JlaGoparophna pobota Ne2

OCHOBHU TPOI'PAMYBAHHSI POBOTA Braccio

B CEPEJIOBHMIIII Arduino IDE

Mema pobomu — OTpUMaTH TNpaKTHYHI HABHYKK pPOOOTH Yy

nporpamaoMy  cepemosuiini - Arduino  IDE
OIOAO0  BIANpamiOBaHHS OCHOBHUX PYXiB
JIAHKaMW MaHIMyJSIIHHOT cucTeMu poOoTa
Braccio.

2.1. TeopeTnuHi BizomocTi

2.1.1. OcHogi Bizomocti npo podot moxedi TinkerKit Braccio

TinkerKit Braccio — 1ie poboT aHT'yJIIpHOI CHCTEMH KOOPIUHAT,

MaHinmynsiiHa cuctema (MC) Skoro Mae 5 CTyneHiB pyXOMOCTI, IO

peanizytotbess 6 pyxomumu Jiankamu Big L2 mo L6 Ta 3aTtuckHuit

npuctpiii L8, aki mpuBOAATBECSA B pyX BiJNOBITHHMH JABUTYHAMH BijI

M1 1o M6 (nuB. 3aranbHuil BUTJIST poOoTa Ha puc. 2.1):

L1 — Deatl (ocHoBa);

L2 — Base (ocHOBa, MpUBOAMTHCS B pyX aBUryHOM M1
BigHOCHO nanku L1);

L3 — Shoulder (ruteue, npuBoaANTHCS B pyX ABUTYHOM M2);
L4 — Elbow (s1ikoTh, NpUBOANTHCS B PyX ABUTYHOM M3);

L5 — Vertical wrist (BepTukaibHHii 3a11’ICTOK, TIPHBOTUTHCS B
pyx aBuryHOM M4);

L6 — Rotary wrist (o0epranbHuii 3an’SCTOK, IPUBOIUTHCS B
pyx aBurynom M5);

L7 — KOHCTpYKTHBHA KOHCTAHTA,

25



e L8 — Gripper (cxBar, 3aTHCKHHI MPUCTpii, MPUBOAUTHCS B
pyx aBurynom M6);

Puc. 2.1. — 3aeanvnuii éuensio po6oma TinkerKit Braccio

Kondirypauiro pobora MOXHa 3MIHIOBaTH, 3MEHIIYIOUYH
KUTBKICTh pyxoMuXx JaHok Horo MC. Ha poGoT BcTaHOBICHMIA
KJIACHYHMH JIBOMANBIEBHIA cXBat (Qripper), sKuit mpu 0a)kaHHi MOYKHA
3aMiHUTH Ha JIETKHHA IHCTPYMEHT a0o iHIIMH Opwiaja, HaNpHUKIAL,
Kamepy, JixTap TOIIO.

CepBoaBuryH# (puc. 2.2) 3abe3neuyioTs pyx Bcix Janok MC Tta
poboty cxBarta. [IOTyXHICTh ABUI'YHIB pi3Ha 1 3aJIe)KUTh BiJ| JIAHKH,
SKy JIBUT'YH IPUBOANTH B pyX. Hampukiazn, Ha inaHIi TOPH30HTAIBHOTO
KyTOBOTO TIEPEMIIICHHS CTaHWHM BCTaHOBICHWI JABUTYH MI
MOTYXKHIIINH, HiK Ha cxBati (IBUryH M6).
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Jlana Mojenp poOoTa aHTYJSIPHOT CUCTEMH, Tak sIK JiaHKa L2
3abe3nedye obepraHHs iHIMMX JJaHOK MC HaBKOJIO BEPTHKAIBHOI OCi,
a IHIOI HABKOJO TOPH30OHTAJBHUX OCEH IMOJO  IOJIOKCHHS,
300paxxeHoro Ha puc. 2.2. Jlankm L1, L3, L4 i L5 maroth Kyt
noBopoty +90°, a nanka L2 +75°. CepBoABUTYH cXBaTa BiAMpPalbOBYE
KyT B iHTepBauti Bix 0° mo 70°.

Kinematnyna crpykrypa pobora TinkerKit Braccio Tta iioro
reoMEeTpPUYHI Ta KiIHeMaTHYHI TapaMeTpH 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

CepBoaBurynn M1 — M6 po3MilieHi Ha KOpITycax BiIIOBiAHUX
JIAHOK Ta 3aKpiIIeH] 3a JOIIOMOTOIO TBHHTIB Y CTICIIAILHAX T1a3ax.
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Ha puc. 2.4 nmoka3zano po3mimieHHs cepBoaBuryHis M1 ta M2.

Puc. 2.4. — Posmawysanns cepsoosucyniec M1 ma M2

CepBoaBuryH (Bim nar. Servus — ciayra, HOMiYHHK, pal) —
MEXaHIYHUN MPHBIJ 3 aBTOMATHYHOKI KOPEKI€I0 CTaHy KYTOBOI'O
TIOJIOKEHHS poTopa (Balia) Yyepe3 BHYTPIIIHIA HETATUBHUA 3BOPOTHHIMA
3B'SI30K BIZTOBIHO JI0 MapaMeTpiB, 3aJlaHUX 13 30BHI) CKJIAJAEThCS 13
PEOYKTOPHOI CHUCTEMHM IIeCTepeHb 31 cromopamMu Xoxy (s
BiAnpairoBanHs kyTa Big 0° 1o 180°), BHYTPIIIHBOT IJIaTH KEPYBaHHS,
JIBUTYHA Ta KOPITYCY.

Ha puc. 2.5 nokazano BHyTpilHIO Oy/IOBY CEpBOJBHUIYHIB, SIKi
BUKOPHCTOBYIOTBhCS ISl TiepeMimieHHst JiaHok poborta TinkerKit
Braccio.

Pobot dyrKIionye Ha 6a3i MikpokoHTposaepa Arduino Uno rta
momyas Braccio Shield (puc. 2.6). Hdus dyHKIioHyBaHHS poboTa
HEOOXiTHO BCTaHOBUTH criemianbHi O0i0miorexkn Ha 13 Arduino IDE.
[IporpaMa cTaHAAPTHO KOMIIUIIOETHCS HA KOMIT'IOTEPi, a IIOTIM
3anmcyeTbest y MikpokoHnTpoiep Arduino Uno. Moayins Braccio Shield
Moxe kepyBaTh 6 cepBoasurynamu (M1 — M6) oxHowacHo.
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Puc. 2.6. — Bacanvhuii euensio mikpoxonmponepa Arduino Uno ma
mooyna Braccio Shield (a), nio ’eonanns moodyns Braccio
Shield 0o Arduino Uno (6), 3’eonani mooyaw Braccio

Shield ma Arduino Uno (6)

3aCTOCYBaHHS poOoTa.

Takox € MOXJIMBICTh MIIKIIOYUTA IO MOAYJS 6 HAaT4uKiB (B
po3’emu INPUTS 3a puc. 2.7). laHa ¢pyHKLIS PO3LIMPIOE MOXKIMBOCTI
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Puc. 2.7. — Bazanvnuil éuenso niamu poswupenns Braccio Shield

Hampyra wa ™Mopmymbp KepyBaHHS JBHTYHaMH TIOHA€THCA 3
OKpeMoro OJIOKy XHUBIICHHS, sIKUH 3a0e3neuye 5 B mocriiiHOTO CTpyMy
cwioto 10 5000 mA. TeopeTnyHo cuUcTeMa MOXKE IPAIFOBATH Bix
MIOTY>KHOTO aKyMyJIsITOpA.

Puc. 2.8. — Mooynw Braccio Shield ma 6nox srcusnenns mooyns
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2.2. Texuiuni xapakrepucruku podora TinkerKit Braccio
2.2.1. Jetani Ta ckaan

Jlanku pobota MoXKHa 3i0paTu B pi3Hi KoHOiryparii (puc. 2.9),
0 peami3yeThCsl 3aBAAKH PI3HUM JAETalsIM Ta B3a€EMO3aMiHHUM
MOIYyJsIM. B KOMITJIEKT TOCTaBKH BKJIIOUYECHI HHKYE MPUBEICHI JeTalli,
TUIATH Ta IBUTYHH, a CaMe:
¢ 21 mIaCTUKOBUX AETajel;
* 2 cepBoaBurynu SR 311,
* 4 cepBoasurynu SR 431,
+ 1 nata Braccio shield g Arduino Uno;
* 1 Omox xuBieHHS 5B, S5A;
* 1 mporexTop KabeiB.

Puc. 2.9. — Moowcnusi konghicypayii nobyoosu poooma TinkerKit
Braccio

XapakTepuCTUKH MMOBHiCTIO 3i0panoro pobora TinkerKit
Braccio npuseneni B tabu. 2.1.
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Tabruys 2.1. — Xapaxmepucmuxu poboma TinkerKit Braccio
(v kKoHghieypayii 3 6 nankamu)

No HaiimenyBanHs ITapamerp Benuunna
1 Bara rpam 792
2 Po6Goua Bincranb cM 80
3 Bucora cM 52
4 [[uprHa OCHOBH cM 14
5 [MuprHa 3axBaTy MM 90
6 JloBxrHa Kabero cM 40
BanTaxxonigiioMHICTH
7 IIpH poOOUii BifcTaHI rpam 150
32 cMm
8 MakcumainbHa Maca rpam 400

2.3. Konrpoaep Arduino Uno
2.3.1. BarauabHi Bizomocti npo kourposep Arduino Uno

Arduino Uno — me mpwucTtpii Ha OCHOBI MIKPOKOHTpOJEpa
ATmega328. V iioro ckiaj BXOJHTS:

- 14 uudpoBux BxomiB / BuXOHIB (3 HUX 6 MOXYTh
BukopuctoByBatics B sikocti IIIM-Buxomie; IIM - mmmpoTHO-
IMITyTThCHA MOJYJIALIS ), 6 aHAJIOTOBUX BXOJIB,;

- KBapIieBuil pezoHarop Ha 16 MI'1;

- pos'em USB;

- pO3'e€M >KUBJICHHS,;

- pos'em ICSP (Bim amri. In Circuit Serial Programming -
BHYTPIITHHOCXEMHE MTPOTPAMYBAHHSI);

- KHOIIKA CKHIaHHS.

s mouyaTKy poOOTH 3 MPHUCTPOEM JOCHTH MIPOCTO IOAATH
xusneHHs Binm AC/DC-anantepa abo Oarapeiiku, abo MigKITIOUYUTH
Horo 10 KoMIT'toTepa 3a gornomoror USB-kaberro.
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BaranpHuil BUrIsa koHTposiepa Arduino Uno mpexacraBieHo Ha
puc. 2.10.

14 midposnx exonis suxoais (6 PWM smxoxnis)

Knorka RESET
InpuKkarop
| KMBTEHHA
USB koHexTOp
TR ICSP xoHexTop
R
FIDIUSB uin E —_— 77 =
' Je= Wy roweh AW @
ACDC [ CUASTAEE B8 122212
KOHEKTOp w® i

DC ranpyra IN'OUT 6 aHanorogmx EXofie

Puc. 2.10. — Koumponep Arduino Uno

XapakTepucTuku kKoHTposiepa Arduino Uno mpuBezeHi y Tadi.
2.2.
Tabauys 2.2. — Xapaxmepucmuxu konmpoiaepa Arduino Uno

1 MikpokoHTpoIIep = ATmega 328

2 PoGoua Hampyra B 5

3 Hanpyra >xuBieHHs B 7-12

4 MaxkcuManbHUNA CTPYM OJJHOTO MA 40
BHBOJA

5 Flash-miam’ sitp Kb 32

6 SRAM Kb 2

2.3.2. KKunenns kourposepa Arduino Uno

Hanpyra sxusnenns s Arduino Uno nomaersest Big USB a6o
BiJI 30BHIIIHBOTO JKEPEIa JKUBIICHHS.

B sikocTi 30BHIIIHBOTO JpKepena skuBiieHHs (He USB) modke
BukopucToByBatucs Mepesxeuiit AC / DC - agantep abo akymyJsitop /
Oarapes. Illtekep anmantepa HEOOXiTHO BCTABUTH Y BiJIOBITHHHA
pO3'eM JKMBICHHS Ha Iari. Y pasi >KUBJIEHHs BiJ akymymisropa /
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Oarapei TXHI KOHTaKTH HEOOXimHO mim'eqHaru no BuBoaiB Gnd ta Vin
pos'emy POWER.

Hwxye mnepepaxoBaHi BUBOAM >KUBJICHHS, PO3TAIlIOBaHi Ha
IUIaTI:

VIN — nampyra, mo Hagxoauts B Arduino Uno Gesmnocepeanso
BiJl 30BHIIIHBOTO JKepelia KuBJIeHHs (He mos's3ane 3 5 B Bix USB a6o
IHIMM cTablIi30BaHOI0 Hampyror). Yepe3 1ell BUBIL MOXHA SK
MOJaBaTH 3OBHIIIHE JKUBJCHHS, TaK 1 CHOXKHUBAaTH CTPYM, KOIH
TIPUCTPiH JKUBHUTHCS Bi 30BHIIITHHOTO AT TEPa;

5V — ma BUBII HagxomwTh Hampyra 5 B Bim crabimizatopa
Hamnpyry Ha IUIATi HE3aJIeKHO BiJ TOTO, SIK JKUBUTHCA MPUCTPIH: Bij

amanrepa (7—12 B), Bix USB (5 B) a6o uepe3 Busia VIN (7-12 B).
’Kusutn npuctpiit gepe3 BuBomu SV abo 3V3 He peKOMEHIYEThCH,
OCKITBKM B I[bOMY BHUIAQJKy HE BHKOPHCTOBYETHCS CTabuIizaTop
HaTpYTH, IO MOKE MPU3BECTH 10 BUXOAY IJIaTH 3 JIaay;

3.3V — 3.3 B, Hampyra, mo HagxomATh Bix crabimizaTtopa
Hamnpyru Ha TuiaTi. MakCUManbHUH CTPYM, CIIOKMBAHUH BiJl IIHOTO
BHUBOJy, CTAaHOBUTH 50 MA;

GND — BuBiz 3emuiti 260 MiHyC Y 3aMKHYTOMY KOJi;

IOREF — 1ieit BUBIij Hajgae 1uiataM pO3IIMPEHHS 1H(pOpPMAIio
npo pobouy Hampyry MikpokoHtpoiepa Arduino Uno. 3anexHo Big
Hanpyry, 3untanoro 3 BuBoay IOREF, mnara posmmpeHHs Moxke
MEPEKIIIOUNTUCS Ha BIAMOBIJAHE JDKEPEIO JKHUBICHHS a0o 3aiisTh
TIepEeTBOPIOBAYi PiBHIB, IO JO3BOJIUTH il MpaIoBaTy sk 3 5 B, Tak i 3
3.3 B nmpuctposimMu.

2.3.3. Bxoau i Buxoau koHTpoaepa Arduino Uno

Hwkdye mpeacTaBieHi MO3HAYEHHS BHXOJIB MIKPOKOHTpOJIEpa
Arduino Uno, o Biamosizarots prc. 2.10.

3 BukopuctanusMm ¢yHkmid pinMode (), digitalWrite () i
digitalRead () xoxen 3 14 mudpoBUX BHBOIIB MOXE NpaLIOBaTH B
SKOCTI BXOMy abo BuUXO.y. PiBeHb HAmpyrud Ha BHBOJAX OOMEKEHHIA
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5B. MakcumanbHuil CTpyM, SKHA MOXE BiJaBaTH a00 CIIOKUBATH
OJYH BUBIiJ, cTaHOBUTH 40 MA.

Huie npencraBnennii onuc po3’eMis.

MocainoBuuii intepdeiic: poz’emu 0 (RX) i 1 (TX).
BukopuctoBytotecst ans orpuManssa (RX) i nepenaui (TX) manux mo
nocnigoBHOMY iHTepdeiicy. Lli BuBomM 3'eqHaHi 3 BIAMOBITHUMH
BuBoJamMu  Mikpocxemu ~ ATmega8U2, sxka  BUKOHYE  pOJIb
mepetBoproBaya  USB-UART (UART — Bix anri Universal
Asynchronous Receiver/Transmitter — ymiBepcanbHUM aCHHXPOHHUIA
npuiiMad/mepeaBau).

3oBHimHi nepepuBanusn: poz’emu 2 ta 3. MOXyTh CIyryBaTH
JDKepeliaMy TiepepHuBaHb, 10 BUHUKAIOTh TIpU (POHTI, craai abo mpu
HU3BKOMY PIiBHI CHTHaly Ha 0uX BHBomax. Jus oTpuMaHHS
nomaTkoBoi iHdopmartii quB. GpyHkiito attachinterrupt ().

HIIM: po3’emu 3, 5, 6, 9, 10 Ta 11. 3a momomorow GyHKIIT
analogWrite () MoXxyTh BHBOAMTH 8-0iTOBI aHAJOTOBI 3HAYCHHS B
urini LHIIM-curnany.

Inrepdeiic SPI: po3’emn 10 (SS), 11 (MOSI), 12 (MISO), 13
(SCK). I3 3acrocyBanusm 6ibmiotekun SPl maHi BHBOOH MOXKYTh
3IIACHIOBATH 3B'S30K 110 iHTepdeiicy SPI.

Ceityiomion: po3’em 13. BOynoBaHuii CBITIIONIO, PUETHAHUN
mo BuBomy 13. Ilpm Bimmpasmi 3nauenns HIGH cBiTmomion
BMUKA€EThCS, 1pH Bigmnpasii LOW — BuMuKaeTbesl.

B Arduino Uno € 6 ananoroBux BxoiB (AO — A5), KoKeH 3 SIKuX
MOJKE MPECTAaBUTH aHAJIOTOBY Hampyry y Burisiai 10-6itHoro ymcia
(1024 pizHux 3Ha4YeHb). 3a 3aMOBUYBAaHHSIM BUMIPIOBaHHS HaNpyTH
BUKOHYETHCS B iHTepBaii Big 0 1o 5 B.

Kpim mepepaxoBaHmx Ha IuiaTi iCHye e KijgbKa BHUBOIIB, a
came:

AREF - onopna Hanpyra 111 aHaJIOTOBUX BXOAiB. Moxke OyTH
samistamii pyukiiero analogReference ();

Reset — ¢opmyBanns Huzpkoro piHs (LOW) Ha npoMy BHBOAI
npu3Bele 10 Iepe3aBaHTaKCHHS MIKPOKOHTpoJiepa. 3a3BHyail el
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BUBiJ ciyrye Ui (yHKIIOHYBaHHS KHONKHM CKHJAHHS Ha IUIaTax
PO3LIMPEHHS.

2.3.4. IIporpamue 3a6e3neuenns Arduino IDE

IDE (Bim anmrn Integrated Development Environment -
IHTETpOBaHE CEPENIOBUIIE PO3POOKH) — Ie A0AaToK abo Tpyma
nofatkiB  (cepenoBwuiie), MpU3HAYEHUX Ui CTBOPEHHS,
HaJIAIITyBaHHS, TECTyBaHHS Ta OOCIYrOBYBaHHS [MPOTPaMHOTO
3a0e3MeYeHHSI.

InrerpoBane  cepemoBHile  PO3POOKH  XapaKTEpH3YETHCS
HasBHICTIO CKJIaMHOI (DYHKITIOHATHHOCTI, BKIIFOYAIOYH PEJaryBaHHS i
KOMIIUJISII0  BHXIZHOTO KOXIy, CTBOPEHHS TPOrPaMHUX PEcypciB,
CTBOpEHHS 0a3 JaHMX 1 T.1.

Jlns mporpamyBaHHs KOHTpoJepiB cepii Arduino ¢ipmoro-
PO3pPOOHHMKOM CTBOPEHO MporpaMHe 3a0e3NEYeHHs, IO BiIIOBIIAE
OCHOBHUM BHMoOram TumoBoro cepenosuma IDE. lle He moryxHe
nporpamHe 3a0e3redyeHHs, a mpocra (QyHKIiIOHAIBHA IporpaMa, ska
JIO3BOJISIE TIMCATH, KOMITUTFOBATH 1 3aBaHTaXyBaTh TNporpaMmy B
MIKPOKOHTPOJIEP.

Cepenosurie po3podku Arduino IDE sBiste co0010 TEKCTOBMIA
peIakTop HpPOrpaMHOTO  KOXy, OO0JacTh IOBIIOMIIEHb, BIKHO
BHUBEJIEHHS TEKCTY (KOHCOJb), aHEeNh IHCTPYMEHTIB 1 KiJlbKa MEHIO.
Jns 3aBaHTakeHHST TporpaM 1 3B'I3KY CEpeJoBHUIIE PO3POOKU
i IKITF0YAETHCS JI0 aapaTHOI YacTHHH KOHTposepiB Arduino.

IIporpamu s KouTposepiB Arduing mummyTscst Ha 3BUYANHIN
MOBI nporpamyBaHHs C++, JIOIMOBHEHOI MPOCTHUMH 1 3pO3yMITMMU
(bYHKIISIMU JUIsl KEpYBaHHS BBEJACHHSM / BUBE/ICHHSM Ha KOHTAKTaX.

Arduino IDE wMicTHuTh MHOXHHY MONEPEIHBO CTBOPEHUX
6i0miotek. bibmioTekn momaloTh JOAATKOBY (PyHKIIOHATBHICTH
cker4am (Big anri. Sketch — ecki3, ckeTd, YOPHOBHK), HATIPUKIIAJ, TIPH
po0OTI 3 amapaTHOX YacTUHOI abo mpu 00poOii manux. OxHa abo
Kijbka aupektuB “#include” OynmyTe po3MilieHi Ha MOYATKy KOIY
CKEeTUy 3 MOJAIBIIO KOMIIJIAIIE Oi0MiOTEK pa3oM 3i CKET4YeM.
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3aBaHTakeHHs O1010T€K BHMAara€ AOJATKOBOIO MiICHS B IIaM'sTi
KoHTpoJjepis Arduino.

Jnst poborn 3 mmaramm Arduino ta momysst Braccio Shield
HeoOXifHa creriansHa mporpama Arduino IDE (puc. 2.11). Arduino
IDE — ne cepemoBulie po3poOKu mporpaMm s miaTgopMm Ha 0asi
MikpomporecopiB  Arduino (iHme BH3HAYCHHS [MB. BHINE). 3a
JOTIOMOTO0 IIFOTO KOMIUIATOpa PO3pOOIIeHI MPOrpaMu 3alMCyIOThCS
y mam'siTb MiKpOTpoLecopa.

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

ns and set up the initial position for Braccio
111 be positioned in the "saf

void loop() {

Arduino/Genuino Uno on COM3

Puc. 2.11. — Bixno cepedosuua po3pobru npoepam Arduino IDE

2.4. TlonepeaHs MiAroToBKAa 00JaJHAHHS J1J151 PO0OTH 3
cepenoBuieM nporpamyBanis Arduino IDE
Ta podorom TinkerKit Braccio

2.4.1. Becranosienns Arduino IDE

M1 moyaTky poOOTH 13 Ta0OpaTOPHUM CTEHIOM, SIKHUI OIUCAHO
Jam B 1. 2.6, HEOOXiTHO BCTAHOBHUTH Ha KOMITIOTED IHTEIpOBaHE
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cepeloBHIEe MporpamyBaHHs KoHTpojepiB Arduino — Arduino IDE.
[Iporpama noctymHa /it HacTymHUX onepariitaux cucteM (OC):

- Windows (moumnnatouu 3 Bepcii XP no 10);

- Linux (x32, x64 ta ARM);

- Mac OS X.

J1st bOTO HEOOXIHO MEepPeHTH 32 TOCUIAHHSIM:
https://www.arduino.cc/en/Main/Software Ta 3aBaHTQXUTH THCTATISTOP
OCTaHHBOI Bepcii mporpamMu.

CkpiHmor BikHa Opay3epa 3a BKa3aHUM TIOCHIIAHHSM
mpeacTaBieHuil 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

Theo o no Software (D

Get i

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 6payzepa 3a nocuianusam s
3A6AHMANCEHHS ITHMESPOBAHO2O CEPEVOBUIA
npoepamysanns Arduino IDE

[licas BuOOpy IHCTajmsATOpa JJs BIAMOBIAHOI OMepaIidHOl
cucreMu y Opaysepi BimoOpasuThCS BIKHO, y SIKOMY HPOIOHYETHCS
3aBaHTaXXCHHsI OE3KOINTOBHOTO iHCTalsiTOpa ab0 3aBaHTaXKEGHHS i3
OnaroIitHUM BHECKOM.

O6wupaetbest myHkT “just download”, o mokasano Ha puc. 2.13
1 BUAUICHO KPAacHOK PaMKOK Yy HIDKHBOMY IIPaBOMY KyTi, s
OTpPHMAaHHs iHCTAJITOpa Oe3 OJ1aroJiifHOro 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
s not tax deductible). Learn more on how your contribution will be used

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 6ikHa 3a6aHMANCEHHS IHCIMAIAMOPA

[Ticns natuckanns kHomku “just download” oGupaerbes manka
PO3MIlIEHHsT iHCTalsIiTopa, MO0 TpH 3aBepIICHHI 3aBaHTAKEHHS
3HalTH (aiin Ta 3amycTuTH Horo i BctanosieHHs: Arduino IDE. Ha
npuknani puc. 2.14 odpano manky “Pabouuti cmon”.
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“— v 4 m > JToTKoMnbloTEp > PaGouwid cton v O Mowck: PaBoumi cton P
Ynopaaouuts ¥ Hogaa nanka = - 0

~

NokymenTsi
$ 3arpysku
= VsobpaxeHus

D Mysbika

3 ObbemHble 06bi 37T KOMMBIOTE
m Pa6ouwid cton
4. JlokaneHbIA anc

w JOKaNbHLIA guct

b Cern

~

Wmsa daiina: | arduino-1.8.5-windows.exe)

Tun darina: Application

A CKpbITb Nanku CoxpaHuTb OtmeHa

Puc. 2.14. — Cxpinwom 8ikHa 3a8aHMANCEHHS IHCMANAMOPA
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[Ipu 3amycky iHcTansATopa BigoOpasuThbes BikHO (puc. 2.15), Ha
SIKOMY TMPECTaBIICHI JIIICH31iHI paBa po3poOHKKa jomatka Arduino
IDE. BcTaHOBJCHHS MNPOrPAMHOIO  CEPEAOBHINA  BUKOHYETHCS
HaTUCKaHHAM KHOTKH “‘| AQree”; mo BHIIIEHO YePBOHOIO PaMKOIO y
MpaBOMYy HIKHBOMY KyTi Ha puc. 2.15.

@ Arduino Setup: License Agreement — x

Py Please review the license agreement before installing Arduino. If you
0 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.org/>

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

This version of the GMU 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.

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

Hacrtymauit kpok — BuOip MOTPIOHWX KOMIIOHEHTIB AOJATKY
Arduino IDE pans BcraHoBineHHs iX Ha KoM totep. [y 1boro
BUIISIFOTHCS IO3HAYKAMK BC1 KOMITOHEHTH, SIK TI0Ka3aHo Ha puc. 2.16,
i HaTuckaeThest KHOMKa “Next”, mio BumiieHo Ha puc. 2.16 KpacHOIO
PaMKOI0 Y IPaBOMY HUJKHBOMY KYTI.

Hani oOupaerbes mamnka, B sIKy Oyle BCTAHOBJIEHO HpOTpaMHe
3abe3neyenHs. s npuknagy Ha puc. 2.17 mokazaHUi cTaHIAPTHUHA
NUISX BCTAHOBJICHHS MPOTPaMHOTO 3a0e3lEeUCHHsT Ha JIOKAILHOMY
mucky C:\. BiH BHKOHyeTbhcs HaTHCKaHHsAM KHomku “install”, mio
BHILJICHO HA pHUC. 2.17 KpacHOIO paMKOIO y ITPaBOMY 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: |E}install Arduino software
[ Install USB driver
[V] Create Start Menu shortcut
Create Desktop shortcut
Assodate .ino files

Space required: 420.6M8B

Concel |ttt s spsten a0 <gock | Newt> ]

Puc. 2.16. — Ckpinwom eixna eubopy xomnonenmie Arduino IDE ons
ix scmanognenHs

@ Arduino Setup: Installation Folder — X

Setup will install Arduino in the following folder. To install in a different
>.2) folder, dick Browse and select another folder. Click Install to start the
installation.

—Destination Folder

|C:\Prog'amFies (x86)\Arduino Browse... |‘

Space required: 420.6MB
Space available: 182.4GB

Cancel Mullsoft Tnstall System v3.0 < Back

Puc. 2.17. — Cxpinuwom 6ixna eubopy nanku 015 6CMaAHOBICHHS
npoepamu Arduino IDE
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IMin vac BcranoBnenus Arduino IDE xomm’rotep Moxe
3alpOCUTH JOCTYI Ha BCTAHOBJIEHHS JIpaifBepiB I MOPTIB. 3a Takoi
cUTyalii HeoOXiIHO Ha/IaTH JIO3BLI MporpaMi Ha iX BCTaHOBJICHHS. Ha

puc. 2.18 rmokazaHO 3aBepIICHHS BCTAHOBICHHS JIOJIATKY,
3aBepIICHHS POOOTH 3 IHCTAIATOPOM HATHCKaHHAM KHOMKH “Close”.

@ Arduino Setup: Completed —

P Completed
Q=
Show details

Puc. 2.18. — Cxpinwom 3asepwenns scmanosénenns Arduino IDE

[Ticns BUKOHAHHS TIOTIEPETHIX KPOKiB HA pOOOYOMY CTOIII 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. 3amyck Arduino IDE

ITicnsa 3aBaHTaXEHHS Ta BCTaHOBIEHHsS noxatky Arduino IDE
HOTro 3amyCcK BUKOHYETHCS IOABIMHAM KJIIKOM MUII Ha SIPIUKY
”Arduino”, micns goro 3’ sBuThes Bikao Arduino IDE (puc. 2.19).

sketch_jan29a | Arduino 1.0.5-r2 - o IEE

®aiin lNpaeka Ckery Cepemc Cnpasxa

Arduine Uno on COM1

Puc. 2.19. — Bixno dooamxy Arduino IDE

2.4.3. Miakawuenns Arduino Uno go komn’oTepa

ITicnst  BcranoBneHHs goxatky Arduino IDE  motpibHo
migxmognta Arduino Uno o komm'iorepa.

s mporo HeoOximno 3’eamarn Arduino Uno 3 xomm'iorepom
yepe3 USB-kabenb. Ha mmati Arduino Uno 3aroputhbes CBITIIONION
“ON” i moune Gnumaru ceiTmomion “L” (puc. 2.20). Ile o3nagae, mo
Ha TUIaTy TOJAaHO XHMBJEHHs 1 MikpokoHTposiep Arduino Uno mouas
BUKOHYBaTH “‘mpowum)” 3a 3aMOBUYyBaHHSAM mporpamy “Blink”
(MHUTOTiIHHS CBITJIIOAI0A0M).
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FoOUN0,.

- Arduino

Puc. 2.20. — Cuenanu npo scusnenns Arduino UNO

Jnst wamamryBanss Arduino IDE wa po6Goty 3 Arduino Uno
HeoOXigHo 3HaTH, sikudi Homep COM-nopty mpuCBOiB KOMIT'IOTED
Arduino Uno. [Iis msoro motpibHO 3aiTH B “/Jucnemuep npucmpois
Windows” (puc. 2.21) i po3kpurtu Bkiaaky “Iopmu (COM u 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. — Jucnemuep npucmpois Windows
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ITpu mpomy omeparuiitHa cuctema posmizHana riaty Arduino
Uno sk COM-mopr, migiOpaia g Hel NpaBUIBHUK [OpadiBep i
npu3Haumina 1poro COM-mopty Homep 7. SIKIIO MiAKITIOYUATH JI0
Komm'torepa iHmry Twiatry Arduino, To omepamiiiHa —cucrema
MPU3HAYUTS 1 iHIUI HOMep. ToMy, MpH MiIKIIOUeH] AEKiIbKOX IIaT
Arduino myxe BaximBO He 3arutytatucs B Homepax COM-mopTiB.

2.4.4, HanamryBauusi Arduino IDE Ha po6orty
3 Arduino Uno

s Bka3zaHOTO B  3aroJIOBKY HEOOXITHO  3a0e3le4uTH
3naxopkeHns wiatu Arduino Uno B cepenosumti Arduino IDE B iioro
COM-nopty “COM7”.

Hus 1poro HeoOXigHO mepeiitn B MeHio “Cepsic” —
“Ilocnioosnuti nopm” i obpatu mopt “COMT7” (puc. 2.22). Tenep
Arduino IDE “3na€”, 1o miaTta 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

Jlyis mpaBUIBHOT KOMITUIAIIT KOy HEOOXiJHO BCTAHOBUTH, IO

cepenoBuiie mnporpamysanus Arduino IDE mparroe 3 Arduino Uno.
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Hns nporo nepeidté B MeHio “Cepsgic” — “Ilnama” 1 BuOpaTH miary
“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. 3aBaHTa:KeHHS MEPIIOro CKeTYa

Arduino IDE MicTUTh TOTOBI IIPUKJIAIN TTOTIEPEAHBO BUPIIICHUX
3a7a4 ISl MOKJIMBOTO IIBHJIKOTO IHTETPYBaHHS JAHWX TNPHUKIAIIB B
OCHOBHY IIPOTpamy.

Jnsi 3aBaHTaXEeHHS MEpHIoi MporpaMu HEOOXiAHO BHOpaTH
ckerd minx HazBow “Blink” (puc. 2.24).

sketch_jan29a | Arduino 1.0.5-r2 - B
| Gaiin Mpaska Crers Cepsnc Cnpaska
Cozpate Ctrl+N
Otxpeits... 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
CoxpaHnTe Kak... Ctrl+Shift+5 04.Communication » DigitalReadSerial
3arpysuts Ctrl+U 05.Control » Fade
3arpysuTe ¢ nomMoLsr0 Nporpammaropa  Ctrl+Shift+U 06.5ensors 3 ReadAnalogVoltage
HacTpoiikn nevatn Ctrl+Shift+P 07 Display '
Mewers Ctrl+P 08.5trings »
09.USB 3
Hacrpoikn Ctrl+Comma 10.5tarterKit »
T Cul+Q ArduinolSP

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

Blink | Arduino 1.0.5-r2 - olEN

| ®aiin Mpaexa Crety Cepsuc Cnpaska

Blink §

wer and over again forever: ~

/7 the lc
void loop(] {
lWrite(led, H 1 // turn the LED on (HIGH is the volta

op routine

digit
7(100); /7 wait
gitalWirite(led, LOW); f/ turn
/(100) ; '/ wait for a second

Arduino Uno on COM7

Puc. 2.25. — 3asanmasicenns npoepamu “Blink”
2.4.6. BcraHogJjieHnns 6iosmiorexn Braccio

Jus 3abe3neueHHs (YHKIIOHYBaHHS CTeHOy (AMB. nami puc
2.31) Ta KepyBaHHS HOTrO CKJIaJIOBMMH HEOOXiTHO BUKOPHCTOBYBATH
6i6mioTeky “Braccio”, mist 3aBaHTaXeHHs sIKOT HEOOXIHO TEeperTH 3a
nocunmadHaM  https://github.com/arduino-org/arduino-library-braccio
(puc. 2.26).

Jlns  miAKITOYEHHS  3aBaHTaKeHoi  Oibmiorexm  “Braccio”
HEOOXIJIHO BHMKOHATH HacTymHi mil: “Ckemy” — “llioxmouumu
bibniomexy” — “Jlobasumu .ZIP 6ibniomexy...” (puc. 2.27).
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https://github.com/arduino-org/arduino-library-braccio

Arduina Braccio Library

{p 50 commits ¥ 2 branches D 4 releases A8 5 contributors
Branch: master v LIS Clone or download ~
A~ sergiotomasello upd: library.properties Latest commit ef272af on 12 Dec 2016
W examples some minor fix and adding example sketch braccioOfUnoWiF
i src soft start fix
gitignore git ignore mad
README.adoc F

xample sketch braccioOfUnowi

keywords.txt nd adding example sketch braccioOfUnoWiF

2) library.properties upd: 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 6ibniomexoro “Braccio” oas TinkerKit Braccio

€ sketch_jul17a | Arduino 1.8.5 - O X

Makn lMNpasxka Cketd MHcTpyMenTol MomMollb

Mpoeepwis/Komnuampoeats Ctrl+R &
¥npaenATe BUBAMOTEKAMM...
3arpyska Ctrl+U
sketch_jull 3arpy3vTe yepes nporpaMmatop Ctrl+Shift+U Nobasute ZIP 6MBANOTEKY...
3KcnopT byHapHoro daina Ctrl+Alt+S ) )
Arduino 6néavoTek
MokasaTb Nanky cketya Ctrl+K Bridge
MoaknounTe BUBAMOTEKY EEPROM
[loBasuTe dain.. Esplora
Fthernet
Puc. 2.27. — ITioknouenns 6ibniomexu “braccio” ozs TinkerKit
Braccio

[IporpamHuuii Kox Mae cTaHAapTHY CTPYKTYpY JIMIIE B YACTHHI,
7€ KOXKHOMY JABHTYHY HAIa€TbCs CBOE 3HAYEHHS, a CHHTAKCHUC
Bifpi3HAeThCA. [Ipukiaa ckeTdy Ha MpocTe MEpeMillleHHs B LUKII 3
KOMEHTapsIMU TOKa3aHo Ha puc. 2.28. B uepBoHill pamui BuaiieHi
KOMeHTapi, a B CTpykTypi Braccio.ServoMovement mpomucani
3HAYEHHS KyTiB IBUTYHIB Ta 3aTPUMKH POOOTH MIXX ABUTYHAMHU.
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@ simpleMovements | Arduino 1.85 - o X

void loop{) {

//(step delay, M1, M2, M3, M4, M5, M6);

0, 1s, 180, 170, 0, 73);

Braccio.Servo

//Wait 1 second
delay(1000);

1so0, 1és, o0, 0, 180, 10);

Arduino/Genuina Uno on COM3

Puc. 2.28. — IIpuxnao npocmozo k00dy 0ns poboma

2.5. CTpykTypa Ta 3MicT nporpamu

[Iporpama BifmpaIroBaHHs MepeMillieHb JJAHOK poOoTa
CKJIQJIAETHCS 3 IEKUIBKOX CKIIJIOBHX:

- migkmrouenns 6iomiorek (#include<in 'z ¢aiiny>);

- Qynkuis iHimiamizamii (void setup ());

- ocroBHa Qyskiis (Void loop()).

3a nonomororw komanau #include< > BUKOHYETHCS
MiJKIIOYCHHS JBOX JIOMOMDXKHHX Oi0miorek (< > Ta
< >). Bibmioreka < > 3a0e3rnedye KOPEKTHY poOoTy

riatu Arduino Uno 3 miaroro apaiiBepom Braccio Shield ta nepenauy
kepytounx LIIM-curnaniB no cepBoaBuryHis. [t kopekTHOI poboTn
1 TOYHOrO BIANPAIIOBaHHS KYTiB CEPBOJBUTYHAMH HEOOXiTHO
MIIKIFYATH 010110TeKy < >,
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VY  oyskuii inimiamizanoii  void  setup() imimiamizyerbes i
3aIyCKA€ThCI OCHOBHA (yHKIiA 3 Oi0mioTexn < > 3a
JOIIOMOTOI0  KOMAaHIH (). TIpm cmpamroBadni i€l
(hyHKIIT TOYMHAETHCS TIoa4da KuBIeHHS 1 kepyrounx [IIM-curaanis
JI0 CEPBOABUTYHIB po0OOTAa.

OcnoBHa ¢ynkuis void loop () 3a0e3neuye BUKOHAHHS
OpOTpaMHOr0 KONy B IHKIi, TOOTO mporpama OyJe MOBTOPHO
BUKOHYBAaTHUCh IO 3aBeplleHHs. Jls BiAmpamroBaHHS KOHKPETHHX
KyTiB OKpeMHX JaHOK pobora y ¢ynkuii void loop ()
BUKOPUCTOBY€ETHCSI CTPYKTYpPa (...). Y nmaniit
CTPYKTYpi TEpIIOI0 MPOIMUCYEThCS TPHUBAIICTh 3aTPHUMKH KPOKY, SKa
BH3HAYAE KUTBKICTh MUTICEKYH]I MK TOKPOKOBHM BiATIPAIFOBAHHIM
KyTa KOXKHOTO CepBOJBHIYHA. HacTymHi 3HaueHHS BH3HAYAIOTh KyTH
MOBOPOTY Baja KOXXHOTO CEPBOJABUTYHA, MounMHaroud 3 M1 i
3aBepiryrodn Mo.

2.6.CTpyKTYypa Ta CKJIAI0Bi JIaG0PATOPHOTO CTEHIY

JlabopaTopHuii CTEH]] CKIIATAETHCS 3 TAKUX CKIIAJIOBUX TPYIL:

- CJIEMEHTH YIPABITiHHS;

- BUKOHABYl MEXaHI3MU;

- JOIIOMDXKHI KOMIIOHEHTH.

B rpyny enemenmu  ynpaeninms  BXOIATh  HACTYITHI
KOMITIOHEHTH:

- riaty Arduino Uno (2 wir.);

- npaiiepu Braccio Shield (2 mr.);

- TIaHeNb yIpaBIiHHs (JJIs1 py4HOTO KepyBaHHS 11IT.).

Jo rpynu euxonasui mexanizmu BXOAWTH JBa poOOTa MOjeNi
TinkerKit Braccio. Onuc po6oriB npezncrasnenuii B 1. 2.1.1.

I'pyna oOonomincni romnomenmu cxmamaetscst 3 TO
(TeXHOJIOTIYHUX 00’€KTIB ) i CTAHWUHHM, HA SIKIdH BCTAHOBJICHI POOOTH i
elleMeHmu ynpaeiHHsi.

Ha puc. 2.29 300pakeHO 1a00paTOPHHUNA CTEHIT 3 PO3MIIIICHHIM
HOTO CKJIaZIOBUX €JIEMEHTIB.
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PoGor N21 PoGot N22
TO

IIaq“énb PYYHOTro yHpaB.liHHs
Arduino UNO Arduino UNO

Puc. 2.29. - 3azanvHuti 8u2nA0 1AOOPAMOPHO2O CHEHOY

Buxonaeui mexamizmu CTEHIY TPAIlOIOTh 3a KEPYIOUHUMH
CUTHAJaMM, SIKi HAJXOHIAThb 3 e1eMEHMI8 YNPAGIiHHA, A caMme
MiZICHIEHUH, 3a JJONOMOTOI0 JpaiBepiB, KEpYyUHH CHTHal Bij
KoHTpoJiepa Arduino Uno 1o cepBoaBUTyHiB.

[TpuBeneHHs cTeHly B pOOOUMIA CTaH CKIAAAETHCS 3 HACTYITHUX
KpOKIB:

- po3po0ka nporpamu;

- 3aBaHTaXXCHHS IPOTPaMH y KOHTPOJIED;

- MIIKITFOYEHHS KOMIIOHEHTIB JIO JpKepesa KUBICHHS,

- 3aITyCK 1 mepeBipka poOOTH MPOTPaMH.

[lin wac kpoky po3pobka npozpamu PO3POOISIETHCS KOJ
TpaekTopii pyxiB maHok MC Ta mnepeBipgeTbCS NPAaBUIBHICTD
HAIMCAHHS TIPOTpaMu y npocpamuomy cepedosuwi Arduino IDE.
BukoHy€eThCsS KOMIUIALIS KOY.

Hactymoum KpoKOM €  3aeammasicenHsa npozpamu y
KOHmpoJep, Nij 4ac SKOTO 3aBaHTAXYEThCsl Kol y kKoHTposep 3 [1K
yepes mopt USB.
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IHiokntouenna Komnonenmie 00 Odxcepena  HCUGIEHHA
mepenbadae BCTAaHOBJICHHS pOOOTIB y Oe3ledHe TMOJIOKEHHS Ta
T IKITFOYCHHS OJIOKIB YKMBJICHHSI 10 MEPEXKI.

YBAT'A! HE JOMMYCKAETHCS OJHOYACHE

JKUBJIEHHSA IIUIATH Arduino Uno YEPE3
USB TA CIIEIIIAJIBHOI'O PO3’EMY!

OcTaHHIM KpPOKOM € 3amycKk I hepesipka npozpamu.
PesynbpraromM € JeMOHCTpallis MPaBWIBHOCTI POOOTH MpOrpaMu 3a
BapiaHTOM iH/IMBITyadbHOTO 3aB/IaHHS.

2.7. Tlpukjiax BUKOHAHHS 3aBJaHHS Ta MPOrPaMH MPOCTUX
nepemimennsi 1anok MC po6ora TinkerKit Braccio

2.7.1. 3aBnauns

3anporpaMyBaTH MEpPEMIIIEHHs] JIAHOK po0oTa 31 CTapTOBOL
(movaTkoBoT) MO3MIIiT B KiHIIEBY /ISl a0CTPAaKTHOTO BapiaHTy ***:

KyTu J1aHOK cTapToBOi MO3ULii Kyrn J1aHoK KiHIeBoi 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. 3arajabHi pexoMeHaamii

3arajpbHa cxeMa BHKOHAHHS 3aBJaHHS BKJIIOYA€ HACTYITHI
OCHOBHI eTarnu E:

El. BcranoBneHHs Ta 3amyck J0JaTKy, O0i0jioTek Ta
iHiIiami3alis JBUTYHIB ITiJ] BIMOBiAHY 0i0JMiOTEeKy (IUB. Jalli KPOKH
K1 - K5 m. 2.7.3);

E2. 3amuc craproBOro, MOTOYHOrO Ta KIHIIEBOTO ITOJIOKEHb
nanok MC po6ora (kpoku K6 — K8 1. 2.7.3);

E3. CknamaHHs Koay HporpaMu 3a BapiaHTOM 1HAMBILYyadbHHX
3aBJaHb;
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E4. Iinkmrouenus mwatu Arduino Uno o ITK Ta 3aBaHTaXeHHS
MPOTPaMHU B HBOTO;

ES. TlepeBipka mpane3gaTHOCTI CKIIaIeHOTO KOAY MpOorpamMu Ha
nmaboparopaomy crerai (kpok K11).

2.7.3. BukoHaHHA 3aBIaHHHA

3aBaHHs BUKOHYETHCSI HACTYITHOIO MOCITIJOBHICTIO KPOKIiB
K1... K11:
K1. 3amyctutn momatok (mporpamue cepenoBuine Arduino
IDE);
K2. crBoputu HOBuii cketd ((aiin > Hoswii, abo Ctrl + N To6T0
CTBOPCHHS HOBOT'O CKYTHa);
K3. migxmrounta  0i0nmioTekn 3a  JONOMOIOI0  KOMaHIH
(#include< > Ta #include< > );
K4. imimiamizyBatm OKpeMi CEpBOABUTYHH mix 0ibmioTeky
“Servo.h” 3a moromororw KoMaHIH
base; // cepoasuryn M1, manka L2 (ocHOBa);
shoulder; // cepponBuryn M2, naunka L3 (mieue);
elbow; // ceponuryn M3, nanka L4 (71ikoTh);
wrist_rot; // cepBoaBuryn M4, nmanka L5 (BepTHKaIbHHIMA
3aI’ICTOK);
wrist_ver; // cepBonsuryn MS5, nanka L6 (obGepranbHuii
3411’ ICTOK);
gripper; // cepponBuryn M6, nanka L8 (cxBar);
K5. imimianizyBaru 6GiOmioreky “Braccio.h” 3a gomomororo
¢ynxuii void setup () Ta komanau 0;
K6. 3anucaTtu cTapTOBE MOJIO0XKEHHS (CTAPTOBY IMO3MIII0) JAHOK
MaHinyisaTopa podora y ¢pyHkuii void loop () 3a mormomororo KomaHu
(20, 90, 90, 90, 90, 90, 73);
Ta 3aJaTH 3aTPUMKY B | CEKyH/Iy 3a OMOMOTOK KOMAaHIH
(1000);
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K7. 3ammcatu moyaTkoBe 1modokeHHsS mig Nel maHok
MaHinyssiiinol cucremu pobora y ¢ynkiii void loop () 3a
JIOTIOMOTOF0 KOMaH/TH:

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

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

(1500);

K8. 3ammcatm kinmeBe momokeHHs T Ne2  jaHOK
MaHinysuiiinoi cucremu podora y ¢ynkuii void loop () 3a
JIOTIOMOT'OX0 KOMAaH/TH:

(20, 180, 165, 0, 0, 180, 10); Ta
3a1aTu 3aTPUMKY B 0,5 CEKyH/IH 3a JOIMTOMOTOI0 KOMaHIH (500);

K9. migkmountan mraty Arduino UNO no IIK Ta oGpatu
BinnoBigauit COM-miopT;

K10. 3aBaHTaXXWTH CKIaJieHy 3a BapiaHTOM iHIWBITyaTbHOTO
3aBaanHs nporpamy B Arduino UNO;

K11. nepeBiputu poGoTy IpOrpaMHOro KOy Ha CTCHIII.

[puknan 4acTHHU POTPAMHOTO KOAY MAa€ BHUTIISI:
(20, 0, 15, 180, 170, 0, 73);

Ile o3nauae:

- 20 MiiceKkyH]I 3aTpPUMKa KPOKY;

- M1 BigmpanpsoBye Kyt 0°;

- M2 BigmpainpoBye Kyt 15°;

- M3 BignpansoBye Kyt 180°;

- M4 BignpansoBye Kyt 170°;

- M5 BiampansoBye Kyt 0°;

- M6 BiampanpsoBye KyT 73°.

Hwxue mnpencraBieHuii mporpaMHMHA KOX AJisl TPHUKIALY, Y
AKOMY BHUKOHYETHCSI BIATIPAIFOBaHHS POOOTOM TPHOX MO3MIIH, IO
YMOBHO Ha3BaHi “craproBa”’, “koOpa” Ta “obepHeHa koOpa”. CuMBOI
“/” akTHBYE€ PSIOK KOMEHTApS, SIKKii HE BILTUBAE HA TIPOrPAMHHIA KOJI,
a Ma€ ONMCOBHH, iIHQOPMATUBHUI XapakTep.
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3aranpHUIA BUI MPOIOI0YOT0 MPOTPAMHOT0 KOAY HACTYITHHIA:
#include < > /[ xomanpga #include <Braccio.h>,
nmiaK/a04ae 0idaiorexy aAjst po6oTu 3
poGoTamu
#include < >// xkomanpga #include <Servo.h, miakarouae
0i0ioTexy 111 po6OTH 3 CEpBOABUTYHAMM

// ininianizanisi oOKpeMHUX cepBOABUIYHIB i 0i0mioTeKy

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

shoulder; // ceppoaBuryn M2 nanku L3 (mieye)

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

wrist_rot; // cepBoaxBuryn M4 nanku L5 (BepTukanbHuii
3a1’sICTOK)

wrist_ver; /| cepBoaBuryn M5 nanku L6 (o6epTanpHuii
3a1’SICTOK)

gripper; // cepponBuryn M6 nanku L8 (cxBar)

void setup() {

// Tninianizauis GpyHKuii i BcTaHOBJIEHHS JIAHOK podoTa B
MOYaTKOBY NMO3ullit0 AJs1 6idmioTexn Braccio ()

// Bci cepBoaBUryHu 0yayTh BCTAaHOBJIeHi B ""Ge3neuny"
NMo3MLiI0:

// Baza — nanka L2, npuryn (M1): 90 rpaaycis

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

[/l Jlanka — L4, nuryn (M3): 180 rpanycis

/[ Jlanka — L5, npuryn (M4): 180 rpanycis

[ Kncets — nanka L6, npuryn (M5): 90 rpanycis

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

0; // 3amyck momomiskHoT pyHKIIT

}

/[ void loop() — me ocHOBHa ¢yHKIisi mMporpamMu, sika oyne
BHKOHYBATHCh B IIMKJIi
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(MOBTOPIOBATUCH MicJIsl 3aBePUICHHS BUKOHAHHS)
void loop() {

[* KoMeHTap MOYHHAETHCS 3i 3HAKY “/*” Ta 3aKiHYy€TbCS
3HAKOM “*/”; MiK JaHMMH 3HAKAMH HeMa€ HeoOXiTHoCTi
MOYMHATH KOKeH PAIOK KOMeHTAapiB 3i 3HaKy *“//”

3aTpuMKa KpPOKy: KiJIbKiCTb MiTICEKYH MiXK MOKPOKOBUM
BIANPAIIOBAHHAM KYTiB BaJIOM KOJKHOTO CEpBOABHTYHA.

Homnycturi 3nayenns Bix 10 1o 30 MimicekyH]T i3 Kpokom 1
MIJTICEKyH/Ia.

Ml1=ba3a, manka L2. Jlomyctumi 3Hagenns Big 0 mo 180 rpamycis

M2=IIneue, nanka L3. [Jomyctumi 3Havenns Big 15 mo 165 rpamycis

M3=Jlanka L4. Jlonyctumi 3nadenns Big 0 mo 180 rpamycis

M4=Jlanka L5. Jonyctumi 3nauenns Big 0 mo 180 rpamycis

M5=Kucts, nanka L6. Jommyctumi 3raduenns Big 0 go 180 rpagycis

M6=Cxsart, nanka L8. lomycrumi 3navenns Big 10 no 73 rpamycis.
(10 - cxBar BigKpuTHH, 73 - CXBAT 3aKPUTHII).

*/

/[ BcTaHOBJIEHHS JIAHOK MaHINMyJIsINiHOI cucTeMu podoTa y
"cTapToBe'' BepTHKAIBHE MOJ0KEHHS BCIiX JIAHOK, CXBAT
3aKpuTHI

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

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

//3aTtpumka 1 cekyHaa
(1000); // 3aTpumka B mc (1c = 1000 mc) Mik 610KaMHI

// xoMaH 10 3aTPUMKH Ta MicJIs.
// PexoMeHI0BaHO 3aNPOrpaMyBaTH TPHBAIICTb 3aTPUMKH
//nocTaTHBLOIO NI CIPUITHATTS KOXKHUM CTYA€HTOM (Opuramor
/lcTynenTiB) BignpamioBaHHa KOMaH/I, HAMPUKJIaI, 5, 10 cexyHa
/ITomo. Mo:xauBuii iHTepBaI MporpaMuux 3aTpumok: 0 — 32767
/Imc (3a TexHiunol0 JokymenTanieco Arduino Uno).

// BcTaHOBJIEHHS JIJAHOK MaHIMyJIsINiAHOI ccTeMu podoTa y
nojo:xkeHHs #1 ""ko0pa'" (TepMiH YMOBHHUIT), CXBAT 3aKPUTHIA

/l(3arpumka xkpoky, M1, M2, M3, M4, M5, M6);
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(20, 0, 15, 180, 170, 0, 73);
/[3aTpumka 1,5 cekynau
(1500);
// 1uB. BUIIIE
/[ BcTaHOBJIEHHS JIAHOK MaHIMyJISINiHOI cucTeMu podoTa y
NoJI0:KkeHHs #2 "o0epHeHa koOpa' (TepMiH YMOBHHIA), cXBAT
3aKpUTHii
/l(3atpumka kpoky, M1, M2, M3, M4, M5, M6);
(20, 180, 165, 0, 0, 180, 10);

/[3aTpumka 0,5 cekynam
(500);
}

//lnB. BHIE
Bkazane Buie Mae ekpaHHy ¢opmy, 1o mogana Ha puc. 2.30.
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Example_UA§
tinclude <Braccio.h> // <-- komanga #include <Braccio.h>, nigkxmouae 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 (nneue)
Servo elbow;// cepBomeuryH M3 sakka L3

Servo wrist_rot;// cepeomeuryn M4 nanka L4

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

void setup() {
// Ininianisanisa ¢yHkuiif i BCTaHOBJEHHA JlaHOK pofoTa B NOoYaTKOBY nosuuin mus 6i6nmiorexm 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
// Xucte manka 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 3aKpUTHMIt
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
[I111177771717777/111/(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 npocpamno2o mooyisi npedcmagieno2o suue
npuxnady
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2.8. IlopsinoKk BUKOHAHHS POOOTH

1. BuB4uTH TEOpPETHYHI BilIOMOCTI.

2. BUKOHATH TOMEPEIHIO MiATOTOBKY OO HAHHS SIK BKAa3aHO
B 1.4

3. Bamyctutu gomatok Arduino IDE Ta migkiouMTH IUTATY
Arduino Uno mo komm’totepa 3a gonomoror USB kabernro.

CxeMa 3’¢qHaHHA KOMIT'oTepa i3 koutpoaepom Arduino Uno
npencrasieHa Ha puc. 2.31.

Mogayns Braccio Shield Mopyne Braccio Shield

b b

Kounrponep Arduino Uno Kounrtponep Arduino Uno

YnpagninHs poborom Nel | | YnpaeninHs poborom Ne2

JlabopaTopHuii cTeHn

USB kabenb MK USB kabensn

Puc. 2.31. — Cxema 3 cOnanns komn iomepa iz KOHMPOIEPOM
Arduino Uno

4. Hammcatn mnporpamy nepemimeHHs yiaHok MC y nukdmi
3TiJTHO 13 BapiaHTOM 1HJIUBIIyalbHHUX 3aBJaHb, BKa3aHUX B Ta0I. 2.3.

5. BaBanTaxutu mnporpamy Ha 1iaty Arduino Uno Ta
Bix enuary 1i Big I1K.

6. [locraButu aHku poOoTa y OE3EYHE MOJIOKEHHS Ta IMO1aTH
wuBleHHs Ha Braccio Shield 3a momomororo 6ioka KHUBIIEHHS depes
BIJIMTOBIAHUN PO3’€EM.

7. TlpogeMOHCTpYBaTH BiAIPAITIOBAHHS MEPEMIIICHHS JIaHOK
MC pob6ora, 3aaHUX BapiaHTOM.
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8. 3HATH BiZlcO Ta 3aBaHTAXUTH HOTO B XMapHE CXOBHIIE
(mampukiazm, B Google drive).

9. CrBopuru QR-mocunanus Ha Bizeo.

10. OdopmuTH 3MicCT 3BiTY.

2.9. 3micT 3BiTY

1. Ha3Ba Ta MeTa poOoTH.

2. Kopotki TeopeTmuHi BIiZOMOCTI IMOAO poOOTa MOIeTi
TinkerKit Braccio.

3. OcHoBHi BiomocTi moa0 koHTposepa Arduino Uno.

4. Cxema, cknaa 1ab0paTOpHOTO CTEHIY Ta OIUC HOTO pOOOTH.

5. OCcHOBHI BiJOMOCTi PO CTPYKTYPY Ta 3MICT IPOTPaMHu.

6. InapuBimyanmpHe 3aBHaHHS 32 BapiaHTOM J1abOpaToOpHOI

poboTwu.
7. IIporpama 3a BapiaHTOM JIaOOPATOPHOI pOOOTH.
8. [IpencraBuTu QR-—nocumanHs BiJleoieMocTparii

Mpare3/1aTHOCTI KOy 3a BapiaHTOM IHMBIyaJIbHUX 3aB/IaHb.
9. BucHOBKH 110 pOOOTi.

2.10. KonTpoJbHi nUTaHHSA

1. Hapmatu xopotkuii onuc podota Braccio TinkerKit.

2. Hakpecnutu cTpykTypHY cxemy pobota Braccio TinkerKit

3. Crxuan CEPBO/IBUBHIYHA. [MpuHIMI KepyBaHHS
CEPBOIBUTYHOM.

4. TTonsrrsa Arduino IDE.

5. Kopotkuii onuc kortposepa Arduino Uno.

6. Omc BXo/iB i BUX0iB KOHTpoJepa Arduino Uno.

7. Onuc cKIaJoBUX TPOrpaMu Juis poOoTa 3a BKAa3aHHM BHIIE
3aBJIaHHSM.

8. OCHOBHI CKJIaJIOBi JTaDOPaTOPHOTO CTEH/TY.

9. Crucnuii oruc QyHKIIIOHYBaHHS JIAOOPATOPHOTO CTEH]TY.
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2.11. BapianTn inIuBigyanbHUX 3aBJaHb

Bapi KyTtu 1aHok cTapToBoi mo3uiii KyTu 1aHok KiHeBoi mo3uiuii
anr 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
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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