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BCTYII
Meta poboTu:

MeToro KypcoBoi poOOTH € po3poOKa Ta BUTOTOBJICHHS MPOCTOrO ¥ HAIIHHOTO
OXOPOHHOTO TMPUCTPOIO Ha ©0a3i MiKpoKOHTposiepHoi mmiarpopmu Arduino 3
BUKOPHCTAHHAM 1H(QPAYEPBOHOTO JaT4WKa PyXy, YJIBTPa3ByKOBOTO IajeKoMipa Ta
Moztysst 3B’ s13ky GSM 11 IUCTAHIIIITHOTO CIIOBIMEHHS KOPUCTYBaua. Y Mexax poOoTH
nepen0avyaeTbCss  NMPOEKTYBAaHHS — amapaTHOI  YacTUHU — TPHUCTPOO,  Po3poOKka
IPOrPaMHOTO 3a0€3MEUYeHHS, a TaKOX TMEepeBipKa Mpare3naTHOCTI CHCTEMH B PI3HHX
pexruMax poOoTH.

AKTYaJIbHICTh:

AKTyanpHICTh JaHOT KypCOBOi POOOTH 3yMOBJIEHA 3POCTAIOUOI0 MOTPEOOI0 Y
JOCTYIIHUX, ABTOHOMHHUX Ta €(QEKTUBHHX CHCTEMaX OXOPOHU [UIsl KUTJIOBUX 1
KOMEpUIMHUX TMPUMILIEHb. Y Cy4YacHHUX yMoOBax Oe3neka 00’€KTIB HEPYXOMOCTI €
BXJIMBUM (PAKTOPOM, a BUKOPHUCTAHHS TPATUIIAHUX OXOPOHHUX CHCTEM 4YacTo
OB’ SI3aHE 3 BUCOKOIO BAPTICTIO 00JIaHAHHS Ta CKJIAAHICTIO BCTAHOBJICHHSI.

3acTOCyBaHHSI ~ MIKPOKOHTPOJIPHHX  IIaTGOpM  BIJAKPUBAE  MOXKIIUBICTH
CTBOPEHHS KOMIIAKTHMX OXOPOHHHUX TMPHUCTPOIB 13 MIHIMAJIBHHUMH BHUTpPAaTaMU, SKi
3a0€3MeuyoTh  OlepaTuBHE 1HPOPMYBaHHS BJIACHUKA TMPO HECAHKI[IOHOBaHE
npoHukHeHHs. Bukopuctanus GSM-3B’s3Ky 703BOJISIE HAJCWIATHA TIOBIJOMIICHHS
HEe3aJeKHO BiJ HASBHOCTI JIOKaJIbHOI Mepexi [HTepHeT, 1o miAgBUIILye HAIIHHICTH
CUCTEMH Ta po3IMUpIoe cepy il 3aCTOCyBaHHS.

Texnosoriyna ta IH:keHepHa AKTYaJILHICTD:

Homupenicts IoT (Internet of Things): CyyacHi cucremu aBToMaTu3aiiii,
MOHITOPUHTY Ta yHPaBIiHHA KPUTHUYHO 3JICKATh BiJ KOMIIAKTHUX, €KOHOMIYHUX Ta
eneproeextuBHux npuctpoi. [lmarpopma Arduino € ge-pakto craHmapToMm s
MIBUKOTO TPOTOTUITYBAHHS Ta CTBOPEHHS MPHUCTPOIB, IO B3AEMOIIOTH 3 (PiI3MUHUM
CBITOM, IO BIAMOBIIa€ M00aTbHOMY TPEHIY PO3BUTKY [HTEpHETY peueii;

Jemokparu3zaunia po3podku: Arduino, sk Biakputa (Open-Source)
armapaTHO-TIporpaMHa 1iatdopMa, 3HAYHO 3HIDKYE MOPIT BXOAY JUIsl 1HXKEHEpPiB-

MOYATKIBIIIB Ta CIIPUsE€ CTBOPEHHIO 1HHOBAIIIH. e 703BOsIE 30CcepenuTrCs Ha JIOTIIII



NpOEKTy Ta (YHKIIOHATBHOCTI, a HE Ha HHU3BKOPIBHEBOMY IpPOTPaMyBaHHI Ta
CKJIQJJHOMY armapaTHOMY JAW3aiHi;

Mixkoucuuniinapuuii  xapakrep: Po3poOka amapaTHO-poOrpamMHOrO
OPUCTPOI0  BUMArae  iHTerpamii 3HaHb 3  EJIEKTPOHIKH, MporpamMyBaHHS
MmikpokoHTposiepiB (C/C++), Teopii kepyBaHHA Ta NpoekTyBaHHS 1HTepdeiiciB. Lle
3a0e3neuye HaOyTTS KOMIUICKCHUX 1H)KCHEPHUX HABUYOK, SIKi € KpUTUYHO BAYKITMBUMU
JUIs TIpaleBlIAllITyBaHHs y cdepax poOOTOTEXHIKM, aBTOMaru3ailii Ta BOYJOBaHUX
CHCTEM;

Ipuknangna ta lIpakTnyHa AKTYyaJ bHICTH

BupimeHHsi KOHKpeTHOI NMpuUKJaAHOI 3aga4i: PoOora He oOMeExXyeThCs
TEOPETUYHUM aHaII30M, a Mepeadadae CTBOPEHHS MPAIIOI0UOT0 (Pi3MYHOTO MPOTOTHUITY
(MOHITOpPUHI  TIapaMeTpiB, AaBTOMAaTH30BaHE yIpaBliHHI, 30ip gaHux). lLle
0e3mocepeIHbO IEMOHCTPYE 3/1aTHICTh aBTOpa MEPETBOPIOBATH TEOPETHYHI 3HAHHS Ha
NPAKTUYHE 1H)KEHEPHE PIILICHHS;

Exonomiuna edexruBHicTb: Bukopucranus Arduino 103BOJIsi€E CTBOPUTH
(YHKIIOHANBHUI NPUCTPIA 3 MIHIMAJIbHUMU BUTpPaTaMd Ha KOMIIOHEHTH Ta 4acoM
po3poOku. Lle BaxkTuBUiA aclieKT /sl IHHOBAIITHUX CTApTAaIliB Ta OCBITHIX MPOEKTIB;

MoxauBicTh MOAANBIIOrN0 PO3BUTKY: Po3po0iieHMiI MPOTOTHUI CIYyTy€E
HaJIHHOI 0a3010 IS MOMAJBIIOr0 MacIITaOyBaHHS, MOACPHI3aIli Ta Iepexoay Ha
MIPOMUCIIOBI MiKPOKOHTPOJIEPH, 10 3a0e3Meuye HAyKOBY MEPCIEKTHBY IS TUTUIOMHOT

poOOTH UM KOMepLiai3alii.

TakuM yuHOM, po3poOKa amapaTHO-MIPOrpaMHOro NpUcTporo Ha 0a3l Arduino €
CBOE€YACHUM, €KOHOMIYHO OOTPYHTOBAHHM 1 BUCOKOMPAKTUYHUM TOCIHIKEHHSIM, 110
NO€HYE BHUBYCHHS Cy4YaCHHMX araparHuUX 3aco0iB Ta (OpMyBaHHS KIIFOUOBHX

1H)KEHEPHUX KOMITETEHIIIN.



1 OIUIAd JUTEPATYPU/AHAJIOI'IB
1.1 AmnaparHo-nporpamsa miargpopma Arduino
Arduino — e Bimkpurta (open-source) miatdopMma JJisi CTBOPEHHS MPOTOTHITIB
€JIEKTPOHHUX MPUCTPOIB, KA 0A3y€ThCS HA MPOCTOMY Y BUKOPUCTAHHI allapaTHOMY Ta
nporpamMHoMy 3a0esrnedeHHl. [lnarpopma cknagaerbes 3 Ppi3UMUHOI APYKOBAHOI IJIATH

(MikpoKoHTpoOJiepa) Ta cepenoBuina po3pooku (IDE) mis HanrcaHHs Komy.

------ 4. coe

i RX W
e ARDUINO
[
(m = m-) s

Puc. 1.1 Burnsan mmatu Arduino 3 mikpokorTposniepom ATmega328P2

[Ipoektr Arduino OyB 3amouatkoBaHuii y 2005 porii B [HCTUTYTI IPOEKTYBaHHS
B3aemonii (Interaction Design Institute Ivrea) B wmicti IBpea, Iramis. Horo
3acHOBHUKaMu ctanu Maccimo banmi (Massimo Banzi), Jlesin Kyaprinbec, Tom Iro,
Jxannyka Maprino ta JleBin Memtic. OCHOBHOIO METOIO CTBOPEHHS m1aTopmu Oyiio
3a0€3MeUeHHS CTYJCHTIB JIEMIEBUM Ta MPOCTHM I1HCTPYMEHTOM JUISi CTBOPCHHS

IHTEpAKTUBHUX MPOEKTIB, SIKUM OU HE BUMaraB IMMOOKUX 3HAHb Y CXEMOTEXHIII].

Jlnst nanoi kypcoBoi podotu o6pano mary Arduino Uno R3, sika moGynoBana Ha
6asi MikpokoHTponepa ATmega328P2. Ii momynspHicTh 3yMOBIEHAa HACTYIHUMH

dakTopamu:

e JloctynHicTh: Hu3bka BapTICTh KOMIIOHEHTIB;
e Kpocmiaardopmenicts: CepenoBuilie po3poOku mnpamroe Ha Windows,

macOS Ta Linux;



e IIpocrora: 3pyunmii iHTepdeiic mporpamyBanHs uepe3 USB 6e3
HEOOX1THOCTI BUKOPUCTAHHS 30BHIIIHIX TPOrPaMAaTOpIB
e Binkpura apxitektypa: CxeMu Iar 3HaXOIAThCS Y BUTLHOMY JOCTYII1, IO

JI03BOJISIE JIETKO 1HTETPYBaTH PI3HOMAHITHI JaTYUKU Ta MOIYIIL;

1.2 Moga nporpamyBanns C++ ta cepegosuiie Arduino IDE
[TporpamyBanHsi MIKpOKOHTpoJiepa 3AilcHIOeTbes MoBolo C++. CepenoBulie
po3podku  Arduino IDE BuKOpHUCTOBY€ CIELIaJbHUA  CHPOIICHUH  JIaJeKT

(ppeitmBopk) mig HazBoro Wiring.

@peiiMmBopk — 1€ Hallp TOTOBUX IHCTPYMEHTIB, 010J10TeK, IIAOJOHIB Ta
OpaBWi, SKUM HaJae CTPYKTypy JUIS CTBOPEHHS MPOrPaMHOro 3a0e3MedeHHH,
CIPOIIYIOYM Ta MPUCKOPIOIOYM Mporec po3poOku. Bin gomomarae po3poOHHKaM
YHUKHYTH HAlMCaHHS CTAaHJAPTHOTO KOAY 3 HYJS, JO3BOJISIOUM 30CEPEIUTHCS Ha
yHIKalbHINA O13Hec-Joriii TpoaykTy. DpeiiMBOPKH BUKOPUCTOBYIOTHCS JUISI PI3HUX

THUITIB IPOEKTIB, BKJIIOYAI0UU BeO, MOOUIBHI Ta JECKTOIHI JOJATKHU.

C++ — 11e yHiBepcasibHa MOBa MPOTrpaMyBaHHsI BUCOKOTO PiBHSI, SIKa MIATPUMYE
00'€eKTHO-OpIEHTOBaHy mapaaurMmy. B kontekcti po3pooku mig Arduino, C++ qo3Bossie
e(EeKTHBHO KepyBaTH IMaM'ATTIO MIKPOKOHTPOJEpAa Ta MpAIfOBaTH 3 amapaTHUMHU

pericTpamu, 30epirarouu Mpu IbOMY 3p03yMUIHI CUHTAKCHC.

[Iporpama mns Arduino Ha3uBaeTbcs «ckeruemM» (sketch) 1 mae 1B1 00OB'I3KOBI
byHKII:
® setup() — BUKOHY€ETHCS OIMH pa3 MPH 3aIlyCKy AJIs HaJallTyBaHHS
KoH(irypariii miHiB;
® ]oop() — BUKOHYETHCS LIUKIIYHO, PEANTI3yI0ud OCHOBHUI aJTOPUTM pOOOTH
PUCTPOIO.
1.3 IlpuHuMnm podOTH BUKOPHUCTAHUX CEHCOPIB
Haruuk pyxy HC-SR501 (PIR Sensor). Ilpunmun aii macuBHOTO
iH(ppayepBoHoro maruuka (Passive Infrared Sensor) 6a3yerbcsi Ha BHSBICHHI 3MiH

iH(padepBOHOTO (TEMIOBOTO) BUMIPOMiHIOBaHHS. KokeH 00'€KT 13 TeMIeparyporo



BUIIE a0COJIOTHOTO HYJSl BUIPOMIHIOE TeIuio. [lipoenekTpuyHuil eJIeMeHT BCepeInH1
JaT4YMKa pearye Ha 3MiHY IHTEHCHMBHOCTI IIbOTO BUIIPOMIHIOBaHHS MPHU NEPEMIIICHHI
TEIUIOro 00'exTa (JIFOAMHU) Yepe3 CeKTopu JiH3u DpeHens, TeHepyoun eNeKTPUIHUN

CUTHAJ TPUBOT'H.

Puc 1.2 Burnsia naruuky pyxy HC-SR501

YasrpazsykoBuii narumnk Bigcrani HC-SR04. Po6ora natumka 6a3yerbest Ha
npuniuni exonokauii (SONAR). [lpuctpiiéi ckimagaeTbcsi 3 ABOX IT'€30€JIEMEHTIB:

BUIIPOMIHIOBaYa Ta MpuiiMaya.

1. BunpoMiHioBau reHepye Mavky yJabTpa3ByKOBHUX IMITYJbCIB 4acToTOr0 40 KI'1;
2. 3ByKOBa XBWJIA BIJOMBAETHCS B1J] IEPEIIKOU Ta MTOBEPTAETHCS HA3al 110
puMMaya;

3. MiKpOKOHTpOJIEp BUMIPIOE YaC MPOXOKEHHSI CUTHATY 1 PO3PAaXOBY€E BiACTaHb.

Puc 1.3 Burnsan natunky HC-SR04



GSM/GPRS moayas SIM900. Iligkmtouaetscsi mo muatu Arduino dyepes
cepiitnuii mopt (UART). Arduino Haacuiiae MOIyst0 KOMaHIu, 1 BIH Y CBOIO 4Uepry
MOke BiampaBisaTh SMS a0o 3mificHIOBaTH N3BIHKM HAa BKa3aHWA HOMED TenedOoHY.
Takuii MOAy/Ib BUKOPUCTOBYETHCS IS CIOBIIIEHHS NPO TPUBOTY Y BHUIAJKY, SKIIO
1H(ppauepBoHU ab0 yIBTPA3BYKOBUM JaT4MK 3adikcyBaB pyx a00 HaOIM>KEHHS
o0’exta. OcHoBHOW0O mepeBaroro  GSM-monynst € MOXIHMBICTD OTPUMYBATH
MOBIJIOMJICHHSI JUCTAHIIHO, a TaKOXX MOro 3JaTHICTh MpaIloBaTH HE3aJEXKHO Bif

miaKirrodeHas 1o Wi-Fi.

Puc 1.4 Burnissn GSM/GPRS momyns SIM900



2 TEXHIYHE 3ABJIAHHA

2.1 Hassa podotu

BuroroBieHHs OXOpOHHOTO TPHUCTPOI0 Ha IiaTi Arduino 3 BHKOPUCTaHHSIM
monynsi 3B’si3ky  GSM/GPRS, iHdpadepBoHUM faTdukoM pyxy 1 YIbTPa3BYKOBUM

JTAJIEKOMIpPOM.
2.2 Mera pobotu

Po3poOka Ta BUTOTOBJIEHHS MPOCTOrO ¥ HAJIIMHOIO OXOPOHHOTO MPHUCTPOIO HA
0a31 MIKpoKOHTpoJiepHOi TarGopMu Arduino 3 BHKOPUCTAaHHSIM 1H(PauepPBOHOTO
JaTyuka pyxy, VYAbTPa3ByKOBOTO Jainekomipa Ta wMoxyns 3B’si3ky GSM  ans

JUCTAHIINHOTO CIIOBIIICHHS KOPUCTYBaya.
2.3 3aBaanus

1. O3HallOMUTHUCS 3 IPUHLIUIIAMUA POOOTH Ta XapaKTEPUCTUKAMU KOMITIOHEHTIB,
110 OylyTh BUKOPUCTOBYBATHUCH:

e miaru Arduino Uno R3;

® iH(pauepBoHoro garuuka pyxy (PIR);

e yinbTpa3BykoBoro garuvka iacrani (HC-SR04);

e GSM/GPRS momyns (SIM800/SIM900).

2. Po3pobutu cxemy migkiatoueHHs gaTdaukiB Ta Moaysist GSM/GPRS no miaru
Arduino, 3a6e31e4uBIIN MPABWIBHUN PO3IOJLI MIHIB Ta )KUBJICHHS.

3. PeanizyBaru nporpamue 3a0e3neueHHs Ha Arduino, sike 3a0e3nevye:

® KOHTPOJIb 32 pyxoM 00’ €kTiB uepe3 PIR-maruuk;

® BHUMIpPIOBAaHHS BiACTaHI 70 OO’€KTIB 3a JIOIMOMOTOIO YIIBETPa3BYKOBOIO
CEHCOpa;

® BiJINpaBlieHHs CHOBIEeHb (SMS ab0 13BIHOK) IIPH CIIpaIlbOBYBaHHI JaTYMKIB.

4. TlepeBipuTH Tpane3gaTHICTh OXOPOHHOTO MPHCTPOIO Y TECTOBHX YMOBaX,
3a(hiKCyBaBIIM CIPAIbOBYBAHHS JIATYMKIB Ta OTPUMAHHS MOBIIOMJICHh Ha MOOLTEHUN

TenedoH.



5. OuinuTy €(hEeKTUBHICTHh CUCTEMH Ta 3aMPOTIOHYBATH MOXJIMBI TTOKPAIIICHHS
JUTSL IBUIIEHHS HAQIMHOCTI Ta MIBUIKOCTI CITOBIIIIEHHS.

2.4 TexHiuHi BUMOTH

e 5 B nmocriitHOrO CTpyMY;

Arduino Uno R3;

Breadboard (Ge3maiikoBa MakeTHa 1j1aTa);

GSM/GPRS moxymns SIM800/SIM900;

HC-SR501 (PIR indpavyepBoHUil JaT4uK pyxy);

HC-SR04 (ynpTpa3BykoBUi JaTYUK BiACTaH1);

Pezuctopu 220 Owm;

CeiTiogionu: 3eJ1eHUM, YePBOHUM;

[T'e303ymep — 117151 3ByKOBOTO CUTHAILY;

3’€IHYBaJIbHI TPOBITHUKHU TUITY «TATO-TaTO» Ta «TaTO-MaMay;
e J[xepeno xxuBnenns st GSM-monyns (3,7-4,2 B, ve menie 1 A);
e OrmmionansHo: LCD gucreit 1602 3 12C moaynem — st

BUBECHHS 1HPOpMAaIii PO CTaH CHCTEMHU.
2.5 OuikyBaHuii pe3yabTar

AnropuT™M poOOTH OXOPOHHOTO TIPHUCTPOIO 0a3yeThcs Ha O€3MepepBHOMY
KOHTPOJI1 30HU BIJMOBIIAJIBHOCTI 3a JI0MOMOTOI0 1H(ppauepBoHOTo natuuka pyxy (HC-
SR501) Ta ynwprpasBykoBoro cencopa (HC-SRO04). V udeproBomy pexumi cucteMa
nepeOyBae B CTaH1 CIIOKOIO: aKTUBHUM 3€JICHUHN CBITIIONION CUTHAII3YE MPO OE3MeKy, a
Ha LCD-aucmiei BiioOpakaeThCs BIAMOBIHE MTOB1IOMJICHHS.

[Ipu BuUsBICHHI pyXy MIKPOKOHTPOJEP MHUTTEBO TEPEXOIUTH y PEKUM
«TpuBora»: BMHUKA€ThCS YEPBOHUM CBITIIOAIOA Ta 3BYKOBHUU CHUTHAJ IT'€303yMepa, a
yABTPa3BYKOBUM JaTUMK BH3HAUYA€ TOUHY BIJICTaHb JO 00’ €KTa, KA B1IOOPaKAETHCS Ha
muctuiei y peanbHomy daci. Omnowacno GSM/GPRS mopympe Haacwiae SMS-
MOBIIOMJIEHHSI a00 3/11MCHIOE 3BIHOK Ha IMOIMEPEIHbO 3aaHuil HoMep TeseoHy It
1H(QOpMYBaHHS BJACHMKA Npo mnopyueHHs. llicas npunuHeHHs pyxXy cucTema

ABTOMATHUYHO ITOBECPTAECTHCA Y CTAH OLIiKYBaHHSI, T'OTOBA 10 HACTYIIHOI'O CIIPpAalltOBAHHA.



3 AIAPATHA YACTHHA
3.1 Hixdip BOM

BOM (ckopouenns Bia Bill of Materials)- 11e ciucok mMarepiajiB i KOMIIOHEHTIB,

NOTPIOHMX [ CKIAJaHHS TNPUCTPOI0 a00 BUTOTOBJICHHA BHUPOOY, SKUH MOXKe

MpEeACTaBICHUN K TaONHIIA BCIX JeTalIel, K1 MMOTPIOHO JJIs MPOEKTY.

Tabmuns 3.1.1 [epenik He0OX1AHUX KOMIIOHEHTIB

H I1
Ne aBd KinpkicThb OBHaqu,HH XapakTepuCTUKHU [TpumiTka
KOMITOHCHTA Ha CXeMi
L | Arduine Uno | Ul Mikpokontposniep | OcHOBHa miaTa
ATmega328P KEpyBaHHS
5 =
) IInara | 830 TouoK, e3n2;1}1:§ I:I]{?IT; A
' breadboard Oe3maiikoBa P
KOHCTPYKIIII
3. HC-SR501 | PIR1 PIR Motion Sensor, BI/I}IBJIG.:HHH pyxy
5B 00'exTiB (Teruia)
It i Buwmi
n HC-SRO4 | DISTI Ultrasonic Sensor, . I/IMlPIOBaHHﬂ
2-400 cm BlJICTaH1 0 00'eKkTa
GSM/GPRS BinmpaBka SMS Ta
5. MOZYJb 1 GSM1 3,7-4,2 B, UART J3BIHKIB MpU
SIM90 TPUBO31
0
6 LCD 1602 | w2 16x2 cumBomnis, [2C| BigoOpakeHHs
' (120) iHTepdetic CTaTyCy CUCTEMHU
Coi :
7. BITHOIHOEI 1 D1 RED 5 MM, 2 B, 20 MA | Inaukariis TpuBoru
(UepBoHuit)
: : I :
g, | Ceimomion | | D1 _GREEN| 5mm, 2B, 20 MA |/ iRallT PORIMY
(3enennii) - "Oxopona"
3
9. | IT'e303ymep 1 SP1 AxTuBHUH, 5 B PYEOBE
OTIOBIIIICHHS
06
10. | Pesucrop 2 RI,R2 | 220 0wm, 0.25 Br |~ Voot CIPYMY
LED
Dupont (Male- Enexrpuuni
11. | Mposimsmen | 20 i Male, Male- 1exIp
3'eTHaHHSA
Female)
Jlxepeno 3abe3neuye
12. [>kuBreHHS AJIs 1 PWRI 3,742 B,>1 A | ctabinpHy poOOTY

GSM

GSM-monyns




Taomus 3.1.2 Tabmund 3’ eqHaHb MiHIB

Busi I iTKa /
Ne| KommmoneHT B 3’eqnano 3 minoM Arduino pHMlTlfa
KOMIIOHEHTAa DyHKIis
VCC 5V JKupnenns
| HC-SR04 Trig Digital Pin 9 Curnain 3anmycky
(Ultrasonic) Echo Digital Pin 10 I[Ipuiiom cUrHaLy
GND GND 3emid
VCC 5V JKusnenns
) HC-SR501 OUT Dicital Pin 7 C
(PIR) igital Pin UTHAJI TPUBOTH
GND GND 3emuist
GND GND 3emuist
VCC 5V Kupnenus
LCD
3 1602 SDA Pin A4 (abo SDA) [Inna nanux 12C
(12C) 1
SCL Pin A5 (a6o SCL) VIHA TALyBaHiA
12C
Caittogion | AHOL () Digital Pin 4 Yepes pe3ucTop
4 y
(3enenuii) Karox (-) GND 220 Om
Ceittogion | AHOL () Digital Pin 5 Uepes pe3ucTop
5 y
(3enennin) Karox (-) GND 220 Om
[Tmroc (+) Digital Pin 6 3BYKOBUI CUTHAJ
6 | IT'ezo3ymep
Minyc (-) GND -
X GSM-
VCC Jlxepeno xupneHHs 4 B VIBHEHI
MOIYJIS
Digital Pin 8 (Arduino RX uepe3
. GSM/GPRS X SoftwareSerial) Hepenada nanux
MOJYJTb - ) :
Digital Pin 3 (Arduino TX uepe3 .
RX I1
SoftwareSerial) DHHOM Aarix
GND GND 3emuis




4 INPOI'PAMHA YACTHUHA

Po3poOka mporpamuoro 3a0e3mneyueHHs isi MIKPOKOHTpoJIepa 3I1HCHIOBAIACS B
iHTerpoBaHoMy cepeaoBuil po3pooku Arduino IDE. Mosa nporpamyBanus — C++ 3
BUKOPHCTAHHAM CTaHAapTHUX O10mioTexk Wiring Ta cnemiami3zoBaHuxX O107110TE€K IS

po6otu 3 nepudepiero (Wire.h, LiquidCrystal 12C.h).

AnroputM poOOTH TPUCTPOIO MOJNSTae y Oe3nepepBHOMY MOHITOPUHTY
MIPOCTOPY 3a TOTIOMOTOI0 1H()PauepBOHOTO AAaTUYMKA PyXy Ta BUMIPIOBaHHI BIJICTaH1 J0
00'ekTa MpU BUHUKHEHHI TPUBOTH, 3 TOIalbIIUM BHBOJIOM iHpopmalii Ha LCD
JUCIIIEH Ta 3BYKOBUM OMNOBIMIEHHAM. lIporpama cTpyKTypHO MOIiJIeHa Ha TpHU
OCHOBH1 OJIOKH: TIJIKITIOYCHHS 010JI0TEK Ta OTOJOMICHHS KOHCTAHT, HAJIAIITyBaHHS

nopTiB (1Hillai3a1is1) Ta OCHOBHUH IIUKJ BUKOHAHHS.

4.1 Omnuc aaropurmy podoTu
1. [TigxmroueHHst 610610TEK Ta OTOJIOMIEHHS 3MIHHUX
Hnsa  pobotu 3 jucuieeMm 1o  1mmHI  [2C  migkmrodeHo  G10i0TeKy
LiquidCrystal 12C. [Ins 3py4HOCTI UATaHHS KOy Ta IIBUAKOIO HAJAIITYBaHHS CXEMH,
HOMEpH TI1HIB MPU3HAYEH1 IMEHOBAHUM KOHCTaHTaM:
Haruuku: pinTrig (9), pinEcho (10), pinPIR (7).
Ingukaris: pinLedGreen (4), pinLedRed (5), pinBuzzer (6).
GSM/GPRS: pinGSM_TX (3), pinGSM_RX (8).
Takoxx oromomeHo mmoOambHI 3MIHHI AN 30€peXeHHS 4Yacy BIATYKY €XO-
curnany (duration), obuncnenoi Bizcrai (distance), morounoro crany PIR (pirState)
Ta npanopus Bianpasku SMS (alertSent).

2. [Himamszanis:

[Ipy momadi JKMBIEHHS HA  MIKPOKOHTPOJEP BHUKOHYEThCA  (DYHKIIA
HaJallTyBaHHS:

[Himiamizyerbest LCD aucmuieit Ta BMUKa€eThCS MOTO MMiJICBITKA.

[Toptu JUISL KEpyBaHHS  CBITJIOMIONAaMH, 3yMEPOM Ta TPUIEPOM
yapTpa3BykoBoro aaruuka (Trig) HamamroBytoTees gk Buxoau (OUTPUT).

[Toptu st 3untyBanHs curHaniB 3 PIR-naturka ta exo-curnany (Echo)



[Topt nnst cepiitHoro 3B’ s13ky 3 GSM-Moayinem HajgamToBaHUHN Yepes
Ha gucruteit BUBOIUTHCS MTOBIIOMIICHHS PO TOTOBHICTH CUCTEMH 10
poboTH.
3. OCHOBHHUI ITUKII:
[Iporpama BUKOHYE HECKIHYEHHUH LMKJI, [0 peani3ye JOTIKY
OXOPOHHOTO MPUCTPOIO:
3untyBaHHs JaHuX: MikpokoHTposep onutye udpoBuil nin PIR-garuuka ams
BU3HAueHHs pyxy. OHOYACHO T€HEPYEThCA YIBTPA3ByKOBHM IMITyNIbC Ha MiH Trig i 3a
nonomororo ¢yHkiii pulseln BuMiproeTbesi yac moBepHeHHs curHany Ha mmiH Echo.
el yac KOHBEPTYETHCA y BIACTaHb A0 00’ €KTa (CM).
O6poOKa JIOTIKH:
Pexum «Tpusoray: Axmo PIR-pgatunk Bupmae HIGH, cucrema BMukae uepBOHUIA
CBITJIIOAION Ta 3BYKOBUW curHan (me3o3ymep). Ha nucneil BHUBOAMTHCS
noBimomiaeHHS "ALARM!" ta morouHa BigcTtaHp 10 00’ckra. OQHOYACHO, SKILO
SMS me He BigmpariaeHo, GSM-Monyns HajCWIa€e TOBITOMIICHHS Ha 3aJaHUM
HoMmep Tenedony 1 npamnopens alertSent BctanoBmoeTrhesi y TRUE, 11106 3anmo6irtu
NOBTOPHUM BIJIIPABKaM.
Pexum «Oxopona»: MAxkmo pyx He BusBieHo (LOW), 3emeHuid CBITIOAION
aKTUBYETHCS, YEPBOHUM CBITIOAION 1 3yMep BHMHKalOThcs. Ha nucrutei
BimoOpaxaeThcsi "SAFE", a mpanopens alertSent ckugaeThCsi, TOTyIO4d CUCTEMY
JI0 HACTYITHOTO CIIPAIlfOBaHHSI.
4. 1luka NOBTOPIOETHCS 3 HEBEIMKOIO 3aTPUMKOIO JIJIs cTabili3allii mokasaHb Ta

3aro0iraHHsl XUOHUM CIIPaIlbOBYBaHHSIM.



4.2 Kona nporpamu

#include <Wire.h>

#include <LiquidCrystal 12C.h>
#include <SoftwareSerial.h>
LiquidCrystal 12C led(0x27, 16, 2);
const int pinTrig = 9;

const int pinEcho = 10;

const int pinPIR = 7;

const int pinLedGreen = 4;

const int pinLedRed = 5;

const int pinBuzzer = 6;

const int pinGSM_TX = 3; // Arduino RX
const int pinGSM_RX = 8; // Arduino TX
SoftwareSerial gsmSerial(pinGSM_RX, pinGSM_ TX);

long duration;

int distance;

int pirState = LOW;

bool alertSent = false;

String phoneNumber = "+380XXXXXXXXX"; // 3aMIHUTH Ha CBIi HOMEP

void setup() {

led.init();

lcd.backlight();
lcd.setCursor(0, 0);
led.print("System Ready");



pinMode(pinTrig, OUTPUT);
pinMode(pinEcho, INPUT);
pinMode(pinPIR, INPUT);
pinMode(pinLedGreen, OUTPUT);
pinMode(pinLedRed, OUTPUT);
pinMode(pinBuzzer, OUTPUT);

gsmSerial.begin(9600);
delay(2000);

void loop() {
pirState = digitalRead(pinPIR);
digital Write(pinTrig, LOW);
delayMicroseconds(2);
digitalWrite(pinTrig, HIGH);
delayMicroseconds(10);
digital Write(pinTrig, LOW);
duration = pulseln(pinEcho, HIGH);

distance = duration * 0.034 / 2; // kouBepTalis y cMm

if (pirState == HIGH) { // TpuBora
digital Write(pinLedRed, HIGH);
digitalWrite(pinLedGreen, LOW);

tone(pinBuzzer, 1000); // curnan

lcd.setCursor(0, 0);
led.print("ALARM!
"); led.setCursor(0, 1);
lcd.print("Dist: ");



led.print(distance);
led.print(" cm  ");

if (lalertSent) {
sendSMS(phoneNumber, "ALARM! Movement detected!");

alertSent = true;

}

} else { // Pexxum "Oxopona"
digital Write(pinLedRed, LOW);
digital Write(pinLedGreen, HIGH);

noTone(pinBuzzer);

lcd.setCursor(0, 0);
led.print("SAFE

"); led.setCursor(0, 1);
led.print("Dist: ");
lcd.print(distance);

led.print(" cm  ");

alertSent = false;

}

delay(500);
b

void sendSMS(String number, String message) {
gsmSerial.printin("AT"); // nmepeBipka 3'eTHaHHS
delay(500);
gsmSerial.println("AT+CMGF=1"); // TexcToBU# pexum



delay(500);

gsmSerial.print("AT+CMGS=\"")

; gsmSerial.print(number);

gsmSerial.println("\"");

delay(500);

gsmSerial.print(message);

delay(500);

gsmSerial.write(26); // Ctrl+Z nnsa BignpaBku SMS
delay(1000);



5 TECTYBAHHA TA PE3YJIBTATHU

[lepeBipka mpaie3aaTHOCTI PO3pOOIECHOIO MPUCTPOI0 «ABTOHOMHA OXOpOHHA
cUCTeMa» IpOBOAMIACS y JABa €Talu: IepeBIpKa MOHTaXy anapaTHOi YacTHHM Ta
(YHKIIOHAIbHE TECTYBaHHS IPOrPAMHOIO 3a0€3MEYEHHS 3 IMITALl€I0 TPUBOXKHUX

TIO1H.

5.1 IliaroroBka 10 TeCTyBaHHA

[lepen momavero >kUBJIEHHS OyJ0 MPOBEIEHO Bi3yaJIbHUM OISl MAaKETHOI MJIaTu
JUTSI BUSIBJICHHST MOKJTUBAX TIOMHJIOK MOHTAXKY:

e rnepeBipeHo mpaBuibHICTh mijgkiatoueHHs natuukie HC-SRS501 (PIR) ta HC-
SR04 (yabrpa3BykoBuii ceHcop) — BianoBigHicTs NiHIB VCC ta GND, 1m06
YHUKHYTH KOPOTKOTO 3aMUKaHHS;

® 1iepekoHaHOCA y KopekTHocTi miakimtoueHHs GSM/GPRS monyias (kuBieHHS,
miHii TX ta RX yepes SoftwareSerial);

® T1epeBipeHO MpaBWiIbHICTh MiAkIodeHHST [2C-monynsa LCD aucmuies (minii
SDA ta SCL);

® TIepPEBIPCHO TMOJSAPHICTH CBITJIOAIOAIB Ta HASBHICTH CTPYMOOOMEKYBAJIbLHUX

Pe3UCTOPIB y iXHIX KOJNaXx;

® T[IepeBIPEHO HAAIMHICTh 3’€IHaHb MPOBiAHUKIB HAa breadboard, 1100 yHUKHYTH

BUIMAJKOBUX OOpPUBIB 400 KOHTAKTHUX TTOMMJIOK.
5.2 IIpouec TeCTyBaHHS

[Ticna migkmouenHss 1woiati Arduino UNO 10 mepcoHaibHOTO KOMIT IOTepa
yepe3 USB-iatepdeiic Oyno BUKOHAHO KOMITUIAINIO Ta 3aBAHTAXKCHHS CKETYY B
nam’siITb MIKpOKOHTpoJiepa. B xoai recTyBaHHs Oy/10 3MOICIEOBAHO POOOTY CHCTEMH Y
JIBOX PEKUMAX:

e Pexum «Oxopona» (SAFE):

VY BiacytHocTi pyxy PIR-marumk He ¢ikcyBaB TeruioBe BUnpoMiHIiOBaHHsS. Ha
LCD nucmei BinoOpaxkanocst noBigomiieHHs "SAFE", akTHBHUM 3auiiiaBcs 3eJIeHUM

CBITJIOZII0/T, YEPBOHUMN CBITIIONION Ta I’ €303yMep Oyir BUMKHEHI. YIbTpa3ByKOBUI



CEHCOp MOCTIITHO BUMIPIOBAB BiJICTaHb /10 00 €KTIB Y 30HI KOHTPOJIIO Ta BioOpaxas ii
Ha gucruiei. CucremMa craOulbHO mnepelyBajia y pexuMi OYIKyBaHHA 0€3 XMOHUX
CIIPaIbOBYBaHb.

e Pexum «Tpusora» (ALARM):

Jlns mepeBipku cripaitoBaHHs Oyio iMiToBaHO pyx 00’ekta B 30H1 11i PIR-
naTyrka. MIKpOKOHTpOJIEp MHUTTEBO aKTHBYBaB YEPBOHUMN CBITJIOAION Ta BKIIOYUB
’e3o3ymep. Ha LCD mmcrutei BigoOpaxanocs noBigomieHHs "ALARM!" Ta motouna
BiicTanb 10 o00’e¢ktra. OpHouacHo GSM/GPRS wMoayne Bignpasmse SMS-
MOBIJIOMJICHHS Ha 3aiaHuii Homep Tenedony. Iliciss mpUNUHEHHS PyXy CcUCTEMa
aBTOMaTHUYHO TMoOBepTanacsi y pexuM «OXOpoHa», a 3€JeHUN CBITIOHION 3HOBY
CUTHaJII3yBaB MpPO OE3IEKY.

e JlomaTkoBl NEPEBIPKU:

NepeBIpeHo KOPEKTHICTh BIJOOpPaXeHHsSI BIACTaH1 YJIbTPa3ByKOBOI'O

CEHCOpa y PI3HUX YMOBAX;

MiATBEPHKEHO cTabupHICTE poboTH GSM-Momynst Ta CBO€YACHY
BizmpaBky SMS;
nepeBipeHo poboTy m’e€303yMepa 1 CBITVIOMIOAIB TIPU TPHUBAIOMY

TE€CTYBaHHI, III00 BUKJIIOYUTH MEPErpiB a00 MOMMIIKH.

5.3 Pesyabratn
[Tix gac BunpoOyBaHb OyJI0 BCTAHOBJICHO:

e Yymausicth: PIR-marunk xopekTtHO ¢ikcye pyx Ha BiACTaHi 70 3 METPIiB y
MeKaX KIMHATH;

e TouyHicTh BUMIPIOBAHb: YJIbTPA3ByKOBHI JaTUMK HAJa€ MOKa3H BIACTaHI 3
IMOXMOKOIO He Oiibie 1-2 ¢M, 0 € JOCTATHIM JIJIS BU3HAYEHHS ITOJ0KEHHS 00’ €KTa;

o Inaukamia: indopmamis ©Ha LCD nucnmei BigoOpakaeTbes —YiTKO,
KOHTPACTHICTh  HaJalllTOBaHa KOpPEKTHO. Jlorika TmepeMUKaHHS CBITIOIIOMIB

(uepBOHMII/3eNIEHNI) TTOBHICTIO B1JINOBIJIa€ CTAaHY CUCTEMH;



e CraduibHicTh: 300iB y poOOTI MIKpOKOHTpoOJIepa MpU OJHOYACHINA pOoOOTI
JIBOX JaT4uKiB, nuciuies Ta GSM-Moaylis He BHSIBIICHO;

o CnoBimennsa: GSM/GPRS wmoaymp cBoewacHo Hazacwiae SMS-
MOBIJIOMJICHHSI TIPU CIIPAIlbOBYBaHHI TPUBOTHU, MOBTOPHI CIOBIIICHHS Bi0YBalOTHCS
JIMIIIE TiCIIs BITHOBJICHHS pexkuMy «OXopoHay.

5.4. BucHOBKH

Pesynbratn BumnpoOyBaHb MIATBEPIKYIOTh, IO PO3POOJIICHUNH OXOPOHHHIA
npucTpii Ha 6a3i Arduino mparmroe cTabiIbHO Ta BIJMOBIIA€E MOCTABICHUM TEXHIYHUM
BUMOTaM. 3a0e3NeyeH0 KOPEKTHY B3aeMOJIII0 1H(GPauepBOHOIO Ta YIBTPa3ByKOBOIO
JATYMKIB 3 3ac00aMu Bi3yaJIbHOTO Ta 3BYKOBOT'O CIIOBIIICHHS, @ TaKOX CBO€YACHY
BIIMpaBKy noBigomiieHb Yepe3 GSM-monynb. CucteMa 1eMOHCTpY€E HaAIHHY pOoOOTY y
pexumax «OxopoHa» Ta «TpuBora» i1 roToBa 10 BUKOPUCTAHHS SIK JIFOYMI MakKeT

OXOPOHHOI CHTHaI3aIIii.



BUCHOBKU

Y xomi BUKOHAHHSI KypcoBOi poOOTH Oyna0 YCIHIIIHO pPO3pOOJICHO Ta
peanizoBaHO MaKeT aBTOHOMHOI OXOPOHHOI CHCTEeMH Ha 0a31 MIKPOKOHTPOJEPHOL
miargopmu Arduino Uno 3 QyHKIIi€r0 BUMIPIOBaHHS BIJCTaHI 10 00’ €KTa.

AnapatrHa peadizania: OmnpailboOBaHO TPUHIUIIKA TOOYJOBH OXOPOHHUX
CUCTEM 3 BHKOPUCTAHHSM PI3HOTUIIHMX CEHCOpPIB. YCMHIIIHO PpEeali30BaHO CIJIbHY
poboty macuBHoro iHppauepBoHoro matunka (HC-SRS501) mis BusiBieHHS pyxy Ta
akTuBHOTO ynbTpa3BykoBoro ceHncopa (HC-SR04) nans Bu3HaueHHs BiACTaHI.
Buxopucrtanns 1ntepdeiicy I12C s miaxmouenHs LCD-gucrnuiess 103Boauio
CIIPOCTUTU CXEMOTEXHIKY Ta 3201 UTH UG POBI TOPTH MIKPOKOHTPOJIEpA.

IIporpamua peadizanisi: Po3po0OiieHo mporpamHuii aaroputM moporw C++,
AKUM 3a0e3meuye ONMUTYBaHHS JATUMKIB Y peadbHOMY 4aci. Bukopucranus 010110Tex
LiquidCrystal 12C ta Wire 103B0NIMI0 HAJIAIMTYBaTU KOPEKTHUM BUBiA 1HGOpMaIii
Ha JMCIUICH, a JIOTIYHI YMOBU 3a0€3MeuyloTh OEe3OMUIIKOBY PEakliilo CUCTEMU Ha
TPHUBOXKHI MOIII.

IIpane3narnicth cucreMu: TecTyBaHHS MIATBEPAWIO MOBHY BIAMOBITHICTH
pOOOTH MPHUCTPOIO TEXHIYHOMY 3aBaaHHI0. CHcTeMa KOPEKTHO MEPEXOAUTD 3 PEKUMY
OYIKyBaHHS Y PEKUM TPUBOTH IIPU BUSABJICHHI PyXy, CyIPOBOIKYIOUH 11€ CBITIOBOIO Ta
3BYKOBOIO 1HJMKAIII€I0 Ta B1IOOpaKeHHSIM TOUYHOI BIZICTaH1 10 OPYIITHUKA HA TUCTLIET.

HaBuaabHa uiHHicTh: Po0OoTa mo3BoNMiIa 3akpimuTH 3HAHHS 3 OCHOB
CJIEKTPOHIKM Ta CXEMOTEXHIKH, 30KpeMa OCOOJIMBOCTEH MiJIKIIOYCHHS HABAaHTAKEHb
4yepe3 Pe3UCTOpU Ta TPAH3UCTOPHI KIIFOUl, a TAKOXK MOTIMOUTH HABUYKU POOOTH 3
MIPOTOKOJIAMH TIepeadl JaHUX Ta HaJaroKEHHSIM MMPOTPaAMHOTO KOJY.

IlepcneKTUBY PO3BUTKY:

Po3poOnennii npuctpiii € 6a30BUM MPOTOTUIIOM, SKUH Ma€ 3HAYHUI MOTEHIIIaN
JUTSL MOJIEpHIi3allii Ta MEePETBOPEHHsSI Ha IMOBHOIIHHY cucTteMy «Po3yMHuii mim» abo
KOMEpIIIHY curHajizamio. J[0 OCHOBHUX HaIpsSMIB MOAAIBIIOT0 BIOCKOHAJIECHHS

MOYKHA BIJTHECTH:



JMucranuiiine cnoBimenns: igrerpamis GSM-monyns (manpukian, SIMS80OOL)
a6o Wi-Fi monmyms (ESP8266) nns wHancunanas SMS-mnoBigomiieHb a0o
CHOBIIIEHb Y MECEH/IKEP BIIACHUKA MPU CIPAIIOBAHHI CUTHAJI3Alli;

KonTpoas apocrymy: nonaBanHs marpuuHoi knasiatypu (Keypad 4x4) abo
RFID-3unTyBaua ajisi MOXJIMBOCTI MOCTAHOBKH Ta 3HATTA 00’ €KTa 3 OXOPOHU 32
JIOTIOMOTOF0 TTapoJist a00 KapTKH IOCTYILY;

EHeprone3anexHictb: po3poOka cxemu Oe3nepeOIMHOr0 JKHBJICHHS 3
BUKOPUCTAHHAM JITIH-IOHHUX aKyMYJIATOPIB Ta MOXYJS 3apsiiKd, a TaKOX
IporpamMHa ONTHUMI3allisl E€HEProClOXHUBaHHS (PEeXUM CHY) Uil TpHUBAJIOi
aBTOHOMHOI po0OTH;

JloryBanHs nmopiii: miaKIrOueHHS MO ToauHANKA peabHOoro Yacy (RTC) ta
SD-kapTu Juid 3anucy icTopii cipaltoBaHb (fara, 4ac Ta BiACTaHb 0 00’ €KTa) y
TEKCTOBUH (hai;

KoHCTpyKTHBHE BHMKOHAHHSI: TIEPEHECEHHS CXEeMU 3 MAaKeTHOI IUlaTu
(breadboard) na npykoBany mnary (PCB) Ta po3poOka xopmycy merogom 3D-

JPYKY JJI 3aXUCTY €JIEKTPOHIKH Bij] 30BHIIIHIX BIUIUBIB.
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