JlaboparopHa podoTa Ne2

OCHOBHU TPOI'PAMYBAHHS POBOTA Braccio
B CEPEJOBHUIII Arduino IDE

Mema pobomu — oTpuMaTH TPAKTUYHI HABUYKH DPOOOTH Yy
nporpamuomy cepemosumnii  Arduino  IDE
OO0  BIAMpAIfOBaHHS OCHOBHUX  PYXiB
JaHKaMH MaHIMyJsiiiHoT cuctemMu poboTa
Braccio.

2.1. Teopernuni BizomocTi
2.1.1. OcHnogi BizomocTi mpo podot moxedi TinkerKit Braccio

TinkerKit Braccio — e po6ot auryssipHoi (Bix aunri. angle -
KyT) CHCTEMH KOOpAMHAT, MaHimysiiiiHa cucrema (MC) sikoro mae 5
CTYIIEHIB PyXOMOCTI, III0 Peati3yrThcst 6 PyXOMUMH JIaHKaMu Bix L2
1o L6 Ta 3aruckuuii npuctpiit L8. Bka3aHi maHKM TPUBOASTHECS B PyX
BIIMOBIAHUMHU JBUTYHaMH Big M1 mo M6 (nuB. 3arajibHUE BUTIIAA
pobota Ha puc. 2.1):

e L1 - Deatl (ocHoBa);

e L2 — Base (ocHOBa, MPUBOAUTHCS B OOCPTOBHIA PyX JBUT'YHOM
M1eigHocHo nanku L1);

e L3 - Shoulder (ruteue, npuBoanThest B 00epTOBHIA pyx
JIBUTYHOM M2 BiHOCHO JaHku L2);

e L4 — Elbow (nikoTh, NpUBOAUTHCS B 00EPTOBUIT pyX
OBUTYHOM M3 BimHOCHO JapHKH L3);

e L5—Vertical wrist (BepTrukanbHuii 3a11’ ICTOK, TIPHBOTUTHCS B
00epToBHil pyX ABUTYHOM M4 BigHOCHO JiaHKH L4);
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e L6 — Rotary wrist (o6epranbHuii 3am’sCTOK, IPUBOAUTHCS B
00epToBUll pyX ABUTYHOM M5 BiJHOCHO MIOTIEPETHTO
nanku L5);

e L7 — xoHCTpyKTHBHA KOHCTaHTa — HEPYXOMHUIl CIEMEHT
KOHCTPYKIIii poboTa;

e L8 — Gripper (cxBar, 3aTUCKHUI TPHCTPiii, MPUBOIUTHCS B

pyXx ABUTYHOM M6).

Puc. 2.1. — Bazanvuuii éuenso po6oma TinkerKit Braccio

Kougirypaiiro pobota MOXKHa 3MIHIOBATH, 3MEHIIYIOYH
KUTBKICTh pyxoMux JaHok Horo MC. Ha poOor BcTaHOBIEHUIA
KJITaCHYHUI JBOmajblieBuil cxsar (gripper, manka L8), sikuit mpu
Oa’kaHHI MOJKHA 3aMIHMTH Ha JIETKUI IHCTPYMEHT a0o0 iHINKH MpHiIa,
HaTpHUKIaJ, KaMepy, JiXTap TOLIO.

26



CepBoasurynu (puc. 2.2) 3a0e3meuyroTh pyx Bcix Janok MC Tta
poboty cxBara. [IoTyXHICTh OBUTYHIB pi3Ha 1 3aJIe)KHUTh BiJ| JIAHKHY,
SKy JBUTYH IIPUBOJNTH B pyX. Hampukian, Ha iaHIi TOPH30HTAIBEHOTO
KyTOBOTO TEpEMIIlICHHs CTaHWHM BCTaHOBIEHHWH JABUTYH MI
MOTYXHIIIU#H, HiXK Ha cxBaTi (1BUTyH M6).

MC pmanoi mMomeni poOoTa TMparfoe B aHTYJSIPHIA CHCTEMI
KOOpJAWHAT, TaK K JaHka L2 3abe3neuye obepTaHHs iHIIKX JaHOK MC
HaBKOJIO BEPTHKAIBHOI OCi, a iHII HAaBKOJIO TOPH3OHTAIBLHUX OCEH
IIOZ0 TOJIOKEHHS, 300pakeHOr0 Ha puc. 2.2.

Jlankum L1, L3, L4 i L5 matots kyT oBopoty £90°, a manka L2
+75°. CepBoaBuryn M6 cxBara BiampaipoBye KyT B iHTEepBami Bix 0°
no 70°.

Kinematnyna ctpykrypa pobora TinkerKit Braccio Tta iioro
OCHOBHI T€OMETPHUYHI Ta KIHEMaTH4HI IlapaMeTpy BKa3aHi Ha puc. 2.2
Ta 2.3.

CepBonBurynn M1 — M6 po3MilieHi Ha KOpITycax BiATOBITHIX
JIAHOK Ta 3aKpIiMJIeHi 3a JJOMOMOT0I0 TBUHTIB Y CIIEIiajbHUX Ma3ax.

Ha puc. 2.4 sx npukiax NOKa3aHO PO3MIIIEHHS CEPBOJBHIYHIB
M1 ta M2.

CepBoaBuryH (Bim nar. Servus — ciyra, MOMIiYHHK, pad) —
MEXaHIYHUI TPHBIJ 3 aBTOMATHYHOIO KOPEKII€I0 CTaHy KyTOBOTO
MOJIOXKEHHsT poTopa (Bajia) uepe3 BHYTPIIIHIM HETaTUBHUI 3BOPOTHHIA
3B'SI30K BIJAIMOBIAHO 10 TIapaMeTpiB, 3aJaHUX 30BHI) CKIAJA€ThCH i3
PEOYKTOPHOI CHUCTEMH WIECTepeHb 31 CTomopamMu Xomy  (aust
BinpairoBanHs kyTa Big 0° 1o 180°), BHYTpIIIHBOI IJIATH KEPYBaHHS,
JIBUTYHA Ta KOPITYCY.

Ha puc. 2.5 nokazano BHYTpIIIHIO Oy/IOBY CEpBOJIBUTYHIB, SKi
BUKOPHCTOBYIOThCS ISl TiepeMimieHHst JiaHok poborta TinkerKit
Braccio.

Pobot dyHKkIionye Ha 6a3i MikpokouTpoaepa Arduino Uno Tta
moxayns Braccio Shield (puc. 2.6). Jlns ¢yHkuionyBanHs poOoTa
HeoOXimHO BCTAHOBUTHM cremiaibpHi 0i0morexku Ha [13 Arduino IDE.
[Iporpama cTaHmApTHO KOMITUTIOETECS HA KOMITIOTEpi, a TMOTIM
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3aMUCyeThes y Mikpokontpoiep Arduino Uno. Momyas Braccio Shield
MoKe KepyBaTtH 6 cepBoaBuryHamu M1 — M6 oxHouacHo.
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Puc. 2.2. — Kinemamuuna cmpyxmypa po6oma TinkerKit Braccio
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Puc. 2.3. — Ocnosni posmipu po6oma TinkerKit Braccio
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Puc. 2.4. — Posmawysanns cepsodsucyniec M1 ma M2
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Puc. 2.6. — 3acanvnuii suensio:
a — mikpoxoumponepa Arduino Uno ma mooyns Braccio Shield;
6 — nio ‘eonanmns mooynsa Braccio Shield oo Arduino Uno;
6 — 3 ’eonani modynw Braccio Shield ma Arduino Uno

Takox € MOXJIHMBICTh TIAKIIOUUTH A0 MOAYJIS 6 TaTduKiB B
po3’emu INPUTS 3a puc. 2.7. Jlana ¢yHKIis pO3MUPIOE MOKIUBOCTI

BHKOPHCTaHHS poOoTa.

B
3

Puc. 2.7. — Bazanvnuil éuenso niamu poswupenns Braccio Shield
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Hampyra Ha MoOnyib KepyBaHHS JBUTYHAMH IIOJIAETHCS 3
OKpeMOro OJIOKY *KHBJICHHS, sIKUH 3a0e3neuye 5 B nmocrifiHoro crpymy
cwioro 10 5000 mA. TeopeTHYHO cHCTeMa MOXKE IpaIiOBaTH Bif
MOTYKHOTO aKyMYJISITOPA.

Puc. 2.8. — Mooynw Braccio Shield ma 610k srcusnenns mooyns

2.2. Texniuni xapakrepucruku podora TinkerKit Braccio
2.2.1. Jerani Ta ckaan

Jlanku pobota MoxxHa 3i0paTu B pi3Hi KoHQirypauii (puc. 2.9),

0 peami3yeThCs 3aBASKH PI3HUM JETalsiM Ta B3a€EMO3aMiHHUM
MOJAYJISIM. B KOMIUIEKT IMOCTaBKM 3a TEPENIKOM BKJIIOYCHI HIDKYE
HaBeJIeH] JIeTalli, IIaTH Ta IBUTYHH, a caMe:

¢ 21 MIaCTUKOBUX OETANEH,;

* 2 ceproaBurynu SR 311;

* 4 cepBoasurynu SR 431;

* 1 mnara Braccio shield gms Arduino Uno;

* 1 Omoxk kuBieHHS 5B, 5A;

* 1 mpoTexTOop KadeiB.
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Puc. 2.9. — Mooicnusi konghicypayii no6yoosu po6oma TinkerKit
Braccio

XapakTepucTuku TOBHiCTIO 3i0paHoro pobora TinkerKit
Braccio npuBezeHi B tabu. 2.1.

Tabnuys 2.1. — Xapaxmepucmuxu po6oma TinkerKit Braccio
V KOHghieypayii 3 6 1ankamu

1 Bara rpam 792

2 Po6Goua Bigcrans cM 80

3 Bucora cM 52

4 IMvrpuna ocHOBU cM 14

5 [npuna 3axBaty MM 90

6 JloBxuHa Kabero cM 40
BanraxxonigiioMHICTb

7 Ipy poOOUii BifcTaHi rpam 150
32 cm

8 MakcumanbHa Maca rpam 400
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2.3. Konrpouaep Arduino Uno
2.3.1. BaraanbHi BitomocTi npo kouTposep Arduino Uno

Arduino Uno — me mnpucTtpii Ha OCHOBI MIKPOKOHTpOJepa
ATmega328. V¥ iioro ckiam BXOAUTH:

- 14 mudppoBux BXOmiB / BHXOHIB (3 HHX 6 MOXYTh
BukopuctoByBatucs B skocti IIM-Buxoxi; IIIM - mmpoTHO-
IMITyJTECHA MOAYJIAIIST), 6 aHAIOTOBUX BXOZIIB,;

- KBapIeBui pezoHatop Ha 16 MI'1i;

- po3'em USB;

- po3'eM KXUBIICHHS;

- pos'em ICSP (Bim amrin. In Circuit Serial Programming -
BHYTPILIHBOCXEMHE TPOTrpaMyBaHH);

- KHOITIKA CKUIaHHS.

Hns moyaTKy poOOTH 3 TPUCTPOEM AOCHTH MPOCTO IMOJNATH
xwuienns Big AC/DC-amantepa abo Oartapeiiku, abo IMiIKIOYATH
fioro 1o komm'rorepa 3a gonomororo USB-kaberro.

3aranpHuil BUrsi KoHTposiepa Arduino Uno mpexacraBieHo Ha
puc. 2.10.

14 midposnx sxoais/suxoais (6 PWM suxomnis)

Kxomnka RESE'Ii

USB koHexTop
IHmKaTopn
FIDIUSB uin
ACDC —} Az T (TR Er T
KOHEKTOp -

DC ranpyra IN'OUT 6 aHanorogix EXoie

Puc. 2.10. — Koumponep Arduino Uno
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XapakrepucTHK KoHTpojepa Arduino Uno mpuBeneni y ta0il.
2.2.
Tabauys 2.2. — Xapaxmepucmuxu konmpoiaepa Arduino Uno

1 | MikpokoHTpoIep - ATmega 328

2 | Pob6oua Hampyra B 5

3 | Hampyra xuBieHHs B 7-12

4 MakcumManbHuil CTpYM OJAHOTO VA 40
BHBOJA

5 | Flash-mam’sts Kb 32

6 | SRAM Kb 2

2.3.2. KKunenHs koutposepa Arduino Uno

Hamnpyra >xusnenns s Arduino Uno nopaetscest Big USB abo
BiJl 30BHIIIHBOTO JIXKepeJna )KUBICHHS.

B sxocTi 30BHIIIHBOTO JpKepesnia skuBiieHHs (He USB) moxe
BUKOPHCTOBYBATHCSI:
— wmepexeBuit AC / DC — amanrep. Ilpu 1pomy ImTekep
ajantTepa HEOOXiJHO BCTAaBUTH Yy BIANOBIIHUN po3'eM
YKMBJICHHS Ha TUIaTi;
— akymynsarop / Oarapes. B 1poMy BUNanky iXHI KOHTaKTH
HeoOXigHo mig'emnarn g0 BuBomiB Gnd ta Vin pos'emy
POWER.
Hwxue mnepepaxoBaHi BHBOJM >KUBJICHHS, PO3TAIIOBaHi Ha
IJIaTi, a caMe:.

VIN — nanpyra, mo Hagaxoauth B Arduino Uno Gesmnocepeanso
BiJl 30BHIIIHLOTO JKEpelia )KUBJIeHHs (He mos's3ane 3 5 B Bix USB a6o
iHIIOro JpKepena i3 crabini3oBaHo0 Hampyrorw). Uepes med BHBIX
MOJKHA SIK TIOJ]ABATH 30BHIIIHE >KWUBJICHHS, TaK i CHOXHBATH CTPYM,
KOJIM TIPUCTPIH )KUBUTHCS BiJl 30BHIIIHBOTO a/1aNTepa;

S5V — Ha BuUBiAg HagxomuTh Hampyra 5 B Big crabimizaTopa
HaIpyTH Ha TUTaTi HE3aJICXKHO BiJ TOTO, SIK KUBUTHCS MIPUCTPIN:
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— Bix amantepa (7-12 B);

—Bix USB (5 B);

— abo yepes BuBin VIN (7-12 B).

JKusutn mpuctpii  depe3 BuBogu SV abo 3V3 He
PEKOMEH/IY€ThCS, OCKIJIBKH B IIbOMY BHIIQJIKy HE BUKOPHCTOBYETHCS
CTabLIi3aToOp HAMPYTH, IO MOXKE MPU3BECTH J0 BUXOJY IUIATH 3 JaY;

3.3V - 3.3 B, Hampyra, mo HaaxoJsATh BiJl cTabimizaTopa
HaNpyru Ha 1iati. MakCUMallbHHH CTPYM, CIIOKMBAaHHW BiJl I[LOTO
BHUBOJy, CTAHOBUTH 50 MA;

GND — BuBizg 3emuti 260 MiHyC Yy 3aMKHYTOMY KOJIi;

IOREF — 1eit BUBi Hajgae TurataM pO3IIMPEHHS 1H(pOPMAIio
npo pobouy Hampyry MikpokoHTtposepa Arduino Uno. 3anexHo Bin
Hanpyry, 3untanoro 3 BuBoay |OREF, mnara posmmpeHHS MOxe
MEPEKIIIOUNTUCS Ha BIAMOBIAHE JDKEPENIO S>KHMBICHHS a0o 3aiisTH
TIepEeTBOPIOBAYI PiBHIB, IO JO3BOJIUTH il TpaIioBaTy 5K 3 5 B, Tak i 3
3.3 B mpuctposimu.

2.3.3. Bxoau i Buxoau kouTposaepa Arduino Uno

Hwxue npezncraBieHi Mo3HaYeHHS BHUXOJIIB MIKpOKOHTpOJEpa
Arduino Uno, mo Biamosigarots puc. 2.10.

3 BukopuctanusM o¢yHkmid pinMode (), digitalWrite () i
digitalRead () xoxen 3 14 udpoBUX BHBOIIB MOXKE MpAIOBATH B
SIKOCT1 BXo/y abo Buxojy. PiBeHb Hampyru Ha BHBOAaX OOMEXEeHUH 5
B. MakcumanbHuil cTpyMm, SKHi MoOXKe BinjgaBath a0o CIIOKHUBATH
OJWH BUBIif, cTaHoBUTE 40 MA.

Hue npencrapnenuii omuc po3’eMis.

MocainoBunii intepdeiic: poz’emm 0 (RX) i 1 (TX).
BukopucroByrotbcst anst orpuManss (RX) i mepeaaui (TX) ganux mo
nocnigoBHOMY iHTepdeiicy. Lli BuBomu 3'€eqHaHi 3 BIAMOBITHUMH
BuBojamMu  Mikpocxemu ~ATmega8U2, sxka  BUKOHyE  pOJb
meperBoproBaua  USB-UART (UART — Big anmri Universal
Asynchronous Receiver/Transmitter — yHiBepcanbHHII aCUHXPOHHHI
mpuiiMad/mepeiaBay).
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3oBHilmHi nepepuBanHs; po3’emu 2 ta 3. MOXyTh CIyryBaTH
JpKepeaMu TepepuBaHb, 0 BUHUKAIOTh IpU QpOHTI, cnani abo mpu
HU3bKOMY DpIiBHI CHUTHaly Ha OUX BHBOZaxX. /Jlms oTpuMaHHS
nonaTkoBoi iHdopmarii muB. GpyHkiio attachinterrupt ().

IIIM (mupoTHO-IMITYJTbCHA MOYJIALsH): po3’emu 3, 5, 6, 9, 10
ta 11. 3a momomororo ¢yukiii analogWrite () MmoxyTs BUBOIMTH 8-
0iToBi aHanorosi 3HaueHHs B BUurisiai LIIM-curnany.

Intepdeiic SPI: po3’emu 10 (SS), 11 (MOSI), 12 (MISO), 13
(SCK). Iz 3acrocyBanusm 6ibmiotekun SPl maHi BHBOOH MOXKYTh
3IIACHIOBATH 3B'S130K 110 iHTepdeiicy SPI.

Ceitioaion: po3’em 13. BOynoBanwuii cBiTioAion, mprueaHAHAN
no BuBony 13. Ilpm Bimmpaemni 3nauenns HIGH critnomion
BMHKA€ETHCS, TpH Bianpasii LOW — BumukaeTbes.

B Arduino Uno € 6 ananoroBux BxoiB (AQ — A5), KoXKeH 3 IKuX
MOJKE TIPEJICTABUTH aHAJIOTOBY Hampyry y Buriai 10-6iTHoro ymcia
(1024 pi3zHux 3Ha4YeHb). 32 3aMOBUYYBAHHSAM BHMIPIOBAHHS HAMPYTd
BUKOHYEThCS B iHTepBai Bix 0 10 5 B.

KpiMm mepepaxoBaHux Ha IUIaTi iCHye IIe KiJlbka BHBOIIB, a
came:

AREF - onopHa Hanpyra s aHAJIOTOBHX BXOAiB. Moxe OyTh
samisuuii Gpyukiiero analogReference ();

Reset — ¢opmyBanus Husbkoro piBHs (LOW) Ha pomy BUBOI
npu3Besne 10 Iepe3aBaHTAKEHHS MIKPOKOHTpoJepa. 3a3BHYall e
BUBII ciyrye sl (YHKIIOHYBaHHS KHONKH CKHJAHHS Ha IUIaTtax
PO3IINPEHHS.

2.3.4. llporpamue 3a6e3neyenns Arduino IDE

IDE (Bin anrm Integrated Development Environment -
IHTETPOBAaHE CEPEIOBHUINEe PO3POOKHM) — 1€ J0AaTOK abo rpyma
JIOJIATKIB (CepeIoBUIIIe), MPU3HAYCHUX IS :

—  CTBOpPCHHS;

— HaJIaIIITYBaHHSI;

—  TeCTyBaHHS;

— o0cmyroByBaHHS IPOTPAMHOTO 3a0€3TICUCHHS.
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IaTerpoBane  cepemoBHIIE  PO3POOKHM  XapaKTEPU3YEThCS
HasBHICTIO CKIAaAHOT (PYHKIIOHATBHOCTI, BKIIOYAIOYH:

- penaryBaHHS 1 KOMITUJISIFO BUXiTHOTO KOAY;

- CTBOPEHHSI IPOTPaMHHUX PECypCiB;

- CTBOpEHHS 0a3 JaHMX 1 T.1I.

Jlns mporpamyBaHHS KOHTpoJepiB cepii Arduino ¢ipmoro-
PO3pOOHHKOM CTBOPEHO NpOrpaMHe 3a0e3MedeHHs, IO BiAMOBigae
OCHOBHHUM BHMoOram TumoBoro cepenosuma IDE. lle He moryxHe
mporpaMHe 3a0e3IedeHHs, a NpocTa (QyHKIIOHAIbHA Mporpama, sKa
JIO3BOJISIE TIMCATH, KOMITUTIOBATH 1 3aBaHTaXXyBaTH TNporpamy B
MIKPOKOHTPOJIEP.

Cepenosuiie po3podku Arduino IDE sBisie coboro:

- TEKCTOBHUH PETAaKTOP MPOrPaAMHOTO KOJY;
- 00JIaCTh MOBIIOMJIEHD,

- BIKHO BUBEJCHHS TEKCTY (KOHCOJIB);

- TIaHeINb IHCTPYMEHTIB,;

- KiJIbKa MEHIO.

JInst 3aBaHT@XEHHS TpOrpaM 1 3B'SI3KY CEpeOBHUINE PO3POOKH
i IKITF0YAETHCS JI0 aapaTHOI YacTHHH KOHTposepiB Arduino.

ITporpamu i kKoHTpoJiepiB Arduin0 mummyThcst Ha 3BUYAHHIHN
MOBi mporpamyBaHHs C++, JTOMIOBHEHOIO MPOCTUMH 1 3pO3yMLUTUMHU
(GYHKIISIMU [T KEpYBaHHS BBEICHHIM / BUBEICHHSIM Ha KOHTAKTaX.

Arduino IDE wMmicTHTh MHOXHHY IONEPEIHBO CTBOPEHUX
0ibmiorek. biOmoTekn IONAIOTH JOAATKOBY (DYHKI[IOHAIBHICTH
ckerdam (Big anri. Sketch — ecki3, ckeTd, YOPHOBHK), HATIPUKIIA], TIPH
poOOTi 3 amapaTHOIO YacTHHOIO abo mpu o0poOLi JaHHX.

Onna abo kinbka aupektuB “#include” OyayTh po3mimieHi Ha
MOYaTKy KOJAY CKETUY 3 MOJAIBIION KOMITUJIAIIE 0i0IioTeK pa3oM 3i
CKeTueM. 3aBaHTa)XEHHS Oi0NioTeK BHMarae IOAATKOBOTO MICIsl B
nam'sTi KoHtposepis Arduino.

Jns poborn 3 mmaramm Arduino ta moxynst Braccio Shield
HeoOxinHa crerianpHa mporpama Arduino IDE (puc. 2.11). Arduino
IDE — ue cepemoBuiile po3poOKK mporpaMm s miaTdopMm Ha 0asi
MikporpornecopiB  Arduino (iHme BH3HAYCHHS [MB. BHINE). 3a
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JIOTIOMOT'OI0 ITHOTO KOMITIJIATOpa PO3pOOJICHI TIPOTPaMH 3alHCYIOTHCS
y mam'siTb MiKpompoLecopa.

@ box1232 | Arduino 1.8.5

File Edit Sketch Tools Help

1 position for Braccio

s position:

void loop() {

Arduino/Genuino Uno on COM3

Puc. 2.11. — Bixno cepedosuua po3pobru npoepam Arduino IDE

2.4. TlonepeaHs MiAroTOBKA 00JaHAHHS 1J151 Ppo0OTH 3
cepenoBuieM nporpamyBants Arduino IDE
Ta podorom TinkerKit Braccio

2.4.1. Becranosiaenns Arduino IDE

st moyatky poOOTH i3 1a00paTOPHUM CTEHAOM, SKUH OMUCAHO

Jam B 1. 2.6, HEOOXiJHO BCTAaHOBUTH Ha KOMITIOTEP IHTETpOBaHE
CepeloBHIIE TIporpaMyBaHHs KouTpojepis Arduino — Arduino IDE.
[Iporpama noctynHa Ui HacTynHUX onepauiiiaux cucreM (OC):

- Windows (moumHatouu 3 Bepcii XP 10

10);
- Linux (x32, x64 Ta ARM);
- Mac OS X.
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115t 1boTO HEOOXiAHO MEPEeHTH 3a TOCHIAHHAM:
https://www.arduino.cc/en/Main/Software Ta 3aBaHTXKUTU
1HCTaJISITOp OCTaHHBOI BEPCii MPOrpamH.

CkpiHmor BikHa Opay3epa 3a BKa3aHUM TIOCHIJIAHHSM
npeacTaBieHuil Ha puc. 2.12.

hitps://www.arduino.cc/en/Main/Software

HOME BUY SOFTWARE PRODUCTS EDU RESOURCES COMMUNITY HELP

Download the Arduino IDE

Windows Installer, for Windows XP and up
Windows ZIP file for non admin install

ARDUINO 1.8.5 Windows app Requires Win 810r 10

Get M

Mac OS X10.7 Lion or newer

Linux 32 bits
Linux 64 bits
Linux ARM

Release Notes
Source Code
Checksurms (shaS12)

Puc. 2.12. — Cxpinwom sixna bpaysepa 3a ROCUNAHHIM O
3A6AHMANCEHHS ITHMESPOBAHO20 CePedOBUUIA
npoepamysanns Arduino IDE

[licns BuOOpy iHCTanmsATOpa s BIINOBITHOI OmepariiiHol
CUCTeMH y Opay3epi BiJlOOpa3HThCsS BIKHO, y SKOMY IPOIOHYETHCS
3aBaHTaXXCHHsSI OCE3KOMITOBHUM 1HCTAIATOP abo0 3aBaHTaXECHHA 13
Osarof[iiHMM BHECKOM (B OYKBaJIbHOMY PO3yMiHHI).

O6wupaetnest myHkT “just download”, o mokasano Ha puc. 2.13
1 BHIUIEHO KpPacHOI paMKOK Y HIKHBOMY IPaBOMY KyTi, JUIst
OTPUMaHHS 1HCTAJIATOpa 0€3 0JIaroiHOrO BHECKY.
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Contribute to the Arduino Software

Consider supporting the Arduino Software by contributing to its development. (US tax payers, please note this contribution
is not tax deductible). Learn more on how your contribution will be used

SINCE MARCH 2015, THE ARDUINO IDE HAS BEEN DOWNLOADED
TIMES . (IMPRESSTVE!) NO LONGER JUST FOR ARDUINO AND
GENUINO BOARDS, HUNDREDS OF COMPANIES AROUND THE WORLD ARE
USING THE IDE TO PROGRAM THEIR DEVICES, INCLUDING COMPATIBLES,
CLONES, AND EVEN COUNTERFEITS. HELP ACCELERATE ITS DEVELOPMENT
WITH A SMALL CONTRIBUTION! REMEMBER: OPEN SOURCE IS LOVE!

$3 $5 $10 $25 $5Q  OTHER

: CONTRIBUTE & DOWNLOAD

Puc. 2.13. — Cxpinwom 6ikHa 3a8aHMANCEHHS IHCMAIAMOPA

[Ticns HaTuckanHs kHomku “just download” oGupaeThest manka
PO3MIIICHHS IHCTAIATOpPa, MO0 NpPHU 3aBEPIICHHI 3aBaHTAKEHHS
3HaWTH (aiin Ta 3amycTuTH ioro s BctaHoBieHHs: Arduino IDE.

Ha npuknani puc. 2.14 o6pano nanky “Pobouuii cmin’.

O Coxpanerine X
« v /M m > 3ToTkomnsiotep > Pabouui cton v Q| | Mowuck: PaBoumii cron P
Ynopsaounts ¥ Hosas nanka E - (7]

LoKyMeHTEl ~
3 3arpysku
= Usobpaxenus
D Myzeika
&

3 O6bemHsle 06b 10T KoMnbtOTEP

m Pabounii cron

. NloKanbHbIA anc

- JloKansHbIA ana

P Cern
v
Wwma daina: | arduino-1.8.5-windows.exe| v
Twvn daiina: Application v

A CkpbiTs Nankw Coxpanuts OTmeHa

Puc. 2.14. — Cxpinwom 8ikHa 3a8aHMANCEHHS IHCIMAIAMOPA
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[Ipu 3amycky iHCTamsATOpa BimoOpa3uThesl BikHO (puc. 2.15), Ha
SKOMY TpEACTaBIICHI JIIICH31iHI paBa po3poOHKKa gonatka Arduino
IDE.

BceraHoBneHHS ~ NpOrpaMHOTO  CEpEelOBHINA  BHUKOHYETHCS
HaTUCKaHHAM KHOTKH “‘| AQree”; mo BHIIJIEHO YePBOHOIO PAaMKOIO y
MpaBOMY HIDKHBOMY KYTi Ha puc. 2.15.

@ Arduino Setup: License Agreement - *

B\, Please review the license agreement before installing Arduino. If you
o) accept all terms of the agreement, dick I Agree,

",,SNU LESSER GENERAL PUBLIC LICENSE ~
Version 3, 29 June 2007
Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.ora/>

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms

and conditions of version 3 of the GNU General Public License, supplemented
by the additional permissions listed below.

Cancel

Puc. 2.15. — Cxpinwom 6ikna no2o0xicents 3 IiyeH3iuHuMu npasamu
Arduino IDE

Hactynauii kpok — BHOip MOTPIOHMX KOMIIOHEHTIB JOAATKY
Arduino IDE s BcraHOBiAEeHHS iX Ha Komm'totep. s 1bOro
BUIISIFOTHCS IO3HAYKAMH BC1 KOMITOHEHTH, SIK TI0Ka3aHO Ha puc. 2.16,
1 HaTUCKAEeThcs KHoOmKa “Next”, 1o BuaiIeHO Ha puc. 2.16 KpacHOIO
PaMKOIO y IPaBOMY HW)KHBOMY KYTi.

Hani oOupaerbes marka, B sIKy OyJie BCTAaHOBJIEHO pOTpaMHe
3abe3neueHHs. s npuknany Ha puc. 2.17 HoOKazaHUH CTaHAAPTHUH
NUISX BCTAHOBJICHHS MPOTPaMHOTO 3a0e3MEeUYCHHS Ha JIOKATLHOMY
mucky C:\. BiH BHKOHyeThcs HaTHCKaHHsAM KHomku “install”, mio
BUJI1JIEHO Ha puC. 2.17 KpacHOIO PaMKOIO y TPaBOMY HHKHBOMY KYTi.
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@ Arduino Setup: Installation Options — *

Check the components you want to install and unchedk the components
52 you don't want to install. Click Next to continue.

Select components to install:

Install Arduino software
[ Install USB driver
[V] Create Start Menu shortcut
[¥] Create Desktop shortcut
Assodate .ino files

Space required: 420.6M8B

Cancel Mullsoft Install System v3.0

Puc. 2.16. — Cxkpinwom sixna eubopy komnonenmie Arduino IDE
0711 IX 6CMAHOBIEHHS

@ Arduino Setup: Installation Folder - X

(o) Setup will install Arduino in the following folder. To install in a different

folder, dick Browse and select another folder. Click Install to start the
installation.

—Destination Folder

|C:\F‘rogram Files (x86)Arduino Browse... | ‘

Space required: 420.6MB
Space available: 182.4GB

Cancel Mullsoft Install System v3.0

Puc. 2.17. — Cxpinwom sixna 6ubopy nanku 0isi 6CHMAHOGIEHHS.
npoepamu Arduino IDE
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[lin dac BcranoBiaeHHs Arduino IDE komm'rotep Moxke
3alpOCUTH JOCTYI Ha BCTAHOBIICHHS JApaiiBepiB /I MOPTiB. 3a Takoi
CUTYyaIlil HeOOXiTHO Ha/IaTH JTO3BLJ MPOrpaMi Ha X BCTAHOBJICHHSL.

Ha puc. 2.18 moka3aHo 3aBepiieHHs BCTAHOBJICHHA TONATKY, 1
3aBEPIICHHS POOOTH 3 IHCTAIATOPOM HATUCKaHHIM KHOMKH “Close”.

@ Arduino Setup: Completed —

%, Completed
Om
Show details

Puc. 2.18. — Cxpinwom 3asepwenns escmanosénenns Arduino IDE

[Tics BUKOHAHHS TOTIEPEHIX KPOKiB HA pOOOYOMY CTOJI Mae
3’siBUTHCH spiuK “Arduino”, sikuit nokasano Ha puc. 2.19.

[9,.0]

Arduino

Puc. 2.19. — Apaux dooamxy Arduino IDE
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2.4.2. 3anyck Arduino IDE

ITicnst 3aBaHTa)XEHHsT Ta BCTaHOBJICHHs nomatky Arduino IDE
HOro 3amyCK BHKOHYETHCS IOABIMHUM KIIKOM MHII Ha SPIUKY
”Arduino”, mcns goro 3’ sBuThes Bikao Arduino IDE (puc. 2.19).

sketch_jan29a | Arduino 1.0.5-r2 - o IEN

®Qaiin lMpaeka Ckery Cepeuc Cnpaeka

Arduine Uno on COM1

Puc. 2.19. — Bixno dooamxy Arduino IDE

2.4.3. Hingxawyenrs Arduino Uno 1o komn’otepa

Ilicns Bcranommenus gomatky Arduino IDE  motpibnO
miakmrountd Arduino Uno o koMm'torepa.

Jns uporo HeoOximHo 3’eqHatu Arduino Uno 3 komm'iotepom
yepe3 USB-kabGenb. Ha mmati Arduino Uno 3aroputbest CBITIOAION
“ON” i moune Gnumaru criTnomion “L” (puc. 2.20). Ile o3nauae, 1o
Ha TUIATy TOJAHO XMBJICHHs 1 MikpokoHTposiep Arduino Uno mouas
BUKOHYBaTH “‘mpowwumy” 3a 3aMOBUYyBaHHsAM mporpamy “Blink”
(MHUrOTIHHS CBITJIOAI0Z0M).
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- T oON,,.

sl Arduino

Puc. 2.20. — Cuenanu npo scusnenns Arduino UNO

Jnst wanamryBanas Arduino IDE Ha pobGoty 3 Arduino Uno
HeoOXxigHo 3HatH, sikuii Homep COM-nopry mnpucBOiB KOMI'IOTEp
Arduino Uno. [lis msoro motpibHO 3aiTH B “/Jucnemuep npucmpois
Windows” (puc. 2.21) i po3kpurtu Bkiaaky “Iopmu (COM ta LPT)”.

= [ucneTuep ycTpoiicTs = [= -

®ain  [Jeiicreme  Bug  Cnpaexa

&= |m| B m

'Y Moptel (COM M LPT)
Y3 Arduino Uno (COMT7)

I MporpammHeie ycTpoiicTea
2} Npoueccopsi v

Puc. 2.21. — Jlucnemuep npucmpois Windows
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ITpu mpomy omepauiiiHa cuctema posmizHana riaty Arduino
Uno sk COM-moprt, migiOpana ans Hel NpaBWIBHUE JpaiiBep 1
npuzHaumia 1poro COM-nopty Homep 7. SIKIIO MiAKIIOYUTH IO
KoMIT'toTepa iHmry twary Arduino, To omepamiiiHa cuctema
MPU3HAYNTH i# iHImWH HOMep. ToMy Tpy miAKITIOYeH] AEKITBKOX IIiaT
Arduino myxe BaxiuBo He 3arutytatucs B Homepax COM-mopTiB.

2.4.4, HanamryBauusi Arduino IDE Ha po6GoTty
3 Arduino Uno

Jus  BkazaHOTO B 3aroIOBKy HEOOXigHO  3a0e3lednTd
sHaxomkeHHs miata Arduino Uno B cepemosumii Arduino IDE B fioro
COM-nopty “COM7”.

Hus  uporo HeoOXimHo mepeiitu B MeH “Cepgic’—
“Ilocnioosnuti nopm” i obparu mopt “COM7” (puc. 2.22). Temep
Arduino IDE “3Hae”, 110 1iata 3HaxoauThes Ha mopty “COM7”.

sketch_jan29a | Arduino 1.0.5-r2 - oiEN
Qaiin Mpaexa Ckery |Cepeuc Cnpaexa
Agtodopmatuposarue Ctrl+T

ApXMBMpOBATE CKETY

sketch_jan29a

Wcnpasute kogupoeky 1 nepesarpysuTs

MonuTop nopra Ctrl+Shift+M
Mnara »
MecneaoeatensHbii nopt b com7?
Mporpammarop »

3anucatb 3arpysumk

Arduine Uno on COMA

Puc. 2.22. — Bubip COM-nopmy
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JlJis mpaBUIIbHOT KOMITLIALIT KOAy HEOOXiJHO BCTAHOBUTH, IO
cepenoruie nporpamysanus Arduino IDE mpairoe 3 Arduino Uno.
Hua uporo nepeiitu B meno “Cepsic” — “Ilnama” i Bubpatu 1uiaty
“Arduino Uno” (puc. 2.23).

sketch_jan29a | Arduino 1.05-r2 = = “

®aiin Mpasxa Crery |Cepenc Cnpaska

o ° D g . Astodopmatiposanme Ctrl«T
Apxnsuposars crers
sketeh_jan29a VICnpasiTs KOaMPOEKY # NEpEsarpyIuTs

a

Morurrop nopra Ctrl+ Shift~M
Nnara »| @] Arduine Uno
MocneaoearensHai nopr »  Arduino Duemilanove w/ ATmega32é
Arduino Diecimila or Duemilanove w/ ATmegal68
Mporpamatop ,
< Arduino Nano w/ ATmega328

Janncams sarpysune
Arduino Nano w/ ATmegal68

Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmegal280)
Arduino Leonardo

Arduino Esplora

Arduino Micro

Puc. 2.23. — Bubip naamu Arduino UNO
2.4.5. 3aBaHTakeHHs MEPIIOro CKeTYa

Arduino IDE MicTuTh TOTOBI MNPHKIAAM  IOMEPETHBO
pO3i’si3aHUX 3a/1a4 JUI MOXKJIMBOTO IIBUAKOTO IHTEIPYBaHHS JaHHX
MPHUKJIAIiB B OCHOBHY IIPOrpamy.

JInst 3aBaHTaKEHHS MEpIIOl MporpamMd HEOOXiJAHO BHOpaTH
ckerd mijx HazBoro “Blink” (puc. 2.24).

sketch_jan29a | Arduino 1.0.5-r2 - o
| ®aiin| Mpaska Cxery Cepewc Cnpoexa
Cosgats Ctrl+N
OTKpLITE... Ctrl+Q
Manka co cxetuamn 3
Mpumepsi 5 01Basics 5 AnalogReadSerial
3akpeiTe Ctrl+W 02.Digital » BareMinimum
Coxpannrs Ctrl+S 03.Analog » Blink
CoxpannTe Kak... Ctrl+Shift+S 04.Communication » DigitalReadSerial
3arpyzure Ctrl+U 05.Control » Fade
3arpy3us ¢ NoMoLsro nporpammaropa  Ctrl«Shift+U 06.Sensors » ReadAnalogVoltage
HacTpoiikit nevati Ctrl+Shift+P 0?'Di5_p‘ay '
Meuars Ctrl+P T i’
09.UsB »
Hactpoiikn Ctrl+Comma 10.StarterKit »
Boixoa Ctrl+Q e

Puc. 2.24. — Bubip npoepamu “Blink”
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Jnst 3aBanTaxkeHHs mporpamu “Blink” HeoOXimHO HaTHCHYTH
KHOTIKY “3asanmasicumu” (puc. 2.25).

Blink | Arduino 1.0.5-r2 - olEN

®ain Mpaeka Ckery Cepenc Cnpasxa

Blink &

// the loop routine ver and over again forev
void loop() {

digitallirite (led, HIWE) ;
7(100) ;
gitallirite(led, LOW);
delay(l00);

Arduino Uno on COM7

Puc. 2.25. — 3asanmaoicenns npocpamu “Blink”
2.4.6. BcranoBieHnHs 6idmiorexn Braccio

Hns 3abe3neueHHs: (QYHKIIOHYBaHHsS CTEHAY (IIUB. Jaii pUC
2.31) Ta KepyBaHHS HOTO CKJIaJIOBMMH HEOOXiITHO BHKOPHCTOBYBATH
6i6mioTeky “Braccio”, miist 3aBaHTaXeHHs sIKOT HEOOXIHO TEperTH 3a
nocuianHsaM (puc. 2.26)

https://github.com/arduino-org/arduino-library-braccio
Jia migKIrOYeHHs 3aBaHTaKkeHoi Oi0mioTexu “Braccio” HeobXimHo
BUKOHATU HAcTynHi mii: “Cxkemu” — “Iliokmouumu 6ibriomexy” —
“Iobasumu.ZIP 6ioriomexy...” (puc. 2.27).
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https://github.com/arduino-org/arduino-library-braccio

Arduino Braccio Library

® 50 commits ¥ 2 branches © 4 releases 48 5 contributors
Branch: master = GLPM Clone or download ~
o sergiotomasello upd: library.properties Latest commit ef272af on 12 Dec 2016
m examples some minor fix and adding example sketch braccioOfUnowiF
i sic

gitignore

README.adoc mple sket viF

keywords.txt ample NiF

=) library properties pd: library. propertie

EB README.adoc

Braccio Library for Arduino

The library offers easy access to the data from the onboard TinkerKit Braccio, and provides moves for the Braccio,

Puc. 2.26. — Pecypc 3 bibniomexoro “Braccio” oas TinkerKit Braccio

€ sketch_jul17a | Arduino 1.8.5 - O X

®ain lMNpaska Cketd MHcTpyMenTol MomMollLb

Mpoeepwis/Komnuampoeats Ctrl+R &
¥npasnatb BUBAMOTEKAMM...
3arpyska Ctrl+U
sketch_jull 3arpy3vTe yepes nporpaMmatop Ctrl+Shift+U Nobasute ZIP 6MBANOTEKY...
. 3KCnopT ByHapHoro daina Ctrl+Alt+S ) )
void setug Arduino 6ubanotek
// put MokasaTb Nanky cketua Ctrl+K Bridge
MoaknounTe BUBAMOTEKY EEPROM
' [loBasuTe dain.. Esplora
Fthernet
Puc. 2.27. — ITioknouenns 6ibniomexu “braccio” ozs TinkerKit
Braccio

[TporpamHuii KO Mae CTaHIAPTHY CTPYKTYpY JIMIIE B YaCTHHI,
7€ KOXKHOMY JBHI'YHY HAIa€TbCs CBOE 3HAYEHHS, A CHHTAKCHUC
BIJIPI3HAETHCS.

[lpuknan ckerdyy Ha MpocTe TMEpEeMillleHHs B LUK 3
KOMEHTapsSIMU T0Ka3aHo Ha puc. 2.28. B uepBoHiil pamili BHILICHI
KOMeHTapi, a B CTpykTypi Braccio.ServoMovement nponucani
3HA4YEHHS KYTiB IBUTYHIB Ta 3aTPUMKH POOOTH MK ABUT'YHAMH.
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| @ simpleMovements | Arduino 1.8.5 - o X
|
|File Edit Sketch Tools Help

al (M4): 180 d
tion (M5): degree
M€): 10 degrees

void loop() {

//(step delay, M1, M2, M3, M4, M5, Mé);
0, 1s, 180, 170, 0, 73):

it 1 second

v(1000) ;
Braccio.ServoMovement (20, 180, 165, 0, 0, 180, 10);
//Wait 1 second

delay(1000);
| 3 v|

Arduino/Genuina Uno on COM3

Puc. 2.28. — Ilpuxnao npocmozo k00dy 0 poboma
2.5. CTpykTypa Ta 3MicT nporpamu

[Iporpama BigmpalfoBaHHs TepeMillleHb JIAHOK  poOoTa
CKJIaJa€ThCA 3 JEKITBKOX CKIIAI0BHUX:
- migkmoueHHs 6i6miorek (#include<in 'z
Daitny>);
- ¢ynkuisg inimamizanii (void setup ());
- ocHoBHa ¢yHkuis (void loop()).
3a momoMororw koMaHmu #include< > BUKOHYETHCA
MiIKTI0YEHHS ABOX JOMOMDKHUX 010110TEK:
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< >, sKa 3a0e3meuye KopeKTHy poboty miatu Arduino
Uno 3 miartoro apaiiBepom Braccio Shield ta mepemady kepyroumx
IIM-curHaniB 10 cepBOABUTYHIB,;

- < >), siKa CIYrye s KOPeKTHOI poOOTH i TOYHOTO
BIJIMTPAIIOBaHHS KYTiB CEpPBOJIBUTYHAMH.

VYV obyukmii imimiamizamii  void  setup() imimiamizyetbes i
3aIyCKa€eThCsl OCHOBHA (yHKIis 3 Oi0mioTekn < > 3a
JOIIOMOTOI0  KOMAaHIH (). TIpm cmpamroBadni i€l
¢GyHKIIT TOYMHAETBCS ToAava *KuBJIeHHS 1 kepytounx LIIM-curnanis
JI0 CEPBOJBUTYHIB po0OTAa.

OcnoBHa ¢ynkuis void loop () 3a0e3neuye BUKOHAHHS
MPOrpaMHOr0 KOJAY B IMKJII, TOOTO mporpama Oyje IOBTOPHO
BUKOHYBaTHCh /IO 3aBepuieHHs. IS BiampamioBaHHS KOHKPETHHX
KyTiB OKpeMHX JaHOK pobora y ¢yukmii void loop ()
BUKOPUCTOBYETHCS CTPYKTYpa (...).

Y paHii CTPYKTYypi TMEpIIOI MPOMUCYETHCS TPUBANICTH
3aTPUMKH  KPOKY, sKa BHM3HAUa€ KUIBKICTh MITICEKYHJ MIiX
MOKPOKOBUM  BIJIIPAIlIOBAHHAM KyTa KOXXHOTO  CEPBOJIBHIYHA.
Hactynni 3Ha4yeHHS BH3HAYalOTh KyTH IIOBOPOTY Baja KOXXHOTO
CepBOJIBUTYHA, MounHarouu 3 M1 i 3aBepirytoun M6.

2.6. CTpyKTypa Ta CKJIa/10Bi JIaGOPATOPHOI0 CTEHAY

JlabopaTopHuii CTEH]] CKIIATAETHCS 3 TAKUX CKIIAJIOBUX TPYIL:
- eJeMEHTH yNpaBIiHHSI;
- BHMKOHABYi MEXaHI3MU;
- JIONOMIXH1 KOMIIOHEHTH.
B rpyny enemenmu  ynpaeéninma  BXOISATH  HACTYITHI
KOMITOHEHTH:
- roiaty Arduino Uno (2 wir.);
- npaiisepu Braccio Shield (2 wr.);
- TIaHeNb yIpaBIiHHs (JJIs1 pyYHOTo KepyBaHHs 11T.).
o rpynu euxonasui mexamizmu BXOAWTH JBa poOOTa MOJEi
TinkerKit Braccio. Omwc po6oris npencrasnennii B 1. 2.1.1.
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I'pyna odonomixcui xkomnomemmu cxmagaetbca 3 1O
(TeXHOJIOTIYHMX 00’€KTIB ) i CTAHWHM, Ha SIKI BCTaHOBJIEHI POOOTH i
elemMenmu YynpaeainH.

Ha puc. 2.29 300paxkeHO 1ab0opaTOpPHHI CTSH]T 3 PO3MIIIICHHIM
HOTO CKJTaZlOBUX €JIEMEHTIB.

PoGor N21 PoGot N22

Hafg?énb PYYHOTro yHpaBliHHs
Arduino UNO Arduino UNO

Puc. 2.29. — 3acanvruii 6uensio 1abopamopro2o cmenoy

Buxonaeui mexanizmu CTEHIy TpALIOIOTh 3a KEPYIOUUMH
CUTHAJIaMH, $SIKi HagXOIATb 3 eleMeHmie YRpaeniHHA, a came
MiJICWICHUI 3a JIONOMOTOI0 JIpaiiBepiB, KEPYIOUWH CUTHAl Bij
koHTposiepa Arduino Uno 1o cepBOABUTYHIB.

[TpuBeneHHs cTeHLy B poOOUMiA CTaH CKIANAETHCS 3 HACTYITHUX
KPOKIB:

- po3poOKa mporpamu;

- 3aBaHT@XEHHS IPOTPaMH y KOHTPOJIEP;

- TAKIIOYEHHS KOMIIOHEHTIB JI0 JKepera
YKUBJICHHS,

- 3aIycK 1 mepeBipKa poOOTH MPOrpaMu.
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[linx wac KpoKy po3pobka npozpamu PO3POOIIETHCS KOJ
TpaekTopii pyxiB saHok MC Ta mepeBipsIETbCS MPaBHIBHICTh
HAMKMCaHHS TPOrpaMu y npoepamuomy cepedosuwyi Arduino IDE.
BukoHYy€eTBCS KOMIUIALIS KOY.

HactynHum KpOKOM €  3aeanmasicenHa  npozpamu y
KoHmponep, Tij 4ac SKOTO 3aBaHTaXYeThCs Kox y KoHTpoiep 3 [IK
yepes mopt USB.

IHiokntouenna Komnonenmie 00 Odicepena  IHCUBIEHHA
mependadae BCTAaHOBJICHHS pOOOTIB y Oe3ledHe TMOJIOKEHHS Ta
I IKTFOYCHHS OJIOKIB )KMBIICHHS 10 MEPEKI.

YBAT'A! HE TOINYCKA€ETBHCSA OAHOYACHE KUBJIEHHSI
IJIATH  Arduino Uno YEPE3 USB TA
CIHEHIAJIBHOI'O PO3’€EMY!

OcTaHHIM KPOKOM € 3anycKk [ nepesipka npozpamu.
PesynpraroM € JeMOHCTpallisi MPaBWIIBHOCTI POOOTH MpOTrpaMu 3a
BapiaHTOM iHAWBITyabHOTO 3aB/IaHHS.

2.7. Tpuxyiang BUKOHAHHSI 3aBJaHHSA TA MPOTPaMH MPOCTHX
nepemimenns 1anok MC po6ora TinkerKit Braccio

2.7.1. 3aBnauns

3amporpaMyBaTd MEpEeMILIeHHsl JIaHOK poOoTa 31 cTapToBOi
(moyaTkoBOT) MO3MIIii B KiHIIEBY [Tl a0CTPAKTHOTO BapiaHTy ***:

KyTu J1aHOK cTapToBOi MO3MLii Kyrn J1aHoKk KiHIeBoi mo3uuii
Bapiant|
Ne

M1 | M2 | M3 | M4 | M5 | M6 M1l | M2 | M3 | M4 | M5 | M6
Fxx 0 15 | 180 | 170 0 73 180 | 165 0 0 180 | 10

2.7.2. 3araabHi pekoMeHaamii

3arajgpHa cxeMa BHUKOHAaHHS 3aBJIlaHHS BKIIIOYA€ HACTYITHI
ocHOBHI eranu E:
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El1. BcraHoBieHHS Ta 3almycK JOAaTKy, OIONiOTeK Ta
iHiIiami3alis JBUTYHIB ITiJ] BIAMOBiAHY Oi0MIOTEKY (IUB. Jalli KPOKH
K1 - K5 m. 2.7.3);

E2. 3anuc cTapTOBOrO, MOTOYHOTO Ta KIHIIEBOTO IIOJIOKCHB
narok MC po6ota (xkpoku K6 — K8 1. 2.7.3);

E3. CknaganHsa KOAy MporpamMH 3a BapiaHTOM iHAWBITyaTbHUX
3aBJaHb;

E4. Tigxmouenns wiata Arduino Uno mo ITK ta 3aBanTa)keHHs
MpPOTrpaMu B HHOTO;

ES. IlepeBipka mpare31aTHOCTI CKJIACHOTO KOy MporpaMH Ha
nmaboparopHomy cteHai (kpok K11).

2.7.3. Bukonanns 3aBIaHHs

3aBaHHS BUKOHYETHCS HACTYITHOO TIOCITIIOBHICTIO KPOKiB
K1... K11:
K1. 3amyctutu nomatok (mporpamue cepenoBuine Arduino
IDE);
K2. crBoputu HOBuii cketd (aitn > HoBwid, abo Ctrl + N To6T0
CTBOPEHHSI HOBOT'O CKETYa);
K3. migxmrountd  010MiOTEKHM 3a  JOIOMOIOK  KOMAaHINA
(#include< > Ta #include< > );
K4. imimiamizyBaT OKpeMi CEpBOJABUTYHH Tim 0ibmioTeky
“Servo.h” 3a noromoror koMaHIM
base; // cepoasuryn M1, nanka L2 (ocHoBa);
shoulder; // cepBoaBuryn M2, nanka L3 (muieue);
elbow; // cepoauryn M3, nanka L4 (71iKoTh);
wrist_rot; // cepoasuryn M4, nanka L5 (BepTukaibHUit
3ar’ICTOK);
wrist_ver; // ceppomsuryn M5, manka L6 (obGepTambHmii
3a1’CTOK);
gripper; // ceppogsuryn M6, nanka L8 (cxBar);
KS5. inimianisyBaru 6ibGmioteky “Braccio.h” 3a momomororo
¢dynkmii void setup () Ta komMaHIH 0;
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K6. 3amucaTt ctapToBe MOJIOKEHHS (CTAPTOBY ITO3HITIIO) JIAHOK

MaHinyssTopa podora y ¢pyHkuii void loop () 3a mormoMorow KoMaHH
(20, 90, 90, 90, 90, 90, 73);

Ta 3aJaTH 3aTPUMKY B | CEKyHAy 3a JIONMOMOTOK KOMaHIH

(1000);

K7. 3ammcatu mnowatkoBe mnonoxeHHs mim Nel saHOK
MaHinyJsiiiHoi cucremu podora y ¢ynkuii void loop () 3a
JOTIOMOT 00 KOMaHTH:

(20, 0, 15, 180, 170, 0, 73);

Ta 3aJaTH 3aTPUMKY B 1,5 CEKyHIM 3a IOMOMOTOK KOMaHIH

(1500);

K8. 3ammcaru kiHneBe 1ojiokeHHs mig  Ne2  jraHOK
MaHinyJsiiiHol cucremu pobora y ¢yukiii void loop () 3a
JIOTIOMOTOF0 KOMaHTH:

(20, 180, 165, 0, 0, 180, 10); Ta
3a71aTH 3aTPUMKY B 0,5 CEKyH/IH 3a TOTTOMOTOK0 KOMaH/IH (500);

K9. migxmountn tmraty Arduino UNO go TIK Tta obpatu
BinmoBiganit COM-mopT;

K10. 3aBaHTaXHUTH CKJIaJEHY 3a BapiaHTOM IHIMBIZyaJbHOTO
3aBianHs nporpamy B Arduino UNO;

K11. nepeBiputu poOOTy IIPOrpaMHOTO KOAY Ha CTEHII.

[Ipuknan 4yacTMHU IPOrPAMHOTO KOAY MA€ BUIJISIA:
(20, 0, 15, 180, 170, 0, 73);

Ile o3nauae:

- 20 MiniceKkyH] 3aTpUMKa KPOKY;

- M1 BiampainsoBye kyT 0°;

- M2 BignpanpoBye Kyt 15°;

- M3 BignpanpsoBye KyT 180°;

- M4 BignpaisoBye Kyt 170°;

- M5 BiampanpsoBye Kyt 0°;

- M6 BiampanpoBye Kyt 73°.

Hwxde npencraBiaeHuid mporpaMHUi Kol JUIsl TIPUKIIaNY,

y SIKOMY BUKOHYETHCS BiAMPAIIOBAaHHS POOOTOM TPHOX MO3ULIH,
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0 YMOBHO Ha3BaHi “crtaproBa”, “koOpa” Ta ‘“oOepHeHa
koOpa”. CumBon “//” akTHBye pSJOK KOMEHTaps, SKUH He
BILTMBA€E HA MPOTPAMHUI KOJI, & Ma€ OMMMCOBUH, iHHOPMATHBHUI
XapaxTep.

3araigpHUNA BU MPOIIOIYOTO MPOTPAMHOTO KOAY HACTYITHHIA:
#include < > /[ xomanga #include <Braccio.h>,
nigkaoyae 6i6aioreky st po6oTH 3
poboTamu
#include < >// komanpga #include <Servo.h, miakarouae
6i0mioTeKy 1151 poGOTH 3 CEPBOABUTYHAMH

// iminiamizanisi okpeMuXx cepBOABUTYHIB i 0i0mioTeKy

base; // ceppoaBuryn M1 sanku L2 (6a3a)

shoulder; // cepsoaBuryn M2 janku L3 (miieue)

elbow; // cepsoaBuryn M3 nanku L4 (J1ikoThb)

wrist_rot; // cepoaBuryn M4 sanku L5 (BepTukaabHuii
3am’sICTOK)

wrist_ver; /| cepponBuryn M5 nanku L6 (o6epTanbHmii
321’ ICTOK)

gripper; // cepponBuryn M6 nanku L8 (cxBar)

void setup() {

/l Tninianizauis ¢pyHKuiii i BcTaHOBJIEHHS JIAHOK po6oTa B
NMOYaTKOBY NMO3HIiI0 A 0idmioTexkn Braccio ()

// Bci cepBoaBUTryHH OyIyTh BCTAaHOBJIEHI B ''0e3neuny"
No3MIiIo:

// Baza — manka L2, neuryn (M1): 90 rpaaycis

// Tlneue — nanka L3, nBuryn (M2): 45 rpaayciB

// Jlanka — L4, neuryn (M3): 180 rpaaycis

/I JTanka — L5, aeuryn (M4): 180 rpaaycis

[l Kuctb — n1anka L6, npuryn (M5): 90 rpaaycis

/I CxBar — (gripper) sanka L8, xpuryn (M6): 10 rpaaycis
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0; // 3amyck nomomiskHol pyHKIiT
}
[/l void loop() — me ocHoBHa yHKIIisi MporpamMu, sika oyne
BHUKOHYBATUCh B IIUKJIi
(TMOBTOPIOBATUCH MicCJIsI 3aBePIIEHHS BUKOHAHHS)
void loop() {

[* KoMeHTap MOYMHAETHCS 3i 3HAKY “/*” Ta 3aKiHYY€ETbCS
3HAKOM “*/”; MK JaHUMM 3HAKaAMH HeMac HeoOXiaHocTi
MOYMHATH KOKEH PSTOK KOMeHTAapiB 3i 3HaKy “//”

3aTpuMKa KPOKY: KUTBKICTh MUTICEKYH]T MK TIOKPOKOBUM
BiJINPAIfOBAaHHSM KYTiB BaJIOM KO’KHOTO CEPBOABHUTYHA.

Homyctumi 3navenns Bix 10 mo 30 MimicekyHT i3 Kpokom 1
MiTiCeKyHa.

M1=Ba3a, nanka L.2. JlomycTumi 3Hauenns Bix 0 1o 180 rpamgycis

M2=IlIneue, nanka L3. lonmyctumi 3HaueHHs Big 15 no 165 rpangycis

M3=Jlanka L4. lonyctumi 3HaueHHs Big 0 1o 180 rpamaycis

M4=Jlanka L5. Jlonyctumi 3navenns Big 0 no 180 rpamyciB

M5=Kucrs, nanka L6. [lomyctumi 3Hauenns Big 0 go 180 rpagycis

M6=Cxpgar, nanka L8. Jlonyctumi 3nauenHs Big 10 no 73 rpaaycis.
(10 - cxBar BigKkpuTHIA, 73 - CXBAT 3aKPUTHH).

*/

// BcTaHOBJIEHHS JIAHOK MaHINyJIsIHidHOT cHcTeMu po6oTa y
"cTapToBe' BepTHKAJIbHE MOJIOKEHHS BCIiX JIAHOK, CXBAT
3aKpUTHIl

/l(3atpumka kpoky, M1, M2, M3, M4, M5, M6);

(20, 90, 90, 90, 90, 90, 73);

//3atpumMka 1 cexyHaa
(1000); // 3aTpumka B mc (1¢ = 1000 mMc) Misk 610KaMu
/[ xoMaH 10 3aTPUMKH Ta Mics.
// PexoMeHI0BaHO 3aNMPOrpaMyBaTi TPUBAIICTH 3aTPUMKH
//mocTaTHBLOIO ISl CHPHITHATTS KOKHHM CTYJAeHTOM (OpHuraaoro
/lcTynenTiB) BiTnpanoBaHHa KOMAaH/I, HANPUKJAL, 5, 10 cexyHa
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/ITomo. MosxuBHii iHTEpBaJI MPOrpaMHuX 3aTpuUMOK: 0 — 32767
//mc (3a TexHiuHOI0 TOKyMeHTamiew Arduino Uno).
// BcTaHOBJIEHHS JIAHOK MaHINMyJIsIHiAHOT cucTeMu podoTa y
nojo:xkeHHs #1 ""ko0pa'" (TepMiH YMOBHHUIT), CXBAT 3aKPUTHI
/l(3atpumka kpoky, M1, M2, M3, M4, M5, M6);
(20, 0, 15, 180, 170, 0, 73);
/[3arpumka 1,5 cekynau
(1500);
/l 1uB. BUIIE
/] BcTaHOBJIEHHS JIAHOK MaHINyJIsiniiiHOT cMcTeMHu podoTa y
10JI0KeHHS #2 ""o0epHeHa koOpa'' (TepMiH YMOBHHUIT), cXBaT
3aKpUTHi
/l(3atpumka kpoky, M1, M2, M3, M4, M5, M6);
(20, 180, 165, 0, 0, 180, 10);

/[3aTpumxka 0,5 cekyHau
(500);
}
//1uB. BUIIlE
Bka3zane Builie Mae ekpaHHy ¢opmy, 1110 nogana Ha puc. 2.30.
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Example_UA§
tinclude <Braccio.h> // <-- komanga #include <Braccio.h>, nigkmouae 6i6niorexky mns po6oru =3 poboramu

#include <Servo.h> // <-- komanpma #include <Servo.h, nigwmouae 6i6niorexy nna poBoOTHM S CEepPBOABUIYHAMMU
// iniuianisyeMo okpemi cepBomBuTyHM ninm 6i6miorexy //

Servo base; // ceppomBurye M1 manka L1 (6asa)
Servo shoulder;// cepBomeBuryd M2 sanka L2 (nzeue)
Servo elbow;// cepBomeuryH M3 sakka L3

Servo wrist_rot;// cepeomeuryn M4 nanka L4

Servo wrist_ver;// cepeomBuryd M5 manka L5 (KkuCTb)
Servo gripper;// cepeomBurys M6 manka L6 (cxBat)

void setup() {
// Ininianisanis ¢yHxuiif i BCTaHOBJEHHA JlaHOK pofoTa B NoYaTKOBY nosuuin mus 6i6miorexm Braccio ()
// Bci cepBomBuTyHM OynyTh BCTaHOBJEH1 B "Gesmeuny" nosuuio:
// Basa marka L1 meurys (M1):90 rpamycis
// TNneue nauka L2 neurys (M2): 45 rpanmycie
// Nanka L3 peurys (M3): 180 rpanycis
// TNaska L4 pmeuryx (M4): 180 rpamycis
// Xuicte jaska L5 meuryH (M5): 90 rpamycis
// Cxpar (gripper) nanka L6 geuryx (M6): 10 rpamycie

Braccio.begin(); // sanyck momomixHol oyHKUil
}
// void loop() ue ocHOBHa OQyHKUiA Oporpamu ska Oyne BUMKOHYBATUCh B LUMKIL
(DOBTOPOBATUCH NiCJA SaBepPmEHHS BUKOHAHHA)
void loop() {

// BCTaHOBNEHHA MaHinyaauinHoi cucremm pobora y "craprope" BepTMKalibHE MOJIOKEHHA, CXBaT SaKPUTUA
1111771717 1717171717/ (3arpumka xpoky, M1, M2, M3, M4, M5, Me);
Braccio.ServoMovement (20, 90, 90, 90, 90, 90, 73);

//3arpumka 1 cexysuna
delay (1000);

// BcTaHOBNEeHHA MaHimynANiMHOI cucTemM poGora y monoxeHHs #1 "koGpa", CXBaT 3SaKpUTHIt
1111711171 17711/7717/(3aTpumka kpoky, M1, M2, M3, M4, M5, M6);
Braccio.ServoMovement (20, 0, 15, 180, 170, 0, 3);

//3arpumrka 1,5 ceryHmu
delay(1500);

// BCTaHOBNEeHHA MaHinyaAuiiHOi cucremu pobora y nosoxenHs #2 "obepHeHa kobpa", cXBaT 2aKpPUTHIA
[I111177771717777111/ (3arpumuka xpoky, M1, M2, M3, M4, M5, M6);
Braccio.ServoMovement (20, 180, 165, 0, 0, 180, 10);

//3aTpumka 0,5 cekyHmu
delay (500);

Puc. 2 30. — Expanna popma npocpammozo mooyisi npedcmagienozo uuje
npuKIady
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2.8. [lopsinok BUKOHAHHSI POOOTH

1. BuUBYUTH TEOPETUYHI BiJJOMOCTI.

2. BUKOHATH TIONEpPENHIO MIITOTOBKY OOJNaHAHHS SIK BKAa3aHO
B I 2.4.

3. Bamyctutn momarok Arduino IDE Tta migkmounTH 1iaty
Arduino Uno mo xomm’torepa 3a mormomoror USB kaberro.

Cxema 3’eqHaHHs KomIl'rotepa i3 koHTposepom Arduino Uno
npenacrasjieHa Ha puc. 2.31.

Mopayne Braccio Shield Mopayaw Braccio Shield

b1 ¢ |

Konrponep Arduino Uno Kourponep Arduino Uno 1

YnpaeniHHs poborom Nel | | YnpasninHs pobotom Ne2

JlaGoparopHuii cTen

USB kabenb MK USB kabenb

Puc. 2.31. — Cxema 3’ eOnanus komn romepa i3 KOHMPOAEPOM
Arduino Uno

4. Hammcatu mnporpamy mnepemimeHHs naHok MC y nukii
3riHO 13 BapiaHTOM 1HIWBIAYyaIbHUX 3aBaHb, BKa3aHux B 1. 2.11.

5. BaBantaxutu mnporpamy Ha tiaty Arduino Uno Ta
Bix eqnaru 1i Big I1K.

6. [MocraBuTu TaHKK poOOTa y OE3MEYHE ITOJIOKEHHS Ta IMOAaTH
xuBlieHHs Ha Braccio Shield 3a momomororo 650ka KUBIIEHHS yepe3
BIJITOBIAHHUN PO3’€EM.

7. TlpoieMOHCTPYBaTH BIANPAIIOBAHHS IIEPEMIIICHHS JIAHOK
MC po0orta, 3a7aHUX BapiaHTOM.
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8. 3HATH BiZCO Ta 3aBAaHTAXUTH HOT0 B XMapHE CXOBHIIC
(manpukinan, B Google drive).

9. CrBopuru QR-mocunanus Ha Bizeo.

10. Odopmutu 3micT 3BiTY.

2.9. 3micr 3BiTY

1. Ha3Ba Ta meTa poboTH.

2. KopoTki TeopeTwuHi BimOMOCTI MO0 pobOoTa Mozei
TinkerKit Braccio.

3. OcHoBHi BiomocTi moao koutposepa Arduino Uno.

4. Cxema, ckJiajl 1a00paTOPHOrO CTEHY Ta OMUC HOTro poOOTH.

5. OCHOBHI BiJIOMOCTI PO CTPYKTYPY Ta 3MICT MPOTPaMHU.

6. InguBimyanbHe 3aBOaHHS 3a BapiaHTOM JabopaTtopHOi

pobotn.
7. [Iporpama 3a BapiaHTOM JIaOOPATOPHOT POOOTH.
8. [IpencraButu QR-mocunanus BiJICO/IeMOCTpaIii

Tpare3/1aTHOCTI KOy 3a BapiaHTOM iHIMBITyaIbHUX 3aB/IaHb.
9. BucHoBkH 110 poOOTi.

2.10. KoHTpOIbHI MUTAHHS

1. Hanmatu kopotkuii onuc po6ora Braccio TinkerKit.

2. Hakpecnutu cTpyKkTypHY cxemy pobota Braccio TinkerKit

3. Cknan CEepBO/IBUBHIYHA. [MpuHIwUn KepyBaHHSI
CEPBO/IBUTYHOM.

4. TTousTrs Arduino IDE.

5. Kopotkuit onuc kontponepa Arduino Uno.

6. Omiic BXOiB i BUXO/IiB KOHTpoJepa Arduino Uno.

7. Onmuc CKIAmOBUX TpOTrpaMu Il poOOTa 3a BKA3aHWM BHIIE
3aBIaHHSM.

8. OCHOBHI CKJIa/I0BI JTa0OPATOPHOTO CTEHIY.

9. Ctucnuii onuc QyHKIIOHYBaHHS J1a0OPaTOPHOTO CTEHILY.

62



2.11. BapianTu inaMBiTyajJbLHUX 3aBIaHb

aJs BukoHanus JIP2

Bapi KyTn JaHok cTapToBoi no3uuii KyTn n1anok KiHueBoi mo3uuii
anT Nef M1 | M2 | M3 | M4 | M5 | M6 M1 | M2 | M3 | M4 | M5 | M6
1 10 90 30 10 90 10 160 | 90 | 110 | 50 | 180 | 60
2 95 90 85 60 90 10 0 90 | 130 | 90 | 180 | 60
3 20 90 50 90 90 10 180 | 90 | 120 0 180 | 60
4 35 90 10 85 90 10 145 | 90 90 0 180 | 60
5 70 90 80 45 90 10 180 | 90 | 130 | 125 | 180 | 60
6 120 | 90 | 120 | 60 90 10 10 90 0 120 | 180 | 60
7 30 90 20 75 90 10 160 | 90 | 100 | 160 | 180 | 60
8 160 | 90 60 30 90 10 15 90 95 0 180 | 60
9 45 90 | 110 | 70 90 10 90 90 60 15 | 180 | 60
10 60 90 | 180 | 160 | 90 10 180 | 90 90 40 | 180 | 60
11 60 90 | 130 | 110 | 90 10 0 90 50 80 | 180 | 60
12 55 90 15 95 90 10 155 | 90 | 110 0 180 | 60
13 110 | 90 65 45 90 10 20 90 | 150 | 135 | 180 | 60
14 170 | 90 95 | 120 | 90 10 10 90 0 40 | 180 | 60
15 0 90 | 100 | 80 90 10 180 | 90 | 180 | 120 | 180 | 60
16 150 | 90 75 | 150 | 90 10 20 90 0 0 180 | 60
17 5 90 25 ] 160 | 90 10 175 | 90 90 60 | 180 | 60
18 180 | 90 | 150 | 55 90 10 15 90 | 120 | 135 | 180 | 60
19 85 90 85 | 115 | 90 10 160 | 90 0 15 | 180 | 60
20 130 | 90 15 | 145 | 90 10 30 90 | 160 | 75 | 180 | 60
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