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 po60oT aHT'YJIIPHOT CHCTEMH KOOPIHHAT,
MaHinysiiiHa cucrema (MC) sikoro Mae 5 CTymeHiB pyXOMOCTi, IO
peamizytotbes 6 pyxomumHu JiaHkamu Bifg L2 mo L6, Ta 3aTtuckHuit
mpuctpiii L8. BkazaHi JlaHKM TPUBOIATHCS B PYX BiJIOBIITHUMH
nBuryHamu Big M1 10 M6 (nuB. 3aranbHUil BUTJISA poOOTa Ha puC.
2.1):

e L1 - Deatl (ocHoBa);

e L2 — Base (ocHOBa, MpUBOAWTHCS B pyX ABUryHOM M1
BiHOCHO JaHku L1);

e L3 - Shoulder (ruteue, npuBoanThbesi B 00epTOBHIA pyx
IBUTYHOM M?2);

e L4 — Elbow (nikoTh, NpUBOAUTHCS B 00EPTOBUIT pyX
nBuryHom M3);

e L5—Vertical wrist (BepTrukanbHuii 3a11’ ICTOK, TIPHBOTUTHCS B
00epToBHil pyX ABUTYHOM M4);

o L6 — Rotary wrist (o06epranbHuii 3am’sCTOK, IPUBOJIUTHCS B
00epToBUit pyX IBUTYHOM MS5);
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e |7 — KOHCTpYKTHBHA KOHCTAaHTA;

e L8 — Gripper (cxBar, 3aTUCKHUII TPHUCTPiil, MPUBOJUTHCS B
pyX ABUTYHOM M6).

Puc. 2.1. — 3aeanvnuii éuensio po6oma TinkerKit Braccio

Kondirypauiro pobota MOXKHa 3MIHIOBAaTH, 3MEHIIYIOUH
KUTBKICTh pyxoMux JaHok Horo MC. Ha poOor BcTaHOBIEHUIA
KJIACHMYHMIH JIBOMANBIEBHIA cxBat (Qripper), sKuit mpu O0a)kaHHi MOYKHA
3aMiHUTH Ha JIETKHHA IHCTpPYMEHT a00 iHIIMH OpWiaj, HaNpHUKIAL,
Kamepy, JixTap TOIIO.

CepBoaBuryHu (puc. 2.2) 3abe3neuyioTs pyx Bcix JanHok MC Tta
poboty cxBata. IloTyXHicTh IBUTYHIB pi3Ha 1 3al€XWUThH BiJ JIAaHKH,
SKy JBUTYH IIPUBOJNTH B pyX. Hampukian, Ha inaHIi TOPH30HTAIBHOTO
KyTOBOTO TEpPEMIILICHHS CTaHUHM BCTaHOBIEHHWH JABUTYH MI
MOTYXHIIIU#H, HiK Ha cxBaTi (1BUryH M6).

26



MC panoi mozmem poOoTa TpaIffoe B aHTYJSAPHIA CHCTEMi
KOOpJAWHAT, TaK K Janka L2 3abe3neuye obepTaHHs iHIINX JaHOK MC
HaBKOJIO BEPTHKAJIBHOI OCi, a iHII HAaBKOJIO TOPH3OHTAILHUX OCEH
LIOZ0 TOJIOKEHHS, 300pakeHOr0 Ha puc. 2.2.

Jlankm L1, L3, L4 i L5 marots KyT moBopoTy +£90°, a nanka L2
+75°. CepBOIBUTYH CXBaTa BIANpamboBYE KyT B iHTepBam Big 0° mo
70°.

Kinematnuyna ctpykrypa pobota TinkerKit Braccio, a takox
HOTo TEeOMETPUYHI Ta KiHeMaTH4HI MapaMeTpu BKa3aHi Ha puc. 2.2 Ta
2.3.
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Puc. 2.2. — Kinemamuuna cmpyxmypa poboma TinkerKit Braccio
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62.5

170

Puc. 2.3. — Ocnosni posmipu po6oma TinkerKit Braccio
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CepBomsuryan M1 — M6 po3miltieHi Ha KOpITycax BiAITOBiTHUX
JIAHOK Ta 3aKpiIJIeHi 3a JOMOMOT0I0 TBUHTIB Y CIIEIiajbHUX Ma3ax.

Ha opwmc. 2.4 gk Topukiag —IOKa3aHO — PO3MIMIECHHS
cepBoaBurynis M1 ta M2.

Ly
&

Puc. 2.4. — Posmawiysanns cepsoosucynie M1 ma M2

CepBonBuryH (Bim nar. Servus — ciyra, HMOMiYHHK, pab) —
MEXaHIUYHUN MPHBIJ 3 aBTOMATHYHOK KOPEKIEI CTaHy KyTOBOTO
TIOJIO’KEHHS poTopa (Balia) Yyepe3 BHYTPIIIHIA HETATUBHUIA 3BOPOTHHIMA
3B'SI30K BIATIOBITHO IO MapaMeTpiB, 3aJIAHUX i3 30BHI) CKIAAEThCA 13
PENYyKTOpPHOI CHCTEMH IIEeCTepeHb 3i cromopamu Xoay (s
BiAnpairoBanHs KyTa Big 0° mo 180°), BHYTpIIIHBOT IJIaTH KEPYBaHHS,
JIBUTYHA Ta KOPITYCY.

Ha puc. 2.5 nokazano BHyTpimHIO OyI0BY CEpBOJBUIYHIB, SIKi
BUKOPHCTOBYIOThCS ISl TepeMimieHHs JiaHok poGorta TinkerKit
Braccio.

PoGot ¢yHkuionye Ha 6a3i MikpokonTposepa Arduino Uno Ta
momyist Braccio Shield (puc. 2.6). Jdus dyHKIioHyBaHHS pobOTa
HEeoOXiIHO BCTaHOBHMTH crienianbHi OiGmiorekn Ha I13 Arduino IDE.
[IporpamMa cTaHmapTHO KOMIUTIOETBCS Ha KOMIT'IOTEpi, a TMOTIM
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3anucyeThest y MikpokonTtposiep Arduino Uno. Moayss Braccio Shield
Moxe kepyBatu 6 cepBoasurynamu (M1 — M6) onnovacHo.

BUXiZHWH Ban

NiAWWNHUK

HWKHA BTY/IKA
wecrepHa | N noteHyiomeTp

ABUIYHa
CepBoABUIYH

il Y
‘;‘liuqu‘;r

- ddidibad. |

Puc. 2.6. — Bacanvhuii euensio mikpoxonmponepa Arduino Uno ma
mooynsa Braccio Shield (a), nio ’eonanns moodyns Braccio
Shield oo Arduino Uno (6), 3’conani mooyaw Braccio
Shield ma Arduino Uno (s)
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Takox € MOXKIUBICTh MIAKIIOYHTH 0 MOAYJIS 6 NaT4MKiB (B
po3’emu INPUTS 3a puc. 2.7). lana ¢pyHKIisS pO3LMIMPIOE MOKIUBOCTI

3acTOCyBaHHS poboTa.

MADE IM ITA, *

Puc. 2.7. — 3azanvnuil suenso naamu poswupenns Braccio Shield

Hampyra Ha Momynb KepyBaHHS JABHUTYHAMH TIOJA€ThCA 3
OKpeMoro OJIOKy JKUBJICHHS, sIKUi 3a0e3neuye 5 B mocriiiHorO cTpymy
cwioto 10 5000 mA. TeopeTnyHo cuUcTeMa MOXKE IPAIFOBATH Bij

MIOTY>KHOTO aKyMyJIATOPA.

Puc. 2.8. — Mooynws Braccio Shield ma 610k srcusnenns mooyns
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2.2. Texuiuni xapakrepucruku podora TinkerKit Braccio
2.2.1. Jerani Ta ckaajg

Jlanku poboTa MokHA 3i0patu B pi3Hi KoHbiryparii (puc. 2.9),
IO peati3yeTbcs 3aBASKUM PI3HAM JEeTalsiM Ta B3a€EMO3aMiHHUM
MOAYJSIM. B KOMIUTEKT IOCTaBKY BKJIFOYEHI HIDKYE TPUBEICHI AeTali,
IUTaTH Ta IBUTYHH, a caMe:
¢ 21 mIaCTUKOBUX AETAJIEH;
* 2 cepBoapurynu SR 311,
* 4 cepBoapurynu SR 431;
* | rutara Braccio shield ms Arduino Uno;
* 1 610K kuBIeHHS 5B, 5A;
* 1 mporekTop KabemniB.

Puc. 2.9. — Mooicnusi konghicypayii no6yoosu poooma TinkerKit
Braccio

XapakTepucTHKH TOBHICTIO 3ibpanoro pob6ora TinkerKit
Braccio npuseneni B tabu. 2.1.
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Tabruys 2.1. — Xapaxmepucmuxu poboma TinkerKit Braccio
(v Koughieypayii 3 6 1anxamu)

Ne HajimenyBaHHsI IIapamerp | 3HayeHHs

1 Bara rpam 792

2 PoGoua BixcTans cM 80

3 Bucora cM 52

4 [Mupuna ocHOBU cM 14

5 uprHa 3axBaTy MM 90

6 JloBxrHa Kabero cM 40
BanTaxxomi 1iHOMHICTB

7 IpHU poOouil BiacTaHi | rpam 150
32 cm

8 MaxkcumansHa Maca rpam 400

2.3. Konrpoaep Arduino Uno
2.3.1. BarauabHi BizomocTi nmpo kourposep Arduino Uno

Arduino Uno — 1ie mpucTpiii Ha OCHOBI MiKPOKOHTpOJEpa
ATmega328. V iioro ckiaa BXOAWTH:

- 14 uudppoBux BXOmiB / BHXOHIB (3 HHX 6 MOXYTb
BukopuctoByBarucs B skocti [IM-BuxoxmiB; IIIM — mupoTHO-
IMITYJThbCHA MOJYJISAIIIST), 6 aHAJIOTOBUX BXOJIB;

- KBapLeBUil pe3oHaTop Ha 16 MI'L;

- po3'em USB;

- pO3'eM KUBJICHHS,

- pos'em ICSP (Big amra. In Circuit Serial Programming -
BHYTPIIIHBOCXEMHE MTPOTrpaMyBaHHs);

- KHOTIKa CKUJaHHSI.

Jns moyaTKy poOOTHM 3 HPUCTPOEM AOCHTH MPOCTO IMOJNATH
xusneHHs Bim AC/DC-amanrepa abo Oarapeiiku, abo IigKITIOYNTH
foro 1o koMm'toTepa 3a gonomororo USB-kabero.
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3arajpHuil BUDIILA KOHTposiepa Arduino Uno mpencraBieHo Ha
puc. 2.10.

14 mudposnx sxoais/suxoais (6 PWM suxomnis)

Knonxa RESET
IHmuKarop
" KUBIEHHA
USB xoHexTop
bgumazopn ICSP xoHekTOp
FIDIUSB ui
e % “ Mikponpouecop
ACDC —) ST I0E raneacy
KOHEKTop wo j=i

DC ranpyra IN'OUT 6 aHanorogmx Exofie

Puc. 2.10. — Koumponep Arduino Uno

XapakrepucTuku KoHtposiepa Arduino Uno npuBezeHi y Tabi.
2.2.

Tabauys 2.2. — Xapaxmepucmuxu konmponaepa Arduino Uno

1 | MikpoxoHTpoep = ATmega 328
2 | Poboua Hampyra B 5
3 | Hampyra xuBieHHs B 7-12
4 MakcuManbHuil CTpyM OAHOIO MA 40
BHBOJIA
5 | Flash-mam’stb Kb 32
6 | SRAM Kb 2

2.3.2. Kujaenns koutposepa Arduino Uno

Hamnpyra sxusnenns s Arduino Uno nomaetsest Big USB a6o
BiJI 30BHILITHBOT'O JKEPEIIa KUBJICHHSL.
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B sxocTi 30BHIIIHBOTO JpKepena skuBiieHHsA (He USB) modke
BukopucToByBatucs MepexeBuit AC / DC - agantep abo akymystop /
Oarapes. llltexkep amanrepa HEOOXiMHO BCTABUTH y BIAMOBIAHHUN
pO3'eM JKMBJIEHHS Ha TUati. Y pasi >KUBJIEHHs BiJ akyMmyJsTopa /
Garapei IXHi KOHTaKTH HeOOXimHO mim'emuaru xo BuBoxiB Gnd ta Vin
po3'emy POWER.

Hwxue mepepaxoBaHi BHBOIM JKUBIICHHS, PO3TAalllOBaHI Ha
TIaTi:

VIN — nanpyra, mo Hagxoauth B Arduino Uno Ge3mnocepeanso
BiJI 30BHIIIHBOTO JKepena xKHUBJICHHs (He moB'si3aHe 3 5 B Big USB abo
IHMM  CcTa0lTi30BaHOI0 Hampyror). Yepe3 el BUBIL MOXHa SK
ImogaBaTu 3OBHiIHH€ KHBJICHHs, TakK i CIIOXKHBAaTHU CTPYM, KOJIH
MIPHUCTPiil JKUBUTHCS Bi/I 30BHIIIIHHOTO alanTepa;

S5V — Ha BuUBiA HagxomuTh Hampyra 5 B Bin crabimizaTopa
HamNpyTH Ha TUIATI HE3aJIEKHO BiJ TOTO, SIK JKUBUTBCA MPUCTPIH: Bij

amanrepa (7—12 B), Bim USB (5 B) a6o uepe3 Busix VIN (7-12 B).
’Kusutn npuctpiit yepe3 BuBoau SV abo 3V3 He peKOMEHIyeThCH,
OCKUIBKM B I1[bOMY BHIIQJIKy HE BHKOPUCTOBYETHCS CTaOLII3aToOp
HaTpYTH, IO MOKE MPU3BECTH JI0 BUXOAY IUIATH 3 JIA1y;

3.3V — 3.3 B, Hampyra, mo HaaxomATh Bix crabimizaTtopa
HamNpyrd Ha TuiaTi. MakCUManbHUH CTPYM, CIIOKUBAHHU BiJl IIHOTO
BHUBOJy, CTAHOBUTH 50 MA;

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

IOREF — 1ieit BUBIij Hajgae 1uiataM pO3IIMPEHHS 1H(GOPMAIli0
mpo pobouy Hampyry mikpokoHTposiepa Arduino Uno. 3asnexHo Bia
HanpyrH, 3untanoro 3 BuBoay |OREF, mnara posmmpeHHS MOXe
MEPEKIIOYNTUCS HAa BIATIOBIHE JDKEPENO JKHUBIEHHS a00 3aisaTH
MIePETBOPIOBAYI PiBHIB, IO J03BOJIUTSH il MpaIoBaTy sk 3 5 B, Tak i 3
3.3 B nmpuctposimu.

2.3.3. Bxonu i Bux0au KoHTposaepa Arduino Uno

Hwkde mpejcTaBieHi MO3HAYEHHS BHUXOJIB MIKPOKOHTpOJEpa
Arduino Uno, mio Biamosimarots prc. 2.10.
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3 pukopuctanuaMm ¢yukmiii pinMode (), digitalWrite () i
digitalRead () xoxen 3 14 mudpoBUX BHBOIIB MOXE NpalOBaTH B
SIKOCTI BXOAy abo Buxoxy. PiBeHp Hampyru Ha BHBOJAX OOMEKEHHUI
5B. MakcumanbHul CTpyM, KA MOXE BijiaBaTH a00 CIIOKHBATH
OJYH BUBIiJ, cTaHOBUTH 40 MA.

Hume npencraBnenuii omuc po3’eMiB.

MocainoBunii intepdeiic: poz’emm 0 (RX) i 1 (TX).
BuxopucroByrotscst aist otpumanas (RX) 1 mepenaui (TX) maHux mo
nociigoBHOMy iHTepdeiicy. Lli BuBomu 3'€eqHaHi 3 BIAMOBITHUMH
BuBomamMu  Mikpocxemu ~ ATmega8U2, sdxka  BUKOHyE  pOJb
neperBopioBaya  USB-UART (UART — Big anrt Universal
Asynchronous Receiver/Transmitter — yHiBepcanbHHII aCHHXPOHHUIA
npuiiMad/mepeaBau).

3oBHimHiI nepepuBanusn: poz’emu 2 ta 3. MoXyTb CIIyTyBaTH
JDKepeaMu TIepeprBaHb, 0 BUHUKAIOTh TpU QpOHTI, cnali abo mpu
HU3bKOMY DpIiBHI CHUTHaly Ha OUX BHBOZax. /Jlns oTpuMaHHS
JOJaTKOBOI iH(opMartiil auB. hyukiiro attachinterrupt ().

HIIM: po3’emu 3, 5, 6, 9, 10 Ta 11. 3a momomorow ¢GyHKIIT
analogWrite () MoxyTh BHBOIMTH 8-0iTOBI aHAIOrOBi 3HAYEHHS B
surisiyai LIIM-curaany.

Intepdeiic SPI: po3’emn 10 (SS), 11 (MOSI), 12 (MISO), 13
(SCK). Iz 3acrocyBamusm 6i0miotekun SPl maHi BHBOOH MOXKYTh
3MIACHIOBATH 3B'A30K 10 iHTepdeiicy SPI.

Ceitiogion: po3’em 13. BOynoBanuii CBITIIONIOA, IPHETHAHNH
no BuBomy 13. Ilpu Bimmpaemi 3nauenns HIGH ceitinomion
BMHUKA€ETHCS, pH Bianpasii LOW — BumukaeTbest.

B Arduino Uno € 6 ananorosux BxoiB (AQ — A5), KoKeH 3 KX
MOJKE€ MPEICTAaBUTH aHAJOTOBY Hampyry y Bursiai 10-6iTHoro ymcna
(1024 pizHux 3Ha4YeHb). 3a 3aMOBUYBAaHHSIM BUMIPIOBAaHHS HAaIpyru
BHUKOHYEThCs B iHTepBa Bix 0 10 5 B.

Kpim mepepaxoBaHmx Ha IuIaTi iCHye Iie KijgbKa BHUBOIIB, a
came:

AREF — omopna Hampyra Ijis aHaJIOTOBHX BXOiB. Moxe OyTu
3amisHuid GpyHkuiero analogReference ();
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Reset — dopmyBanns Huzbkoro piBasg (LOW) Ha 1isoMy BUBOII
MpHU3BeAC 1O TCPE3aBaHTAKCHHS MIKPOKOHTposiepa. 3a3BUYall I
BHUBi ciyrye mns (pyHKIIOHYBaHHS KHOIKM CKHIAHHS HA IUTaTax
PO3IIUPECHHSI.

2.3.4. IIporpamue 3a6e3neuenns Arduino IDE

IDE (Bim amrn. Integrated Development Environment -
IHTETpOBaHE CEpPENOBUINE PO3pPOOKH) — Ie JAOoAaTOK abo Tpyma
JIOJTATKIB (cepenmonutie), MPU3HAYEHUX IS CTBOPEHHS,
HaJAIITyBaHHS, TECTyBaHHA Ta OOCIyroByBaHHS IIPOTPAMHOTO
3a0e3MeYCHHSI.

IaTerpoBane  cepemoBHIIE  PO3POOKHM  XapaKTEPU3YETHCS
HasBHICTIO CKJIaMHOI (hYHKITIOHATBHOCTI, BKIIFOYAIOYH PelaryBaHHS i
KOMIIUJISII0  BHXIZHOTO KOy, CTBOPEHHS TPOrPaMHUX PECypciB,
CTBOpEHHS 0a3 JaHWX 1 T.J.

Jns mporpamyBaHHS KOHTpoJepiB cepii Arduino ¢ipmoto-
PO3POOHUKOM CTBOPEHO IMpOorpaMHe 3a0e3NeYeHHs, IO BiIOBIIAE
OCHOBHHMM BHUMoram tunoBoro cepexosumia IDE. Ile ne motyxHe
mporpaMHe 3a0e3redeHHs, a NpocTa (QyHKIIOHAIbHA Mporpama, ska
JI03BOJISIE TIMCATH, KOMITUIIOBAaTH 1 3aBaHTaXyBaTH MpOrpamy B
MIKPOKOHTPOJIEP.

Cepenosurie po3podku Arduino IDE siBisie coboro:

- TEKCTOBHUI1 PeaKkTOp MPOrPaMHOTO KOAY;

- 00JIaCTh MOBIIOMIJIEHD,

- BIKHO BUBEJIECHHS TEKCTY (KOHCOJIb);

- TaHeJ]b IHCTPYMEHTIB;

\- KiJTbKa MEHIO.

st 3aBaHTaXEHHS TpOrpaM 1 3BSI3KY CEpENOBHUIIE PO3POOKH
M AKITIOYaeTHCS [0 aapaTHOi YaCTHHH KOHTposepiB Arduino.

[Mporpamu it KoHTpoJepiB Arduin0 muIIyThCS Ha 3BHYAWHIH
MOBi mporpamyBaHHs C++, IOMOBHEHOIO MPOCTHMHU 1 3PO3YMITUMH
(GYHKIISIMU [T KEPYBaHHS BBEJICHHSIM / BUBEICHHSIM Ha KOHTAKTaX.

Arduino IDE MicTHTP MHOXHHY MOINEPEIHBO CTBOPEHUX
0i0mioTek. biOmioTekn mOHArOTh JOJATKOBY  (DYHKITIOHAJIBHICTD
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ckeTuaM (Bix aHrir. sketch — eckis, ckeTd, YOPHOBUK), HATIPUKIIA, TIPU
po0oTi 3 amapaTHOX YacTUHO abo mpu 00poOmi manux. OmHa abo
Kigbka aupektuB “#include” OymyTe po3MilieHi Ha MOYATKY KOIY
CKeTYy 3 MOAANBLIOID KOMMIIALi€0 O0i0NioTeK pa3oM 31 CKETYEM.
3aBaHTaXeHHS O0i0MIOTEK BHMarae AOAATKOBOTO MicIsi B Tam'sTi
KoHTpoJjepis Arduino.

Jnst pobotn 3 mmaramm Arduino ta momynst Braccio Shield
HeoOXifHa crerianbHa mporpama Arduino IDE (puc. 2.11). Arduino
IDE — ne cepemoBulie po3po0OKM mporpaMm s miaTgopMm Ha 0asi
MikpompoiiecopiB  Arduino (iHimie BH3HAYCHHS [MB. BHINE). 3a
JOTIOMOTOI0 IIFOTO KOMIUIATOpa PO3pOOIICHI MPOrpaMu 3alMCyHOThCS
y mam'sITb MiKponpo1ecopa.

& box1232 | Arduino 1.8.5 - [m} X
File Edit Sketch Tools

P

void setup() [
1 position for Braccio

"s osition:

void loop() {

Arduino/Genuino Uno on COM3

Puc. 2.11. — Bixno cepedosuwa pozpodxu npozpam Arduino IDE
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2.4. TlonepeaHs MiAroToBKAa 00JaIHAHHSA 1J151 po0OTH 3
cepenoBuieM nporpamyBants Arduino IDE
Ta podorom TinkerKit Braccio

2.4.1. BecranosJaenns Arduino IDE

Juig mogatky poOoTH 13 1ab0paTOPHUM CTEHIOM, SIKHI OMUCaHO
nam B 1. 2.6, HEOOXiTHO BCTAHOBUTH Ha KOMITIOTED IHTETPOBaHE
CepesloBHIIe TporpamyBaHHs KouTpojepiB Arduino — Arduino IDE.
[Iporpama noctynHa 1 HacTynHuX onepauiiiaux cucreM (OC):

- Windows (nounnaroun 3 Bepcii XP g0 10);

- Linux (x32, x64 ta ARM);

- Mac OS X.

s 1boro HeoOXiHO MEePEeHTH 32 TOCUIIAHHSIM:
https://www.arduino.cc/en/Main/Software Ta 3aBaHTQXXUTH THCTAIATOP
OCTaHHBOI Bepcii mporpamMu.

Ckpinmor BikHa Opay3epa 3a BKa3aHUM [OCHJIAHHIM
npencTasieHuil Ha puc. 2.12.

hitps://www.arduino.cc

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
T f 3 it to Get &8

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 gikna bpayzepa 3a ROCUNAHHAM Ol
3A6AHMANCEHHS IHMESPOBAHO20 CepedosUA
npoepamysannss Arduino IDE
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[licns BuOoOpy iHCTanmsATOpa AN BIANOBIOHOI oOmNepamiiiHol
cuctemn y Opaysepi BiOOpa3HTbCS BIKHO, y SKOMY IPOIIOHYETHCA
3aBaHTa)KCHHA OE3KOIITOBHUH iHCTamsATOp abo 3aBaHTaKEHHA 13
OnmarofiitHIM BHECKOM (B OyKBaJIbHOMY PO3yMiHHI).

O6wupaethes myHkT “just download”, o mokaszano Ha puc. 2.13
1 BHIINEHO KpPacHOI0 paMKOK Y HIKHBOMY IIPaBOMY KyTi, Uis
OTPUMAaHHSA IHCTANIATOpa 0€3 OIaroiitHOrO BHECKY.

Contribute to the Arduino Software

opment. (US tax payers, please note this contribution

s not taﬁuwumbew Learn more on how you

SINCE MARCH 2015, THE ARDUINO IDE HAS BEEN DOWNLOADED

TIMES. (IMPRESSIVE!) NO LONGER JUST FOR ARDUINO AND
GENUINO BOARDS, HUNDREDS OF COMPANIES AROUND THE WORLD ARE
USING THE IDE TO PROCRAM 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 $50 OTHER

: CONTRIBUTE & DOWNLOAD

Puc. 2.13. — Cxpinwom 6ikna 3a6aHMANCEHHsL IHCMAIAMOPA

[Ticnst HaTuckanus kHomku “just download” obupaernbest manka
PO3MIIIIEHHST IHCTAIATOpPa, 1100 NpPH 3aBEPIICHHI 3aBaHTAKEHHS
3HaiTH (aitn Ta 3amycTuTtH Horo uis BcranoinenHs Arduino IDE.

Ha npuknani puc. 2.14 o0pano nanky “Pobouuii cmin’.

[pu 3amycky iHCTanATopa BigoOpa3uThes BikKHO (puc. 2.15), Ha
SKOMY TpeACTaBIICHI JIIEH31iHI paBa po3poOHHKa jonartka Arduino
IDE.

BcraHoBneHHST  NpOrpaMHOTO  CEpEelOBHINA  BHUKOHYETHCS
HATUCKaHHAM KHOTKH ““| AQree”, mo BUILJICHO YEPBOHOI PaMKOI y
MIpaBoOMy HIDKHBOMY KyTi Ha puc. 2.15.
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Puc. 2.14. — Cxpinwom 8ikHa 3A8aHMANCEHHS IHCMATAINOPA

@ Arduino Setup: License Agreement — s

Please review the license agreement before installing Arduino. If you

2.9} accept all terms of the agreement, dick I Agree.

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

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. v

Mullsoft Install System 3.0

Puc. 2.15. — Cxpinwiom 8ikHa no200x#ceHHs 3 NiYeH3iUHUMU npagamu
Arduino IDE
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Hactynnuii kpok — BHOip MOTpiOHMX KOMIIOHEHTIB AOAATKY
Arduino IDE pmns BcraHoBieHHS iX Ha KoMmitorep. s 1BOTO
BUJIUTSIFOTHCSI TIO3HAYKAMK BC1 KOMITOHEHTH, SIK TIOKa3aHO Ha puc. 2.16,
1 HaTHCKaeThcs KHomKa “Next”, mo BumiiieHo Ha puc. 2.16 KpacHOIO
PaMKOI0 Y IPaBOMY HUKHBOMY KYTI.

Hamni oOupaeTbes mamnka, B sIKy Oyne BCTaHOBJIEHO HpOTpaMHe
3abe3neyenns. st mpukinamgy Ha puc. 2.17 moka3aHWA CTaHIApTHUI
IUISX BCTAHOBJICHHS MPOTPaMHOTO 3a0E3MEUYCHHS Ha JIOKATEHOMY
mucky C:\. BiH BHKOHyeTbcs HaTHCKaHHsAM KHomku “install”, mio
BH[IEHO Ha prc. 2.17 KpacHOIO paMKOIO y MTPaBOMY HUKHBOMY KYTi.

@ Arduino Setup: Installation Options — s

Check the components you want to install and uncheck the components
.0 you don't want to install. Click Next to continue.

Select components to install: Install Arduino software

Install USB driver

Create Start Menu shortcut
Create Desktop shortcut
Assodiate .ino files

Space required: 420.6MB

Corce s [Coon

Puc. 2.16. — Cxkpinwom sixna eubopy xomnonenmie Arduino IDE ons
ix ecmanoenenHs
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@ Arduino Setup: Installation Folder - X

Setup will install Arduino in the following folder. To install in a different
folder, dlick Browse and select another folder. Click Install to start the
installation.

Destination Folder

| C:\Program Files (x86)\Arduino Browse... |

Space required: 420.6MB
Space available: 182.4GB

ot | 1 o <

Puc. 2.17. — Cxpinuwom 6ixna 6ubopy nanku 015 6CMaAHOBICHHS
npoepamu Arduino IDE

Ilin uac BcranoBiaeHHs Arduino IDE komm’rotep Moxe
3allPOCUTH JIOCTYIl Ha BCTAHOBJICHHS JpaiBepiB AJsl MOPTiB. 3a Takoi
cUTyalii HeoOXiTHO Ha/IaTH JIO3BIJ MPOrpamMi Ha IX BCTAHOBJICHHS.

Ha puc. 2.18 nokaszaHo 3aBeplIeHHS BCTAHOBJIEHHS JOMAATKY, 1
3aBepILICHHS POOOTH 3 IHCTAIATOPOM HAaTUCKaHHAM KHONKH “Close”.
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@ Arduino Setup: Completed —

P Completed
Q=
Show details

Puc. 2.18. — Ckpinwom 3aeepuenns scmanosienns Arduino IDE

[Ticns BUKOHAHHSI MTOTIEPE/IHIX KPOKiB Ha poOOYOMY CTONI Ma€e
3’sBUTHCH spsnK “Arduino”, sikuii mokasano Ha puc. 2.19.

OO

Arduino

Puc. 2.19. — Apnux 0ooamxy 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. Miakawuenns Arduino Uno go komn’oTepa

Ilicns Bcranommenus gomatky Arduino IDE  motpibHO
migxmognta Arduino Uno o komm'iorepa.

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 TOJAAHO JKMBJCHHsS 1 MikpokoHTposiep Arduino Uno mouas
BUKOHYBaTH “‘mpowumy” 3a 3aMOBUYyBaHHsAM mporpamy “Blink”
(MHUrOTIHHS CBITJIOAI0Z0M).
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F OO,

e  Arduino

Puc. 2.20. — Cuenanu npo scuenennss Arduino UNO

Jnst wanmamryBanas Arduino IDE wa pobGoty 3 Arduino Uno
HeoOximHO 3Harw, skuik HOMep COM-mopTy mHpHCBOIB KOMITHOTEp
Arduino Uno. JTist mporo moTpibHo 3aiitu B “/Jucnemuep npucmpois
Windows” (puc. 2.21) i po3kputu BkiIaaky “Ilopmu (COM ta LPT)”.

= [lucneTuep ycTpoicTs - = -

@aiin  Jeiicteme Bug Cnpaexa

e @ HE

"% Noptel (COM 1 LPT)
‘? Arduino Uno (COMT)

- |l MporpammHele ycTpoiicTea
. 2} Mpoueccope v

Puc. 2.21. — Jlucnemuep npucmpois Windows
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IIpu mpoMy ormepallifina cucrema posmizHama miaty Arduino
Uno sk COM-mopr, migiOpana ans Hei NpaBWJIBHUE JpaiiBep 1
npuzHaumia 1poro COM-nopty Homep 7. SIKIIO MiKIIOYUTH IO
KoMIT'toTepa iHmry twiatry Arduino, To omepamiiiHa cucTemMa
MPU3HAYNTH i iHImMMH HOMep. ToMy Tpy miAKITIOYeH] AEKITBKOX TIiaT
Arduino myxe BaxiuBO He 3arutyTatucs B Homepax COM-mopTiB.

2.4.4. HanamryBanusi Arduino IDE Ha poGory
3 Arduino Uno

Jus  BkazaHOTO B 3aroJIOBKY HEOOXigHO  3a0e3lmednTd
3HaxomkeHHs miata Arduino Uno B cepemosumii Arduino IDE B fioro
COM-nopty “COM7”.

Hdus 1mporo HeoOXximHO Tmepeittn B MeHio “Cepsic” —
“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
®aiin Mpaexa Ckery Cepeuc Cnpaexa
Agtodopmatuposarme 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 COM1

Puc. 2.22. — Bubip COM-nopmy

Jlst ipaBUIIEHOT KOMITIJIATIT KOAY HEOOX1THO BCTAaHOBHTH, IO

cepenoruiie nporpamysanns Arduino IDE mpairoe 3 Arduino Uno.
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s uporo nepeiiti B MeHwo “Cepsic” — “Ilnama” 1 BUOpatu Iuiaty
“Arduino Uno” (puc. 2.23).

sketch_jan29a | Arduino 1.0.5-r2 = =

®aiin Mpaska Ckery |Cepsuc | Cnpaska

o o D E § AsTodopmaTiposarie Ctrl+T
Apxnenposats ckeTy
sketch_jan29a
VicnpaswTh KOAMPOBKY W NEPEsarpysTE

~

Morutop nopra Ctrl+Shift+M
Mnara » E Arduine Uno
MocnegoeatensHbiilt nopt » Arduino Duemilanove w/ ATmega328

Arduino Diecimila or Duemilanove w/ ATmegal68
Mporpammarop »
< Arduino Nano w/ ATmega328
3anucars 3arpyzunk

Arduine Nano w/ ATmega168
Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmega1280)
Arduino Leonardo

Arduina 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 IIBHAKOTO IHTEIPYBaHHS JaHHX
MPHUKJIAIiB B OCHOBHY IIPOrpamy.

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

sketch_jan29a | Arduino 1.0.5-r2 - B
| Daiin Mpaska Crers Cepsnc Cnpaska
Coszpate Ctrl+N
OTrpbiTh... Ctrl+0
Manka co ckeT4amu »
Mpumepsr 3 01.Basics 3 AnalogReadSerial
3akpeite Ctrl+W 02.Digital 3 BareMinimum
Coxpanute Ctrl+S 03.Analog 3 Blink
CoxpannTe Kak... Ctrl+Shift+5 04.Communication » DigitalReadSerial
3arpysuts Ctrl+U 05.Control » Fade
3arpysuTe ¢ NOMOLUEIO NporpamMmatopa  Ctrl+Shift+U 06.Sensors 3 ReadAnalogVoltage
Hactpoiiki nevat Ctrl+Shift+P 0?.Di%p\ay '
Mewers Ctrl+P 08.5trings »
09.USB »
Hactpoiikn Ctrl+Comma 10.StarterKit »
P Ctl-Q ArduinolSP

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 &

wver and owve

// the loop routine 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. BcranoBienHs 6idmioTexn Braccio

Hns 3abe3neueHHs: (QYHKIIOHYBaHHsS CTEHAY (IIUB. Jaii pUC
2.31) Ta KepyBaHHs HOTO CKJIaJOBMMH HEOOXiTHO BHKOPHCTOBYBATH
6i6mioTeky “Braccio”, mist 3aBaHTaXeHHs sIKOT HEOOXIHO TEeperTH 3a
nocwinanusaM  hittps://github.com/arduino-org/arduino-library-braccio
(puc. 2.26).

Jis  miAkmoueHHS  3aBaHTaxkeHoi Oibmiorexku  “Braccio”
HEOOXIJIHO BHMKOHATH HacTymHi mil: “Ckemy” — “llioxmouumu
bioniomexy” — “/lobasumu .ZIP 6ibniomexy...” (puc. 2.27).
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https://github.com/arduino-org/arduino-library-braccio

Arduine Braccio Library

{© 50 commits ¥ 2 branches

4 releases

A8 5 contributors

Branch: master +

A" sergiotomasello upd

W examples some minar fix and adding example sketch braccioOfUnoWw
i sic soft start fix

gitignore qit re mod

README adoc

EE README.adoc

Braccio Library for Arduino

Latest commit ef272af on 12 Dec 2

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

Puc. 2.26. — Pecypc 3 6ibniomexoro “Braccio” ous TinkerKit Braccio

€ sketch_jul17a | Arduino 1.8.5 — O

®akin MNpaeka Cketd MHCTpyMeHTel MoMollLb

X

Ctrl+R
Ctrl+U

Mpoeeputs/Komnuampoeats

3arpyska

iy
¥npasnaTb BUBANOTEKAMM...

sketch_jull 3arpy3vie yepes nporpammatop Ctrl+Shift+U Nlo6aeute ZIP 6MOANOTEKY...
. 3KCcnopT 6KMHapHoro daina Ctrl+Alt+S ) )
volid setup Arduino 6ubamnotex
// put MokazaTs nanky cketua Ctrl+K Bridge
Mogknounte BUbBAMOTEKY EEPROM
} [loBaeuTe daiin... Esplora
Fthernet
Puc. 2.27. — ITioknouenns 6ioniomexu “braccio” ozs TinkerKit
Braccio

IIporpamuuii KOa Mae CTaHAAPTHY CTPYKTYPY JIMIIE B YACTHHI,
Je KOXXKHOMY JIBUTYHY HAJIA€ThCS CBOE 3HAYCHHS, a CHHTAKCHC
BiJPI3HAETHCA.

[Mpukman ckeTdy Ha MNPOCTE TMEPEMIIEHHS B LUK 3
KOMEHTapsIMU TO0Ka3aHo Ha puc. 2.28. B uepBoHiil pamill BHIIICHI
KOMeHTapi, a B CTpykTypi Braccio.ServoMovement nponucani
3HAYEHHsI KYTIiB JBUTYHIB Ta 3aTPUMKH POOOTH MK JIBUT'YHAMH.
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@ simpleMovements | Arduino 1.85 - ] X
File Edit Sketch Tools Help

void loop{) |

/(step delay, M1, M2, M3, M4, M5, Mé);

o, 1s, 1so0, 170, 0, 73);

Braccio.ServoMovement (20, 180, 165, 0, 0, 180, 10);

Arduino/Genuina Uno on COM3

Puc. 2.28. — IIpuxnao npocmozo k0dy 01 poboma
2.5. CTpykTypa Ta 3MicT nporpamu

[Iporpama BiAmpairoBaHHs EepeMillieHb JaHOK poOoTa
CKJIAJJA€THCS 3 JIEKIJIBKOX CKJIA/IOBHUX:

- migKiodeHHs 6iomiorek (#include<in s gainy>);

- Qynkuis iHiniamizamii (void setup ());

- ocHoBHa QyHkis (Void loop()).

3a momoMororw koMaHmu #include< > BUKOHYETHCA
MIIKIFYEHHS JBOX JIONMOMDKHHX Oi0miorek (< > Ta
< >). Bibmioreka < > 3abe3reuye KOPEKTHY poOOTy

mratu Arduino Uno 3 mumatoro apaiteepom Braccio Shield ta mepemauy
kepytounx LIIM-curHaniB 1o cepBoaBUryHiB. [jiss KOpeKTHOT poboTH
1 TOYHOro BIiANpPALIOBaHHS KYyTiB CEPBOABUTYHAMH HEOOXiIHO
HiAKIIOYATH 010mi0TeKy < >,
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VYV ¢dysxmii  imimiamizamii  void  setup() imimiamisyerbes i
3allyCKaeTbcsl OCHOBHAa (yHKIisT 3 0i0mioTekn < > 3a
JOTIOMOTOI0  KOMaH[IH (). Mpwm copamroBanHi 1€l
¢GyHKUIT TOYMHAETBCS ToAava *KuBJIeHHA 1 kepytounx LIIIM-curnanis
JI0 CEPBOJBUTYHIB po0OOTAa.

OcuoBua ¢ynkmis void loop () 3abe3neuye BHUKOHAHHS
MPOrpaMHOTO KOAYy B MWK, TOOTO mporpama Oyae MOBTOPHO
BUKOHYBAaTHCh /10 3aBepuIieHHs. I BiampamioBaHHS KOHKPETHHX
KyTiB OKpeMHX JaHOK pobora y ¢ynkuii void loop ()
BUKOPHUCTOBYETBCSI CTPYKTypa (...). Y nanii
CTPYKTYPpi TEpIIOI0 MPOMUCYEThCS TPUBANICTh 3aTPUMKH KPOKY, sKa
BU3HAYAE KIJIBKICTh MLTICEKYHJI MiXX HMOKPOKOBHUM BiAINPaIfOBaHHIM
KyTa KOXKHOTO CepBOJBHIYHA. HacTymHi 3HaUYeHHs BU3HAYAIOTh KYTH
MOBOPOTY Bajla KOXHOTO CEpBOJABHTYHa, TNOYMHAOU9H 3 MI1 i
3aBepiryouu Mo6.

2.6. CTpyKTypa Ta CKJIaA0Bi JJa00PATOPHOTO CTEHIY

JlaGopaTopHuil CTEH/ CKIAA€THCS 3 TAKUX CKJIAJOBHUX TPYIL:

- €JIEMEHTH YIPaBIiHHS;

- BUKOHABYi MEXaHI3MU;

- TOHMOMDKHI KOMIIOHEHTH.

B rpyny enemenmu ynpaeninma  BXOIATH  HACTYIHI
KOMIIOHEHTH:

- rat Arduino Uno (2 mir.);

- npaiiepu Braccio Shield (2 mr.);

- MaHesb YIPaBIiHHS (I pyYHOro KepyBaHHs 11iT.).

Jlo rpynu euxonasui mexamizmu BXOAWTDH JiBa poOOTa MOJICII
TinkerKit Braccio. Onuc po6otiB nipencrasienuii B m. 2.1.1.

I'pyna odonomincni xkomnomenmu cxnagaersca 3 TO
(TeXHOJIOTIYHMX 00’€KTIB ) i CTAHMHM, Ha SIKIH BCTaHOBJIEHI POOOTH i
enemMenmu ynpaeaintsi.

Ha puc. 2.29 300pakeHo nabopaTopHuil CTEH] 3 PO3MILICHHSIM
HOTO CKJIaJIOBUX EJIEMEHTIB.
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PoGor N21 PoGot N22
TO

IIaq“énb PYYHOTro yHpaB.liHHs
Arduino UNO Arduino UNO

Puc. 2.29. — 3acanvruii suenso 1abopamopro2o cmenoy

Bukonaeui mexanizmu CTEHIy TPAIOIOTh 33 KEPYIOUYUMHU
CUTHAJIAMH, SIKI HAIXOIATh 3 eleMeHmie YNpaeaiHHs, a came
MiZICUJICHUI 3a JOMOMOIOK JIpaiiBepiB, KEPYIOUHMH CHUTHAN Bij
KoHTpoJepa Arduino Uno 1o cepBoaBUTYHIB.

[IpuBeneHHs cTeHAy B pOOOYHI CTaH CKIANAETHCS 3 HACTYITHHX
KPOKIB:

- po3poOKa mporpamu;

- 3aBaHTXCHHS MPOrPaMH y KOHTPOJIED;

- TIAKITI0YEeHHS KOMIIOHEHTIB /10 [DKepesa )KHUBJICHHS;

- 3aIyCK 1 mepeBipka poOOTH MIPOrpaMH.

[lin wac kpoky po3pobka npozpamu PO3POOIIETHCT KOJ
TpaekTopii pyxie snaHok MC Ta mepeBipsIETbCS MPaBHIIbHICTh
HAIMCaHHS TPOrpaMHu y npocpamuomy cepedosuwi Arduino IDE.
BHKOHYETBCS KOMIIUIALIS KOY.

HactynmHAM  KpOKOM €  3d6aHmaxy@ceHHa npozpamu y
KonmpoJep, TiJ 4ac SKOTO 3aBaHTaXyeThCsl KoX y kKoHTposep 3 [IK
yepe3 mopt USB.
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IHiokniouenna KoMnoHeHmie 00 Odcepena  HCUGIEHHA
nependavae BCTAHOBJIICHHSA POOOTIB y O€3MeYHe TMOJIOKEHHS Ta
i TKTFOYCHHS OJIOKIB )KMBIICHHS IO MEPEKi.

YBAT'A! HE JONMYCKA€E€THCS OJHOYACHE KHUBJIEHHSI
INJIATH  Arduino  Uno YEPE3 USB TA
CIIEHIAJIBHOI'O PO3’EMY!

OcTaHHIM KpPOKOM € 3anycKk i nepesipka npozpamu.
PesynpraToM € JeMOHCTpallisi MPaBWIIBHOCTI POOOTH MpOrpaMu 3a
BapiaHTOM iHAWBITyaTFHOTO 3aB/IAHHS.

2.7. Tpuxyiag BUKOHAHHS 3aBJaHHSA TA MPOrPaMH MPOCTHX
nepemimennsi 1anok MC po6ora TinkerKit Braccio

2.7.1. 3aBnanus

3amporpaMyBaTH TEpeMIlleHHs] JIAaHOK po0oTa 31 CTapTOBOL
(movyaTkoBOT) MO3MIIii B KIHIIEBY [T a0CTPAKTHOTO BapiaHTy ***:

KyTn J1aHOK cTapToBOi MO3uLii KyTn J1aHoKk KiHueBoi mo3uuii
BapianT|
Ne

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

2.7.2. 3araabHi pekoMeHaauii

3aragpHa cxeMa BHUKOHAaHHS 3aBJIJaHHS BKIIOYA€ HACTYITHI
OCcHOBHI etamu E:

E1. BcranoBneHHs Ta 3amycKk JoJatrky, 0i0mioTek Ta
iHiIiami3alis JBUTYHIB ITiJ BIAMOBIAHY Oi0JIOTeKYy (IUB. Jajli KPOKH
K1 - K5 m. 2.7.3);

E2. 3anmc cTapToBOrO, MOTOYHOTO Ta KIHIIEBOTO IIOJIOKEHb
nmarok MC po6ota (kpoku K6 — K8 1. 2.7.3);

E3. CknaganHsa KOAy MpOrpamMu 3a BapiaHTOM iHJIMBITyalbHUX
3aBJIaHb;
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E4. inxmouenns miati Arduino Uno go TIK ta 3aBaHTa)eHHs
MPOTrpaMu B HHOTO;

ES. IlepeBipka mparme3naTHOCTI CKJIaeHOr0 KOy MPOrpaMu Ha
nabopatopHomy crenni (kpok K11).

2.7.3. BukoHaHHs 3aBIaHHA

3aBaHHSA BUKOHYETHCS HACTYITHOO TTOCITIIOBHICTIO KPOKiB
K1... K11:
K1. 3amyctutu nomatok (mporpamue cepemosuine Arduino
IDE);
K2. crBoputy HOBuii cketd (aiin > HoBwmid, abo Ctrl + N ToOT0
CTBOPCHHS HOBOTO CKETYa);
K3. migxmrounTtd 010710TEKM 3a JOIOMOIOI0 KOMAaHIH
(#include< > Ta #include< > );
K4. inmimiamizyBaTd oKpemi CepBOABUTYHH TmijJ O0i0mioTeKy
“Servo.h” 3a OMOMOror KOMaHIu
base; // cepoasuryn M1, nanka L2 (ocHOBa);
shoulder; // ceppomBuryn M2, nanka L3 (mieue);
elbow; // cepBonBuryn M3, nanka L4 (J1ikoTb);
wrist_rot; // cepBoaBuryn M4, nanka LS5 (BepTHKambHMIA
3ar’ICTOK);
wrist_ver; // cepBomsuryn M5, nanka L6 (oGepranbHuii
3aI1’ ICTOK);
gripper; // cepoasuryn M6, nanka L8 (cxBar);
KS5. inimianizyBaru GibGmioteky “Braccio.h” 3a nomomororo
¢byuxii void setup () Ta komanau 0;
K6. 3ancatu ctapToBe MOJOXKEHHS (CTAPTOBY MO3MUIIII0) JTaHOK
MaHimystopa pobora y dyukmii void loop () 3a momomMororn KoMaHIu
(20, 90, 90, 90, 90, 90, 73);
Ta 3aJaTH 3aTPUMKY B | CEKyHIy 3a JIONOMOTOK KOMaHIH

(1000);
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K7. 3ammcatm mouatkoBe monoxeHHs mig Nel aHOK
MaHinyJsiiinoi cucremu podora y ¢ynkuii void loop () 3a
JIOTIOMOTOX0 KOMAaH/TH:

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

Ta 3aJaTH 3aTPUMKY B 1,5 CeKyHIM 3a IOINOMOIOK KOMaHIU

(1500);

K8. 3ammcarum kiHmeBe ImojoxkeHHS 1mmim  Ne2  J1aHOK
MaHinyJssiiiHol cucremu pobora y ¢yukiii void loop () 3a
JIOTIOMOT'OX0 KOMaH/IH:

(20, 180, 165, 0, 0, 180, 10); Ta
3a1aTH 3aTPUMKY B 0,5 CEKyH/IH 3a TOTTOMOTOF0 KOMaH/IH (500);

K9. migxmountn traty Arduino UNO go ITIK Tta obpatu
BinmoBiganit COM-mopT;

K10. 3aBaHTaXMTH CKIIaJIcHY 3a BapiaHTOM I1HIMBITyaJbHOTO
3aBaanHs nporpamy B Arduino UNO;

K11. nepeBiputn poOOTy IIPOrpaMHOTO KOAY Ha CTEHII.

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

Ile o3Hauae:

- 20 MiNiceKyH[ 3aTpUMKa KPOKY;

- M1 BiampansoBye kyT 0°;

- M2 BimmpanboBye KyT 15°;

- M3 BigmpanboBye Kyt 180°;

- M4 BignpanpoBye Kyt 170°;

- M5 BiampanpsoBye Kyt 0°;

- M6 BiampaisoBye Kyt 73°.

Hwxue npexncraBieHudl NporpamMHuil Koz M INpUKIALY, Y
SKOMY BHMKOHYETHCS BiANpauoBaHHS poOOTOM TPHOX MO3MILIH, IO
YMOBHO Ha3BaHi “‘cTapToBa’, “koOpa” Ta “oOepHeHa KoOpa”. CUMBOJI
“/I” akTHBYE€ pSAIOK KOMEHTApS, SIKHi HE BIUTUBAE HA TIPOTPAMHHI KOJI,
a Ma€ ONMCOBHA, iIHQOPMATUBHUI XapakTep.
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3aransHAN BHJT IPOITIOIOYOTO IMTPOTPAMHOTO KOTy HACTYITHHI:

#include < > /[ xomanga #include <Braccio.h>,
nigkaovae 6idaiorexky 1Jist po6oTH 3
poboTamu

#include < >// komanpaa #include <Servo.h, miakiarouae

6idioTexy 1151 po6GOTH 3 CEPBOABUTYHAMH
// ininianizauisi okpeMux cepBOABUTYHIB mif 0i0aioTeKy

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

shoulder; // cepsoaBuryn M2 janku L3 (miieue)

elbow; // cepBoaBuryn M3 nanku L4 (;1ikoTb)

wrist_rot; // cepoaBuryn M4 sanku L5 (BepTukaabHuii
3an’fiCTOK)

wrist_ver; /| cepBonBuryn M5 nanku L6 (o6epTanbHuii
321’ AICTOK)

gripper; // cepponBuryn M6 nanku L8 (cxBar)

void setup() {

[/l Tninianizanis ¢pyHKuiii i BcTaHOBJIEHHS JIAHOK po6oTa B
NMOYATKOBY M03uLiI0 AJs 6idaioTrexn Braccio ()

// Bci cepBoaBUryHu OynyTh BCTAaHOBJIEHI B ''0e3neuny"
MO3HIII0:

// Baza — nanka L2, aeuryn (M1): 90 rpaayciB

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

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

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

/ Knctb — nanka L6, nBuryn (M5): 90 rpaaycis

/I CxBar — (gripper) sanka L8, apuryn (M6): 10 rpaaycis

0; // 3amyck nomomikHoI pyHKIT

}

/I void loop() — ne ocHoBHa (pyHKIisT mporpamu, sika oyae
BHKOHYBATHCH B IHKJIi
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(moBTOpIOBATHCH Mic/I5 3aBepLIeHHS] BUKOHAHHS)
void loop() {

[* KOMeHTap MOYHHAETHCS 3i 3HAKY “/*” Ta 3aKiHYY€EThCS
3HAKOM “*/”’; MisK JaHNMH 3HAKAMH HeMa€ HeoOXiTHocTi
MOYMHATH KOKEeH PSIIOK KOMeHTapiB 3i 3Haky “//”

3aTpuMKa KPOKY: KUTBKICTh MUTICEKYH]T MK IIOKPOKOBUM
BiJNpAIfOBaHHSM KYTiB BaJIOM KO’KHOT'O CEPBOABHUTYHA.

Homyctumi 3nadenns Bin 10 mo 30 mimicexyH i3 Kpokowm 1
MiTiceKyH/a.

M1=Ba3a, nanka L2. Jlonmyctumi 3HaueHHs Bix 0 1o 180 rpamgycis

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

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

M4=Jlarka LS. [lonyctumi 3navenns Big 0 no 180 rpamycis

M5=Kucts, nanka L6. Jonyctumi 3nauenns Big 0 mo 180 rpamycis

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

*/

// BcTaHOBJIEHHS JIAHOK MaHINyJIsIHiHOT ccTeMu 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 Micas.
// PexoMeH10BaHO 3aNPOrpaMyBaTH TPUBAIICTh 3aTPUMKH
//mocTaTHBLOIO ISl CIPHITHATTS KOKHHM CTYJAeHTOM (Opuraaoro
/leTynenTiB) BinmpanwoBaHHs KOMaHI, HAMPUKJIaA, 5, 10 cekynyg
//Touro. Mo:kJuBUii iHTEpPBaJI MPOrpaMHuX 3aTpumok: 0 — 32767
//mc (3a TexHiuHoOI0 TOKyMeHTaniew Arduino Uno).

// BcTaHOBJIEHHS JIAHOK MaHINMyJIsINiHOI cucTeMu podoTa y
noJiokeHHs #1 ""kodpa' (TepMiH YMOBHUIA), CXBAT 3aKPUTHH

/l(3atpumka kpoky, M1, M2, M3, M4, M5, M6);
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(20, 0, 15, 180, 170, 0, 73);
/[3arpumka 1,5 cekynamu
(1500);
// 1uB. BUIE
// BcTaHOBJIEHHS JIAHOK MaHINMyJIsIHidHOT cucTeMu podoTa y
nojo:xkeHHs #2 "o0epHeHa koOpa' (TepMiH YMOBHHUIA), cXBaT
3aKpUTHH
/l(3atpumka kpoky, M1, M2, M3, M4, M5, M6);
(20, 180, 165, 0, 0, 180, 10);

/[3aTpumxka 0,5 cekyHam
(500);
}
//1uB. BUIIE
Bka3zane Builie Mae ekpaHHy ¢opMy, 1110 nogana Ha puc. 2.30.

2.8. Ilopsainok BUKOHAHHS POGOTH

1. BuUBYUTH TEOPETHUHI BiJOMOCTI.

2. BUKOHATH TONEPENHIO MiJATOTOBKY OOJNaJHAHHS SIK BKAa3aHO
B 1L 2.4.

3. Bamycrtutu gomatok Arduino IDE Ta migkIoOYMTH IUIATY
Arduino Uno mo xomm’torepa 3a gomomororo USB kaberro.

Cxema 3’eqHaHHs KomIl'rotepa i3 koHTposiepom Arduino Uno
npencrasieHa Ha puc. 2.31.
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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 npocpamnozo mooyisi npedcmagienozo uuje
npuKIady
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Mopayne Braccio Shield Mopayaw Braccio Shield

b1 ¢ 1

Konrponep Arduino Uno Kounrponep Arduino Uno 1

YnpaeniHHs poborom Nel | | YnpasninHs pobotom Ne2

JlaGoparopHuii cTen

USB kabenb MK USB kabenb

Puc. 2.31. — Cxema 3’ €Onanus komn romepa iz KOHMPOIEPOM
Arduino Uno

4. Hammcatu mnporpamy mnepemimeHHs naHok MC y nukii
3riJHO 13 BapiaHTOM 1HJIMBIIyalbHUX 3aBJaHb, BKa3aHux B 1. 2.11.

5. 3aBantaxutu mporpamy Ha rtuiatry Arduino Uno Ta
Bix equaru 1i Big I1K.

6. [locraButu aHku poOOTa y OE3MEYHE MOJIOKEHHS Ta MMOIaTH
uBjeHHs Ha Braccio Shield 3a momomororo 6ii0ka KHUBJIEHHS Yepes
BIJITOBIAHUIN PO3’€EM.

7. TIpomeMOHCTPYBATH BIAMPAIIOBAHHS TMEPEMIIICHHS JIAHOK
MC po0ora, 3aJaHUX BapiaHTOM.

8. 3HATH BiZlcO Ta 3aBaHTAXUTH HOTO B XMapHE CXOBHIIEC
(nampuknan, B Google drive).

9. CrBopuru QR-mocunanus Ha Bizieo.

10. Odopmutu 3micT 3BiTY.
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2.9. 3micr 3BiTY

1. Ha3Ba Ta MeTta poOoTH.

2. Kopotki TeopeTmuHi BIiZOMOCTI IMOAO poOOTa MOIeTi
TinkerKit Braccio.

3. OcHoBHI BigomocTi moao koHtposepa Arduino Uno.

4. Cxema, ckiag 1a00paTOpHOTO CTEHTy Ta OIKC HOTO pOOOTH.

5. OcHOBHI BiJOMOCTi PO CTPYKTYPY Ta 3MICT MIPOTPaMHu.

6. IlaamBimyampHe 3aBHaHHS 3a BapiaHTOM J1abOpaTopHOI

pobotu.
7. [Iporpama 3a BapiaHTOM JIaOOPATOPHOT POOOTH.
8. [IpencraBuTn QR-mocumanus BiJleoieMocTparii

Mpare31aTHOCTI KOy 3a BapiaHTOM iHIMBITyaJIbHUX 3aB/aHb.
9. BuCHOBKH 110 pOOOTi.

2.10. KonTpoJbHi nuTaHHSA

1. Hamatu xopotkuii onuc podota Braccio TinkerKit.

2. Hakpecnutu cTpykTypHY cxemy pobota Braccio TinkerKit

3. Ckuraz cepBoaBuBUryHa. [IpUHIHIT KEpyBaHHS CEPBOABUTYHOM.
4. TToustrs Arduino IDE.

5. Kopotkuii onuc kortposepa Arduino Uno.

6. Omric BXOIiB i BUXO/IiB KOHTpoJepa Arduino Uno.

7. Onuc CKIaJ0BUX MPOrpaMu Juiss poOOTa 3a BKAa3aHUM BHIIE
3aBJIQHHSIM.

8. OCHOBHI CKJIa/I0BI JTa0OPATOPHOTO CTEHTY.

9. Crucnwii oruc QyHKIIOHYBaHHS JJA0OPATOPHOTO CTEHTY.

2.11. BapianTu iHquBigyaJbHHUX 3aBIaHb 1JIsi BUKOTHaAHHS JIP2

Bapianrt KyTu 1aH0K cTapTOBOI MO3MILii KyTn 1aH0K KiHIeBOI mo3uuii
Ne 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
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3 20 | 90 50 90 | 90 | 10 180 | 90 | 120 | O 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 | O 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
21 35 | 90 | 120 | 140 | 90 | 10 25 90 20 0 180 | 60
22 135 | 90 | 140 | 30 | 90 | 10 55 90 | 30 | 100 | 180 | 60
23 40 | 90 55 | 40 | 90 | 10 120 | 90 95 | 110 | 180 | 60
24 140 | 90 25 55 | 90 | 10 35 90 | 110 | 120 | 180 | 60
25 10 | 90 | 40 65 | 90 | 10 45 90 | 120 | 130 | 180 | 60
26 110 | 90 50 70 | 90 | 10 45 90 | 110 | 140 | 180 | 60
27 80 | 90 60 80 | 90 | 10 120 | 90 | 100 | 150 | 180 | 60
28 170 | 90 70 90 | 90 | 10 70 | 90 90 | 160 | 180 | 60
29 50 | 90 80 | 100 | 90 | 10 120 | 90 70 | 170 | 180 | 60
30 160 | 90 90 | 110 | 90 | 10 50 | 90 60 70 | 180 | 60
31 0 90 | 100 | 120 | 90 | 10 60 | 90 50 60 | 180 | 60
32 150 | 90 | 110 | 130 | 90 | 10 70 | 90 | 40 50 | 180 | 60
33 30 | 90 | 120 | 140 | 90 | 10 80 90 | 30 | 40 | 180 | 60
34 170 | 90 30 | 150 | 90 | 10 130 | 90 | 110 | 30 | 180 | 60
35 140 | 90 50 | 160 | 90 | 10 40 | 90 90 20 | 180 | 60
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