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PE®EPAT

Kanidikamiitna po6oTa 6akanaBpa: 64 cTopinku, 8 pucyHKiB, 1 nogaTok, 20 mxeper.

OO0'ext mpoektyBanHa — KepoBana miatdopma ajisi oOpoOKH KOMaHA 3 HEWPOHHOT

MEpPEexKi.

[Tpenmer mpoexTyBaHHs — MeTor poOOTH € po3poOka KepoBaHOI MIATHOPMH IS
00pOOKM KOMaH]I BI1J] HEMPOHHOI MEpexi, sika 3a0e3MeYuTh aBTOHOMHE KepyBaHHS
pobOTOM Ha ABOX KOJE€cax 3 MOXJIHMBICTIO OOpoOKM Bi3yalibHOI i1H(poOpMaliii 3a
nornomororo kamepu. lle BkItOuae CTBOpEHHs amapaTHOI Ta MPOTPAMHOI YaCTHUHH
CUCTEMH, 1110 TO3BOJIUTH pOOOTY pearyBaTy Ha 30BHIIITHI YMOBH Ta BUKOHYBATH 3a/1aHi

KOMaH/IHU.

Meta mnpoekTyBaHHA — MeTOo0 poOOTH € po3poOKa KepoBaHO! MIaThOpMHU s
00poOKM KOMaHJ Bii HEMPOHHOI MEpEeXKi, sKa 3a0e3MeUnTh aBTOHOMHE KEepyBaHHS
poObOTOM Ha ABOX KOJE€cax 3 MOXKIHMBICTIO OOpoOKM Bi3yalibHOI i1H(poOpMalii 3a
nornomororo kamepu. lle BkItOuae CTBOpEHHs amapaTHOI Ta MPOTPAMHOI YaCTHUHH
CUCTEMH, 1110 TO3BOJIUTH pOOOTY pearyBaTy Ha 30BHIIITHI YMOBH Ta BUKOHYBATH 3a/1aHi

KOMaH/IHU.

MeTon mpoeKTyBaHHS — BUKOPUCTAHHS TEXHOJOTIH pO3pOOKH POOOTIB, TaKuX SK

Arduino ide, EasyEda.

PesynbTatom poboTtu Oyzae ¢pyHKIIOHYI0OUa aBTOHOMHA poOOTH30BaHa mardopma Ha
JIBOX KOJiecax, 3/laTHa BUKOHYBATH KOMaH I, SIKi TeHepYy€ HelHpOHHA Meperka Ha OCHOBI
o0poOieHnx Bi3yadbHHX JaHuX. Lle BKIOyae mnporpamHe 3a0e3MEUeHHS IS
yIpaBJIiHHS pOOOTOM Ta amaparHe 3a0e3nedeHHs, o 3a0e3neuye cTadlIbHy poOoTy
cucteMu. KJIFOYOBI CJIOBA: aBTOHOMHHUII POOOT, HEWpPOHHA MEpPEkKa, MAIIMHHE
HABUYaHHS, KOMITIOTEPHHWM 3ip, KepoBaHa IaTdopma, poOOTOTeXHIKa, 0OpoOKa

BI3yaJIbHUX JaHUX, aJITOPUTMH KEPYBaHHS



AHOTAIISA

KBamnigikamiitna po6ora 6akanaBpa Mae HaCTYIHI CTPYKTYPHI YaCTUHU: BCTYII, TPU
PO3/111, BACHOBKH, CIUCOK BUKOPUCTAHUX JIPKEPEN Ta JOJIaTOK.

[lepmnii po3ain «AHali3 Cy4acHOTO CTaHy PUHKY KOMIT FOT€PHOI TEXHIKH Ta HOTro
0COOJIMBOCTI» TMPHUCBIYEHUI aHali3y Cy4acHOTO CTaHy pPHHKY pOOOTOTEXHIKH Ta
HEUPOHHUX Mepex. Po3rmsigaroThCcs iCHYIOUl pIIIEHHS JJI1 aBTOHOMHHUX pPOOOTIB,
O0COONMMBOCTI X apXiTEeKTypu Ta 3aCTOCYBaHHS, a TaKOXX OCHOBHI BHKJIHMKH Ta
NEPCHEKTUBU PO3BUTKY JIaHOT TaTy3l.

Hpyruii po3ain «[IpoexkTyBaHHsI HEUPOHHOT CUCTEMHU po3Mi3HaBaHHs 3HaK1IB [1J[P»
OTHCY€E TPOIEC PO3POOKH HEUPOHHOI MEpeki JyUIsi PO3Mi3HABAHHS JTOPOXKHIX 3HAKIB.
PosrnsnaroTecs apxiTeKTypa HEMpPOHHOI MepeXKi, METOJW ii HaBYaHHS, BHUKOPHUCTaHI
Ha0OpH JaHWX Ta MPOrpaMHe 3a0e3MeUeHHs TSl peasizailii mei CHCTeMH.

Tperiit po3ain «Po3pobka kepoBaHoi miaTdopmu It OOpOOKM KOMAaHI Bij
HEHWPOHHOI MEPEXKI» 30CEPEIIKYETHCS Ha MPOEKTYBAHHI Ta peaiizallii anapaTHOI YaCTUHU
aBTOHOMHOTO po0oTa. [leTarbHO ONUCy€eThCA KOHCTPYKIIiS poboTa, BUOIp KOMIIOHEHTIB,
takux sk JaBuryHun GA12-N20, apaiiep motopy L298N Mini, MiKpOKOHTpOJEp
AtMega328P, cencop ESP32-CAM, xomynikamiitnuii moxyns Bluetooth HC-06 Ta
cucTeMa XKUBJICHHS Ha 6a31 OaTtapei Tuiry kpoHa 9B.

UerBeptuii posain  «TecTtyBaHHS HeEHpoMepexi» MNPUCBIYEHUNM I1HTETpallii
IpOrpaMHOi YaCTHHH, siKa BKIt04ae 00poOKy Bineo uepe3 PyCharm Tta nepenauy komann
Ha Bluetooth Mmoayns po6oTa. OnucyeTbes mpolec TeCTyBaHHSA CUCTEMH Ha CIELIAIbHO
M1TOTOBJICHIN 10p031, BUBHAUYCHHS 11 €(DEKTUBHOCTI Ta CTAOUIBHOCTI MPU PO3IMi3HABAHHI
JOPO’KHIX 3HAKIB T4 YHUKHEHHI MEPEIIKO/.

VY BHCHOBKaxX MiJOMBAIOTHCSA IT1JICYMKH BUKOHAHOT pOOOTH, JOCSATHYTI PE3yJIbTATH,
a TaKOXX HAJAIOThCS PEKOMEHJAIll MO0 MOAAIBIION0 PO3BUTKY Ta BIOCKOHAJICHHS
CUCTeMH. Y JOAATKy MICTAThCSA JlarpamMH, CXeMH Ta KOAM MporpaM, Imo Oynu

BUKOPHCTAHI IIPHU peaizailii IpoeKTy.



ABSTRACT

The bachelor's qualification work has the following structural parts: an
introduction, three sections, conclusions, a list of used sources and an appendix.

The first chapter "Analysis of the current state of the computer equipment market
and its features" is devoted to the analysis of the current state of the robotics and neural
networks market. Existing solutions for autonomous robots, features of their
architecture and application, as well as the main challenges and prospects for the
development of this industry are considered.

The second chapter "Designing a neural system for traffic sign recognition"
describes the process of developing a neural network for traffic sign recognition. The
architecture of the neural network, the methods of its training, the used data sets and
the software for the implementation of this system are considered.

The third chapter, "Development of a controllable platform for processing
commands from a neural network" focuses on the design and implementation of the
hardware part of the autonomous robot. It details the design of the robot, the selection
of components such as GA12-N20 motors, L298N Mini motor driver, AtMega328P
microcontroller, ESP32-CAM sensor, Bluetooth HC-06 communication module and
power system based on 9V crown type battery.

The fourth chapter, "Neural Network Testing", is devoted to the integration of
the software part, which includes video processing through PyCharm and the
transmission of commands to the Bluetooth module of the robot. The process of testing
the system on a specially prepared road, determining its efficiency and stability in
recognizing road signs and avoiding obstacles is described.

The conclusions summarize the work performed, the results achieved, and also
provide recommendations for further development and improvement of the system.
The appendix contains diagrams, schemes and program codes that were used in the

implementation of the project.
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IHHEPEJIIK YMOBHHUX CKOPOYEHbD

Al - tyynuii intenext (Artificial Intelligence),

CNN - 3roptkoBa Heliponna mepexa (Convolutional Neural Network),

CPU - Hentpansuuii nponecop (Central Processing Unit),

DC - Iocriiinuit ctpym (Direct Current),

ESP32-CAM - Moxyns kamepu Ha 0a3i mikpokoHTposepa ESP32,

GPIO - 3aransauii Bxia/Buxin (General Purpose Input/Output),

HC-06 - Bluetooth momynb 1151 6€3pOTOBOTO 3B'SI3KY,

IDE - [InrterpoBane cepenoBuiie po3pooku (Integrated Development
Environment),

IMU - Inepmiansauii BuMiproBanbHU 010K (Inertial Measurement Unit),

L298N - JIpaiiBep mJist KepyBaHHS ABUTYHAMH,

ML - Mammnne HaBuanns (Machine Learning),

PWM - lllupotHo-immynbcaa moayJsiist (Pulse Width Modulation),

ROS - Onepariitna cucrema po6ota (Robot Operating System),

SVM - Metoz onopuux BekTopiB (Support Vector Machine),

UART - VHiBepcanpbHuii acuHXpoHHUU mnpuiiomorniepenaBad (Universal

Asynchronous Receiver-Transmitter),

Wi-Fi - be3nposinna nokanpHa mepexa (Wireless Fidelity)
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BCTYII

VY cydyacHOMY CBITI PO3BUTOK POOOTOTEXHIKM Ta aBTOMaTH3allli HaOyBa€e Bce
OLIIBIIIOr0 3HAUYEHHS1, 0COOIMBO B KOHTEKCT1 CTBOPEHHS POOOTIB, 110 3AaTHI aBTOHOMHO
B3a€EMOJISTH 3 HABKOJHIIHIM CEPEIOBHUINEM. BaXJIMBUM aclieKTOM IIBOTO MPOIIECY €
po3po0Ka CUCTEM pO3IMi3HaBaHHA O0pa3iB Ta OOpOOKM KOMaHH, IO JO3BOJISIOTH
poboTam e(heKTUBHO BUKOHYBATH TOCTABJICHI 3aBnanHs. [le akTyanpHO mi1s GaraThox
rajgys3ei, BKJIIOYAIOYM JIOTICTHKY, BHPOOHHUIITBO, MEIUIIMHY Ta HaBITh MOOYTOBI
noTpeou.

Tewma 11i€i qunomHoi pobotu — «Po3poOka kepoBaHoi maTGopmu 111 00POOKH
KOMaH/1 BiJl HEHPOHHOT MEPEXKi» — CIIPSIMOBaHa Ha CTBOPEHHS pOOOTa Ha IBOX KOJIecax
3 MOXJIMBICTIO OOpOOKH BizyanbHOI 1H(pOpMalii 3a JTONOMOrol Kamepu. MeToro
JTOCTIDKEHHSI € po3poOKka e(EeKTHBHOI Ta HAMIMHOI CHUCTEMH, sKa 3a0e3MeyuThb
aBTOHOMHE KepyBaHHS POOOTOM IIJISXOM pO3Mi3HABAHHS O00'€KTIB Ta BUKOHAHHS
KOMaH]I, 1110 HaJXOSATh BiJl HEHPOHHOT MEPEXi.

AKTyanbHICTh JJAHOTO JOCJIIPKCHHS 3yMOBJIEHAa HEOOX1THICTIO PO3BUTKY HOBUX
TEXHOJIOT1H JIJI1 CTBOPEHHS 1HTEICKTyaAIbHIX CUCTEM, 3JIaTHUX PearyBaTH Ha 3MIHU B
CEepe/IOBUIIIl Ta NpUUMATH pilIeHHS B peadbHOMy dacl. lle BiakpuBae MMPOKI
NEPCIIEKTUBH JIsI BUKOPUCTAHHA aBTOHOMHUX POOOTIB y pi3HUX cepax AisIBHOCTI,
HiABUIILYIOYH iX €()EeKTUBHICTH Ta OE3IMEeKYy.

OO'ekTOM JOCIIIKEHHSI € aBTOHOMHHMM MOOUTBHUN poOOT Ha JBOX KoOJjecax,
OCHAILIEHU CHCTEMOIO Bi3yallbHOro CHpuiHATTS Ha 0a3i kamepu ESP32-CAM,
3MaTHUN BUKOHYBAaTH KOMAaHIIW, IO HAAXOMIATH BiJ HeWpoHHOI Mepexi. [Ipenmerom
JOCITI/DKEHHSI € METOJM Ta aJlTOPUTMH OOpOOKM KOMaH]i HEUpPOHHOI MEpexi s
KepyBaHHS pyXxoM po0OoTa, a TaKOoX TEXHOJOrii IHTerpamii amapaTtHOro Ta
nporpaMHoro 3abe3nedyeHHs i 3a0e3nedeHHs CTabuIbHOI Ta HaJIIMHOI poOOTH

CHCTCMMU.

OCHOBHHMMH 3aBIAAHHIMH JAHOTO JOCIIIKEHH €:

AHaJi3 cydyacHUX TE€XHOJOT1H y cdepi poOOOTOTEXHIKH Ta HEHPOHHUX MEPEX.
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Po3pobka amapatHoi wacTuHU po0OOTa, BKIIOYAIOYM KOHCTPYKIIiIO, ABUTYHH,
KOHTPOJIEPH, CEHCOPU Ta KOMYHIKAIliHI MOJTyTi.

Po3pobka mporpamHoro 3a0e3medeHHs i 0OpoOKM KOMaHH Bij HEHPOHHOI
MepexXi Ta KEpyBaHHS PyXoM poboTa.

[HTerpais anmapaTHOTO Ta MPOrpaMHOro 3abe3neueHHs A 3a0e3neueHHs CTadlIbHOT
pOOOTH CHCTEMH.

TectyBanHs Ta Bajialis poOOTH30BaHOI IIATGOPMH B peabHUX YMOBaX.

HaykxoBa HOBu3Ha poOOTH mMOJsirae B po3poOlll IHTErpOBAHOI CUCTEMH, SKa
MOETHY€E HEHPOHHI MEPEki Ta aJTOPUTMH KOMITIOTEPHOTO 30py IS aBTOHOMHOTO
KepyBaHHSI pyXxoM poOoTa. OcCOONMBICTIO € BHKOPUCTAHHS HOBITHIX METO/IB
MAIIMHHOTO HAaBYaHHS [UIsl MiABUIIEHHS TOYHOCTI pO3Mi3HABaHHA OO0'€KTIB Ta
NPUUHATTS PillICHb B peaJbHOMY Yaci.

[IpakTune 3HaueHHS pPOOOTH TMOISTae B MOXKJIMBOCTI BHUKOPUCTAHHSA
pO3po0JIeHOT cUCTEMHU JUIsl CTBOPEHHS aBTOHOMHHUX pOOOTIB, 3JaTHUX BHUKOHYBATH
CKJIa/IHI 3aBJIaHHS Y 3MIHHUX YMOBax cepenopuia. L{e Moxe OyTH KOPUCHUM y Pi3HUX
rayry3sx, BiJl IPOMHUCIOBOCTI 10 TOOYTOBUX 3aCTOCYBaHb.

Crpyktypa poOOTHM BKJIOYAE YOTHPU PO3AUIM: Yy TEpPHIOMY PO3AiIi
PO3TISAAIOTHCS TEOPETUYHI OCHOBU Ta aHalll3 MpeaMeTHOi o0JacTi; ApYyruid po3aid
MPUCBSIYEHO aHAIII3y BUMOT 10 CUCTEMH Ta pO3pO0IIi MPOEKTHUX CHelM(iKaliii; TpeTiit
PO3IIT OMUCYE MpolieC Po3poOKU Ta iHTerpailli amapaTHOi 1 MPOTPaMHOI YaCTHUHU
poboTa; 4YeTBepTHIl PO3ALT MICTUTh PEe3yJbTaTH TECTYBaHHS Ta BIIPOBAKCHHS
cucTeMH. Y BUCHOBKaX Mi0MBAIOTHCS MMIJICYMKH POOOTH Ta HAJAIOThCS PEKOMEHTaIlil

JUTST HOJAVIBIINX JOCHIKEHD.



