTEM PO3Ii3HABAHHS 00'EKTIB Y PEXKUMIi peaslbHOTro

yacy Ha MiKDOKOHTpPOJIEpPax 3 MOJIaJIbLIIMM rOJIOCOBUM BHMBOJIOM iH(opMallii s ofel 3 BalaMmu 30py.



«TexHosorii Ta imxupunr» , Bunyck 3(20), 2024 C. 21-30.
HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILiS: npyucTpoi; MeTozu, Teopii, rinoresn

CorniasibHO-eKOHOMIYHA CIPSIMOBAHICTb: NOJIMIIEHHS IKOCTi XUTTS Ta 37I0POB'sS HACEJIEHHS,

e(peKTUBHOCTI IiaTHOCTUKHU Ta JIiIKyBaHHSI XBOPUX

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBazkeHHS pe3yJIbTaTiB AHCEPTaLii: [IiaHyeTbes 10 BIPOBaIKEHHS

3B'S130K 3 HAaYKOBHMH T€MaMH: 0124U00087

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:
1. [TonnoBud I1aBso BacuiboBrd

2. Pavlo V. Popovych

KBasigikamis: . 1. 1., gouenr, 05.12.17
InenTudikarop ORCID ID: 0000-0002-1572-3127
HoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyx. 37, Kuis, 03056, Ykpaina
dopma ByTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Psa6uit Mupocnas OyiekcaHapoBUY

2. Myroslav Ryabiy

KBasigikamnis: . r. u., gon., 05.13.06
InenTudikarop ORCID ID: 0000-0002-9651-9135
JoparkoBa iHdpopmamnist:

ITloBHe HaliMeHYBaHHSI IOPHUAUYHOI OCOOH: [lepkaBHe HEKOMEPIiHE MiANPUEMCTBO "JlepKaBHuMi

yHiBepcuTeT "KuiBCbKUN aBialliiHW iIHCTUTYT"

Kog, 3a EJPIIOY: 45853942



Micue3HaxoaKeHHS: npocrl. ['ysapa Jliobomupa, 1, Kuis, 03058, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ycuk Bikropisa BanepiiBHa

2. Viktoriya V. Usyk

KBasigikanis: k.1.u., nouenr, 05.11.17
InenTudgikarop ORCID ID: 0000-0002-3515-4849
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHUil TEXHIYHNMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJI. Kupnudosa, 6yz. 2, Xapkis, XapKiBcbKuil p-H., 61002, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IIpospenko OsekcaHap IsaHoBUY

2. Oleksandr I. Drozdenko

KBasigikamis: . r. u., gouent, 05.09.08
InenTudikarop ORCID ID: 0000-0001-6647-1428
JoaparkoBa iHpopmauist: ;https://scholar.google.com.ua/citations?user=HQPuTeQAAAAJ&hl=uk

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu#t TexHiyHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHM IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tpaneson Kupuino OsiekcaHnposuy

2. Kyrylo O. Trapezon



KBasigikamis: . . u., gou., 05.09.08
InenTudgikarop ORCID ID: 0000-0001-5873-9519
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHuit TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kog 3a €IPIIOY: 02070921

Micue3HaxoKeHHS: npocnekT bepecreiicokuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIl04Hi BiZoMOCTi

Bnacue IIpizeume Im'st [To-6aTbKOBi Posopinos I'eopriii MukonainoBuy
TOJIOBH pagH

BiracHe IpizBuie Im's ITo-6aThKOBI Posopinos ['eopriit Mukonainosnd
rOJIOBYIOYOTO Ha 3aciJaHHi

Bi,uIIOBi,I;a JILHHUH 32 IIi,I;I‘OTOBKy HenicoB Poctucnas BitanilioBuy

00JIiIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisiIBHOCTI




