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PED®EPAT

KBamnigikamiitna pobora 6akanaspa: 88 cropinok, 20 pucyHkis, 2 gogaTtku, 20
JUKEpedL.

O06'ext mpoekTyBaHHs — Heiipomepeska st posmizHaBanHs 3HakiB [1/1P.

[IpeameT mnpoekTyBaHHS — pPO3pPOOKA MPOrpaMHOrO 3a0e3MeueHHs s
posmizHaBanHs 3HaKkiB [1J[P.

Meta npoekTyBaHHS — CTBOPEHHsI Heillpomepexa AJisi pO3Mi3HABaHHS 3HAKIB
[1P.

Meton TpOeKTyBaHHS — BHUKOPHUCTAHHS TEXHOJIOTIA PO3POOKH HEUPOMEPEK,
takux sk Python, mediapipe.

B pesynbpTaTi BUKOHAHHS BHUITYCKHOI pOOOTH CTBOPEHO HeEHpoMepexa st
po3mnizHaBanHs 3HaKiB [1J[P.

KJIIOUOBI CJIOBA, HEMPOHHI MEPEXI T'JIIBOKE HABYAHHSI
IITYYHUU IHTEJIEKT KOHBOJIIOLIIMHI HEWPOHHI MEPEXI (CNN)
PEKYPEHTHI HEMPOHHI MEPEXI (RNN) HABUAHHS 3 ITIJIKPIIIJIEHHAM
APXITEKTYPU HEMPOHHUX MEPEX OBEPOBKA ITPMPOJITHOI MOBU (NLP)
3rOPTKOBI HEMIPOHHI MEPEXI ABTOKOJIYBAJIbHUKU 'EHEPATHBHO-
3MAT'AJIbHI MEPEXI (GAN) HABYAHHA BE3 BYUTEJIA PEI'PECIA
HEMPOHHUX MEPEX KJIACHU®IKAIIS 30BPAXEHH PO3INI3BHABAHHS
MOBU MOJIEJII [TOCIIJOBHOCTEM [TIEPEHOCHE HABYAHHSI.



AHOTAIISA

Bunyckna poborta OakanmaBpa CKIAJa€eTbCs 31 BCTYIy, YOTUPHOX PO3ILIIB,
BHUCHOBKIB, CITUCKY BUKOPUCTAHUX JKEpeN Ta JOJATKIB.

AHaJi3 Cy4acHOTO CTaHy PHUHKY KOMIT IOTEPHOT TEXHIKM Ta HOro 0COOIUBOCTI:
y LIbOMY PO3/ILJIl MPOBEIEHO JOCIIKEHHS pUHKY KOMI FOTEPHOI TEXHIKH, PO3TIISTHYTO
Horo cydvacHud CTaH, OCHOBHI TEHJEHII Ta O0cOOJMBOCTI. BuBYEHO BIUIMB
IHHOBAIITHUX TEXHOJIOT1i Ha PO3BUTOK PUHKY, a TAKOK MPOAHATI30BaHO KOHKYPEHTHE
CepeIOBHIIIE.

[IpoexkTyBaHHs HEWPOHHOI cHCTEMU po3mizHaBaHHs 3HakiB [IJIP: poszmin
IPUCBSUYCHUN PO3pOOIl HEMPOHHOI Mepexl AJisi PO3Mi3HABaHHA 3HAKIB JOPOXKHBOTO
pyxy (II/IP). Onucano BuOIp apxITEKTypu HEHUPOHHOI Mepexi, Mmiadip HaBYAIbHHUX
JaHUX Ta anropuTMiB HaBuaHHS. HaBemeHo meroam Ta 3acoOu Al MOKpAIICHHS
TOYHOCTI Ta IPOAYKTUBHOCTI CUCTEMH.

[IpoexTyBaHHs IPOrPAMHOI0 IPOIYKTY, B I[bOMY PO3/11JIi AETAIBHO PO3TIISIHYTO
IPOIIeC PO3POOKU MPOTPAMHOTO 3a0€3MEUSHHSI, 110 IHTETPYE HEUPOHHY MEPEKY IS
posmizHaBanHsa 3HaKiB [I/[P. Omucano QyHKIIOHAIBbHI MOXJIMBOCTI MPOTrpamu, ii
apXITEeKTYypy, BHYTPIIIHI Ta 30BHIMIHI IHTEP(EHCH, a TAKOK TEXHIYHI BUMOTH.

TectyBanusi Heipomepexi: pO3AUT TNPUCBIUYEHUN METOAAM TECTyBaHHS
HEUPOHHOT MepeKi, BU3HAUCHHIO ii e(peKTUBHOCTI Ta cTaduIbHOCTI. [IpoBeneHo cepiro
eKCIIEPUMEHTIB JJIsl OLIHKHU MPOJYyKTUBHOCTI CUCTEMHU Yy PI3HUX yMoBax. OmucaHo

PE3yJabTaTU TCCTYBAHD, iX aHaJN3 Ta BUCHOBKH Imoao JOCATHYTHUX ITOKA3HHKIB.



ABSTRACT

The thesis consists of an introduction, four chapters, conclusions, a list of
references, and appendices.

Analysis of the Current State of the Computer Technology Market and Its
Features: this chapter conducts a study of the computer technology market, examining
its current state, key trends, and features. The impact of innovative technologies on
market development is explored, along with an analysis of the competitive
environment.

Designing a Neural System for Traffic Sign Recognition: this chapter is
dedicated to developing a neural network for recognizing traffic signs. The selection
of the neural network architecture, training data, and learning algorithms is described.
Methods and tools for improving the system's accuracy and performance are provided.

Software Product Design: this chapter details the process of developing software
that integrates the neural network for traffic sign recognition. The software's functional
capabilities, architecture, internal and external interfaces, and technical requirements
are described.

Neural Network Testing: this chapter focuses on the methods of testing the
neural network, determining its effectiveness and stability. A series of experiments
were conducted to assess the system's performance under various conditions. The
testing results, their analysis, and conclusions regarding the achieved metrics are

presented.
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IHHEPEJIIK YMOBHHUX CKOPOYEHbD

CNN - 3roptkoBa HeiiponHa mepeska (Convolutional Neural Network);

ROI - O6macts iatepecy (Region of Interest);

SVM - Metoa onopuux BekTopiB (Support Vector Machine);

RGB - Uepronwnii, 3enennii, Cuniii (Red, Green, Blue);

GPU - I'padiunnii mporiecop (Graphics Processing Unit);

ROI - O6nacts inTepecy (Region of Interest);

IoU - Iloka3uuk o0'eqnanns ta nepetuny (Intersection over Union);

FP - Jloxuo no3utuHuii (False Positive);

FN - Jloxxno nHeratuHuii (False Negative);

SSD - Oauananwmii 3actpsrarounii quck (Single Shot Multibox Detector);

YOLO - Opuanynuii sokatop 00'ektiB (You Only Look Once);

RNN - Pexypentna neiipoana mepeska (Recurrent Neural Network);

FNN - TIloBuicTio 3'egnana neiiponHa mepexa (Fully Connected Neural
Network);

ReLU - Bunpsimnena niniiina onuawnis (Rectified Linear Unit);

IoU - Iloka3nuk 00'eqnanns ta nepetuny (Intersection over Union).
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BCTYII

B cydacHOMy CBITI pO3BUTOK POOOTOTEXHIKM Ta aBTOMaTu3allli HabyBae Bce
OLIBIIIOrO0 3HAYEHHS, OCOOJMBO B KOHTEKCTI CTBOPEHHS pOOOTIB, IO BMIIOThH
B3a€EMOJISATH 3 HABKOJMIIHIM cepefoBuimieM. OMHUM i3 KIFOYOBUX ACIEKTIB I[HOTO
IpOLECY € po3po0Ka CUCTEM pO3Mi3HaBaHHS 00pa3iB AJid KEPYBaHHS PyXOM POOOTIB.
AKTYalTbHICTD I1i€1 TEMH TIOJIATAE Y HEOOXITHOCTI 3a0e3nedeHHs poOOTIB 3aTHOCTI
pearyBaTi Ha 3MiHHM B CEPEIOBHIII Ta BUKOHYBAaTH 3aBJIaHHS 3 BUCOKOIO TOYHICTIO Ta
edexTuBHICTIO[ 1].

OOG'ekT mocHimKEeHHS: O00'€KTOM JOCHIDKEHHS € po3poOKa CHUCTEMU
pO3Mi3HaBaHHA 00pa3iB JJIsi KEepyBaHHS pyxoMm poOoTiB. IIpeamer mocmimKeHHs,
IPEAMETOM JOCIHIDKEHHSI € METOAM Ta TEXHOJIOTIi, IO BUKOPUCTOBYIOTHCS JUIS
1no0y10BM €peKTUBHUX CUCTEM PO3IMi3HaBaHHS 00pa3iB, a TAKOX 1X 3aCTOCYBAHHS IS
KepyBaHHSA PyXOM POOOTiB. MeToauw IOCHIIKEHHS, JJIsl JOCSTHEHHS IMOCTaBICHUX
IIJIEHl BUKOPHUCTOBYIOTHCSI CYy4acHI METOAHM KOMITFOTEPHOTO 30Dy, HEUPOHHUX MEPEK
Ta MAIIMHHOTO HaBYaHHSA. B OCHOBI JOCHI[DKEHHS JICKHUTh aHai3 Ta
eKCIIEpUMEHTAaJIbHE MOPIBHSAHHS PI3HUX MIAXOMIB 0 PO3Mi3HaBaHHS 00pasiB Ta ix
BIUIUBY Ha KEpyBaHHS pPyxoM poOoTiB. Mera 1 3adadi JOCHIPKEHHS: METOIO
TOCITIIKEHHS € po3poOka epeKTUBHOI Ta HAAINHOT CHCTEeMH pO3Ii3HaBaHHS 00pa3iB,
sgKka 3a0esrneuye poOOTaM 3MaTHICTh ABTOHOMHO B3a€EMOJIATH 3 HABKOJUIITHIM
CepesloBUIIeM. 3aBJaHHSIMHU JIOCHI/DKEHHS € aHaji3 Cy4acHUX MIIXOJIB JI0
po3mi3HaBaHHS 00pa3iB, BUOIP ONTHMAJIBHHX METOJIB Ta iX peami3alilis B CHCTEMI
KepyBaHHS PyXOM POOOTIB.

HayxoBa HOBU3HA OfiepKaHUX PE3yIbTATIiB: OTPUMAHI PE3yJIbTaTH BKIIOYAIOTh
B ceOe po3poOKy HOBHX METOIIB PO3Mi3HABaHHS 00pa3iB, iX BIPOBAKEHHS B CUCTEMY
KepyBaHHS PYXOM POOOTIB Ta EKCIEPUMEHTAIbHE MIiATBEPHKEHHS €(PEKTUBHOCTI
3aMpONOHOBAaHKUX pimeHb. CTPyKTypa, MUINIOMHA poOOTa CKIAJAETHCS 31 BCTYITY,
TPbOX PO3JLTIB, BUCHOBKIB, CIIMCKY BUKOPHUCTaHMX JDKEpen Ta noaatkiB. lleprmii
PO3/I1JI IPUCBSUYEHO TEOPETUIHUM OCHOBaM CHCTEM pO3Mi3HaBaHHS 00pasiB. [pyruii
pPO3ALT OMHUCYye€ METOAW Ta aJTOPUTMH, BUKOPUCTAHI JJIs peami3amii cuctemMu. Y

TPETHOMY PO3/ALNII MPECTABICH] Pe3yJIbTaTh EKCIEPUMEHTAIBHUX AOCIIKEHb.



