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BIJOKPEMJIEHUHM CTPYKTYPHUI HIAPO3ILI
«@®AXOBHUH KOJIEJIX IHOOPMALIIMHNUX TEXHOJOI'TA
HAIIIOHAJIBHOI'O YHIBEPCUTETY «JIbBIBCbKA
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3ABIAHHA

Ha KyPCOBHMU MPOEKT
Mypuciny Hazapiw 1zoposuuy

(npi3Bume, iM'st Ta N0 6aTbKOBI)

HaBYaJbHOI qucoumiaing: ITPOI'PAMHO-AITIAPATHI 3ACOBUA
INTERNET-PEYEN
CTyaeHT rpymnm: MT-41

1. Tema npoekty: Burorosnenns Ha miati Arduino mapkTpoHika Jist

BHU3HAUEHHA ‘“‘ciinoi 30HK” 10 10cM 3 BuBeaeHHsAM 1H(popmarii Ha OLED-
JUCILIEH, CBITIIONI0 1 3yMepP 3 BUKOPUCTAHHIM JIa3€PHOT0 JaJbHOMIpA.
2. JlaTa BH/iavi 3aBAAHHA: 22" BepecHs

2025 p
3. TepMiH 31a49i KVPCOBOI0 MPOECKTYV: 715" rpyaHs

2025 p.

4. BuxiaHi 1aHi 10 IPOEKTY:

4.1. ITpoBecTH aHai3 IpPeIMETHOI Tajly31 1 BUMOT (OIS aHAJIOT'B,
(dbyHKITIOHATBHI ¥ He(PYHKI[IOHATIEHI BUMOTH).

4.2. Cxnactu texaiune 3aBaanss (T3) 3 nepenikom GyHKITH, IHTEPPEHCIB 1
oomexenb(auB. JJOLATOK A).

4.3 Tligioparn BOM (Bill of Materials) nist BUKOHaHHS TPOEKTY (IHB.

JNOJATOK Bb).

4.4 Po3po6utu Tabnuirto 3’ennansb miHiB (Pin Connection Table) Bukopuctanux
KOMIIOHEHTIB JJ1s1 peanizanii npuctporo (nuB. JJOJATOK B).



4.5 PeanizyBatu npomuBKy Ha Arduino (koMeHTapi B KOJIi, CTPYKTypa IPOEKTY,
BUKOPHUCTaH1 010110TeKH).

4.6. 3pobuTH Ha MOHTAXHIH TUIATI OE3MMAEYHOTO MOHTAXY MPOTOTHUIT
PO3p00IeHOr0 IPUCTPOIO Ha 6a3i Arduino.
4.7. IlpoBecTH HaNaAITyBaHHs, KaliOpyBaHHS 1 TECTyBaHHS.

4.8. [linrotyBaty KOpUCTYBAIbKY IHCTPYKIIIIO Ta TEXHIYHUM 3BIT (JIUB.
HOIATOKT).
5 IlepeJiik 000B’A3KOBUX I€MOHCTPALINHUX KPeCJIeHb:

5.1 IlpuHMMIOBa €NEKTPUYHA CXeMa MAKIIOUYECHHS.

6. Cxi1a1 po3paxyHKOBO — NMOSICHIOBAJIbHOI 3alIUCKH (MepeiK MUTAHb 10
PO3pOOKH):
BCTVII

1 OTJIA 0 JUTEPATYPU/AHAJIOT'IB
2 TEXHIYHE 3ABJIAHHA
3 ATTAPATHA YACTHUHA
4 TIPO'PAMHA YACTUHA
5 TECTYBAHHA TA PE3VJIBTATU
BUCHOBKHM
[TEPEJIIK TIOCUJIAHb

Kanenpapuui miian

Ha3pa eramiB TepMiH BUKOHAHHS [Tpumitka

Beryn

1 OI'JIAJ] JIITEPATYPU/AHAJIOI'IB

2 TEXHIYHE 3ABJAHHA

3 ATIAPATHA YACTHHA

4 IPO'PAMHA YACTHHA

5 TECTYBAHHSA TA PE3VIIBTATU

BucHoBku

[epenik mocwianb

Cmyoenm Has3zapiit MYPUI'TH

( migmuc) (imst Ta mpi3BuIIe )

Kepienuk npoexmy Ocrtan OHAK

( mizgmmc ) (iMs1 Ta mpi3BHIIE )



SMICT

BCTVII
1 OTJISI/T JIITEPATYPU/AHAJIOTIB

2 TEXHIYHE 3ABJIAHHS

3 AITAPATHA YACTUHA

4 TIPOTPAMHA YACTUHA

5 TECTYBAHHSI TA PE3YJILTATHU
BUCHOBKH

CIIMCOK BUKOPUCTAHUX JUKEPEJT
JIOJTIATOK 1

12
15
19
21
22
23



BCTYII

Meta podoru:

Po3poOuTn  3rifHO  3ampoONOHOBAaHOI TEMHU  aNapaTHO-IPOrPaMHHIMA
npucTpiii Ha 6a31 Arduino, 1m0 peanizye 3aaHuid HaO1p QYHKIIIHM Ta MATOTyBaTH
3BIT 3 TEXHIKO-KOHCTPYKTOPCHKOIO JOKYMEHTAIEl0 Ta 1HCTPYKIIEH 3

eKCILTyaTarti.

AKTYyaJIbHICTh:

AKTYaJbHICTB IIi€] KypcOBOi pOOOTH OOTPYHTOBYETHCS BUCOKHUM MTOMTUTOM
Ha IHTErpamil0 amaparHoro Ta NPOrpaMHOro 3a0e3MEeUeHHS Yy CY4YacHUX
IHKCHEPHUX PIMICHHSIX, a TAaKOX 3POCTAIOYOI0 POJIII0 MIKPOKOHTPOJIEPHHUX

m1aTGopM y HaBYaJILHOMY MPOILIECi Ta 1IHIYCTPii.

e TexHosioriyHa Ta [H:XKeHepHa AKTYyaJIbHICTh

— IMommpenicts IoT (Internet of Things): Cyuachi cuctemu
aBTOMAaTHU3allli, MOHITOPUHTY Ta YIPABIIHHSI KPUTHYHO 3JI€KATh
B1Jl KOMITAKTHUX, EKOHOMIUYHUX Ta €HEProePEeKTUBHUX MPUCTPOIB.
[Tnardhopma Arduino € ne-pakTo cTaHIAAPTOM JIJIsl IITBUIKOTO
MPOTOTHUITYBAHHS Ta CTBOPEHHS IPUCTPOIB, IO B3AEMOIIIOTH 3
(bh13UYHUM CBITOM, 110 BIJIMOBIIA€E MI00ATBLHOMY TPEHIY PO3BHUTKY
InTepnery peueit;

—  Jlemokparu3anisi po3podku: Arduino, sk BiAKpuTa
(Open-Source) anapaTHo-nporpaMHa miargopma, 3Ha4HO 3HUKYE
MOPIr BXOAY ISl 1H)KEHEPI1B-ITOYaTKIBIIB Ta CIIPUSIE CTBOPEHHIO
iHHOBaI#. e no3BosIE 30CcepeuTHCS HA JIOTIIll TTPOEKTY Ta
(yHKIIIOHAJIBHOCTI, @ HE Ha HU3LKOPIBHEBOMY MPOTpaMyBaHHI Ta

CKJIQJHOMY arapaTHOMY JW3aliHi,



—  MikaucuunjiHapHuii xapakrep: Po3po0ka
anapaTrHO-IPOrpaMHOro MPUCTPOIO BUMArae IHTerpallii 3HaHb 3
CJIEKTPOHIKH, MpoTrpaMyBaHHs MikpokoHTposepis (C/C++), Teopii
KEepYBaHHs Ta NPOEKTyBaHHs 1HTEpPeiiciB. Lle 3a0e3neuye HaOyTTs
KOMILUTEKCHHUX 1HXCHEPHUX HABUUOK, SIK1 € KPUTUYHO BaKIIMBUMH
JUTSL TIpalieBaIaTyBaHHsA ¥ chepax poOOTOTEXHIKH, aBTOMATH3allii
Ta BOYJJOBaHUX CUCTEM;

o [lIpuxknanna ra IllpakTnyHa AKTyaJbHICTHh

— BupimeHHs KOHKpPeTHOI NpUKJIaAHOI 3aaa4i: PoGora He
00OMEXY€EThCSI TEOPETUUHUM aHAIII30M, a Iiepe10adyae CTBOPEHHS
MPALIOIYOro (PI3UYHOTO MPOTOTUITY (MOHITOPHHT TApaMETPIB,
aBTOMAaTH30BaHe yIpaBiIiHHA, 30ip nanux). Lle 6e3nocepeaHpo
JEMOHCTPYE 3/1aTHICTh aBTOPA MEPETBOPIOBATH TEOPETHYUHI 3HAHHS
Ha TPAKTUYHE 1HKEHEPHE PIllICHHS,

— ExonomiuHa epexTuBHicTh: Bukopucranus Arduino go3Bossie
CTBOPUTHU (PyHKII1OHATLHUN MPUCTPIN 3 MIHIMAJIbHUMHU BUTpaTaMu
Ha KOMIIOHEHTH Ta 4acoM po3poOku. Lle BaxkIMBHil aceKT aJis
IHHOBAIIMHUX CTApTaIliB Ta OCBITHIX MPOEKTIB;

—  MoxauBicTh M0AAABIIOr0 Po3BUTKY: Po3pobnenuit mpoToTur
CIIYTY€ HaJIHHOIO 0a3010 IS MOAAJIBIIOTO MacIlITa0yBaHHS,
MOJIEpHi3allii Ta Iepexoly Ha MPOMUCIIOB1 MIKPOKOHTPOJIEPH, 110
3a0e3reuye HayKOBY NEPCIEKTUBY ISl TUTIIOMHOI poOOTH UM

KoMepItiatizarii.

TakuM uYmHOM, PO3pOOKa amapaTHO-NPOrPAMHOTO TMPHUCTPOIO Ha Oasi
Arduino € cBO€YacHHMM, EKOHOMIYHO OOIPYHTOBAaHUM 1 BHUCOKONPAKTHUYHUM
JTOCHIDKCHHSIM, 1110 TO€JHY€ BHUBYEHHS CY4YaCHHMX amnaparHuX 3aco0iB Ta

(dhopMyBaHHS KITFOYOBHUX 1H)XCHEPHUX KOMITCTCHITIH.



1 OIS JUTEPATYPU/AHAJIOI'IB

1.1 Anaparno-nporpamua miargopma Arduino

Arduino — me Bigkputa (open-source) Tuiargopma Il CTBOPEHHS
MPOTOTUITIB  €JIEKTPOHHUX TPUCTPOIB, sKa 0a3yeTbcsi Ha MPOCTOMY ¥
BUKOPHCTaHHI amapaTHOMy Ta mporpaMHoMy 3abOesnedeHHi. [lmardopma
CKIamaeThes 3 (Pi3MuHOT IPYKOBAHOI MIaT (MIKpOKOHTpOJIEpa) Ta CEPEIOBHUIIA
po3poOku (IDE) nnst HanucaHHS KOLy.

Puc. 1.1 Bursin mnatu Arduino 3 mikpokoHTposepoM ATmega328P2
IcTopist cTBOpeHHS:

[Ipoext Arduino OyB 3amouarkoBanuii y 2005 poui B IHcTHTYTI
npoektyBanHa B3aemofii (Interaction Design Institute Ivrea) B wmicti IBpea,
Itamis. Moro 3acHoBHMKamu ctaad MacciMo Bammi (Massimo Banzi), JleBin
Kyaprinbec, Tom Iro, J>xannyka Maptino Ta [leBin Memnic. OCHOBHOIO METOIO
CTBOpPEHHs IIaTGopMu Oyyo 3a0e3MeUeHHs] CTYJACHTIB JEIEBUM Ta MPOCTUM
THCTPYMEHTOM [JIsl CTBOPEHHSI 1HTEPAKTUBHUX MPOEKTIB, KUl OM HE BUMaras
[JTMOOKUX 3HaHb Y CXEMOTEXHIIT.

[Tpyuunnu BuGOpy rargopmu:

Jlns manoi KypcoBoi pobotn ob6bpano miaary Arduino Uno R3, sxa
nobyoBana Ha 06a3i MikpokoHTpornepa ATmega328P2. [i momynapHicTs
3yMOBJIEHA HACTyTHUMU (haKTOpamu:

JoctynHicTh: Hu3bka BapTicTh KOMITOHEHTIB;
Kpocniargopmenicts: Cepenouiie po3poOku mpaitoe Ha Windows,
macOS Ta Linux;

e IlIpocrora: 3pyunuii inTepderic nporpamyBanus yepe3 USB 6e3
HEOOX1THOCTI BUKOPUCTAHHS 30BHINTHIX ITPOTrpaMaTopiB

e Binkpura apxitexktypa: CxeMu miar 3HaX0IAThCS y BUIbHOMY JOCTYTI,
110 JTO3BOJISIE JIETKO 1HTErpyBaTH PI3HOMAHITHI TATYMKU Ta MOIYJII;

1.2 Mosa nporpamyBanHsi C++ Ta cepenoBuine Arduino IDE



[IporpamyBaHHS MIiKpPOKOHTpOJepa 3HINCHIOEThCS MOBOO C++.
Cepenosuiie  po3pobku  Arduino IDE BukopucToBye criemiagibHUAN
cipolieHu#t aianext (pperMBopk) i Ha3Boro Wiring.

@peiiMmBopk — 11¢ Ha0Ip TOTOBUX I1HCTPYMEHTIB, O10Ti0TEK,
mabJoHIB Ta TPaBWI, SKUW HAAAE CTPYKTYpy JUISI CTBOPCHHS
MPOTPaMHOTO 3a0E3MEUYEHHS, CIPOIIYIOYM Ta MPHUCKOPIOKYN TIPOIEC
po3poOku. Bin pomomarae po3poOHMKAM YHUKHYTH HalMCaHHS
CTaHJAPTHOTO KOy 3 HYJIS, JIO3BOJISIOYM 30CEPEAUTHCS Ha YHIKAJIbHIH
Oi13Hec-Jorii MpoaykTy. PpeMBOPKH BUKOPHUCTOBYIOTHCS MJIs PI3HUX
THUITIB IIPOEKTIB, BKIIIOYat0YX BeO, MOO1IbHI Ta IECKTOMHI JOJATKH.

C++ — 11e yHiBepcaJlbHa MOBa MTPOTpaMyBaHHsS BUCOKOTO PiBHSA,
AKa MIATPUMY€E 00'€KTHO-OPIEHTOBAHY Mapaanrmy. B KOHTEKCTI po3poOKku
i1 Arduino, C++ no3BoJise epeKTUBHO KEpyBaTH NaM'aTTIO
MIKpPOKOHTpOJIEpa Ta MPALIOBATH 3 alapaTHUMHM PEriCTpaMHu, 30epirarouu
IPU [[OMY 3PO3YMUIHI CHHTAKCHC.

[Tporpama nns Arduino Ha3zuBaeThes «ckeTdyeM» (sketch) 1 mae aB1 00OB'I3KOB1
GbyHKITIT:

setup() — BUKOHY€ETHCS OIMH pa3 MU 3aIyCKy JJIs HaJallTyBaHHS
KOH(ITrypalli MiHiB;

loop() — BUKOHYETBCS IUKIIYHO, PEaTi3yl04l OCHOBHUN aJTOPUTM
POOOTH MPUCTPOIO.



1.3 IlpuHuunu pod0TH BUKOPUCTAHUX CEHCOPIB

OCHOBHUM BUMIPIOBAIbHUM €JIEMEHTOM CHUCTEMHU € Ja3epHUM JaTyuK
Bizicrani VLS3L0X. Ha Bigminy Bif yiaeTpa3BykoBux coHapiB (ssk HC-SR04),
SAKi BUMIPIOIOTh Yac TMOBEpHEHHs 3ByKoBOi xBmii, VL53L0X BukopucroBye
texHosorito Time-of-Flight (ToF).

Burian natunka VL53L0X

JlaTuuk MICTUTH MiHIaTIOpHUH a3zepHuil BunpominioBau (VCSEL - nazep
3 BEPTUKAJIBHUM PE30HATOPOM), KU BHUITyCKa€ (POTOHU CBITIIA, HEBUIUMOTO
JUIst Tofichbkoro oka (iHdpauepBoHmit crnekTp). DOTOHM BiAOMBAIOTHCS Bijl
NEPEIIKOAN Ta IOBEPTalOThCA 10 NpuiiMada Ha aatuuky. Creuiani3oBaHUMN
MIKPOKOHTpPOJIEp BCEpeInH] JaT4MKa 3 HAJ3BMUYAHOIO TOUHICTIO BUMIPIOE Yac,
3a SKMM CBITJIO MOAONANO L0 BiAcTaHb. OCKUIBKM IIBHJKICTh CBITIIA €
KOHCTaHTO0, BIICTAHb OOUUCITIOETHCS MUTTEBO.

IlepeBaru BUKOPUCTAHHS CaM€E IILOTO JaT4YMKa T ‘CIIIMOI 30HU
P P Pt pl!

e Bucoka ToOYHiCTH HA MAJIUX BiICTAHAX: YIIBTPa3ByKOBI TaTYMKU YaCTO
MaioTh GizuyHy "MepTBy 30HY" (mepii 2-4 cMm), 16 BOHU HE MOXYTh
KOPEKTHO TpaiftoBaty. JlazepHuii natunk npamroe Big 0 mm (abo Bix 30
MM 3aJIEKHO B1J] pEKHUMY) 3 MITIMETPOBOIO TOUHICTIO.

e By3bkmuii kyT orisiny: JlazepHuii mpoMiHb MEHIIIE PO3CIFOETHCS, 110
703BOJIsA€ (DIKCYBAaTH KOHKPETHY TOYKY MAapKyBaHHS, a HE pearyBary Ha
O19YH1 IEPEIITKOIH.

e KomnaxkTHicTh: MOaynb € HAA3BUYAWNHO MaJIUM, 1110 JO3BOJISIE JIETKO
IHTEerpyBaTH MOTO B KOPITYC aBTOMOOLIs a00 MaKeTy.

Jlns Bigyamizaiii BukopuctoByeThes nuciieit (LCD 1602) 3 [2C. Ile rpadiunuit
JTUCIIIeH, KU migkmodaeTbes 1o muHl [2C (BChoro aBa APOTH JTaHHUX), MA€E
BHCOKY KOHTPACTHICTh Ta HE OTpeOye MiACBIUyBaHHS, 110 €KOHOMUTH €HEPTiIO.

Puc 1.3.2 Bursan piakokpucranigynoro aucrieto (LCD 1602) 3 12C



2 TEXHIYHE 3ABJAHHA

2.1 Hassa po0otu

Burorosnenns Ha miari Arduino mapKTpoOHiKa A7 BU3HAUEHHS ‘‘CIINOI
3oHn” 10 10cm 3 BuBeneHHsM iHdopmaliii Ha OLED- nucrnei, cBitiomion i

3yMep 3 BUKOPUCTAHHSM JIa3€pHOIO JaJIbHOMIPA.
2.2 Mera podotu

CrBOpeHHsI 1HHOBALIMTHOI CHUCTEMH JONOMOIM NpPH MaHEBPYBaHHI, IO
(hOKyCyeTbCS Ha BHSABICHHI O0'€KTIB y KpUTHYHIN Onm3bkocti g0 10 cM.
3aBAsiKM BIPOBAKEHHIO J1azepHOro ToF-ceHcopa, mpucTpiil 1eMOHCTPY€ Kpalii
MOKa3HUKUA TOYHOCTI, HIXK THUIOB1 aHAJIOTH, TapaHTYIOUM HaJliiHe Bi3yallbHE Ta

AKYCTHYHC ITOIICPCIKCHHA IIPO HeOe3neuHe 30IMKCHHS.

2.3 3aBpanHs
AHaniTnyHu# oA Ta BUOip ceHcopa IIpoBecTu mopiBHUIbHUI aHAI3
Cy4aCHUX TEXHOJIOT1¥ BU3HAYCHHS TUCTAHIII] B poOoToTexHiii. OGrpyHTYyBaTH
JOIUTBHICTD 3acTocyBaHHs JlazepHoro ToF-marunka VLS3L0X, Buxoasuu 3

HOro TOYHOCTI, KOMITAKTHOCTI Ta IIBHJIKO/II IOPIBHSHO 3 aHAJOTaMHU.

[TpoexTyBanHs amapatHoi yacTuHU CHpOEKTyBaTH €NEKTPUYHY MPUHITATIOBY
CXEMY TIPUCTPOIO, A€ MEHTPATLHUM OO0YUCITIOBATLHUM BY3JI0M BHCTYIIAE
MikpokoHTposiep Arduino Uno. TlepenGaunTu iHTErpaliito HACTYITHUX

KOMITOHEHTIB:

o OLED-nucmieit — ajis Bizyasizallii YuCI0BUX MOKA3HUKIB B1JICTaHI.
e (CBITNOIION TA 3yMEP — JIJIsl CTBOPEHHSI CUCTEMH CBITJIO-3BYKOBOT'O

OMNOBIIICHHS.

Po3po0Oka nporpamuoro 3a6e3neuerds Hanucaru nporpaMHuid Kof (CKETY) JIst

3YUTYBAaHHS JaHUX 3 JaT4MKa yepes intepderic. PeanizyBaru anroputMu



dbubTparli BXiIHOTO CUTHAITY TSl MiHIMi3allii moxuOok. HamamryBatu noriky
CIPALFOBaHHSA TPUBOTH (CBITIOAI0 + 3BYK) IIPU HAOIMKEHH1 00'eKTa 10

KpuTu4yHOi Mexiy 10 cm.

ExcniepumenTanbHa nepeBipka Ta 3amyck 310paTi IpOTOTUIT CUCTEMU Ha
MaKeTHI! IJ1aTi Ta MPOBECTU cepito TecTiB. OIMIHUTH peallbHy TOYHICTh
BUMIPIOBaHb, CTA01ILHICTh POOOTH B PI3HUX YMOBAX Ta MIBUIKICTh BITYKY

1HJMKAIIlT HA 3MIHY JUCTaHIIII.

2.4 TexHiYHi BUMOTH
Jxepesio sxuBiaennsi: Hanpyra 5 B nocriiiHoro ctpymy (Bia

USB-po3'emy koMIT'roTepa ab0 MOPTaTUBHOTO aKyMYJISITOPA).

Kepyrounii monyn: [Tnarpopma Arduino Uno R3 (na 6a3i

MikpokoHTposiepa ATmega328P) abo ii moBHMIT aHAJIOT.

Cencop aucranuii: Jlazepauit nanexomip VL53L0X, 1o npaiitoe yepes

npotokon nepegayi ganux 12C.

Indopmaniitne Tadno: Monoxpomuuiit OLED-expan 128x64 mikceniB 3

iHTepdericom 38'a3ky 12C.
CgitiioBa ingukaunis: YepBoHuii CBITJIONIO AlaMETPOM 5 MM.

3BykoBe cnoBimeHHs: [1'e30eIeKTpUYHNNA aKTUBHUN 3yMeED,

po3paxoBanuii Ha 5 B.

MomnTaxkHi en1emeHTH: be3nasnpHa makeTHa 1iata (Breadboard) Ta

Ha01p 3'€IHYBaALHUX JAPOTIB-TIEPEMHUOK.
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IMacuBHi koMnonenTH: Pesuctop HomiHamom 220 OM 1151 cTabimizarii

po0OOTH CBITIIONIO/A.

2.5 OwuikyBaHuii pe3yabrar

[lincyMkoM  KypcOBOIO  MpOEKTy  CTaHe  po3poOKa  LIJTICHOTO
arnapaTrHO-IPOTPAMHOTO DPIlIEHHS, 110 (YHKIIOHYE SK CHCTEMa JIOTIOMOTH IpH

NapKyBaHH1 AJid 11eHTU(diKalii 00'€KTIB y KPUTUYHINA 30H1 HABKOJIO aBTOMOOLIISL.

®dizuyna peagizauis: [Ipuctpiii peanizoBaHO y BHUIISII KOMIIAKTHOTO
Omoka Ha 0a3i Oes3maitHoi MakeTHOi TiaTH. DpoHTaIbHA YacTHHA O0JIaJHaHA
Ja3epHUM CEHCOPOM, OpIEHTOBAaHWM Ha BHSBJICHHS TMEPENIKOA, TOMI SIK
OLED-expaH BCTaHOBJIEHO B TOJI 30py KOpHCTyBada (BOAIsl) IJIi MHUTTEBOTO

B1JI00payKEHHS YUCIIOBUX PE3YJIbTaTiB BUMIPIOBAHHS.
@DYHKIiOHAIbHA MOBEIIHKA:

[licnsa migKIOYEHHsI JKUBJICHHS CHCTEMa IHIMIam3yeThcs 3a 1-2 CeKyH.Iu,
BUBOJSYM BITaJbHE NOBIJOMJIEHHS Ha €KpaH. Y CTaHAApPTHOMY pEXHUMI
(muctantis monan 10 cM) CBITIIOBA Ta 3BYKOBA 1HIMKAIlisl HEAKTHBHI, a JUCIIIEH
TPaAHCIIOE MOTOYHI 3aMipu (Hanpukiaja, «Dist: 450mmy) 13 nmo3naukoro «Safe
Zone». 3aBAsSKM Ja3epHIA TEXHOJOrii, Npu HAOMMWKEHHI 00’€KTa maHi
OHOBJIIOIOTHCSl TUIABHO Ta BHCOKOTOYHO, O€3 XapakTEpHHUX Uil YIBTPa3ByKy
KOJIMBaHb. SIK TIJIBKH BIJICTaHb CKOPOUYY€EThCS 10 Mex1 MeHue 100 MM, cucrema
MUTTEBO (MeHII HiX 3a 0,1 ¢) akTHBY€e YepBOHHI CBITIOIION 1 3yMep, IMITYIOUU
poOOTy MapKTPOHiKa B 30HI PU3HKY, @ HA €KpaHi 3'ABISETHCS TOMEPEIKESHHS PO
HeOe3neky. [lpu ycCyHeHHI MepemKoau TMPUCTPId aBTOMATUYHO BUMHUKAE

TPUBOTY Ta OBEPTAETHCA 10 POHOBOTO MOHITOPHUHTY.
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OTrpuMaHuii pe3ynbTarT CTaHE MIATBEPIKEHHSAM JOIIJILHOCTI  o0OpaHoi
KOMIIOHEHTHOI ©0a3u Ta BaJiJHOCTI MPOrPAMHOTO 3a0€3MEUYEHHs, HAOYHO

JEMOHCTPYIOUHM TI€peBarv Ja3epHUX TEXHOJOTIH y BUPIIICHHI 3a/a4 TOYHOI

JIOKaIli Ha MaJIuX B1JICTAHIX.



3.1

3 AITAPATHA YACTHUHA

Hinoip BOM

12

BOM (ckopouenns Bix Bill of Materials)- ne cmucox

MaTepiaiaiB 1 KOMIIOHEHTIB, MOTPIOHUX ISl CKJIaJaHHS MPUCTPOIO

a00 BUTOTOBJICHHSI BUPOOY, SIKUI MOXKE MPEACTABICHUM SIK TaOIUIIs

BCIX JeTaJIeH, K1 TOTPIOHO JIJIST IPOEKTY

Ta6muus 3.1.1 [epenik HeOOXiTHUX KOMIIOHEHTIB

Ha3zsa IMo3nauenHst
Ne KinbKicTh XapakTepuCTHKHU IIpumiTka
KOMIIOHEHTA Ha cxeMmi
. MikpokontposnepHa | OcHOBHa miaTa
1 | Arduino Uno | Al
njara KepyBaHHS
besnaiina nara
IInara 830 TouoK,
2 | - JUIs CTBOPEHHS
breadboard Oe3maiikoBa
KOHCTPYKIIIi
' Hiana3oH
UlasepHuii nanexomip
3| VLS53L0X 1 Ul 30-2000 mm, 12C,
(ToF) |
TOYHICTh +3%
0.96", 128x64
4 |OLED Display 1 U2 I'padiunmii nucnnei MKCEJIIB,
SSD1306, 12C
5 LCD 1602 | U2 16x2 cumBomnis, [2C | BimoOpakeHHs
(12C) 1HTEpdeic CTaTyCy CUCTEMH
. . Innukarop
CaiTiongion 5 MM, 20 MA, 1.8-2.2
6 | HL1 HeOe3neKku
(UepBoHuii) B

(YepBonuii)
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Ha3sBa ITo3Hauennst
Ne KisibkicTh XapaKkTepucTUKH IIpumirka
KOMIIOHEHTA Ha cxeMi
. AxTuBHUI
5 B, ocTiiiHU# TOH,
7 3ymep 1 BZ1 3BYKOBUI
<30 MA _
BUIIPOMIHIOBAY
220 Om, 0.25 BT, O6mexyBau
8| Pesucrop | R1
+5% CTpyMy
. Dupont (Male-Male,| Enextpuuni
9 | IIpoBigHUKHK 10-15 -
Male-Female) 3'eTHAHHSA
Tabmuus 3.1.2 Tabaung 3’ €qHaHb MMHIB
Busin Hpumirka /
Ne| KommoneHT 3’eaqnano 3 ninom Arduino
KOMIIOHEHTA DOyHkIis
KusneHns
JlaTarKa
VCC 5V abo 3.3V (3aJIeKUTh Bif
MOYJIs, 3a3BUYal
3-5B)
1| VL53L0X ..
JIiH1g janux
SDA
A4 (SDA) mnau [2C
JIiHig TaKkTyBaHHS
SCL
AS (SCL) mH 12C
GND GND 3aseMieHHs
VCC 5V KupneHus
OLED Jlinis manmx 12C
2
Tucreii SDA (mapanenbHO 3
A4 (SDA) JATYHKOM )
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Busin IMpumirka /
Ne| KoMmmoHeHT 3’eqnano 3 ninom Arduino
KOMIIOHEHTA DyHKIis
JIiHis TakTyBaHHS
SCL 12C (napanensHo
A5 (SCL) 3 JIAaTYUKOM )
GND GND 3azemiieHHS
AHopn (1) Digital Pin 4 KepyBanus
5 CaiTinoaion CBITJIOBUM
(UepBouuii) |  Karon (-) CUTHAJIOM (uepe3
GND pe3ucTOp)
[Tmroc (+) Digital Pin 5 KepyBanns
3ymep
6 3BYKOBUM
(Buzzer)
Minyc (-) GND CUTHAJIOM
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4 TIPOI'PAMHA YACTHHA

[Iporpamuuii koMIuiekc cTBOpeHo B cepeaonuiii Arduino IDE moBoro
C++. OdyHkIioHaT 0a3yeThCs HA B3aEMOIT 3 IepuQepicro uepes cremiaii3oBaHi
010J110TeKH, 110 ONTUMI3YE CTPYKTYPY KOy Ta TapaHTy€e CTaOUIbHICTH POOOTH.
Jliist KepyBaHHS J1a3epHUM ceHCOpoM 3afisiHo 010mioreky Adafruit VLS3L0X,

sKa aBTOMAaTH3Y€ CKIIaHI Omepallii 3 perictpaMu Ta OOMiH JaHUMU TI0 IIIHUHI

Bizyamizaiiist Ha ekpaHi peanizoBaHa 3a JOTIOMOTOI0 CTEKy 010J110TeK
Adafruit GFX, mo Bianosigae 3a rpadiky ta mpudtu, Ta Adafruit SSD1306,
sKa BUKOHYE POJIb JipaiiBepa st 0e31ocepeIHhOro KepyBaHHS

OLED-marpuneto.
AJITOpUTM POOOTH MPOrpamMm:

Eran ininianizanii (Setup): [1ix yac 3amycky MiKpOKOHTpOJIEp KOHITYpye
uudpoBi noptu 4 Ta 5 K BUXOAU AJI KepyBaHHS 1HAMKaLI€0. HamamToByeThes
[ITMHA, MTICJIA YOTO MPOTrpaMa BUKOHYE JIarHOCTHYHY TIEPEBIPKY TOCTYMHOCTI
cencopa VL53L0X ta OLED-monyns. Y pasi BUSBICHHS! TOMUHJIKH
H1AKITIOUYEHHS poO0Ta MPUYINHHIETHCS JUIS 3aXUCTY CUCTEMH Ta CIIPOIICHHS

IIarHOCTUKHU.

Po6ounii muka (Loop): [Ipouiecu oHOBIIOIOTHCS 3 1HTEpBaioM y 100 Mc 1

BKJIFOUAIOTh TaKi KPOKHU:

36ip nanmx: 3a qonmoMoror Meroay rangingTest 1HIIIIOETbCS
BUMIpIOBaHHs 3a TexHojoriero Time of Flight. Pesynsrar y mutimeTpax

dbikcyeThes y 3MiHHIN distance.

AHaJi3 Ta peakuisi: [Iporpama nopiBHiO€ NOTOYHE 3HAYEHHS 13

koHcTaHTOIO thresholdDistance (100 Mm).
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o Ilpu mopymenni auctaniii (< 10 cM) Ha BUXOJIM MTOJIAETHCS PIBEHb
HIGH, 110 BMHKa€ CBITJIO-3BYKOBY TPUBOT'Y Ta BUBOJUTH HAIIHC
"WARNING: TOO CLOSE!".

o VY 6e3neuniii 30H1 (> 10 cM) Ha TOpTax yTpuMy€eThes piBeHb LOW,

a expaH BijgoOpaxkae craryc "Safe Zone".

Onogiienns inTepgeiicy: Koxxna itepaiis CynpoBOIKY€ETbCS
OYMIIICHHSIM Oydepa qucruies: Ta MaTIOBaHHSM aKTyalbHUX JaHUX.
Bukxopucranus BapiaTUBHUX MIPUQPTIB T03BOJISE BI3yaIbHO BUIALTUTH
YHUCJIOBUHN MTOKA3HUK B1ACTAaHI.

Kputnynum enemMeHToM IporpaMu € aJTOpPUTM OIPAIFOBAHHS TIOMHUIIOK
ceHcopa. ko napamerp RangeStatus naOyBae 3HaueHHs 4, 11e CUTHATI3Y€
mpo BuXiJ 00'€KkTa 3a MeX1 poO040i 30HH a00 HETOCTATHIO MOTYKHICTh
B1IOUTOTO CUTHAY. Y Takii cuTyallli cuctema reiepye cronimeHnHs «Out of
range» 1 OJIOKy€ aKTHBALIII0 TPUBOTH, 1110 JO3BOJISIE 3aMO0IITH TOMUIKOBUM

CIIpaIfOBaHHSAM 1HIUKAIIII.



4.1 Koa nporpamm

#include <Wire.h>

#include <Adafruit_ GFX.h>
#include <Adafruit_SSD1306.h>
#include "Adafruit_VL53LeX.h"

#define SCREEN_WIDTH 128
#define SCREEN_HEIGHT 64
#define OLED_RESET -1
#define SCREEN_ADDRESS ©x3C

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT,
&Wire, OLED RESET);
Adafruit_VL53L@X lox = Adafruit VL53LOX();

const int ledPin = 4;
const int buzzerPin = 5;
const int thresholdDistance = 100;

void setup() {
pinMode(ledPin, OUTPUT);
pinMode(buzzerPin, OUTPUT);

digitalWrite(ledPin, LOW);
digitalWrite(buzzerPin, LOW);

if (!'lox.begin()) {
while (1);
}

if (!display.begin(SSD1306_ SWITCHCAPVCC,
SCREEN_ADDRESS)) {
for (5;);
}
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display.clearDisplay();
display.setTextSize(1);
display.setTextColor(SSD1306 WHITE);
display.display();

void loop() {
VL53LOX_RangingMeasurementData_t measure;
lox.rangingTest(&measure, false);

display.clearDisplay();
display.setCursor(0, 0);
display.setTextSize(1);
display.print("Blind Spot Monitor");

if (measure.RangeStatus != 4) {
int distance = measure.RangeMilliMeter;

display.setCursor(10, 25);
display.setTextSize(2);
display.print("Dist: ");
display.print(distance);
display.println("mm");

if (distance < thresholdDistance) {
digitalWrite(ledPin, HIGH);
digitalWrite(buzzerPin, HIGH);

display.setCursor(20, 50);

display.setTextSize(1);

display.print("WARNING: TOO CLOSE!");
} else {

digitalWrite(ledPin, LOW);

digitalWrite(buzzerPin, LOW);

display.setCursor(35, 50);
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display.setTextSize(1);
display.print("Safe Zone");

}
} else {

display.setCursor(10, 30);
display.print("Out of range");
digitalWrite(ledPin, LOW);
digitalWrite(buzzerPin, LOW);

display.display();
delay(100);

5 TECTYBAHHA TA PE3YJIBTATH

Cranis anpo0artii € BU3HaYaIbHOYO /IS MiATBEPPKEHHS BiAMOBITHOCTI
MIPHUCTPOIO BCTAHOBJICHUM TEXHIYHUM TapameTpam. ExcriepuMenTaipHa
nepeBipka 3/1MCHIOBaIacs B JJaOOPATOPHOMY CEPEIOBHUIII 32 CTAHIAPTHOTO

PIBHSI OCBITJICHHS.

MeTtonoJioris BunpoOyBanb: /[y Bepudikallii TOUHOCTI 3aCTOCOBYBajacs
BUMIpIOBajIbHA JiHIMKa 3 KpokoM 1 mm. Momyns VL53L0X ¢ikcyBaBcs Ha
HYJIBOBIM MO3HAUII], a SIK 00'€KT BUSABICHHS BUKOPUCTOBYBajacs Iuiacka Oina
MOBEPXHS, IO MepecyBanacs B3aA0BxK mkanu. Orpumani 3 OLED-ekpana nani

31CTABIIUINCS 3 ETAJIOHHUMHA 3HAYEHHSAMHY Ha JIIHIALI.

AHaJi3 oTpuMaHux AaHux: TecTyBaHHS BUSIBUIIO, IO CEPEIHS MOXHOKa
BUMIPIOBaHb HE NEPEBUILYE +1-3 MM, 110 € BUCOKUM MOKa3HUKOM IS

aMaTOPChKUX CUCTEM MapKyBaHHs. KiIrouoBUM MOCSATHEHHSIM cTaja cTabiibHa
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po6OTa JIOTIKK OMOBIIICHHS: TIPH JOCATHEHHI BIAMITKH 98 MM cUrHasi3aIis
crpamboByBaja MUTTEBO. [lepeBipka TUHAMIYHUX XapaKTEPUCTHK MOKa3asa, Mo
MIpH MIBUIKOMY HAaOMMKEHHI 00'€KTa CUCTEMa BCTUTA€ aKTUBYBATH 3yMep 10
31TKHEHHS, TIITBEP/KYIOUH JIOCTAaTHIO YacTOTy OHOBJIeHHS AaHux (10-20 I'm).
BruiiB mTydHOTO CBITIIA BUSIBUBCSI HECYTTEBUM, X04a MPSIME COHSIHE
BUITPOMIHIOBAHHS MOKE€ OOMEXKYBaTH AUCTAHINIO, IO XapaKTEPHO IS

na3zepHux ToF-ceHcopis.
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BUCHOBKH

[Tig yac BUKOHAHHS KypCOBOTO MPOEKTY OYJIO YCHIIIHO CIIPOSKTOBAHO Ta
peaizoBaHO MPOTOTHUI CUCTEMHU JIOTIOMOTH TPH MapKyBaHHI Ha 6a31 Arduino,
ONTHUMI30BaHUM JJII MOHITOPUHTY 30H y pajiyci g0 10 cm. Yci eranu pobotu
BHKOHAHO B TIOBHOMY OOCS3i:

e JloBeaeHo aouijibHicTh BUOOPY jazepHoro ToF-cencopa VL53L0X sik
Halle()eKTUBHIIIOTO PIlIEHHs AJI MPEeUU31HIX 3aMipiB HAa MaJIUX
BIJICTaHAX.

e CdopmoBaHO anapaTHHIi CTEK, 10 IHTETPY€E MIKPOKOHTPOJIEP,
OLED-iHauKaTOp Ta MOAYI CBITJIO-3BYKOBOT'O TIONEPEIKEHHS.

e HanaroaskeHo NporpaMHuii aaropuTMm, sIKuii 3a0e3mnedye cTadinbHy

(biTpTpallifo NTyMiB Ta KOPEKTHY IHTEPIIPETAIlII0 BXITHUX CUTHAIIIB.

['oToBmil npucTpiii 3a0e3neuye BUCOKY TOUHICTh (MOXuOKa He Ouibiine 3 MM) 1
rapaHTOBaHy peaklliio Ha Mepemkoau B Mexxax 10-cantumerpoBoi 30H4. Taka
apXxITEKTypa € MEePCIEKTUBHOIO JIJIs1 BIPOBAKEHHS B POOOTOTEXHIUHI
KOMILIeKCH, cucteMu «Smart Home» abo sik aCUCTEHT 1 BEIMKOrabapUTHOTO
TPAHCIIOPTY.

HanpsamMku nogajbiol MoaepHizamii:

e MacmradyBaHHsI: BIPOBAKEHHS MACUBY JIATYUKIB JIsI KPYTOBOTO
OXOIUICHHS TIEPUMETPA TPAHCIIOPTHOTO 3aC00Yy.

e EnepromeHeI:KMeHT: ajanTtailis CHCTEMU XKUBJICHHS JIJ11 CTaOUIbHOL
pobotu Bix 6opToBoi Mepexi 12 B.

e InTyiTuBHA inaukanisi: nepexin Ha RGB-Marpui nys peanizarii
I'PaJIEHTHOTO Bi3yaJbHOTO CIIOBIIIEHHS (BiJl OE3MEUHOTO 3€JICHOTO J10
KPUTUYHOTO YEPBOHOIO).

e 3axHCT: MPOEKTYBAaHHS T€PMETUYHOTO KOPITYCY 3a JOMTOMOTOIO
3D-monentoBaHHS IS €KCIUTyaTallli B arpeCUBHOMY 30BHIIITHBOMY

cepeoBUIIII.
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